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lwo pairs of large area(Bgcm2 and 52Ocm2) scÍntil-
lation counters vrere eonstructed to d.etect protons havi-ng

energies in the ra,age Tmev to 50mev. Soue oJ the pr-opertles

of the photomultipliers aad base circuits which were used. with
th.e counters,vrere stud.1ed. iu. order to obtaln su-itable pulse-
beights and. pulse.shapes for use ín experiments involving a

wire cha.mber spectrometer. In all of the eounters stud.ied the

pulseheights \trere dependent on the position at which the

protons eutered. the scinti1-}ators, and. tlris had the effect of
d.ecreasing the energy resolution. B)' finding the d.istributÍon
of pulseheights across the face of the seintillators it lvas

possj.ble to form a set of calÍbration pcints rvhlch v,rere used.

along w1th position inforrnation obtained from the wire chambers

to eorrect for this pulseheight non-u:rifor-mity" The energy

resol-utio¡rs at 47wev , with collinators at the eentræ of the

sciatil-l-ators, were I.gf'for the smaller of the two pairs of
counters and 3.5/" for the larger. From prelininary d.ata obtained.

with the larger pair of eounters it was possible, using the method

d.escribed. ahove, to inprove the uncollinated. enerry resolutions
by a faetor of three from lSy'" to 6fo.
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fh.e object of thi-s rlrork was to construct a¡rd test
two pairs of scintillator-ph.otouruJ"tiplíer assemb-Iies -for use

in a wire cha¡ober spectrometer 1) . The spectrometer ivas

desígned. and eonstirrcted. to study sone (Br 2p) reactions aõd.

ln: particr¡J-ar the protou=proton bremsstrahlu¡rg process. Its
nain: ad.varr:bage over other, üore cornmonly used. meth.od.s for
d.ata eollectj-on i.s that it subten.d.s a veïy large sol-id angle

(between, .1 and ;2 sterad.ians) at the target rvhile at the

saüe tj-me naintajsrs verlr good enguJ.ar resolutiou. The energies

of the outgoing partlcles are measured. iu a pair of scintíl-
lation eounterE r.Èieb'are also useð to sel-eet the e.¡ents of
laterest and to initiate the triggering of the w:lre chambers.

As a resuLt of the large sol.id. angles enployed., J-arge area

( +Oo "^2 ) sciirtíl1-ators vrere required..

lhe distance the light has to travel from the poÍnt of
scintilLatlon to the photoeathod.e of the photomultiplier in seintil-
lators of the above size is generatly very long and., consequently

the absorptlon of light w:iIl d.ecrease the resolution, This

effeet w'i1L be redueed. by plaeing the photonultipller close to
the seintil-lator. A¡rother, nore i-nrportant effect ís the d.ecrease

1n the overall resolutj-on eaused by the variation ia puJ-se-

height fron d.ifferent positions in the sclntillator. Tt is
for thè above reasons that tv¡o pairs of cowrters were



2-

constructed.. ïn the case of the first palr, or smal-l- aolrrtt""r,

the seintillators 10.6 crn. in dia.meter and. 2,7 crl. thick are

attached. d.irectly to the photocathodes of five inch photo-

nultipliers while in the second pair, or J.arge counters,

scintillators 22,8x22,8x2.5 clro are viel¡ed from tbp a¡td

bottom sid.es by trvo five Ínch photomultipliers through 30.5

cn. long light pipes. In both the srnall and large corrnters

the pulseheight depends on the position at r,¡hich the scinti-I-

lation takes place. In the,smalL.cor.urter this position

d.ependence is d.ue mainly to photocathod.e non-unÍfo:mities

wh.ile in the large counter it is d.ue mainly to 1í8ht absorptlon

ín,the scíntillator. As the precise measurement of the energies

of the particles is of great Ímportance tre have trled to

inpro"¡e t¡.e rese].uticn cf the couu.ters by ccrrccting thc

pulseheigbt non-u:lifonnity using the ínfo:matíon frou the '¡rire
eha.mbers,

The uaj¡r features of the spectroneter are shov¡r ín

Flgure 1" Tn the case of a gaseous target the reaction

volune j-s defj.ned by two sets of baffles 1n the forward.

d.lrection aü.d by the bea$ profíle in the other two directions"

llhen a nuclear reaction takes place the tr{o outgoing charged

particles rvhÍch are to be observed pass through a pair of
wíre cha¡nbers ancl are detected. ín scinti-Ll-ators Sl and 52

rvlrere their energies are measured.. If the particles satisfy
the coincldence requi-renent and. their energ:Íes are in the

desired. ra,nge, the rvire cha¡nbers are sparked and infomation
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3ígure 1

Diagramatica.L representation of -the spectrometer shotrlng

seattering chamber, wire chambers WSCI to ÌlSC4r and. sci¡rt11-

lation counters 51 and 52. fllne cha¡nber is filled with the

gas to be studied (hyarogen j-n the ease of the proton-proton

bremsstrahlung experiment) at atuospheric pressure. Propane

a¿rd. heL:-t¡o jaclcets are used. to separate the heliuü-neon

mixture of 'bhe rvire cha¡nbers fron the target gas a¡rd to

d.ecrease muJ-tlpJ-e scatteríng. Tt¡o sj-zes of scintlllation
eounters are shown, a snalI. one J0.6 cn j¡r diameter and

2.5 cm thick (aottea J-Íaes), a¡rd a l-arge one 22"8 22,,8-2,5

cm (h.earry lines). The thichrress of the wire eha¡ubers (6.2 mm)

is not shown to scal-e, and. the d.istaace separating them Ís

only approxinate.

:

Jr' :
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yieldlng their position is subsequently read into two on-line
eonputers (p¡f-9 and IBl.f 560/65). The pDp-g computer, after
decod.ing this jnfonnation, calcu-Lates the sparlc co-ordin.ates,

the trajeetories of the partfe3-es, and. cieterrnj-nes v¡hether or
not they forr a vertex lfrng vrlthin the reactfon ìoLume, f f
they do, the event is accepted and. the pr:.lseheights and track
co-ord.inates are transferred to the large computer (rnu 560/65)
'vrhere the pulseheights are correeted. for the non-unlfornolty
a¡rd, a conplete lcinematic analysis is perforaed.

The requirenents of the scj:ttÍll-atlon coünters in
experiments using the above ¡nentioned. w'ire chamber spectrometer

are (l) fast timing inforration to spark v¡ire chambers and. (z)

pulseheigh.t j&fo:rnatfon for energy measurements, The tlming
nrl'l ço i c .|.aJza- ft^* *-ìr: nn¡rã¿= .t.o {-'l:¿ ..1,t+-v -*--;i i¿-iiin i/iic iidi\.,unÞ u¿ urrv ¡rriO''r;Offffì-tipiiefS anO.

goes through a dlfferential- discrirnínator v¡here lt is energy

selected. and shaped. before enteríng a coj.ncidence unit w:ith

the resolving time set att 2O nano-second.s *. One of the

restrictions imposecl. on the anod.e pulse by the electronies 1s

that the range of energles of lnterest should have pulseheights
between 100 mv and.500 mv. Therefore, in ord.er that al1 protons

w:tth energies betr,veen 7 mev aact 50 mev are a&alysed., the anod.e

pulses should. be sligbtly saturated.. fhe analog energ-y

ínfo:matíon j-s obtaj:red. by taking pu1ses fro¡o the approprj-ate

dynodes of the phototubes, j.nverting then by pulsetransfomers
x

The flight tines of tv¡o protons d.eteeted in the spectroneter
Tlr aiqfgr by as much as 12 nano-seoorid.s; atso the trieeerinetime of the differential discrimi:rators óan vary by 6 öi z-"äo-seconds as in the case of the smaLl counters (¿üe io the risetine of the puJ.ses).

.?'
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¿:.xal irüirai-Í-ir.rg 'l;i::-e¡:i \,-:ì.irr 2i;0 f-ü .!.ct."i.g cioii.i:-Lr,' si:t:-e1.s.L-çr *ailles. tc
ti:g cn::-i;ro-L l:oÐü1" lllti:.r,e, the;i:. a:re 3,,e::i¿3,'i,L:r'::,',.cii. j.i't ¿a. gate ¿:itcl-
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*.1 a*"'.[eå:irg -i;.h.e 
eha,¡¡:.'t-.} ç :i:s .
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qcrs,:"t"irt:lotr J"g def:ìp1ç¿i 6¡9 'u?re f-t"rj"} i^¡j"cl.'i;jt a"''r, t¿a"-Lf ¡ii*i,>lår:rul
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cabhocie cf tiie pi:ic-ioniÜ-'i;:i-piJ-e:: has l:ce;r I'e-pol:''i;eaÌ- 'b¡r 
¡1¡:1i1,1.¡¿r-ls

irr,"e s'ci-gle.-bors ¿*j) 
" tlhe ::e s''ú-l;s :flor -ì;tie puJ-seilci-5Ìrt tt.o;r*

'r,rn:LforLii:'r-'uy 'v'ary :i:r.'ori tO?'i 'l,o 4-Oi5 cler.lc:.:tl.irig on bhe geone'ul'y c,f

-bhe scj-yl"i;:i-i-'..a-bo::s e;rC. ligÌ:r'b -pii-:es" li-i"i inos'r of tlie l¡or'.li jjepoTtccl

so fa.r', tire j-n.tres'biga'cor',s i'l.al¡e bee¡:i iir-r.ä,'b-i.e 'i;t¡ -co1'::ec'b- for 'che

nori--u¡:.j.-['o.r:i¡i-'i-'t:¡, a::rC, ireirce, -bhe ove3a.J.I eile :fg]¡ -resol-r:.'hj.c,¡t o:i

the sci¡.-Líl.lle'üoJ: h-¿Le beel. ci:-i;,'lnized ra-i;!ier ti:¡¡¡r 'clr-e col.ii.r:¿-i-i;eci.

resoilL'tj an a-b e.ily pa,r-bic't'i-¿tr ¡oitrt"
One o:f the purÞol=;es of 'rhi.s ircric was to cor:rec'b :ior-:

tlre iiur-lst:i:rei-¿tr-b non*ur.ifo:.:r,ri-by of 'bltt.e sci¡ttil.i-a''uors b;tr i:.si-t:r.g

tlr.r,i 1:c,r:i'b:ì-on j-nfor'matiol: f::om th.e i,¡i:re cha.nbe::'s a.J-ong r¡i-bh

cor';'*ctir:n cotrs'ua;i:;.ts, forr-ir.d fr:orn a se-b of c¿tlib::a-bi"o¡:;, poi-:ats

storecj- :l-¡¿ -i;h.e aeüorJr of -i;he coLi;pu-be:r'. The se;-b o:f calj.lrï'¿t-''b:ì.oil

pnii't'i::i 'r'.'î:ì'c , i:i îU-:i::., ii.e'ic'::niiLtå 'li;: n:a"l'u-:-'i::g 'Li:ic cij.ç';rii,;"-;,.;.,ii-

of rr::i,:;Ëì'l'ì{-:ip'Trts across th.e :flace of 'Lhe sci.ntil.la-bcr"
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CHAPTER TI

$0INTTITAT0FS_.A}TD tIGlrT ?IPES

2-l- Cenegaf_g"gsiderationg

The following series of processes teã¿s to the
detectlon of a scintlllation at the a¡rod.e of a photonultlplier;

L) lnteracti-oa of charged. partieles in the scintillator,
11) conversioa of energy into light,

1L1) transfer of Light to the photocathod.e,

lv) enission of photoelectrons from the photocathod.e,

v) collection of photoeJ-ectrons at first dynocle, a,nd.

lr1) nrútipllcation of electrons at subsequent d.¡modes.

Each of the above processes is statistical in its nature,
exeept nr.'sber three rvhich depeads on tb.e geonetry" Tliese
processes may be approximated. by exponentíal, poisson aeñ/ar
gaussian distributions. By convoluting the erpreosions for
the individual processes it is possi.ble -bo describe analytieaL_
ly the operation of the scintillatÍon counter. From stud.ying
the above processes 10-15), thu most successfi.r-r- being those
using the theory of branching processes developed by Euling l+),
valuable infornation oa the energy a¡rd. time resolution of
scintillatíon cou¿ters has been obtained. However, i.n praetice
once the scintir-lation naterlal a.:rd photomur-tlplier have been
chosen onLy the tra'sfer of light to the photocathode aad the
desiga of the base circuit for the phototube renains to be
consi.d.ered."
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2-2 lreþ_! rqoJ.lectlo¡_q4g Unífg:lnr!tÍ-9É- Cgu:ttelg

Before d.escribing the scíntil-lator-phototube &s-

semblles used vrith the spectrometer it 1s lvorthwhile d.iscussÍng

the factors lrrfluencing thelr design.

2-2.! Geonetrical Consid.erations for Scíntil-l-ators with

Tlansparept 1tÎal}g

l'lhen a scintillation taJces place Ín a scintiilator
havi.ng transparent o rrral-ls a certairr,a,mount of the 1íght (trapped

Light) ls continuousJ-y intewralJ.y'reflected. from the walIs, and

nay be collected. províded. one or nore faces of the sclntil.Lator

is optÍcally coupled. to a photonuS-tiBlier. In order, hoivever for
this trapped ligþt to be i.ndependent of positlon: a'b whÍch the

scíntillation takes place the scintiLl-ator should. be a paral-

lelopiped.2gl-5), Tn tbe cases of cylindrlcal and. spherically

shaped scintill.ators with transparent vialI-s, 1,-he amount of trapped

Light coll-ec'bed by the phototube is d.epend.ent on posÍtionr and

hence worlld. not make satisfa,ctorlf shapes fcr large area scintil-
Lators rvhere the prü-seheight unifor¡rity 1s lnportant 16). ÂLong

ll:ith the trapped. ligtrt the photoeathod.e colLects all the dÍreet

J-ight within: a cone of apex anglery", equaL to the angle of

total internal refJeetlon, For this direct light to be a.lso

ind.ependent of position the scintjJ-Lation must take place at

a d.ístance greater than" the l-enghu tr t d. ta.nyofron the photo-

sensitive surface, tvhere d equals the diagonal- of the face

being viewed. 2). This position, effect may be elí¡rinated
¿e The scintil-lators are mad.e so as to have either ¡transparentr
ortdíffusedt ryalls. Tf the v¡a1Is are higir].y pollished they are
ca"1}ed. transparent, and. if they are mad.e rough aæd. coated. w:ith
a reflective paint they are caIled diffuse"
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provided. a light pipe of length,1ñ j-s corurected between the
scíntillator and the photosensitive surface. The ]_ight plpe

nay be considered,as far as calcuratj-ons are concerned,as part
of the scintillator. In practice however, tiehl pipes v¡ill only
approximately satisfy this cond.itlon. A s:-npre calcuiation,
qirnjlar to tiÞtgiven by akimovrrz for the light collected by a
phototube coupled. to one faee of a scÍntillator is as follows:

Neglecting the absorpti-on of rieht in the scintil-
lator and light pipes, !þ" amount of light from a point ia the
scj-ntlllator incident on an element of solid angle d& i6

dP- dJl --ruÂ- Ërr -ãxsi-llf Oà/

hence, the a,mount of 1íght within a eone of apex anglefo eeeual
to the angle of total lnternal reflection, w1Ll be given by;

rãÞ*Ro= l"uo=gx(I cosfo)

Fron any point inside a parallelopiped. scinti.llator
six such cones can be constructed. w:ith axis perpendicular to
the faces of the scintiuator, consequently, the percentage of
the total amount of light collectecl fron one face is;

Ro100x(f - 5RJ= å-r(5eosyo - 3)*LOo/'"

and., for a refractive lnd.ex of 1.5¡ we have R=36%,

rf two photosensitive faces are vierved then the
of light collected now becomes Rr: 4g%. rt shourd. be

that this percentage of light coulil. also be obtalned

percentage

mentioned.
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h'lth on].y one ph.otosensitÍve face provlded. the opposi-te face

j-s coated. with a uaterial having a reflection coefficient of
one. In praetÍce the reflection coefficíent v¡ould always be

.].ess than one.

2-2,2 Design Consid.erations for lÍght-Fipes
Ilght pipes operate on the prlncípfe that l1ght

entering within a crltical angle l, t equal to the angle of
tota-1 j-nterna.1 reflection, w:ith the axls of the lÍght pipe,

will be transmltted. along the light pipe wíth one hundred.

percent efficÍency provideÇ, the cross-sectional area does not

d.ecrease 17). Any decrease 1n the Gross-s€ctional. arga l,rl1l

correspondingly give a d.ecrease in the a.nouSt of light trans-
nitted.. In the case of 1lght pipes whieh taper aLong their
length while at the same time naintain: consta¡rt cross-

sectloa it is necessary for the olrtimuni tra¡rsirission of tight
that the angS-e of taper j-s'smal.L, light pipes l,¡hich satisfy
thÍs eond.iti.on are refered to as being adiabatic 17). Jn

practiee v¡hen going from the recta.trgular face of a scÍntíl-
lator to the circular faee of a photomultiplier the ad.labatic

eondÍtion is seld.om satisfied., This Í.s d.ue to the difficuJ-ty
in ¡aachining the exponentiall¡' tapered. curve requ-ired. to heep

the cross-sectional area constant. X.pproxinations to the

adiabatic cond.ition are mad.e by constructing straight edge

tapered. 1lght pipes . .[lter:ra'uive1y, strip lj-ght pi-pes rvhich twist
along thej-r length and are brought together at the photocathode

can be usecl . The stri-p l.ight pipes will remain adiabatj.c

provlded. the ang-le of twist is snaIl. 'Irt-re properties of the

varj-ous light pipes have been investi-gated. by several rcorkers

À.
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and. it has been found that the strip J-ight pipes

effleient.

2-2,7 Absorptiglr of rigbtjn sgþt:itrator and t:Lgbt ?Í'oeg

Ilgbt absorption fur the sclntlIl3tor- caus_es_ the
Lleht col-Lection at the photocathod.e to be no J-onger in-
dependent of posltion at whlch the sckrtilLation taJres plaee.
îtris 1s the uain cause of the non-urifomrity Ín large area

sci¡rtill-atíon counters.

The ted.lous ea!-crrlation of the Iigh.t arrivlng at
the photocathode w'ith the effect of the absorptlon incrud.ed.

1s not presented. here since rvorir 216) by others has shov¡n

that such carcuJ-ations al.though giving the general trend. of
the non-wriforrity d.o not agree sufficienü_y rverl w:ith the
experinentaJ- results. However, it is easy to vfsualize that
two or nore photosensitive faces wilL red.uce the non-uniformfty.

2-2.+ ReÍlectlon of Surf-aees qgd. Optical Contactg

In the case of large anea scintlllators ishere nost
of the ]-rgbt arr:ì.v1ng at the photocathode has r.¡ndergone

nu]-tipLe refT-ections, th.e nost efficient surface for the walls
is one r^¡hich is totar-ly interrrally renLecting. For snall
scintilLators however, diffusely or specularly refr-ecting
surfaces nay be more efficient 24125), In both cases r¡hen

only one photosensitj-r'e face is used. the opposite face shor¡-1¿

be mad.e d.iffusely or specurarly refr-ecting. when difftrsely oï
specularly refrectì¡g surfaces are used, the light colrection
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will be d.epend.ent on the posi.tlon at which the sclntil-lation
takes pIace.

. The requírements of the uaterial used. to couple the

scintíLLator to the 3-íght pipes and. the ligb.t pipes to the

photoeathod.e are that the refractive ínilex of.-the naterial
is the sa,me as that for the selntiil.ator and llght pipes a,n¿l

that the absorption of llght is snall at the v¡avel-engths of
interest.

2-2.5 ?hotocakrtode SensÍtiviW'
Íhe counter uniforrnity is lnfaueneed by variations

j¡. the quantum efflciency from different positÍons on the

photocathode" It 1s also affeeted. , although to a lesser extent
by the response of the photocathod.e to d.ifferent rvavelengths of
ligþt caused. by the dlfferent absorption and. reflection
'cond.itions ln the sclatlllator a&d J.ight pipes.The above effects
are especially Í-mportant in the case of the snaJ-l cor:nter where

the scintÍlIator has been placed. direetly onto the photocathod.e.

The use of light pipes will- el-i-niaate this eause of non-unifomlty
by distrlbuting the t-igbt aeross th.e entire face of the photo-

cathod.e. They will, however, decrease the coIlj^nated. resolution
of the counters by absorblng part of the l-ight.

2-t Ðesign of ÐclntillatoI-phoþmu1tip].íer assemblies

2-5.L thotce_anLProperties oS ScÍntiltatorq
Ure pJ.astlc scintillator IfE-102 26) l,¡as chosen for

its fast decay time, availabiLity in relatively J-arge sizes,
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snalL counters respectfvely* The resolution is defined as the

fuII vridth at half naxi-rnum of the pea^k of monoenergeti-c

particles entering the sclntilLator, d.iv1d.ed by the energy

of the particles. Tire quanturn efficíency Q has been used. ln
th.e calclÙations since the large a¡rd. smaì-J. scintfllat-ors are

viewed. by different phototubes. Gl and. Gg have been incorporated.

as geometrical factorsrto account for the different shapes of

the large and small scintillators,and to a first approxinatlon

nay be taken as unity. Irom FÍgure Zrt,s/T,a is approxÍnately

equa.l to z.zrand. from the d.ata provid.ed by the nanufacturers

of the phototubes Qs/Qt j.s of the order of L2, It should be

pofnted out that the ratio as/Qf vras for.¡nd. from the ratio of

the cathod.e sensitivities,vrhich have been measu-red. at a wâY€-

length of one micron. ancl hence ís used. onl¡r a.s a. fi rst
approrirnation in the above calculation v¡hich has assumed. a

spectral response of 4200 angstroms for the scÍntillators.
Using the above nr.¡mbers the ratio R1/Rs becomes ec1ua1 to L"6.

This value for the ratio of the resolutions can be taken as a

l-ower l1¡ait to the expected. val.uersincerin practlce the

geonetrical factors rvhich account ior the d.j-fferent shapes

and. reflectj.on condítions 1n the large and sma11 scintillators

"lff tend to increase it.
NE-l-02 has a non-linear response for protons below

an energy of about l-4mev 28)and this is shovn ia Fígure S.Since

u'e are interested Ín protons w:tth energles 1l.ing betrveen 7 mev

and. 50 mev thís effect 1s inportant. Fortunately it is pos-

Á.
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sible to correct to a certain èxtent for the non-lÍnearity by

using the space charge propertíes of the phototubes. Space charge

effectsr'which are caused. by high current d.ensiti-es i-n the photo-

tube, also introduce a non-linearity, which is 1n an opposite

sense to that deseribed. above, ffid hence, it is possible by

careful adjustment of the phototube high voltage to ¿ímÍn:isn

the non-linearity of the scintillator. ¡

2-7.2 Ðesigrt of F!4a11 Cou$ters

The scintiL1.to"1, 10.6 .cm i¡r'dianeter and. 2,3 cm

thicko is directly attached to a five ineh pho'botube (nmf 9618R)

usíng the potting conpound. RW-6L53 29) . In Figure 4 an erryloded

víew of the snall counter assenbly is shov¡n. An aluniniu¡n

jacket (#4j ís slipped over -bhe sciatillator and. taped. usÍng

bi.acic i-i.gi1t i;íglri; ia.pe io th,e pb.otoii¿tre ancl nu*netal shield-" .An

O-ring groove is cut in the front face of the jacket so that an

aLr.ruinium foil, 1mÍI thick (#e¡ fonns a light tÍght fit when

the brass ring (tlgj and. locking screrus (#fO1 are i:t position.
[he O-ring ,f6 seïry'es as a spacer. To ensure that the phototribe

was light tight it was painted with b r-acr non-colLducting black-

board paint. The whoLe assembly lvas then wrapped r,¡ith severa.l

Iayers of black tape. This arrangenent enables the exchange of
phototube base circuits by simply renorring the irurer mu*uetal

shield. (#Z¡ v¡b.ich they are attached. to l¡ithout disturbing the

nou::ting of the sciatiLlator.
The potting'compound. was used rather than the

eonventional methods lOJ ,eg Ðow Corraing 200 I'luid, since a
naterlal inteirued.iate between cement a¡rd. fluÍd was reoulred.

¿a.
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Exploded, v:lew of sna,lL eor¡¡.ter aseenbly, where

L - EMI 96188 phototube, 2 - Twter nu-netal ohåeld,

5 - 0uter nu-netal shlelcl., 4 - .A.Lr¡¡nintr¡n ntng

aseernbly (conaected to phototube and. outer rsu-neta1

shíeld. with. blaek tape), 5 - ScintlLlator NE-102,.

6 - O-rfng spaeer, 7 - O-ring¡ I - ALu¡n1nù¡n foil,,
9 - brass rlng' (d.etermines the effeetLve area of
the eclntlJ.lator)rand, 10 - Loeklng E¡crews.
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in order that the base clrcuit cor¿ld be changed without seriously

d.lsturblng the optlcal contact. No preclse tests were perfor"rned.

oa the pottlng compound prfor to lts use with the counter,

however, 1t was found. to give simil-ar results for the energy

resol,ution as to that given when the Ðow Corafug 200 Ðluid

wag used.,

2-5.3 Ðesign of I,-a.r$g 9ounle_rs

Two reetangular scintill-ators 22,5x22,5x2.5 cm3 coupl-ed

to strip l1ght pipes 90 cm ,long on tv¡o opposing faces have been

buiIt. TIre first seintillator-ligiht pipe assenbly consÍsting

of the scintÍlLator NF,-102 coupled. to polyvir:J'ltoLuene llght
pipes r;¡as manufactured by Nuclear Enterprises ltd;, whi-le the

second., ¡rad.e from NE-11-0 scintillator and lucite l.ight pipes

was conetruetecl by our own riorkshop. fn the latter case the

sciatill-ator rvas joined to the light pipes wÍth $E-580 optÍeal

cement. Figure 5 is a photograph of the large eounter assembly

and in trligure 6 an e:çlod.ed. vier,¡ of the morrtrting arua,:rgement

used. 1s shown. [he scÍntillator a.nd líght pipes are surrou¡nded

by arr opaque aerylic cover (#9) made by heatine t/t6 ineh thick
acrylic sheet w1th a, bu¡.sen flame a.nd bendíng, rvhen soft, over

a mouJ-il similar in shape to tlnat of the sci¡rtillator and light
p1pes. The mould ítself was made fÍon lvooden strips, one inch

thick plywood, with the space between the strips filled lrr
with plaster. [he cover, which i'; in five parts, is designed

such that there is at least a half inch space between it and.

the scintillator and light pipes. In one of the counters the

e,
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inside of the eover is li¡red w:tth specularly reflectÍng
alumin:ized. mylar foil held in plaee by double sided scotch
tape, while in the other NE-560 d.iffusely reflectjng paint
has been used.. The cutting and finishing of th.e acrÊic eover
was accornplished by using a snalI portable hand drilI fitted
with thin circular grirrd stones" .Arr entrance wi¡rd.orrr eonsisting
of 1 nil thick aluminium foíI a.llows protons to enter the scintil-
l,ator (iÍtz¡ . ttre scintillator-light pipe assembLy along with the
acrylie cover is attached. to a base plate by mearrs of truo .,ì

oBaque acrylic d.j.scs (#7) v¡hose centre parts have been cut su"ch

that they flt onto the end.s of the light pipes tÍghtly so

that no g;Iuj¡rg is irecessaïy. Attachecl to the d.iscs aTe

a.l-r.¡min:Lum rlngs (#e7 d.esigned. to fit over the front of the photo-
tubes. The phototube can be brought up to the right plpes by
means of four long screws (#j) which run frorn the aluuiníu¡n ring
at the front of the phototube to alr:miniu¡n discs (llZ¡ attached to
the rear of the phototube (by neans of the three screv¡ holes
Ín the mu-metal shieLd provÍ.d.ed. by the manufacturers), .l.lhen

the pottíng compor.ud., which joins the light pipes to the
photocathod.e,has setrthe asserobly is locked in place by neans
of screvrs attached. to the base plate (#rl).The joints in the as-
senbly were mad.e right-tight rvj.th the use of putty and blaek
tape. Fi.naLly the base prate r,,ras attached to an adjustable
stand and- placed. beh.ind. the v¡ire chambers. This ama.ngeuent
enabled the scintílrators to cone w:lthln two i¡rches of the
wire cha.mbers.



2+_

CITA?ÎER TTT

PHOTO}IUTTT?],Ï]I.RS A]i"D BASE CTRCUTTS

7-L Choieg_of Photomultiplierg

In thq case of the snalJ- cou:rters, photomuJ.tipliers

hav:ing good. quanüm efflciency, snall photocathod.e rron- i

unifor¡nities, and. relatj-vely fast rj.se and. tra¡oslt tÍrnes lrere

required." The EI'ÎI 9618R phototubes, selected. at the factory
for photocathod.e non-u:rifomities less than ir}iz., satj-sfied. *.

these cond.itions.

In the case of the large counters where the photo-

cathod.e noa-uniformity is not so cnltlcal, since the llght
fron any point ìn'th.e sclntillator is distributed across the

en'blre face of the photocathod.e, the emphasis has been placecL

on tbe rise and transit tines of the phototube. The ?hilips
XP1040 phototubes with rise tj.mes of 2 nano seconds and transit
times of 45 nanro second.s ldere chosen to vÍew the large scintll-
latorsx.

Table 2 shows some of the properties of the EMI 96lBR

and. PhilÍps X?1040 plrototubes.

7-2 lligh Voltage Sorver Supply

llo el-irninate the need. for high voltage coupling

capacitors vÍhich nay introduce noisernegative high voltage was

used.. this required the phototube to be insul.ated fron the

nu-metal shield to enslrre that no electrical breakd.own wor¡-ld.

t6 'Ihe R0ÄCTol33Bnhototubes having higher photocathode effíciency
would have been preferable, however it was judged that the
improvement in perfornra.:rce rvould. not justíff tã.e hÍgher pri-ce.
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TÁ3IE 2

PROPERTTES OF }}IOTOI,îTJ'trTÏ?IIERS USE}t

Photonurtíplier n}îr 9618R 'phit-ips xp104o

?hotocathode material. ,\: Cs5Sb-O Cs-Sb ,,i. ,

Spectral respoltse cura'e S-ll À(S11)

Wavelength at ma;cinum response 4100i 4200è5OO.E

70trr.minous Sensltlvlty * 85

Maximun usefi:^L diameter 111 n¡o 1i.0 mm

Iaultiplication-: stages L]_ L4

Ðynode type Venltian Blind. ¡,ir:ear Focussed

Dynod.e raaterial- CsSb AgMgg-Cs

Rise time 10 ns 2 ns
lransit tj.:le 45 ns

t Abstracted from the nanufacturers na¡ruals 7rr34j ì
Tß- :" Àverage.of four phototubes v¡hich we h.ave bought fron thenanufacturers.
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occur, By wrappi:eg several layers of black insulation tape

around the photomultipllers we !.¡ere able to solve thls problen.

In the case of the large eou¡rters the tvto photo-

nnltipliers v¡hich vlew the top and bottom sld.es of each

sci:rtillator r\rere, d.ue to economy, d.riven by -!þe-sarne-power

supply, This was achieved. by passing the output of the power

eupply through a distributlon box consisti:rg of an input'and

two outputs. Since 1t was necessary to match the gains of the

phototubes accurately, one of the outputs was kept at the

voLtage of the input, whilð in tÈe other the voltage coul.d. be

varied by means of a potentÍometer con¡ected in series with

the input. In the later case a resistor was placeil in serles

w'ith the potentioneter, the value of which d.epend.ed. on the

difference Ín oneratíng voltages of the two phototu-bes. Thls

arra,rr.gement enabled the gaÍns of the phototubes to be matched.

to one or two perceat in a IO2+ channel AllC.

7-7 ?roperlies_gf the Ufnode_Chain

The sj-nplest forn of base circuit is the linear
resístor chairr where the value of al]' resistors between

dy:lodes are equal. This base círcuit is'no:rnally suffÍcient
to provicle the higb. gajrr llecessary for nost applications,

however, in certain cases v¡here the maxinum gain is desirable

each ind.ivj-dua1 resistor should be adjusted untiL the optimum

operating condition 1s attained.. -Another type of resistor
divider chain is ernployed v¡hen the d.ensj.-by of the electron

current in the phototube becomes so large that space charge
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effects become apparent at the last stages. rhis resistor
chain has the value of the resistors at the Last stages

increaslng according to a three halves lav¡. The d.ynod.es fn
this case have been assu.ned to operate j¡r a similar ¡narmer

to that of a siraple diod.e vaIve, where ttie'êirects óf 
"p"o.

charges are relatively rvelJ. lcnorr¡n. 
I

The circui-t between photoeathode and. fírst d.ynode

1s d.ifferent for different phototubes d.ue to the various
focussíng and. aceeleratl.pg eLectrod.es. The voltage on these

electrodes may be adjusted. to satisnþ one or nore of the
foIlow:lng cond.itions :

1) Maximum pulseheight,

2) Maxi^mum energy and/or tine resolutlon"
5) I'tinirur:-n tra¡isit tiue.
+) I'lininun photocathod.e non-r.uriformit¡r.

rt has been shown 31) t]nat for_the optinr.m performance of the
PluiJ-ips fP1O40 phototube the voltage of the focussing electrodes
shor¡l-d. be carefully set. 

!

The situation at the final stages is srightty dif-
ferent" und.er normal operatlng cond.itio¡¿-s the signal- current
is superimposed. on the chain current and. the response of the
tube becoues non-l1neaæ 52). To u¡rd.erstand this effect it is
convenient to first consid.er the situation v¡hen the tube is
in contj-nuous operatioa i.e. the d.c. mode. The signal current
at the last stages v¡111 causo the voltage across these stages
to decrease and since the overalL vortage on the phototube
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remains constant these d.ecreases may be regard.ed as voltage

Lncreases on the earlier stages and the gain of the tube will
be increased.. Different signals will be associated with different
gains, and. consequ.ently thls will introduce the non-linearity.

Wlth a chain current one h.undred. times the s1ena.1 current the non-

J-inearíty will be of the ord.er of one percent" I"lhen the photo-

tube is operatlng in the pulsed nod.e, the stage voltages w:i11

follor^¡ the variation'in the i.nstantaneous signal current and

the gaj:r of the tube wíII be altered correspond.ingly Sivfug

dlstortíon to the input sfþal-. If , holever, capacitors are. ;"

con¡rectecl across the ].ast stage resistors such that the in-
d.ividual tine constants are much greater th.an the period of the

pi:J-se, then- the dynod.e: voltages at the ].ast stages i,¡iI1 be

stabilízed. against variations j-n the instantaneou,s signa,l

eument. The value of the last d.ecoupl-ing capacitor 1s given'

by;

%-= ( W,.roo )xlo

where, ïo equals the marci-mtxtt averaåq signal curreRt , t equal-s

the Length of the longest pu1se, and. V equals-bhe voJ-tage across

the last stage" The factor of one hund.red. makes sure that the

variation is less than one percento ancl the factor of ten arises

fron the fact that the change in gai:a 1s approximately ten times

the chalr.ge in voltage. The value of the other decoupling

capacítors can'be d.ecreased fron the a¡aod.e dorrn¡ards according

to the relationsi

ce:l/gtct , c7-L/gY,c2, etc.
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r'rìiar. r r\ñìra'l c 'fl1e s'bagc ¡.;i:;Ìn fo:: -tj:e ciy:t.oci.er-1" Th.e ga_i.n o:flrsv¿v9 b \.,Y,LLu

'uhe tu-j:e; t:¡j -LI nc\'J r'eìnaÍri a.r:¡;r:ox:itnate.1¡' consta::rt for th.e

clu-r'atj-o:n o.í: the p:rJ..se et a rrË.ili-e c'l-e-'çernllneciby'uhe aveiîa€e d"e.

l-e'yel- of 'l;l:re sigr:.i,,.| cu-:;'llelr'u" -iÍ, hûilci'ca' 'che e:::pii'br:.d.e of
*jrr. r*'i r;ri¡'l ^:l -biie ccuüti;:rg rate clt€Lttge ,,, v¿rv¿¿ udv -,veragc, ..1î -bi-iÊ ccuüti;:r¡; ra-be cheLn¡qes. 'tirer, -bhe a;

c-î riøcr ^ri'rr-'o:t.f, t+i-1-1 a.l-so ch.eirL.ge ¿.r,i'l-d 'uhe gei.ir of 'tihe -bu-l:e; irilïu.L erla s4 v v- J ¿ L,!J.

Jre ai-'i:ere'ci. T:fl'bhe chaj-ü eu:'ler:.'L is m¿de laige enour¿llr. o:r: th.e

l-ast s'Li--,ge resj-stors repl"a"ce,'J. by vo,Lta.ge sta'bj.-Lizers Ê'u,cJ.i as

zenei: cl:i-od.es the above ef.fec-bs can be recli.¿cr:d. to ncgli"g:Lbie
*a..^* /...r.1-'i *... a'p:ropor''u:l-orrs. Ït shonf i be I:o:i.nted. out tliat eveil. aJ-'uhou-gh an¡t]e

preca:ut:i.ori h.as bee:: tafte¡. to ¡ni-nj.nize the lo¿¿clirrg effect
d-esc::'j"j:eit a.bove, tl're -i;u'be ma,y st-i-11 be colr,]i'r :ra.te deirend-en-b

d.u.e 'rro a p:ro;oeïby of j;he ri.;¡nodes -bhernselves"

7*4fipgc*e_Çþ_q:f:g*:llågg-9jl_:in-J]æ"._84,9!-_o_r-1¡-1!t!p!_ie_r

Space cltargc cffec-l;s at the las'L- d)'node s'tages

cause ihe large pr:J,ses -bo becone saturated-, ancL lrence,
omn'l-1ror" *rr^n of noir^l:ì-nea'-':.i ty' i's i-r.l'broduced-. This ti.me thc non*Ør¿v vr/.\,.! vJl/v v+ J.;vJ¿" J-r-JlçÇ,-,-.t- uJ J-r) -LJJ.ur\rL¿LdurJU-. Jl-t-Liìi tr)-.

].inear"1.|yis:,-:ranoppositeËej].Setothenon,*1ineari.b:Les

desc:ribed befol:'e. llhe eliect ri'ei:cnds oi: -ûh.e charge

d-ensity of -Ll:.e eJ-cc-brons., ivhi.ci:, :-ln tur"il ci.epends on flre a,"nouni

of l-i .l'I:t r"ea.eili'"U ';ile photc.+a'Lhoå-e, tbe c,¡ri1s,i* nu:rber, the
.typeofl¡asecircu:L.Uu-Elecl,ari.ð-theovera].1r'c]-tageonthep}:oLotube"

'::

since the effect is sinilar to the spaee eharge effects in



e,:.r O:{'aì-:i/ìe:fJ;" C-i.:LOdr-c "irûü.-v'{:ì r, -ì-.1:i.Cí'tl¿tL;Íil,1.i 
'çirc r¡¿¡J.üe O.-íj 'l;}¿* ::'e;::iS'lc;::'S

-l;or+ar'ús the ¿ì¿i.oälr accorcl:'ii;g -to a Li:r.:ríre ha.Lr''"es iâit'":Ìtoitlti' r'tlcli:'cc:

'irnp effec't;, /is a cûfl.{:ieqr.r.iìi:Lce cij ti:e ßl?ace c}ril:i:'ges :i"-b i-e pc¡rsib-l-.e

j:], r;aicj.-ng'i;hcj O'ire::al-i. irc;'1..'ba¿ìç: on-i;ire pÌio'r-,o-i¿ri.'¡c t0'ìrr"ccli.¿ct¡ pu-1"scs

,ujr.at a::e sli¡ì:.-c-i-;,¡ sg¿bu:i:'ei,ed at 'L;he ailod.e of -tilg Bi:Loto:iLu:å'bi-p-Li'r:ru

¿31¡1. 1::'::.O.3r:ei;s:î"'iirl¡.lr bec+¡ne *Lii:ea:: ¿s th.e d.irv:clie etagel ¿iyr-l

i1e cre ¿it c 4. 1 ¡';ta:':Cr. s -Lh.e pi: o'l; o c erti:c: lic 
"

3*5 -o-g$ïgi--"]'ii=Li*:i1*:.1ïgli*""råe..-lrc"lng:"Jiç¿,t'*i.'lil:

;is ¡r:c::¡'t::.rlneii. l:elþ:re i:r. bl:ie ir:.i;:-ccir:ic-bj-oir, -i;wo pi-t1"ses

¿ir.i:r i.i.;c¡.ri:i-:r=oü froin e¿r.ch i:iiotoilirl'o'.:i-p-t,)-cr., (1) a fagt ''liin:'r-:r€'; 1ruÏ-ee

tauiei:i :ilroill -bïre arrr:cie, a::iì. (2) a 1:i:tr.ea-r ar:.al-og priise ta'Jçe.n f-i:cru

tnÊ c:î -'uire C-ynciitrs. f'he clynoae r:rL-ì"ritis are talcii:. 'Lh::oi:tg;h åt 50 Úh:i.

.l.c¡.¿ú y.¿".;:il:'i.:,¡:r.,r r,¡iri.ch gúes-Uû ear''bi.:- vi-:¿ ''rhc d.ec'lur1:L.iüg cä,?â,ci--bti:'Ëe

ûrJ:0. i:r-l;il a tou'¡.'J-j.11.g cå:,,'Ft:..tj.'b(.rï "r'¡h:Lcj.l e-Li-ru:i"tl.¡;..1;t,rli'blre il,c' higl:t

vo^t.Ll,l,¡,le" T]:e pcs:T.-bj.rre dyi.i*i|e pt.;J-scs a}',s .|:h'ei:. jx.ve::'bed" ..b¡' ¿

pu-isc -Ì:r¿:.x1sfoyjrr::r (:lç¿rç IlllOC) aæd- setli; vi^eì 5C) olun iLou'ble

shtel-clcd c¿iblle -"tt -i;he cortt:.'ol- rooÍ1.

fn the case of the La*-ge cotr.ilters t'ri'rere tl¡o plro'co-

tu-bes a:re u.seil'bo våer^¡ each scinì:j.l.l-ato:r the i:ui-ses fro:n hoi:Ti

'urrbes aïe acLO-eri -brrgether in m-*r--*,;-e:: noitu]-es (:lClgç .ATIi-O Z/nj " The

m1Xecl- A¡¡nOcìe I:i,l-l-SeS a;t:e Sçr:.''r; 'UO "Lne COn'l;fr:^i- fOOlli l'¡hafe ti-iey

are streiched- Êi:rc1 d'igiti'zec" The ancd'e jlulses are al-so rnixecl

and usecl to select thc event;s of j.ni;erest atrcl to trigger -bhe

ir¡ire cl:anbers
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CHA?TER ÏV

rnÞTI]I0 0F qHqror,rutrrPlrxRwg

sÍnee the photomultipllers r.¡ere requlred. to oBerate

wlth very high s1gnal currents, due to tne iarge a.mplitude and.

high counting rate of the pulses, 1t v¡as necessary to do sone

extensive testing to d.ecide whLch base circuit v¡as the nost
suitabler whÍch dprode to cÏloose for an energy ueasurementr ând

the approxinate overall operating voltâge.

4-1 Method Uged_ to_fest tringarlty of ?-]rotomr:J-tilp]i:gg

fo test the linearity of the scintj.llators and photo-

tubes, protons were scattered. from a polyethelene (cHe) target,
6 rnål-s thick, arrd observed. at 'biie centey of the scintiiiators at
a& angle of 45o. îhe pulseheights of the elastically scattered
protons from the carbon and. hyd.rogen nuclel lrere then observed.

on. â,t1: oscilLoseope. Theoretically, from the kinema.tÍcs of elastic
scattering,the pulseheights should, be Ín a ratio of 1.9 to r.
However, due to the unequaì- enerry losses in the naterlaLs
subsequent to the arulval- of tbe partieles at the scíntilluto*s,
th,le ratio ruiLl be increased. to approximately two to one. The

n.on*Iinear rebponse of the scintjJl-ator r,vj-l-l increase the carbon

to hydrogen pulseheight ratio r^¡hile the space charge effects v¡:iIL

tend to decrease it" The effect of the space charge saturation
on the pulseheishts can be studied by measuring the height of
the carbon arrcl h¡rçllogen pulses for varj-ous overall phototube
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voltages, By obselv'j:tg the pr:J-seheights fron the anod.e a¡od.

varÍous dynod.es of eaeh phototube a¡r'd plottlng th.e log of the

pulseheight against the phototube voltage we were able to

d.eter:niae which d.ynode was the nost suÍtable for our appJ-icatíon.

Since the heigh.t of the dynod.e puJ.ses should. be J-arge eonpared. to

the noise 1n the transmission Iines, (ie radio 
-frequenòy 

pick-up

fron the cyclotron) the above üeasurements were repeated., Ín the

case of the EI'IT phototubese üsitrg different base circuits in a¡r

effort to determine which base clrcuft gave the largest linear
dynode puJ-ses.

4-2 Base 9lrggjlE and, Resr:Lls fer the ElfJ 9_6lBR Pholgrnultipliers

[he base cj-rcuit tbat v¡as fírst tried for the EMï 9618R

phototube wasr the one recommended by the manufac'burers for hlgh

gaia ano iÉgh cu¡-sen.i 77j , IIov¡ever, it was soorl c.iseoverect tirat

the non-linearlty due 'bo spaee charge effeets appeared before the

required. pulseheíShts were reached., Red.ucj.ng the voJ-tage on the

phototube had. the effect of increaslng the rise tiue of the a¡rod.e

BuJ.se from L2 ns to arou:rd. I7. ns and. hence d.ecreased th.e tining
resoLutioa ín the spectrometer.It was also necessary to anplify
the puJ-see. Part of the problem arose from the fact that after
the overall tube voJ-tage v¡as reduced. the voltage across the

resistor betneen the photocathode and. first dynode rvas ap-

prorimately half that reconended by the nanufacturers. Tlris was

sol-ved. by repl.acing the resistor by a series of uàrr"" d.iod.es.

The puJ-seheights, however, sti1l remaj:oed. Iow.
' Ilgure ? shorvs a tes'c cfrcuit that rvas brrilt in ord.er to
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investi.gate the possibilÍty of using a non-linear base cfrcuít
to reduce the effect of space charge saturation. It was hoped

that by lncreasing or d.ecreasing the voltage on alterrrate dynode

stages that sone d.efocussing of the electrons would take place

whÍeh would. decrease theÍr charge density a¡rd,--he¡ice reduce the

space charge saturation. It should. be pointed out that a.base

eÍrcuit 1n r,¡hlch the ].ast stage resistors l,¡ere increased according

to a three halves l.aw was trfed, and found. to glve littl-e
í¡nprovement over the reconmended. one d.escribed. above. the zeners

between photocathode and first dynode, j-n tr'igure ?r have been

shr::rted. by a 100 kilo-ohn potentÍometer in ord.er that the effect

of the focussing electrod.e could be studied. Figure I shorss the

resr¡lts when the voltage on the focussing electrod.e is varied.

betv¡eeri tiiai of tire,raii¿ûd.e and'ciiat tif ilie fí::st ti.yuode. I¡i

these measurements the rest of the potentiometers r{ere set such

tbat the linear base circuit of 16.8 kil-o-ohm was obtained..By_

varying the 50 kilo-ohm potentioneters between d¡mod.esr4 and 6,

6 and. B, a,nd., B and 10 the voltages on d.¡mod.es 5r7 and t htere

changed. to forn severaL rroo=Iinear base circuits" tr'or each

circuj-t tried the carbon to irydrogen pulseheight ratio for the

anod.e was measured for varlous overall phototube voltages. In

ord.er to find which base circuit gave the largest linear pulses,

the carbon to hyd.rogen pulseheight ratio was plotted against the

height of the hydrogen puJ-se, Figure 9. The currres of Sigure !
cLearly show that base circuits in whích the voltagès on alternate

d.¡nrodes are changed can glve better resu-1ts for the linearity at

a particrd-ar pulseheight than the llnear or near llnear base

cfreuits.
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lrroru 'çh.e coi:rsÍa.ei:¿lti.o::.rs orLhe ai¡ciYe r'uYtt 
'lla$e ci-:rcuit

s.!r.ov¡n i.n lîtl-gu::-'e 1O \,rES ccnst::ri.c'red.o H.c:re 'i;h.'; :reli:i.¡ l,o:':s be-Lir¡eeit

c1-yxrod-es 2 ¿lnci '5, 4. ailcl 5, and., 6 a¿rcL '7 ¿-.-)i"'e ojle -Lr,rl-blr. 'ulte v¡rJ-u€ of

i;ìi.e tesj-sto:rs in thc it:ijecCjeä.i-:rg sta.Eeo, ¿'::-'L tha :,:cs:'-s'{,O:rs a-i; the

las'b S''ua¡;e sl ha.'v't+ beei:. i¡icrea.sc:ci, Tl:e fj..n¿rÌ ";¿"es'is:i;or beti'¡eei:-

d¡ym.t-,cì.e nrr:ül;el 1..i- aircl- 'Lh.e a¡:ode ira,s :i:o'l; :-L:::ic-se;aeetì.,Ì-::. ar:cord-s-nce

r';Í'üh.'ùÌ:.e ì:ir.1';:.u-lja,ctu-:l'c.r:l; s'LL]'belïiei.'I-I,'ulial'b ail]¡ i-z:.creage i.n'Lhfs

ite$is'¡ai' r.¡iL} ncl'b õe:i:':l.ci:.s-Ly a,ffect 'che SJ-i¿:rcc c.[.La:rg;c sa'ouratj.on"

Âro ¡.rr'Í''-nrrJ' 'fr'i-nll cl3'liorì.t'; -i.0 :lg shoïin ii;l the figu-i'e, .[r-ottever i"i1 ord-e::Jllj, U L/- u.p Lt t/ .! J \l

*n -i -.rc,"ne,{-i ¡,qrJ:Ê. -L!:Le e -..f eCl'bi :i.i:. 'r,b.e O1;}fef cì.y'ffc-rcÌ-e s'[;a.gel: o'i:r-tpu-l;St,L' _Lr¿\,ç r:, u-(,L)r.t

f i-nin Àrrrr.rn'cs TuBo 9, e,:;.i.t T-l ,ì¡e:ire aJ-ño 'balre::-" Tire d.¡rr.clci.c pt-tlses+ tL Vg Lar) .r¿v u v v

for th,c ca..i:bon an'J }:¡'c.i-:r:cgl'l j-r:irr.:,rjo¡trl $ca.t'ie'Ì:'ed. froi:l tlr-e ÜIl2 -Le',r:g;et

â't 4.5o tr¡ere ji.nv'çr't,;ci. ¡,rrd. sc:ii"i; -lo ''che¡ r:o:lr-r-r".'o1- r'()ôiìt"'l¡:ia 25C:f-i;

ú-cr:rï:ï-y r;iij c"Lci-e iÌ., Oä1.:içr,-:* ivi:.ril::'c 'i-,i.ri'.Ì' ','¡ul-'ù ul-;¡,;c:¡:'v'cc oii .i;l.re osc:i"ii-o*

ficope" 'jl:re log of the pu-Ls;ehe:i'¡.'1¡1'þs plo'biclo e'¿çaiìls-ji -i;b'e orrereül

*rnr.f"oa^ ?1ø ..1-hç pb.OtOt.¿Ìre fOf SOlie Of the d.yitOd.eS a-r'l,Cî fOr tlr.r¡Y uJ L't--!5rJ \J'(J- urL

ailcrd.e; aile ÐÌLol.rn i.n Fígu-re J-.l" l¡i'or:r the gr:aph.s'bl're e:î:fec'c of'the
srìâ.ce a'rtît.r,þ€' satu.ïat:i"on is seerÌ in the change Of slope of -blre

l-ines be't,r*cr:lr 1J00 arrd, -1600 vciì;s" Ihr .:.rr-rlseireigh.tr: frolii clynoCes

beloiv ä.y.rlod-e itrr.nber el-e.,ren are ri'erJ sma,l,l",ïhe ïea$ot'r. for this is

shor,nl i:l Ï¡;ì-gnre 12 l¡]reye the sÌrapes of 'bl:e lrrr-i-ser; fro¡¡ d-yi:od"e 7

-bo the anocie are lreprod-nced f:r:oir pho-bogr:aphs i;.þr::ÌL of the

o,scil-loscope 'Lraces. I{ere the pho,co'tuirc Jra.s l-'eerl. ûper-¿}ted. at ar1

o\reraåJ voltage of }BOO volts airti. the pr:"I-sehei-¡,1;ttts ha.r'e beeir

nu1'bip).:led b¡' a facto:r Of :L"5t1 -bo correcf for th.e at-üetr.ua.tion in

the caj¡l-e" Belot.¡ cì.¡mcrde 11 Io:ng taj-l-g appee,:c":",.a tlle d.)':rod.e pulses

rshich a::e no-f- accouir-baìile for frora 'ti:.e cc:lsi-d-er¿,r..i,:i'-orrs of sÞace

charges al-one a.nd alre pro'ba.bly dir.e 'bc'bh.e desi¿¡r c;f the base
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tr'ig¡rre 11

hrlseheight versus overall. phototube voltage for protons

scattered. fron a CH2 target at 45o for one of the EI'II 9618R

ph6{¡f,r,r-bes. The prrl-sehei-ghts \.,rer€ ¡neasured cn alt cscillcsccpe

250 feet fron the phototubeÕ
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ljre 'i;i.ls,-': cj.t',-:i,ri'i; oi f'-Lgu:1.'íl -l-0 \'i*s u.rjecl j..ð sol1l';

preli::r:Lriii.;';iltee'f s of the si-,cc'i:r'ci;te.i.c:.' l¡j-i;h. 'i;iL'-ì eJlalogì Iir-i.í:lr,

i;aj;eli. flC,r¡ d¡,'nol|e ::ri-'ltìler 1-J-, lloi,'evei:, i-L i.,'; oi:'Vj.OU.,S f::Ciii 'úi-;.C

shati-,r;S r:i- ti:s pr-i-Lsel aÍ ti(:icli Í-n tl:ì"¿;u:i:'e i2-i,i.La.1; jilol'e t'¡or'li. is

?'iece-ci-elLì,,'.y ì:efo:re -hj:re l¡¿l.se c:lr'cuÍ'r ¡rc-rst s;rlt'i;l*,:i:t.o fol or,-.,j

a.ppi-.1"c;t.'t;,io¡:: is oi-,-h¿;.t..neil. " t,n:-e to -bilr: -l;j.tic p,,V¿::ì.1 iL'i,.l-e eitiiJ 'fil.e :fa"c-i

that'che -t^ATßG CoULí1.-i;er'rj Tl:fCVed.'dO Oj_tç,r:i:c.i,-i;,¡: SatiS:íaiC:-r,"Ot(.-{ -ii:,eSe

fii.::'';l:.er ,s'i;r.i.cl-ie s lia;V-e s-hi-11' 'l;O i¡O u-llc'ieil"lj¿r.i'-l';.:r"1. ],f¡;i.:r.3 -tl:c l-r¿',ee

ci-rcui'i; o:i Figr:r-r"e "1"0 o rtrd.e,r iionílÊr'i o-rlella'üj-iltrì co.i.Lc.j.:i.-l;1o:ir"q ¿L'r¡e r¿ìBe

sr.]:fre.fi'i;,.r 'Jf a'::ol¡;:c¡^ .4. ma \'lere ol:'bn-i-ns;d. iti i;i: toî,:.,ù'i,' :r:¿;bes; clf l-Ü'j¡'r,)'rt,"

1t*') H*::e*!ìiH,qgl:rt--f*1.È--jig::g-!-!,T-ihf*:iii:.t-.-i*i.l'=ii)Èì- .jjll':¿*Q- J::gIg::

*l$.:!-qlr¿tr¿Is

'Ihe ba,$e circui'i; ::isecl l¡itli -blie ,lijji-04"0 piro'Lotiri-t+s Ís

Cli.Ortr1 i":: -.F:ïg,Ufe 
"Li o T'r, :l-S esself'e i.all;r i,'l-1,.¡ .l-:i-:i.1,::er.f :i.'r3fli$ L'ü:i'.'

cl:a.:ii: llc.c.oËrr:lcnd"cif by 'tJr.e mt¿ri-tÍÌr*rctu.::cr'i-s 
'511'J 

,e::ctilb hc::'t+ 'i;lre

l-as1; for-r: ye çj-s-i;o:i's: h¿rtre beett. repJ-at-ecr- Ì:¡' zenc:r ci:it;iLes" llh+

:rea,soïi f.o:¡: rllre zeir.e:r:$ is to ::eilut:e'tl:.e efí:'cct o:[' ti.le lar¿¡er'

,oulsehei.¡3i:ii norr*l ir¿earit¡¡ caused by -i;he lligi:er couut

i:a-i;es j.i:. -blT.e lar'¡;e eot¿il'üc.fs" lV:ì-th th.e j.r:.trOclu.ci;ion of ãÈnc.i:s

irr'i;o j:he rlj.vider cl:ra,j":r. i-t t¡ä,s fou,ncl. '[;ha'r 'che pu*Lses fyou

d).nod.es .LO enc-L ]-l- v,,rere baci1"¡¡ clis-tor-i;eiÌ- 'b;' r'in.¿l;iir¡; t'¡it1r, a perioC

of abo'u.'t 10 ils" The problera va:s solveci b)t re:p:l-¿Lr:iitg the l¿,.s-i;

ciecOu.pl:Ì.itg carlaci-bOr r,rith a lai:gt-':l' c\11+, eird- inser:tj-ng a 1i

ol::¡ reçis'üoi. ín ser'íes t.¡i,uh i-t" ¿. 10 ohrn resi-s-i;or v¡as e,Jso

ii:sertetL at riy-oode 12 -bo d-l,lt4rcn 'L;J:e :':j-:r.gì.n¡;2 lìo',,'e\tcr j-ts cf".

fectivenc$sj wa$ srnalJ- contlia:recl to ti:.e sc-l-u'bion ciescriJled ¿ibctre"

Àgain ex-b::a Cr)-node r:u--bi:u'r.'cs 'i¡ere 1;a¿cen. tc obser:v'e tlte
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effects of space charge saturation, e,rrd. potentiometers h¡ere

inseïted. to find the optimum voltage for the focussÍng

electrod.e Ël- and for dynode number 5.

Usíng a garnna ray source (Co60) the voltage on the

focussing electrod.e, Gl nas, ad.justed irntil th-e na:<j¡u4 anod.e

pr.rJ-seheigbt rvas obse:rred, on an osc:fIloscope.It v¡as founcl how-

ever, that the response of the tube varied. rather sharpi-y t^¡hen

'bhe voltage on dynod-e nunber I was varied.rbetvteen that of

dynod.es 2 artd 4t and Ít was deci"ded. to ad.just the voltage

u:rd.er nomaL operating coàditions. The results are show:r i^n

I'Í.gUre 14r where tbe pi:J-sehefghts fro¡n the anode have been

noruraLÍ zed 1"o o¡re hund.red. percent at the optjauu voltage of

the d.¡m.od.e. It rvas also found. tbat the position of the peak ía

l'ig::re 14 did not eha:rge 3s tr"e o'¡eraLl .voltage er:. the pheto-

tube was inereased or decreased.,

I'igure 15 shorus the variatiou of ptil-sehelghts from

dynodes 11 to 14 and the anod.e, for the base circuit of Figure

t3 (nodifled for dynode outputs) as the overall vo3-tage on the

phototube is lncreased.. In this case, âS before, protoas htere

scattered. frorn a CH2 target a¡rd. the scattered. protons from the

hydrogen and carbon nuclei at 45o were obsenred. on an oseill-o-

scope l¡. the control- room.

Figure 16 shorvs the shapes of the pulses from dy:rodes

10 to 14 and. the anod.e at an overalL phototube voltage of

18OO voLts. Ilere tbe possible effects of space charge saturatien

are seen in the height and. l-ength of the pu-lses. the pulse-

heigb.ts have been mu1tip1led. by a factor of 1,25 1n this
flgure to account for the attenuation j:r the cable (we used. a
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Tigure L5

Suïsehelgtrt versus overall phototube voltage for protons

scattered from a ffiZ target at 45o for one of the Phlllps

XP1O4Q piroioiu-Îr Iire puJseireights were neasured. on €TJÌ

osclLloscope 250 fee'b frolu the phototube.
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,

different cable frorn the one used- rrith the EI'ÍI phototube) . In

, order to finct the effect of the space charge saturation on

the charge of the dynode puJ-ses, the clrarge of the carbon and

hyd.rogen pulses (foun¿ from the area, of the puJ-ses in FÍgure 16)

were plotted against the d.ynod.e nr-¡nber Ín 31qure 17. I_Iere, as 
:

before, the saturation effect carl be seell in the change of slope

of the I1nes.

tr'rom Figure 1? rve can find the average currents

d.e1ivered'fronthepbototubeford.ifferentcourrtratesatthe
approxinate overal3- voltagë whíeh r,.¡e v¡iJ-l be usÍng in experiments l

with the spectrometer" At cormt rates of 105 per second. rve get

an average current of about .3 m&t v¡hich is one tenth the value

of tb.e chain current, delivered. flom -bhe anode of the phototube.

At hÌgher aot:¡t rateS the a.Ve3age er-rrrent flo"n the acLOd.e

' becones comparab1e w:lth the chai.n eurrent and the need. for the

voltage stabiLizlng zeners becoaes obvious.
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CHAPTtrR V

OrER¡rr PERI'ORIUANCE 0F COUNTERS

5-1 T,inearitv of Counters for 0-50 nev Protons

Tron the resul-ts of chapter lY it was p;ossible to

choose a base clrcuit, detemine the dy:rod,e from which pr:lses

could be taken for ar¿ energy neasurement, and to find the

approxlnate operating voltage for the pbototube. After d-eciding

on the above it r{as novl rrecessary to test the lj¡.earity of the

counters under norrral opu"àtfirg conditions. Thj.s was acconplished

by neasuri:eg"the energles of the scattered. protoas fro¡r a

polyethel-ene target in a LO24 nulticharmel analyser. The proton

energles were varied. frorn 25 nev to 50 ¡aev by changing the

J---r r^--J- ì-^---- --::'l -'1 -^ 1--- 'i..--.^.-r'l-.i-^- ^!---- -i--J---- -l' - ---l' ---^'
J.lru.LLùçtrv uvcl¿r¡ ÊrreïðJ a.riti aj.SO Ûj¡ l-nSgXÏ]I].g ¿i¿u.ll¡rr¿¿url ¿r.uuuJUe¿'ìJ

(nade frorn several 3-ayers of alr¡rninium foil-) ln front of the

cor¡¡rters. 3y usi-ng absorbers of thiclrrtesses 5, 10r 2A, 40 and

80 ¡ail-s 1t was possible to obselse protons with different

energj.es 
,below 

25 nev. The resuLts for one of the snall-

co1mters is sho.ltrn i-n Flgure 18 for trru,o d.ifferent overall photo-

tube voltages. Here the base circuit of Sigure 10 lras used. w1th

a chain' cunent of approxirnately 5b na arrd. for the energy

neasììrement pulses were taken from dynod.e nunber 11. The d¡cnod.e

pulses .were invertecl. 1n a pulsetransformer (feaC IfL00) before

sencllng them to the control roolnn T'rom Ïigure 18 it ea¿ be seen

that j¡.creasj-ng the volta4e on the phototube has the effect of

saturatlng the pulses at a lower energyras.e)spected.. trlor,¡ever it
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Sigure 18

cha¡::rel nuraber versu.s energy, for truo overall phototube

VOltap'es - fn'n tho srn¡"1 I anrrul-a-. , vvl4vv¿ a
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also red.uces the cut off energ:y which nay be fmportant when

the raüge of energies of lnterest are j-n the 1ov¡ energy region'.

The res¿lts for one of the large counters, when the

d.¡mod.e 10 pnlses fron both top aad bottoro phototubes ar.e

fnverted. a,nd. ad.d.ed itt a mlxer nod.uler are shoyrl !n ftLgqre 19

Eere the base cl-rcuit of Sigure l3 was used. v¡ith a chain- current

of approrinately 7 ma arld. an. overall operati^ng voLtage of around.

1?00 volts (1695v on top and. 1671v on the bottom counter)

5-2 Spgctra fr_on CS2 and fa-9ggets-for Co],1-tmated. and

Ilncoll j¡ated.. }Jo tons.

Usj-ng: the scattering chamber of Figure 1 fitted with

a movable target holder (not shom), spectra from a 6 rail CHZ

target and. a 1 nil Ía target were obsers¡ed.. This was aehieved

by passla.g th.e pulses' (tne summed. pulses i:'r the case of the

J-arge counters) through a streteher module and then via Nuclear

Ðata AI¡CI s into the memoqy of the PDP-9 conputer. Usi-:rg computer

progra&s devel-oped at the University of Manitoba the spectra

vÍere thea plotted. on a Ca1-comp p3.otter'

[ypical. colll¡lated. spectra at +5o fro¡n the 6 mf]- CHZ

target, for both snaJ-l- and. 3-arge counters, ât bea.n'energÍes of

arrouncl 27 mev and 45 mev are shown in FfgUres 20 a¡rd 2l ln
both eases the scattered protons have been coLlj¡nated at the

centre of the sclntlllators by collfmators of å j^u ard L irl

d.i.a¡neters for the snalL ancl J-arge cou:rters respectively. The

resol-utions of the carbon peaks for the smal1 eor:¡rter are 2"2y',

at 25 mev and. L.84/" at 46.6 ¡oev. lhe resolu'bions for the large

counter are 4,3/" arrd 3,5fr respeetively"
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Sigure 19

Channel nu¡rber versus enerry for large counter
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Figure 20

Typical spectra from a QF2 target at iacident beam

energies of 27 mev and +6.6 nev for the sma1l

cou:rter. The ground. states of the earbon and hyd"rogea

nr¿clei along, with the first excj-ted. (4.4nev) states

sf earboti âT€ markeil. on the speetra. the tldrd exeited.

state (9,6nev) of carboa is al-so marked at the hi-gher

enerry.
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I'igure 2L

fypical spectra from a ÕH, target at incident beam

ene:rgiês of 21,6 merr and. +!.5 ne¡.r foy the large

cotmter, The ground- states of the carbon and. hydrogen

nueJ-ei along w1th the first exeited (4.4mev) states

of earþorr are narkecL on the speetra. The third exeited

state (p.6nev) is also marked at the h:igher energy.
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the collinated a¡rd r¡:rcoLlimated spectra from the I
nÍl thiclc Ta target for a bea¡t ellerg'y of 42.2 tnev are sb.ovm Ín

3ígure 22 for the s¡nall counter and in Figrrre 23 for the large

eounter. I'ron the Fj-gures the äorr-tfrrj-foruity of the counters

csn be dete:n,iireci. In the ca.se of the seall c,oUnter sho\,!zL here

th.e non-unifornit¡', see page 5, is about I+/, arLd for the large

counter it fs about 22y'0, À}so fron the Figures the co}Iímated.

resolutions from tlre Tantal-um target are 2.3/" and 4,6y', for tine

small and large counters respectively. The reason for the poorer

resolutionse conpared. to that obtained. using the CHZ target, Ís
due to the eilerry loss ín the Ta target.

Th.e results for the resolutiolls, frorn the Ta target,

at 'àifferent 
bea.m energies are shown in Figure 24. The measure-

--^---L- ¿-t--.. ---,-:..-.^. jt .:.¡ieli-ùr wer'e r,o.ke¡i uising I iti a¡ñ. È irr. d.iaure'i;er cuiiina-bors for iire

sna"Ll and. large cou.nters respectively. Straight lines obeying the

Vffi law have been drautn through the points.

5-7 Method Ug,ed tr Corree!Í-gg Non-un:ifgrmily- gi Ï,arge Cou¡.t-ery

The non-u¡riformity of the large counters v¡as

d.etemined. by observing the pirlseheights of scattered. protons,

colli-mated by a È in d.ia.meter hole, from the Ta target a'b about

thirty different posj-tions across the face of the selnti1lator.
lhe puJ-seheight at the centre of the scintillator was then

divid.ed. by the pul-sebei-ghts from these positions and. the

resr:lts plotted ar¡d. interpolated onto a 10x10 correction

matrix. The correction natrix v¡as then stored. in the nemory of

the 360/65 eonputer read.y to be used. along w1th a pulseh.eight

correctlon (fUC) subroutine prograrn to correct for the pulse-
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height non-unífonnity.

In ord.er to test the correctlon natrÍx, the wire

chambers were sparked. on random elastie coincÍdences from the

lla target, with the counters uacol-limated., and the resuJ-ts,

g¿ving the spark co-ordinates and. the proton pulseheights,

stored. on magaetic tape. The d.ata was then processed. off-line,
uslng klnematic (whieh ellminate any backgror::ed events) and

relatecl prograüs d.eveLoped at the Ûniversity of Ma.nitoba, to

gÍve histograms of the prflseheigþt dlstríbutions for both of

the l-arge counters. In this mannèr it v¡as possfble to eompare

the speetra for the corrected. and Ìuseorrected. pulsehelghts.

.Another method for obtainÍng the distribution of

pulseheights¡ âI'rd. hence the correctioa matrfx, is to ask the

computer to separate the tasitalu¡u d.ata into f binsr where each

bin' gives the pulseheight distribution for a particuJ-ar area or't

the face:of the scintillator, The pul-sebeight correspond.Íng to

the peak of thls distrlbutj.on can then be taken as the average

pulseheight for that particular area. [be correctíon ¡natrix ca,rÌ

then be ca.lculated. as before. In order for this method. to be

sueessfrll it is neeessary that each bin conta^ans enough. events

(zroo) for the prrlseheigbt at the centre of the distribution to

be s'tatistical-Iy sígrriflcatrrt. To get the 100 bj¡.s neeessary to

form the 10x10 correctlon matrix the wire eha¡nbers would have

to be sparked. approd.nately L00r000 tj¡ues..

Ðue to ti^me restrfctlons however, the rvlre chanbers

were sparked, for onl.y a fraction of thls number and. it was

possibJ-e onfy to use the clata to rtr.¡:ret the eorreetion matrlx
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arready calculated. by the first ¡nethod. described. above. This

I{as aceomplished by fÍnd.ing the average pr:lseheights from oely

16 d.ifferent areas (instead. of 100) on the scintirlator. The

ullcorrected. pul-seheight at the centre of the scinti-Ilator was

then divíd.ed ín turn by the average prrJ-seheteh{" from the r.6

dj-fferent areag, wh-ich were corrected. using the original 10x10

correction natrix, and. arra¡rged to fom a 4x4 | tr.r:ríngr matrix.
The 4x4 tuning matrÍx v¡as -bhen lnterpolated. to fonr a i-0x10

trmlng ¡aatrix and multílJied by the orig'inal l0xl-0 correction
natrix to forr a nely 10x10 tu¡red correction nqatrix.

The correction natrices for both large counters,

coroputed. by the ¡rethod d.escribed abor"e, are shorm iir Figures

25a and 25b, tr'rom the Figures it can be seen that the largest
vari.atiosl- in the aon-u¡tiformity occurs arorlrd the edges of the

scj.nti1latar. This is particularly trtre i:r the case of the left
corinter lvhere one of the ligþt pipes coupled. to the bottom face

of the scintillator did not fit exactly on'bo the faee but Left
a sma1l triangu-lar area through whÍch the 1igìrt roa¡r escape. The

left counter was the orle manufactured by our own workshopr å.r1d.

at the tj¡le of constnrctiag it rvas thought that this aïea would

onl.y slightly affect the u¡rifoimity"
The correctÍon matrices of 3igures Zja and Z5b rvere

stored j.n the nemory of the 560/65 couputer ancL were ready to
be tested usi:eg the Tantalrrm d.ata. The results for the coruected.

a¡r.d. uncorrected pulseheights are shov¡n in Figures 26a and Z6b

for the left and rfght counters respectively. The thielc Iíne
represents the u::corrected. spectra and the thin line the cor-
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Îígure 26a

Coruection matrix for the large left counter
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Figure 26b

Correction ¡natrix for the large right counter
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Fígure 27a

The uncorrected. (heavy Li:re) and corrected.

(tniir line) spectra for the large left counter

from a 1 rniL Ta target, v¡ith incident bean

energies of 41.4 !oeY.
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Sigure 27h

Ílb.e uneorreeted (freavy line) and corrected. (tfrin

line) spectra for the large right counter from a

1 niL Ta target, w1th ineident bea,m energies of

41.5 mevo
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rected. one. Frorn the I'igures it ea¡0. be 6een that the computerrby

correcting the pulseheishts,improves the resolutÍon of the

counters by a factor of 3, from l-:Bit 1,o 6i6 at, arr energy of 4f ;5

nev. ft is hoped. that by talcing more of the [arrta-1um data Ít
will be possible, d.ue to better statistics, t*q inprove t-he

resoLution even further.
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for p:cci;o:rs sca-l;-bered frorn 'che cnz ta.:r:13-e t a,1,- incici_e¿-b beam

energíes of 46.6 nev are 1"9{7å and j" jî|, j:esï}Gç.Lj.yell¡r"

llhe¡ r¿¡.i:íúTîi:iÍty Ð.Lï,d. Te$oL.ut:iciT of tlte 1a::.ge coi;:,:r..ters

&:re ser.irrr"fì--t,;' af:flec-'cec" by sL..ra.11 i.rnperfections ( a,rt o-d .LLle .,co.b¡¿
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¡'¡.o::*u.*1.:forrnity, tìair:ì-:rg iiL'uo acr:ou-nt tjiese effect..¡ u the p11lse*

height ¡ton*uti-Lf'crj:':njr-'dJr fol, 'bhe ].arge cou_nters w¿rs as lnuc¡ as

?'if'" Iileasurenorrts of 'r,i:ie irorii,-u*l1ifor.:lr'ity' ij:l,ci'rt tire u.¡:co1-i:Lriar,'ed.

Ta targe'ti (ivi:ictr ^ber¿d_ to ¿r=./era€Ìe out :-r.ry locaJ. e:flfJects) give
\rûJ-ueÊ fcÏ th.e i:ion-ui'¡jforur:lty' of Lz.jf¡ fo.r ü:.e s:nalL cou_nters.
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By using the l¡rfor"matlon froru the v¡ire ehambers tt
1s possible to correet for the puJ-seheight non-unÍfomity. The

resirlts so far have shol¡n that the overall resolution of the

large counters can be lnproved. by a factor of three, arrd that

further inprovemeat can be expected. by i:rcreasing the a¡oount

of a d.ata, 0veral]. resol-utions of between 7;5/, ana 4% at energies

aror.md. 45 mev can be expected. in th.e near future.
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A.?PTNDÏX

ÐESCIII?ÎTON 0F TID ?UI|ÞEIfrJGIiT_,CORBICTIOI{ ?RqGP'À}î_ (gE

The purpose of the PIIC progra¡c is to correct the

pulseheights of protons v¡hieh pass througlr the -w1rê chambers -

a¿d. stríke the scintillators. The program requÍres the fol-
Lowing J-:eput information:

1) Tbe angles, thetarwhich the protons rna.]ce with the bea¡a 
r

d.irection, a¡ad phi:

bea.n directionr. '':

2J The co-ord.inates (xry) of the rear v¡ire chambers (rv-Ith

. the origÍn at the ed.ge of the chamber).

7J [tre pulsehefght Po of the particle to be corrected.

+j i'se sei,- C(i,ii of caiibration poiii'us (i.e' the i0Xi0

correction matríx).

5) The dfstarrcerd. between the scintillator a¡rd the rear

wíre chamber.

Itre first thing the program does ls to re-sca]e the 
,,

co-ordinates of the rvire cha¡nbers, r*Lrich have the ra,nge O-32+ l

a¡rcl are io:-/+O ínch i:n-1ts, into orre lnch units and shift the '

origin to the centre of the wire eha¡nbers.

Next we have to correct the paratlax betr'¡een the rear

w"J-re cha.nber a¡rd the scintillator. 'Ihe parallax is caused by tbe :

finÍte d.istance (d) betrveen the rear w'ire chamber and. the face

of the scj¡rtillator and. 1s corrected. by using the arlgles 0 and 0.

i.e. xt = (x - r:62)/40 + srlr(o)c0s(o)

yr E (v_:.62)/+0 +srr{(e)srrr(o)

ûre ra.nge of the co-ordinates,xr rytare - {'fu -+Èt'a*rd
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by ad.din g 5$' we ca.n get the nrore suitable range of 1-10 whlch

correspond.s to the range of the correction rnatrÍx"

I'Ie are n^o1{ ready to correct the pulseheight of the

partiele by nuJ.tipling it with a comectlon consta¡rt fou¡rd.

from an interpolation of the 10x10 correctiou mãtrix"- B¡r

separating the x a.nd. y co-ordínates i:rto iateger and. d.ecinal

parts, 1.e.

x = I *R (wher'e I is an fnteger, and R is deeina-l)

and l$ov¡ing the caLibratlon polnts;

cl - o(i, j) , c2 =ö(i+1, i) )

c7=c(irJ*1) , o4=c(Í+1,i+1) ,
we cað. proceed. to fo:m a four way interpolation between them

i.e.
--^ É - l-^ Êrtr,ñiVL¿- U¿* tUc-UI)zfrLL

CL7= cl + (03-c1)xR2 where RL and R2 are the

Õ24=C2+ (C4-C2)xR2 decinal parts for the x

C34:03 + (C4-C3)xRl a,nd y co-ordinates resp.

Next we ínterpolate betleen A24 and C15, anð. A74 and C12 i,e.
cv=GL2 +(c74-C12)xRL

cq: aL1 + (c24-Ct7)XR2

and fiaally by avera.g:ing tbe Cv and Cq we get th.e correetion

factor H, which when multiplled by the pulseheight ?o of the

partlcle corrects for the prrlseheight non-unlfo:mÍtyri.e.

Pc=PoxFI where 3c is the corrected pulse-
height, 

o



IiÞtins of PITC

sItBROIITrl E ?H0 (pHr,?HTC,X,Y,ATIIEIA,Pffi, C,D, )
ÐIMENSÏON C(rO,rO)
J\EA

lHEr.A" =ATtffi[A ¿ 32"5x3,L4L59iJ.8O
y,=(x-162.\ / 40.+ srI'T( T}|ETÀ) +gCOS(lnrl ìÊD 5" 5-
ve(v-t62,J / +o.+ srN( THxrA) å+srlI(?HrJ ot 5.5
Itr''(x.r,T"]-" ) G0 T0 200
m,(x. Gn.10) Go 10 2oo
Ttr'(Y"T,T.1.) G0 Ío 200
rr(Y.GE.10) Go ro 2oo

100 f=X
JgY.

RL=X-T
R2'*Y-J

Ç]2=c1+ ( c2*ç1) *R?
t¿ ) +ãr) )+ ( $4 -u, ) {-}r'¿

cvecl2+ (c=+-c]-2) l+nt

C.l5=c1+(c7*cl) l+R:.

c24=C2+ ( C+-CZ) *nr
cQ=c15+( Õ2+-&7jxr.z

R-(Cv+CQJ /2.
?HCT g ?HT*H

2OO XæA
Y=B
RNTURN'
3i{-J

clËc( r,J)
C2=C ( r+1-, J)
C3=C ( I, ,l*l-)
C4=C(I+1e f+1)
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