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AKHMOB !O.K. H llp. 13 - 11717 

BpeMsmponeTHSSI CHCTeMa YCTSHOBKH n110H. 1, YcTpollCTDO 

CHCTGMLI H H3MepeHHSI Ha MG30HHOM TpBKTC 

0nHCb!BaeTCSI 11peMsmponeTHaSI CHCTGM8 YCT8!10DKH nl10H 0 npe.QH83Ha­

'IGHHSH JlllH OTOOpa ITIIOHOB TpeoyCMblX 3HeprHII H3 ITy'IKa MG3011HOI"'O TpaKTa 

CJ<HXpOllHKllOTpOHa nHO • 0y'IOK COCTOI<T H3 ITHOHOD, HMCIOWHX OTHOCHTCJlbHO 

OonbWOii SHeprcTH'ICCK.Hil paaopoc, MIOOHOB H SllCKTpOHOB, BpeMSIITpOneTHaH 

oaaa COCTaBllHeT 4,5 M, p 83Mepbl CllHHTHnJ1HTOpOD nepeoro H BToporo C'!CT­

'IHKS 150xl50x15 MM
3 

I< 80.X 80 X 5 MM 3 , 8 0830Bb1X C'!9T'IIIK8X npHMCHe~ 
lib! cfloTOYMHOlKIITG.'lH XP-1020, ITO llBa Ha KSlKilblli CIIHHTHllllHTOp JlllH KOMUGH­

C8IIHH BpCMGHHOrO paaopoca, CBSI3aHHOI"'O C KOHO'lHbiM BpeMeHeM npOXOlKAGHHSI 

CDeTa B CUHHTHllllHTope, KOMITef!C8UHSI OCYWCCTBJ!Sill8Cb nyTGM CllOlKGHHSI 

8MITllHTy,a C 1\BYX BpeMSI-8MITll11TyAHhiX KOHBGpTOpOB, 

Paapewenee BpCMstnpOJJGTHOI! CHCTCMhl onpellCl!SIJlOCb H8 ITpHMOl!HIIeJ!­

HOM Y'ISCTKe Ha DLIXOJle MC30HHOI"'O TpaKT8 no Sl!GKTpOIIHOII KOMITOIIGI<Te 

ITY'IKa C HMITynhCOM 200 MsB/c, 0onyWHpHH8 ITHKa H8 nonyBb!COTe COCTaBl!SI­

JJa 500 nc. 

PeaynhTaTLI npoeeneHHhiX H3Mepe!ml! cocTaaa e cneKTpos ny'lKOB nono>Ke­

TerrbHblX H OTpiiUaTellbHblX 'I8CTIIU B ,neana30He HMITYJlbCOB 80-170 Ma8/c 

llPHBGil9Hbl B BlfllC TE!Ol!HUbl If rpa<jJHKOB, 

Pa6oTa BhlllOllHeHa B naoopaTOpHH Slll9PHblX npo6neM 011Hl1. 
Coo6UIGHIIG 06bGAIIHGHHOrO HHCTHTyTa HllCpHbiX HCCJJeD.OBBHI!ii, 1ly6Ha 1978 

Akimov Yu. K. et al. 13 - 11717 
Time-Of-Flight System of the PION Installation. 
1. Construction of the System and Measurements 
on the Meson Channel 

Time-of-flight system of the PION installation is described 
jwhich is intended for selecting pions of needed energies out of the 
:meson channel beam of the LNP synchrocyclotron. The beam con­
sists of pion of relatively big energy dispersion, of muons and 
!clec trans. The time-of-flight base is 4.5 m. Dimensions of the first and 
'second counters are 150xl50xl5 mm3 and 80x80x5 mrn,3 respec­
[tively. In the base counters PM XP-1020 are used, two for each 
'scintillator, for compensation of time spread due to the light final 
!time of passing into the scintillator, The compensation was realized 
by summation of amplitudes from two time-to-amplitude convertors. The 
time-of-flight system resolution was determined on a rectangular part 
on the meson channel exit by electron component of the 200 MeV/c 
beam. F"WHM was 500 ps. 

The investi<5ation has been performed at the Laboratory 
of Nuclear Research, JINR. 
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BBEilEHYIE 

TiporpaMMa HCcneaoaaHui1 Ha ycraHOBKe TII10H BKmo­

qaeT B ce6~ 113MepeHu~ Ha nyqKax llHOHOB c 8HeprH~MI1 

B HeCKOnbKO aec~TKOB Mera8neKTpOHBOnbT. 

TipoaeaeHHhle pacqeThl 11 8KcnepuMeHTanbHhle uccne­

aoaaHu~ llOK83biB8IOT, qTo np11 pa6oTe Ha CHHXpOUHKnOT­

pOHe n.Hn OYI.H 11 Hau6onee 11HTeHC11BHbie nyqKu T8KI1X 

ll110HOB C npueMneMbiM 8HepreTHqeCKI1M pa36pOCOM MoryT 

6hlTb nonyqeHhl Ha Me30HHOM TpaKTe nyTeM BBeJleHH~ 

COOTBeTCTBYIOUIHX ¢unbTpOB nepea llOBOpOTHOM aHanH311-

pyromeil CHCTeMOM Ha nyTH HCXOJlHOrO nyqKa ll110HOB 

c 8Heprueil OKono 100 M 88. Tipu 8TOM B03HHKaeT 

He06XOJli1MOCTb OT6opa lli10HOB Tpe6yeMb!X 8HeprHM 113 

CMeCH ll110HOB, 11MeiOUII1X OTHOCHTenbHO 6onbUIOM 8Hepre­

TI1qecKI1H pa36poc, MIOOHOB 11 8neKTpOHOB, C 8TOM uenbiO 

B KaqecTae cocTaBHOM qacTu ycTaHOBKH TIYIOH 6bJna 

pa3pa6oraHa 11 npuMeHeHa apeM~nponeTHa~ cucTeMa 

( BTIC) Ha cuuHTHnn~uuoHHbiX cqeTquKax. BTIC no3aonuna 

T8K)I{e 6b!CTpO 11 8¢¢eKTI1BHO onpeaen~Tb COCTaB 11 ClleKT­

pbl 8Heprui1 HI13K08HepreTHqecKux (80-170 M 8 B/c) 

nyqKOB qaCTHU npu Bhl6ope COOTBeTCTBYIOlll11X pe)I{HMOB 

H8 Me30HHOM Tp8KTe, aHanoruqHO TOMY KBK 8TO aena­
nOCb paHee B pa6oTe 11/ an~ nyqKoB orpuuaTenbHbiX 

qacTuu c uMnynhCOM 170-390 M 8 B/c. 

3KCTIEPI1MEHTAnbHA.H YCTAHOBKA 

Ba30BbiA npoMe*yToK ans:r. BTIC cocTaans:r.eT 4,5 M, 

~TO onpeaen~eTCSI. B OCHOBHOM KOHCTpyKTHBHbiMI1 OC06eH-
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HOCTSIMH Me30HHoro TpaKTa, PaaMepbl CUHHTHJIJISITopoa: 

anSI nepaoro cqeTqHKa, cToSimero nepea noaopoTHbiM 

M8f'Hii'l'OM M930HH0f'O Tp8K'l'8 1 - 150 X 150 X 15 M M 3 ; llJlSI 

BToporo, cToSimero nocne nocneaHeil JIHH3bi TpaKTa nepea 

MHmeHbK>-KaMepoil, - 80 x80 x5 M M 3 , PaccTOHHIISI Me*llY 

<fJoTOyMHO)K!i'l'eJISIMii cqeTqiiKOB 965 II 400 M M COO'l'B9'l'C'l'B9H­

HO, llOBOJlbHO 60JibW8SI llJIOW8llb nepBOf'O CUHH'l'HJIJISI'l'Opa 

Bhl6paHa llJISI M8KCIIM8JlbHOf'O nepeKphl'l'HSI WHpOKOanepTyp­

HOf'O nyqKa lliiOHOB, Dnomaah BToporo CUHHTIIJIJISITopa 

COOTB9'l'C'l'ByeT BXOllHOH anepType OCHOBHOf'O 6JIOK8 ycTa­

HOBK!i DI1 OH. BTopoil CUHHTHJIJISI'l'op 6biJI Bbr6paH 6onee 

'l'OHKHM li3-38 orpaHIIqeHIISI Ha KOJIIiqecTBO BemeC'l'Ba 

B nyqKe qacTIIU nepea ocHOBHbiM 6noKOM ycTaHOBKII. Dp!i 

OnpeaeneHHii 'l'OJIWIIHbl CUIIH'l'liJlJIH'l'OpOB npHH!iM8Jl8Cb BO 

BH!iM8HHe, KpOMe KOHCTpyK'l'HBHbiX OC06eHHOCTeil, 'l'8K)K9 

ao3MO)KHOCTb acnonbaoaaHHSI BDC anSI cneKTpoMeTpHpoaa­

HHSI npoTOHOB c sHeprHSIMH B HeCKOJihKO aecSITKOB M s B, 

nyqK!i KOTOpb!X MOf'y'l' 6b!'l'b nonyqeHbl Ha M930HHOM 

TpaKTe npa onpeaeneHHOM pe*HMe ero pa60Thl, 

H aMH 6brJIH Hcnonb30BaHbi ¢oToyMHO)K!i'l'enH Tan a 

XP-1 020, no aaa Ha KB)KllbiH CUHHTHJIJISI'l'Op anSI KOMneHca­

UHII apeMeHHOf'O pa36poca, CBSI38HHOf'O C KOHeqHb!M 

apeMeHeM npoxo*aeHIISI caeTa qepea CUHH'l'RJIJISITop. KoM­

neHcauHSI ocymeCTBJISIJ18Cb Cnoco60M CJ10)1{9HiiSI aMnJIHTYll 

HMnyJibCOB C llBYX apeMSI-aMnJIHTYllHbiX KOHBepTOpOB, 

npiiH!iM8K>WHX CHf'H8Jlbl "CTapT" 1i "CTon" 1 COO'l'B9'l'C'l'BeHHO 

C llBYX nap <fJoTOyMHO)KHTeneil 6a30Bb!X cqe'l'qHKOB ( CM, 

puc. t ) • CneuHaJihHoe BHHMaHHe 6bmo yaeneHo pe*HMY 

nHTaHHSI ¢oToyMHO)KH'l'eneil nepaoro cqeTqHKa, noMemeH­

Horo Ha axoae noaopoTHoil CHCTeMbi TfaKra, rae HHTeH­

CHBHOCTb qaC'l'HU llOCT!if'aeT 5 • 10 6 
C- , C UeJibK> IICKJIK>­

qeHHSI TOKOBOH neperpy3KH B ll9Jlli'l'eJISIX 9THX <fJoTOYMHO­

)KlfTeneil npeayCMOTpeHO 8B'l'OHOMHOe niiT8HHe nOCJ19llHHX 

llliHOllOB, 

C.HrHaJibi c Ka*aoro ¢oToyMHO)KIITenSI, KaK noKa3aHo 

Ha pH C, 1 , noaaK>TCSI Ha llliCKpliMHH8 TOp ( ll204) H cpopMH­

poaaTeJib HMnyJibCOB (~210), Docne BpeMeHHOf'O corna­

COB8HIISI HMllYJibCOB Ha 9J19MeHTaX JIIIHHH 38ll9p)KKH ( 3fl3) 
CX9M8Mii COBnaaeHHll ( CC) OT6!ip8K>TCSI Clif'H8Jlb! 1 KOTOpbl­

Mii ynpaBJISIK>TCSI BpeMSI-aMnJIH'l'YllHbl9 KOHBepTOpb! (BA202), 
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Ha BbiXOAe nHHefiHoro CMeCHTenSI: ( nc). llOAKn:IO'leHHOro 

K KOHBepTOpaM, nony'laiOTCSI CHrHanhi, 8MllnHTYA8 KOTOpb!X 

nponopUHOHanhHa BpeMeHH nponeTa 'l8CTHU H He 38BHCHT 

OT MeCTa HX llpOXO)KJ:leHHSI 'lepe3 CUHHTHnnSITOpblo nHana-

30H 3THX aMnnHTYA MO)KeT OhiTb BbiopaH npH noMOLUH 

AH¢¢epeHUHanhHOrO AHCKpHMHH8TOpa, COCTaBneHHOrO H3 

ABYX onOKOB HHTerpanbHbiX AHCKpHMHH8TOpOB (n210), 

llOAKniO'leHHhiX B CXeMy COBilaAeHHH-8HTHCOBll8AeHHH ( CC) • 

OnHCbJBaeMaSI BTIC paCC'lRTaHa Ha R3MepeHRSI, npe)Kne 

BCero, B AH8ll830He ManhJX BpeMeH - 25 -;-50 H C, C pa3-

pemeHHeM B llRKOCeKyHAHOH OonaCTR llpH AOCT8TO'lHO 

oonhll!OM 8MllnRTYAHOM pa3opoce BXOAHb!X HMilynhCOB, 

lleTanhHOe onacaaae aneKTpoHHhiX 6noKOB ( <t>21 0, 3n3, 

BA202, R,210) conep)KRTCSI ao BTopofi qacTa coo6meHH.SI 

o BTIC 2/; npyrHe nora'l'eCKHe cTaanapTHhie 6noKH pac­

CMOTpeHhi B COOOLUeHH.R /3/, 

PE3YnbTAT~ H3MEPEHHH 

llnSI onpeneneHHSI pa3pell!eHHSI BTIC obinR npoBeneHhi 

113MepeHHSI Ha llpSIMOnH.HefiHOM y'l'aCTKe H8 BhlXOAe Me30H­

HOrO TpaKTa npH cpenaeM HMnynhce oTpauaTenhHhiX qac­

TRU 200 M a B/c. Pe3ynhTaTbi H3MepeHRfi BpeMSinponeT·­

HhiX cneKTpOB aneKTpOHHOH KOMllOHeHTbl ny'l'Ka AnSI ABYX 

3H8'l'eHHH 0830Boro paCCTOSIHHSI Me)KAY C'leT'lHK8MH 0 

oTnH'laiOll!HXCSI Ha 30 c M, npHBeneHbi Ha pH c. 2. WapHHa 

nHKOB aa nonyBhiCOTe, onpenenSIIOLUaSI pa3pellleHHe BTIC, 

COCTaBnSieT 500 ll c. , llaHHbiH pe3ynhTaT MO)KHO OTHeCTR 

K 'l'HCny ny'l'll!HX, COllOCTaBnSISI 0 HallpHMep, C pe3ynbTaTa­

MH, npH.BeAeHHbiMH B paOOTe /4/, ecnH y'l'eCTh, "'TO H3Me­

peHHSI npOBOAH.nHCh C OTHOCHTenhHO TOHKHMH CUH.HTHn­

nSITOpaMH ( 15 R 5 M M), a pa3pell!8IOLUee BpeMSI C'leT'lHK8 

oopaTHO nponopUHOHanhHO KOpHIO KBanpaTHOMY R3 3Hep­

reTH'l'eCKHX noTeph B HeM. B paoO'lHX ycnoBHHX, Korna 

Me)Kny 0830Bb!MH C'l'eT'l'HK8MH HaXOAHTCSI aaanR3HpyiOLUHH 

MarHHT Me30HHoro TpaKTa, ll!Hpaaa naKa B03pacTaeT aa 

10-20%. TaKoe pacll!apeHHe MO)KHO oo~SICHHTh nHcnepcHeu, 

CBH38HHOH C pa3opOCOM AnHH TpaeKTOpHH 'l8CTHU B no­

BOpOTHOH 'laCTH. 8enH'l'HH8 BKnana 3TOH COCTaBnHIOLUefi, 

cornacao paooTe /4/, 3aBHCHT oT aMnynhca qacTHU. 
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PHc.2. CneKTpbi aneKTpoaaofi KOMnoHeHThi ny'l'Ka c HM­

nynhCOM 200 MaBle aa npBMOnHaefiaoM yqacTKe. 

( 1) - 6a3a 3360 M M, (2) - 6a3a 3660 M M, 

OueHKH noKa3biBaiOT, 'ITO cpenHHfi pa36poc nnHH 

TpaeKTOpHfi AnSI paCCMOTpeHHOro B HaCTOHLUefi paooTe 

AH8ll830Ha HMnynhCOB Ha Bb!OpaHHOH oa3e, paBHOH 4,5 M, 

cocTaBnBer OKano 10 c M, HH)Ke npHBOAHTCH pe3ynhTaTI>I 

H3MepeHHH napaMeTpOB ny'!KOB 'l'8CTHU Me30HHOro TpaKTa 

CHHXpOUHKnOTpOHa AnH HMTiynhCOB 91, 123, 143, 153, 

170 MaB/c, 
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T a6n11ua 

DpOUeHTHbi!i COCTaB ITY'fKOB 

~1 Mrrynbc e 11 rr 
(M3B/c 

"+" " " "+" , , 
"+" " " -

92 1 - 32 - 67 
123 0,5 11,3 11 36,7 85,5 52 
144 I - 17 - 82 
153 - 8,5 - 34 - 57,5 
170 0,6 - 22,4 - 77 

Ha puc y H K ax 3 7 6 npencrasneHbr apeMHnponeTHbre 
CITBKTphl, 113MepeHHhle Ha nyqKaX IlOITO*IiTBITbHhlX qaCTI1U

1 

anH yKaaaHHbiX pe*I1MOB pa6oTbr MeaoHHoro TpaKTa. 

Ha p 11 c. 7 11 8 np11aeneHbi nsa aHanoruqHbiX cneKTpa, 
113MepeHHhlX anH oTpi1UaTenbHwx qacTI1U. KaK sunHo ua 

pucyHKOB 4117, I1pli OllHOM li TOM *e 3HaqeHI1H liMITYITb­
ca IlOI10*BHI151 MaKC11MYMOB I111KOB 11 liX Wl1pliHhl rrpaKTI1qec­
KI1 coananaiOT. H ail:neHHbre 113 cneKTpos ( p 11 c. 3-6 l Wl1pu­

Hhl Ha nonyswcoTe (A~ 3HepreTuqecKux pacnpeneneHI1il: 

lli151 pa3HbiX 3HaqeHI1ll cpeaH11X 3Hepf'I1M (T) ITIIOHOB Ha 

Bbixone MeaoHHoro TpaKTa np11seneHbr B T a 6 n 11 u e 2. 

Ta6n11ua 2 

T ( M3B) 27 46 60 80 

AT (M3B) 5,6 6,4 6,8 7,2 

Dp11aeneHHb1e peaynbTaTbi rroKa3biBaloT, qTo onl1caH­

HaSI BDC MO*BT 6b!Tb C BbiCOKOii: 3<f><fJeKTifBHOCTblO 11CITOITb-
30BaHa lliT51 paaneneHI1SI Ili10HOB, MIOOHOB 11 3I1eKTpOHOB 

Ha M830HHOM TpaKTe B lll1aiTa30He 11MITYI1bCOB 90-200M 38/c. 

8 

t-¥'Nw 
HI 

o.a 

0.6 

Q.4! 

0.2 

n+ 

p.+ 

-· P11c.3. CneKTP nono*UTenbHbiX qaCTI1U, P =92 M 3 B/c 

~ fl+ 

08 

0.6 

0.4 

02 

e+ 
I I I ......... J, I I I I·"' 

150 200 250 HIWIAAA 

Puc.4. CneKTp rrono}l{uTenbHbiX qacTuu, P =123 M a Blc. 

9 



n+ Ntr 
~ 0.8 

I I I 
0.6 

U4 

az 

250 N ltAHAAA 
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KpoMe Toro, epeMeauoe pa3pernemre BflC 500 n c 
no3eon5IeT npa eKmo'ieHHii BflC e o6ruyro noraKY. ycTaHOB­

KH 'TlaoH" Bbl)len5ITb H3 cneKTpOB flliOHOB C npliBe)leHHblMii 
Bbirne nonyruapauaMH 9HepreTii'ieCKHX pacnpe)leneHHR nHOHbi 

C 6onee TO'iHhiM 3HB~eHHeM 9Hep:r'HH. 

Eme OJlH8 B03MO)I<HOCTb npHMeHeHH5I BflC Ha Me30H­
HOM TpaKTe, YK838HHBB Bbillie, CB5I38H8 CO cneKTpOMeTpH­

eH npOTOHOB OTHOCHTenbHO He60nblliHX 9Hep:r'HH. 

AeTopbi 6naro)lap5IT E.)K.3anHxauoea H B.C.Porauoea 

3a noMOIIIh e pa6oTe 11 o6cy)I{JleHH5I. 
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