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Abstract

TRIUMF's Second Arrn Spectrometer (SASP) systern is a quadrupole-quadrupole-dipole

systern with rnultiwire drift charnbers and scintillator paddle detectors. The Medium
Resolution Spectrorneter (MRS) at TRIUMF is a quadrupole-dipole system also with drift
charnbers and scintillator paddles. Together, these two spectrometers form a Dual Arm
Spectrometer Systern (DASS) ancl were usecl to collect clata frorn the 12C(ã, ¿rr+¡rrB antt

,ll(i,d.r+)nreactions at proton bombarding energies of 370 and 500 MeV. The SASP de-

tected pions while ihe MRS detected deuterons. Using the two spectrorneters in coincidence

rnocle permitted a full kinernatic reconstruction of the three-body reactions explored. Thus

the energies, nomenta and rnasses of the residual target ground and excited states were

readily determined. The standard Transport coordinate system was used for all kinernatics

calculations. Differential cross sections and analyzing powers were rlìeasured at high and

low momentum transfers' The results exhibit many features of the free pp '--' dt* reaction'
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DRMASS. (u), (.) and (e) in the left column represent net events after
subtraction of random events. (a) contains events for both spin up and
down, (c) shows spin up events only and (e) contains spin down events only.
Plots (b), (d) and (f) in the right column are the corresponding efficiency
spectra incremented/decrernented by all/random events. BT
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4.6 Plots of SASP focal plane position, SDEL, versus rnissing rnass, DRMASS
are given here. The details of this figure are the same as that for figure 4.5
except that here the rnissing mass scale is extended to include the continuum
ù U¿ÛCJ.

4.7 (a) shows the rnissing rnass spectra incremented for events satisfying the
LTMRS-P condition (a peak in ihe HTTMRS plot - see frgure 3.28). (.)
and (d) show the sarne but for spin up and down events respectively. (b)
shows the rnissing mass spectra gated only on random events (satisfying the
LTMRS-R condition) and (d) and (f) show random spin up and random
spin down respectively

4.8 The above three spec.tra are incrernented according to one of three efficiency
factors: (a) MRS acceptance, (b) SASP acceptance and (c) the SASP pion
survival fraction. The horizontal axes show the range of the SASP focal
plane in terrns of percent mornentum deviation from central momenturn.
SDEL : 0% corresponds to the central momentum focal plane position.

4.9 These plots show the cross section and analyzing power results for 500 MeV
carbon target runs with the following MRS and SASP angle combinations:
(a) MRS=15.5", SASP:30.0o, (b) MRS=i5.6", SASP:55.0o, (c) MRS:24.9o,
SASP=30.0", (d) MRS=25.0o, SASP:55.0o. The short dashed curve in
the analyzing power graphs represents the free pp - dtr+ analyzing power.
Precoit represents the rnornentum of the recoil target nucleus; its value is
read off the vertical scale in MeV/c, bv multiplying by the reduction factor
as specified in the plots (ie, 100, 200).

4.10 The above plots illustrate cross section and analyzing power results for
370 MeV carbon target runs with the following MRS and SASP angle corn-
binations: (a) MRS:i5.5", SASP=30.3o, (b) MRS=15.6", SASP:55.1", (c)
MRS:25.0o, SASP=30.2', (d) MRS:25.0o, SASP:55.1o. Other details are
the same as for figure 4.9.

4.11 These plots show cross section and analyzing power results for deuterium
target runs with the following bearn energies and MRS and SASP an-
gle cornbinations: (a) 370 MeV, MRS=15.5o, SASP:80.3", (b) BZ0 MeV,
MRS=15.6., SASP:55.1", (c) 500 MeV, MRS:15.5o, SASP:30.4", (d)
500 MeV, MRS=15.6o, SASP:55.0.. Other details are the sarne as for
fiorrro I O
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Chapter 1

TT\TTR,ODUCTTO}T

1.1 The Pion

In 1934, Yukawa introduced the idea of rneson exchange to describe nucleon-nuc.leon inter-

action [1]. The pion was observecl in 7947 to have rnass -140 MeV/c2, spin 0, and strong

interactions with nuclei, and was designated as the nuclear force quantum [2] . The virtual

pion can become a physical particle in collisions between nucleons in which sufficient en-

ergy is available to supply the rest-rnass energy of the pion (139.6 MeV for z'=, 135.0 MeV

for ro) These pions play a significant role in enhancing the deposition of energy in the

nucleus, as their short rnean free paths correspond to large cross sections for interactions

with nucleons [3].

L.2 Tlne pp --- dtr* and Nuclear (p, d¡c+) Reactions

Over the last decade, nuclear pion production from such facilities as Indiana University

Cyclotron Facility (IUCF), TRl-University Meson Facility (TRIUMF) and Los Alarnos

Meson Physics Facility (LAMPF) have consistently revealed that the most irnportant

1ú1ú -' 1/1ùn+ reaction at 200-500 MeV laboratory energies is the pp ---+ dzr* reaction.

The analyzing powers of the nuclear (F, "*) reaction have a character very sirnilar to

those of the pp -- d,tr* reaction. Thus, the two-nucleon pp -- dtrt mechanisrn has become

a basis for the qualitative interpretation of data on pion production on 12'13C 
[4].

A further step in observing the role.of this process in pion production would be to

study the (p, dr'+) reaction on nuclei. In the quasifree region, the incident proton interac.ts

with one of the target protons while the residual nucleus behaves like a spectator during

the interaction, as depicted in figure 1.1 [5]. This concept was examined in TRIUMF

experiment 8634, which is ihe main topic of this thesis. In the quasifree region, the

rnomentum transfer is lower and thus larger cross sections are expected. This can be seen

in figures 1.2 ancl 1.3 where kinematics of the t'C(i,drr+)ttB reaction are clisplayerl as a

function of pion momentum. The pion-deuteron nornentum locus for 118 in the grouncl

state is shown as the solid line in each plot (p¿). Measurernents were made utilizing several
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Figure 1.1: A rnodel of the quasifree (p,dn+) reaction in nuclei is depicted here' (A) depicts

tine prior to the collision between the incident proton (p¿) an¿ the target nucleus containing

the target proton (pr); (B) shows the situation after collision where the 'spectator'nucleus
recoils while a pion and deuteron head off in other directions'

rnagnet settings for both spectrorneters and beam energies of 500 MeV and 370 MeV at

each of four spectrorneter angle cornbinations. The MRS deuteron detection angles used

were g¿ - 15o,25o and the SASP pion detection angles used were d* = 30o,55o. The

d*, cuïV€ gives the center of mass pion angle of the equivalent pp ---+ dtr+ process. This is

reconstructecl frorn the kinematics of the outgoing pion and deuteron momenta (given by

the solid line). The precoit curve indicates the recoil rnornentum of the 118 nucleus. Note

the relation between lhe pr""o¿¿ curve and the cross section curve (indicated by 'XS'); the

cross section is greatest when the recoil momentum of the 118 nucleus is the least. The

cross section curve has been calculated using a simple model as discussed in $5.2. The

?oo curve represents the effective proton laboratory kinetic energy incident on a stationary

target proton yielding a pp ---+ dtr* center of mass energy which is equal to the center of

nìass eneïgy observed for the deuteron and pion system in the t'C(p,dtr*)118 reaction.

The numbered boxes represent rnornenturn 'bites'; each momenturn bite is deterrnined

by different rnagnetic fie1d settings for both spectrometers. More details of the plots in

figures 1.2 and 1.3 will be discussed in $2.5.

1.3 The E634 Experiment

The purpose of TRIUMF experiment E634 was to investigate the degree to which reactions

of type ,Açì,aù1n proceecl via the quasifree pç, -- d.r+ process? ancl how this process is

(B)
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Figure 1.2: These are kineûratics plots for the t'C(p,drr+)ttB reaction at four angle corì-

binations and 500 MeV bearn eneïgy. The momentum locus (in MeV/c) for the pion and

cleuteron (for 118 ground state) is shown in each plot. Pion momentum is plotted on

the horizontal axes (in MeV/c). The vertical axis is used to read values of the deuteron

rnomentum (in MeV/c), transfer momentum (pa""oir, in MeV/c), deuteron tirne of flight

(TOF(d), in ns), pp-scattering equivalent kinetic energy (TrrLo,b, in MeV) and pion angle

(0n, , in degrees) in the pp -- d,r+ frame. Theoretical curves for the analyzing power and

cross section are also shown.
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rnodified by the nuclear medium. To this end, cross sections and analyzing powers for the

(ì,an+l reaction on 12C, 160 ancl CD2 in the quasifree region at the two incident proton

energies of 370 and 500 MeV were measured [6]. These two incident proton energies

correspond to long (1-5 frn) and short (!i fm) mean free paths of pions, respectively. A

polarized proton beam was used so that analyzing powers could be extracted [5].

TRIUMF's MRS and SASP spectrorneters, located in the 48 experimental hall, were

used for the measurernent of these reactions. The SASP and MRS are discussed in $2.1

and $2.2, respectively. The two spectrometers were operated together in DASS (Dual Amr

Spectrorneter Systern) rnode, with the MRS detecting the deuterons and the SASP detect-

ing the pions. By measuring the rnornenta of the deuteron and the pion, the kinematics

of the three-body final state were fu1ly determined; that is, the energy and momentum of

the undetected particle, the 118 residual nucleus, can be calculated. This experirnent was

one of the first to incorporate the SASP together with the MRS in DASS mode, which

helped to further characterize the features and abilities of the SASP, first cornrnissioned in

August 1993.



Chapter 2

The DUAL AR,M
SPECTR,OMETER, SYSTEM

2.L SASP

The Second Ann SPectrometer at TRIUMF is a quadrupole-quadrupole-dipole spectrom-

eter with a design central rnornenturn of 660 MeV/c. The dipole magnet is clarnshell shaped

and thus this spectrorneter is referred to as a 'Q-Q-Claushell' second arm spectrometer

[7]. Its general layout together with detectors colnposed of drift charnbers and scintillators

is illustrated in figure 2.1. The SASP is a large solid angle device (maximum 13.5 msr)

ancl the term 'second arm' refers to its usage as a second spectrorneter in conjunction with

the MRS for DASS (Dual Aun Spectrorneter System) rnode experiments, as in experi-

ment Ð634. [7]. During this experiment, the SASP detected pions at scattering angles of

-30o and -55". The sign of these angles is in keeping with the Madison coordinate system

convention. The SASP detectors are described in $2.4. For more information on the SASP,

please see reference [71.

2.2 MRS

TRIUMF's Mediurn Resolution Spectrometer is a quadrupole-dipole system with rnulti-

wire drift charnbers and scintillator paddle detectors as shown in flgure 2.2. Its solid angle

detection capabilities depend on the mode of running, but is approximately 2.5 rnsr. The

momenturn acceptance is about 17% for particle rnomenta up to 1.5 GeV/c [B]. Dur-

ing the E634 experiment, the MRS was used to detect deuterons at scattering angles of

*15o and +25'. The main MRS particle detecting components are discussed in $2.4. For

rnore details on the MRS. please see reference [81.

2.3 DASS System

For the three-body final state 8634 experiment, the SASP and MRS are used together as

a Dual Arm Spectrometer System. Figure 2.3 depicts the two spectrometers in the DASS
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Figure 2.1: The Second Arrn SPectrometer (SASP) layout is shown here. The curved line
directly under VDCl is a theoretical representation of the SASP focal plane. The target
resides in the scatterins chamber.
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Figure 2.2: The Mediurn Resolution Spectrometer (MRS) layout is depicted here. The

target resides in the scattering chamber.
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setup. Both the MRS and SASP spectrometers utilize sirnilar particle detection devices,

and these are clescribed in the followins sections.

2.4 Particle Detection

The locations of the detectors for each spectrometer are indicated in figure 2.1 for the SASP

and figure 2.2 for the MRS. In the 8634 experiment, ihe MRS particle detection setup

included a front end wire chamber (FEC) near the target and two vertical drift chambers

(VDC) at the top end of the spectrorneter. A scintillator detection array consisting of ten

paddle scintillators and alarge scintillator, S1, was located near the focal plane (just above

the VDCs).

The SASP detector alrangenent for E634 was cornposed of two VDCs, a scintillator

detector array of five paddle scintillators and a large scintillator, S 1. No front end chamber

was used as the resulting background events occurring close to the FBC were found to be

too nurnerous to be practically managed.

The various detectors utilized by the SASP and MRS are described in the following

sections. Most of the detectors used by both spectrorneters are very sirnilar in design and

are discussed in parallel.

2.4.L Front End Chamber

As shown in figure 2.2,the MRS front end chamber is the flrst detector encountered by the

particles leaving the target area. The purpose of the FtrC is to allow particle trajectory

traceback to the target in order to set software gates (to define the spectrometer solid

angle, for example) and to correct for aberrations in the MRS [B].

The wire spacing for both the SASP and MRS FECs is 5 mm, and the MRS FEC

rneasures 8 cm x 8 cm. The SASP FEC measures 8 crn x 16 cm [9]. The FEC consists

of four wire planes, two in each of the X and Y directions. The X direction corresponds

to the vertical (bend) plane and the Y direction corresponds to the horizontai (non-bencl)

plane of the spectrorneter. The four FEC pianes are known as X0, X0t ,Y0 and YOl. Each

MRS FEC plane contains 16 pairs of alternating anode and cathode wires. Each SASP

FEC X plane contains 32 pairs of wires and each Y plane contains 16 pairs of wires.

The primed planes are offset from the unprimed planes by one half of the anode spacing

in order to determine whether the incoming particle has passed to the right or left of a
struck wire, and to allow interpolation using drift times. For rnore information on the MRS

FEC features, please see reference f8l.

2.4.2 Vertical Drift Chambers

The vertical drift chambers (VDCs) in the SASP and the MRS utilize the sarre design

concept except that the SASP VDCs are larger because the SASP has a larger solid an-
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g1e acceptance and a larger rnornenturn bite. The SASP VDCs have an active area of

35 cnr x 182.4 crn 110]. In both spectrometers, the two VDCs are positioned just al¡ove

the focal plane at an angle of 45o to the central trajectory.

The total number of X plane cathode wires in the SASP VDC is 304 and the wire

spacing is 6 mrn [10]. Each VDC plane (for both the SASP and MRS) consists of two wire

planes - an X plane (bend plane) and a U plane; the U plane is oriented at 30o with respect

to the X plane. The planes are labelled X1, U1, X2 and U2. The Y position (non-bend

plane) was then deterrnined frorn the trigonornetric relation of the X and U planes; see

equations (3.16) through (3.20) in $3.3. For rnore details regarding the VDCs, please see

reference [B].

2.4.3 Scintillator Paddle Arrays

The MRS has an array of ten scintillator paddles located just above the VDCs. These

paddles are numbered '0' through '9' and their function is to provide the trigger (tirning
and energy loss information) for an event. In addition, they can be used to limit the focal

plane span which is considered in the trigger. This reduces the uninteresting data on tape

and computer dead-time [8].

The SASP has an array of five scintiilator paddles, nurnbered'0'through'4'. These

are wider than the MRS scintillator paddles but their function is the sarne.

2.4.4 Focal Plane Paddle Scintillators

Above the scintillator paddle arrays of the MRS are the focal plane polarimeter (FPP)

scintillators, S1 and 52. These two large area scintillators are often included in the valid

event trigger to provide cleaner events. The 51 paddle covels most of the active alea of
the focal plane whereas 52 does not and for that reason should be used with caution. The

SASP has a large single scintillator called 51, situated beyond the paddle arlay) which

serves a similar purpose as S1 and 52 of the MRS.

2.5 Run Plan

2.5.1, Reactions Studied

Two spectrorneters allow for a full kinernatic description of all bodies involved in three-

body final state reactions. Three reactions were studied; their targets are described in
table 2.1.

2.5.2 Targets Used

The 160 target that was originally intended for use comprisecl approximately 3 cc of water
contained within stainless steel foil walls. The foil walls were 0.0005" (112 mil - 0.0127 rnm)
thick, and had a density of - 7.75 gf cm3. The foil was attached to the aluminum frame
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REACTION TARGET

t'c(p,dr+)118
,v(ì,d.r+)n

tuo(t, dn +)ttN

natural carbon, 50.2 rng/crn2

CDz, 200 rng/cm2

Mylar (C1oH804), 89 rng/crn2

Table 2.i: This table lists the reactions studied in experirnent Ð634.

using epoxy. This target experienced a leak in the evacuated target chamber despite initial

success under sirnilar test conditions. Finally, a srnall piece of 89 mg/cm2 Mylar foil

(C1oH804) was used as the 16O target. However, interaction between the incident proton

and the carbon in the Mylar had to be accounted for in the off-line analysis. Subsequently,

only a very small number of 16O ïuns weïe successfully perforrned and written to tape.

The protons comprising luO nominally fill both the p172 andp3¡2 sheils in the cloubly

magic 160 nucleus. The purpose of using the 16O target was to exarnine the relative

effective polarizations of the pt¡z and psTz protons. Please see reference [11] for more

deiails on this effective polarization.

The CD2 target, also known as deuterated polyeth.ylene,provided a sirnple case of the

l{i,an+1n reaction ancl was primarily usecl to check the valiclity of the experirnental

setup. For this target the quasifree reaction observecl *ur'H(ã, d,r+)n where the neutron

behaves as the spectator particle during the reaction, as it is only loosely bound within

the deuterium nucleus.

The majority of the bearn tirne for the experiment was devoted to using the carbon

target to observe the i2C(ã, d,n+)ttB reaction. The inciclent proton interacts with a proton

in the p372 she11 of the 12C nucleus, producing and emitting a deuteron and a pion, and

leaves the residual rlB nucleus in the ground state or an excited state.

2.5.3 Experimental Parameters

The bearn current used for the 500 MeV runs was in the 6-20 nA range, while a range

of 20-50 nA, on average, was used for the 370 MeV runs. The current for each run was

detennined by a combination of the desired statistics and MRS FEC limitations.

Table 2.2 lists the beam energy and spectrometer angle settings for the runs of this

experirnent. The convention used for analysis was such that the MRS angle was positive

for scattering to the left of the incident beam (in the direction of incidence) into the MRS

and the SASP angle was positive for scattering to the right of the incident beam into

the SASP. Note that this does not follow the Madison convention (which would require

that the SASP angles be negative). For each angle-energy cornbination, several dipole and

quadrupole magnet settings for both spectrometers were used to measure the pion-deuteron
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E634 RUN SUMMARY

Bearn
Energy (MeV)

MRS
Angle (")

SASP
Angle (")

Target
Used

Run
Nurnber(s)

carbon target -

500

500

500

500

370

370

370

370

15.51

15.60

24.94
25.01
15.53

15.56
25.07
25.02

30.40
54.98
30.0i
55.02

30.29
55.09
30.21

55.09

'¿

C
12c
12c
12c
12c
12c
12c
12c

7-28
33-42
46-57

59-67
69-89

97- 1 09

125-131

113-121

deuterium target

500

500

370

370

15.51

15.60

15.53

15.56

30.40
54.98
30.29
55.07

CDz
CDz
CDz
CDz

29-37
43-44
94-96

111

- orAgen tørget -

370 15.47 30.21 r60 723-r24

Table 2.2: This table provides a surnmary of the E634 runs.
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motlìentuln locus for the i1B ground state. Figure 1.2(a) on page 3 shows a plot of this
locus for the 12C(Þ', ,In+)"B reaction at beam eneïgy 500 Mev with MRS angle (d¿) at
15o and SASP angle (d") at 30o. The theoretical analyzing power and cross section are

also shown; these will be discussed in $4.2. The cross section shown is based on a very
simple plane wave uodel, details of which appear in chapter five. Nurnbered boxes along
the ground state locus indicate tnornentum bites investigated during the experirnent. The
mornentum bites situated above the peak of the cross section curve provide the greatest

statistics for that energy-angle cornbination.

2.6 The NOVA Analysis Program

Peter Green's NOVA analysis program was used for analysis of the acquirecl clata, both
on- and off-line. On-line, NOVA-created histograrns weïe examined to assess the quality
of the incoming data, so that adjustments to experimental parameters coulcl be macle if
necessary. In the DASS rnode, MRS and SASP variables were distinguished by the following
nornenclatul'e: 'M' ot 'R' for the MRS and 'S' or 'L' for SASP ('L' for large acceptance).

NOVA manipulates raw datainput according to user-specified declarations, conditions
and calculations. After a list of variable declarations and conditions is specified in the
NOVA 'sub-process', an OPeration SBQuence (OPStrQ) follows; this is a program executecl
for each input event, the rnain feature of which is the creation of histograrns of the input
and output data 112]. The NovA OPSEQ used for E6J4 is given in appendix G.

2.7 DASS Event Trigger

A particle traversing a spectrorneter activates various detectors along its path. A valicl

event in DASS rnode is usually determined by a two-level event trigger. An event trigger
for each spectrometer is defined by a logical combination of signals from various cletectors

and sets a latch which prevents subsequent signals from rnixing with the latchecl signal.
When ihe first level trigger is activated, this indicates that an event may be of interest ancl

digitizing of the detector signals comrnences. Meanwhile, a signal from another cletector or
detector array cornprises the second level trigger, also called the auriliarg tri,gger. While
the digitizing of the first level trigger signals has already started, the seconcl level trigger
decides if the event is valid. If the auxiliary trigger indicates a valicl event, digitizing of
all signals proceeds to completion and a LAM ('Look-At-Me') moclule is activatecl which
is then read by the STARBURST (or J-11) module, which is a front end, processor. The
STARBURST plays a rnajor role in building the event data strearn which is written onto
tape (this is discussed in more detail in $2.9). On the other hancl, if the auxiliary trigger
indicates an invalid event, a fast clear is issued.

In DASS operation, the SASP and MRS run asynchronously ancl the MRS is a'slave,
to the SASP 'mastet'. This is demonstrated by the fact that the SASP has a LAM but
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the MRS does not, so the SASP must send the LAM signal to the STARBURST module

which will clear the LAM, rneanwhile inhibiting the MRS so that the MRS does not start

processing another signal until the SASP is ready to do so as well. After a first level trigger

occurs, if there is no corresponding valid second level trigger, the first level triggered event

is fast-cleared to enable the triggering of new events. Aoy clear (cornputer cleal or fast

clear) from the SASP clears both spectrorneters; for a DASS experirnent, the MRS only

has the ability to clear itself.

2.7.L Setting Tligger Conditions Within NOVA

The BCL (Ernitter-Coupled Logic) programmable trigger electronics enable the user to

alter the trigger conditions 'on-the-fly' during an experiment. To facilitate this process,

the trigger conditions are identified with special variable narnes within NOVA, allowing

the various ECL pararneters to be addressed in terrns of physical quantities. Changing the

settings on one module may affect others and NOVA will also handle the module inter-

dependence automatically. When the trigger system is programmed by a special NOVA

cornmand based on the values of the special trigger variables and the logical expressions

relating thern, trigger settings can be verified by using the 'LOOKTRIG' NOVA cornrnand.

This can Droduce results such as

LFETRÏG Ix4 Var 0

( (srro I BITl) | BITT) x (LFTXo I LFTYo)

LEVENT ïx4 Var -160
(¡TTS I BITT) * ( (LEPADL&LES 1 ) &LEX1 )

LSLOI'üAUX Ix4 Var -I34
( (srrr I BrTT) | BrT2) *LMRS

For example, when LFETRIG appears in the expression for LSLOWAUX (the SASP aux-

iliary trigger), this rneans that the SASP FEC is in the trigger. For experirnent E634,

no SASP tr'EC was used so LFEGATB (see figure 2.4) was not included in the inputs to
LSLOWAUX. The SASP FEC X and Y position variables LFTXO and LFTY0 are zero

and consequently LFETRIG is zero. The above LOOKTRIG output shows trigger condi-

tions for the SASP only; at the time of experiment tr634, a NOVA display of MRS trigger
conditions was not yet available. For more details on trCL trigger electronics, please see

reference [13].

2.7.2 SASP Tligger

For E634, the first level trigger signified a valid SASP event, narnely, a valid hit in one

of the scintillator paddles (paddles 0 through 4), the 51 scintillator, and a hit in VDO
plane X1. This opened a gate for the ADCs, and issued a start pulse to all TDCs. The
corresponding electronic schernatic for this trigger is illustrated in figure 2.4. The SASP
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fi.rst level trigger is defined in terms of NOVA variables as

LEVENT= (BITs I BITT) * ( (LEPADL&LES1 ) &LEX1 )

where al1 the telrns represent bit patterns. These bit patterns correspond to the bits usecl

as input ol output frorn logic modules in the electronics used to collect the incoming clata.

LEPADL, LBS1 and LEXi represent SASP scintillator paddle hits, 51 paddle hits and

VDC X1 plane hits, respectively. If there is a sirnultaneous hit in the VDC X1 plane, a

signal in paddle S1 and a signal in one of the paddles 0 through 4, afirst level trigger would

occur.

2.7.3 MRS Trigger

A valid trigger in the MRS was definecl by a hit in one of the FÐC planes, the VDC X1

plane, one of the ten scintillator paddles and the S1 scintillator paddle. These signals in

coincidence forrned a master trigger which specified whether or not a particle had travelled

through the MRS. This trigger is shown schematically in figure 2.5 [B]. For details on MRS

trigger operation, please see reference [8]. The activation of an MRS event starts the digi-

tizing of the MRS detectors, sets the latch and the SASP auxiliary trigger (LSLOWAUX)

in NOVA. In terms of NOVA variables, LSLOWAUX was deflned as

LSLSWAUX=( (srrr I BITT) | BrT2) *LMRS.

2.8 Ðata Acquisition

For SASP, MRS and DASS experiments, a data acquisition systern called "VDACS" (Vax

Data ACquisition Systern) is used to perform functions such as responding to the LAMs,

reading data from CAMAC rnodules and writing data to tape. VDACS runs under the

VMS operating systern. VDACS consists of a front end processor called a CBS 2180

STARBURST module (J-11) , several VMS commands which allow the user to manage such

things as tape drives and data, and a cornputer program written in the high-level language

TWOTRAN. The TWOTRAN code instructs the STARBURST to build the event clata

strearn which is subsequently read by VDACS and written onto tape for future analysis by

the NOVA analysis program. This data may also be analyzed online simultaneously [14],

[10], [e].

The flow of data and communication during the data acquisition process is depictecl

in figure 2.6.

2.9 TWOTRAN, Data Stream

The TWOTRAN prograrn contains several modules. One configures the CAMAC hardware

before acquisition starts, setting up the digitizers appropriate to the mode of operation.
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Figure 2.7: This figure depicts a schematic representation of data stream movement be-
tween the STARBURST and the VAX.

Another responds to LAM interrupts by building events as it reads data from the CAMAC
digitizers. In this way the TWOTRAN progÌam organizes the data into a data strearn. The
data strearn is stored in a bufer in the STARBURST until it is shipped in B kilobyte blocks
to a virtual device called 'GRA1:', which is part of the VAX memory. Frorn GRAI:, samples

of data can be analyzed on-line by NOVA in order to monitor the nature and quality of the
incorning data. Meanwhile, the data strearn is sent to the VAX and subsequently written
to tape. Figure 2.7 illustrates this rnovernent of data between the STARBURST rnodule
and the VAX.

In NOVA, variables known as 'pointers' are associated with rnost data words (the
pointers themselves are two byte words,I+2). For clarity, these pointet natnes) r'ather than
the data word addresses themselves, are given in figure 2.8, which shows the forrnat of
the DASS data strearn. The data stream will now be described in temrs of these NOVA
pointers.

The header of the data stream consists of five words that describe the event type (ie,
whether the event is a scaler read or a normal event trigger, what the event length is,
etc.). NOVA pointers refer to the words following these header words. Thus, in clescribing
the data stteam, the enumeration of data words usually commences after these frrst five
header words. Bearing ihat in rnind, the zeroth word in the data stream tells NOVA what
the mode of spectrorneter operation is for the given experirnent; the three possibiLities are:
MRS only, SASP only or a DASS configuration. The MRS part of the data stream follows
the zeroth word, as indicated by the first word being MSTART; NOVA attributes to it the



2l

Header Words

1st Word

?nd Word

Last Word

experimental mode,

event type, event length,
o.ln

MSTART

[/FIXLEN

I fixed length portion 
-l

L of MRS data I
MDROFFSET

¡ 
variable lenoth portion 

1L of MRS data _l

MLAST = LSTART

LDROFFSEI

Ivariable length portion-l

L of SASP data I

LFIXLEN

I fixed length portion IL of SASP data I

Íe, experimental
mode = DASS

start of MRS data

start of SÀSP data

c

a

Figure 2.8: The TWOTRAIrI data stream for a DASS experiment is shown here.
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value of '1'. After MSTART, the data word MFIXLEN follows, and this word indicates

that a fixed nurnber of data words is about to follow. That is, the nurnber of data words

following MFIXLBN is the same for every incorning event. The value of MFIXLEN is

the nurnber of data words in this flxed length portion of the data. For experiment E,634,

MFIXLÐN : 32. Therefore the fixed length data is 32 words long.

The data which falls into the 'fixed length' category is DCR output (digital coincidence

register, used to accept polarization state inforrnation, for example), ADC information
(scintillatol paddles pulse area, for example) and TDC output (which supplies tirning
infonnation of the various detectors with respect to the trigger tiine).

The next data word is pointed to by MDROFFSET. This word descri'bes the length of
the variable length part of the data stream. The 'offset' part of the narne MDROFFSBT
is understandable when considering the defrnition of MDROFFSET,

MDROFFSET=MSTART+MFIXLEN = 1 + 32 = 33

Thus, the start of the variable length data is 'offset' by 33 data words. Data which satisfies

this description is drift chamber and front end chamber data. This data is of variable length
clepending on the pat'ticular event because diferent events rnay hit a different number of
wires.

The SASP data now follows in the data strearn, and this is indicated by the next word
being MLAST, which is also equivalent to LSTART, the start of the SASP data. MLAST
is defined as

MLAST=MDR0 FFSET+$RAI'I (MDR0FF SET ) / 2 .

Without dividing $RAW(MDROFFSET) by two, we would have the length of the variable

length data in bytes. Dividing the MDROFFSET byte count by two converts its dimensions
to a measure in words. Thus, the start of the SASP data is offset by the sum of MSTART,
MFIXLEN and the number of data words occupied by the variable length data. In anaiogy
to the MRS data part of the data stream, LFIXLBN follows the LSTART. LFIXLEN has a
valueof4S. Thus,thefixedlengthportionof theSASPdataiscomposedof 4Sdatawords.
Following the fixed length data in the data strearn is the word LDROFFSET, where

LDROFFSET=LSTART+LF]XLEN .

TDROFFSET points to the location in the data strearn where the wire charnber clata
begins. After this data, the data for the next event follows, in the same clata srream
format as described above.

As previously rnentioned, the TWOTRAN program contains instructions which handle
raw data and allow the STARBURST module to organize this raw data into the data stream
format described above. TWOTRAN programs have been written for all three modes
of spectrometer operation, and the TWOTRAN code used for this DASS experiment is
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essentially a combination of the code in the TWOTRAN prograûìs for MRS and SASP

single spectrometer operation. The TWOTRAN program used for this DASS experiment

is given in appendix E. For more detaiis of TWOTRAN code, please see reference [15].

2.LO Dispersion

The bearn transport systern that delivers the protons to the target position in the scattering

charnber usually provides an achrornatic bearn where particles of all mornenta are focused

to a nearly point-like spot. However, the beam transport system can also be set to disperse

the bearn according to the incident particle rnomentum. A typical diameter of this beam

spot is 2 mrn. This implies that the bearn'spot'rray not necessarily be a'spot', but rather
an elongated area. Along the height of this area, the energy of the incident protons varies

somewhat, typically a variation of 1 MeV about the central monentum. For example, a

beam dispersion of -6 cml% implies that changing the particle momentum by 1% of the

incident particle central rnomenturn would result in a change of particle position (rneasured

at the target) of 6 cm [16]. A typical value of the deviation frorn central momenturn for
the incident particles corning from the cyclotron is 0.2% [17]. Using this value, a -6 cmf %

dispersionimpliesthatthedispersionofthebearn'spot'onthetargetwouldbel.2crr. The
negative sign in the value of the dispersion is due to beam transport labelling conventions

(discussed in $3.2). This corresponds to the particle with the larger momentum having the

larger values of the Transport coordinate X7¿, as shown in flgure 3.11 on page 52.

A dispersed beam thus provides a one-to-one correspondence between position on tar-
get and rnornentum of an incident proton. This can be used in the following way: if the

outgoing particle trajectory fron a reaction event can be reconstructed from the spectrom-

eter inforrnation to yield the target interaction position, the incident proton momenturn

can be deterrnined to within an uncertainty rnuch srnaller than the original beam spread of

- 0.2%. Consequently, the reaction kinernatics are better deterrnined and the enelgy ïes-

olution greatly improved. However, achieving a high quality dispersed bearn tune is more

technically challenging than achieving an achromatic beam tune, so there is a compromise

involved.

A spectrorneter also has its own inherent dispersion. This is characterized by the trans-
fer matrix elernent Rre : dx/dó, where dX is the change in focal plane position for the
percentage change in particle momentum dó. To achieve 'dispersion matching'between the
bearn and the spectrorneters is to have the particles from a reaction's specific final state
all fall at the sarne position in the focal plane. This of course leads to a better energy

resolution at the focal plane since the energy resolution is then not adversely affectecl by
variations in incident bearn energy. Dispersion matching when using two spectrometers is
lnore complex and technicaliy challenging than the case described above for only one spec-

trorneter. Fortunately, off-line analysis can correct for the condition where full dispersion

rnatchinq is not achieved.
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The value of interest for the spectrorneters is the D/M value, where D is the clis-

persion of the spectrorneter, characterized by transfer rnatrix elernent R16, ancl M is the
spectrorneter magniflcation, chalacterized by transfer rnatrix element R11. For rnore cle-

tails on transfer rnatrix elements see $2.11; the derivation of the D/M relation is eiven in
equation (2.5) of $2.11.

Ideally, the first order transfer matrix elenents R11 and R16 aïe indepenclent of focal
plane position. However, the SASP has such alarge acceptance (-I0% to *75% of central
rnomenturn) that there is a col'relation between magniflcation and clispersion ancl the focal
plane position; thus the values of R11 and R16 are calculated as a function of focal olane
position in the NOVA user routine 'USRE'.

The srnaller MRS acceptance is approxirnately -T% to 17% of central rnornentum. For
the MRS, no user routine is presently utilized to calculate the transfer rnatrix elernents.
Instead, it has proved adequate to use constant values for R11 ancl R16 for the MRS,
inputted into NOVA as paratneters.

For the 500 MeV runs in E634, technical difficulties made the use of a fully clispersion-
rnatched bearn impossible to achieve. Ideal dispersion rnatching is achievecl by rnatching
dispersion between the beam and botl¿ spectrorneters. This involves cliferent beam tunes
for each angle and rnagnet setting combination ancl this was not feasible due to tirne
constraints. The dispersion that was achieved proved adequate for the purposes of the
experiment since deuteron enelgy loss through the target played the most significant role
in deterrnining the energy resolution. Another factor afecting energy resolution is multiple
scattering occurring between VDC1 and VDC2 in both spectrometers, but this was not as

significant as the deuteron energy loss.

A dispersed beam of -6 cml% was used for the 500 MeV runs which proviclecl a bearn
spot approxirnately 2 mrn wide and 1 crn high. For the 370 MeV Ìuns, an achrornatic bearn
tune was used because a dispersed beam tune for this energy was not available at the time
of the experiment. For a kinematic description of bearn clispersion ancl to see how it was
incorporated into an expression for beam energy, see $3.6.3.

2.IL Tlansfer Matrix Elements

The physical meaning of the trønsfer matrir elements is discussecl in this section. These
rnatrix elements will be referred to in $3.5 where conversion between coorclinate svsterns
is cliscussed.

The transport of particles from the target up to the focal surface of a sDectrometer is
clescribed to first order by the matrix equation
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where the subscript i denotes the initial or target coordinates and the subscript / denotes

the final or focal surface coordinates. The transfer matrix pararneterizes the beam optical

transport properties of the spectrometer [18].The definitions of the target and focal surface

coordinates ale given in $3.i.
Equation (2.2) provides examples of some typical matrix elernent values; the values

shown are those used for the MRS during 8634 analysis.

A.

AJ
I
VJ
t.
'T
6¡

-0.37660.00003.6965
-77.671 -2.6565 0 0 0 6.3408

0 0 -7.r9r7 -0.1530 0 0

0 0 -1i.4160 -0.304 0 0

Rst Rsz 0 0 Àss Asa
000001

,;,),,

To a first order approximation, the final position and the associated angle (r/, d¡) in
the bend plane depend only upon initial position and angle (r¿,0¿) in that same plane and

on the mornenturn deviation ó. Sirnilarly, the non-bend plane coordinates are decoupled in

flrst order frorn the bend plane coordinates, and hence some of the transfer rnatrix elernents

are zero. ó¿ and 6¡ arc equivalent because the static magnetic freld of the spectrometel

does not change the magnitude of the particle's momentum [18]. Hence, the R66 elernent

is taken to be unity. For brevity, future references to ó¿ or ó¡ will be replaced sirnply by 6.

ó is the mornentum deviation of a given particle ray with respect to the central mo-

mentutn po and is defined by

(2.3)

where p is the momentum of an arbitrary ray [18]. Note that 'central'rnornentum po is not
actually central, as the nominal momentum acceptance of the SASP is 0.9po to 1.15po, for
a total mornentum bite of 25% of po. Specificany, po is that momenturn for which a ray

entering the spectrometer along the incident optic axis will be bent through 90o, to exit
along the outgoing optical axis [18].

A point-to-point focus in X implies that Rtz is zero. Among the remaining elements,

Rrr, Rre, Rzr, Rzz and R26 are associated with pararnetersin the bend plane whereas R33,
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Rs¿, R¿s, and Raa are associated with parameters in the non-bend plane. The eleuents

Rsr, Rsz, R55, and R56 are related to path length through the spectrometer.

Using the transfer rnatrix elernents and equation (2.i), we can derive the D/M expres-

sion discussed in $2.10. The following relationship is extracted from the matrix equation
given in equation (2.1):

rl : Rttri -f Rta6¿ (2.4)

Since we want all rays to focus at the sarne location in the focal plane, we want Aø¡-0.
Thus,

L*¡ = R;¡L'a¿* 1?16¿\ó : 0,

-Rrc L.r¿(cm)or' ,t, : -ñ6(%-l

, -Àraand jr_ : DlM. (2.5)

The transfer rnatrix elements can be determined experimentally. For details on how this
is clone, please see reference [iB].

For the MRS, the transfer matrix elernents are inputted directly into the NOVA pro-
grarn as constants, independent of particle rnomenta. For the SASP, the transfer uatrix
elernents cannot be approxirnated as constants and are computed as a function of particle

ntomentum, ó, in a NOVA user routine called 'USRB'. Typical values for the SASP at ó :0
are shown in equation (2.6) [18],

TÍ
0r
yf
ó¡
l¡
6¡

0.81530.00002.6823
2.6988 -r.7757 0 0 0 5.4054

0 0 -3.9777 -0.7764 0 0

0 0 -12.280 -0.7900 0 0

Asr Rsz 0 0 R¡s Rso
000001

0¿

u;

'j''L

t.o2

0¿

.(2.6)



Chapter 3

E634 ANATYSIS

3.1 Definitions of NOVA Variables Used for Particle Tbajectories

NOVA is the program used for analysis, so the reader must understand the rneanings of

the NOVA variables which refer to kinematic quantities in order to follow the kinematics

calculations discussed in $3.7. The spectrometer coordinates and related variables will be

referred to by their NOVA nalnes. A üst of physical rneanings associated with these narnes

follows.

SASP Target Positions:

SXI-TR" position of particle on target, measured along X-axis of target, in Transport

units (cm). The corresponding transfer rnatrix element is z¿; see equation (2.1).

SYI-TR position of particle on target, rneasured along Y-axis of target, in Transport

units (cm). The corresponding transfer matrix element is g¿; see equation (2.1).

STH-TGT-TR = d7p, SASP angle d between particle trajectory and Z7¡¿ axis, tnea-

sured at the target, in the Xra-Zrn plane, in units of rnrad. See figure 3.1. The

corresponding transfer matrix elernent is d¿; see equation (2.1).

SPH-TGT-TR : ç5rn, SASP angle þ between particle trajectory and Z7¡a axis, mea-

sured at the target, in the Yrn-Zrn plane, in units of rnrad. See figure 3.1. The

corresponding transfer matrix element is /¿; see equation (2.1).

SASP Front End Chamber Positions:

LXO*FOS position of particle in SASF FEC, measured along X-axis of charnber, in 50 pan

units.

LYO-POS position of particle in SASP FEC, measured along Y-axis of charnber, in 50 pnr

units.
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SXO-CENT X-axis center of SASP FEC, in 50 ¡-rm units.

SYO-CENT Y-axis center of SASP FtrC, in 50 ¡rrn units.

SXO-TR position of particle in SASP FEC, measured along X-axis of charnber, in Trans-

port units (crn).

SYO-TR position of particle in SASP FEC, measured along Y-axis of chamber, in Trans-

port units (cm).

SFECDIST-TR, Distance, in rneters, between the target and the MRS FEC. A typical

value is 0.5485 rn.

SASP Vertical Drift Charnber Positions:

LX1POS position of particle in SASP VDC1, measured along X-axis of chamber, in 50 prn

units.

LX2POS position of particle in SASP VDC2, measured along X-axis of charnber, in 50 prr.

units.

LUI-POS position of particle in SASP VDC1, rneasured along U-axis of charnber, in 50 prn

units.

LU2POS position of particle in SASP VDC2, measured along U-axis of charnber, in 50 ¡ln
units.

SY1 Bxtracted VDC1 Y-axis particle position, in 50 prn units.

SY2 Extracted VDC2 Y-axis particle position, in 50 ¡-rm units.

SDY12 : SY2-SY1.

SXI-CENT X-axis center of SASP VDC1, in 50 prn units.

SX2-CENT X-axis center of SASP VDC2, in 50 ¡nn units.

SYI-CENT Y-axis center of SASP VDC1, in 50 ¡-rm units.

SY2-CENT Y-axis center of SASP VDC2, in 50 pm units.

SXI-TR Intersection between the particle trajectory and SASP VDCl rneasured per-

pendicular to the Z7¡1 axis and along the X7¿ axis, in Transport units (cm). See

figure 3.8 on page 45.

SX2-TR Intersection between the particle trajectory and SASP VDC2 measured per-

pendicular to the Z7p axss and along the X7p axis, in Transport units (cm). See

figure 3.8 on page 45.
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SDX1z-TR = SX2-TR - SX1-TR. See figure 3.8 on page 45'

S1'l-_T1¡ Intersection between the particle trajectory and SASP VDCl measured perpen-

clicular to the ZT¡-axss and along the Y7¿ axis, in Transport units (cm).

S1'2-TR Intersection between the particle trajectory and SASP VDC2 rneasurecl perpen-

dicular to the zTpaxs,s and along the Y7¿ axis, in Transport units (crn).

STH-VDC-TR SASP á between particle trajectory and Z7p axis'tneasured at the VDC,

in the xrn-zrnplane, in units of mrad; shown as d in figure 3.8' The corresponding

transfer rnatrix element is d;; see equation (2'1).

SpH-VDC-TR SASP / between particle trajectory andZTpaxis, measured at the VDC,

in the Yrn-Zrnplane, in units of mracl. The corresponding transfer matrix element

is /¡; see equation (2.1).

SVDCDIST Distance between the two SASP VDCs, in 50 ¡rrn units, as shown in figure 3.3

on page 36. The value used for experiment E634 analysis was 7880'0 (50 ¡rrn units).

SVDCDIST-TR Distance between the two SASP VDCs, in meters' See figure 3.8 on

page 45. The value used for experirnent E634 analysis was 0.3940 m.

SDZ-TR Distance between the intersections of the particle trajectory with the VDC

planes 1 ancl 2, measurecl along Transport Z-axis, in rneters. See figure 3.8 ancl

equation (3.46) on page 45.

SASP Focal Plane:

SDELTA-TR = O = (ry) x 700%. For rnore cletails see equation (2.3) on page 25.

SDEL This gives the focal plane position, like SDELTA-TR, but difers in that SDBL

is clefinecl in terms of a polynomial fit of ó to focal plane position SXF-TR (see

clescription below) from experirnental data for different rnornentum deviations [18].

SXF The X position of a particle on the SASP focal plane, rneasured in 50 ¡zm units. The

corresponcling transfer matrix element is z¡i see equation (2.1). It is at the focal

plane that the particle trajectories are point-to-point focused by the spectrorneter

magnets. The zero X-position on the focal plane corresponds to central momentum'

Po'

SXF-CENT The location of the physical center of the SASP focal plane, in 50 ¡rrn units

along the X-axis.
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Figure 3.1: This figure shows the Transport coordinate systern at the target. Angles da¿

an-d þ7¡¿ are namecl STH-TGT-TR and SPH-TGT-TR in the NOVA analysis program.

Note that in this figure, 07p is negative.

SXF-T1¿ The X position of a particle on the SASP focal plane, measured perpendicular

to Z7p, in Transport units of centimeters. For a tnore detailed explanation of focal

plane, see SXF above.

Sirnilarly, for the MRS we have the following NOVA definitions:

MRS Target Positions:

11XI-TR position of particle on target, rneasured along X-axis of charnber, in Transport

units (cm). The corresponding transfer rnatrix element is r;; see equation (2.1).

RYI-TR position of particle on target, rneasured along Y-axis of chamber, in Transport

units (crn). The corresponcling transfer matrix element is g¿; see equation (2.1).

RIH-TGT-T]I : drn, MRS angle d between the particle trajectory and Z7p axis, mea-

surecl at the target, in the Xrn-Zra plane, in units of rnrad. See figure 3'1' The

corresponcling transfer matrix element is d¿; see equation (2'1)'

RPH-TGT-TR : /7¿, MRS angle / between the particle trajectory and Z7p axis,

lneasured at the target, in the Yrn-Zrn plane, in units of mrad' See figure 3.1. The

corresponding transfer rnatrix element is {;; see equation (2'1)'

MRS Front End Chamber Positions:

MXg-POS position of particle in MRS FEC, rneasured along X-axis of charnber, in 50 prn

units.
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MYO-POS position of particle in MRS FEC, rneasured along Y-axis of charnber, in 50 ¡an

units.

RXO-CENT X-axis center of MRS FEC, in 50 pm units.

RYO-CENT Y-axis center of MRS FEC, in 50 ¡-rm units.

RX0-TR. position of particle in MRS FEC, measured along X-axis of charnber, in Trans-

port units (cm).

RYO-TR position of particle in MRS FEC, rneasured along Y-axis of charnber, in Trans-

port units (crn).

RFECDIST-TR Distance, in rneters, between the target and the MRS FÐC. For exper-

irnent 8634, this distance was 0.63 rn.

MRS Vertical Drift Chamber Positions:

MXlPOS position of particle along in MRS VDC1, rneasured along X-axis of charnber,

in 50 prn units.

MX2POS position of particle along in MRS VDC2, rneasured along along X-axis of chau-

ber, in 50 plm units.

MU1POS position of particle along in MRS VDC1, rneasured along lJ-axis of charnber,

in 50 ¡an units.

MU2POS position of particle along in MRS VDC2, measured along U-axis of chamber,

in 50 ¡rm units.

RYl Extracted VDC1 Y-axis particle position, in 50 prn units.

RY2 Extracted VDC2 Y-axis particle position, in 50 prn units.

RXL-CENT X-axis center of MRS VDCI, in 50 pm units.

RX2-CENT X-axis center of MRS VDC2, in 50 ¡rrn units.

RYI-CENT Y-axìs center of MRS VDC1, in 50 ¡rm units.

RY2-CENT Y-axis center of MRS VDC2, in 50 pm units.

RXL-TR Intersection between particle trajectory and MRS VDCl measured perpendic-

ular to theZTp axis and along the X7¿ axis, in Transport units (cm).

RX2-TR Intersection between particle trajectory and MRS VDC2 rneasured perpendic-

ular to theZT¡¿ axis, and along the X7¿ axis, in Transport units (cm).
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RDX12-TR : RX2-TR - RXI-TR. See flgure 3.8 on page 45 for the SASP analogy

ISDX12-TR).

RYI--TR Intersection between particle trajectory and MRS VDC1 rneasurecl perpendic-

nlar to theZTp aús, and along the Y7¡ axis, in Transport units (cm).

RY2-TR Intersection between particle trajectory and MRS VDC2 measured perpendic-

ular to the Z7p axis, and along the Y7p axis, in Transport units (crn).

RTH-VDC-TR MRS angle d between the particle trajectory and Z7p axis, rneasurecl at

the VDC, in the Xrn-Zra p1ane, in units of rnrad. The equivalent d for the SASP

is shown in figure 3.8 on page 45. The corresponding transfer matrix elernent is d¡;

see equation (2.1).

RPH-VDC-TR MRS angle / between the particle trajectory ard Zrn axis, rneasured

at the VDC, in the Yrn-Zrn plane, in units of mrad. The corresponding transfer

matrix element is q5y; see equation (2.1).

RDY12 = RY2-RY1.

RVDCDIST Distance between the two MRS VDCs, in 50 ¡zrn units, as shown in flg-

ure 3.7. The value used for experirnent E634 analysis was 5472.0 (50 ¡-an units).

RVDCDIST-TR Distance between the two MRS VDCs, in rneters. The value used for

experirnent E634 analysis was 0.2736 m.

RDZ-TR Distance between the intersections of the particle trajectory with the VDC
planes 1 and 2, as measured along Transport Z-axis, in meters. See figure 3.8 on

page 45 for the SASP analogy (SDZ-TR).

MRS Focal Plane:

RDELTA-TR = 6 : (T) x I00%. This is the same cleflnition as for SDELTA-TR;

for more details on SDBLTA-TR, see equation (2.3) on page 25.

RXF The X position of a particle on the MRS focal plane, measured in 50 ¡rm units. The

corresponding transfer rnatrix element is zy; see equation (2.1).

RXF-CENT The X position of the center of the MRS focal plane, in 50 pm units.

RXF-TR The X position of a particle on the MRS focal plane, measured perpendicular

to Z7p, in Transport units of centimeters.

The values for the centers of wire charnbers and focal planes which were used for experiment

E634 are eiven in table 3.1. Recall that no FEC was used in the SASP.
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SASP MRS
(a11 values are tneasured in 50 ¡-rrn units)
SX0-CENT (n/a)
SY0-CBNT (nia)
SX1-CBNT=13154
SX2-CENT=13185
SY1-CBNT=-3862
SY2-CENT=-3905
SXF-CENT:2409

RX0-CENT:800
RYO-CENT=800
RX1-CENT=10560
RX2-CENT:10560
RY1-CENT=-1633
RYz-CENT:-1623
RXF_CBNT=18000

Table 3.1: This table lists the centers of FBCs, VDCs and focal planes; these were the

values usecl for E634 (may be subject to change for other experirnents).

3.2 The Transport Coordinate System

The stanclarcl coordinate systern used in bearn transport calculations for beam lines and

spectrorneters is known as the Transport coordinate systern. AII kinernatics calculations

are perfonned with the variables in Transport units. The standard Transport conventions

are as follows:

o Zis in the direction of the outgoing central particle ray, and is measured in meters,

o X ancl Y are measured in centirneters, with positive X in the direction of increasing

particle lnomentum - in the bend plane, and positive Y in the non-bend plane, in the

direction appropriate to a right-handed coordinate system,

c angles d and r/ of the ray measured at the target and at the VDCs are measured in

milliradians. d is the angle in the bend plane (X-Z plane) and $ is the angle in the

non-bend plane (Y-Z plane).

The measured values of wire chamber position are peculiar to their construction, ori-

entation and electronic read-out. The dimensions of these rneasured values are different

from the Transport dimensions. In the course of the analysis, these measured values are

translated into Transport units for use in kinematic calculations'

The DASS coordinate conventions and the Transport conventions are illustrated in

figure 3.2. Transport coordinates areindicated by the subscript *TR". The DASS coordi-

nate convention used for the X, Y-axes within the wire chambers places the origin at one

corner of the chamber. In the DASS coordinates, only positive integer values - referred

to as channel numbers - are allowed. The dimensions of these values are 50 ¡^lm units.

The Transport conventions place the origin at the center of the wire charnber (intersecting

the central particle trajectory), allowing for both positive and negative values; the units of

these X and Y positions are in centimeters. A very irnportant feature to note is that the

VDC planes are positioned at 45o relative to the Transport Z-axts.



34

VDC VDC

/Yo

/**
=--*]

Itu ,'

BEAM

MRS SASP

FBC

TARGET

Figure 3.2: Shown here are the Transport and

ordinates are indicated by the 'TR' subscript;
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3.3 SASP Focal Plane

In this section the SASP focal surface is pararneterized in terrns of Transport coordinates.

A schernatic cliagrarn of the focal surface and its location in the SASP is shown in flg-

ure 3.3 [17]. Note that the VDC2 plane is offset by a distance LX1C0 with respect to the

low momentum encl of VDC1 plane, where LX1C0 = SVDCDIST. Let us define a coor-

clinate system, (Xr,Zr), with the origin, 01, at the left end of VDCi plane. As shown in

figure 3.3, an arbitrary particle trajectory intersects the focal surface at X1 - SXF ancl

Zr = SFOCALF. The shape of the focal surface was detelrnined experimentally as describecl

in reference [18].
In the X1 coorclinate system depicted in figure 3.3, the shape of the focal surface is

given by (SXF,SFOCALF):(X,Z). Figure 3.4 shows a plot of SXF versus SFOCALF. For

a clescription on how the clata were obtained, see reference [18]. The focal surface can be

parameterized by the fourth-order polynomial,

S FOC ALF = o.o I alSX F + azSX F2 + azSX F3 + aqSX F4, (3.1)

where the coefficients as through cL4 ?,-ê given in flgure 3.4. The equation of an arbitrary

particle ray can be cleterminecl from its position of intersection with each of the vertical

clrift chambers. The focal position of an arbitïary ïay is then obtained by its point of

intersection with the polynomial of the focal surface.

The particle trajectory shown in figure 3'3 is described by

SV DC DI,gT
(3.2)Zt : mXt I b, whete zn = SX2_ SX7,

where SX1 ancl SX2 are the points of intersection between the trajectory and VDC planes

VDCl ancl VDC2, respectively, as measuled in the X1 coordinate system. Since

then

Therefore,

0=mSXl*b,

b = -rnS X7 and 21 : -mS X7 I mXt.

( SV DC DI C'/-\z,=1ffi)(x1-sxr)'

Tnry I b : a6 f a1r1 + az*?t azrll a+r|

0 * (oo- b)f (o, - m)q+ o2*l+ qrl+ onrl.

(3.3)

(3.4)

(3.5)

For an arbitrary ray we define the XrZt position by coordinates (r1, z1) and the Xrn-

276 position by coordinates (*ra,z7p). The particle ray intersects the focal surface at

21, a position given by the sirnultaneous solution of equations (3.1) (with SXF : rr ârld

SFOCALF : zr) and (3.2) as follows

(3.6)
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This allows the focal position to be calculated by solving a fourth-order polynornial. Ref-

erence [18] illustrates the Newton-Raphson iterative nurnerical method utilized to solve

equation (3.6).

To convert the X1-21 coordinate system depicted in figure 3.3 to the Transport coor-

clinate system, Xra-Zrn, we note the following relationships between them, evident from
figure 3.3,

(3.7)

where i1 ,À;1 and 'irn, lcrn are the unit vectors for the Xt-Z't and Transport systerns, re-

spectively. We define the coordinates of a central ray in the Transport coordinate systern

as (rcTp,zcTR). The vector fi6 giv"s the location of Transport origin, Orn, with respect

to the Xt-Zt origin, given by

Ro= rcraît I zcrnÈt. (3.8 )

From the figure we see that

R = Rt-Ro

^1 ^1\ = 
^(i7n 

* Ærn) and Ã.1 = 
^(-irn* 

krn),
vz v¿

= (*rî, + afrù - (rc7¡¿fi I zcTpî:)

= (r1 - rcTp)ù * (rt - zcTp)fr1
1." 1 ^: (r1 - xc7¡1) 

¿(tra+ 
Ã;ra) * (r, - zcr+)fr(-irn* krn)

I r , I , ,\"= \.rÆ("t - 
zt) - ¿l*"rn- 

zcT R) )xrR

* (h@, * zt) - ft{*"r^+ ,"ra)) î,7p, (3.e)

where all the r,, z quantities are in 50 ¡;m units. To convert these to the Transport
dirnensions of centimetels, we multiply by (0.005 cm)/(50 prn). The data set used in
reference [18], based on scattering off u 204p5 target at 200 MeV, contains the following
values of SFOCALF and SXF for a central rav

S FOC ALF : -463.399lso ptnl

SXF =12877.95f<n.,*l

Using these values, we have

1t

æ l*"rn - zcTp) x

- zcTR

_ TCTR.

(3.10)

(3.11)

ft{""''"*
ft{*"rol zcTp) x

0.005¡o.oos cm/ (so tr*)l :

463.399)p6 ¡,,n1 X 0.005[o.oos cnzl(so p*)]:47.1688 crn (3.12)

0'005¡o.oos cnrf (so p*)l :

+(r2B7T.gb - 468.399)lso p,,,] x 0.005¡o.oo s cnt/(so p*)) = 43.g921 cm. (8.13)\/2'
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higher momentum larger X, U ..........--------=

Figure 3.5: A schematic representation of a vertical drift chamber (VDC) showing the

orientation of X and U wire planes, as viewed frorn above is shown here. X" , U" indicate
the center wires in each plane. The directions of increasing rnomentum and X, U position

indicated are specific to the SASP VDC orientation.

Hence with (zra, z7p) as the Transport coorclinates of ã,

rrnirnl zrnkrn,
L^(*, - "r) x0.005¡o.oos cm/(so p*)l - 47.7688 ctn, ancl (3.14)
t/z' '

Y

I

DIL

- J rapmJ

and

Now

_Y -TI
= ---:- -. \z 

- ---j-U2

-2U :4Y

Ji x : -tv.

(3.18)

(3.1e)

zT1lc*l : te@t + 21) x 0.005¡o.oos cnt f (so p*)l - 43.8921 cm.
\/Z

1_v-Y
tan(30") =fr=; +Y=ã

sin(30"; = 1

(3. 15 )

To extract Y7¿ positions in the VDC planes, note that the VDCs are comprised of

two planes, an X plane and a U plane. The wires in the U plane are strung at an angle

of 30o with respect to the X plane wires, as shown in figure 3.5. Note that for the SASP

VDCs, Y76 and Y increase in opposite directions, as shown in figure 3.2. From figure 3.5,

we see that
(3.16)

(3.1 7)

4 x (3.17) --+

and

-3 x (3.16) --+

Adding (3.18) and (3.19) produce

Y : r/5x -2u. (3.20)
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Figure 3.6: An arbitrary particle trajectory is shown here intersecting the SASP VDC
planes at points (X17¿,Y17 n,Zlrn) and (X27¿,Y27¡¿,227p). The trajectory is in the
positive X7ry-Y7¡¿-Z¡¿ octant. d is in theX-Z plane and d is in theY-Z plane.

To place this in the proper Transport coordinate systern, in which the origin is located
at the center of the VDC, we rnust subtract the VDC center offset (in channel number
coordinates); the Yi and Y2 centers are given in table 3.1 on page 33. Also, all dimensions
of 50 prn must be convertecl to centimeters. Thus, the Y7¡ Transport coorclinates of ã for
the SASP VDC1 and VDC2 are

xm

U\rn¡"*1 = -$/3 SXI - 2UI - SY7_C ENT)¡ro**1x 0.005¡" 
¡so¡",n)

a2ra¡" 1 : -6/3 S X2 - 2U2 - SY2-C ENT)þot",nl x 0.005¡"-7 so¡tntl.

From figure 3.6, we see that the angles 0 and þ rnade by the particle trajectory in the X-Z
and Y-Z planes, respectively, are

(3.21)

(3.22)

(3.23)

(3.24)

1TR[r,rro,t] : to'n-l (

ÓTn¡nrro4 = ton-1 (

Xlrp\
Ztr" ) x Tooo¡*'oa¡'oal'

X2rn-
Z2rn -
Y2rn -

1

t
Z
Y

R/
R\
;)

TR

TR
Z2rn - Zrrn x 1000¡^roa¡rodl.
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Figure 3.7: The MRS focal surface and VDCs are shown hete, as per experiment 8634.

For experiment 8634, the NOVA subroutine "USR9" was used to calculate the focal

plane coordinates (Xrn,Yrn,Z7p) and the angles á and ry' according to the above calcula-

tions.

3.4 MR"S Focal Plane

The MRS focal surface, which spans a smaller momentum acceptance than does the SASP

focal p1ane, is rnodelled as a sirnpler, flat focal surface. A diagram of the MRS focal surface

and its location with respect to the MRS VDCs is shown in figure 3.7 117]. In this section

the MRS focal plane is specified in terms of Transport coordinates. The plocess is sirnilar

to that for the SASP, except that the flat focai plane of the MRS simplifies the situation

considerably. The MRS VDC X1 plane is a distance of RX1C0 from the ZI axts, where the
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magnitudes of RX1C0 and RVDCDIST are the sarne. The focal plane is located a distance

RFOCALF below the VDC X1 plane, at an angle B to it; typically, þ : 0 and the focal

plane is parallel to the VDCs. The following parameterization will be done for the general

case, where 13 may not be zero.

In the Xt-Zt coordinate systern depicted in figure 3.7, the equation describing the focal

nlane is

Zfr: RFOCALF - X¡rtanB

wlrere we note that XJ, is the same as RXF in the figure.

RDX12 = (RX1C0+RX1)-RX2. Noring rhat

Ztroj

Solving for the

and setting Xtroj =

RFOCALF _

RVDCDIST -,_^,
RDX12 .-rrar.

(3.25)

Also, take

(3.26)

trajectory

(3.27)

Ztroj : ZÍp

(3.2e)

RXlCO

given in

n-

where ó is the 21 intercept of the particle trajectory. Then the equation of the

is

_ RVpCprST(RX|C\+ RXr)
RDXT2

intersection of the trajectory with the focal plane, equating

X¡r, we have

RVDCDIST,^,,.
ffi(Rxrco+ RX 1)+ å

*t, (

and

RVDCDIST
RDX72

X ¡otan B

.^- O\
- rd,rL Ír 

)

: RVDCDIST(RX|C}+ RX7)
RDX72

= RVpCprïT(RX|C\+ RXl)
RDX72

RVDCDIST -,

-x.

R.DX12 --JP

_ RFOCALF

XJ, :

X¡o and Z¡, are

Withtan þ=0and

RVDCDIST(RXlCO+ ¿X1) - RFOCALF X RDXI2
(3.28)

RVDCDLïT - RDXI2tanß

the coorclinates of the particle trajectory at the MRS focal surface.

XJp=RXF,

RXF: RV DC DI ST x RXIC - RFOC ALF x RDX72
RV DC DI ST

which is the NOVA expression used for experiment E634. RX1C : MX1POS +
and MX1POS : RX1 as shown in figure 3.7.

The expressions for d and ç5 at the MRS VDCs are derived in $3.5.2 and are

equations (3.54) and (3.57) .

3.5 Conversion of Measured Quantities to T'ransport Units

In

AS

this section, SASP and MRS measured quantities will be converted to Transport units
was carried out for analvsis of E634 data.
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3.5.L SASP Variables

Although the SASP front end chamber was not employed for experiment 8634, conversion

of SASP FEC-related quantities will be discussed here for completeness.

sX0_TR, SY0_TR, SXI_TR, SX2_TR, SYI_TR, SY2_TR:

Considering the SASP FEC measured quantities, note that the X7¡ and Xs axes

increase in the sarne direction for the SASP, as shown in figure 3.2 on page 34. The

position along the X7¿ axis in the SASP FEC, in Transport units, is

,9 X0!I R¡" 1 = (LX0PO S¡so pu,l - S X0-C ENT¡so ¡r,,1) x 0.005¡.,,7s0 ¡,,,,,1. (3.30)

The position along the Y7p axis in the SASP FEC, in Transport units, is

SY0-TR¡",,1: -(LY0POS¡so p-l - SY0-C ENT¡so¡,,"1) x 0.005tcnrf sopnzft (3.31)

noting that Y7¡ and Y6 increase in opposite directions. To obtain the VDC X and Y
coordinates in Transport units, the fact that the VDC planes are positioned at 45o relative

to the Transport Z-axs,s rnust be considered. For the VDC1 plane, the X7¿ position is

given by

SXTIR¡",,1: ((LXlPOS¡so¡r*l- SXI-C ENT¡so¡",,1)l^/2) x 0.005¡",,,7s0¡,,,1,

and for the VDC2 plane,

SX2IR¡.*l: ((LXzPOS¡so¡"u")- SX2-CENT¡so¡,,.1)lJÐ * 0.005¡",,,7s0¡,-1. (3.33)

The VDC X7¿ positions for plane 1 and 2 are indicated in figure 3.8. The Y7¿ positions

in the VDC planes are extracted from the U plane positions in equations (3.16) to (3.20)

on page 39. The Y7¿ coordinates for the SASP VDCs are

sY7:TR - Yrrn lcm.l = -(/i xt - 2u7 - sY7-c ENT)þop*l x 0.005¡",,,/ so¡tmft (3.34)

sY2-T R : Y2rn ¡',f = -6/5 xz - 2u2 - sY2-c ENT)Ísoru,l x 0.005¡"-7 so¡n f. (3.35)

These expressions were derived on page 39.

STH-TGT-TR, STH-VD C-IIR:

tion the angles 0¿ at the target and 0¡ at the VDC - STH-TGT-TR and

the SASP did not uti-

using STH-VDC-TR.

TR, respectively - are determined. In experiment E634,

end chamber, so that STH-TGT-TR rnust be deterrnined

TR is labelled as d in figure 3.8 and is

V DC -T Rr--^,t1 =
S DX72IR¡"n,1

(3.32)

VD(
fron

VD(

STT

IS

V
fr

In thi
STH-'

ltze a'
STH--

secl

)c_

rnt r

)c_

,H_

I

t 100¡",,¡ u¡rt x SV DC D I ST -T R¡,,1 + SDX72IRr",-t l,- _ --¡"r,r1t 
lrad.l

X 1000r,'.o¿.'13.36)
l'-roã-l'
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tr'rom the transfer matrix equation given in equation (2.1) we obtain

Eliminating X¿ from these

(3.37)

(3.38)

Rrz = 0 Yields

(3.3e)

The value of X¡ is given by (3.14) and is calculated in the USRg subroutine, along with the

rnornentum deviation ó. This information, together with dy (STH-VDC-TR) frorn (3.36),

permits calculation of d¿ (STH-TGT-TR). The following notational equivalences between

the transfer matrix elernents and NOVA terrns exist:

TRAN S FER

MATRIX ELEMENT +

A--v1 
-

Xf = RrrX¿l Rtzî¿ * Rroó

0r: RztX;i R220¿* Rzr6.

equations and solving for 0¿, and recalling that

Rnî¡ - RztX¡ I (Rtr.Bzt - RnBze)6
RnRzz

A.

Y.., ]
6-

D..rLxJ

NOVA

,gT H -V DC -T R =,g X FV ECf O R(2)

S X F-T R = S X F-T R9 :,9 X FV ECTO R/1)

S DEL\ : S X FV ECTO R(6)

,gRii = SRMATRIX(q).

The references to SXFVECTOR(z) indicate vector elernents of vector SXFVECTOR which

is evaluated in the NOVA user routine USR9. The reference to SRMATRIX(q) indicates

each of the transfer rnatrix elernents calculated in the NOVA user routine USRE. Using

these equivalences, the following NOVA definition,

(3.40)SRRR= SR76x SR27 -.9-R11 x SR26

and (3.39), we now have the desired expression for STH-TGT-TR,

ST H:TGT-T R =
SRIIx STH-VDC-TR- SR27x SXFJIR9+ SRRRx SDEL9

SRTrx SR22

The smal1 angle approxirnation used in (3.41)leads to a maúmum error of about

the possible STH-TGT-TR values do not exceed - 100 mrad.

SPH-TGT-TR, SPH_VD C-TR:

(3.41)

2% sirce

To detennine the angle / at the target frorn its value at the VDCs, we consider the

following relationship obtainable from the transfer matrix given in equation (2.1), valid for

srnall SYI-TH (A¿, Y position at the target)

SPH-VDC:TR
SPH-TGT-TR =

S R44
(3.42)
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(3.43)

wnere

S DY12 = SY2 - SYI

and the minus sign in (3.43) is due to the fact that the VDC Y-coordinate rneasured quan-

tities increase in a direction opposite to the Y7¡ coordinate at the VDC (see figure 3.2).

SDZ-TR is indicated in figure 3.8 [17]. We also write, referring to figure 3.8,

S P H -V DC -T R¡n,,odJ : -

SV DC DI ST-TR¡,"1 : SV DC DIST¡so¡"*1x 0.00005¡,nfso¡tnt)t

SDX1.2IR¡",n1 = SX2JIR¡",,1- SXI:|R¡.-1 and

IDZ-TR¡*1 : Ji svncDrsr-T¡t^,* Y"I00¡"*l*l

(3.44)

(3.45)

(3.46)

Therefore, with both SDZ-TR and SDY12 determined, SPH-VDC-TR, and subsequently

SPH-TGT-TR, can be calculated. The srnall angle approximation used in (3.a3) is accept-

-oun*

Figure 3.8: This flgure shows a particle trajectory passing through SASP VDCs.

where SR44 is the R44 transfer matrix element for the SASP. This matrix element relates

þ at the target to (> at the focal plane (near the VDC). By geometry,
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able since the /-angle values used are less than - 50 mrad.

3.5.2 MRS Variables

The definitions of coordinates at the top and bottom end of the MRS are analogous to

those of the SASP, except where differences in axis orientation occur, as shown in figure 3.2.

R.XO-TR, RYO_TR. RXI-TR, RYI-TR. RX2_TR", RY2-TR:

The MRS FEC coordinates in Transport notation are

RX\IIR¡",n1= -(MX\POS¡so¡r l- RX\-CENT¡so¡"^)) x 0.005¡",,7s0¡,,,.1 (3.47)

and

RY\JIR¡",n1: -(MY\POS¡so¡",,1- RY0-CENT¡so¡",,1) x 0.005¡.-7sopnzl. (3.48)

The MRS VDC1 Transport coordinates are

RXIIR¡",n1 = -(MX|POS¡so¡"*l - RX7-C ENT¡5o¡" )1rt) * 0.0051#=(3.49)

RYIJT R¡"n"1 : ((RYI¡so¡"",J - RX7-C ENT¡so¡, 1) x 0.005¡",,7 so¡.trnl. (3.50)

Sirnilarly, for the VDC2 plane we have

RX 2 I R¡",,1 : - (M X 2 P O S ¡so ¡"*) - RX 2-C E N T¡so *,,1) I Jù * 0.005¡##11 (3.5 1 )

RY2-TR¡",,1 : ((RY2¡sou^l - RY2-C ENT¡so¡,nl) x 0.005¡",,,7 soptnl.

RTH_TGT-TR. RTH_VDC-TR:

(3.52)

RTH-TGT-TR is qiven as

RTH:TGT-TR=
( RT H -V DC :I R - RR26 x RD ELT A-T R\

(3.53)
RR22

where RR22 is the MRS Rzz transfer matrix elernent which relates d; at the target to d¡

at thefocalplane (near the VDC). RR26 relates 0¿and ái. RTH-VDC-TRis evaluated in

the sarne way as STH-VDC-TR; see equation (3.36). An expression for RDELTA-TR is

derived from the transfer matrix for the MRS. Thus we have

RT H _V DC _T R¡,",o,r1 :
( ïDXI2IR¡",,1 \
\ ) ,,"0r* 

1ooo¡urs¿í3'54)

where RDX12-TR = RX2-TR - RXI-TR and RDELTA-TR is given in NOVA as

RX F_T R¡.,.1
RDELTA:TRþnl = RR76

(3.55)
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R"PH-TGT_TR. RPH-VD C-TR:

Now let us determine the angle / both at the target and at the MRS VDCs. At the

farget,
RPH_VDC:TR

(3.56)RPH-TGT-TR:
RR44

where RR44 is the Raa tlansfer rnatrix elernent for the MRS and it relates rþ¿ at the target

to þ¡ at the focal plane. Again, the assurnption is that the Y position at the target is
srnall.

RPH-VDC-TR is defined as

RP H -v DC -T R¡,,,,od.1 - 
RDY72[so'n"] x 0'05["n''/sot'',1

RD Z I R¡^1
(3.57)

wlìere

RDY72: RY2 - RY7.

In parallel to the SASP case for SDZ-TR, RDZ-TR is defined as

RDZ-TRrn,,l= J2 Rv DCDIST-TR¡6+ RDX|2-TR¡"u¡f 100¡","¡,,1 (3.58)

where RVDCDIST-TR is the Transport units version (in meters) of RVDCDIST (in 50 prn).

3.6 Missing Mass Calculations

The rnass of the residual (undetected) nucleus in the three-body reaction is refelred to as

the 'rnissing mass'; the NOVA variable used for this was DRMASS. However, in the kine-

rnatically complete three-bocly t'C(i drr+)ttB reaction where the momenta of both the

deuteron and the pion are rneasured, the rnissing rnornentum and energy can be calculated.

Frorn this the rnissing rnass can be deterrnined as described below.

A typical rnissing rnass spectrum for this reaction is shown in figure 3.9. The ground

state, 2.72MeY (+-),4.45 tvieV (f -) and 5.02 UeV (|-)excited states and the continuurn

are indicated in the fisure.

3.6.1 Formulation

The standard coordinate systern used for kinematics calculations for polarization measuring

experiments is known as the Madison frame of reference. This coordinate system places the

origin for kinematics calculations at the target, as shown in figure 3.10 on page 50. Note

that for experirnent E634, the Madison convention, which would require that the SASP

angles be negative, was not followed strictly since the SASP angle values used in analysis

were positive.

The use of two spectrometers makes possible a full kinematic determination for all

bodies involved in three-body reactions. The SASP was used to detect the pions and the

MRS used to detect the deuterons. Considering a generic three-body reaction,
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Figure 3.9: This is amissing mass spectrum for "C(i,dtrr)llB,showing the four excitecl

states and the 1s continuum state of 1lB. The recoil particle ground state rest mass is

subtracted from the DRMASS definition so that in the rnissing rnass spectrum the ground
state will be at zero MeV.
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THREE-BODY KINEMATICS FOR DASS EXPERIMENT

REACTANT ÐNERGY MOMENTUM
A (target nucleus)

F (proton from cyclotron bearn)

d (MRS-detected particle)

7i+ (SASP-detected particle)

B (recoil nucleus)

Ez : tatget mass

Er = bearn eneÌgy

t-. -tu:1f p!rm!

t*na = 1f 
pf, t rni,

B5 unknown

0 (stationary target

bearn mornentum

Pa : MRS-measured

deuteron rnoruentunr

p+ : SASP-measured pion

momenturn
p5 unknown

Pz

Pt

Table 3.2: This table ljsts the known and unknown variables in the 8634 DASS three-body
reaction.

-L\1r')
1
/l

we arbitrarily nurnber the particles one through five. These nurnbers will be referred to in
the following discussion.

3.6.2 Calculation

Table 3.2 lists the kinematic variables that are rneasuled and those that need to be de-

termined by calculation during analysis. All the lnasses are known except for the recoil

nucleus rnass. Using the known quantities, the recoil nucleus energy (85) and mornentum
(p5) can be deterrnined. From this the recoil mass can be calculated using

Energy conservation gives

Es:EtIEz-Es-E¿.
Likewise, momenturn conservation dictates

Pt I Pz=lz ii+ +is . (3.61)

Note that the mornentum of the beam proton, F1, only has a Z-component (as inclicatecl

in figure 3.11 on page 52), so

P 1: p1lt. (3.62)

Frorn equation (3.61) we have

Ps: Pt-Ps-ìa
: Pt -psît¡,tns - p+ñs1.sp

B,
1

5

A (n, d
111273

(3.5e)

(3.60)

n? - p?.

(3.63)
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Y"n

2,,

Figure 3.10: Madison and Transport coordinate systerns for particle trajectories traversing
the SASP and MRS are depicted here. The unit vectors it¡,tns and ñ,s¡sp are orientecl in
ihe direction of an arbitrary particle trajectory.

where ñuns and ît'gasp are unit vectors along the actual trajectories for a specific event
passing through the MRS and the SASP, respectively. This is shown in figure 3.10. It
is ernphasized that these unit vectors are not necessarily in the nominal directions of the
central trajectories of the two spectrometers. The expressions for ñuns and fzg¿gp are
derived in appendix A. Squaring the recoil nucleus momentum vector gives

p? = p?+ p3+ e'?n-z(it'îr¡rtns)ps -z(it.îrs¿,sp)pq,*2psps,(ñ^ras.irs¡sp). (8.64)

With ds and 0¡a as the SASP and MRS detector angles in the Marlison frame as shown in
frgure 3.10 (but with 95 positive) 117], angles with subscripts 'SASP' ancl 'MRS' clescribing
particle trajectories through the respective spectrorneters and the clefinitions of fr,g¡sp anc¡.

'î¿MRS, we extract the x,Y ancl z cornponents of Fs from (3.63) as folows

ps, = -rr(sinîu 
I Óruascos?¡'t)

t+ó2nrasIo2¡wns

^ (- sin 0s i ósrcp cos d5):

Xr*t
(down)

I * ó2stsp -f 7'sos,
(3.65)
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Psv = -Pz

r-'l| -o s¿,sp I

"l /ttt2 ta2 |

L\/ r -r y'9ASP -f USASP J

Ps9uas P+0 s¿,sp

r*ó2unslo2uns rtóIæpto2s¿sp
(3.66)

(3.6e )

Ps, = Pt

t-l
I cos0¡a - ónrns sin d¡a 

I- 
L r/t + ó'uns+o'uns )

(3.67)

Thus frorn (3.60) and (3.65) through (3.67), the energy and rnornenturn of the undetected

partic.le can be deterrnined ancl the rnissing recoil rnass calculatecl using (3.59). Tlie NOVA

expression for (3.60) is

ER = ((EB +TMAS S) - EM) - ES (3.68)

where EB is the bearn energy, TMASS is the target mass, EM is the MRS-detected deuteron

energy and BS is the SASP-detected pion energy. If a dispersed beam is used, the energy

of an incident proton is defined by its vertical position on the target as well as its norninal

energy. This will be discussed in the next section.

3.6.3 Kinematic Description of Beam Dispersion

A proper expression forbearn energy, E1 , includes acorrection for the variation of incident

projectile position on target. From figure 3.11, it is clear that

T-l
I cos ds I óssp sin d5 

|

' ' 
lrlt t ó'sor, + o?or, )

np = ltx.iJr

As is discussed in $2.10, beam dispersion can be written in terrns of

LX l6 : dispersionlcn/%1. (3.70)

Note that dispersion as discussed in this section refers to the dispersion magnitude. By

cornbining this fact with equations (2.3) and (3.69), we get the following expression for Ap,

the change in rnomentum of a particle along an arbitrary trajectory from the momentum

of a particle along the central trajectory,

Lp=
100 x dispersion

LX. ( ù ,71\
\d.rrl

Therefore, the rnornenturn of a particle following an arbitrary trajectory is

=

p-p,+L

n.lt +

'PoP.*-=:----ï . LX- ruu x dxspersxon
AX.l

n0 x d*p"r"r"") (3.72)
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PARTICLE

TRAJECTORY ,,

Figure 3.11: The momenturn-X displacement relation illustrating beam dispersion is illus-
trated here.

where AX is the X-position at the target. This was calculated using MRS FEC inforrnation
as follows

A,X : RX ItT R¡","1 :
RT H -TGT lT R¡u,,odl x RF EC D I ST-T R¡""1x 100¡",,"7-,rRX}!IR¡.*f- ,(3.73)

where RX0-TR is the X-coordinate rneasured in the FEC, RTH-TGT-TR is the trajectory
angle (d) of the deuteron measured in the Xrn-Zrnplane (in mrad), and RFECDIST-TR is

the distance (in rneters) between the target and the MRS FÐC. Therefore, equation (3.71)

becornes

(3.74)

The SASP did not use a front end chamber for experiment E634 and therefore the X-
position at the target was determined from the MRS FBC alone, as given in equation (3.73).

Thus,

CENTRAL

MOMENTUM

Frorn

we can write

The energy of the beam particle

AS

EBO:

D.
_____!Ð

I

P,+AP-l

-l
üX'

"V,/,. v
,/ 'TR

\
^TR

ÐvI_TRxpo
\p: PBD - -::::---Í I00 x dispersion'

SXI-TR¡-.1= RXI-TR¡" 1: LX.

E2:Tn2+p2 ancl E:T*M

(3.75)

(3.76)

13.77)

the l{OVA definition

L.E=LT:\nr.b
at central momenturn was written in

(BMASS +rB) -TBCORR, (3.78)
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where TB is the norninal beam kinetic energy, BMASS is the proton mass, and TBCORR is

an adjustable parameter to correct for errors in the absolute energy calibration and energY

losses in the target. The corrected bearn energy, EB, and beaur rnomentutn, PB, are then

EB : EBj+ LE
PBO

EBo + uìoOr,

and

PB = PBO + PBD,

where PBQ is the beam particle rnomentum for a central rnomentum particle,

PB0=\/8802-BMAS52.

3.6.4 Mornenturn P", and P¿

Absolute rnomentum caLibrations for each spectrometer have been

measurentents. These are discussed on page 58 and page 62 for

respectively, and these calibrations were used to determine p,. and

(3.7e)

(3.80)

(3.81)

(3.82)

perforrned in separate

the SASP and MRS,

P¿.

3.7 Event Reconstruction

Event reconstruction is a trace back of the particle's path through the spectrorneter. Re-

constructing the event provides information crucial to the identification of the outgoing

particles. It also identifies those events which did not originate at the target and those

which pass through the spectrometer in an anomalous fashion. Empirical corrections were

applied to correct for inadequate calibrations, energy loss effects and higher order aberra-

tions in the SASP.

3.7.1 EventCoordinates

Wire chamber inforrnation was used to trace the particles' paths through the spectrome-

ters. The coordinates calculated for the event reconstruction are listed in table 3.3. All

target position and VDC coordinates used for kinematics calculations ernploy Transport

climensions, as indicated by '7¡'. Recall that for experiment E634, the MRS utilized a

front end chamber whereas the SASP did not.

Target Position

For the MRS, the X

RX I:T R

RY I_TR

and Y positions at the target are given (in NOVA nornenclature) by

RX\:rR - @TH:rGT-TRx RFECDIST-TR)170, (3.83)

(RYF-TR- RR34x RPH-TGr-rÐlRR33. (3.84)



54

VARIABLB
DESCRIPTION

NOVA NAMB (and equation reference)
MRS SASP

Position
at target

RXr_rR (3.83),
RYI_TR (3.84)

sxr_TR (3.85),
SYI.TR (3.86)

FECX&Y
coordinates

RX1-TR (3.47),
RY1-TR (3.48)

Focal plane
position

RXF (3.2e) sxF (3.1)

VDC1X&Y
coordinates

RXl-TR (3.49),
RYt_TR (3.50)

sx1_TR (3.32),
sYl_TR (3.34)

VDC2X&Y
coordinates

RXZ_TR (3.51),
RYZ_TR (3.52)

,gxz_TR (3.33),
sY2_rR (3.35)

Tabie 3.3: The coordinates calculated for tr634 event reconstruction are listed in ihis table.

The expression for RXI-TR is also given in equation (3.73) on page 52 and is discussed

in greater detail there. RXO-TR is the X position at the MRS FEC and RFECDIST-TR

is the distance (in meters) between the target and the MRS FEC. Bquation (3.8a) is

derived directly frorn the transfer matrix given in equation (2.1). RTH-TGT-TR and

RPH-TGT-TR, d¿ and 4¡¿ at the target, respectively, are derived in equations (3.53) and

(3.56) of $3.5.2.

The SASP NOVA variables for the X and Y target positions are

SX I-TR

,gY I-T R

RX I:T R

6Y F:r R - S R34 x S P H -TGr-r R) I S R33.

(3.85)

(3.86)

The X position is set equal to that for the MRS since ihe SASP did not use a FBC.

Equation (3.86) is derived from the transfer rnatrix given in equation (2.1).

FEC Coordinates

The MRS FEC coordinates MXOPOS and MYOPOS are the raw FBC data for the X and

Y planes. This data is then used to calculate the FtrC positions in terms of Transport

coordinates RX0-TR and RY0-TR as was shown in equations (3.47) and (3.48) on page 46.

Focal Plane Position

The SASP focal piane position is discussed in detail in $3.3. The MRS focal plane is

cliscussed in $3.4, with RXF given in equation (3.29).

Corrections to compensate for aberrations and improper calibrations were applied to

SXF to improve energy resolution in the missing mass calculation. The corrected focal

plane positions are discussed in $3.7.2.
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VDC Coordinates

The X ancl Y coorclinates for both VDC planes are discussed in $3.5.1 for the SASP and

$3.5.2 for the MRS. The SASP VDC coordinates are given in equations (3.32), (3.33),

(J.34) anct (3.35) on page 43. The MRS VDC coordinates are given in equations (3.49),

(3.50), (3.51) and (3.52) on page 46.

3.7.2 Empirical Resolution Corrections

At the time of analysis, a SASP rnomentum calibration for the spectrometer's application

to the low rnomentum pions of experiment tr634 was not available. Instead, the existing

calibration based on proton elastic scattering was incorporated into the NOVA user routine

USR$ which was used for experirnent Ð634. Unfortunately, because of saturation effects,

the fielcl cloes not scale jinearly over the large rnomenturn acceptance of the SASP, resulting

in a dependence of the rnissing rnass on focal plane position. A second effect is that of

optical aberrations in SASP; the correction in the focal plane position due to the angle d

at the target is particularly large.

To cornpensate for these shortcomings, ernpirical resolution corrections were rnanually

performecl. Since a suitable MRS momentum and field calibration was applied to the

analysis, the need for empirical corrections to the missing mass was due primarily to the

SASP ancl not the MRS. Therefore, correction efforts concentrated on SASP variables.

Two histoglams were examined: HDRMDÐL-N, a plot of SDEL (the SASP focal plane

position) versus DRMASS (missing rnass), and HSTH-DRMASS, a plot of the SASP d;

at the target (STH-TGT-TR) versus DRMASS. The loci in these plots wele rnanually

straightenecl by adding appropriate correction factors determined from a curve flt to the

original bowed loci. For approximately half of the runs, empirical correction of the loci in

the HDRMDBL-N plot alone was sufficient to produce an acceptable energy resolution in

the missing mass spectrum. For the other runs, the loci in both the HSTH-DRMASS and

HDRMDEL-N were corrected. An example of the latter is run number 53; 'before' and

'after' stages of empirical correction are shown in figure 3.12.

The empirical correction was deduced as follows. The uncorrected missing rnass vari-

able is defined in NOVA as

DRMASSO : SQRT(ER * *2 - PRSQ) - RMASS

where ER - enelgy of recoil particle (see equation (3.68) on page 51)

PRSQ : p? i p? + p?, the sum of the squares of the

X,Y rZ components of recoil particle momentum

RMASS : recoil particle ground state rest mass.

(3.87)

The recoil particle ground state rest rnass is subtracted from the DRMASS definition so

that in the missing mass spectrum (see page 48) the ground state wiil be at zero MeV. For
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Figure 3.12: These plots demonstrate the effects of empirical corrections applied to 0 at
the target for SASP (STH-TGT-TR) and the SASP focal plane position (SDEL). Plots (a)
and (b) show these plots before corrections are applied, plots (c) and (d) show the resulting
plots after corrections are applied.
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,'.ore cletails on the missing mass calculations, see $3.6. Figure 3.12(c) and 3'12(d) show

both plots after the fol-lowing corrections applied- to the missing mass variable, DRMASS'

are made:

DRMASS : DRMASSO * A + SDEL * B + SDEL * *2 *C * SDEL + +3

*AS+STH_TGT-TR*BS+STH-TGT.TR*x2*CS+STH-TGT-TR*+3

+ DS + FS * STH-TGT-TR + *4 * GS * STH-TGT-TR + *5' (3'88)

where the following coefficients were used,

A = 0.0324

B = 1.117168-03

C = -2.55847E-05

AS = -0.OtL4
BS = -3.00720E-04

CS = 3.76564E-06

DS = -0.92565E-07
FS = 1 .27L978-07

GS = 6.91328E-10

The resulting narrowing of the peaks in HDRMDEL-N and HSTH-DRMASS is apparent'

For example, the FWHM of the ground state peak in the missing mass spectrurn HDR-

MDBL-N before appliecl corrections was 1.0 MeV and. after corrections had decreased to

0.7 MeV.

3.8 Calibrations

Proper energy and rnomenturn calibration of the MRS and SASP is required to achieve

correct rnissing rnass results.

3.8.1 Beam EnergY Calibration

Preliminary missing mass calculations revealecl that the ground state (with the recoil parti-

cle grouncl state rest mass subtracted) was not situated at exactly 0 MeV' This was because

the bearn energy frorn the cyclotron is not known to better than approxirnately 1 MeV'

To compensate for this uncertainty, the analysis utilized a correction factor, the NOVA

parameter TBcoRR, which shiftecl the missing mass ground state to its proper location'

TBCORR is discussed in $3'6.3.

3.8.2 SASPCalibrations

Acceptance Calibration

A SASP acceptance scan using the pp -- d,r* reaction at 500 MeV and SASP detection

angle of 60o on a CH2 target was obtainerl in a separate rleasurelnent in November 1994'
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Figure 3.13: Shown is a fit to data for SASP experimental acceptance yields from pp --
dr+ data corrected for nion decav. The data is norrnalized to unitv at the oeak of the
curve.

The experimental yields were corrected for pion decay using the pion decay pararneteriza-

tion which is discussed in the upcorning subsection "Pion Decay Length". A fit to the data

is shown in figure 3.13. This acceptance inforrnation, together with the MRS acceptance

and pion survival efficiency, is used to calculate the detection efficiency on an event-by-

event basis. These three factors together comprise the NOVA variable RSEFF, and are

cleterrnined in the user routine USRQ (see appendix F).

Momentum Calibration

The SASP rnornentum calibration relating SDEL to SXF-TR, as given in the NOVA sub-

routine USR9, was obtained from the scattering of 200 MeV protons from zosp6. However,

due to non[near effects in the magnet, this momentum ca]ibration was not correct for
the rnuch lower rnomentum pions of experiment 8634, and subsequent corrections were

required. Separate corrections were used for 500 MeV and 371 MeV. For 500 MeV,

S D E L 1t¡ B1,y : (0.960912 x S D E Lg + 2.4387 6 E - 03 x S D E L92) - 6.55823-Ð - 05 x S D E Lg3

(3.8e)

24

o=1.0025

b=-4.834428-03
c=-l.242908-04
d=3.06517E-05

e=-l .119148-06

f=2.32954E-07f

S-ACC=o+b*SDEL+c*SDEL2+d*SDEL3+e*SDELn+f *SDELt
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and for 371 MeV,

,ÇDEL¡¡81,y: (0.957065x,9D8L9+7.520638-03x,9DELg\-5.140508-05x,gDEL93
(3.e0)

were used, where SDEL9 is the expression for SDEL as calculated by NOVA subroutine

USR9. This SDEL is determined frorn a fit to the relationship between 6 (in %) and

SXF-TR. The SASP central mornenturn is 50.311x Bs¿,sp, and hence the nornentum is

given by

(3.e1)

Figures 3.1a(a) and 3.14(b) show plots of the diferences between SDEL¡¿¿ly (the

ernpirically corrected SDÐL) and SDBLg (SDBL calculated using the USR9 subroutine),

plotted as a function of SDEL9. The ernpirically corrected SDEL¡¿¡1,7 value was the value

of SDEL used for E634 analysis.

Measurements were made in April 1995 to establish a new mornentum calibration for

ihe SASP using 120 MeV pions from the "C(p,r*)rsçx reaction at 280 MeV. This was

an absolute calibration, using the MRS to deterrnine the absolute beam energy. For rnore

details, see appendix B. Figure 3.14(c) shows the difference between this new caliblation,

SÐELçn7, and SDEL9, plotted as a function of SDEL9. Comparing figures 3.1a(a) ancl (b)

with (c), we see that the general nature of the empirical corrections are verified. However',

the calibration from USR9 also produces a systernatic ofset of - 7%.

Pion Decay Length

The SASP effective pion lengih was deterrnined using a Monte Carlo prograrn. From the

survival probability of pions of a given SDBL and SASP central tnornentum P6, the effective

length, EFF-L, can be extracted frorn

(3.e2)

where r-c:780.4 cm, and P' is the pion rnomenturn corresponding to the given SDEL [14].
Figure 3.15 shows results of equation (3.92) calculated for various central mornenta ranging

frorn B0 to 500 MeV/c. For rnore details on pion effective length, please see appendix C.

3.8.3 MR,S Calibrations

Acceptance Calibration

Acceptance scan data were recorded for a 12C(p,p')12C study conducted with the MRS

in Novernber 1994. Over the course of the experirnent, it was discovered that the focal

plane polarirneter cage (FPP) was incorrectly oriented. This cage houses the S1 and 52

ps¿.sp: (b0.311 x Bs¡sp) * (t.oo - i#)

),
F-L
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scintillators and thus irnproper positioning of the FPP cage adversely affects the acceptance

defined by these scintillators. This irnproper FPP orientation was in use during experiment

tr634 in August 1994. To investigate the resulting efect, acceptance scans were carried out

for both the proper and irnproper FPP orientation [19]. The plots in flgures 3.16 and 3.17

illustrate the MRS acceptance scans with the correct and incorrect FPP cage orientation

[i7]. The total nurnber of data points selected for the two scans were 67 and 82 respectively.

Analysis was carried out for the ground state, 4.44MeY state and 9.64 MeV states of 12C. A
central ray located at RXF = 76475 (50 pm units) was assumed for the RDEL calculations.

RDEL is the usual percentage mornenturn cleviation (: ó - (æ) x 700%), ancl the

mornentum expressed in terms of the magnetic field and focal plane position is given in

the following section. Curve fit inforrnation is included in the plots.

The acceptance in the plots in flgures 3.16 and 3.17 is normalized to 1.0 at the peak

of the curves. With the FPP cage in the correct orientation, optimum acceptance (that
portion of the acceptance curve which is flattest) is centered at the RDEI range of -6%

to 16%, while for improper FPP cage orientation is shifted to the RDEL range of -3% to

+7%.

Momentum Calibration

Analysis of the Novernber 1994 MRS calibration data has lead to the absolute mornenturn

calibration

Pntns
= 92.750 - 7.796138- 04 x RX F + 1.66265¡.- 09 x RX F2, (3.e3)

Bruns

where RXF is the MRS focal plane position (in 50 prn units)" The relationship between

PnraslBmRs and RXF is shown in figure 3.18. The MRS momentum calibration relating
to equation (3.93) was not available at the time of experirnent E634 analysis. Rather, the
PunslB¡vtas ratio used for E634 was

Puns : 92.733 - 7.750688- 04 x RX F+ 1.563898 - 09 x RX F2, (3.e4)
Bmns

which is very sirnilar to equation (3.93). Further discussion of the absolute momenturn
calibration given in equation (3.93) can be found in appendix B.

3.8.4 SASP and MRS Solid Angles

Tests to confirm that the solid angle cuts imposed on the SASP and MRS data were

defrning appropriate sol-id angles were conducted. These tests consisted of setting various

cuts on the X0 and Y0 FEC positions for the MRS, and on the extrapolated 0 and r/ angles

at the target for the SASP. A total of 23 "IF" statements were introduced into the NOVA
operation sequence. These statements essentially acted as scalers for the solid angle cuts
and indicated the event passage through these cuts.
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SASP Solid Angle

From the known cross section of the pp - dr* reaction, the SASP solid angle at the peak

of the acceptance was determined to be 12.0 msr. The solid angle (in msr) as a function

of SDBL is then sirnply 12 times the ordinate of the curve in figure 3.13.

Figure 3.19 shows the relations between event throughput and solid angle openings

for three typical E634 runs using the carbon target. The angle reconstruction is not ideal,

as shown by the nonlinearity in the curves. A solid angle of 12 msr was assumed and the

various cuts on the SASP solid angle are in reasonable agreernent with this value. This

agreernent is discussed in the following paragraphs.

The SASP solid angle is defined by

AO = (ÃAdXA^0)lR'= L,óL7, (3.e5)

where þ and á are the reconstructed angles at the target (SPH-TGT-TR and STH-TGT-TR,
respectively). For exarnple, a possible 0 * S conbination that would satisfy a 12 msr solid

angle value could be 4,0 : 173 rnrad and Ló :69 mrad. The actual cuts used in NOVA

were wide open at Ad:309 mrad and L ó:773 mrad.

To test whether or not all valid events were properly passed, cuts having 0:69,
149, 229 mrad and Ó = 23,53, 83 mrad were applied individualiy and in combination.

Assurning the values of Ad = I73 mrad and Ló:69 mrad for a 12 msr solid angle yielded

predictions of 40% and 86% event passage through the Âá:69 and A,0=749 cuts and 33%

and77% passage through the L$:)'l and A/=$l cuts. This compares favourably with the
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results in frgure 3.19(a) and (b). For the cornbined cuts of Ad:69, Ló=23 and A,0:I49,
Ad=53, the resulting'L9kL,þ' cuts are

These'L0kL(þ'values are thus expressed relative to the maximurn solid angle defined by

the largest cuts on 0 and S.

On the assumption that the L0 = 173 rnrad and Ló = 69 rnrad cut corresponds to the

full solid angle of 12 rnsr, the predictions are that 73% and 66% of the events should pass

the cornbined cuts of Ad=69, Ló:23 and A.0:I49, Ad-53, respectively. Figure 3.19(c)

shows comparable results of approxirnately 12% and 54%. This demonstrates that cuts of
these proportions or wider would not exclude valid events localized within the 12 rnsr soLid

angle.

MRS Solid Angle

For the MRS, openings of 600, 400, 300 and 200 (50¡rm units) were defined for the X0

FEC position, and openings of 800, 600, 400 and 200 (50pm units) were defined for the Y0

FEC position. An X0 opening of 600 (50¡rm units) and a Y0 opening of 800 (50prn units)
corresponds to a 3.0 crn by 4.0 crn aperture and is assumed to constitute a wide open case.

This translates to a solid anele of

# - # : 0.045 ancr # - # : 0.226.

LQuns - (3¡",,,J x 4¡.*)163?"*l = 3.02 rnsr,

#.ffi=o.ru,

(3.e6)

(3.e7)

(3.e8)

where the FEC-to-focal plane distance (NOVA variable RFECDIST-TR) is 63 cm. This

value of LQnrns is larger than expected. If the aperture size is reduced by one-half, one

would expect a 50% reduction in event throughput for a reduction in either the X0 or Y0

climension, or, a 25% reduction if both dimensions are reduced simultaneously. The same

three E634 runs were used to generate these solid angle plots as was done for the SASP.

Figure 3.20 shows the relations between event throughput and solid angle openings for
these runs. From figure 3.20(a) we see that at 50% of the wide open X0 crtt, 60% of the
valid events pass. Figure 3.20(b) shows that at 50% of the wide open Y0 cut, 50% of the
valid events pass. Figure 3.20(c) shows that the combination of a 50% cut on each of X0
and Y0 as calculated by

and gives an event passage of 30%. These 'AX&^Y' values are thus expressed relative to
the rnaximum solid angie defined by the largest cuts on X and Y.

Thus, these results are compatible with our expectations and show that the MRS yield

is linearly proportional to the calculated solid angle. Cornparing the event passage through
a FEC aperture decreased by 50% (in the X0 dirnension) to the assumed I00% passing
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through a full aperture, we have

aO¡zns --+ Lf)mns: 2.57 tnsr, (3.ee)
3.0212

and thus the effective solid angle is deterrnined to be 2.51 msr. This value is certainly

consistent with that expected for the particular experimental setup used for E634.

3.8.5 Beam Flux and SEM and Polarimeter Calibration

The proton flux used in the cross section and analyzing power calculations was rneasured

with a secondary emission rnonitor (SEM) and an in-beam polarirneter (IBP). The SEM

can be used as a total current rnonitor. It consists of an array of foils in an evacuated

container placed in the path of the proton beam. Alternating foils are positively charged

and these attract electrons knocked out by penetrating bearn protons. The current is then

rneasured from the collected electron charge. A Faraday cup is used to calibrate the SEM.

Similarly, the IBP can also be used as a total current monitor. The current monitoring
principle of the IBP is based on pp-elastic scattering from a polyethylene foil. Protons from

this scattering are observed by one of four arms, each consisting of three plastic scintillators.

There is a'left', 'right', 'top'and 'bottom'arm, and asymmetries between the left and right
arrns and between the top and bottom arms can be rneasured.

The total number of protons with spin up and spin down, as given by the SEM is,

PRO\ : (S ErylCsEM)11.602 x |T-ronC

PROT¡ : (S EMIIC1EM)11.602 x l\-lonC (3.100)

where Csø¡tt : calibration constant for the SBM (see table 3.4) and

SBMT, SÐM1 = SEM total counts for spin up, down.

Table 3.4 shows the SEM and polarimeter calibration constants used in determining

the IBP/SEM counts ratio. The IBP and SEM counting rates were determined using

equations (3.101) and (3.102) respectively,

100

bU

Rate¡Bp = 44.17 - (r-å) (1.171 - (r-å) 1.250)

: ffroox o.3o73'

(3.10 1)

(3.102)
countsgg¡4
countspa,,^

where the units or definitions are as follows,

Te : proton energy in MeV,

pcHz : areal density of IBP CH2 target (1.37 mg/crn2),

Rate¡sp : IBP counting rate in counts/nC/mg/crn2 CH2,

counts5¿¡4 : counts on SEM scaler (1 count : 10-10C),

counts¡gro = counts on Faraday cup scaler (1 count = 10-10C),

dEldr - energy loss of electrons in aluminurn, in MeV lglcm2.lZOl
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ENBRGY
MeV

Ctnp
counts/nC

Csønt
counts/nC

377.2
500.7

78.15
95.41

7.654
6.639

Table 3.4: The In-Beam Polarimeter (IBP) and Secondary Ernission Monitor (SBM) cati-

bration constants are listed here.

Equation (3.101) is a result of a fit to calibration measuÌernents frorn 200 MeV to 500 MeV

and (3.102) is a result of averaged SBM calibration measurements.

In the prograrn 8634-ANAL.FOR (see appendix D), the polarirneter/SEM counts

ratio, POL-SEM, is calculated as follows:

POL-SEM =
(rB4 + rBPù

(3.103)(SEMr+SEMù
C snptY-" Ctnp

where Csøm

Ctnp
POL1, POtl
SEMi, SEMI

SBM calibration constant,

IBP caljbration constant,

IBP up, down counts,

SBM up, down counts.

Figure 3.21(d) shows a plot of the IBP/SÐM counts ratio, divided by the expectecl

ratio, as a function of tirne over all the experirnental runs. The expected ratio is deduced

by obtaining the expected IBP and StrM count rates per unit charge from separate cali-

brations. Overall, the IBP/SEM counts ratio in figure 3.2i(d) is fairly consistent for the

duration of ihe experirnent, with an average deviation between the SEM and polarirneter

counts of approxirnately 3To. This discrepancy may be attributed to the condition of the

IBP target. The IBP target is very sensitive to the beam current and to the position of the

beam on the target. IBP target thickness and the quaüty of the vacuum housing the SEM

target may also be responsible for a discrepancy between the SEM and polarirneter counts.

The effect of the beam tune change from dispersed at 500 MeV to achromatic at 370 MeV

is noticeable in figure 3.21(a) and figure 3.21(d) at about 55 hours when the 370 MeV runs

commence. Note also that an achromatic beam will cause deqradation of the IBP target

more quickly than a dispersed beam.

Because of the IBP target's susceptibility to degradation, the SBM was assumed to

provide a lnore reliable measure of bearn charge. Comparing figures 3.2i(a) and 3.21(b),

one can readily see that the SEM counts rnore consistently than the IBP. Thus, in the cross

section calculations, the nurnber of spin up and down protons irnpinging on the target was

extracted frorn the SEM counts.
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3.8.6 Spin Off Correction

Between polarized runs) short unpolarized runs were made throughout the experiment.

The resulting 'spin off polarization' as a function of run time is shown in figure 3.22. This

spin off polarization is a measure of the IBP's instrurnental asyrnmetry. Extrapolations

frorn these unpolarized runs were made, so that the estirnated spin off polarization could

be subtractecl from the polarized runs. All of the polarimeter data shown in figure 3.2i

have been corrected for spin off polarization.

3.8.7 Background Subtraction

The NOVA variable LTMRS represents the time difference between the activation of the

MRS trigger and the SASP trigger. The NOVA analysis for tr634 produced a histograrn

of the LTMRS variable, called HLTMRS. A sarnple of this histograrn for one of the tr634

runs is shown in figure 3.23. Peaks in HLTMRS coincide with cyclotron bearn brusts

(43 nanoseconds apart). The large peak corresponds to vaüd coincidence events between

the SASP and MRS while the smaller peaks represent accidental coincidences with particles

from other beam bursts. The dominant peak also contains accidental coincidence events

and these random (background) events were subtracted directly in NOVA by the following

method.

In the NOVA operation sequence used for E634 (tisted in appendix G), software cuts

on both the valid coincidence peak (LTMRS-P - 'p' for peak) and a peak containing

only accidentals (LTMRS-R - 'r'for random) were made. Table 3.5 lists the histograrns

which were incremented when incoming DASS events satisfied either of these two cuts and

table 3.6 gives a brief description of each these histograms. Examples of these histograms

are shown in $4.1.

After differentiation between coincidence and randorn events was rnade, further cuts

subdivided the events into spin up and spin down events. Unless otherwise specified,

all histogram incrernentation is by units of one. Fractional incrernentation occurs when

the spectrurn is incremented by the variable RSÐFF; RSEFF is the cornposite efficiency

cornprised of the SASP acceptance (S-ACC), MRS acceptance (R-ACC) and the SASP

pion survival (SURVIV) fraction, that is,

RSEFF=R- A CC *,S 
- AC C * SURV I V

Thus, the increment is by a fractional amount proportional to the detection efficiency. The

variables RSEFF, R-ACC, S-ACC and SURVIV are calculated by the NOVA user routine
USRQ which is given in appendix F.

The background event subtraction was performed as part of the NOVA off-Iine analysis,

by decrementing the appropriate spectra when an event satisfied the randorn event cut.
Histograrns such as HDRMDEL-N enabled an immediate assessment of the quantity of
valid coincidence events.
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EVÐNTS
ACCEPTED

HISTO GRAMS INCREMENTED
.LTMRS-P'

coincidence events

.LTMRS-R'

random events

SPIN
UP

AND
DOWN

HDRMDEL-T
HDRMDEL-N
HDRMDEL-NC
HDRMDET-NE
HDRMDEL-NBC
HSDELRACC
HSDELSACC
HSDETSURV
HDRMASS-P

HDRMDtrL_R
HDRMDEL-N

HDRMDEL-NE

HSDETRACC
HSDBLSACC
HSDELSURV
HDRMASS_R

SPIN
UP

ONLY

HDRMDET-U
HDRMDEL-UC
HDRMDBL-UB
HDRMDtrL_UEC
HDRMASS_PU

HDRMDEL-U

HDRMDBL_UE

HDRMASS-RU

SPIN
DOWN
ONLY

HDRMDEL_D
HDRMDET-DC
HDRMDEL-DE
HDRMDEL-DEC
HDRMASS-PD

HDRMDEL-D

HDRMDET-DE

HDRMASS-RD

Table 3.5: This table lists the histograrns incremented upon satisfaction of the LTMRS-P
and LTMRS-R conditions given in the NOVA operation sequence. LTMRS-P corresponds
to peak events of the TTMRS histogram, representing valid coincidence events. The
LTMRS-R condition corresponds to random events (background). For a description of
the histograrns, see table 3.6.
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IIISTOGRAM DESCRIPTION
HDRMDET-T
HDRMDEL-R
HDRMDEL-N
HDRMDtrt-NC

HDRMDEL-NE
HDRMDBL_NEC
HSDELRACC
HSDELSACC
HSDETSURV
HDRMASS-P
HDRMASS_R

'T'indicates total events; accidentals were not subtracted
'R'indicates ro,nd,om events; only accidental events are displayecl
'N' indicates r¿eú events; accidentals uere subtracted
'C'indicates continuum:; the DRMASS scale extends to 60 MeV,

allowing observation of continuurn (1s) states
(which lie in the 10 - 50 MeV excitation energy range)

'E' indicates efficiency; incremented by composite efficiency RSEFF
same as HDRMDEL-NE but using continuuln DRMASS scale
incremented by R-ACC; represents MRS focal plane acceptance
incremented by SSCC; represents SASP focal plane acceptance
incrernented by SURVIV; represents the pion survival fraction
bins spin up and down events satisfying LTMRS-P condition
bins spin up and down events satisfying LTMRS-R condition

HDRMDEL-U
HDRMDEL-UC
HDRMDBL-UE
HDRMDEL-UEC
HDRMASS-PU
HDRMASS-RU

spln up events
spin up events binned on a continuum DRMASS scale
spin up efficiency spectrum, incremented by RSEFF
sarne as HDRMDtrL-UÐ, but using a continuum DRMASS
bins spin up events satisfying LTMRS-P condition
bins spin up events satisfying LTMRS-R condition

scale

HDRMDtrL-D
HDRMDEL-DC
HDRMDEI,-DE
HDRMDBL-DBC
HDRMASS-PD
HDRMASS-RD

spin down events
spin down events binned on a continuum DRMASS scale
efficiency spectrurn, incremented by RSEFF
sarne as HDRMDEL-DB, but using a continuum DRMASS scale
bins spin down events satisfying LTMRS-P condition
bins spin down events satisfying TTMRS-R condition

NOTtrS: Histogra ns
'HDRMDEL' arc 2D

'HSDBL' are 1D
'HDRMASS' are 2D

whose nalnes
plots of SDEL
plots of SDBL
plots of SDEI

start with ...

versus DRMASS
counts.
VEISUS DRMASS

Table 3.6: This table briefly
specified, the incrementation

describes the histograms
of each histogram is by

listed in table 3.5. Unless otherwise
units of one.
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Norrnalized Yield per Pixel

Because of the large variations of the detection efficiency (RSEFF) between events, a nor-

malized yield which corrected for this efrciency was calculated on a pixel by pixel basis. It
is often the case that in the two dimensional histograms (HDRMDEL-N, HDRMDEL-NE,

etc.) there were two or three events per pixel. To quantify the normalized yield, let n be

the value per pixel in the HDRMDEL-N spectrum. The corresponding pixel in the HDR-

MDBL-NE spectrum contains the value Ð4¿, where r/¿ = RSBFF;. Defrning an average

value ! for this pixel, we can write Ðn' = nry. The normalized yield for the pixel is then
.) .)

TL TL- TL-

4 nr¡ Ðrl¿

(pirel aalue 'in H D RM D E LJ'{ spectrum)2
(3.1 04)pirel ualue in H D RM D E LJV E spectrurn

Other corresponding pairs of spectra (HDRMDEL-U, HDRMDEL-UE and HDRMDEL-D,

HDRMDEL-DE) were handled in the same rnanner. The calculations were performed by

the Ð634-ANAL.FOR prograln, which is listed in appendix D.

3.9 Efficiencies

3.9"1 Wire Chamber Efficiencies

The wire chamber efficiencies for the SASP and MRS were read directly frorn the NOVA

'IF listing' after analysis of the data was complete. This 'IF listing' Iists the scalers associ-

ated with all NOVA 'IF-THEN' conditions, indicating the percentage of events that have

satisfied each condition. The two conditions of interest were

L MMWOK: "multiwire okay" for the MRS; the NOVA definition is the logical cornbi-

nation of a hit on all four VDC planes as well as both FEC planes for events identified

as deuterons. In NOVA it is eiven as

MMI'I0K=MVDC- 0K&MFEC_ 0K,

MVDC-0K= ( (MX1-0K&MX2-0K) &MU1-0K) &MU2-0K

MFEC- 0K=MX0-0K&MYO-0K

The MRS wire chamber efficiency (for the FEC and VDCs) is defined as the ratio of

events satisfying MMWOK divided by the nurnber of events identified as deuterons.

II. LMWOK: "multiwire okay" for the SASP; the NOVA definition is the logical corn-

bination of a hit on all four VDC planes for events identified as pions. The NOVA
definition is

LMI¡l0K=LVDC-0K,

LVDC-0K= ( (Lxr-oXgrX2-0K) &LU1-0K) &LU2-0K

y : 1*1*...
llt Tz
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The SASP wire chamber efficiency (for the VDCs) is deflned as the ratio of events

satisfying LMWOK divided by the number of events identified as pions.

These wire charnber efficiencies were used in the cross section calculations for each run.

The values for collective MRS wire charnber effi,ciency ranged from 40-60% while the

majority of the SASP values were near 91-93% for all runs analyzed. Note that the MRS

wire charnber efficiency includes the efficiency for both the FEC and the VDCs, which is

the reason for a lower overall MRS chamber efficiency. The close proxirnity of the FECjs

to the scattering charnber and the high event rate environment typically causes the FECs

to be less efficient than the VDCs.

3.9.2 NOVA Cuts on VDC and FEC Data

After the "multi-wire okay" cuts were satisfled, rneant'i,me cuts were imposed on the VDC

and FEC data. These were done in NOVA by setting a cut around the peaks in the

corresponding rneantirne (MT) histograms (HSVDCMT, HMVDCMT, HMFtrCMT).

For the VDCs, the "meantime" is the TDC value for a struck hypothetical wire which

lies right at the intersection of the particle track and the wire plane. The drift charnber

TDCsrunin cornrnonstopmodeandthusstoptimingwhenthespectrometereventtrigger
is activated. The spectrometer event trigger is usually defined as a hit in the scintillator

paddles, as was the case for experirnent E634. Therefore, the VDC meantirne essentially

defines the start of the drift time and is a lneasure of the time required for a particle to

pass between the VDC and scintillator paddles. Defining a region of acceptance around the

peaks in the meantime plots serves to decrease background events that do not correspond

to proper events.

The FEC "meantime" for the X or Y plane is the average of the following two drift

times: the drift time between the particle track and the X (or Y) plane and the drift tirne

between the same particle track and the ofset X' (or Y') plane (see $2.4.1 for rnore details).

This rneantime pulse was part of the trigger for the MRS during experirnent tr634.

The meantirne values for the FBCs and the VDCs are calculated by the NOVA user

routine USRi using the TDC values of each wirein the drift chambers. Software cuts were

used to place gates around the peaks in the meantime histograms. A greater amount of

randorn background appears in the FEC meantime spectra cornpared to the VDC meantirne

spectra because of the FÐC's close proximity to the target. This has yielded data passage

through the FEC rneantime cut, MFECMTCUT, of about 40% - 50% fo'- most runs.

The FEC and VDC meantirne cuts were cornbined into one cut called MEANTCUT
as follows,

MEANTCUT= ( MFECMTCUT&MVDCMTCUT) &LVDCMTCUT

and this was inserted into the NOVA OPSEQ. For rnost runs the passage through this cut

ranged from 10% - 50%.
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3.9.3 Computer Live Time

The data acquisition live tirne was deterrnined using the latclt. (see page 14) and busy sca\e'*

readings. Their ratio provides a measure of the computer system live tirne for accepting

input events,
latclt'tlliue: *"nt, (3'105)

which was used in the cross section calculation. The statistical error associated with this
quantity is negligible.

3.10 Cross Section Calculation

The cross section for scattering to the left or right using a spin up polarized bearn can be

expressed in tenns of the cross section for unpolarized bean (do f dC)) as

þff-dolrrplr\/"-^\
df).,, * (t + P(Î)Á¡¿o). (3.106)

Sirnilarly, the cross section using a spin down polarized beam can be expressed as

*rri = +(1 - p(J)A¡lo). (8.107)d0.*,df).--\*/--t\w/-

Manipulating these two expressions, one obtains the spin-averaged cross section that was

used for E634 calculations:

do, n,_ P(t)doldl(l)+ r$)aoldaQ)
d,e\^) - P(1) + p(Ð '

(3.108)

where 'J' and 'J' refer to spin up and down states respectively. The spin up and down

polarizationt, P(1) and P(J), are positive nurnbers and were calculated using the in-beam
polarimeter asymrnetry and analyzing power, with a 'spin off polarization' subtraction
made; see $3.8.6 on page 71.

The program 8634-ANAL.FOR calculated the cross section for ail the E634 runs. Four
separate cross section calculations were performed, one for the total counts (doldÀ(tot)),
spin up (dolaOQ)), spin down (doldÙ(fi) and a cross section averaged over both spin up

and down (doldA@)). The only non-negligible source of random eïrors was the statistical
error in the number of events. The expression for the error for total counts is derived

below. The errors for spin up and spin down (e¿o/¿a$) and e¿o¡¿e1L)) are also stated.

Let CNET equal the net counts (valid events minus accidentals). Then

do I dlQot) : C N ET I Denorn : C N ET I (d,enomo¡¡denom¿s¿) (3.10e)

where denomo¡ is that part of the cross section denorninator which is common to all three
(total, spin up, spin down) cross sections. It is defined as

den'omo¿¡ : dlt¡nsd{Lsaspn¿n¡i".(M MWO I( lß0)(LMWO I{ l]00) (3.1 10)
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MMWOK/100 : MRS wire charnber effciency

LMWOI(/100 : SASP wire chamber efficiency.

The denom¿¿¿ part of ihe denominator is defined as

d,enom¿o¿ = (protu, * prot¿o*rr) x EFFT x nMRS x AP

where protu, * prot¿o-,, = total number of protons impinging on target

EFFT : total efficiency as extracted frorn efficiency plot

where dluns
dQst sp
TL¿

nt.. vlxue

RMRS

AP

edolddt(tot):

However, if we define CNET as C7

accidental event count, then

= MRS solid angle

: SASP solid angle

: number of target nuclei per cm2

= computer live tirne

(3.111)

HDRMDBL-NE, comprising pion survival and spectrometel

acceptance factors
: an adjustment factor for MRS acceptance

(a function of MRS focal plane position)

= pion momentum interval over which events were

sumrned for the cross section calculation.

For the spin up and spin down cross sections, the expressions analogous to denom¿o¿ thal
were used were

denomu, : protu, x EFFT x RM RS x AP,

denom¿o-n = prot¿o-n x EFFT x RM RS X AP.

The general expression for cross section error for total counts is then

/^w€CNET \/OiU Í-l
Denom Denom

C6, where Cr is the total counts

Ç^^tññ 
-çui\ Ll -

(3.1 12)

(3.1 1 3)

(3.1i4)

and CB is the

(3.115)

€CB, was notThe statistical error eç, is Jel. The error in the background counts,

measured separately but was found to be quite small and represented by

€cB:fxCr. (3.116)

From the nurnber of counts observed in various spectra, the following values of / were

estimated:

0.02 for the ground state,
0.06 for the 2 MeV and 5 MeV states and
0.1 for the continuum part of the missing rnass spectra.

,-T,- 
T

-2 t^2a^ Taã .vtll v B
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Therefore,

Sirnilarly, the errors for

vútvLlup

€CNETd,,

Letiing e¡ be the error of

lation proceeds as

-r€cNnr:1/Cr1fI*fzCr.
the spin up and spin down counts ate

= t/Cull * f 2Cu = e,¡o¡¿e¡¡ and

t/Cn{1i f 2Cn: e¿o/¿o(!).

spin-averaged cross section, do I dI(A),

. / ðd,o ld,Q(tu')\2 ., / ad,o ld.Q(tot)\2
€"do/aafi) \ Ad-;fflfl ) * 

'"o"tontu \ u" txlry )
^2 ( P(Ð \' , -, ( P(1) \'¿(1) 

\p(1) + p(Ð ) -r 
"(L) \Fi1¡ 1r,r7

P(1) + P(J)

the total, spin up and spin down cross section

the

(3.1 1 7)

(3.1 18)

(3.11e)

the error calcu-

(3.120)

(3.121 )

are performed in

and therefore

€A

The error calculations

a sirnilar fashion.

:

for

3.11 Analyzing Power Calculation

The analyzing power was calculated in 8634-ANAL.FOR according to the expression

^ do ldl(l) - do ldaQ)1IN0 = ,

where 'P(1)' and 'P(J)' refer to spin up and down polarizations respectively, and these

are positive numbers. This expression for the analyzing power is a consequence of equa-

tions (3.106) and (3.107).

With only the event counts contributing to the experimental error, the error associated

with ,4¡,'o is calculated as follows,

€2A * o : €3, ¡ aa11¡ (##ñ)' * u'o', onr,, (##a)'
€-a" ¡aa1¡¡

l)do ldn() + Pî)¿o lda]))n
QQ)d,o laa(]) + P(f)d o ldo(fi - P(fido ldc¿(f) + PQ)ao laaQ\'?

¡l

c do / dçt(Ð

(P(l)do I da(f) + P(t)¿ o I dfu(l)a
x (-(r(J)d o I d,a$) + P(l)d.o ldc¿(J)) - P(l)do lda(f) + P(])d o ldo(l)2

(P(1)+ P(J)),
(P (l)do I da(1) + P(])d o I daQ))a

x (ez¿o /¿çt(¡)do I do(!)2 + ,',¿, /¿çt(t)do I da()'z)

(P(
X

-f

(3.122)

(3.123)
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and therefore



Chapter 4

R,ESUTTS AI\D DISCUSSIOT\

4.L NOVA Plots Generated Fþom Analvsis

A series of plots was made for each run for diagnostic prlrposes. What follows is a sarnple of

that series for one of the 8634 runs, run 53. Run 53 used a carbon target, bearn energy of
S00MeV,MRSangleof 25o andSASPangleof 30". Itcoveredthemornentarangesforthe
pion ancl deuteron corresponding to'box 3'in the kinematics plot shown in figure 1.2(c)

on page 3.

Pions and deuterons were identified by enelgy loss in the paddle scintillators and by

time of flight through the spectrometers. Figure 4.1(a) shows the HMPID spectrurn which

is the particle identification spectrum for the MRS-detected particle. The HSPID spectrum

given in flgure 4.1(b) and this is the particle identification spectrum for the SASP-detected

particles. The particles in boxes labelled 7 and4 in the figure 4.1 are deuterons and pions,

respectively. Figure 4.2 displays the focal plane position in the SASP versus the focal

plane position in the MRS. This is essentially a plot of pion momentum versus deuteron

rnornentum. The various states of the 118 nucleus are identified in the plot.

Figure 4.3 shows four plots of órn and 07p plotted against DRMASS, for both spec-

trometers. These plots were used to check for optical aberrations which result in degrada-

tion of energy resolution in missing mass spectra. Empirical corrections were made based

on these plots, as discussed in $3.7.2, and the plots shown in figure 4.3 have the corrections

applied.

Figure 4.4 presents pÌots of SDEL (see page 29) versus DRMASS (see $3.6) showing

total events in 4.4(a) and randoms only in  . (b). The X-projections at the top of the
plots give an indication of the nurnber of counts for each DRMASS channel.

Figure 4.5 contains various plots of SDtrt versus DRMASS. The plots on the left
hand colurnn represent net events after subtraction of accidentals. The spectra on the

right hand side are the corresponding ef,frciency spectra which are incremented by RSEFF
for all valid coincidence events and decremented by RSEFF for random events. RSBFF is

cornposed of the MRS acceptance, SASP acceptance and SASP pion survival fraction and
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Figure 4.1: These spectra show the detected particles in (a) the MRS and (b) the SASP.
The identified particles are: 1: deuterons, 2: accidental protons from other bearn bursts,
3: scattered protons, 4: pions (r+) and 5: accidental protons from other beam bursts.
The Y-axis variable is the scintillator paddle sum for the MRS (MAPDSUM) and SASP
(LAPDSUM); each is the sum of the digitized ADC counts for the charge in the signals
in the individual paddles (comprising the paddle array), integrated over the time that the
ADC gate signal is present. Thus, the vertical scales for the two plots give an indication
of the amount of ionization that occurred in the scintillator arïay.
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is discussed on page 71. Comparing the peak counts (indicated in the X-projections at the
top of each plot) between the left and right columns gives an indication of the significance

of the composite ef,Êciency factor RSEFF. Figure 4.6 shows plots defined similarly to those

in flgure 4.5 except that the figure 4.6 plots extend their DRMASS-axis to include the
continuum states.

Figure 4.7 provides an indication of the magnitude of the randorn events in comparison

to the peak events, for the collective spin up and down events, spin up events only and

spin down events only.

In figure 4.8, the spectra shown are incremented upon satisfaction of the LTMRS-P
condition and decremented upon satisfaction of the LTMRS-R condition. The incrernenta-
tion/decrernentation is by variable units of (a) R-ACC, (b) S-ACC or (c) SURVIV. Thus,
these plots provide a comparison between the magnitudes of these three efficiency factors.
These variables are discussed on page 71 and calculated by NOVA user routine USRQ
Iisted in appendix F.
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4.2 Cross Sections and Analyzing Powers

The data in the HDRMDEL spectra in figures 4.5 and 4.6 was written to an output fi1e

for the subsequent calculation of the cross sections and analyzing powers. These spectra

were HDRMDBL-N, HDRMDEL-U and HDRMDEL-D, representing all, spin up and spin

down events, respectively, and the associated spectra containing the efficiency infomration
are HDRMDEL-NE, HDRMDBL-UE and HDRMDBL-DÐ. This efficiency is the EFFT
variable in equation (3.111). A second set of six similar spectra, with the missing mass

scale extending frorr -20 MeV to 60 MeV, was used for analysis of the continuum region.

The spectra were divided into sections, whose bin size in the SDEI variable was chosen on

the basis of a compromise between counts and desired resolution in the pion rnornenturn.

The normalized yield for any bin in the two dimensional HDRMDBL plot was obtained

by summing the sarre channel intervals in both the event plots and the efrciency plots.

Random events had previously been subtracted frorn these spectra and, for the discrete

states, represented no lnore than a few percent of the total events. The reading of spectra,

binning of events, yield calculation and cross section and analyzing power calculations were

all performed by the program E634-ANAL.FOR (see appendix D).

For brevity, only data for the ground state of the residual nucleus are investigated in

this thesis. Also, the runs using the oxygen target are not explored here, since subtracting
background events for these runs proved too cumbersolne. Figures 4.9 through 4.11 show

cross section and analyzing power results calculated frorn the experiuental data. The

plots for the four 500 MeV carbon target runs show two theoretical distorted wave irnpulse

approxirnation (DWIA) curves representing the initial energy approximation (IEA) (solid

line) and final energy approximation (FEA) (dashed line) models for the cross sections and

analyzing powers. The short dashed curve in the analyzing power graphs represents the
free pp -- dtr* analyzing power. These theoretical models are discussed in $5.2.

The plots for the carbon runs show thai the agreement between theory and experiment

for the analyzing powers is generally better a,t ?¡aps-I5o than at 0¡4¡¡s*25". This is

because the 15o deuteron angle corresponds to a lower rnomentum transfer as can be

seen when comparing the pru"o¿¡ cllrves plotted for these two angles. At lower rnornentunr

transfer, the struck proton behaves like a quasifree object in the reaction and therefore we

observe an analyzing powet close to that of the free pp -, dr+ analyzing power.

Results for the carbon target at 370 MeV beam energy are shown in figure 4.10. For
this energy no DWIA calculations were available. Instead, a greatly sirnplifled rnodel (see

discussion of PWIA model on page 97) was used. This model assurned that the cross

section is proportionar to (S) , , lÕ(t)l',.h"t" ($) is the ctifferenriat cross\'""' / pp+clrÎ \*"' / pp+d,T+

section for the free pp -- dtr* process and Õ(P) is the target proton momenturn wave

function. This is shown by the double line in the plots. The curve labelled Z* represents
the efective laboratory pp collision energy (with a free proton) that gives rise to the same
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center of rnass energy of the pion ancl deuteron system as in the "C(ì dn+)ttB reaction.

Figure 4.11 shows cross section and analyzing power results for the runs using the

deuteriurn target at beam energies of 370 MeV and 500 MeV. The 2H(p, dtr+)n reaction js

a sirnple case of the A(P ,dtr+)B reaction.
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Chapter 5

TT{EORY

Previous experiments involving exclusive A(F,zr+)B reactions leacl us to believe that the
dominant underlying process for these reactions is the pp --+ dzr+ process which itself
is douinated by the intermediate formation of the 41232 [5]. The theoretical approach

in analyzing the (F, dn+) reaction is to imbecl the funclarn ental pp -- d,r* process in a

DWIA description of the reaction. The following sections discuss this link, the DWIA and

pçt -- d,tr+ models and the fit to cross section and analyzing power clata.

5.1 D\MIA Model

The pion-absorption reaction, (n*,2p), is known to proceed predominantly through ab-

sorption on quasi-deuteron puiï, rd, ---+ pp for example, and this may be viewed as roughly
related to the time-reversed (Prdn+) reaction and has been shown to be reasonably well

understood by the distorted wave impulse approximation (DWIA) theory [21]. The DWIA
rnodel takes into account the distortion of the plane waves by the interaction between the
incident particle and target. A further feature of the impulse approximation theory is

that it assulnes that the incident particle interacts with one nucleon at a time, that the
amplitude of the incident wave reaching each nucleon in the target nucleus is unaffected

by the presence of the other nucleons (it is the imaginary part of the optical potential that
accounts for any nucleon interaction), and that the binding energies ofthe target nucleons

are veÌy rnuch less than theincident energy 122]. The reactions studied here clearly satisfy
the impulse approximation since: (1) the separation energies for the removal of a neutron
and proton frorn a 12C nucleus are 18.721 ancl 15.956 MeV, respectively, ancl the inciclent
proton energies of 370 MeV and 500 MeV are much greater than these binding energies;

ancl (2) the quasifree nature of the "C(ìrd7T+)118 reaction, at least at low momentum
transfer', implies that the target nucl.eon is unafected by the presence of the other nucleons

122]..
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5.2 Comparison of Theory with Experirnental Results

The plots of cross sections and analyzing powers are given in $4.2 on pages 93 through

95. The plots for the 500 MeV runs with the 12C target show initial and flnal en-

ergy approxirnation (IEA and FEA) curves for the cross section. The fact that the

pp --+ da'+ process involves a bound target proton irnplies that the process is off-sltell,

that is, energy and rnomenturn are not conserved within the two nucleon systern. Thus,

both the IEA and FtrA models of cross section are plotted to illustrate the possible ex-

trernurn of cross section data. For most of the four 500 MeV 12C olots. the cross section

data does indeed fall between these two approxirnations.

The spectroscopic factor associated with the fits of the cross section data to the DWIA
rnodel is also given in plots in figure 4.9, and has values ranging from 1.4 to 5.6. Frorn

other experiments, one expects a value of about 2.5 for the proton occupancy of t"he ps¡2

she[. The reason for the wide range of va]ues from the present reaction is not clear. The

theoretical frt to the data varies in quality, but the overall shape of the theory-based curve

is broadly consistent with the data points. These theoretical calculations are prelirninary,

and greater investigation of different pararneter sets is required to see the sensitivity of the

cross sections and analyzing powers to changes in the parameters.

The DWIA model calculations were not available for the remaining 12C and 2H target

runs at the tirne of analysis. The cross section data for these runs is instead compared with
a simplified plane wave irnpulse approxirnation (PWIA) model which replaces the distortecl

momentum clistribution with the squå,re of the rnornentum wave function, lO(Þ')12. This

rnodel for the theoretical cross section is given by

where C¿

þ(P^')

(5.1)

: a kinernatic factor (set to a constant value for sirnplicity - nonnally
it is only slowly varying over the region of interest)

: mornentum wave function at the rnomentum r defined bv

#* = t r (#) pp+dn*l lø @^')l'

the mornentum transfer
( ¿"\ : clifferential cross section for pp -- d,tr*. This was calculatecl by
\dQ ) oo-d^r

a program called 3-BODY-A.FOR, written by W. R. Falk [17].

For 12C, a harmonic oscillator wave function was assumed, leading to the result

lO(p)l' - ,z u-n2 lu (5.2)

For the deuteron, a Hulthen-type wave function was assumed, and for the pion a plane

wave model was assurned. Predictions of this sirnplified model are shown in figures 4.10

and 4.11.

Dìscrepancies between the data and this model are most likely due to an inadequacy

of the sirnple PWIA model; the PWIA model ignores the interaction between the particles
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with the result that the overall normalization is not a reliable quantity. The overall shape,

however, is consistent between the data and the rnodel.



Chapter 6

R,EC O MMEhIDATIOI\TS and
CONCLUSIOT{

6.1 Recommendations

Although the results achieved from the data analysis were certainly reasonable, there are

aspects that could be improved upon in subsequent experimentation and analysis. Some

of these are included below.

o Using a thinner target (for each of 12C, CD2 and 160) would be advantageous as it
would result in the deuterons losing less energy before entering the MRS, thereby

improving resolution.

e It would be best to use a dispersed beam for the 370 MeV runs as well as the 500 MeV

runs to irnprove resolution. This was not done at the outset because an adequate

dispersed bearn tune at 370 MeV was not available at the time of the experiment.

Surprisingly, the resolution for the 370 MeV runs seerned better than the resolution

for the 500 MeV runs. The deuteron energy loss would be greater at 370 MeV than

for 500 MeV, thus resulting in poorer energy resolution for the lower energy; so, the

actual improvernent in resolution for the 370 MeV runs is especially puzzling.

o To observe the correlation between beam dispersion and the resulting energy disper-

sion, a histograin of DRMASS versus X¿ (particle position at the target) could be

incorporated into the NOVA analysis. If a correlation between these two variables is

observed, perhaps further empirical corrections could be made.

o The event rates were limited by the MRS FEC capabilities. Perhaps upgraded FEC

technology could improve this situation.

o During analysis, the rnost suitable MRS and SASP calibrations, transfer matrix el-

ements and aberration optimization calculations should be ernployed. Not all the

optimum analysis elernents were available at the time of E634 analysis.
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6.2 Conclusion

The first high resolution stucly of the (i,a"+7 reaction on nuclei has been carriecl out.

Using the two TRIUMF spectrometers, the MRS and SASP, enabled a full kinematic recon-

struction of the three-body reactions studied. The reactions examined wele
t'C(ì dn+)ttB anct 2H(ã, d"r+)n, at 500 ancl 370 MeV bearn energies. The MRS was usecl

to detect deuterons while the SASP detected pioT. The purpose of the experirnent was

to investigate the degree to which reactions of A(?,dtr+)B type proceed via the quasifree

pp -- dzr+ process and how this process is rnodif.ed by the nuclear medium. This was

carried out by calculating the associated cross sections and analyzing powers and looking

for characteristics of a quasifree process.

ttre 2U(Ë, d,tr+)n reaction proviclecl a simple case of the A(Ë, ¿n+)B reaction. In
regions of low rnornenturn transfer, the observed analyzing powers for both bearn energies

and the four spectrometer angle combinations followed the free pp * dtr+ a,nalyzing power

theoretical curve (dashed line) fairly closely.

The theoretical cross section rnoclel usecl for tne 2H(ã, d,r+)n ancl 12C(Ë,d,trr)118

reactions at 370 MeV bearn energy ernployed a simple PWIA model based on the square

rnornentum wave function for the reaction. This provided an adequate fit to the cross

section data.

For the 12C target runs at 500 MeV, DWIA calculations employing the IEA and FtrA
assumptions provided fits to the analyzing power and cross section data. For the A¡¡s plots,

a curve representing the free pp ---+ dtr+ analyzing power was also included for comparison.

At the MRS angle of 15.5o, the analyzing power data fits the free ppt -- d,tr+ curve better
tlran the ItrA or FEA curves. This indicates that the ftee pp --+ d,tr+ process aptly describes

the 12C(F, d,n+)"B reaction at these momenta ancl angles. The analyzing power fit at the

MRS angle of 25.0" was not as good; here the momentum transfer is higher and not as well

characterized by the free pp -+ dtr+ rnechanism. The data points do, however, lie within
the range of the initial and frnal energy approxirnations.

The effect of the nuclear mediurn in the ?p - dtr+ process manifests itself in this ex-

perirnent. For the "C(ì ,dr.+)ttB reactions, the cleuteron cletection angle, ancl in turn, the
arnount of momentum transfer, plays a significant role in the agreernent of data with theory.
In the sirnpler 'n(ì,d.r+)n reactions, the clata fit is fairly consistent for all spectrometer
angle combinations.

Although the agreement of data with theory varies in quality, the free pp --, d"r+ pro-
cess has been shown to predominate in the lower momentum transfer experiments. The ef-

fects of the nuclear mediurn upon this process is apparent when cornparing the results of the

'n(ì da+)n and 12C(Ë, drr+)ttB reactions. These results will provicle important inforrna-
tion for planning subsequent experiments that will examine a much greater region of the
allowed phase space, beyond the quasifree region [5].
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Appendix A

Calculation of Unit Vectors for
Particle Tht"iectories Through the
SASP and MR,S

The following is a derivation of a unit vector in the direction of a particle trajectory

traversing either of the two DASS spectrorneters. These unit vectors are tettned îts,¿sp

and ft.1,1ps and are utilized in the missing mass calculations of $3.6. The Madison system

is the frame of reference adhered to, wherein the origin is situated at the target. This is

illustrated in figure 3.10 on page 50. The central trajectories of the MRS and SASP as

rneasured in the Madison frame using spherical coordinates correspond to 0¡,t, Óm: 0 for

the MRS, and ds, Ós : r for the SASP'

Each spectrometer has its own Transport coordinate system for which angles of a given

trajectory are deflned with respect to the central ray as discussed in $3'2;

d is measured in ihe Xrn - Zrn plane (the positive d direction is downwards from the

central trajectory) and

/ is rneasured in theYT¡¡- Zrn plane (see figure 3.i0).

Let î be a vector rneasured along the central particle trajectory (in either spectrorn-

eter) ancl ã ¡" th" vector along the actual trajectory. We aclopt the following for angle

interpretation:

0uts : detection angle d (in radians) for the MRS/SASP,

óu¡s: / (in radians) for the MRS/SASP,

0 - 07¡1 converted to radians (from mrad), in the Xrn - Z7p îansport plane,

ó : órn converted to radians (from mrad), in the Yrn- ZTpTransport plane.

A vector along a trajectory through the SASP can be characterized in the Transport

coordinate system by

a=i + r(sinS)t7¡1f r(sin o)xro, (A.1)



This gives us

ã:1 + ró?rn + roxrn. (4.2)

Figure 3.10 indicates that in the Madison systern a vector along the central ray travers-

ing the SASP is given by

ì = - r(sin d5)î 1 r(cos d5)1,. (4.3)

The Transport unit vectors XTpandYT¡1can be written in terms of Madison unit vectors

1,)J)l\] Aní lS AS IOilOWS
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and since the angles d and @ in the

dians, we rnake the approxirnation

and

Transport system are typically of the order of millira-

sin9 - 0

sin$ = þ.

-j
cos 0 sî * sin dsk. (4.4)

equation (4.2) in terrns of Madison coor-

(A.5)

Xrn
Yr^

Using equations (4.3) and (4.4) , we can write

dinates, used for kinernatic calculations, as

R 
= ;iJïJil :',;"::,;iî:::;::' ;,::;:,:'-'i,i'

Squaring this trajectory vector gives

R2 = ,2l"in2 0s - 2ósin d5 cos 0s t ó2 cos2 0s 1 cos2 dg

-2þsinds cos 0s * ó2 cos2 0s ¡ 021

= ,'lt + ó2 + e21

and therefore the magnitucle of E is

(- sin 0s * ócosds)î * (cos 0s t ósin0òÈ - 0j

(4.6)

a: rJt + 4,2 + 02. (4.7)

Frorn this we have an expression for ñsASp, the unit vector along an arbitrary trajec-

tory traversing the SASP:

D
^ tL

ñ ã ! ãñ

'oJAòf n
TL \Ã +@ +F . (A.8)

For a particle trajectory through the MRS, a similar procedure is followed. Transport

conventions dictate that a vector along a trajectory through the MRS is characterized in

the same way as for the SASP, as given in (A.2).
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From figure 3.10, we see that in the Madison system a vector aiong the central ray

traversing the MRS is given by

i: r sin ïnrî + r cos 0¡aÈ. (A..9)

The transport unit vectors iTpandYT¡¡can be written in tenns of Madison unit vectors

î, j,L and 0x4 as foilows

Xr^ = -j
Yr, = coslxaî - sinl¡ai. (4.10)

Using (4.9) and (4.10), we can write equation (4.2) in terrns of the Madison coordinates

AS

= rlsin0xaî * cos0mîc f dcos 0ui - ósin0mî; + á(-i)]
: r[(sin0¡a f /cos eòi+ (cos0¡a - /sin 0ùfr - 0j].

Squaring this trajectory vector gives

R2 : ,2¡"in2 0m * 2ósinI¡a cosTJy: * ó2 cos2 0¡,7 | cos2 0x4

- 2Ssin0¡4 cos0u * ó2 sinz 0¡a ¡ 021

= r2lr + ó2 + É121

ancl thus the rnagnitucle of Ë is

R

7+ó2+02,

would expect.

Í,he ñ,¡4ps, the unit vector along

(4.11)

(A.12)

(,A..13)

an arbitrary

(4.14)

which is the same as for

From this we have

trajectory traversing the

^RNMRS: ;
TL

the SASP, as one

an expression for

MRS:

_ (sin0u I ócos0u)î+ (cos0m - ós\n0tòÈ - 0i

,lf+-ø+æ



Appendix B

MR,S Momentum Calihration

Absolute energy and rnornenturn calibrations for the MRS were obtained through analysis

of data taken in January 1995 and November 1994, respectively. An absolute calibration of
the MRS at a single focal plane position was also determined from the January 1995 data

and this result cornpared to the absolute momentum calibration given in equation (3.93)

on page 62. The details of these calibrations are presented below.

I. Absolute Cyclotron Beam Energy Calibration
(RBFtrRENCB: BL4B OPTICS Logbook, Vol. 4, January 10, 1995)

Target - CDz, 8.52 rng/cm2, target angle : 0o

MRS angle : 15.44o

Norninal Beam Bnergy : 313.1 MeV

This bearn energy results in nominal energies of about 287.7 MeV and 42.8 MeV for
protons and pions respectively.

(1) MRS Magnetic Field Ratio:

The MRS magnetic fieÌd ratio for protons from pp scattering events and pions

from pp -- dtr+ was measured for a given energy and scattering angle at the
same focal plane position RX F (measured in 5Opm units). This ratio is sensitive

to beam energy and very insensitive to the exact scattering angle.

Table 8.1 provides the datafor the determination of this ratio. First, the pion's

focal plane position from a pp --, d,tr+ reaction at a given magnetic fie1d setting
was measured. Second, the rnagnetic field corresponding to the same focal plane

position for a proton frorn an elastic pp scattering experirnent was deduced by

interpolation between measured positions surrounding the desired focal plane

position. Hence, the MRS rnagnetic freld ratio ìs given by

Bþp .to"tiel Bþtp-an+¡ : 9.8437 17.4349 :6.8602. (8.1)



Table 8.1: These rneasurements were used to determine absolute bearn energy calibration.

Table 8.2: These quantities were used to determine
ratio. The columns titled 'corrected' show quantities
at the target and at the FEC, as specified in equation

LO7

the kinematically corrected PrlP"
corrected for energy losses incurred
(8.2).

PARTICLE RUN Buns RXF (50¡rm units)
7f

p
p
p

150

151

153

extrapolated
to RXF:16780

7.4349
9.6522
9.8401

L8437

16780

i4558
16738

16780

Tb"or,
(Mev)

Pe
(MeV/c)

Ðe

(MeV)
-dP Corrected

p
Ln

Corrected
PrlP(r)

308

310

372
.11+

787.28
784.77
786.94
789.76

7220.97
t222.78
1224.60
1226.4r

0.27

0.21

0.2r
0.27

781.07
783.90
786.73
789.55

7.2087
7.0210
6.8524
6.6985

Tb"or,
(Mev)

P*
(MeV/c)

Ðn

(MeV)
-dP (Ì ectedOII

P,,

308

310

372
374

i0B.58
111.86
775.02
118.08

176.83

178.86

180.86

r82.82

0.22
0.27

0.27

0.27

108.36
111.65
114.8i
7r7.87

(2) Kinematics and Energy Loss:
The energy loss of a proton or

The energy loss of a proton or pion

Therefore,

dP : (E lP)dT, dT : -0.133 MeV. (8.2)

Table 8.2 lists the data used to determine the proton-pion momenturn ratio,

corrected for energy losses incurred at the target and in ihe FEC.

(3) Interpolating the last column in table 8.2 for thePrfP* value of 6.8602 gives

Tp : 311.9 MeV. Note that this calculation assumes that the magnetic field

behaves linearlv.

lI. Absolute MRS Calibration at a Single Point:

(REFERENCE: BL4B OPTICS Logbook, Vol. 4, January 10, 1995)

(1) Pb(p,p)Pb scattering was used where an angle-insensitive momenturn could be

established at the above vaLue of T, : 311.9 MeV.

pion in the target is: 0.030 MeV
through the FEC is: 0.103 MeV

Total energy loss: 0133 mV-
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(2)

Target - 'otPb, 17.8 mg/cm2, target angle = 0 o

Beam energy ancl MRS angle as above (311.9 MeV, 15.44 ")
The 2o8Pb run considered here is run 155. The result: At B¡aps : 10.100 kG,

RXF : 14543 (50pm units).

Kinematics and Energy Loss:
The energy loss of a proton in target is: 0.032 MeV

The energy loss of a proton through FEC is: 0.103 MeV

Therefore,
Total energy loss: 0.135 MeV

dP = (E lP)dT = 0.20 MeV/c.

At 75.44'and 311.9 MeV, the scattered proton rnomentum is 826.01

and the corrected proton mornentum is therefore 825.81 MeV/c.

(3) Results Surnmary: Buns = 10.100 kG, RXF = 14543 50pm

P = 825.81 MeV/c.

(8.3)

MeV/c,

rrnitc

III. MRS Mornentum Calibration:

(REFERBNCE: SASP DEVBLOPMtrNT Logbook, Vol. 5, November 1994)

(1) New focal plane calibration data were obtained in connection with the ac-

ceptance scans. The ground state, 4.44 MeV, and 9.64 MeV states from the
t'C (p,p') "C reaction were used, for a total of 149 data points. The data

set cornprised approximately 60 runs. The analysis was done by Mona Ben-

jamintz. Approximately 82 data points represent measuÌements where the focal

plane polarimeter cage (FPP) had the wrong orientation (the orientation during

experiment 8634), with the remaining 67 data points taken using the correct

orientation. For reasons which are not clear, the latter data set provided a cal-

ibration curve whose deviations of individual points frorn the fitted curve were

rnuch less than for the former data set.

The NOVA analysis was carried out with the acceptance cuts wide open. A
constant kinernatic correction RCKIN=-5.0 was used throughout and peak po-

sitions and areas extracted frorn the spectrum HMXFK (a histogram of RXFK -
kinematically corrected MRS focal plane position). Relevant NOVA deflnitions

are given below.

RXF=RQ 1/RQ2

RQ 1 =RVDCDIST*RX 1C-RF0CAL_F*RDX 12

RQ 2=RVDCD I ST-RDX 1 2xRTAN_DELTA

RVDCDIST=5472 . 0000

RX 1C=MX 1P0S+RX1C0

MX1P0S=MDRIFTVEC (20)
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RX1C0=5472.0000

RF0CAL-F=- 1000 . 0000

RDX 12=RX1C-W(2P0S

RTAN-DELTA=O . 0000

RXFK= ( (nXr+RCXTN*RpH_TcT_TR) +RCXI xRXI _TR)

+RCYoQ* (MYoP0S-RYO-6951) *x2

RCKIN=-5.0000

RCXI=O.0000

RCYOQ=Q.0000

RpH_TcT_TR= (Ryo_TR/ (RFECDIST_TR*1 .000008+02) ) xr .66699f,+03

Ryo_TR=- (My0p0s-Ryo_CENT) *5 . 000008-03

MYOP0S=MDRIFTVEC (28)

RYO-CENT=800 . 0000

RFECDIST-TR=0 . 6430

Target : CDz 10.8 mg/cm2, target angle = 0o

MRS scattering angle : 25.07 "

Beam Energy : 278.796 MeV (see page 9 of logbook)

The energy loss of a proton in the target is: 0.041 MeV
The energy loss of a proton through the FEC is: 0.109 MeV

Therefore,
Total energy loss (dT): 0.150 MeV

dP : (E I P)dT = 0.24 MeY f c, (8.4)

and corrected momentafor each of the ground state (P1), 4.44MeY state (P2)

and 9.64 MeV state (P3) are:

PI : 767.32-0.24=767.08 MeV/c,

P2 : 760.35-0.24=760.11 MeV/c,

P3 : 752.13-0.24:75I.89 MeV/c.

(2) A plot of P/B vs. RXF is shown in figure 3.18 given on page 62. The errors in

the figure are given by:

d(P lB) - -0.00073 xd(RXF)' for RXF - 16,475, or

d(PlB)lelB) - (-9.08-06) xd(RXF), for RXF - 76,475 and P/B=80.357.

a. The statistical error in the peak position:

d,X - 0.425 x FWH Ml\/(PeoEî;õ. This translates into an errol of:

d(P lB)lg/B)- 3.8p-06 for FWHM:100 and Peak Area:10000, and

d(P lB)lelB)- 1.9tr-06 for FWHM:100 and Peak Area=40000'
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(3)

b. Uncertainty in the vertical bearn position on target:

Assume uncertainty in vertical position is 1 rnrn. Displacernent along RXF

is R11xI.4I4:-0.377x7.474:-0.53 mm, and 0.53 1nm corresponds to 10.7

50¡; m units.

Hence d(P lB)lelB)- (-e.08-06) x 10.7 = 9.68-05.

c. The statistical peak position uncertainty would thus appear to be negligible

in cornparison to peak position shifts caused by slight vertical movements

of the bearn. The fit to the curve in figure 3.18 is given by:

PIB:92.71.r-7.792868 - 04 x RXF + 1.66i958- 09 x ¿Xf2. (8.5)

This fit was obtained using the 67 data points mentioned above. The aver-

age fractional deviation , d(P I B) l(P I B), of these points frorn this curve is

only about 5.0E-05. On the other hand, for the other 82 data points this

deviation is about 4.08-04. It is possible that this difference is the result of

an unstable beam. or minor adiustments to the bearn tune.

Comparisons:

a. Result of II.(3): P lB :825.81/10.100 : 81.763. Equation (8.5), evaiuatecl

at RXF = 74543 gives P/B :87.729. The ratio of these two P/B values is

7.00042. This excellent agreernent suggests that the beam energy as given

above (278.796 MeV) is very close to the correct value.

b. RUN 153 (from L 1.):

Mornentum, corrected for energy loss, for 311.9 MeV is 786.59 MeV/c, with

B = 9.8401, RXF = 16738. Thus, PIB:786.5919.8401 : 79.937. Bqua-

tion (8.5) evaluated at RXF : 16738 gives P/B = 80.133. The ratio of

these two P/B values is 0.99755.

This result is not as good as the 1.00042 value in 'a.' and may suggest that
the rnomenturn sensitivity to angle of pp scattering and the uncertainty in
the angle are responsible. However, a change in angle of - 0.4o is required

to bring this into line. This seerns to be too large for the angle uncertainty;

no further insights into this situation have arisen.

c. Comparison with focal plane caLibration in previous use:

The expression appearing in sorne earlier NOVA's is:

P : (819.43794)x (878.42* RXF x

(-0.007341e1 + 1.481418 - 08 x ,Axr)) (8.6)

or, PIB = 93.073 - 0.00077791.4x RXF *
1.569638 - 09 x RX F2. (8.7)

Results frorn equations (8.5) and (B.7) are cornpaled in table 8.3.
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RXF
EQN. (8.7)

PIB
EQN. (8.5)

PIB RATIO
6000.0
8000.0

10000.0
12000.0
14000.0
16000.0
18000.0
20000.0
22000.0
24000.0
26000.0

88.462
86.950
85.451
83.964
82.490
Bi.02B
79.579
78.r43
76.7r9
75.307
73.908

88.095
86.583
85.084
83.599

82.r27
80.668
79.222
77.790
76.377
74.965
73.573

1.00416
r.00424
1.00431

1.00437
r.00442
1.00447
1.00450
1.00453
1.00455
1.00456
1.00456

Table 8.3: A cornparison between old and new expressions for the P/B ratio is shown here.

The ratio in table 8.3 indicates that, in addition to - 0.470 difference in nor-

rnaLization of these curves, there is also a difference in their slopes, arnount-

ing to a diference of the above ratio of 0.04% over the lengih of the focaì

p1ane.

( ) As a final renorrnalization to the exact value of the Pb(p,p)Pb result, we rnul-

riply equation (8.5) by the factor 7.00042 (from III.(3)a.), to give the final

absolute calibration

Pl B : 92.750 -7.796738- 04 x RXF + r.66265¡.- 09 x RXF'2

thus. P/B : 80.357 at RX F : 16475 (B.B)



Appendix C

SASP Effective Pion Length

A Monte Carlo pïoglam written by W. R. Falk called USR0:IFALK.DASS.MC]

PI-DECAY-MC.FOR (on the TRIUMF VMS system) calculates the effective pion length

through the SASP. In summary, this program selects a distribution of randomly generated

ïays which fall within the following positional criteria: 0 e [-t00,1O0]mrad,

ó e l-40,40lrnracl, and SDEL e Í-15%,20%1. The RAYTRACE [23] program then guides

these rays through the spectrorneter, and for a given 0,cþ ar d ó, calculates the effective

pion length frorn the target up to the point of intersection between the SASP focal plane

ancl transport coordinate system. The program PI-DECAY-MC.FOR determines the pion

path length frorn this point onwards through the top end of the spectrometet, taking pion

decay into consideration.

The angles 0,þ and ó are calculated in transport units by the NOVA user routine

USRtr, which also calculates all but the -R5r' terms in the transfer matrix. The ,R5, terrns

are related to particle path length through the spectrometer and are thus calculated using

PI_DBCAY-MC.FOR.

The portion of the path length calculated by the RAYTRACE prograrn is given by

the following expression,

L=A+Bo+coz¡Dþ2, (c.i)

where this length has the transport dirnensions of centimeters. Tabie C.1 üsts the coefr-

cients corresponding to equation (C.1) for various values of SDEL. Plots of these coeffi.cients

versus SDEL values can be found in the file USR0:[FALK.DASS.MC]

SASP-LtrNGTH.PCM. It is assumed that if the pion decays before reaching VDC2, the

event will be lost, since the track reconstruction would not trace back to the target and

survive the cuts iinposed on it at that end of the spectrometer. This may not be cornpletely

adequate, since muons from the decay of ihe high energy pions may have a trajectory that

deviates only slightly from that of the pion. The rnaxirnum opening angle of the decay is

given by equation (C.2),

stn-l (B rl Bn) : sir-l (0.2774 x En I P^). (c.2)
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SDEt A B U D
-15.0
-i0.0
-5.0
0.0

5.0
10.0

15.0

20.0

685.84

690.05
694.80
699.90
705.27

710.61
716.06
721.53

0.40518

0.42909
0.44983
0.46895
0.48773
0.50734
0.52858
0.55121

-1.355298-05
-8.89453E-06
2.152848-05
6.90097E-05
1.319178-04
2.17342E'-04
3.01880tr-04
3.786378-04

5.128398-04
4.774618-04
4.491008-04
4.246888-04
4.03965E-04
3.87701E-04
3.76690tr-04
3.68003E-04

Table C.1: This table lists the coefficients for path lengths at various SDtrL values.

PARAMETER DESCRIPTION
SL0:700.0
SZY2:59.0
SZSP:107.5
SZST:252.9
VDCL:91.2
VDCW=17.5
scPL=113.3
SCPW:30.5
SClL:106.7
SClW:30.5

Central path length from target to transport origin, crn

Distance along central ray frorn transport origin to VDC2, cm
Distance along central ray from transport origin to paddles, cm
Distance along central ray from transport origin to S1, crn

Half-length of VDC2, cm
Half-width of VDC2, crn

Half-length of scintillator paddles, cm
Half-width of scintillator paddles, cm
Half-length of scintillator S1, cm
Half-width of scintillator S1, cm

Table C.2: Geornetrical pararneters used in program PI-DBCAY-MC.FOR are listed in
this table.

This, for exarnple, gives an opening angle of 27.8o for P*:100 MeV/c and 16.7o for
Pn:400 MeV/c. The factor of 0.2774 is required to translate between the pion and muon

rnomentum, since the opening angle is proportional to the energy of the pion-to-rnuon

decay.

Beyond VDC2, the pion (if it survives) or the muon (if the pion decays) trajectories

are traced back to see if they intersect with the array of f,ve scintillator paddles or with the

final S1 paddle. In PI-DECAY-MC.FOR, muon decay is treated in detail, transforming

the isotropic decay in the pion rest frame to the laboratory frarne. Geornetrical parameters

used are given in table C.2.

Since the scintillator paddles and S1 are not syrnmetrically placed with respect to the
central ray, shifts defining the end of these devices were specified. These shifts are shown

in table C.3.

From the Monte Carlo survival probability for pions of a given SDEL and a given

SASP central mornentum Ps, the efective length, EFF-L, is extracted from the expression

PROB - exp ((-139.57 x EFF-L)l(r-c x P)). (c.3)
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Table C.3: Shifts
particle trajectory

SCINTITLATOR CENTER SHIFT FACTORS
scPLo=-(scPL-25.0
SCPHI=SCPL+25.0
sclLo=-(sc1L-17.68)
sclHI:sc1L+17.68

used to align the
are given here.

centers of the scintillation detectors with the central

P6 A B C D E F

80

120
200

300

500

825.5
797.4
777.2
762.4
760.8

0.258
0.883
2.240
3.156
3.891

0.1071E+00
0.90808-01
0.60388-01
0.58638-01
-0.5778Ð-02

0.6222F'-02
0.50418-02
0.33798-02
0.22968-02
0.1357E-02

0.1020E-02
0.8801E-03
0.6428E-03
0.70878-03
0.4491E-03

0.2688E-04
0.2273Ð-04
0.1500E-04
0.1831E-04
0.71278-04

Table C.4: The parameters of the flfth order fit to the SASP effective pion length are listed

above.

Here r-c :780.4 crn) and P is the pion rnomentum corresponding to the given SDEL.

Results of these calculations are shown in figure 3.15 on page 57 for central mornenta

of 80, I20,200,300 and 500 MeV/c. The rises and bumps in the po curves are due to a
pion missing the S1 scintillator while the rnuon does not miss it. Each of these curves was

fitted to afifth order polynomial in SDEL with the results shown by the solid lines in the

figure and given in table C.4.

The six resulting coefficients were next fitted to cubic equation as a function of Ps,

providing a general expression

EFF_L = 16DtrL,Ps), (c.4)

so that pion decay lengths for any given .9D8tr and Ps can be calculated. The coeffi.cients

of this "pararneterization of parameters" are listed in table C.5. In the NOVA analysis

for experiment E634, the above pararneterization, together with the SASP and MRS focal

plane acceptances (see $3.8.2 and $3.8.3, respectively), were provided by the NOVA user

routine USRQ, listed in appendix F. The SASP pion efrciency is then given by

ACCEPTANCEspBT x exp((-r39.57 x EFF-L)lQ. x P))' (C.5)

Test output of the parameterization given in table C.5 is shown in table C.6 [17].



FIT: A:AA+AB
COEFFICIENTS:

Parameter A

FIT: C = CA + CB xPo * CC xPo' t C

COEFFICIBNTS: CA : 0.18867
CB : -1.324238-03
CC : 4.58248E-06
CD : -5.422838-09

xPo + AC xPj + AD
AA : 906.60
AB = -1.3081

AC = 3.857178-03
AD = -3.64865E-06

Parameter C

FIT: E: EA + EB
COEFFICIENTS:

Table C.5: The parameters of the third order fit to the coefrcients of the fit for the SASP effective pion length are given in the above

table.

X Ð,7r0

Parameter B

FIT:B=BB+BB
COEFFICIENTS:

xPo t EC xP6r f
EA : -1.753808-03
BB : 1.20465E-05
EC = -4.274218-08
ED = 4.772868-77

Dx P8

Parameter B

FIT: D=DB+DB
COEFFICIENTS:

xPo f BC xPo', + BD x
BA = -7.6247

BB : 2.593428-02
BC = -3.793878-05
BD : 1.62509E-08

ED xPo"

Parameter D

FIT:F=FB*FB
COEFFICIENTS:

xPo * DC xPor + DD
DA = 9.48187E-03
DB : -4.898388-05
DC : 1.103648-07
DD : -8.979198-11

Dór0

Parameter F
xPo t FC xPj + FD
FA : 5.129618-05
FB = -4.01958E-07
FC : 1.45585E-09

FD : -1.62380E-12

X Dór0

X Po'

cJI
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SDBt
Ps, MeV

50 80 100 r20 150 200 300 400 500

-20.0
-i6.0
-72.0

-8.0

-4.0
0.0
4.0
8.0

12.0

i6.0
20.0

24.0

543.0
743.0

827.0

852.0
853.0
850.0
851.0
855.0

860.0
862.0
864.0
878.0

560.0
727.0
799.0
822.0

825.0
825.0
828.0
833.0
839.0
843.0
845.0
854.0

567.0
777.0

782.0
805.0
809.0
811.0

815.0
822.0

828.0
832.0
835.0
842.0

571.0
707.0
768.0
790.0
796.0
799.0
804.0
8i2.0
819.0
824.0
826.0
831.0

573.0
695.0
751.0
772.0
780.0
785.0
792.0
801.0
810.0
815.0
818.0
820.0

566.0
677.0
729.0
752.0
762.0
770.0
780.0
791.0

801.0
BOB.O

810.0
811.0

535.0
653.0
710.0
736.0
751.0
763.0
776.0
791.0
803.0
811.0
813.0
815.0

519.0
644.0

706.0
736.0
753.0
767.0
783.0
798.0

811.0
819.0
821.0
824.0

562.0
650.0
699.0
726.0
745.0
761.0
776.0
791.0
802.0
809.0

81i.0
810.0

Table C.6: This table lists test output of parameterization of coefrcients given in table C.4.



Appendix D

The E6 34-41\AL'FOR, Program

The program 8634-ANAL.FOR, written by W. R. Falk (University of Manitoba), processes

the tr684 output ancl procluces quantities such as cïoss section ancl analyzing powers, and

is given below.

c Program E634_ANAL.FOR, for analyzing E634 output frorn N0vA

C I,ü.R. FALK, JulY 12, 1995

C *XX LINK E634-ANAL+USRQ

IMPLICIT REAL*8(A-H,O-Z)

REAL*4 EFFVECTOR, BMRS , RDEL , BSASP , SDEL

DTMENSTON AA(80 "64,L2),BB(80,64,12),UF(82),WMASS(80, 
12),

1 SUMS(15,72),FFr(7),NCHXX(25),EFFVECTOR(4)

DIMENSION EXC(10),LX1(10),LX2(10),NDEL116),NCH(10,6)

DTMENSTON CTOT(10,6),CT0U(10,6),CTOD(10,6),CEFT(10,6),

1 CEFU(10,6),CEFD(10,6),EFFT(10,6),EFFU(10,6),EFFD(10,6),

2 CXT0T(10,64),DEL(10,6),PPpi(10,6),TTpi(10,6),
3 DELr (10, 6),PPrr (10, 6),PPrAV(10, 6),TTrr (10,6),TTIAV(10, 6),

4 PDAV(10,6),DELR(10,6),QEFF(10,6),RMRS(10,6)

c--------

C INPUT: UNIT 2 - Input file E634-RUNS.

C UNIT 3 - Input file E634-SCAL.

C copied from PRV20: IBENJAMIN.NOVA]E634SUMM2'TXT

C UNIT 5 - Input file ANAL#. , where # is run number

C INPUT UNITS for SI,ùRITE f il-es from N0VA

C HDRMDEL-N . SI'IR F0R011

C HDRMDEL-NE.SI,üR FORO12

C HDRMDEL-U. SI'¡R FORO13
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C HDRMDEL_UE.SI,,IR F0R014

C HDRMDEL-D . SI,]R FORO15

C HDRMDEL-DE.SI'[R F0R016

C HDRMDEL-NC.SWR FORO17

C HDRMDEL-NEC. SI,IR FORO18

C HDRMDEL-UC.SWR FORO19

C HDRMDEL-UEC. SI¡ùR F0R020

C HDRMDEL-DC. Sl'üR F0R021

C HDRMDEL-DEC. SI,IR F0R022

C 0UTPUT: UNIT 6 - All input information and final results
C UNIT 7 - Surnmary of final results
C UNIT 8 - Spectra for PL0TDATA plots
c UNIT 9 - Raw Spectra AA(I,J,K) and EFFTCIENCTES for diagnostics

c--------

dl'ùMRS=O.0025 ! MRS solid angle, sr
dI'ISASP=O .Ot2 t SASP solid angle, sr

fFI(1)=0.0004 ! For erïor multiplier for 8.s', ç9.92)xx2

FFI(2)=0.0036 I For error multiplier for 2.12, ¡9.96)xx2

FFI(3)=0.0036 ! For error rnultiplier for 5.O2, (0.00)xxZ

FFI(4)=0.0100 ! For eïror rnultiplier for cont", ç9"16)xx2
a

c--------
(,

IPRINT=0 ! For output control on UNIT 9

READ(5,x) IRUN,NCHX,NCHY,DELO,DDELY,NEXC'RANDOM

IF(IRUN.LT.O) THEN

IPRINT=1 I Print diagnostic output AA(I,J,K)

IRUN=-IRUN

ENDIF

D0 I=1,NEXC

READ(5,X) EXC(I),TXT(I),LX2(I),NDEL(I), (NCH(I,J),J=1,6)

ENDDO

C IRUN = Run number (search for this in next READ)

C NCHY, NCHX = Number of channels in the SDEL vs. DRMASS plot
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C DELO = SDEL value at channel 0

C DDELY = SDEL intervaf/channel
C NEXC = Number of excitation energy intervals for discrete

C states and continuum

c RANDOM = Number of RAND0M events in HDRMDEL-R in channel-s

C 30 to 80, for those runs where N0VA had a slight error'
C EXC(I) = Excitation energy for interval I
c LX1(t), tXZ(l) = PEAK integration limits for interval r
C NDEL(I) = Number of interval-s in SDEL for interval- I
C NCH(I,J) = Starting channel- of J'th SDEL interval (add 1 extra!)

I'JRITE(6, 605) IRUN,NCHX,NCHY,DELO,DDELY,NEXC,RANDOM'IRUN

605 FORMAT(' IRUN NCHX NCHY DELO DDELY NEXC RANDOM '/
t 14,2J6,F8. 1,F8.3, 16,F8 .O,7ON"r4/)

I,tRrTE(6,607)

607 FORMAT(' I EXC LX1 LX2 NDEL '
! ' (NcH(I,J),J=1,6)')
D0 I=1,NEXC

!ilRrrE(6, 609) r,EXC (r),LX1 (r),LX2(r),NDEL(r), (NCH(r, J), J=1,6)

ENDDO

609 FORMAT(1H,r6,F8 .2,16,r5,r6,r6,514)

c---------
(1

C Next input file is always the same, namely 8634-RUNS'

10 READ(2,X) NRUN,NTGT,TB,MIN,NBOX,THSASP,BSASP,THMRS,BMRS,

1 ASYMM-UP,ASYMM-DN

IF(NRUN.LT.IRUN) GO TO 10

IF(NRUN.NE.TRUN) GO TO 99

RAD=180 .0/3 . 141593

STHM=DSIN (THMRS/RAD)

CTHM=DC0S (THMRS/RAD)

STHS=DSIN (THSASP/RAD )

CTHS=DCOS (THSASP/RAD )

I',ipi=139.57

WP=938.28

lld= 1875 . 629

C Select appropriate particl-e masses target particle densities:

G0 T0 (14,16,18),NTGT I NTGT=1,2,3 respect. for 2H, I2C a¡rd 160
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14 ll,lt=1875.629 ! Target, 2H

Wr=939.57 ! Recoil, n

TARG_N=(0.050/ (Z.O*2.0))*(e.OZsD+zs)*2.0 ! 2H

c0 T0 20

16 I'ùt=11174.958 ! Target, L2C

I'Jr=10252.635 ! Recoil, 118

TARG_N= (0.o52/72.0)x(6.023D+23) | I2C

G0 T0 20

18 I,üt=14895 .2O7 ! Target, 16C

I'Jr=13969 .055 ! Recoil-, 15N

TARG_N=(0.035/16.0)x(6.023D+23) | L6O ??

20 CONTÏNUE

I'IRITE(6,622) NRUN,NTGT,TB,MfN,NBOX,THSASP,BSASP,THMRS,BMRS,!'lt,!'lr,

1 ASYMM-UP,ASYMM-DN,TARG-N

622 FORMAT('ONRUN NTGT TB M]N NBOX THSASP BSASP THMRS 

"7' BMRS I¡üt Wr ASYMM-UP ASYMM-DN TARG-N'/

2 2r5,î7 .7,2r5,F9 .2,F7 .3,F7 .2,F7 .3,2FtL.3,2F10 .4,D12.4 /)

c--------
C Scaler information, wire chamber efficiencies
C Next input file is always the same, namely E634-SCAL.

25 READ(3, X) MRUN,POLLTU,POLRTU,POLLAU,POLRAU,SEMU,T6OU'

1 POLLTD , POLRTD , POLLAD , POLRAD , SEMD , T6OD , BUSY, EVENT 
' 

RMWOK , SMI'IOK

IF(MRUN.LT.IRUN) GO TO 25

IF(MRUN.NE.]RUN) GO TO 99

C0MP-LIVE=BUSY/EVENT

I^IRITE(6, 626) MRUN,P0LLTU,POLRTU,POLLAU,P0LRAU,SEMU,T60U,

1 POLLTD , POLRTD , POLLAD , POLRAD , SEMD , T6OD ,

2 BUSY,EVENT, COMP-LM,RMI'üOK, SMI'í0K

626 FORMAT(' RUN L-TOT R_TOT L-ACC R-ACC ' ,

7 ' SEM 60-Hz',/', ', ,r4,6Etr.0/' ' ,6FLL.O/

2 ' BUSY EVENTS C0MP-LM MMI'¡0K LM!üOK : 
"3 2F72.0,F7.3, lX ,2F6 .tl)

C Polarization and beam normalization
rF(T8.EQ.371"2) THEN

ANCH2=O.4236 ,. CH2 analyzing pol¡Ier
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P0LN=78.15 ! Counts/nC

SEM=7.654 ! Counts/nC

ENDIF

IF(TB.EQ.5OO.7) THEN

ANCH2=O.4659 ! CH2 analyzing power

P0LN=95.41 ! Counts/nC

SEM=6.639 ! Counts/nC

ENDIF

P0LSEM=P0LN/SEM

PUP=ASYMM-UP/ANCH2 ! UP

PDN=-ASYMM-DN/ANCH2 ! D0WN polarization
(,

P OLU= (P OLLTU+P OLRTU_P OLLAU-P OLRAU)

POLD= (POLLTD+POLRTD-POLLAD-POLRAD )

P0L-RAT=P0LU/P0LD
p 0L - sEM= ( (p Otu+p o to ) / ( sst'lu+snMD ) ) /POLSEM

SEM-RAT=SEMU/SEMD

pRgT_Up= (SEMU/SEM) / ( 1 . 602D-10)

PR0T-DN= (SEMD/SEM) / ( 1 . 602D- 10)

I¡¡RITE (6, 627 ) PIJP, PDN, P0L-SEM, P0L-RAT, SEM-RAT, PROT-UP, PR0T-DN

627 FORMAT(' PUP PDN POL-SEM POL-RAT SEM_RAT ' ,

! , pR0T_up PROT_DN '/2F8.4,F9.4,F10.4,F11 .4,2D12.4/)

(,

c READ 72 64x80 spectra containing the results of the N0vA ana]ysis.

c Adapted from the program SPEC-READ.FOR for reading 2D spectra created

C by the N0VA SWRITE command. l.l.R. FaIk, June 2, 1995

NX=80

NY=64

M=NX+Ny+4

D0 K=1,12 ! K-loop

KK=K+10

C Read 2D spectrum
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D0 1=1,3 lDunmy READS

READ(KK,X) IJUNK

ENDDO

D0 I=1,M lDummY READS

READ(KK,X) QJUNK

ENDDO

II=NX+2

READ(KK,x) (uF(I),r=1,rI) ! Underftow ROI'I - ignore

D0 J=1,NY

READ(KK,X) AL, (AA(I,J,K),]=],]I][),AH

ENDDO

C Generate a 1D spectra of missing mass and form various sums

SUMT=O.O ! Total

SUMR=O.O I For RAND0M's correction
IR=0

SUMN=O.0 ! Negatives

IN=0

SUMP=0.0 | Positives
IP=0

D0 I=1,NX

SUM=O.0

D0 J=1,NY

AIJ=AA(I,J,K)
SUM=SUM+AIJ

IT=IT+ 1

SUMT=SUMT+AIJ

IF(T.GE.30.AND. I.LE.80) THEN

1¡=1ft+1

SUMR=SUMR+AIJ

ENDÏF

IF(AIJ.GT.O.O) THEN

1p=lp+1

SUMP=SUMP+AIJ

ENDIF
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IF(AIJ.LT.O.O) THEN

IN=IN+ 1

SUMN=SUMN+AIJ

ENDIF

ENDDO

I¡íMASS (I , K; =59¡4

ENDDO

SUMS(1,K)=SUMT

SUMS (2 , K) =fT
SUMS (3 , K) =SUMN

SUMS (4, K) =IN

SUMS (5 , K) =SUMP

SUMS (6 , K) =IP

suMS (7 , K) =SUMR

SUMS (8 , K) =IR

ENDDO ! K-looP

X=-8. 125

D0 I=1,NX

x=x+o .25

ltRrrE(s,802) r,x, (WMASS(r,K),1(=1,6)

802 FORMAT(1H ,15,F8 .2,3X,6F8.1)

ENDDO

X=-20 .50

D0 I=1,NX

X=X+1 .0

I^IRITE(8,802) I,X, (V'IMASS (I,K),K--7,12)

ENDDO

IF(IPRINT.EQ.1) THEN ! Diagnostic output

NCHXX(1)=5

DO f=2,25
NCHXX (I) =NCHXX (I-1) +3

ENDDO

KL0W=-5

D0 N=1,2

KL0W=KL0!ù+6 ! 7,7

KHI=KLSIü+I | 2,8
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D0 L=!,2
rF(L.EQ. 1) I'lRrrE(9,920) KL0l'l,rRUN

rF(L.EQ. 2) I,lRrrE(9,922) KHr, ]RUN

I'üRITE(9,901) (IUCHXX(I), I=1,25)
M=0

D0 JJ=1,64

M=M+1

IF(M.EQ.8) THEN

wRrTE (9 ,903)
M=0

ENDIF

J=65-JJ

IF(L.EQ.1) WRITE(9,910) J, (AA(I,J,KL0l,{),I=5,77,3)

IF(L.EQ.2) THEN

D0 I=5 ,77 ,3
AIJl=AA (I , J, KLOW)

AIJ2=AA(I,J,KHI)
BIJ=O.0

IF(AIJ1.NE.0.0) BIJ=AI J2/ AIJt
BB(l_,J,KHl_)=brJ

ENDDO

WRITE(9,912) J, (BB(I,J,KHI),I=5,77,3)

ENDIF

ENDDO

I']RrrE(9,974)

ENDDO

ENDDO

ENDIF

901 F0RMAT(' J\r"13,2415/)
903 FORMAT(1H )

910 F0RMAT(1H,14,25F5. 1)

912 FORMAT(1H,14,25F5.2)

914 FORMAT(1H1)

920 FORMAT(' SPECTRUM"I3, ' , TOTAL COUNTS RUN"I3I)
922 FORMAT(' SPECTRUM"13,' , EFFICTENCIES RUN"T3l)

D0 K=1,5,2

SUMS(9,K)=SUMS(1,K+1)/SUMS(1,K) ! Raw efficiency, old
SUMS (9, K+1 ) =59¡'15 (9, K)
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SUMS ( 10 , K) =SUMS (9 , K)

SUMS ( 10, K+1) =SUMS ( 10, K)

rF(RAND0M.NE.o.o) THEN

Y=SUMS (9, K) *SUMS (3, K)

Z=SUMS(1,K+1)+Y

SUMS(10,K)=Z/SUMS(1,K) ! Corrected efficiency, o1d

SUMS ( 10, K+1) =SUMS ( 10, K)

ENDÏF

SUMS(11,K)=SUMS(10,K)/SUMS(9,K) ! Eff . correction factor
SUMS ( 11, K+1 ) =59¡45 ( 1 1, K)

SUMS(12,K)=0.0

SUMS(12,K+1)=0.0

ENDDO

EFF-CFT=SUMS(11,1) ! Efficiency correction factor, ALL

EFF-CFU=SUMS(11,3) ! Efficiency correction factor, UP

EFF-CFD=SUMS(11,5) ! Efficiency correction factor, DOWN

CON-CF=(SUMS(7,K)-RAND0M)/SUUS(7,K) ! Cont. correct. factor
D0 K=7 ,!!,2
SUMS(9,K)=SUMS(1,K+1)/SUMS(1,K) ! Raw efficiency, oId

SUMS (9 , K+1 ) =SUMS (9 , K)

SUMS(10,K)=g.g

SUMS(10,K+1)=0.0

SUMS(11,K)=g.g

SUMS(11,K+1)=9.6

SUMS(12,K)=C0N-CF ! Continuum correction factor
SUMS(12,K+1)=CON-CF

ENDDO

C Re-consideration of the efficiency calculation (June 13, 1995).

C Previously surnmed the quantities in the eff. p1ots. We should have

C used the reciprocals - ie. the yield per pixel
D0 K=l ,!!,2
SUM=O.0
nn T-{ trvuu f -f .r!^

lO;=f,nY
BB (I , J,K) =Q .9

ATJ=AA(I,J,K)
CIJ=AA(I, J,K+1)

rF(crJ.NE.o.o) THEN
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BIJ=AIJ*x2/CIJ ! Norm. yield for pixel
BB(I,J,K)=ll¡
SUM=SUM+BIJ

ENDIF

ENDDO

ENDDO

SUMS(13,K)=0.0

suMS(13,K+1)=SUM

SUMS ( 14, K) =SUMS ( 1 , K) /SUM

SUMS ( 14, K+1 ) =SUMS ( 14, K)

ENDDO

!ilRrTE (6 ,640)
640 FORMAT(' K SUMT IT SUMN IN SUMP IP 

"1 ' SUMR IR EFFO EFFC E-C-F R-C-F 
"2 ' YIELD EFF-N '/)

D0 K=1,12

I^IRITE(6 ,642) K, (SUUS (I , K) ,I=1 , 14)

642 FORMAT(lH, f4,2ï"8F8. 1,4F8.3,F10. 1,F8'3)

ENDDO

ü,IRITE (6 ,644) EFF-CFT, EFF-CFU, EFF-CFD , C0N-CF

644 FORMAT('0 EFF-CFT, EFF-CFU, EFF-CFD, CON-CF : ',4F9'4)
(.

c---------

C Form the sums for al-l the intervals involving the states in 118 :

C 0.00 , 2.72 and 5.02 MeV.

|'

IXU=3

IF(NEXC.LE. 3) IXU=NEXC

D0 IX-1,IXU
LXLOVü=LX1(IX)

LXHI=LX2 ( IX)
D0 J=1,NY

XSUM=O.0

D0 I=LXL0VI,LXHI

XSUM=XSUM+AA(T,J,1)

ENDDO

CXT0T (IX, J) =XSUM
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ENDDO

NDELTA=NDEL (IX)

D0 JY=1,NDELTA

CToT(IX:JY)=9.6 ¡ Counts TOTAL

CTOU(IX,JY)=0.0 ! Counts UP

CTOD(IX,JY)=9.0 ! Counts DOflN

CEFT(IX,JY)=g.g ¡ Counts TOTAL reciprical efficiency
CEFU(IX,JY)=O.O ! Counts UP reciprical efficiency
CEFD (IX, JY) =g .6 ¡ Counts DOl'lN reciprical eff iciency

EFFT(IX, JY) =0 .0

EFFU(IX,JY)=9.9

EFFD (IX, JY) =0 .0

D0 I=LXL0ll,LXHI

JLOI,I=NCH(IX,JY)

JHT=NCH(IX,JY+1)-1

D0 J=JLOW,JHI

CT6T (IX, Jy) =619.¡1IX, Jy) +AA (f , J, 1)

CEFT (]X, JY) =CEFT (IX, JY) +BB (I , J, 1)

cTou(rx, JY) =ç1gg1rx, JY) +AA (r , J,3)
CEFU(IX, Jy) =CEFU(IX, Jy) +BB (f , J,3)
CT¡D (IX , Jy) =ç1gp (IX, Jy) +AA (I , J , S)

CEFD (rX, JY) =6¡p¡ (rX, JY) +BB (r , J,5)
ENDDO

ENDDO

CEFT(IX,JY)=69p1çIX,JY)/nf'¡'-Cff ! Correct T0TAL recip. effic.
CEFU(IX,JY)=CEFU(IX,JY)/EFF-CFU ! Correct UP recip. effic.
CEFD(IX,JY)=6¡p¡(IX,JY)/EFF-CFD ! Correct D0!üN recip. effic.
IF(CEFT(TX,JY).EQ.O.O) GO TO 41

EFFT(IX,JY)=CT0T(IX,JY)/CEFT(IX,JY) ! Efficiencies
41 rF(CEFU(]X,JY).EQ.o.o) Go TO 42

EFFU(IX,Jy)=619U¡IX,Jy)/CEFU(IX,JY) ! Efficiencies
42 rF (C¡rl(rx,JY).EQ.o.o) Go ro 43

EFFD(IX,JY)=619¡çIX,JY)/CEFD(IX,JY) ! Efficiencies
43 CONTINUE

ENDDO

ENDDO

C Form the sums for all the intervals involving the continuum in 118 :
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IF(NEXC.LT.4) GO TO 53

D0 IX=4,NEXC

LXL0l,ü=LX1(IX)

LXHI=LX2 (IX)

D0 J=1,NY

XSUM=O.0

D0 I=LXL0I'J,LXHf

XSUM=XSUM+AA(I ,J,7)
ENDDO

CXT0T ( IX , J) =XSUM

ENDDO

NDELTA=NDEL ( IX)
D0 JY=1,NDELTA

CTOT(IX,JY)=0.0 ! Counts T0TAL

CT0U(IX,JY)=9.6 ! Counts UP

CT0D (IX, JY) =9 .9 ! Counts D0llN

CEFT(IX,JY)=9.9 ! Counts TOTAL reciprical efficiency
CEFU(IX,JY)=g.g ! Counts UP reciprical- efficiency
CEFD(IX,JY)=6.9 ! Counts D0ÌüN reciprical efficiency

EFFT(IX, JY) =g .9

EFFU(IX , JY) =0 . 0

EFFD (IX , JY) =0 .0

D0 I=LXLO!ü,LXHI

JL0I¡ü=NCH(fX,JY)

JHI=NCH(IX,JY+1)-1
D0 J=JLOW,JHI

CT0T ( IX , Jy) =CT0T ( IX , Jy) +AA ( I , J ,7)
CEFT(IX, Jy) =çgp1,1IX, Jy) +BB (I, J, Z)

CTOU(IX, Jy) =CT0U(IX, Jy) +AA(I , J,9)
CEFU(IX, Jy) =CEFU(IX, Jy) +BB (I , J,9)
CT¡D (IX, Jy) =ç16¡ q1¡ç,3y) +AA (I , J,1 1)

CEFD (IX, Jy) =6gp¡ ¡1¡,3y)+BB (I , J,1 1)

ENDDO

ENDDO

rF(CEFT(rX,JY).EQ.o.o) Go ro 46

EFFT(IX,JY)=61¡11IX, JY)/CEFT(IX, JY) ! EffiCiENCiES

46 rF(CEFU(rX,JY).EQ.o.o) CO TO 47

EFFU(IX,JY)=61¡9lIX,JY)/CEFU(IX,JY) ! Efficiencies
47 rF (CE¡'r(rX,Jy) .EQ.0.0) c0 T0 48
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EFFD(IX,Jy)=61¡¡(IX,JY)/CUfl(IX,JY) ! Efficiencies
48 CONTINUE

CT0T(IX,JY)=6191'1IX,JY)*C0N-CF ! Corrected T0TAL counts

CTOU(IX,JY)=616gqIX,JY)*CON-CF ! Corrected UP counts

cT0D(rx,JY)=61¡¡(rX,JY)*CON-CF ! Corrected DOWN counts

ENDDO

ENDDO

53 CONTINUE

Y=-16 .28725

D0 J=1,NY

Y=Y+0.5625

I¡IRITE(8,805) J,Y, (CXT0T(IX, J),IX=t,NEXC)

805 FORMAT ( 1H , r5 , F8 .2 ,3Y" 8F8 . 1)

ENDDO

c---------
(1

C Spectrometer momentum intervals boundaries

PSC=50.31I*BSASP ! SASP central momentum

D0 I=1,NEXC

N=NDEL (I) +1

D0 J=1,N

K=NCH(I,J)-1

FK=K

SDEL=DEL0+FK*DDELY ! SDEL for l-ower boundary of interva]
PS=PSC* (1 . O+SDEL/100. 0)

Ppi=PS

Ep i=DSQRT (Pp i*xZ+Wp i**2)
DEL (I , J) =SDEL

PPpi (I , J) =Ppi

TTpi (I , J) =Epi-V,lpi

ENDDO

ENDDO

C Spectrometer SDEL, momentum and energy intervals, arrd averages

D0 I=1,NEXC

N=NDEL (I )
D0 J=1,N
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DELI(I,J)=DEL(I,J+1)-DEL(I,J) ! DC]-tA SDEL

PPII(I,J)=PPpi(I,J+1)-PPpi(I,J) I Delta Ppi
ppIAV (I , J) = (pppi (I , J+1) +PPpi (I , J) ) /2.o
TTII(I,J)=TTpi(I,J+1)-TTpi(I,J) ! Delta Tpi

TTIAV(I, J) = (TTpi (I, J+r)+TTpi (I, J)) /2.0
ENDDO

ENDDO

C Calcul-ation of deuteron momentum at center of interval- and combined

c efficiencies from usRQ subroutine. This serves as a check, only!

E1=!lp+TB ! Incident proton energy

P 1=DSQRT (E 1*, *2 -l¡lpx x 2 )

PMC=80.357*BMRS

D0 I=1,NEXC

!15=l¡lr+EXC (I )
N=NDEL (I)

D0 J=1,N

P4=PPIAV(I,J) ! Pion momentum

sDEL= (P4-PSC) x 100 . 0/PSC

E4=DSQRT ( I,lp i* *2+P4x x2 )

E=E1+ï¡,lt-E4

Px=P1-P4*CTHS

Py=P4xSTHS

¡= (E*E-Px **2-Py **z+!üdt*2-I¡l5* *2) / 2 . O

3=p¡xCTHM+Py*STHM

[[[=f,xf,-BxB
BBB=-2.0*E*A

ÇÇÇ=[*[+ 1ç¿a3) xx2

f,d= (-BBB+DSQRT (BBB **2-4. o*AAA*CCC)) / (2. 0*AAA)

p¿=¡$QRT ( Edx x2-1,üd* *2 )

yuAV (l- ,J )=YQ.

RDEL= (pd-pMC) x 100 . 0/PMC

DELR(I , J) =RDEL

C Next three lines for Corrections for MRS acceptance

RRMRS=o . 989+0 . 0171',RDEL

IF(RDEL.LT. -0. 9) RRMRS=t.7I2+o. 1494*RDEL

IF (RDEL .GT .7.6) RnMRS=6 .395-6 .917*RDEL

RMRS (I , J) =RRMRS

CALL USRQ (EFFVECTOR, BMRS, RDEL , BSASP , SDEL)
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QEFI'(I , J) =EFFVECT0R(4)

C WRITE(6,647) P4,Pd,SDEL,RDEL, (EFFVECTOR(ML),ML=1,4)

c 647 FORMAT(1H,2F9.2,2F8.2,4F8.3)

ENDDO

ENDDO

I,üRITE (6 ,650)
650 FORMAT('OTOTAL COUNTS AND EFFICIENCIES FOR THE INTERVALS 

"1 'AND DETAILS ON THE MOMENTUM/ENERGY INTERVALS FOR THE PION '/
2 ' I J TOTAL EFF-T EFFT UP EFF-U EFFU '

3 ' DOI¡IN EFF-D EFFD NCH EXC SDEL-L0 SDEL-Hf ' ,

4 ' Ppi-IN Ppi-A Pd-A RDEL USRQ RMRS')

D0 I=1,NEXC

I,ùRITE (6 ,652)
652 FORMAT(1H )

JDEL=NDEL ( I )

D0 J=1,JDEL

NCHLO=NCH (I , J)

NCHHI=NCH(I, J+1) -1

I,üRITE(6,655) I, J,CTOT(I, J),CEFT(I, J),EFFT(I, J),CTOU(I,J),
1 CEFU(I,J),EFFU(I,J),CTOD(I,:),CNTD(I,J),EFFD(T,J),
2 NCHLO,NCHHI,EXC(I),DEL(I,J),DEL(I,J+I.),PPII(I,J),
3 PPIAV(I,J),PDAV(I,J),DELR(I,J),QEFF(I,J),RMRS(T,J)
ENDDO

ENDDO

655 FORMAT(1H,rL,r2,F8. 1,F7 .1,F6.3,2F7 .r,F6.3,2F7 .1,F6.3,
! 14,r3 , F6 .2 ,2F8.3 , F8 .2 ,F6. 1 , F6 .0, F6 .2 

"2F6 
.3)

C

c--------

ütRrrE(6,670)
670 FORMAT('O CROSS SECTIONS AND ANALYZING POI'ùERS '/
1' I EXC J Ppi-AV SIGO dSIGO SÏGA ',
2 ' dS]GA STGU dSIGU SIGD dSIGd 

"3 ' Ano dAno t)

C Cross section factor
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DENOM=dIIMRSxdVùSASP*TARG-N*COMP-LIVE* (RMIIOK/ 1OO . O) * (SMI'¡OK/ 1OO . O)

C Calculate cross secti-ons and analyzing powers

D0 I=1,NEXC

FI=FFI(I) ! For error correction factor
V¡RITE(7, 750) IRUN,EXC (I),NDEL (I)
750 FORMAT(',RUN, EXC, NDEL :"r4,F8.2,I5)
I¡IRITE (6 ,652)
NDELJ=NDEL (I)
D0 J=1,NDELJ

QQQ=DA¡S (pprr (r , J) ) x ( 1 .0D-30)

FNC0=CTOT(I, J)

SIG0=0 .0

dSIGO=O.0

AO=DENOM* (pROt_Up+pROT_DN) xEFFT(I , J) *RMRS (I , J) xQQQ

rF(Ao.EQ.o.o) Go ro 72

SIGO=FNCO/AO

dSIGO=DSQRT(FNCO) /AO

dSTGO=dSIGOXDSSRT ( 1 . O+FI*FNCO)

72 FNCU=CT0U(I,J)

SIGU=O.0

dSIGU=O.0

AU=DENOMXPROT-UP*EFFU(I, J) *RMRS (I , J) *QQQ

IF(AU.EQ.o.o) Go rO 74

SIGU=FNCU/AU

dSIGU=DSQRT (FNCU) /AU

dSIGU=dSIGU*DSQRT ( 1 . 0+FI *FNCU)

74 FNCD=CTOD(I,J)

SIGD=O.0

dSIGD=O.0

AD=DENOMXPROT-DN*EFFD (I , J) XRMRS (I , J) *QQQ

IF(AD.EQ.o.o) Go ro 76

SIGD=FNCD/AD

dSIGD=DSQRT (FNCD) /AD

dSIGD=dS]GD*DSQRT( 1 . O+FIXFNCD)

76 SIGA= (PDN*SIGU+PUP*SIGD) / (PUP+PDN)

dsIGA=DSQRT ( (pnNx¿SIcU) **2+ (pupxdSIGD) xx2) / (PUP+PDN)

AN0=0.0

dAN0=0.0

rF(srGU.EQ.0.0.AND.SrGD.EQ.0.0) CO T0 78
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ANo=- (SrCU-SrCn ) / (pnuxsr cu+PIJP*srGD )

dANO= lPgP+EDN) *DSQRT ( (SIGDXdSIGU) **2+ (SIGUXdSIGD) XX2) /
1 (pltrlxsIGU+PUPxSIG¡) *x2

78 CONTINUE

I,]RITE(6,680) I,EXC(I), J,PPIAV(I, J),SIGO,dSIGO,SIGA,dSTGA,

1 SIGU, dSIGU, STGD , dSIGD , ANO , dANO

680 F0RMAT(1H, 14, F8 .2,r4,F9 .2,F10. 3,F8. 3, F10. 3,F8. 3, F10 . 3, F8. 3,

1 F10.3,F8.3,F11.3,F8.3)
WRITE(7,680) I,EXC(I), J,PPIAV(I, J),SIGO,dSTGO,SIGA,dSIGA,

1 SIGU, dSTGU, STGD , dSIGD , ANO , dANO

ENDDO

ENDDO

(-

99 CONTINUE

END



Appendix E

DASS.T.WO prograrn

What follows is the TWOTRAN prograrn, DASSBS.TWO, used for the data acquisition

for experiment 8634.

PROGRAM DASSBS

!

! fncrease Max Event Size for RLAM, RSCAL dah 2t/8/94
! Re-arrange Scalers to be SASP-32, MRS-32, IBP-3x12 dah 20/8/94
! Addition of SASP,MRS angle readout in BEGINRUN. Decoded values
! stored after scaler data, and in SASPAngle, MRSAngle

! dah 3/3/94
! Program SASPBS with addition of data from MRS, as in MRSB7.

! RSTART changed to explicitly disable LAMs from MRS ADC/TDCs

! dah 9 Jan 94

! Setup for LAM to come from SASP when SASP-MRS coincidence.
! dah 19 Dec 93

!

! Changed from B=7 to B=5, to accomodate MRS in B=7 dah 14 Dec 93

! Have disabled RFE. This clobbers the delay settings needed to
! produce the pulse width defined by TRMIN and TRMAX. I/üHY was it
! in here in the f irst pl-ace??? dah 26/11./93

!

! First try at TWOTRAN to run SASP (a11 by itself) !

! Adapted from MRS_NP.TI'ü0, but r^rith Lots of Changes

!

! f am assuming (for any of you vrho are paddling around in here) that
! the branch number is 7, Crate 7 is the main SASP crate (wittr all the
! ADC's / TDC's in it) and Crate 5 is the MRS crate (run with the
! "other'r Crate controll-er - as r¡e did in CSB), which contains
! (mostly) the Polarimeter scalers
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!

I If not, it would be real1y nice to be able to just change the

! fol-l-owing Iines
!

! PARAMETER BRANCH = 7

! PARAMETER CRMAIN = 7
! PARAMETER CRMRS = 5

I

! (but unfortunately, TI'J0TRAN doesn't recognize anything as useful-

! as the PARAMETER statement)
!

! I an also assumng no LAM grader is present (just the plug on the

! back of the Crate controller), so all the ol-d messing around with
! bits in the Jorr,rav Model 75 is taken out

!

! As with standard MRS stuff, event type 1 is the Scal-er event

! Event type 2 is the main data event

!

lt<t<{<*x**xx***t{<**i<*************r<i<{<**x***t**d<{<i<i<**************

0N (il BEGINRUN,'/TYPE=l ,'/,MAXSIZE=45O) CALL RSTART

0N('IPAUSE,.ITYPE=1,'IMAXSIZE=450) CALL RPAUSE

ON(./CONTINUE,,/,TYPE=1,7.MAXSIZE=450) CALL RCONTIN

0N (%B=5 , 
./.GLAM=12 ,'|TYPE=2,'/,MAXSIZE=700) CALL RLAM

0N (%B=5,'/,GLAM=2O, ./.TYPE=3, 
%MAXSIZE=350) CALL STUPID

I ON (,{B=5 ,,I,GLÃT4=22,.ITYPE=3 , %MAXSIZE=3sO) CALL STUPTD

0N ('lB=5, I,GLAM=9 ,'4,TYPE=4, %MAXSIZE=350) CALL STUPID

0N(i4B=5,14GLAM=4,'|,TYPE=4,%MAXSIZE=350) CALL STUPID

0N('IPERI0D=so, I,TYPE=1,ÏMAXSIZE=45o) CALL RSCAL

! 0N('IPERI0D=300,./.TYPE=1,'/,MAXSIZE=250) CALL RFE

ON (,tr ENDRUN, J{TYPE=1 , %MAXSIZE=4OO) CALL REND

END

!*****i<t<*********t******,ß{<{<*d<*{<{<t(t<******t**t**t<*t<*t<t<t<********

SUBROUTINE RSTART

TNTEGER*4 NIASK / T6384/

INTEGER*4 Lt /tl
INTEGERX4 L2 /2/
TNTEGERX4 L4 /4/
INTEGER*4 L6O /48/
INTEGER*4 LI4 /T2/
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INTEGERX4 L2OO /728/
rNTEcERr4 L40000 /16384/
TNTEGER*4 L42000 / 17408/

Integerx4 LF00000/ 1 5728640 /
Integerx4 InAngle , Outangle, SASPAngIe , MRSAngle

LOGICAL SCALF

Comrnon/ angs / InAngl e, 0ut angl e

COMMON/CEV12lSCALF

! Generate inhibit on output register
CF SA ( i4B = 7,'f,C=3,'f,N=2L,'/,4=0,'f,F =20,'/D ATA=L 14 )

CFSA ('lB= 5,'l,c=4,'/,N= 19,'lA=0,'f,F =2o, 7,DATA=L 1 )

! Raise Inhibit (just for safety)
cssA ( 7.B=7,'f,c= !,|l,N=30,'/,4=9,'f.F =26)
CSSA ('/B=7,'f,C=3, /,N=30, 7,4=9,'f.F =26)

c s S A ('/B = 5,'f,C=7,'ll,N=3 0,'f, Ã=9,'f,F =26)

CSSA ('lB=5 ,'f,c=4,'1, N=30 ,'f,A=9 ,'/,F=26)

CSSA (78=5 ,'f.C=2, 
./.N=30,7,4=9 ,'l,F=26)

! create clear in crates 2 and 7 to clear scalers
I I,'le do this 5 times because we have observed "30% failure rate
! to cl-ear fBP scalers in crale 2

CSSA ('lB=5 ,'f,C=7, 
./.N=28 

, f A=9 ,'f,F=26)

CSSA (f B=5 ,'f,C=2 ,'l,N=28 ,'l,A=9 ,'l,F=26)

CSSA ( uB=S,'l,c=7,'/,N=28,'f,A=9,'l,F =26)
CSSA ( 7,B=5 ,'f,C=2, '/,N=28 , 

./.A=9 ,'l,F=26)

CSSA (f,B=S ,'f,C=7,'/,N=28 ,'l,A=9 ,'l,F=26)

CSSA ( %B=5,'l,C=2, 
t/,N=28,'l,A=9,'f,l =26)

CSSA ( %B=5 ,'l,C=7 , l/,N=28 , '/,4=9 ,'/,F=26)

CSSA (l,B=5 ,'f,c=2,'f,N=28 ,'l,A=9 ,'l,F=26)

CSSA (7,B=5 ,'f,C=7, 7.N=28 ,'l.A=9 ,'l,F=26)

CSSA (f,B=S 
"'l,C=2, l/,N=28,'/,4=9 ,'f,F=26)

! Read the angle encoders

CFSA ( |/.B =5,'l,C= 4,'l N= 1 6,'/,4=0,'f,F =0,'l DATA= InAngl e )

CALL ANGLE-DECODE

SASPAngle = OutAngle

CFSA ('/B =7 "'l,c= 
7,'l N=8,'1, Ã=0,'f,F =0, ï DATA= f nAngl e )

InAngle = InAngIe + LF00000 ! 'cause MRS gives but 5 digits, SASP 6

CALL ANGLE-DECODE

MRSAngle = 0utAngle

! Disabl-e TDC LAM

! inhibit crate 1

! inhibit crate 3

! inhibit crate 7

! inhibit crate 4
! inhibit crate 5
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CSSA (i4B= 5,'l,C=7,'/,N=!2,'l,A=0,'/,f=24)

! Enab1e Demands in Crate 7
CSSA ('/B= 5,'f,C=7, l{N=30,'f,A= Io,'/,F =26)
I Initialize TDC, ADC; enable TDC LAM

CSSA ('lB= 5 ,'/,C=7, lN=g ,'f,¡=O, '/,F=g )

CSSA (/,3=5 ,'f.C=7, 
./,N=3 

,'f.A=o, f,F=9)
cssA (./.B=5,'f,C=7,'/,N=2,'l,A=0,'lF=g)

CSSA ('I B=5 ,'/,C=7,'lN=3 ,'l,A=o,'/,F=9)
CSSA ('/B=7,'f,C=3,'/,N=15,'lA=0,'/,F=24)

CSSA (,/.B=7,'/,C=3,'/,N=16,'l,A=O,'/.F=24)

CSSA ( [3=7,'l,C=3,'f,N=!7,'l,A=o,'f,F=24)
CSSA ('/B=7,'f,C=3,'/,N= 19,'lA=0,'f,l=24)

CSSA (i4B=7,'l,C=3,'/,N= 1S,'f,¡=9,'lF=9)
CSSA ('lB=7,'f.c=3, [N=16,'f,A=o, !/,p=9)

CSSA ( ./.B=7,'l,C=3,'/,N= !7,'f,L=O,t/,F=g)

CSSA (/,3=7 ,'f,C=3,'lN=19 , 
./.A=0 

, 
./.F=9)

CSSA (ÏB=5,'f.C=7, l{N=2,'lA=0, l{F=9)

CSSA (./.B=5,'f,C=7,'/,N=3, ./.A=0, 
:/.F=g)

! Initialize and set up LeCroy 4290 system
CSSA ('lB=5 ,'f,C= , 

|/.N=20 ,'f,Ã=o,'lF=9)
CFSA ( /,3= 5,'l,C=4,'lN=20, !/,4=0,'/,F = !6, %DATA=L40000 )
CFSA ('13= 5,'f,C= 4,'f,N=2o,'/. A= O, tf,F 

= L6,'l DATA=L42 00 0 )

CFSA (/,3=5 ,'f,C=4,'/,N=19, 
./.A=O 

,'/,F=2O, %DATA=L4)

CSSA ('lB=7,'f,C=3,LN=22,'lA=0, ll=9)
CFSA (./.B=7,'/,C=3,'l,N=22,'f,¡=9,'l,F=76, %DATA=L4o000)

CFSA ('lB = 7,'f,C=3,'f,N=22,'f A=0,'f,F = 16, i4 DATA=L4200 0 )

CFSA ( /,3=7,'l,C=3,'/,N=2!, ./.A=o,'l,F=20, 
l(DATA=L2oo)

! Enable LAM

CSSA ( ./.B= 5,'f,C=7,'/,N= 72,'/,A=0,'l,F=26)

! Send clear pulse on output register on B=5

CFSA ( .lB= 5,'f,C=4,'/,N= 1 g,'lA=0,'l,F=2o, j{DATA=L2 )

CFSA ('/B = 5,'/,C= 4,'/,N= 1 9,'1, A=o,'l,F =22,'/DATA =L 2 )

! and on B=7

CFSA ( /,3=7 ,'l,C=3 ,'/,N=2I, '/,4=o ,'f,F=2o, 
,IDATA=L60 

)

CFSA ('13=7 ,'/,C=3 ,'/,N=27, J{A=g ,'f,F=22, %DATA=L60)

! Drop Inhibit
CSSA ('/B=5 

"'l,C=7,1{N=30, 
./.A=g ,'/,F=24)

CSSA ('13=5 ,'f,C=4,'fN=30 ,'f.A=g ,'f,y=24)
CSSA ('/3 = 5,'f,C=2,'/,N=3 0,'f, A=g,'l,f =24)

! cl-ear TDC's

! cLear ADC's

!disabl-e MRS LAMs

! clear TDC's

! clear ADC's
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CSSA ('lB=7,'f,c=I, lN=30,'f.A=9,'l,F=24)

CSSA ('lB=7 ,'f.c=3, 'lN=30 ,'l,A=9 ,'l,F=24)
! Send no inhibit on output registers
CFSA (./.B=7 ,'f,C=3 ,'f,N=27 ,'l,A=0 ,'l,F=22, .fDATA=L14)

CFSA ('/B=5,'f,C=4,'/,N= 19, !/.A=0,'f.F =22, ./.DATA=L 
1 )

! Read scalers
SCALF = .TRUE.

CALL RSCAL

STORE SASPAngte ! tack the decoded angles on after the scalers
ST0RE MRSAngle

FLUSH

RETURN

END

! * x * x x x x * * * * * * * * * * * * * * * * * ** * * * t< * t<t< * * x x * * t* * * * * * * t * t x * x x* * * r< * t(

SUBROUT]NE RPAUSE

INTEGER'I.4 L7 /7/
INTEGER*4 L74 /72/
! Generate inhibit on output registers
CFSA ('13=5,'/,C=4,'lN= 1 9,01, L=o,'/,F =2o, .fDATA=L 

1 )

CFSA ( o/.B=7,'f,c=3,'f,N=27,'f,A=o,tf,F =2o, ./.DATA=L 14)

! Raise Inhibit
csSA ('lB=5,'l.C=7,'fN=30,'/,A=9,'l,f =26)
CSSA ('/B=5,'/,C=4,'lN=30, !/,4=9,'/,F=26)

CSSA (./.B=5 ,'f,C=2, 
./.N=30 

,'f.A=9 ,'f,F=26)
CSSA (ofB=7,'f,c=3,'lN=30,'l,A=9,'f,F=26)

CSSA ('/B=7 ,'f.C=!,,{N=30 ,ol,A=9 ,'l,F=26)
! read scalers
CALL RSCAL

FLUSH

RETURN

END

! X X X X * X * * * * i< * t * * * * * * * * {< * * *X t X X X X XX * * * * * * **tt,f< t * ** * * * * * ** * X t t X

SUBROUTINE RCONTIN

INTEGER'I.4 L2 /2/
INTEGER*,4 L7 /tl
INTEGERT4 L4 /4/
INTEGER*4 LT4 /72/
TNTEGERX4 L6O /48/
TNTEGER*4 L200 /t28/
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INTEGER*4 L4OOOO /T6384/
TNTEGER*4 L42000 / 77408/

! Disable TDC LAM

CSSA( j4B=5 ,'f,C=7 ,'f,N=72,'lA=0 ,'l,F=24)

! CLear TDC, ADC

CSSA (./.B=5 ,'f,c=7 ,'f,N=2 ,'f,A=o, 
./.F=9)

CSSA (,/,B=5,'f,C=7,'lN=3,'f A=0, i{F=9)

CSSA (,/.B=5 ,'f,C=7,'lN=g ,'lA=0 ,l{F=9)

CSSL ( JIB=S ,'f,C=7 ,'l,N=!2 ,'f,L=o, '/,F=9 )

CSSA ('lB=7,'f,c=3,'/,N= 1 5,'1, A=o,'/,F=9 )

CSSA (7.B=7, f,C=3 ,l/,N=16 ,'f,A=o,'lF=9¡
CSSA (./.B=7 ,'l,C=3 ,'/,N=t7,'lA=0 ,'f,F=9)

CSSA (.fB=7 ,'l,C=3,'/,N=19 , 7.A=0 ,'/,F*g)
CSSA ('lB=7,'f,C=3,'l,N=22, %A=0,'/,F=9 )

! Set up LeCroy 4290 system

CSSA (./.B=5,'f,C=4, J{N=20,'lA=0,l{F=g)

CFSA (7.B=5,'l,c=4,i{N=20,'1,Ã=0,'l,F=76, 7,DATA=L40000)

CFSA ( 7,B = 5,'l,C= 4,'/,N=2 0,'/,4= O,'f,F = L6,'l DATA =L42000 )

CFSA ( j{B= 5,'l,c=4,'/,N= 19,'lA=0,'f,F=2o,'IDATA=L4)

CSSA ('lB=7,'f,C=3,'f,N=22,'f,A=O,'/,F=9 )

CFSA ( ./.B 
=7,'l,C=3,'f,N =22,'1, A= O,'l,F = !6,'l DATA =L4000 0 )

CFSA ( i{B= 7,'l,C=3,'l,N =22,'/,4=0,'f.F = L6, 1(DATA=L4200 0 )

CFSA ( i{B=7,'l,C=3,'f,N=27,'lA=0,'f,F =20, %DATA=L2OO )

! Enable TDC LAM

CSSA ('lB=5 ,'f,C=7 ,'l,N=I2 "'/,A=0 ,'/,F=26)
! Send clear pulse on output register
CFSA (7,B=5 ,'f,C=4,./.N=tg ,'/,A=0 ,'/,F=2o, %DATA=L2)

Cf SA ( ,¿B= 5,'l.C=4,'/,N= 1 9,'f A=0,'/,F =22,'IDATA=L2 )

! Drop Inhibit
CSSA (./.B=5 ,l,C=7,'lN=30 ,'f,A=g ,'l,F=24)
CSSA ( 7,B = 5,'f,C= 4,'/,N= 3 0, t/,4= 9,nl,F =24)
CSSA ('lB=5 ,'f,C=2, !/,N=30, f,A=9 ,'f,F=24)
CSSA ('lB=7,'f,C=1, !{N=30,'f,Ã=9,'l,F=24)

C S SA ('/3 =7,'f,C=3,'/,N=3 0,'f, A=9,'/,F =24)
! Send no inhibit on output registers
CFSA ('lB=5 ,'l,C=4,'/lV=tg ,'/.A=o ,IF=22, j{DATA=L1)

CFSA (.fB=7 ,'l,C=3 ,'l,N=2! ,'f,A=O ,'/,F=22, %DATA=L14)

! Read scal-ers

CALL RSCAL
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RETURN

END

!*x*xxxx******xx**************t<***t***{<{<{<f<*********{<**{<***+***

SUBROUTINE RSCAL

TNTEGER*4 177440 /7968/
INTEGER*4 L7 /Tl
! Flags to keep track of whether there are things other
! than scaler events happening.

! SCALF is set .FALSE. by scalers, .TRUE. by LAM events.
! If it is .FALSE. on entry to scaler events (indicating two

! successive scaler events), the buffer is fl-ushed.
! This forces updating of scaler page.

LOGICAL SCALF

LOGICAL OLDSCF

COMMON /CEV12/ SCALF

I

0LDSCF = SCALF

SCALF = .FALSE.

! Set up scalers read
cF SA ('/B =5,'l,c=7, l(N=4,'/,4=0,'f,F = 16,'/,D AT A=I 17 44o)

! Read C=7 32-channel- scaler
CFQIGNORE (i{S=S ,'l,C=7,'lN=4, 

./.A=0 
,'f,F=2 ,'l,R=32)

! then read MRS scalers
CF SA ( l,B =7,'l,c=3,'f,N= 14,'1, A=o,'f,F = 16,'IDATA= I 1 7440 )

! Read C=7 32-channel- scaler
cF Q I GN 0 RE ('/,8=7,'/,C=3,'l.N = !4, l{ A= 0,'f,F =2,'l,k=32)
! Not^l read IBP scalers from Crate 5

CF S CAN ( '/.B = 5,'l,C=z,'/,N=8,'f, A= O,'f,F =O,'l,R= t2)
cFScAN ('lB=5 ,'l,C=2, 

t/,N=g 
,'f.A=O ,'f,F=o ,'/,H=I2)

CFSCAN ( .lB 
=5 "'l,C=2,'l 

N= 1 O, l{A=0,'l,F =O,'1,È= 12)

! Mark buffer to be analyzed regardless
MUSTPROCESS

TF (OLDSCF) GOTO 10

FLUSH

10 RETURN

END

! read 32 scalers

! read 32 scalers

! read 12 IBP scalers
! read t2 Ï.BP scal-ers

! read 12 IBP scalers

! * * * * t X X X * * *,t< * * * t * * * * * * * * ** * * X * *** * * * *X *tt* * * * * t<t< * * X*X*** * * * *

SUBROUTINE RLAM

TNTEGER*4 LI /7/
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INTEGERX4 L2 /2/
INTEGERX4 L3 /3/
INTEGER*4 L4 /4/
INTEGER*4 L2OO /728/
! This identifies various types of events (to allor"r for mixed

! MRS / SASP / DASS experiments later on

! 0n1y ïFSASP is used so far
INTEGERX2 IFMRS/1/

INTEGER*2 IFSASP/2/

INTEGER*2 TFDASS/3/

LOGICAL SCALF

COMMON /CEV72/ SCALF

SCALF = .TRUE.

!

STORE ]FDASS

! MRS part of DASS event
! Read DCR

CFSA ('lB=7,'l,C=3,'/,N= 18,'l,A=o,'l,F=2)

I Read TDC

cSScAN ( ./.B =7,'/,c=3, l{N= 1 s,'f,A=o,'f,F =o, !/,R=g )

! Read ADC

CS S CAN ( :{B =7,'/,C=3, !/,N= 1 9,'f. A= O,'f F= O,'f,A= 12)

! Read ADC

cSScAN ('l B =7 ,'/,C=3 ,'/,N=77, !/,4=0 , J4F=O ,'lR=3 )

! Read ADC

CSSCAN ( i{B =7,'l,C=3, /,N= 1 6, ./.A=0, o/,F=O,'/,R=3 
)

! Cl-ear TDC, ADC's

CSSA (./.B=7 ,'LC=3,'/,N=15 ,'/,4=O ,'/,F=9)

CSSA ('lB=7,'l,C=3,'l,N= 16,'l,A=0,'lF=g )
CSSA ('13=7 ,'f,C=3 ,'f,N=tT ,'1,Ã=o,l{F=s)
CSSA ('/B=7, 7.C=3, /,N= 1 9,'f,A=o,'/,F=9 )

! Drift chamber data out through 4299

CS Q ST 0P (ol,B=7,'f,C=3,'f,N=22,'/, A= 7,'/,F =2, I R= 1 1 0 )

!

! clear 4299

CSSA (7.B=7 ,'l,C=3 ,tf,N=22,'fl=o ,t/,f=LI)
! end of MRS part

! SASP event
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! Response to LAM from TDC in sl-ot 12

! Disable 4299 clear
CFSA ( [3= 5 ,'f.C=4 ,i{N= 19 ,'f.A=O ,'f,F=22, '/,DATA=L4)

! Read DCR (16 bits)
CSSA (lB=5 ,'/,C=4,'ltu=t¡ ,'f.Ã=o ,'f,F=2)

! Read TDC's

CSSCAN ( ./.B 
=5 ,'l,C=7 , 'lN=g , l4A=0 , 'lF=o , 'lR=g )

C S S CAN ('/B =5,'/,C=7,'/, N= 1 2,'f, A=O,'f,F =o,'/,R= 8 )

! Read ADC's

CSSCAN ('/B =5 ,'/,C=7 ,'l,N=2, 'lA=0 ,'f,F=o ,'1,fl=I2)
CSSCAN (i4B =5 ,'/,C=7 , 

o/,N=3 
,ol,A=0, !(F=O ,'f,fu=72)

! crear TDc, ADc (r assume cl-ear on the Output register d.oes this, so why

! waste the time)
CSSA ( ./.B=5 

,'f,C=7 ,IN=2, J{A=O ,'lF=9 )
CSSA ('lB=5,'l,c=7,'/,N=3,IA=0, f, F=9)

CSSA (7B=5 ,'f,c=7,'/,N=g ,'f,Ã=o, i/,F=9)

CSSA ('/B=5 ,'l,C=7 ,'/,N=12 ,'l,A=o ,l4F=9 )

! Send clear pulse on output register
CFSA ( j{3= 5,'f,C=4,'/,N= 1 9,'lA=O,ol,F =20, 1( DATA=L2)

CFSA ('lB= 5,'f,C= ,?lN= 1 9,'f A=0,'f,F =22,'IDATA=L2 )

!

! Drift chamber readout via 4299

CS Q ST0P ('lS = S,'f,C= 4,'l N= Z O,I A= 7,'f,F =2,'/,ft = 1 1 0 )

!

! enable 0/P REG 4299 cl-ear, and cl-ear it
CFSA ('lB= 5,'f.C=4, o/,N= 

1 9,'/,4=0,'l,F =20, TDATA=L4)

CSSA ('/B=5,'f,C=4,'llv=zo,l(A=0,TF=11)

RETURN

END

! ****x*****x******x*****x*****xx*****x****x********x*********
SUBROUTINE REND

INTEGERX4 L7 /7/
INTEGER*4 L74 /72/
INTEGERX4 LCHT /2/
! Generate inhibit on output registers
CFSA ('13= 5,'l,C=4,i4N= t g,'f,A=O,tf,F =20, %lltl=L t )
CFSA ('/B=7 ,'f,C=3 ,'lN=27 ,'f,A=O ,'l,F=2O, 'IDATA=L 14)

! Disable LAM

CSSA (./.B=5,'f,C=7,'f,N=12,'l,A=O,'/,F=24)
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I Raise ïnhibit
CSSA ('/B=5 ,'l,c=7, ./.N=30,'/,4=g ,'f,F=26)
CSSA ('/B=5 ,'l,C=4, /,N=30, f,A=g ,'l,F=26)
CSSA ([3=5 ,'l,C=2,'lN=30 ,'f A=g ,'l,F=26)
CSSA ('lB=7 ,'f,c=1, l{N=30 ,'f,L=9,'f,F=26)
CSSA ('/B=7,'f,C=3,'lN=30, ./.A=9,'f,F=26)

! Read final scaler values
CALL RSCAL

! Clear TDC, ADC, 4290

CSSA ('lB=5,'f,c=7,'l,N=2,'f,A=o,'lF=g)

CSSA ('13=5 ,'f,C=7,'/,N=3, 7.A=0 ,'l,F=g)
CSSA ('/3= 5 ,'l,c=7 , '/,N=g , %A=0 , '/,F=g )

CSSA (./.B=5 ,'/,C=7 ,l,N=72, J{A=o,'lF=9)

CSSA (./.B=5 ,'f,c=4,'/,N=20 ,'lA=0, J{F=g)

CSSA (7,B=7,'f,C=3,'lN=15,'f,L=o,'lF=9)

CSSA ('13=7,'f,C=3,'lN=16,l,A=o, l/,F=9)

CSSA (7,8=7,'.1,C=3,'/,N=77,'l,A=0,'/,p=g )

CSSA ('/3=7,'f,C=3,'/,N=19, l4A=0,'lF=9)

CSSA (%B=7,'l,C=3,'l,N=22,'l,A=O,'/,F=9)

RETURN

END

SUBROUTINE STUPTD

RETURN

END

!

! SUBROUTINE RFE

! CSSA (7.S=S ,'l,C=7,7.N=8 ,'/,A=7 ,'l,F=!6,7,DATA=o)

! CSSA ('/S=S ,'f,C=7,'lN=B ,'/,A=B ,'l,F=L6,I4DATA=O)

! CSSA (.fs=s,'l,c=7,t/,N=8,'1,Ã=g,'/,F=16,./.DATA=o)

! CSSA (%S=S ,'l,C=7,'/,N=8 ,'|,A=IO ,'l,F=76, ./.DATA=o)

! RETURN

! END

!

SUBROUTÏNE ANGLE-DECODE

Integerx4 InAngle, [utAngle,tmp,scr
Common/ angs / InAngl e, OutAngle

! Accept complementary BCD, return decimal val_ue

scr=ïnAngle
n,,+ 

^--1 ^-^u u uäIlBf E-v
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Do 20 j=1,5 ! 5 digits
tmp - scr/16
fmñ = <.r - 1Â*+-- rmP

tmP=15-tmP
Do 10 ¡=1,j

fmñ = I ô*l-nn
"-^l.

10 Continue

OutAngle = OutAngle + tmp/10

scr = scr/76
20 continue
Return

End



Appendix F

USILQ Subroutine

The user routine USRQ, given below, was used to calculate the MRS and SASP focal plane

acceptance and the SASP pion survival efficiency during of-line analysis.

SUBROUTINE USRQ (EFFVECTOR,BMRS,RDEL,BSASP,SDEL)

C Subroutine USRQ.FOR, for calculating MRS focal plane acceptance,
C SASP focal plane acceptance, and the SASP pion survivaf efficiency.
C I'ü.R. Fa1k, May 5, 1995

C NOTE Select appropriate orientation of FPP: M=1 (Correct),1v1=2 (Ì,ürong)

C ÏNPUT: BMRS,RDEL,BSASP,SDEL

C OUTPUT: EFFVECTOR(O)=R-ACC,The MRS focal plane acceptance
C EFFVECTOR(1)=S-ACC,The SASP focal- plane acceptance
C EFFVECTOR(2)=SURVIV The SASP pion survival fraction
C EFFVECT0R ( 3 ) =R-ACCxS-ACC*SURVIV

c

REAL*4 EFFVECTOR(0 : 3),BMRS,RDEL,BSASP,SDEL

C 1. Parameters for MRS ACCEPTANCE vs. RDEL for the correct orientation of
C FPP cage. The Central Ray @ 76475 is assumed for the RDEL cal-c's.

DATA R1A, R2A, R3A, R4A, RsA,H6A/ 7. 0005, 7 . 843328-03, - 1 . 96837E-03,

1 -7 .774798-07 ,-9 .356928-05 ,7.996928-06/

C 2. Parameters for MRS ACCEPTANCE vs. RDEL for the lrrong orientation of
C FPP cage. The Central Ray @ 16475 is assumed for the RDEL calc,s.
c

DATA R1B, R2B, R3B, R4B, RsB, R6B/1 . OL72, -3 . 145318-03, - 1 . 543848-02,
1 3.00655E-03,-7.622068-05,-1.56994E-05/
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C

C 3. Parameters characterizing the SASP effective pion length.

DATA AA,AB,AC,AD/906.60,-1.3081,3.85717E-03,-3.64865E-06/
DATA BA, BB, BC,BD / - 7 . 6247,2 . 59342E'- 02, -3. 79387E-05, 1 . 62509E-08/
DATA CA, CB, CC, CD / 0. 18867, - t . 32423I'-03, 4 . 58248E-06, -5 . 422838-09 /
DATA DA,DB,DC,DD /9.48187E-03, -4. 89838E-05, 1. 10364E-07,

1 -8.s79798-rt/
DATA EA,EB,EC,ED / -7. 75380E-03,1 .204658-05, -4 .27427V,-08,
7 4.772868-77/
DATA FA, FB, FC, FD/s . 129618-05, -4.01958E-07 ,I.45585E-09,
1 -1.62380E.-72/
c -------

C MRS ^A,cceptance
C PMC is the MRS central momentum

PMC=80.357*BMRS ! MRS central momentum (MeV/c)

X=RDEL

R-ACC=O.0

C Select appropriate orientation of FPP: M=1 (Correct), NI=2 (Wrong)

ft- z

G0 T0 (72,74) ,t4

12 IF(RDEL.LT.-8.5.OR.RDEL.GT.8.5) GO TO 16

R_ACC = RLA + R2A*X + R3A*X**2 + R4A*X**3 + RSA*X**4 + R6A*Xxx5

G0 T0 16

14 rF(nnrr.LT.-s.s.0R.RDEL.GT.9.0) c0 T0 16

R_ACC = R1B + R2B*X + R3B*Xxx2 + R4B*X**3 + R5B*X**4 + R6B*X*,*5

16 CONTINUE

c --------
C

C SASP Acceptance {File: IFALK.DASS.SASP]SASP_ACC.]

C Fit parameters for the SASP acceptance using pp->dpi+ data and.

C my pion survival correction, May 8, 1g9S

S-ACC=0.0

c IF(S¡Sr.LT.-16.0.0R.SDEL.GT.20.0) G0 T0 2s

X=SDEL

S-ACC = 1.0025 -4.834428-03xX- 7 .2429O8-O4*X**2
1 + 3.065178-05*Xr,*3 -7.779748-06*Xx*4 + 2.329548-O7xxxx5
25 CONTINUE
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c -------
c

C Parameterization of the SASP effective pion length.
C PSC is the SASP central momentum

PSC=50.31I*BSASP ! SASP central momentum (MeV/c)

A = AA + AB*PSC + ACXPSC*I2 + ADXPSC**3

B = BA + BBIPSC + BC*PSC**2 + BDXPSC**3

C = CA + CB*PSC + CC*PSC'I.I2 + CDXPSC**3

D = DA + DB,I.PSC + DCXPSC**2 + DD*PSC**3

E = EA + EB*PSC + EC*PSC**2 + ED*PSC**3

F = FA + FB*PSC + FC*PSC*+2 + FD*PSC**3
(1.

SURVIV=O.0

IF(SDEL.LT.-16.O.OR.SDEL.GT.20.O) GO TO 35

EFF-L=A+B*SDEL+C*SDEL* *2+DXSDEL**3+EISDEL**4+FxSDEL**5

c

TAU-C=780.4 ! Pion decay length (cm)

ps=pscx(1.o+SDEL/100.0) I pion momentum

SURVIV=EXP((-139.S7*EFF-L)/(TAU_C*PS)) ! Pion survival fraction
35 CONTÏNUE

c --------

RSEFF=R-ACC*S-ACC*SURVIV ! Composite eff iciency
EFFVECTOR(O)=R-ACC ! The MRS focal plane acceptance
EFFVECT0R(1)=S-ACC ! The SASP focal plane acceptance
EFFVECT0R(2)=SURVIV ! The SASP pion survival fraction
EFFVECTOR(S)=RSSff I The composite efficiency
c

RETURN

END

c -------
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E634 T\IOVA OPSEQ

The NOVA OPSEQ used for E634 off-line analysis follows.

IF ($EVENTTYPE==1)THEN

EVAL RATES

OUTPUT $RAI'I

INCR HBEAM BY I-NA

IF (IPOLUP>O)THEN

]NCR HPOLUP

ENDIF

IF (IP0LDI'il>0)THEN

ïNCR HP0LDI,]

ENDIF

INCR HACCUPL BY IACCUPL

INCR HACCUPR BY IACCUPR

GOTO $END-OPSEQ

ENDIF

IF ($EVENTTYPE==2)THEN

OUTPUT $RAW

]F (DELCUT)THEN

INCR HDPB

IF (MTESTCNT)THEN

ENDIF

INCR HMPID

IF (MMI,ù0K)fHfitl

ÏNCR HMPID-OK

ENDIF

IF (Ì,IMI'üOK1)THEN

ENDIF

IF (MXOYO)THEN
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ÏNCR HMXFl

INCR HMX1YO

ENDIF

IF (MPID-DEUT)THEN

INCR HMDIAG

INCR HMTIME

INCR HMPOS

INCR HMXOYO

INCR HMCH

IF (MEFFXY)THEN

ENDIF

]F (MEFFXO)THEN

ENDIF

IF (MEFFYO)THEN

END]F

IF (MEFFXU)THEN

ENDIF

IF (MEFFXI)THEN

ENDIF

IF (MEFFUI)THEN

ENDIF

IF (MEFFX2)THEN

ENDIF

TF (MEFFU2)THEN

ENDIF

IF (MMI,ü0K2)THEN

END]F

]F (MMI,]OK3)THEN

ÏNCR HMPHT

INCR HMXÏ

TNCR HMYÏ

INCR HMTH-TGT

INCR HMPH-TGT

]NCR HMTH-VDC

INCR HMPH-VDC

]F (MXFCALC)THEN

IF (MXOYO)THEN

INCR HMXFYO

]F (MTHTCUT)THEN
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IF (MPHTCUT)THEN

]F (MXICUT)THEN

IF (MYICUT)THEN

rNCR HMXF2

EVAL MTGTVECTOR

EVAL MVDCVECTOR

EVAL RXFKC

INCR HMXFKC

IF (MOPT-COND)THEN

IF (M0PTIMIZE==! | M0PTIMIZE==1 1 ) THEN

EVAL MRUNSUMS

INCR HMXFKOPT

ENDIF

IF (M0PTIMIZE==2)THEN

EVAL MNEI,üCOEFS

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDÏF

ENDIF

END]F

ENDIF

]NCR HSPID

ÏNCR HSPID-RF

IF (LPDO)THEN

INCR HSTRFPDO

ENDIF

IF (LPD1)THEN

INCR HSTRFPDl

ENDIF

IF (LPD2)THEN

]NCR HSTRFPD2

ENDIF

TF (LPD3)THEN

INCR HSTRFPD3

ENDIF
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IF (LPD4)THEN

INCR HSTRFPD4

ENDIF

IF (LM!IOK)THEN

INCR HSTRF-OK

END]F

IF (LPTD-PION)THEN

EVAL SRMATRIX

EVAL SXFVECTOR

INCR HSTHPH

INCR HMADC

ÏNCR HSADC

INCR HSTDC

INCR HSDIAG

TNCR HSTIME

TNCR HSPOS

INCR HSANGLE

INCR HSXFXI

]NCR HSCH

IF (LEFFXU)THEN

ENDIF

IF (LEFFXI)THSN

ENDIF

IF (LEFFUI)THEN

ENDIF

1T (LEFFX2)THEN

ENDÏF

IF (LEFFU2)THEN

ENDIF

IF (LMI,IOK1)THEN

INCR HLTMRS-ALL

IF (MPIDBAD)THEN

TNCR HLTMRS-BAD

ENDIF

INCR HSYI

INCR HSX]

TNCR HSTH-TGT

INCR HSPH-TGT

INCR HSTH-VDC
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INCR HSPH-VDC

ÏNCR HSXKPH

INCR HSXFYI

INCR HSTHX

INCR HSX2ES

INCR HSXlES

INCR HSXFA

IF (LXFCALC)THEN

INCR HSXFYO

INCR HSXFTHX

IF (LTHTCUT)THEN

IF (LPHTCUT)THEN

IF (LYICUT)THEN

ÏNCR HSXF

EVAL LTGTVECTOR

EVAL LVDCVECTOR

EVAL SXFKC

INCR HSXFKC

IF (LOPT-COND)THEN

IF (LOPT]MIZE==\ I LOPTIMIZE==1 1) THEN

EVAL LRUNSUMS

ÏNCR HSXFKOPT

ENDÏF

IF (LOPTIMIZE==2)THEN

EVAL LNEI,ICOEFS

ENDIF

ENDTF

END]F

ENDIF

ENDIF

INCR HSXF-I'üIDE

ENDIF

ENDIF

ENDÏF

IF (MM!üOK4)THEN

END]F

]F (MEANTCUT)THEN

EVAL EFFVECTOR

IF (RSEFF-=O.00)THEN



153

IF (MEVENT-OKI)THEN

IF (MXO11)THEN

ENDIF

IF (MXO12)THEN

END]F

IF (MXO13)THEN

ENDIF

TF (MYO11)THEN

ENDIF

IF (MYO12)THEN

ENDIF

rF (MYo13)rUnU

END]F

IF (MXOYOI)THEN

ENDIF

IF (MXOYO2)THEN

ENDIF

rF (MXoYo3)THEN

ENDIF

ENDIF

IF (LEVENT-OKI)THEN

IF (LTHTCUTI)THEN

ENDIF

IF (LTHTCUT2)THEN

ENDIF

IF (LTHTCUT3)THEN

ENDIF

IF (LPHTCUTI)THEN

ENDIF

IF (LPHTCUT2)THEN

ENDÏF

IF (LPHTCUT3)THEN

ENDIF

IF (LANGCUTI)THEN

ENDIF

IF (LANGCUT2)THEN

ENDIF

IF (LANGCUT3)THEN

ENDIF
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ENDIF

IF (MEVENT-OK)THEN

IF (LEVENT-OK)THEN

INCR HX1CORR

TNCR HMXlSXl

INCR HMXFSXF

INCR HLTMRS

ÏNCR HDRMASS

]NCR HSDEL

]NCR HSTH-DRMASS

ÏNCR HSPH-DRMASS

ÏNCR HRTH-DRMASS

INCR HRPH-DRMASS

INCR HSPID-RFC

IF (LTMRS-P)THEN

INCR HDRMDEL-T

INCR HDRMDEL-N

INCR HDRMDEL-NC

INCR HDRMDEL-NE BY RSEFF

INCR HDRMDEL-NEC BY RSEFF

ÏNCR HSDELRACC BY R-ACC

INCR HSDELSACC BY S-ACC

INCR HSDELSURV BY SURV]V

ÏNCR HDRMASS-P

IF (SPIN-UP)THEN

INCR HDRMDEL-U

INCR HDRMDEL-UC

INCR HDRMDEL-UE BY RSEFF

INCR HDRMDEL-UEC BY RSEFF

INCR HDRMASS-PU

ENDIF

IF (SPIN-D0I,¡N)THEN

INCR HDRMDEL-D

INCR HDRMDEL-DC

ÏNCR HDRMDEL-DE BY RSEFF

ÏNCR HDRMDEL-DEC BY RSEFF

]NCR HDRMASS-PD

ENDIF

ENDIF
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TF (LTMRS-R)THEN

ÏNCR HDRMDEL-R

]NCR HDRMDEL-N BY -1.OOOOOO

INCR HDRMDEL-NE BY NEG-RSEFF

]NCR HSDELRACC BY NEG-R-ACC

INCR HSDELSACC BY NEG-S-ACC

INCR HSDELSURV BY NEG-SURVÏV

INCR HDRMASS-R

IF (SPTN-UP)THEN

INCR HDRMDEL-U BY -1.OOOOOO

INCR HDRMDEL-UE BY NEG-RSEFF

INCR HDRMASS-RU

ENDIF

IF (SPIN-D0l'lN)THEN

INCR HDRMDEL-D BY -1.OOOOOO

INCR HDRMDEL-DE BY NEG-RSEFF

INCR HDRMASS-RD

ENDIF

ENDIF

ENDÏF

ENDÏF

ENDIF

ENDIF

ENDIF

ENDIF

EOF


