
2f :3- '-( j '1 

A 4SJ 

0 D b B A M H e H H bl M 
MHCTMTYT 
RAB Pllbl X 

MCCne.o.oeaHMM 

.O.YDH8 

Pl-89-434 

A.H.Aneee, n.AneKcaHApoe, B.n.6anaHA~H, 
E.B.6enHKOSa, o.n.raep~~YK, T.C.rp~ranawe~n~. 
B.C.Aat.\KO *, P.B.EpeMeee, M.r .KaAb1Koe, 

'111.r.Kocapee, B.f.Kp~eoxmH~H, H.A.Ky:1bM~H, 
B.B.KyxT~H, P.neAH~4KM, C.HeMe4eK, B.r.oA~H40B, 
Jl.B.neweXOHOB, IO.M.n~~anbH~KOB *, 111.A.Cae~H, 
B. K. CeMeHoe *, r .111. CMMpHoe, B .111. Cy3Aanee*, 
A. 6. Wa6yHoe, A. 6. Wanbtr~H, fl. WKeap»rnn, 
r. A. flpblr~H 

XAPAKTEPll1CTll1Kll1 AAPOHHoro KAnOPll1METPA 

YCTAHOBKll1 "ME4EHblE HEVITPll1HO" 

HanpasneHO B >1<ypHan 11 flpL-160pbl l-1 TeXHL-1Ka 3Kcnepl-1MeHTa 11 

l-1 Ha Me>KAyHapOAHY~ KOH$epeH~L,1~ HEXAM-89, YCCP 

* ~HCTL-1TYT tl-13l,1KL,1 B~COKL-1X 3Heprl-1A, flpOTBL-1HO 

1989 
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XapaKTepucTHKH ap;poHHoro KanopnMeTpa 
ycTaHOBKH "Met.IeHhie HeHTPHHo 11 

PJ-89-434 

Ilpep;cTaBneHhl xapaKTepHCTHKH ap;poHHoro KanopHMeTpa MO
p;ynhHOPO THna: ycTaHOBKH "Met.IeHble HettTplrno" • l13MepeHHH npo
aep;eHbl Ha nyt.IKe nn-MnHyc Me3oHoB c HMnynbCOM 3 7, 5 r3B/ c. 
B H3MepeHHHX HCilOnh30BanACh MaTpHt.IHaH c6opKa H3 )6 MOp;y
neif. Hccnep;onaHhl 3aBHCHMOCTH 3HepreTnqecKoro u npocTpaH
CTBeHHoro pa3perneHHH OT MeCTa nonap;aHHH B KanopHMeTp. Ka
nu6poBKa KanopnMeTpa BhlnonHeHa Ha MWOHax c 3HeprueR 
> 5 r3B. OnucaHa KOHCTPYK~HH OTp;enbHoro Mop;ynH, HMew~ero 
pa3Meph1 0,15x0,15xl,42 M? 

Pa6oTa Bhlnonueua B na6opaTopuu BhlCOKHX 3HeprnR OHHH. 

ITpenpHHT 06-&e/lHHeHHOro HHCTHTyTa MepHbIX HCCJie/lOBaHHH. ,Uy6Ha 1989 

Ilepenop; aBTopoB 

Aleev A.N. et al. 
The Characteristics of Hadron Calorimeter 
of Tagged Neutrino Beam Facility 

Pl-89-434 

The characteristics of a cell type hadron calorimeter 
of Tagged Neutrino Beam Facility are presented. The mea
surements are fulfilled on rr--mesons beam with momentum 
37.5 GeV/c. The matrix setup of 16 modules was used. Some 
dependencies of ecyergy and space resolutions of the calo
rimeter on the impact point of an incident particle have 
been studied. A calibration of the calorimeter was done 
using muons with the energy of 5 GeV. A module construe-· 
tion with dimensions 0.15x0.15xJ.42 m3 is presented. 

The investigation has been perfo·rmed at the Laboratory 
of High Energies, JINR. . . 
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1 • BBEAEH£1E 

Pa6oTa BblnOJlHeHa s··paMKax C03AaHl-1H ycTaHOBKl-1 "KoMnJleKC Me-
4eHble HeATpl-1Ho11 /KMH/ 111 , KoTopaH peam13yeTcH s £1<1>B3 /np0Ts1-1Ho/ 
Ha YCKOPl-1Tene Y-70, MoAYJlbHWA aAPOHHwA KanopMMeTp HBJlHeTcH OA
Hl-1M 1,13 AeTeKTOPOB YCTaHOBKl-1, cnoco6HWM OAHOBPeMeHHO onpeAeJlHTb 
KOOPAMHaTW M•3HeprM~ B AMana30He 20-60 r3B AJlH 6onbWOro 4MCJla 
aAPOHOB. npoTOTMnbl KanopMMeTpOB noA06Horo TMna ycnewHo MCnOJlb-
3Y~TCH Ha aAPOHHblX nY4Kax c 3HeprneA oT 20 r3B /£1<1>B3/ Ao 
300 r3B /UEPH/ 12 ' 

B HaweA pa6oTe np1-1BOAHTCH pe3YJlbTaTW M3MepeHMH ¢,M3M4eCKl-1X 
napaMeTpos, nony4eHHwx np1-1 pa6oTe co c6opKoA 1,13 16 MOAYneA Ha 
nY4Ke nM-Ml-1Hyc Me30HOB C MMnYJlbCOM 37,5 r3B/c. Ka111-16pOBKa 
npOM3BOAMJlaCb Ha WMPOKOM M~-Me30HHOM nY4Ke C MMnynbCOM 
~ 5 r3B/c. Bnepswe MCnOJlb30BaJlCH C~MHTMJlJlHTOP pa3Mepoi 150x 
x150 MM 2 , TOJl~MHOA 5 MM, M3rOTOBJleHHWA MeTOAOM Jll-1TbH nOA AaB
neHMeM, np1-1 M3rOTOBneHMM CBeTOBOAa co CMeCTMTeneM cneKTpa ¢,op
MMPOBaHMe BMTOA ero 4aCTM swnoJlHHJlOCb onTMMaJlbHWM C T04KM 3pe
HMH cseToc6opa o6pa30M - MeTOAOM ropH4eA ¢,OPMOBKM, 3To CBOAl-1T 
K MMHMMYMY noTepM CBeTa B MeCTe cy*eHMH 1,1 COCTWKOBKM CBeTOBOAa 
c <1>3Y. 

2, KOHCTPYKU£1R MOAYnR KAnOP£1METPA 

DTAeJlbHW~ MOAYJlb npeACTaBJlHeT co6o~ c6opKy caHABM4: C~MHTMJl
JlHTOP - *e11e30 pa3MePOM 150x150 MM 2 /pMc. 1/, noMe~eHHY~ B cse
T03a~MTHW~ KO*YX 1-13 JlMCTOBoro *ene3a TOJl~MHOA 1 ,5 MM. mene3HWe 
nnaCTMHW TOJl~MHOA 20 MM Ka*AaH B KOJlM4eCTBe 40 WTYK 06pa3y~T 
norJloTMTeJlb npoTH*eHHOCTb~ 80 CM, 4TO COOTBeTCTByeT 4,7 HAeP
HWX AJlMH. Me*AY nnacTMHaMM norJlOTMTeJlH ycTaHOBJleHW C~MHTMJlJlH
TOPW pa3MePOM 146x142 MM2, TOJl~MHOA 5 MM Ka*AWA. C~MHTMJlJlHTOPW 
l-13rOTOBJleHW B BMAe nnacTMH Heo6XOAMMOro pa3Mepa B nPOMWWJleH
HblX YCJlOBl-1HX MeTOAOM Jll-1TbH nOA AaBJleHMeM 131 1,13 rpaHyJl noJlMCTM
pona co C~MHTMJ1Jll-1PY~~MMM Ao6asKaMM, C~MHTl-1JlJlHTOP o6naAaeT Bbl
COKMM cseTOBWBOAOM /aHanorM4H6 nnacTM4eCKOMY C~MHTMJlJlHTOPY 
3nC-1; nony4eHHOMY s £1<1>B3 MeTOAOM 3KCTPYAMPOBaHMH 141 I. AnH no
swweHMH cseToc6opa Ka*AaH nnacTMHa o6epTws~nacb an~MMHM3Mpo
saHHWM MaAnapoM, a AJlH YJlY4WeHMH OAHOPOAHOCTM CBeToc6opa ee 
6111-1*HMA K cseTOBOAY KpaA o6epTwsancH 4epHoA neHToA. 
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Pttc. I. KoHCTPYKUHH MOAYJIH anpoHHoro KanopHMeTpa: I - nna
CTHHa CTaJihHOro norJIOTHTeJIH pa3MepoM 150x150x20 MM, 2 -
nnacTHqecKHH CUHHTHJIJIHTOp pa3MepoM 142xl46x5 MM 3, 3 - CBe
TOBOA C noBepXHOCTHblM nepeH3JiyqaTeJieM-CMeCTHTeJieM cneKTpa, 
4 - BHTaH qacTb cBeTOBOAa, 5 - ~3Y-84-3, 6 - Kopnyc MO
AYJIH, 7 - KOPITYC ~3Y, 8 - CBeTOAHOA THna AJI-307, A - cxe
MaTHqecKoe pacnono~eHtte Monyneu anpoHHoro KanopHMeTpa no 
nyqKy ITH-Me30HOB. 

CBeTOBOAW, co6Mpa~~Me CBeT Ha ¢oTo3neKTPOHHWe YMHOmMTenM 
/¢3Y/, M3rOTOBneHw HaMM B na6opaTOPHWX ycnoBMHX M3 nMCTOB op
raHM4eCKoro cTeKna Ton~MHoA 2,5-3,2 MM. nepeM3ny4aTenb HaHo-

. I 
CMnCH Ha cseTOBOA TOnbKO B 30He pacnonomeHMH C4MHTMnnRTopos, 
a 6nMmHHH K <1>3Y era 4aCTb He OKpawMsanacb. 0KpacKa npoM3BOAM
nacb MeTOAOM norpymeHMH B cnHpTOBOA paCTBOP, COAepmasw~A cneKT-

1 POCMe~a~~y~ A06asKy 1~. n~MHHo¢op Ha ~ny6MHe CBeTOBOAa nOPHA
Ka 5 MKM o6paaoswsan nosepxHOCTHoe nOKPWTH~: -HHTeHCHBHOCTb 
nOKPblTMH BaPbMPOBanacb no AnMHe C 4enb~ nony4eHMH MaKCMManb
HOA OAHOPOAHOCTM CBeToc6opa, 

nocne OKPaCKM ¢OPMMposanaCb BMTaH 4aCTb CBeTOBOAa AnH CTbl
KOBKM era C ¢3Y. <l>OPMOBKa npOM3BOAMnacb C nOMO~b~ cne4HanbHO
ro npMcnoco6neHMH npM pa3orpese opraHM4eCKoro CTeKna swwe 
TeMnepaTypbl CTeKnosaHMH. C¢OPMOBaHHblA H OTTOP4DBaHHblA cseTo
BOA, roToswA K ycTaHOBKe B KarioPHMeTp, nposepHnM Ha OAHOPOA
HOCTb CBeToc6opa no AnMHe. 

B pa6oTe c MOAYnHMM KanopHMeTpa nPMMeHHnHCb ¢3Y TMna 
<1>3Y-84-3 c MynbTM~eno4HblM /Sb-Ka-Cs/ ¢oToKaTOAOM, MaKCHMYM 

2 

.t 

KBaHTOBOA 4YBCTBMTenbHOCTM KOToporo COOTBeTCTByeT AnHHe son
HW 460°HM, 4TO xopowo cornacyeTCH co cneKTPOM M3ny4eHMH n~MM
Ho¢opa Ha cseToBOAe, 

3. KAnH6POBKA KAnOPHMETPA 

A,nH OTCnemHBaHMH speMeHHOA HecTa6MnbHOCTH KaHanos KanopM
MeTpa MCnonb30BanMCb cseTOAHOAbl An-307. AMnnMTYAbl CBeTOAMOAHblX 
CMrHanos YCTaHaBnMsanMCb, nPMMepHo, B COOTBeTCTBMM C CHrHanoM 
OT aAPOHOB C 3HeprMeA ~ 30 raB. 

KanH6poBKa KanopHMeTpa npOBOAMnacb Ha WHPOKOM M~OHHOM ny4-
Ke c MMnynbCOM > 5 raB/c; CHrHanbt OT QTAenbHblX MOAYneA npH 
M~-KanM6posKe Bb~PaBHMBanMCb C T04HOCTb~ 20% BO speMH.on-l ine
o6pa6oTKH .. B AanbHeAweM, Bo speMH off-line-aHanMaa, M~-KanM6-
posKa Hcnonb30Banacb AnH BWPaBHHBaHMH CMrHanos B OTAenbHWX 
KaHanax C T04HOCTb~ > 5%. AMnnMTYAa CMrHanos OT M~OHOB B cpeA
HeM no KamADMY MOAYni COOTBeTCTByeT nPMMepHO 60-80 ¢oTo3neKT
poHaM cornacHO CBeTOAMOAHOA KanH6poBKe 16'. 

4. 3HEPrETH4ECKOE PA3PEWEHHE 

H3MepeHMe xapaKTepHCTMK KanopMMeTpa 6bin0 BblnOnHeHo Ha. ny4Ke 
nM-MMHyC-Me30HOB C HMQYnbCOM 37, 5 raB/c •. npMMeCb 4aCTM4, .OT
nM4HblX OT 7T--Me30HOB, COCTasnHeT 2% /K- - 2%, p- - 0 ,02%, 
µ-, e-- 0,003%/. · · 

~CTMPOBKa KanopMMeTpa BAOnb ny4Ka ocy~eCTBnHnacb C T04HO
CTb~ +/- 20 MPaA. KoMnOHOBKa MOAyneA B c6opKe H3 16 MOAYneA 

80,----------..---- Pttc. 2. AMnJIHTYAHhIH cneKTP 
CHrHaJIOB A tot / CYMMa ·no 
BCeM MOAYJIHM/ KanopHMeTpa, 
OT rrH-MHHYC Me30HOB C 3uep
'rtter1 3 7, 5 f3B H MJO-Me30HOB 
c 3Heprtten ?_ 5 f3B. Cnno!II
HaH KPHBaH COOTBeTCTByeT 
¢HTHPOBaHHJO cneKTpa OT ITH
Me30HOB, nonyqeuuoro nyTe.~ 
o6pa60TKH C AHCKPHMHHau~eu 
aMITJIHTYAbl B S3 -cqeTqHKe. ITPH 
noTepe CTaTHCTHKH B 25%. 
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Pttc. 3. 3aBHCHMOCTb no
no~eHHH agpOHHOro IlHKa 
Atot OT MeCTa nonagaHHH 
XO B KanopHMeTp nH-MH
HyC-Me30Ha C 3HeprHeH 
37,5 rsB. 3gecb H Ha 
cnegyw~Hx PHCYHKax no
no~eHHe cBeToaoga noKa
satto 3alIITPHXOBaHHblM npR:
MoyronbHHKOM. 

cxeMaTH4eCKH noKa3aHa 
Ha p1,1c. 1A. HccneAOBaHHe 
xapaKTepHCTHK KaflOPHMeT-
pa npOBOAHflOCb np1,1 npo
XOmAeHHl,1 nY4Ka nH-Me3o

HOB 4epe3 5-A 1,16-A MOAYflH. KoOPAHHaTW TpeKOB 4aCT"14 onpeAe
flHflHCb np1,1 nOMO~H ABYX c4HHTHflflH4"10HHWX rOAOCKOnos 17' c w1,1p1,1-
HOH AHCKpeTHoro 3fleMeHTa 3 MM. 

nonHoe 3HeprOBWAeneHHe(A~t) B 4eHTpanbHOH 4aCTH MOAYflH 
~5 /cyMMa cHrHanos oT scex MOAyneA/ noKa3aHo Ha p1,1c. 2. 3AeCb 
me noKa3aH cneKTP CHrHanos OT MIQ-Me30HOB, COOTBeTCTBYIO~HH 
3HeprHH aAPOHa nOPHAKa 2 f38. 3HepreTH4eCKOe pa3peweHHe Kano
PHMeTp~ npH 3HeprHH nH-MHHYC Me3oHa 37,5 f38/c COCTasnHeT 
14,5% 1,1 cneAyeT 3aBHCHMOCTH 
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3HeproswAeneHHe, swpa
meHHoe s 41,1cne ¢oTo3neKT
poHos: 

Ne=(30±5) x r3a-1 • 

0AHOPOAHOCTb Kanop1,1-
~eTpa no aMnflHTYAe CyM
MapHoro cHrHana Atot 1,1 
no 3HepreTH4eCKOMY pa3-

PHc. 4. 3aBHCHMOCTb 3Hep
reTHqecKoro paspe111eHHH 
KanopHMeTpa SE OT TOqKH 
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.., ll nH-MHHYC Me3oHa C 3Hep
rHeH 37,5 fsB. 
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peweHHIO 6blfla nposepeHa C HCnOflb30BaHHeM C4"1HTHflflH4"10HHblX ro- . 
AOCKOnOB /?/ 1,1 nyTeM nepeMe~eHHH. c6opKH MOAyneA nonepeK ny4Ka •· 
3a HCKfll04eHHeM T04eK s6n1,131,1 CBeTOBOAa /X = 0 CM' X = 15 CM/ 
een1,141,1Ha cyMMapHoro CHrHana nocTOHHHa C T04HOCTblO 2% /p1,1c. 3/ .. 
np1,1 np1,16n1,1meHHH K cseTOBOAY /T04Ka 11 011

/ aMnflHTYAa CHrHana na'n
Horo 3HeproBblAeneHHH A tot noHHmaeTCH Ha 6%. 

3HepreTH4eCKOe pa3peweHHe npaKTH4eCK"1 He 3aBHCHT OT T04KH 
nonaAaHHH B KaflOPHMeTp nH-Me30Ha' KPOMe 30Hbl 2 ,0 CM O_T cseTO
BOAa, rAe eenH4HHa dE/E eo3pacTaeT Ha 25% /pHc. 4/. 

5. KOOP,llHHATHOE PA3PEWEHHE 

H3MepeHHe KOOPAHHaTHOro pa3peweHHH npOBOAHflOCb no 4eHTPY 
THmeCTH ( XK) 3HeproBblAeneHHH flHBHH B MOAYflHX KaflOPl-1MeTpa. 

fOAOCKOnH4eCKHe C4eT4"1KH, ycTaHosneHHble Ha nepexoAe MemAY 
5-M 1,1 6-M MOAYflHMH, onpeAeflHflH HCTHHHYIO KOOPAHHaTy XO TpeKa 
nH-MHHYC Me30Ha, nonaAalO~ero B KaflOPHMeTp. np1,1 3KCnoHeH41,1anb
HOi1 ¢opMe flHBHH XK AaeT CMe~eHHYIO 04eHKY KOOPAHHaTbl 4aCT"1ltbl. 
CMe~eHHe KOPPeKTHpyeTCH BBeAeHHeM nonpaBK"1°8', nocne 4ero _1,13-
MepeHHaH KOOPAHHaTa cosnaAaeT C HCTHHHOH C T04HOCTblO OKOflO 
10 MM. Ha PHC. 5 noKa3aHa 3aBHCHMOCTb KOOPAHHaTbl, BOCCTaHOB~ 
neHHOH KaflOPHMeTPOM, OT KOOPAHHaTblXk, BOCCTaHosneHHOH rOAO
CKOnOM. 

T04HOCTb onPeAeneHHH KOOPAHHaTW aAPOHa 3aBHCHT OT _MeCTa 
BXOAa 4aCTH4bl B H4eHKY KanopHMeTpa. Ha rpaH1,14e MOAYfleH OHa 

. MHHHMaflbHa, 4TO BHAHO 1,13 pHc. 6. KoOPAHHaTHaH T04HOCTb /Sx / 
KanopHMeTpa, ycpeAHeHHaH no H4eHKe-MOAYfllO, paeHa 20 MM,~nPH 
3TOM OHa "13MeHHeTCH OT 10 MM /Ha CTWKe MOAYfleH 5 1,1 6/.A0.25 MM 
/no 4ciHTPY MOAYflH 6/. Ha ropH30HTaflbHWX WKanax PHC. 5 1,1 6 T04-
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Ka 11 011 COOTBeTCTByeT CTblKY 
5 1,1 6 MOAynei'.1. C '.i>ocTOM 
3Hepr1,11,1 aAPOHa KOOPAHHaTHaH 
T04HOCTb (Sx) KaflOP"1MeTpa 
ysen1,141,1saeTcH 191 , 1,1 rip1,1 
3HeprHHX cewwe 1 T38 ee se
n1,141,1Ha MOmeT AOCTHraTb 1 MM. 

Pttc. 5. 3aBHCHMOCTb.,H3Me
peHHOH KOOPAHHa Thi X k TpeKa 
agpoHa OT HCTHHHOH KOOPAH
HaTbl Xo nH-MHHYC-Me30HOB 

·11_
0 

-I -4 
1 4 1 

ll /npR:MaH u nHHHH cooTBeTCTByeT 
lo,CII HCTHHHOH KOOPAHHaTe. 
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Si, C/14 Pac~ 6. 3aBHC~MOCTb KO

OPAHHBTHOA TOqHOCTH Sx 
OT TOqKH nona,qaHHR XO 
IlH-MHHYC-Me3OHa B Mogyn& 

KanopttMeTpa • 
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... - - --:: --- 6. 3AKJ1~4EHHE 

B HacTORIJ.leH pa6oTe 
nposeAeHw H3MePeHHR 
xapaKTepHCTHK c6opKl-1 
1,13 16 MOAYfleH aA-, .... _______________ __, 
POHHOro KanopHMeTpa _, . 

~ -3 I 
I' 0 I Cl!, 

' KaK npoTOTHna Kanop1-1-
MeTpa B ycTaHOBKe "Me-
4eHble HeHTPHH0 11 

- OAHOM 
1-13 6a30BWX 3KCnePHMeHTOB Ha YCKOPHTene H¢B3 Y-70. 0Tpa6oTa-
Ha MeTOAHKa c60PKl-1 OTAeflbHOro MOAYflR KaflOPHMeTpa, onTHMl-131-1PO
BaHW onepa41-11-1 B H3rOTOBneHHl-1 c41-1HTl-1flflRTOPOB 1-1 cseTOBOAOB,· no-
3 B0flRIOIJ.ll-1e nony4HT b MaKCHMaflbHblH CBeToc6op; 1-1 .XOPOWYIO OAHOPOA
HOCTb. 3HepreTH4eCKOe pa3peweH1-1e KaflOPHMeTpa B cpeAHeM pasHO 
14-16% AflR nH-Me30HOB C 3Hepr1-1ei:t 07,5 r3B, KOOPAHHaTHOe pa3pe
weH1-1e ~ 2 'CM. 

DTMeTHM ycnewHoe nPHMeHeHHe c4HHTl-1flflRTOPOB, H3rOTOBfleHHblX 
MeTOAOM npecc-¢OPMOBKl-1, 1-1 nepcneKTHBHOCTb HX HCnOflb30BaHHR 
nPH AaflbHeHWeM C03AaHHl-1 MHOrOMOAYflbHWX CHCTeM B 3KcnePHMeHTax 
Ha YHK. TaKaR MeTO~HKa· H3rOTOBfleHHR c4HHTl-1flflRTOpOB BeCbMa nep
cneKTHBHa np1-1 C03AaHHl-1 MHOrOMOAYflbHblX AeTeKTOPOB, nocKOflbKY 
HCKfll04aeT BCRKOrO POAa MexaHH4eCKYIO o6pa6oTKY npl-1 HX H3rOTOB
neHHH. 

·s 3aKfll04eHHe aBTOpbl Bblpa)!(alOT 6naroAaPHOCTb COTPYAHHKaM 
CH30 OHRH ~.n.neTyxosy; E.H.Ko3apeHKO 3a nPeAocTasneH1-1e on-

1 ine- nporpaMM 1-1 3BM 113neKTPOHHKa-l 00-25", B. H .AHTHMOHOBY -
3a ocylJ.lecTsneH1-1e TexHH4ecKoro 06ecne4eH1-1R nPH npoBeAeH1-11-1 1-13-
MepeHHH. 

. AsTopw n~H3HaTeflbHW c.n.aeHHCOBY 1-1 3.M.Manb4esy 3a nOAAep)!(
KY HaCTORIJ.leH pa60Tb1, A.M.3ai:t4esy - 3a nPeAOCTasneH1-1e B03MO)!(
HocTH nposeAeHHR HaCTORIJ.lHX HCCfleAOBaHHH Ha nY4Ke 4aCTl-14 ycTa
HOBKl-1 BEC. 
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