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ABAeea C.IT. HAP· 
.[(HcKpeTHhlH CLJ;HHTHJIJifILJ;HOHHhlH MOHHTop 
MH nyqKOB peJIHTHBHCTCKHX HAep 

Pl3-92-62 

OnHCbIBaeTC,I npH6op ,[J;JIH MOHHTOPHPOBaHHfl nyqKOB pe­
JI,ITHBHCTCKHX HAep. Pa,o;HaTop MOHHTopa npe,o;cTaBJIHeT co­
·60H KBa,o;paTHYW MaTpHu;y, KOTopaH COCTOHT H3 121 CLJ;HH­
THJIJIHLJ;HOHHOH naJioqKH. CBeT OT CLJ;HHTHJIJIHLJ;HOHHhIX nano­
qeK perHCTpHpyeTCH ,D;ByMH q)OTOYMHO)l(HTeJIHMH XP-2020. rro­
,o;po6Ho o6cy)l(,[J;aeTC,I ,D;Hana30H npHMeHHMOCTH ,o;aHHOro npH-
6opa B 3aBHCHMOCTH OT illHPHHhl nyqKa H Tpe6yeMOH OillH6KH 
IlpH H3Mepem·IH HHTeHCHBHOCTH nyqKa. MaKCHMaJibHaH HHTeH­
CHBHOCTb, KOTopyw TT03BOJIHeT H3Mepf!Tb MOHHTOP, cocTaa­
JIHeT 5-108 qacTHu;/c6poc. 

Pa6oTa BhinOJIHeHa B Jia6opaTopHH H,o;epHhIX npo6neM ORHH. 

npenpHHT OObCAHHeHHOro HHCTHryra llitepHblX HCCJJe,aoBaHHH. !ly6Ha 1992 

ITepeao,o; M.11.IToTanoaa 

Avdeyev S.P. et al. 
Discrete Scintillation Beams Monitor 
of Relativistic Nuclei 

P13-92-62 

A device for monitoring beams of relativistic nuc-
lei is described. The radiator of the monitor is a 
square matrix of 121 scintillation sticks. The light 
of the scintillation sticks is detected by two photo­
multiplying tubes XP-2020. The applicability range of 
the device as a function of the beam width and of the 
required beam intensity measurement error is discussed 
in detail. The maximum intensity to be measured by the 
monitor is 5·108 particles per beam spill. 

The investigation has been performed at the Labora­
tory of Nuclear Problems, JINR. 

Preprint of the Joint Institute for Nuclear Research . Dubna 1992 



OnHCl:lBaeMl:lH np1-16op HCnOJ[b3yeTCH ,ll;JIH MOHHTOPHPOBaHHH 

Bl:lBe,n;eHHoro ny4Ka peJJHTl1B11CTCKHX H,n;ep Cl1HXPOta30TPOHa ]B3 

omrn B SKCnepHMeHTax Ha ycTaHOBKe "~A3A". Ily40K peJIHTHBHCT­

CKHX H,n;ep KaHaJla 3B Me,n;fl.eHHoro Bl:lBO,n;a Cl1HXPOta30TPOHa HMeeT 

pa3Mep 2+3 CM no ropH30HTaJJH H 1 +2 CM no BePTHKaJIH ( nOJIHaH 

WHPHHa Ha noJIOBHHe Bl:lCOTl:l) •. Ha p11c. 1 noKa3aH o6W,HH BH)l 

MOHHTOpa. 

PHC. 1. KOHCTPYKUHH ,1.lHCKPeTHOro MOHHTOpa: 
1 - !IJOTOYMHOlU1TeJIH; 2 - B03,1.lymHJ,Ie. CBeTOBO,n;H; 
3 - JlaBcaHOBHe HHTH; 4 - paMKa, MaTPHU!:l; 
5 - ny4oK; 6 - CUHHTHJIJIHUHOHHHe naJI04KH. . 
~YBCTBHTeJibHaH 4aCTb· npu6opa npe,n;cTaBJIHeT co6oH KBa,n;paT-

HYIO MaTPHUY H3 121 nJlaCTHKOBOH CUHHTHJIJIHUHOHHOH naJI04KH. Ila­

JI04KH 3azaTu B Mez,n;oy3JIHHX ,1.lBYX napaJIJieJibHl:lX ceTOK TaK, 4TO 

ny40K qacTHU npoXO,IJ,HT nepneH,IJ,HKYJIHPHO ceTKaM H, COOTBeT­

CTBeHHO, napaJIJI6JlbHO naJI04KaM. CeTKH BlmOJIHeHH 113 JlaBcaHO­

Bl:ilX HHTeH ,IUtJaMeTpOM 80 MKM. mar ceTKH a=10x10 MM2
• CUHH­

THJIJIHUHOHHl:le naJ104KH HM810T ,IJ;HaMeTp d=0,5 MM, ,!J;JIHHY l.=6 MM. 

TaKHM o6pa30M,,. pa,nHaTop MOHHTOpa npe,n;cTaBJIHeT co6oi1 

,!J;HCKpeTHYIO CTPY~TYPY, npH · npoxo:1,neHHH. . KOTOpoA 3aperHCTPHP0-~·--~~-,4..------lt~ .... 
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~- <i•••:,.'.;l,!;( 11,'Cp·n~El!Pi!~ ) 
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BaTbCH MO~eT K-1 4aCTMU ny4Ka, r,11,e KOS~~MUMeHT K onpe,11,eJIHeTCfl 
reOM8TPM4eCKHM qiaKTOPOM H paBeH: 

4 a2 

K =. 
2 

= 509±40 (1) 
· X d 

'CBeTOBHe BCnhlmKM OT CUHHTHJJJ!HTOPOB nona.naroT no B03,ll,YillHhlM 
CBeTOBOAaM, o6KJieeHHHM H3HYTPM aJJIDMHHH3MPOBaHHHM JJaBCaHOM, Ha 
qJOTOKaTO,ll,hl .nBYX qlOTOYMHOlltHTeJJei1 XP-2020, CMrttaJihl c KDTOPHX 
CKJJa,nhlBaIDTCH B aHaJioroBOM cyMMaTope. AMnJIMTY,ll,HhlH cneKTP, no­
JIY4eHHHH Ha TTY4Ke peJJHTMBMCTCKHX H,11,ep 160,npHBe,neH Ha PHC. 2. 
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PMC. 2. AMnJIMTYAHhlH cneKTP 
cnrttaJJoB ,nJJH H,nep 160 

c stteprHeH 3,65 fsBIHYKJJOH. 

Co6NTHH, rpynnHPYID~MeCH B nMKe, OTHOCHTCH K H,npaM nyYKa, ,naB­
mHM BCnHmKy npH npoxox,neHHM CUHHTHJIJIHUMOHHHX naJIOYeK pa,nHaTD­
pa MOHHTOpa. KaYeCTBO CB8TOC6opa TI03BOJ!fleT MOHHTDPY pa6oTaTb 

'B pelltHMe nOJ!Horo co6HpaHMH C K03qlqlHUM8HTOM nepec4eTa,6JIH3KHM 
K reoMeTpH48CKOMY. Ilo,n'beM cneKTpa B paHOHe Ma.Jil:lX aMnJJHTY ,11, 

Bhl3BaH qepeHKOBCKHM CB848HHeM JiaBCaHOBl:lX HMTeH H B03,nyxa npH 
npoxox,11,eHMH TTJIOCKOCTH MaTPHUhl OCTaJibHl:lMH YaCTHUaMH ny4Ka. 
filYMhl qlOTOYMHOZHTeJIH npHM8PHO B 500 pas M8Hbme. 48M aMnnMTy~a 
B nHKe. 3TO 03HaYaeT, YTO qiopMa cneKTpa ,11,JIH nyYKOB C MeHbfilHM 
Z ( BTTJ!OTb .no npoTOHOB) 6y.l(eT aHaJiorwrna np1rne.nem10A Ha pwc. 2. 
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KaJJH6pOBKa MOHHTOpa npOH3BO.l(HJiaCh C noMombIO .neTeKTopa co 
CTTJlOllIHHM nJiaCTYIKOBHM pa.nwaTOPOM AJ!H ny4Ka C HHTeHCYIBHOCT:hID 
MeHbme, l!eM 106 4aCTHU/c6poc. EHJJO Hatt.netto, l!TO K = 472±5, 
4TO 6JJH3KO K 3Ha48HHIO, paCC4MTaHHDMY no qiopMyJie (1). B o6meM 
CJJyqae 3TO He HBJJHeTCH o6.H3aTeJlhHHM. OcTaHOBHMCH Ha 3TOM no.n­

po6HO. 
Ha,11,exHOCTh H3MepeHHH HHTeHCYIBHOCTYI nyl!Ka C noMomhIO onH­

CHBaeMoro npH6opa HaX0,11,HTCH B 3aBHCYIMOCTH OT .l(HCnepcHM nyl!Ka, 
MecTa nona,l{aHHH ero B pa,l{HaTOP YI yrJia HaKJIOHa K nJIOCKOCTH 
MaTPMUhl- YTO KacaeTCH nocJie,nHero, TO 048BH.l(HO, 4TO yroJI na.ne­
HHH YaCTHU nyl!Ka He ,ll;OJIXeH npeBHmaTb 

d 
a= arctg - ~ 5°. 

l 

B npoTHBHOM CJJyYae aMnJJHTY.l(HllH cneKTP ( PHC. 2) "pa3MOeTCH", 
H3-3a Yero KOSql(pHUHeHT nepecl!eTa· 6y,11,eT OTJ!Hl{aTbCH OT reoMeT­

PHl!eCKoro, TaK KaK no.HBHTCH 3aBHCMMOCTb CKOPOCTH CYeTa OT no­
pora. YcTaHOBKa MaTpHl~H nepneH,nMKYJHIPHO K nyl!KY C T04HOCTbIO 
JJY4ill8H 50 He npe.ncTaBJIH8TCH 4P83MepHO CJIOXHOH 3a.l(a4eH. 

MH HCCJle,11,0BaJJH 3aBHCHMOCTh K03qlqlHUHeHTa nepecl!eTa OT 
.l(HcnepcHM nyl!Ka. ~JJH STOI'O 6UJI npoBe.l(eH pac4eT npYI CJie,nyw~MX 
npe,11,noJiollCeHHHX: 1) l!aCTHUH nYYKa pacnpe,n;eJieHu no nJioma,11,11 no 
HOpMaJibHOMY 3aKOHY c .l(HCnepcHeH o; 2) nyl!OK 06Jia.naeT oceBOH 
CHMMeTpHeH; 3) 0 >> d, a>> d. Ha PHC. 3 rpaq>H48CKH npe.ncTaB­
JJeHhl pe3yJJbTaTh1 pac4eTa 3aBHCHMOCTH K = f(2 o/a, xo,Yo), r,11,e 
XO, Yo - Koop,nwHaTH ueHTpa ny4Ka. ABe KPMBl:le onpe,11,eJIHIDT Bepx­
HIDIO H HHXHIOIO rpaHHUhl K08qlqJHUH8HTa nepecYeTa K, CJJHBa.HCb npH 
o ;:;i, 0,75 a. Kosq>gJHUHeHT nepeclleTa npH STOM COOTBeTCTBYeT reo­
M8TPHlleCKOMY KOSqlqlHUH8HTY. HHXHflfl rpaHHUa H3M8Hemrn K COOT­
B8TCTBY8T TOMY CJIYYaID, Kor,11,a ueHTP nyl!Ka nona.naeT B 0,11,HY H3 
CUHHTMJJJIHUHOHHl:lX naJIOYeK; BepXHHH rpaHHUa OTBel!aeT CHTYaUHH, 

t· KOr,l(a Ll8HTP nyYKa nona.naeT TOYHO Mez.ny YeThlPbMH naJIOYKaMH. 
)I IloHBJieHHe Heonpe,11,eJJeHHOCTH B H3MepeHHH BeJJHl!HHN K cTaHOBHTCH 
, : ttCTOl!Hl1KOM CHCTeMaTHl!eCKOH onm6lrn B H3MepeHHH MHT8HCHBHOCTl1 

ny4Ka. Ha PHC. 4 noKa3aHa 3aBHCHMOCTb CHCTeMaTH4eCKOH omH6KH 
ct OT napaMeTpa 20/a. BeJIH4HHa OTHOCHT8JlbHOH OW116KH d onpe.ne-
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PHC. 3. 3aBHCHMOCTI, KO3qJqJH- . 
uweHTa nepec4eTa KOT napa-
MeTpa 2o/a. · 

PHC. 4. 3aBHCHMOCTI, CHCTe­
MaTH4eCKOH omH6KH H3MepeHHH 

ny4Ka <X. OT napaMeTpa 2o/a. 

K - K max min 
JieHa no qiopMy Jie I <X. I = • 100%. 3HaH .l{Hcnepc1110 

K + K . max min 
TTY4Ka H 3a;n;aBinHCI, He06XO,ll;HMOH TO4HOCTI,IO H3MepeHHH YJHTeHCHB-
HOCTH, no KPHBOH Ha PHC. 4 MOllHO onpe,l{eJIHTI, Tpe6yeMyIO ,l{HCK­

peTHOCTI, a pemeTKH pa).{HaTopa. B HameM CJiyqae ,l{HCKPeTHUH 

MOHHTOP o6ecne4HBaJI TO4HOCTI, H3MepeHHH HHTeHCHBHOCTH B 
npe;n;eJiax HeCKOJII,KHX npoueHTOB .;IJ;JJH noTOKOB BnJJOTb ,llO 

e! 5· 108 4aCTHU/c6poc. K ,!J;OCTOHHCTBaM np116opa MOJJ:HO O'J:'HecTH 

npOCTOTY B H3rOTOBJJeHHH H 3KCnJJyaTaUHH, a TaKJCe BO3MOJ:HOCTI, 
npHMeHeHHH B 3KcnepHMeHTaX, r,lle Tpe6yeTCH MaJioe KOJIH4eCTBO 

BemecTBa Ha ny4Ke. 

ABTOPU 6JJaro;n;apHT JapHHa A.A. H Bopo6l>eBa f.f. 3a npe;n;o­

CTaBJJeHHe CUHHTHJJJJHUHOHHUX BOJJOKOH H noJJe3HUe peKoMeH,D;aUHH. 

Py:ROITYJCb rrocTyn11na B YJ3~aT8RbCKHH OT~en 

I9 ~~BPMH 1992 ro~a. 
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