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Abstract

Hemulta are mmmareed for the beam teat of 2. Pb/acintillating fiber
madule with pixallated mmpling. The device was sxprred to photane and
electrone with enengien m the Tange 045 - W GeV. Heaalutione for ener-
g7 and rerrmetmicted angle are mesAured and compared fo Monte Carlo
simulaticma.



Contents

1 Imtraduction

2 Besmline and Test Madula

3 Calibration and Energy Hesalution

4 Coamparison with MC

5 Angle Hacanstruction

8 Energy Carvectian

T Canclugians

8 Admowledgenents

List of Figures

= = B - O ]

L)
Ll
12
13
L4
L
L6
LT
L5

Lawoul, of Lhe sandillading fber vnodule. . 0 00 00 0000 00 L
Calibradion apodmam of the emiral pisel. 00 00 0000 00
Pezuke ADNC charmel Tor smingle-o peska it ealibradion mode:. :
Sumn emergy apoclmum for L8 GeVoelecdrona, . 00 0 0 00 L
Memaured cnergy of mulli-clecirona al 193 GeY. . 0. . 0 . .
Companaon of laal anargy al 507 GeY e SclFi-only and So-
Fi+bMal. . 0 o
HMS emET Y remalution for all eTETEEE. . L L L L L L L
Tranaveras cnengy profilen ow-3 ol 50T GeY. . 0 0 00 0.
Heconslrochod ange lor 193 and 507 G2, . . . 0 00 .0 . .
Lampiludinal anemgy prafile Tor 193 GeV dalaand 8C 00
Tolal tnesmured cnergy for 193 GeV dadaand MC. . 00 0 0 .
True: pomiion veraua OO0 recomdraclion. .. . . ...
Heconirucled angle uding lempixeals. . 0 000 000
Anpualar resolulion as fanelion of pholon ey, 0000 0 L
Lampiludinal anemgy prafilen lor 5 GeY pholoma. 0 00 L
Filled shower-tnasirnum posilion o 30 GeY. . .0 0000 L.
(}'mn}mﬁ mom o Taw and correcload e Ty dislribulions. . . . . . .
bWimaurod and corredhed anergy remololion. 00 00 0000 L L

00— T &

L0
Ll
Ll
L2
L2
L3
L3
L4
L3
LG
L7



1 Imtroduction

I Jumez of 1996, a bezarn Leml of @lorimeater leehmol ogion for GLAST was conducled.
The poraailic ::|::d.r:n|fp:mi1.r::l| bezirnline ivlo Fod Slalion A was used 1o a1.ud_}r
Lhe rempom=: of Cal[T) and acindillaling fbar @loritnelar modulka 1o clohmons
and pholona. This Mol reporls on one analysia of Lhe sendallading ber rnodole,

Lepgel hear wilh Blomile: Carlo tnodel g of irnaging calarimnelar tnalhods.



2 Beamline and Test NMaodule

Flzclrona of 1.33, 193, 5.07, and 949 GeY were nomneniam s:leclod and alaoned
e s leml area it Fnd Salion A, The ::|::|:.1.1'-:I|J|"p-cmi1.rm| bunches had 2 rr:::lu:mc_}r
af 120 He, wilh indemailies mnging Mrom 0.25 16 2 cleclrona por bunch. Far pholsn
runming, & J.0% radialion lenglh Cu fang: was wsed lo indues bromnasirah hang,
and a magnelic spoclromealar neseured Lhe clecron fand 1haa pholon} rnomen-
lurn. For the slodia reporled oL his papor, pholons in the ranges 0.35 - 0.57 Gey
were sludied, i1 addilion Lo lhe pritnary clodrons.

In order Lo sludy the properlica of nodarn acinlillaling N clorinelors,
and e cheek Lhe Monle Carlo rnodelling of such ralerials, a crude cloritneer
misdule: was conalmcled al Lhe Universily of Chicgs, PhJ/ibar tnademial in Lhe
vohutne ralio 428:58% was donaled [eourlesy of Proll G Barlhielind) by Lhe
KILQF Gu”:-lh:r:-uﬁ:m, which i3 has conslrucled & |:-l1'g;:: HFEI? caloritneler wilh
Lhim malerial'. Frough maderial was oblained 1o conslrud a reclangular block
emsuring 149 en % 149 on % 188 an, wilh Lhe Mber axia along one of Lhe
ahorler axem; Lhia machiting was porforned al Lhe Univemsily of Chicyg. The
KLOF: mnaderial bas fips = LGma and Aarogoe = 380, i ving deplhs of 9.3 L.
Lrammyerse: Lo Lhe boam and LTS fme :-u|-::mg 1.he: bezarn diteclion.

Hoaus: of line and fanding conslrainla, cornpromiaes bad Lo b made i
choxming remdond Tor Lhe deviee. Pholomnullipher luben were chomsm Tor neadould,
i order 1o sl asscs Lhe Tghl oulpul of the acndillalor. Adoguale granm lanly
af sarnpling was obdained by poiling 4 Winslon Fghl coneeriradors tneemring 0.5
meh % 0.75 inch [almo courlaay of KLOF) al 1 he Oral, radialion lmpgth Gol lowed by
18 comr=er | ineh x L ineh Winslon cones [manufaciured @, Chicyod al inlorvals
1.h1'-:11gh-:m1. 1.he: TETNAT THTIE tnalerial. ﬂn|_}r ame wierwr o Lhe mhonwrer d::w:h:pm::rﬂ.
im oblainod 1his way, For Lhe amaller fghl coneenlmdors, Hanmmamalan BSG00
PBITs hawing 0.5 crn agrerlore were used; Tor Lhe larger pasela, ROA G305 Lubes
hawang 0,75 nch aperlare were anployed. A achernadic of Lhe nodul: 18 shown i
Fagure L.

The: ScFi rnodules was rnounled on an -y Lranalalor alagga which could b
pemilioned ramnolal y rom Lhe aparalor conaola; nodulaposilion resolulion of aboul,
0.2 ctn wam oblaned wilh thedevies Twosals of beaen delining scnlillalom weres
lacadead i fromd of Lhe module + lmnalalor alage. A sc of 1 an wide ®linger
courdem® n the verlicl and horizanial direclions was wsed 1o slear the bon
and 1o define a | on % | on ban apariure. A Lhick, lange aperiane sanlillador
* pandd le:® waam usod 1o aclocl baarn bunchoa hawving only single olodrona [used only
For meidemi, exleciron rnode).

A A Fpalimp Wal[T} cryslal was placed bebind Lhe 56l module inoorder

Lex Tezamre: 1 hez shoower lezubagse.

' antonelli et al, NTM AZ5 [1993) 1352,



55iF Mladubke far SLAC Emt

T o

L=

- TLE = >

Figure: L Laysud of 1he scindal laling fiber tnodule.
The while: bomes indicade Lhe Iﬁmﬂﬂ rezad ol wilh Winslon |igh1.-¢:-::l|n:r|1.r:-u1.-:m
and prhololubea.

3 Calibration and Energy RHesolution

The lbradions were porlorined using maden] clechrons of anerpgen 135, 193,
and 507 GeV. In Apc al il bradion Tuna, 1he SalFi rnodule: was omemled s 1hal,
tzch meadoul, pisel was eomlered on Lhe bmen, with Lhe pixel axis (e, Lhe Aber
anem ) wlong Lhe been diroction. The mnodule was tnounled on an s-y iranslador
ac Lhal Lhe 22 piscla could be emlarod ramolaly. One of Lhe calibralion apeclm
in shown it Figure 2.

Showera incidem ], along Lhe M ber axia @an develop di Merandly Mromn Lhose: Lmans-
verrse: Lot he: [ beer axda; Lhis phemomnenon 18 known as ®channel ng®. While mfomnal
repurla suppesl the differenes 8 nol, lamge (few pereant]), Lhe calibration rans in
our came show a aovera non-linaarily; Lhia s shown in Figara 3. Thia non-lnarily
in Lhe marne for bolh of Lhe phololabe Lypes used 0 Lhe clorimeer, indicading
Lhad Lhe mon-linezarily 18 mdeod dus Lo charmellng, Bogns: of Lhe problon, only
Lhe 133 (¥ mlibration waa used for the rernadnder of Lhe ana y=ia.

Al L93 Gn::"q-’? 1.he bezrn mlemm iy was ralher high? r::quH.iTlg m |:-urg:: niurnber
of pulaca having mullipls cledrona; 1hia 3 shown in Figore 3, and Lhex: ¥ mmllia"
ewvertl| wre: umed in L haenergy resolulion neemrernand, lader, Wilh L he SeilF rnodu b
m Fatiwwrer pomlion® [, onenlod s Lhe pixel asos are lranaverss 1o Lhe boan
diteelion], Lhe murn-cneney speclum ia shown m Figure 4, whene Lhe calibradion
i3 correched lor Lhe S0% pimﬂ ﬂ:—l:rnpﬁng arem. A ML Lo 4 Ganssians i3 shown on
Lhe: g, The emiraids of Lhe paka are plolled it Figora §, which ahows somne:
saduradion of Lhe PRTa al Lhe gain wsed inodhe Lesl. InLhe analysiawhich Tollows,
ey comrezelion I8 nade for 1hia non-linearily.



5.07 GeV dlectrons, cut on singles
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Fignre: 2: Calbralion speclrom of the cendral paxel.

The: anenegy resolalion 8 depraded by shower lalagss ol of Lhe back of 1he
tnasdule. Figure § shows a comnpanson of Lhe lalal SEF enengy wilh Lhad of Lhe
Mal "laa| calcher™. Mo corraclion for Lhe shower Lok 8 tnade o Lhe anaylsa
which follows; mlher, Lhe dada i3 cornpared with Bonle Carlo sirnuladions which
meorpromader Lhe leabegse,

The: emengy remalulion in "shower orarlalion™ was oblained wang Lhe wrious
imederd, eleelron anergies, he rnuli-<clociron overds, and lower amemey pholons
(0.37 - 0.55 Ge¥} from Lhe rdialor-in runa. The ramolalion 18 ahown in Figara 7.
Mole: Lhal no correcliona hawe: bexm rnade for shower Labages (aboul 209 for Lhe
Leml, todule}, and Lhal, the domminan, comlnbadion Lo Lhe resolafion 8 fom Lhe
resdoul, sarnpling The resolulion oblained Mo Lhe Laal tnodule 38 rnuch womse:
Lhan whal would b obdained witlh comnplele readonl eowvergee, bud, Lhe rom e are
unclul for companson Lo Maonle: Carlo sitnulalions [mext soclion of Lhia Mol

The: Aranmverse confainmnend, of Lhe showers i quite pood. Figure 8 shows 1he
Lramm e anergy I:Tnl"lh:l 1T Tovwm 2-05 |:1.hr.: L inch i m:|a} For § GV oeloeclmomns,

A A kA poind,, tnasl, of Lhe: wseful mlomnation from he Ll tnodule has bom dis
cusmod and awails cornparison o BC in Lhe nesd, secdion. A erude mnesmaremnem . of
Lhez recem sl mueled anpgl e ia ahown in Fignre 9, wilh the cadion 1hal dada was laken
al. only ome angalar orfentalion of Lhe Lasl rnodule, and we know frorn MO slodies
Lhad, 1 hez dezsl rnoadul e pixel armampgnand, was oo coarse: Tor good angle rooom sl e
Lion. The NMgure shows roconslruched angla wang Lhe energy-weghlod " rnoment,
af inerlaa® of Lhe pisels [rnore sophislicdad Lochniques are discosed lader). The

[=h ]



Pixel 11 Calibration
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Fignre 3 Peak ADG charmel for single-o peaks in @libration mode:.
The: esleselromna are ingdemi, along 1 he Mber axia. Fxirerne non-lineniiy s doe 1o
ahicwwrer "ch:inn::”iﬂg“ in ks,

agyrnmnelnic profilia arc due o the kcalion of the baun asis wilh respod, Lo Lhe
lescadiom of the pixel oundarics; or langs pixel sizes near shower tnaximnuam, 1 heres
are: "pulla® an Lhe emier of gravily which bias the angle recomatruction. Anii-bias
correcliona are discumed it oa laloar aoclion.



1.93 GeV €lectrons
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Figure: 4: Sumn emergy spoclrum for L8 GV cleclnona,

The: rrullipsle peradin are n-aloclron pulses,

4 Comparison with MC

Bonte Carlo simuladions of the 3a b moduls were porforned wsing Lhe GRANT?
paackays: rorn CERN. In order 1o sitnplily Lhe goorneloy, mdi vidual Gbers were nel,
airnuladed. H_,Hil.h::rr 1.he: goornalTy conmsled of a mandwich of Ph and sarlillador
alaba having Lhe marne volorne ralios as the KLOF malanal | namel y 48% 1'b and
32% scindillalor. [Aciually, the KLOF fibers consisl, of 2% santallalor and 0%
glue, bul Lhia dislinglion s nol rnade: in 1he MO

Chuloll an Lhe propagadion of oleclromnagnelic showera @n bave a s e,
Tnpacl, om 1he T::EHJ.H.H? :mI::cia”J.r m p|:-|.ﬂ1.i|: ascinlil kdor. For 1he MO demcribed h::r::?
a L0 Ke¥ culall on phalona and aloclrona was uacd T propeggalion in bolh Lhe
I'H and plasiic.

Fignre: L) shows a companison of the lomgladinal shower prafils for 193 GeY
cloclrona. Whil: the BIC does mitnic Lhe dada Garly well |31 38 elear Lhad, 1 he L
Tad Tadd om |::T|g1.h ia sotnewhal stnaller than thal, sirmaladed 0 the 8O, A Marlher
conmequame: of 1hia i3 somnewhal, belder MO anemgy rasolulion Lhan Lhal o Lhe
dala [Figurea L1,

Foor Lhe: BLE rnodel of 1he Lozl bezrn tnodale, Lhe RS aneney resolulion is pre-
dicled 1a be: l-i-.ﬁﬁ,u"v"ﬁ for Fein GV Lhis cornpares well wilh Lhe tnessured vl
ol l.ﬁﬁfﬁ I:m:: Fagure: '?} The: comclumon 1o be: drsowm Fromn Lheme CiNMSATI HTIA 18

IEFANT 3.21 ia dereribed v the CERN Pregram Lihraty.



gain linearity for 1.93 GeV electrons
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Figure: §: Moemrod energy of nulli<leclrona al, 193 GeY.

This dernonsirales non-Fresrily of the PMTs.

5.07 GeV Leakage

wolid = E(scifi) + E(Nal), RMS/E = 6.0%

events

broken = E(scifi), RMSIE = 6.8%
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Figure G: ﬂnn}mﬁmm ol 1ozl aner gy al, 5007 G Tor S-:il"i-mlhr and Sali4 Mal.



Resolution
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Figure: 7: HM S cnergy resolulion for all anemgien.

Dala pedinis inchade oloechrons, pholons, and tmi-eleeirona. The broksan eurwe
shovwa Lhe resolulion oxpeoclad wilh | en pixels.

Lhal rnodule of LLTE fies deplh wilh eomplede sinpling coverags: would hawe: an
emergy remolulion of 3.3%; Lhia 18 1o be conparad 1o the KLOF lgure of E%;"v"ﬁ
i a Galoritneler wilh posod shower conlaimmend..

I Lhie Tollowing scelions, angle and onergy recomalruclion Lochnigues an: sloud-
tend umnge a B which asmrnes cornplols rzadond, eoveragg: of 1he tnodule and wilh
| o pimels.



5.07 GeV transverse profiles
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Figure: §: Transverse: cnengy profile inorow-3 o 507 Gy

Thez mhevwers are: wel l-eonlaned transversley it Lhe Lesd rnodule:.

5 Angle Reconstruction

T'he: vosl, madve angle reconalruclion melhod = Lo fnd Lhe canler of grawily [COG)
of the amerpgy prafile i the @lorimaler, and Lhem Lo diagonaliz: Lhe onemney-
w::ighh:d merlia Lemmor h:-nr'mg 1he ongn al Lhe OOG. This nethod 13 ol de-
pemdemd, on an asmumnod boaen asia. Howeower | Tor plsalladod saonping, Lhe 806G
in "pulled® il Lhe pisel emiam, a well-known bias for Lhis method. Fgare 12
ahowm Lhe b fir | anand e 3 on plsels.

The: bias can be parlially correclad by wsmp Lhe hyperbolic Langemt, fanelion
ﬂum::ﬂ.u:l h_}r 1.he eIV oS ﬂgurr.:. Frgure: L3 shows Lhe reconsiruclad :-|.T|g|:=| loxr
various emerpdon, wnin g Lhia biae correclion. For L sladics, 1he madernd, pholons
had arglem in the mnge 0.4 rad and an enfranc: posilion distribuolod owver Lhe
face: of lhe conlral pisel. This melhod rmb=a an KBS angle raolalion o 66

nrad f/F for Fin GeW: Lhia ia shown in Figare 14,



Angle Reconstructed from Data
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Figure: 9: Hecoralruclod angl: for 1.93 and 5.07 G Y.

The: nom-panasian shapem are due Lo Frnilod samnpling i Lhe rnodu .
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1.93 GeV €lectrons; dataand MC
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Fignre: L1 Tolal moemred aneney for 193 G dada and MO

C.0.G. vstrueposition, 5GeV at 7 Lrad
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Figure: 12: True pewilion wemos C.0Gn reconlmclion,

S:-Irnpﬁng gizem of L otnand 3 orn are shown .



Angle Reconstruction (moment method), 1 cm sampling
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Figure: 13 Heconlmclad angl: using | e pixels.
The: rrewnem ] rnethod 38 used wilh | on pasels.

Moment method, 1cm sample, bias-corrected
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Figure: [4: .l'lmguhu' remeyl ul o am Manclion of ph-::d.ml GTHTEY.



6 Energy Correction

Shemwera of enerpy larger Lhan soveral GeYohawve shower-tnasi rna which Mucluale:
o tan y oomlimnelam, and are oflan ll-cordained I Lhe cloritneler. Figure: L3
ahows Lhe lomgnluadinal profils of Lwao showers o 50 GeY pholona, The disln-

buatiom of shower tnasarnurn for Lhe LLTA fpeed tnodule 38 shown in Figare 16
50 GeV photons
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Figure: 1A Lomgdindinal anergy profiles Tor 5 Gaey pholons.

| o sarnpling in used.

For | orn pixels, the shower profile al all energien is fded well by a pammmna
funclion. T'ha (lied shower masitnorn @an be wsed ather Lo rejecl high anorgy
evertia hawang © lade™ showers, or Lo correct, Lhe enerpgy asing Lhe fded paramnears.
Figure: 17 showa the maw fiboar anemey and Lhe correcled energy Tor 50 and 100
G opholona, While Lhe HALS on dhe fided emeorgy 38 ol mouch irnprowed, Lhe
lovw ememey ladl 8 chmitaled. Figure 18 shows Lhe M3 cnorgy lor raw cnergy,

corteciad crergy, and raw cnergy for ovenda wilh "good® (iiad shower-masitnarn.
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Fignre 16: Filled shower-masitnorn posilion al 50 Gey.
| ern sarnpling in used.

Y Conclusions

The remulla Mrarn L he bearn deal of Lhe Chicageo scnlillading ke mnodule suppor,
Lhe: characlarintia published by the KLQF col laboration and are well sivnoladed
h_}r the Morde Carlo. Irnagg nigg m|uﬁm::1.r_}r 1:|::ur|_}r ham a nurnbser of :-l.dwi.nhl.gm
aver tiemalilhic or longiludinal ly aaqemeanled calormeary. Profiling of Lhe shower
allows Tor gxad anpgde rocomsluclion of uli€zeY parlicles wilhoul Lhe wee of a
converaion-lrcker , and alao pornila Lageing of hgh-crergy shower Mucloadions.



50 and 100 GeV photons
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Figure: LT Companson of mw and corecled enemey dislribulions.
Correclion in basced on | etn sarnpling.
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Measured Energy
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Figure: 13: Meamured and correcled anemey remol ulion.

The: raow emeney ham pood remalalion whem shower-rnasitnumn is less thad, 14 crn.



