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[IpencraBieH NMPOeKT MOAEPHU3AIIUM SKCIIEPUMEHTAJIbHOM YCTaHOBKU [MnepoH-M, pacrnosioxkeHHOo Ha
MOJIOXUTEIbHOM MyYKe YCKOPUTEIbHOIro KoMiuiekca ¥Y-70 B IIpoTBuHO, ¢ eIbI0 N3yYeHUSI MEXaHU3MOB
aJipOH-SIIEPHBIX B3aMMOACHCTBUI. YCTAaHOBKY Mpemiaraercsi MOJACpPHU3UPOBATh TaK, UYTOOBI MOJYYUTh
BO3MOXHOCTbh M3y4YaTh BO30YKIEHHbIE COCTOSIHUS BTOPUYHBIX sIep, 00pa3yoIIUXCs B pe3yabTaTe pa3HbIX
TUIIOB TIEPBUYHBIX aIpOH-SIEPHBIX B3aMMOICHCTBUIT, METOIaMU MPELIM3UOHHON SIIEpHOI raMMa-creK-
Tpockonuu. [ToTeHIMaIBHO 3TO OTKPHIBAET HOBOE HalpaBieHUe B siAepHOil (DU3UKe Ha CThIKE C (DU3MKOM
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BBEAJEHUWE

JeTtanpHOe M3yyeHUE aIpOH-SIIEPHBIX B3aKMMO-
NEeUCTBUI B pa3IMYHBIX Mpolieccax UMeeT O0JIbIIoe
3HauYeHUe i IOHUMMaHUS MEXaHU3MOB CUJILHOTO
B3aMMOJENCTBUS HYKJIOHOB B aTOMHBIX SIZIpax, UCX0-
ISl U3 TIEPBBIX TIPUHIIMIIOB, a TaKXKe IS TTIOMCKa BO3-
MOXHBIX 2(D(HEKTOB MOAUDUKAIIMA CBOUCTB afpOHOB
BHYTPU aTOMHBIX SIIEP MO CPAaBHEHUIO C TAKOBBIMU B
Bakyyme. llenblo mpoekTa sIBjsieTCsl BKCIEpUMEH-
TaJlbHOE U3ydyeHUe BO30YXXIEHHBIX COCTOSIHUI siaep,
o0pasylolrxcs B pe3yjibTaTe B3auMOJEUCTBUS aipO-
HOB TIy4YKa C SIIEPHBIMU MUIIEHSIMU TIPU UMITYJIbCaX
ot 5 no 10 I3B/c, a TakXe IMMOMCK BO3MOXKHBIX MO -
¢duKamii CBOMCTB ME30HOB, 0APUOHOB 1 UOAPHUOH -
HBIX PE30HAHCOB, €CJIM MX pacrnajabl MPOU3OUIIA B
aTOMHBIX siapax. OCHOBHOE BHUMaHUe TIpeaiaraeTcst
YACIUTH IIporeccaMm Bo30yxkaeHus A(1232)-n3o06ap B
T.H. A-aapax, cM. Harmpumep [1], paBHO KaK U Npo-
meccaM BO3OYXKICHHMS OUOApMOHHBIX COCTOSIHUWMA
(N*A, AA) B ssnpax. HecMoTpst Ha TO, YTO KBaHTOBast
xpomoaurHamuKka (KX/I) uBeTHBIX KBAapKOB U IJII0O-
HOB SIBJISIETCSI OOIIENPU3HAHHOI Teopueil CUIbHBIX
B3aMMOJIEUCTBUI, COBPEMEHHOE TeOopeTUUecKoe
oIMcaHue aTOMHBIX siiep OCHOBaHO Ha (heHOMEHO-
JIOTUYECKUX MOJENISIX B3aMMOAEHCTBUS OECLIBETHBIX
HYKJIOHOB (0apMOHOB) M JIETKX Me30HOB. [1pu aToM
MPUTSKEHNE HYKJIOHOB Ha CPABHUTEIBHO OOJIBIINX

paccrosgHusx (=1.5 ®dm) obecrnieynBaeTCss OOMEHOM
TCEBIOCKAISIPHBIMU ME30HAMU (B OCHOBHOM ITMO-
HaMM), a UX OTTaJIKMBaHMeE Ha OJIM3KMX PACCTOSTHUSIX
(=0.25 ®m) 06MeHOM BEKTOPHBIMU ME30HAMH (P, 0, §)
Py, HAITOMHUM, paguyce caMoro HykiioHa 0.86 dm.
O1Kyga cpa3dy BUIHO, YTO TaKasl MOJIEJIb N30IMPOBaH-
HBIX HYKJIOHOB B SIIPE SIBJISIETCS BHYTPEHHE MPOTUBO-
peuYrBOil — OTTAJIKMBaHUE HYKJIOHOB HACTYITaeT, KOTma
X BOJTHOBBIE (DYHKIIUY B SIIPE YKE& B 3HAUMTEIILHOM
Mepe TepekpoiBaroTcs [2]. Beixon n3 aTux mpoTuBo-
peuunii HameTuJicsl B mocieaHee BpeMsi. OH OCHOBaH
Ha DMOapMOHHBIX (IIECTMKBAPKOBBLIX) pe30HaHCAaX:
Ha MaJIbIX PacCTOSIHUSIX IBa HyKJIOoHa (bapuoHa) Te-
PSIIOT CBOIO MHIUBUAYAJILHOCTh U TIPEBPAIIAIOTCS B
IIECTUKBAPKOBOE COCTOSIHUE, ONETOE ME30HHBIMU
MOJISIMM, @ HA CPABHUTEIBHO OOJIBIINX PACCTOSHUSIX
¢dopmMuUpyloTCcsi, COOCTBEHHO, OUOAPUOHHBIC PE30-
HaHCHI. B pe3ynbraTe Bo3HMKaeT CBOEOOpa3HbI MO-
cTuK, coenuusommii KXJI u ssnepHyto ¢dusuky, cm [3].
DTa KapTUHA COMIACyeTCsI C COBPEMEHHBIMU MTPEICTaB-
JICHUSIMU O HYKJIOHE (p, 1) KaK OOBEKTe, UMEIOIIEM IO~
CTaTOYHO IUIOTHOE SIAPO M3 KOHCTUTYEHTHBIX KBAPKOB
¢ pamnycoM nopsiaka 0.3 @M U peIXIyio neprudepuio
(kopony) [4]. Uto KacaeTcsl KOHKPETHBIX TUOaprUOH-
HBIX PE30HAHCOB, MHTEPEC MPEICTABISAIOT, IIPEXKIe
Bcero, coctosiHus ¢ A(1232)-6apuoHaMu, T.e. pe30-
HaHCHI B N*A- n AA-cucTtemax. DTo CBSI3aHO HE B I10-
CJIETHIOI0 OYepelb ¢ HAOIIOAeHNEM B DKCIIEPUMEHTE
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WASA-at-COSY [5] y3koro nmbapmoHHOTO pe30-
HaHca d*(2370), pacnagaroliierocsl 1mo kKaHaiay dmm
yepe3 nmpomexyrouHoe ATA’-coctosiHue.

ANpOH-siiepHble B3aMMOIECHCTBUS TIPU SHEPTUSIX
BBIIIIE TTOpOTra BHIOMBAHUS OTACIbHBIX HYKJIOHOB WJIU
¢dparMeHTOB U3 siApa-MUIIEHU MOTYT MPUBOIUTH K
MPSIMBIM PEAKIIUSIM, KOTOPbIE COMPOBOXKIAIOTCS BO3-
OyXKIIEeHMEeM 4YacTHuIl ITy4yKa, BTOPUYHBIX Saep, dpar-
MeHTOB. [1pu nmnynbscax MmeHblux 4 [3B/c Takue pe-
aKIIM¥ IPUBOJISIT, B OCHOBHOM, K MIEPEPACTIPEAECICHUIO
HYKJIOHOB MEXIy YacTUIlaMM My4yKa U SIApOM-MUILIE-
HbIO, (OopMUpPYS, KaK TTPaBUIIO, BO30OYKIEHHBIE COCTO-
SIHUA sinep. B MHOTOUMCIIEHHBIX 9KCIEPUMEHTaX 3TOT
KJIaCcC peakluii XOpOoIIo U3yYEH, U MOJIy4EHO OTPOMHOE
KOJIMYECTBO IKCIIEPUMEHTATBHBIX TAHHBIX, JEXKAIIUX
B OCHOBE COBPEMEHHOM SIIEpHON (DUNKMU.

B o6macTu nmItynbcoB mydka Beiie 4 [9B/c mo-
MOJHUTEIbHO OTKPBIBAIOTCSI BO3MOXHOCTH U3Y-
yaTh 0Opa3oBaHUE U CBOMCTBA BTOPUYHBIX SIAED,
00pa3yloIuxcs 3a c4eT pa3audHbIx Pemke-ooMme-
HOB B /-KaHaJjie peaKIuu IIPU MaJIbIX KBajapaTax I1e-
pedaHHbIX UMITYJbCOB. [Ipn 3TOM OTOOP KOHKpET-
HOTO KOHEYHOTO COCTOSIHMS B 00JacTu (pparMeH-
TalMM Ty4yKa II03BOJIsIET (DUKCHUPOBATh TUIT
COOTBETCTBYIOIIIETO ~-0O0MeHa U TEM CaMbIM M3y4yaThb
BO30YXIECHUSI BTOPUYHEIX SIIEp, XapaKTepHbIC IS
manHoro Pemxe-obMmeHa B f-kaHaie. Hampuwmep, B
peaxkuun 'Li(nt, 7°)’Be Bo30yxneHue sapa 'Be uner
3a cueT p-oOMeHa, a B peakiuu ' Li(n*, 2n°)’Be — yxe
3a cyeT T-obmeHa. MneHTudukaims Bo30yKICHHBIX
COCTOSTHMIA BTOPUYHBIX SIACP IIPU 3TOM MOXET OBITh
MPOBEIEHA METONOM MPELM3UOHHOM SIIEPHOIA Y-CITEK-
TPOCKOIMH, T.€. IIyTEM U3MEPEHUS Y-CIIEKTPOB B SIAEP-
HBIX BJIEKTPOMATHUTHBIX Mepexoaax.

A nepHast y-cieKTpOCKOMMS MOTEHMAIBHO MTO3BO-
JISIET HE TOJIKO OTPEeAe/INTh, Ha KAKOM BO30Y>KI€HHOM
YPOBHE 00pa30BaJIOCh BTOPUYHOE SIIPO B peakiluu, HO
1 ONPENeIUTD, TIPOU3OIIIEIT JIM pacraa BTOpUIHOro 6a-
PUOHHOTO COCTOSIHUSI B BaKyyMe WM BHYTPY BTOpUY-
Horo snpa. HampuMep, ecmm paciag A*(1232)-6aprona
MPOU3OILLIET B BAKYYME, TO SHEPTUS f~-OOMeHa Ioliia Ha
MepeBo/l ONHOTO M3 HEHUTPOHOB MEPBUYHOTO SiApa B
A*(1232)-13006apy, a TaKKe Ha BLIOMBaHKE 3TOM N3006a-
pblI U3 siApa. A ecli B pe3y/bTaTe peakiuy oopa3oBa-
JIOCh A*-g1Ipo, TO IIPY 3TOM 3HEPIUsi Ha BHIOMBAHUE
U300aphbl U3 SIIPA YKe HE TPATUTCS, 1a K TOMY K€ M Mac-
ca A*(1232) u3obapsl B SIIpe 3aMETHO MEHBILIE, YEM B
Bakyyme, cM. [1]. B cymme pasHuiia B 3Heprum Bo30yx-
neHusa AT-u3o06apsl B BakyyMe U B AT-sape MOXeT 10-
crturatb 50—70 MaB.

YCTAHOBKA I'MITEPOH+

C 1enpl0 MOCIENOBaTEIbHOIO M3YYCHUSI MeXa-
HM3MOB aIpOH-SIAEPHBIX B3aUMOIEMCTBUN HIUXKE
MpeacTaBlIeH MPOEeKT YCTaHOBKU [umnmepoH+ Kak pe-
3yJbTaT IUIAHUPYEMOIl MOJEPHU3ALUN CYIIECTBYIO-
el ycraHoBku ITumnepoH-M [6—8], pacmosoxkeH-
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IT'OPUH u np.

HoI1 Ha 18 KaHaje ycKopuTeJIbHOTo KoMIniekea Y-70.
Kanan 18 mpemHaszHaueH WIS BbIBOAAa BTOPUYHOTO
MOJIOXKMUTEIBHOIO My4YKa YaCTULL C UMITYJIbCOM B THa-
na3oHe ot 5 no 10 I3B/c. UHTEeHCUBHOCTD IMyYKa 9KC-
TMOHEHIIMAIBLHO TaJaeT C POCTOM €ro uMmInyjbca. [Ipu
7 I'5B/c u monepeyHoM pasMmepe nydka 4 x 4 cm? (3ana-
€TCsI KOJUIMMATOpaMU) UHTEHCUBHOCTb MOXKET IOCTH-
rath 5 X 10° yacr./copoc. B nyuke 10 50% n*-Me30-
HOB, 46% mporoHoB, 4% K*"-me3onoB n 10 0.3%
neiitpoHos. IlapuuaibHBIA cOCTaB ITyyKa 3aBUCHUT OT
€ro UMITYJIbCa, SHEPTUM YCKOPEHUST MEPBUYHBIX IIPO-
ToHOB B ¥Y-70 1 Matepualia BHyTpeHHen MuinieHr. Kak
MpaBUJIO, UCIIONb3ytoTes *Be unu 2C MuLeHu.

Cxema ycraHoBkM IumepoH+ TipmBeneHa Ha
puc. 1. YcraHoBKa BKIIIOYaeT B ceOsI MyYKOBbIH Teje-
CKOII CUMHTWUISIIMOHHBIX CYETYNKOB S1-S4, yeThI-
pe gepeHKoBcKkux cuetynka C1—C4, ganepHyr0 MU-
meHb T nnametpoM 4.0 cM, CUMHTUJUISIIMOHHBIN Be-
TO-cUeTYMK SA JJid ToJaBJIeHUSI COOBITUI C
3apsKEHHBIMM YacTULIAaMM B TNepeaHeil nmonycdepe,
CUUHTWUISIHIUOHHBIM ~ TPUITEPHBIA  aHTUCUETUYUK
nmyyka SB mis1 mogaBiieHUsl HENPOB3aMMOIEICTBO-
BaBIIMX C MUILEHbIO YaCTUIl IMy4yKa, CHEKTPOMETP
ramMma-sinepHbix nepexomoB GNT (Gamma Nuclear
Transition), BETO-AETEKTOpP 3apsKEHHBIX YaCTHIL
CPV (Charge Particle Veto) m a1eKTpoMarHUTHBII
YEPEHKOBCKMI CITIEKTPOMETP MOJHOTO TMOTIOIISHUS
n3 ceuHLIOBOTO crekina LGD2 (Lead Glass Detector).
LGD?2 gBnsgercsa 6a30BBIM IETEKTOPOM YCTAHOBKHU
TunepoH-M. OH wucrnogb3yercss UIST U3MEPEHUS
9Hepruii U KoopauHaT (POTOHOB, OOpa3yOIIUXCS B
MEPBUYHBIX aAPOH-SAEPHBIX B3aUMOAEHCTBUSIX

ht "Z > M+ MZ+1) s ny+(Z+1), (D)

¥ BBUICTAIOIIMX BIIEpEN, B allepTypy CIIEKTpOMETpa.
3pecy h=7", K, p; AZ — 40p0 MULLIEHU C aTOMHBIM
HoMepoM A u 3apsgoMm Z; M — Me3oHHOE cocTosi-
HUeE, paclianalolieecs B KOHEUHOM cueTe Ha n (poTo-
HOB; A(Z + 1) — BropuuHoe A1po. KoHCTpyKTUBHO
LGD?2 nipencrasiusier coboit marpuity 24 X 24 cBUH-
LIOBBIX CTEKOJI pa3MepoM 8.5 X 8.5 X 35 cM?, Kaxmoe
U3 KOTOPBIX ¢ ToplLa mpocMmarpuBaeTcss PIY-139.
Hmnynbcbl curHaioB ¢ PY  oumndpoBBIBAIOTCI
12-outHeiMu ALITT u manee cUMTHIBAIOTCS CUCTEMOM
cbopa TaHHBIX yCTaHOBKU. bojee monpodHoe onuca-
ane cnekrtpoMmerpa LGD2 m skcnepumenTa Iurre-
poH-M B 11€JI0M CM. B paboTax [6—8].

CriektpoMeTp raMMa-saepHBIX IepexomnoB GNT
U BETO-IETEKTOP 3apsLKeHHbIX yacTull CPV sBisiioT-
CsI HOBBIMH JETEKTOpaMM, KOTOpPhIE IIPEACTOUT CO-
31aTh B paMKax MOJEpHU3allMM ycTaHOBKU Iume-
poH-M 1o ypoBHS ycTaHOBKU ITunepoH+. Kak yxe
oTMevanoch Beie, cuekrpoMmeTp GNT mpenHasHa-
YEH J151 PETMCTPALMM M U3MEPEHMSI SHEPTUiA Y-KBaH-
TOB, U3JIy4aeMbIX BTOPUYHBIM siApoM A(Z + 1) B pe-
akuuu (1) npu y-mepexonax ero BO30yXIEHHBIX CO-
CTOSIHMII B Hus3koziexamue. Ilpy 3TOoM ecThb
OCHOBaHUS II0JIaraTh, YTO CIIEKTP BO30YXKIEHHBIX
Ne 8
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Puc. 1. Cxema 3KcIiepuMeHTaILHOM ycTaHOBKM [mepoH—+: S1—

'uﬁuu ’

S4 — ny4KoBBIe CHUHTWUISIINOHHBIE cueTynku, C1—C4 — yepeH-

KOBCKME CYETYMKU, M7 — IUMNOJIbHBINM MarHUT HaBEAEHUS ITyYKa Ha MULIeHb, T — MuleHb, SO — CUMHTWUISILMOHHBIN BETO-CYeT-
YUK 3agHeii nonycdepbl, SF — CUMHTWUISILIMOHHBIN BETO-CUeTYMK MepenHeil nmoaycdepsl, SA — CUMHTUUISILLMOHHBINA CUETYMK
HEUTpaTbHOTO TpUTTEpPa, SB — CHMHTWUISIIIMOHHBIN TPUITEPHBII aHTUCUETIHK ITydka, CPV — BeTo-1eTeKTOop 3apsKeHHBIX YACTHII,
GNT — cnektpoMeTp raMMa-siiepHbIX repexonoB, LGD2 — yepeHKOBCKUIA 3/1eKTPOMarHUTHbIN CIIEKTPOMETP MOJIHOTO MOTJIOLIE-

HUs C paguaTopaMiy M3 CBMHIIOBOTI'O CTEKJIA.

COCTOSIHUII BTOPUYHOTO siipa 3aBUCUT OT MEXaHU3Ma
ero Bo30yxneHus. [ToaTomy, HampuMmep, B peakLUsIX
Be(rnt*, ©°) °B u *Be(nt™, 2n°) °B cienyeT oxXuoarh pas-
HbIE PHEPreTUYECKUE CIIEKTPhI Y-IeBO30YKICHUS BTO-
puuHoro spa °B. Ha puc. 2 B KauecTBe WUTIOCTpALMKU
MpUBeIeHA U3BECTHAsI cCXeMa BO30YKIEHHBIX YPOBHEM
IJIst aToTO siapa, cM. [9]. Kak BMIHO U3 pUCYHKa,
OXUAAEMBbIIl 3HEPreTUYECKUI CHEKTpP Y-MEPEXONOB
BapbupyeTcs oT ogHoro u 1o 20 MaB. DTo xapakrep-
HBIA OWAIa3oH JHEPIUMM Y-ANEPHBIX IEPEXONOB B
JieTkux siagpax. I iMeHHO B TOM uMana3oHe 9HepTuii
criektpomeTp GNT mokeH 06ecIeurTh J0CTaTOYHO
BBICOKOE SHEepreTUYecKoe paspellieHue (mopsiaka 7%
npu 3Hepruu poroHa ~1 M»sB) nia napeHTHUhUKaLTINT
CMEKTPOB BO30YXXIEHHBIX COCTOSIHUIT BTOPUYHBIX
sanep.

C uenplo obecrieyeHUs1 yKa3aHHOTO pa3pellieHus B
SIIEPHBIX Y-TIEPEXOJAX B KAyeCTBE NETEKTUPYIOLLMX
ayieMeHTOB B criekTpomeTpe GNT mpenjaraercst mc-
nojb3oBath kpuctauisl Nal(Tl) ¢ pasmepamu D/L =
= 63.5/63.5 MM, a BKayecTBe (POTOIETEKTOPOB — (POTO-
yMHOXUTen @DY-184T]] ¢ tmameTpoM OKHa (poTOKAa-
toga 70 Mm. ImmHa kpucrauia L = 63.5 MM COOTBET-
cTByeT 2.45 pagranonHoii ;ymHEL [TosToMy a1eKTpo-
MarHUTHBIE TUBHU OT (POTOHOB ¢ 3Heprueit 3—4 MaB u
BbIIIIE OYIyT YK€ 3aMETHO BBITEKATh U3 KPUCTAJJIOB, UTO
MPUBENCTKYXYAIIEeHUIO SHEPTreTUUECKOTOpa3pellie HUS
criekTpoMmeTpa. YToObl YIy4ylIUTh paspelieHue s
JIMBHEM B qraria3oHe sHepruii ot 3 1o 20 MsB, ripemra-
raercs Hapsay ¢ kpuctauiamu Nal(Tl) ncronb3oBatb
kpuctauibl BGO reomeTpmyeckn TaKux Ke pa3MepoB
kak 1 Nal(T1). B kauectBe (hoTOOETEKTOPOB TaKKe Oy-
IyT ucnoiab3oBaTbes DOY-184T]/1. B ueiom, cneKTpo-
meTp GNT 6ymet cocTosITh 13 18 Ie TEKTU PYIOIIX 2JIe -
MEHTOB (KPHUCTaU1 ¢ (DOTOYMHOXKMTEIIEM), CIPYIIIIN-
POBaHHbBIX B TPU OJMHAKOBBIX KOJIbIIA, T.€. TIO 1IECTh
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3JIEMEHTOB B KoJIblle. LleHTpaibHOE KOIBLIO IIPU 3TOM
oymet n3rorosiieHo u3 BGO kpucrauios, a ABa 60Ko-
Bble — 13 KpuctayuioB Nal(Tl). Buenrne konsa HeoT-
JMYuMEBL. Bce Tpu Konblia TODKHBI OBITh COSIMHEHBI
MeXIy co0oii, a TakKe ¢ BeTo-aeTekTopoM CPV, B enu-
HOe IIeJIoe TIpY ITOMOIIM COOTBETCTBYIOIIEH MH(Dpa-
CTPYKTYpHl. B reomeTprueckoM IIeHTpe NEeTEKTOPOB
pacrojiaraeTcsa MUIIEHb YCTAaHOBKU T TuaMeTpoM 4 cM.
Bun neTeKTOpOB CO CTOPOHEI IMyYKa ITOKa3aH Ha puc. 3.

Kak y>xe oTMe4asoch BhIIIe, BETO-IETEKTOP 3apsi-
XeHHBIX yacTull CPV gaBasioTcst ApyTUM BasKHBIM -
TEKTOPOM, KOTOPbII IJIAHUPYETCS CO3IaTh B paMKax
MoAepHM3alnu ycTaHoBKM Iumnepon-M. CxemaTu-
YeCcKHU JIeTeKTOp 1MmokKa3aH Ha puc. 4. OH cOCTOUT u3
IIECTU CUUHTULUISILIUOHHBIX TIACTUH, KOTOPHEIE OpU-
€HTUPOBAHbBI BIOJb MydykKa M IEPEKPHIBAIOT BCIO
¢poHTaNBHYIO (IO OTHOIIEHMIO K MUIIIEHH) ITOBEPX-
HocTh cnekrpoMeTpa GNT, a TakKe IBYX TOPLIEBBIX
CHUHTWIISIIUOHHBIX CYETIMKOB: IIepenHero SF u 3an-
Hero SO. ITocnenHuii B oTimyme ot cuetyrnka SF umeer
OTBEPCTUE BLICHTPE, YTOOBI OECIIPEIISITCTBEHHO IIPOITY-
CTUTb ITy4OK Ha MUIIIEHb YCTAHOBKM (puc. 1). Pasamepsrl
NponoibHEIX TwiacTuH 30 X 9 X 0.4 cm?. [TnacTuHbL
NPOCMATPUBAIOTCS C OTHOTO U3 TOPLIOB KPEMHUEBI -
mu doroyMHoxurenasiMu (SiPM) MicroFC-30035-
SMT-TA. Topubl IpOOOJIBHBIX IIACTUH BUAHLI 1 Ha
puc. 3. st nmoBeIeHns 3pHEKTUBHOCTHA CBETOCO0-
pa ¥ KOHILIEHTPAallMM CBETa Ha CBETOYYBCTBUTEIbHYIO
MOBEPXHOCTh KPEMHUEBBIX (DOTOYMHOXUTEIEH IpU
MPOM3BOACTBE BCEX CUMHTWIUISLIMOHHBIX ILJIACTUH
OyIeT MCHOJIb30BaThCsl TEXHUKA CIIEKTPOCMEIalo-
X BoJIoKoH [10].

ToplieBble CUMHTWISILMOHHBIE cueTuyuku SF u
SO umeroT (popMy KBaapaTHOI INIACTUHBI Ppa3MepPOM
32 x 32 x 0.3 cM® co cpe3aHHBIMU YIJIAMU IJISI CThI-
KoBKU ¢ SiPM. ITmacTHBI TOPIEBBIX CYETYMKOB CET-
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Puc. 2. VI3BecTHBIC ypOBHU BO3OYXICHUS SIIpa °B [9].

MEHTHUPYIOTCS Ha 4 paBHBIe KBajgpaTHbIe yacTu. i1 Ha. B pesynbrare Kaxkgast 4acTb CETMEHTUPOBAHHOM
BBIBOJIa M3IIyYEHUS M3 CEKIINM MJIACTUHBI MPEAIIojia-  IUIACTUHBI TOPLIEBOTO CUETUYMKA OyAeT IpocMaTpu-
raeTcsl MCIOJIb30BaTh CIIEKTPOCMEIIAIOIINE BOJOK-  BaThcs cBOMM SiPM. UMITynbCHI CO BceX KpeMHME-
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DOOY-184T/

[Tnactuaer CPV

Nal(Tl)

Kaccera muirenu

Puc. 3. Konblo nerekrupytoniux anemeHToB criekrpomeTpa GNT (Bua ¢ Topua), nokazanbsl Kpuctajuisl Nal(Tl), ¢poToymHo-
xutenu OOY-184T/l, niaacTUHBI CUMHTWLUILIMOHHOTO 604oHKa aetekrTopa CPV, kacceTa MULIEHU.

BbIX (hoTOoyMHOXUTeNel nerekropa CPV nmonatorcst Ha
12-6utHbie ALl nns oumdpoBku. B BbipaboTke
TpUITEpa Ha IIEPBOM 3Talle SKCIEPUMEHTa OHU He
ygacTBYIOT. OTOOp COOBITMII IO WH(pOpPMALIMU CO
CUETYMKOB BETO-AETEKTOpa OyaeT MPOBOAUTHLCS Of-
fline. OmHaKO BIIOCIEACTBUY IUNIAHUPYETCS BKIIOYUTh
WX B TPUTTEP BKCIEPUMEHTA.

Hetexktop CPV urpaet B 3KCriepMMeHTEe IBOITHYIO
poisib. Bo-niepBBIX, OH CIIYKMT IIJISI TTOIaBJIeHUS (poHA
OT BTOPUYHBIX 3apsKEHHBIX YaCTUIL B CUETYMKAX
criektpomerpa GNT M TeM caMBIM NOBBIIIACT UX
YYBCTBUTEJILHOCTh K HEWMHTEHCUBHBIM JIMHUSIM
SIIEPHBIX Y-TiepexoqoB. Bo-BTopwix, oH OymeT uc-
MOJIb30BaThbCsl B O9KCIIEPUMEHTE [Jisi OpraHu3aluu
HEUTpaJILHOIO TPUITEPA.

[TPOIT'PAMMA 5KCITEPUMEHTA

Hetexktop CPV u ciekrpomerp GNT cyiiecTBeH-
HO pacIlIupsiioT (GpU3n4YecKre BO3MOXHOCTU DKCIIe-
puMeHTta IunepoH+. Eciu BBecTM B TpuUITEp BCe
cuetunku CPV, T.e. moTpedoBaTh OTCYTCTBUE 3apsi-
JKEHHBIX YaCTUIL B COOBITUSIX (DAKTUUECKU B TIOJTHOM
(61M3KOM K 47) TeJIECHOM YIJIe, TO 3TO MTO3BOJIUT OT-
6upars npoueccol pAZ paccessHun Hazan B CLIM pe-
aKlMu, COMNpOBOXJalolluecss oopa3oBaHUEM B Ie-

MN3BECTUA PAH. CEPUSA ®USNYECKAA  tom 87

penHeii mojycdepe JIerkKux HeuTpaJbHbBIX ME30HOB,
MHOTO(OTOHHBIE pacIaibl KOTOPbIX OYOyT 3aperu-
CTpupoOBaHBI criekKTpoMeTpoM LGD2. B1t1 cobniTns
00ycC/IOBIeHBI OapMOHHBIM OOMEHOM B #-KaHaje,
aHaJIM3 MX MpPEIACTaB/IsIET OOJILIION MHTepec (ITo-
npobHee cM. B [11]). Bo-BTophIx, 0TOOp COOBITHII ITO
IaHHBIM ¢ getekTopa CPV coBMecTHO ¢ 0TOOpOM 1O
MOJHOMY 3HeproBoiaeieHno B LGD2 BaxeH ais1 11o-
BBIIIICHUST YUCTOTHI BHIACICHUSI SKCKIIO3UBHBIX pe-
akuuii (1) B aKCriepuMeHTe, T.K. KOHKPETHbIIA 0OMeH
B t-KaHaJle MOXHO HaAeXHO MACHTU(PUIIMPOBATH
TOJILKO B 3KCK/IIO3MBHOM peakinu. B memom, mpo-
necchl poxaenus 0, 1, o, /5(1270) me3oHoB u 21°-cu-
CTE€M ITIO3BOJISIIOT MOTEHIIMAJIBHO M3y4aTh BO30YXIe-
HUE M30TOMOB JIETKUX sSIIep-MUILIeHEeH, Harpumep, Li,
Be,B,C, N, O,3acuerT, p, a, U Z OOMEHOB B /-KaHaJIE
peakum (1).

PaccmorpuM Tenepb BO3MOXHOCTU, OTKPHIBaIO-
Iyecs Npy HaJIMYMKU 3aMETHOTO KOJIWYeCTBa ACii-
TPOHOB B Iyuke 18 kaHama. B mpouecce d*Z mud-
GPpaKIIMOHHOTO paccessHUsI BO3MOXHO 00pa3oBaHUe
nu6apuoHHoro d*(2370) cocTosiHuUsI, KOTOPOE B KO-
HEYHOM CYeTe pacHagaeTcs, B TOM YMCIIe, 1 110 KaHa-
ay d2n°, cm. [5, 12]. [IpUMEHUTENBHO K YCTaHOBKE
TunepoH+ B 3TOM CcBSA3U HAc MHTepecyeT 2n’-cucTe-
Ma ¢ Maccoi BOJIM3M ITopora, KoTopasi 10JKHa pPeru-
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Bouonok CPV

bouyonok CPV, Buz ¢ Topia

e
~

Cuunar. tmiactuHa CPV

Puc. 4. CxeMatnyecKuii BUI BETO-IeTeKTOpA 3apskeHHBIX YacTrll CPV: BBepxy Imoka3zaH 609Y0HOK CUMHTUUISIIAOHHBIX CYETIN~
KOB, BHM3Y CJieBa — Bl O0YOHKA C TOpIia, CIpaBa — OHA U3 CUMHTWUISILIMOHHBIX IUTACTUH 004oHKa, SiPM He mmokazaHBbI.

ctpupoBatbcsd B LGD2 maxke mmpu XapaKTepHO HU3-
KOI cyMMapHO#i 9HEPTUU CUCTEMBI B 3TOM IIpoliecce.
OTO MO3BOJISIET MIPOBECTH CUCTEMATUYECKOE U3yUe-
Hue obpaszoBaHusl d*(2370) cocTossHUIT Ha yKa3aH-
HBIX BBIIIIE JITKUX sSIIpax.

Crexktpomerp GNT, Kak y:Xe oTMeJaJIoCh BBIIIIE,
MpeaHa3HayeH sl peTUCTpalluy U UAeHTUDUKAIUN
BO30YX/IEHHBIX COCTOSIHUI BTOPUYHBIX SIIEP METO-
JlaMU TIPELIM3UOHHON siIepHOIt raMMa-CeKTPOCKO-
nuu. [MocneaHsist To3BoJISIET MOMYYUTh JAHHBIE O CO-
CTOSIHUSIX BTOPUYHBIX SIIEP U CBSI3aTh UX C Pa3HbIMU
MeXaHU3MaMU aIpOH-SIIEPHBIX B3aUMOACHCTBUIA,
BBIIIEJISISI T€ WJIM MHBIE ME30HHBIE COCTOSIHUSI, IETEK-
TupyeMmble B cnektpomerpe LGD?2. B pesynbrarte, B
OIHOM 3KCMHEPUMEHTE MbI MOJy4yaeM BO3MOXHOCTb
ONHOBPEMEHHO M3yyaTh U CpaBHUBaAThb KOH(pUrypa-
1LIUM COCTOSIHUM BTOPUYHBIX SIEP, BO3OYKIEHHBIX 3a
CYET, CKaxeM, T, p U Ap. oOMeHOB, cM. Bbile. Ha-
CKOJIbKO HaM U3BECTHO, KOH(UTYypau BO30YKIeH-
HBIX YPOBHEH JIETKUX siiep, XapaKTepHbIX MPU pas-
HBIX OOMEHax B f-KaHaJle, paHee He U3y4JaslcCh.

pyruM mepcrieKTMBHBIM HarpaBJIeHUEM HCCIe-
noBaHui siBisieTcs dusuka A(1232)-saep [1]. Dxkene-
PUMEHTAIBHBIN MOOXon K 3TOM IIpobaeMe MpUMeHU -
TeJIbHO K ycTaHOBKe [umnepoH~+ IpoaeMOHCTpUPYEM

MN3BECTHUA PAH. CEPUA OPUINYECKAA

Ha TIpUMeEpe peaklMM 3apsaaoBoooMeHHoro THoBe-
paccesHus ¢ obpasosanueM A (1232)-uzobapsr:

"+ 'Be > ' + A" (1232) + *Be —

2
—>1r°+p+1t0+8Be. @)
[MpyHIIMTIMATBHBIM 30eCh SIBISIETCSI BOIIPOC — 00-
pasoBanach a1 A*(1232)-u3zo6apa cBoGOIHOI, 1 TO-
ria ee pacmnaj Ipousolles B Bakyyme. M oHa Bo-
1IJ1a B KOMITayH/I-SIpO COBMECTHO ¢ *Be, u Torma ee
pactma Impou3ouIes B 3ToM siape. Eciau n3obapa Obi1a
CBOOOIHOI, TO MBI IOJDKHBI HAOII0OmATh XapaKTep-
HbBIE raMMa-Iiepexonsl sapa ®Be, a eciiu nuzobapa pac-
najiach BHYTPpY KOMITAyHI-SIIpa, TO KApTUHA SHEepre-
TAYECKNX YpOBHeHl 8Be HabmomaTbcd He OyIET, HO
JIOJDKHBI HaOmonaTbesi (POTOHBI B CHEKTPOMETPE
GNT or kackagHoro pacraga AT — pr® — p + 2y,
NpUYEeM UX DHEPreTUYECKUI CIIEKTp OyIeT CABUHYT B
MEHBIITYI0O CTOPOHY IO OTHOILIEHUIO K pacliaay 130-
Gapbl B BaKyyMe 3a cyeT aedekra Mmacchl At m3o06apbl
B KOMITayHI-sape. DToT 3¢ PeKT, HAIIpUMEpP, B Sape
2C gocturaer 24 M3B, cwm. [1].

Hakonen, Hapsagy ¢ AT(1232)-runepsiapamu
cnektpomeTp GNT mo3Bosisier HauaTh cUcTeMaTUye-
ckoe usyuyeHue u d*(2370) snep, roe d*(2370) nubda-
Ne 8
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PUMOH 00pa3yeT KOMOayHA-SAp0O B KOHEYHOM COCTOSI-
HUM peakliu. 3MeCh TaKXKe KPUTUYECKOE 3HAUCHUE
umeeT Bo3MoxxHocTh GNT nuddepeHunpoBaTh co-
OBITUS TI0 U3MEPSIEMOMY IHEPTETUYECKOMY CIIEKTPY
doroHoB, Korma d*(2370) nubaproH pacriajcs B Ba-
KyyMe, OT TaKOBBIX, KOT/a pacriaji pou3olies B KOM-
nayHa-sape. B pamkax skcnepumenTta [mnepoH—+
MpemjiaraeTcsi IpOBECTU U3YYEHUE YKAa3aHHBIX BbIIIIE
MPOLIECCOB Ha Pa3IMYHBIX SIApaxX U MPU pa3HbIX 00-
MeHax B t-KaHaJle peakliuu.

SAKJ/IIOYEHHME

INpencraBieHHBIA TPOEKT 3KCIIEPUMEHTAIBHOM
yctaHoBKU [uriepoH+ TMO3BOISIET TTPOBECTU CUCTEMA-
TUYECKOE U3YdeHUE aapOH-SIAEPHBIX B3aUMOICHCTBUIA
Ha Y-70. ABTOpHI BRIpaxKartoT omarogapHocts I1.M. 3a-
pyouny, B.®. O6pasuoBy u P.H. PoraneBy 3a MHOTO-
YUCJIEHHBIE OOCYXKIEHUsI PaCCMOTPEHHBIX 3IECh BO-
MPOCOB.

HccrenoBaHue BBIMIOTHEHO 3a CYET cpeacTB Poc-
cuiickoro HaydyHoro ¢poHzaa (rmpoekt Ne 22-12-00095).
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Study of the mechanisms of hadron-nuclear interactions
on the positive beam line 18 of U-70 accelerator

A. M. Gorin%, S. V. Evdokimov*, A. A. Zaitsev®, V. 1. Izucheev?, E. S. Kondratyuk®,
B. V. Polishchuk?, V. I. Rykalin?, S. A. Sadovsky* *, Yu. V. Kharlov?, A. A. Shangaraev*
¢National Research Centre “Kurchatov Institute”—IHEP, Protvino, 142281 Russia
bJoint Institute for Nuclear Research, Dubna, 141980 Russia
*e-mail: Serguei.Sadovsky@ihep.ru

The upgrade project of the experimental setup Hyperon-M, located at the positive beam line of the U-70 ac-
celerator complex in Protvino, is presented with the aim to study the mechanisms of hadron-nuclear interac-
tions. It is proposed to upgrade the setup so that to study the excited states of secondary nuclei formed because
of different types of primary hadron-nuclear interactions using precision nuclear gamma-ray spectroscopy.
Potentially, this opens a new direction in nuclear physics at the junction with the physics of elementary par-

ticles at intermediate energies.
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