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B pa6ore npencraBieHs! nepBble JaHHBIE [T0 POXKICHUIO JIEMIaiINX s1I€PHBIX (DPArMeHTOB P, d, t ¢ 6osIbIIN-

MH IIOIIepedHBIMI UMITyIbcamu (pr) nox yriaom 40° (sab. CHCT.) BO B3aMMOAEICTBHUSIX IIPOTOHOB C MMILYJIBCOM

50 9B /c u sigep yriuepona ¢ umiysibcom 20A B /¢ ¢ sinepabiMu Muniensivu. [lokazaHa BO3MOXKHOCTD €MHOTO

omucanusi p+ A u C + A JaHHBIX HA OCHOBE CKEMJIMHIOBOTO IOXOJA, YTO, BO3MOXKHO, SIBJISIETCSI CBUIETE b~

CTBOM €IMHOI'O MeXaHUu3Ma O6pa30BaHI/IH AJNEPHBIX d)paFMeHTOB ¢ 6obIIUMU PrT B 9TUX PEAKIUAX. Pe3yJIBTaTI)I

nosydensl B skciiepuMente CIIMH (M®BY, IIporeuHO).

DOI: 10.31857/S0370274X2005001X

B nacrosieit pabore poJI0JKeHO ITPOBOINMOE IKC-
nepumenTom CIINH ucciienoBanme ocobenrocreii obpa-
30BaHUsl KyMYJIATHBHBIX YACTHUI] ¢ OOJBITUME [TOTIEPEY-
HbIMU UMITyJIbcamu. 110 KyMyJISTUBHBIMU YaCTUIAMHU,
POXKJIEHHBIMU B CTOJIKHOBEHHU JIBYX OOBEKTOB, U3 KO-
TOPBIX, II0 KpaliHeil Mepe, OOUH ABJIACTCA AAPOM, IIO-
HUMAIOT YACTHUIBI ¢ KHHEMATUIECKUMU MapaMeTpaMHu,
3alpeleHHbIMU JIJIsT B3aMMOJIEHCTBUI CO CBODOIHBIMU
mykjaonamu. VcciremoBanne poXKIeHUS KyMYJISTABHBIX
9acTUI] ¢ OOJIBITUMU MOMEPEIHBIMA UMILYIbCAME SBJIs-
eTcsl OJHUM W3 ITyTell MOoJIyJYeHusl HH(MOPMAIUd O CBOIi-
CTBaX sIJIEPHOI MaTepuu IpH Hepegade eii OOJIbIINX Be-
JIMYWH SHEPTUH U UMITYJIbCA.

B paborax [1-4] MOXKHO HANTH JIETAIH SKCIEPHUMEH-
Ta, TaM K€ [IPEeJICTABJIEHbI JAHHbBIE [0 PErUCTPAIINH K-
MyJIATUBHBIX dactur, ¢ pr > 2B /¢, obpasyeMbix mog,
yraom 35° (yab. CUCT.) B p4 B3aMMOJIEHCTBUSAX [IPUA MM-
nysbce mydka 50 9B /c. Anamus ocobennocreii 06pazo-
BaHUsI KyMYJISITUBHBIX YACTHUI] [TO3BOJIMII CEJIaTh BHIBOJ,
[3,4] o HaboseHrN IPIMOro BHIOUBAHUS U3 /pa Jeii-
TPOHOB U TPUTOHOB B UCCJIEAYEeMON HAMU KHHEMATHIE-
CKOW 00J1aCTH, 9TO SIBJISIETCS YKA3AHUEM Ha CYIIECTBOBa~
HUE B /IPaX XOJIOIHON IJIOTHON MHOTOHYKJIOHHOH (MHO-
FOKBaPKOBOI) KOMIIOHEHTHI.

B sroit pabore nipecraBieHsbl JanHBE I0 00PA30Ba-
HUIO Jlerdaiiimx saepHeix dpparmenTos (p,d,t) B p+A u
C + A crosknoBenusx. JacTuipl, BLLICTAIOIMINE U3 MU-

De-mail: Vladimir.Gapienko@ihep.ru
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IIEeHHU, PerucTpupoBauch nox yriaom 40° (sab. cuct.).
Nmiysibe myuka nporonos 6eu1 50 9B /¢, a y myuka yr-
Jsiepoga umiryibe 6o11 20AT9B/c. IIpu pabore ¢ mpo-
TOHHBIM ITyYKOM ObLIM HAOPAHBI JIAHHBIE 110 POXKIEHUIO
vacTull Ha derbipex mutiensx C, Al, Cuu W. Ilpu pa6o-
T€ C YIVIEPOIHBIM IIyIKOM UCIIOJIb30BAJINCH J[BE MUIITEHU
C u W, mosromy jijisi cpaBHUTEILHOTO aHaau3a p + A
u C'+ A B3auMoieiicTBuii B 9T0il paboTe UCIOJIb3YIOTCs
TOJIBKO JTaHHBbIe, HAOpaHHBIE C YIVIEPOIHON U BOIb(Mpa-
MOBO#l MUIIeHAMH. BOJIBIIIM ITPENMYyIIECTBOM MIPOBO-
JIMMOI'O CPaBHEHWS sIBJISIETCsI TO, YTO JIaHHbIe 10 p + A
u C' 4+ A B3auMOJEACTBUSM II0JIyYEHBI Ha OJHONM yCTa-
HOBKE IPU OJIN3KUX SKCIIEPUMEHTAJIBHBIX YCIOBUIX.

Ha pucynke 1 mpuseiieHbl cuekTpbl p, d u t dac-
THUIl, BbLIeTatommx mox yriom 40° B p + C, p + W,
C + C u C + W szanmogeiicteusax. MakcumaabHOe
3HAYEHME IIOIEPEYHOrO WMMILYJIbCA YACTHI[ COCTABJISET
pr ~ 2.7B/c. BeprukanbHpiMu JuHUAME Ha puc. 1
[TOKA3aHbI IIPEJIEJIbI JJIsd YIIPYTrOoro HyKJIOH-HYKJIOHHOTO
paccesaus oz, yroom 40°. Kak BumHo u3s puc. 1, crek-
TPBI YACTUI] I3MEPEHBI KaK B IPEIKYMYJISTUBHON, TaK U
B KyMYJISTHBHO# 00JIaCTIX KHHEMATUKU. XaPaKTEPHBIM
JIst BceX 4-X HabOpOB JIAHHBIX SIBJISIOTCS PACTYIIUE C
POCTOM UMITYJIBCA OTHOCUTEJIbHBIE BHIXObI JEHTPOHOB U
TPUTOHOB, ITO MOYKET CBUIETEILCTBOBATH O €/INHOM Me-
XaHU3Me POKJIEHUsI IIPOTOHOB U JIETKUX sIIEPHBIX (par-
MEHTOB B 9TUX PEAKIUSIX.

Jlis mpoBeJieHUsT CpaBHUTEILHONO aHajgu3a p + A
n C + A peaxiuii, KOTOpbIE PA3JIMYAIOTCI II0 JHEP-
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Puc. 1. CuekTpbl NPOTOHOB (KPY?KKH), JeATPOHOB (1Ipsi-
MOYTOJIbHUKHM) ¥ TPUTOHOB (TPEyroJbHUKH) B YETBIPEX
pasHBIX B3aUMOJEHCTBUSAX. BepTHKasbHBIE JIMHUU COOT-
BETCTBYIOT KHHEMATHYECKOMY IIPEJIEJly yIPYTOoro HyKJIOH-
HYKJIOHHOTO paccesiuus na 40°

IUU U TUITY HAJIETAOIIEro IIyYKa, MOYKHO HCIIOJIb30BATh
CKeJIMHIOBBII [IOJIXO0I, [IPE/JIOZKEeHHbII B paborax [5, 6].
B stoMm moaxome obpasoBaHHe YACTHUIBI C OOJIBITAMU
PT PaccMaTpUBaETCs KaK MPOIAYKT YKECTKOIO KBAa3UOU-
HAPHOTO TIPOIECCa, B KOTOPOM YYACTBYIOT KOMIIOHEH-
ThI,HeCyTIHe 10Jm X1 U X2, OT Y€TBIPEX-UMIIYIbCOB Pj
u P> cOOTBETCTBEHHO HAJIETAIOIIEI YACTHUIIBI U MUIIEHU.
st onpenenierust BesmmanH X1 u Xo UCIOJIB3YETCH J0-
[IOJTHUTEILHOE YCJIOBHE — TpeHyeTCst, 9TOObI MHBAPUAHT-
Hasl SHEPI'Us KBa3MOMHAPHON peakiuy ObLIa MUHIMAIb-
Hoii. JIjig onucanust MOBeIeHNsT MHKJIIO3UBHBIX CIIEKTPOB
B pabore [6] Gbuia BBeeHa Ge3pa3MepHast CKEHIMHIOBAST
nepemertast II = \/Suin/2my, v Smin —
MaJlbHasl SHEPIUs KBa3MOMHAPHON PeakIuu, IPU KOTO-

9TO MHWHH-

PO#l BO3MOXKEH JNAHHBII MHKJ/IIO3UBHBIN IIPOLIECC, & My —

Macca HyKJIOHA. AHa/m3 60JIbIIOro Habopa SKCIIePUMEH-

TaJbHBIX JAHHBIX 110 POXKIEHWIO YACTHUI[ B KyMYJISITUB-

HOI1 U IOIIOPOroBoii 06JIacTAX ToKa3adl [6, 7], uro unsa-

PUAHTHBIE CEYEHUsI POXKJIEHUsI JACTUI] B CTOJTKHOBEHUN

sitep A1 + A MOryT OBITH OIIMCAHBI 3aBUCUMOCTBIO

d30' a(X
_ _ 1) | go(X2)

Jai+a, = Ed_p3 =C1- A} Ay -exp(—1I/Cy),

(1)

rae A1 u Ay — aToOMHBIE MACChI CTAJIKUBAIOIIMXCS SIIED,
Cy u Cy — xoucrantsl, a(X) — dysrus or X; wian
Xs. peanonaraercst, aro Bug dyuxmma o X ) mist Ay
TaKO XKe, Kak 1 Jjisd As.

Ecin ymacrea onucars mokasaHHble Ha, PHUC. 1 CIIEK-
TPBL P, d U ¢ YACTHI] C OMOIIBIO BbIparkenusi (1) mpu

OJTHOM ¥ TOM 2Ke IapaMeTpe Hakjiona Co U P OHOA 1
TOI ke A-3aBUCUMOCTH, TO ITO MOXKET OBITH CBUJIETE/Ib-
CTBOM B IOJIb3Y TOXKJIECTBEHHOCTH MEXaHH3Ma POXKJIe-
Hust gacturl ¢ Gospmumu pr B p+ A u C' + A crosikuo-
BEHUSX.

B [6,7] upenararorcsi HECKOJBKO DPa3HblE BUJIbI
dyukuun «(X). g yrounenus: A-3aBUCHMOCTU 1IPU-
MEHHATETHHO K HAIIAM JAHHBIM OBLIM HMCIOJIb30BAHBI
CIIEKTPBI IPOTOHOB, POXKJAEHHLIX Hof, yrioMm 40° B p+ A
B3aUMOJICHCTBUSX C YeTHIPbMS SJIEPHLIMA MUIICHIME
C, Al, Cuu W. D1u 3xcriepuMeHTaIbHbIE CIIEKTPHI ITPH-
BeJIeHbI Ha puc.2 B BHe To4deK. 151 KaxKIoro sHade-
HUsI UMITYJIbCA PACCUYUTHIBAJIOCH X1 U Xo, 3aTeM OIIpe-
nestsiyiuch 3uadenus C, Coy u Bug dysruun o Xs), npu
KOTOPBIX JOCTHTAJIOCh HAMJIYHINEe OIMMCAHUE JKCIEepHU-
MeHTaJIbHBIX JaHHbIX. KpuBble Ha PHCYHKE SIBJISIIOTCS
pesysbraroM pacdera 1o (1) mocje HAXOXKJIEeHUs OIITHU-
MaJIbHBIX ITapaMeTpoB. Hammydmniee onmcanme SaHHBIX
nocruraercs, ecan 6pars a(X2) B Bume (k + X2)/3,
rae k = 2.40. D10 3HaYeHHEe OJIU3KO K Beau4YnHe kK =
= 2.45 + 0.05, nosyuennoit Hamu pamee [2] s POK-
JIeHUsl T-Me30HOB 110 yryoM 35° (1a6. cucr.) B pA B3a-
umogieficteusix npu ummyinbce 50 B /¢ ¢ nenosnbzosa-
HUEM 9TUX Ke MulneHeil. bespazMmepHbrii mapamerp Ha-
kyona Co 1jist JaHHBIX Ha puc. 2 pasen 0.172 4 0.003,
napamerp C1, 3aa0Muii Pa3MEPHOCTb CEYEHUH, PaBEH
546 + 18 mbapn - ¢ /T3B2.

B caydae p + A B3auMmopeicTBUIT OTHOIIEHUE WH-
KJIIO3UBHBIX CEYEHUI POXKJIEHHsl KaKON-JIMO0 HaCTHIIbI
HA PA3HBIX MUIIEHSX, TIOCJE YMHOXKEHNsI Ha OOpPATHYIO
A-3aBHCHMOCTB JIOJIZKHO ObITh,coracHo (1), exnanmeii:

Aoy a(X2) B
X (A—%) =1. (2)

Bnech Ao, u Aoy — aTOMHBIE MACCHI sIJIEP JIBYX PA3HBIX

R— fP+A2a
fP+A2b

mureneit. Ha pucynke 3 B Buie TOUeK IpeCcTaBIICHBI
3Ha4YeHUsi R, 10JIyYeHHbIe U3 OTHOIIEHUSI CEUeHUN POXK-
JIEHUsI IIPOTOHOB BO B3aUMOJIEHCTBUSIX IIPOTOHOB C BOJIb-
dpamom u ¢ yrirepomom. Ilupuna cepoii moI0CH B HIAK-
Hell JacTH PHUC.3 OTpaykaeT BO3MOXKHBIM yPOBEHL CH-
cTeMaTHYecKol omubKY B onpeaeieHnn R. 9ra ommbka
ObLIa OIleHeHA M3 CPABHEHUS OTHOIIEHUS CIIEKTPOB, U3~
MEPEHHBIX B 9KCIIEPUMEHTE B Pa3Hble TObl. B mpemenax
[P0 IaraeMoil TOYHOCTH U3MEPEHUIl 10Ty YeHHbIE Be-
JmauHbl R corsacyrorest ¢ coorHommenueM (2). st cpas-
HeHus, oTHoITeHne R /it crieKTpoB IpoToHOB u3 p+ W
u p~+ C' cobbITH, CMOIEIUPOBAHHBIX C IIOMOIIBIO Fritiof
CTpYHHO! (hparMeHTannoOHHOM Moiesn (IpeICTaBIeHa B
Geant4 kax 6asosbiit FTFP reneparop [8]), npusegeno
Ha puc.3 B BUE KpuBoil. BuaHno, 9To oTHOIIEHNE CMO-
JIeJIMIPOBAHHBIX CIIEKTPOB HE COOTBETCTBYIOT (2).
TTucema B 2KOTO
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Tabuuna 1. 3uayenus napamerpa Ch

IIporecc p+A—-p+X | p+A—-d+X | p+A—=t+X | C+A—-p+a | C+A—d+ax | C+A—ot+x
C1, Mbapsn - c3 /T'aB? 546 + 18 1854+ 15 56 4+ 13 828 4 35 367 £ 10 149 4+ 17
Pr(GeV/c) R _
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1.5 2.0 2.5 3.0 3.5 4.0 4.5 Puc. 3. Beuuunbl R, BEIMUACIEHHBIE A1 9KCIEPUMEHTAb-
P (GeV/c) HBIX JIAHHBIX (TOYKH) U JJisd cMozeanpoBanubix no FTFP
anropur™my [8] (kpusast). Illupuna cepoit mOJOCH BHH-
PI/IC. 2. TO'-IKI/I — UN3MEpPEHHbIC WHBapUaHTHBIEC CEYCHUs 3y PHUCYHKa OTpazkKaeT yPOBEHb BO3MOYKHOM cUcCTeMaTu4de-

POKJIeHusT TPOTOHOB Tof, yriioM 40° BO B3aMMOIEHCTBUSIX
50 I"sB/c nporonos ¢ C, Al, Cuu W mumniersimu. Kpusble —
pesysbrar pacdera 1o (1). Ha Bepxueii ropusonTasnbHOl
IIKaJIe YKA3aHbl 3HAYEHUs] MOMEPETHOrO UMITYJIHCA

Pucynku 2 n 3 M0Ka3bIBAIOT, 9TO POXKJIEHUE IIPOTO-
HOB B p + A B3aMMOJIEHCTBUSX IPOUCXOIUT B COOTBET-
crBun ¢ upemiaraemoil B (1) dopmoii 3aBucumocru or

)

sApa B BUJIE A3<X2 U TIPU OJTHOM U TOM K€ IapaMeTpe
nakyiona Co. Bo3Hukaer Bompoc, a HACKOJBKO XOPOIIO
onuchIBaIOTCA napaMerpusanueil (1) xpyrue npusees-
Hble Ha puc. 1 cekrpsl. CorsacHo (1), eciu HHKIIO3UB-
noe ceuennte nogemts na (ALK AT 10 nomkua
HOJIy 9aThes IKcnonennuaibuas dyuxnus exp(—II/Cy).
Ha pucynke 4 mjist ciektpos p, d, t qactur u3 p + A u
C + A B3amMOJEHCTBHII TIPE/ICTABIEHBI PACIIPEIEJICHUS
o Ge3pa3MepHO BeTMInHe

d3o

g(l) = E—

a(X, a(Xsz
_ = (Cl'Al( ).A2( )).

ITpu pacuere g(IT) Bo Becex ciayuasx Gpasnock a(X) =
= (2.44+X)/3. Ormernm, uro mjst p+ A B3anmoeiicTeuii

X
A?( ) = 1. Koncranrer (1, 3ajamolye pa3MepHOCTH

IIucema B 2K9TP Tom 111 BRm.5-6 2020

CKOIt IIOI'PENIHOCTU B U3MEPEHUUN BEJINYINHDbI R

CeYeHMil, HAXOIMJIUCh 3apaHee IIPH IIOJINOHKE BbIpayKe-
Hust (1) K 9KCIIEpUMEHTATIBHBIM JaHHBIM. 3HaueHus: Cg
npuBenensl B Tabu. 1. Ilynkrtupnas npsmas Ha Bcex
KBasipaHTax puc.4 omuceiBaer dynkimo exp(—II/Cs)
npu 3Hadenuun Co = 0.172. PucyHok 4 jeMoHCTpPUPY-
et cxoxkecTb B nosegennu g(I1) i Beex wacTui u s
Beex B3aumojeiicrsuii. [Tapamerpusanus (1) cupasej-
JINBA, TOJIbKO €CJIM OTCYTCTBYET BTOPUYHOE IIepepacce-
sIHM€ MPO/IYKTOB KBA3UOMHAPHON PEAKITNY Ha HYKJIOHAX
sanpa. Xors B pabore [2| 6bLIO MOKa3aHO OCIAOJICHHE
BJIMSIHUS $1JIPa HA, CHEKTPBI KYMYJISSTUBHBIX YACTUIL [IPU
OOJIBINNX P, MOJTHOCTHIO UCKJIIOUUATH ITO BJIASTHUAE HEJIb-
3s1. Bo3dMmokHO, mOCsIeiHEe ABIISI€TCS IPUYIMHON HAOJIIO-
JIaeMOro Ha puc. 4 pa3dpoca TOUEK OTHOCUTEIHHO ITYHK-
TUPHON IPAMO.

OcHoBHBIE BBIBOABI. [IpuBejieHbl HOBBIE IAHHBIE
mo poxkjenuto 1o yriom 40° p,d,t wactuin ¢ pr >
> 1IB/c B CTOJIKHOBEHUSX IIPOTOHOB U MOHOB yIJie-
posia ¢ yriepomHoit u BOabGMPaMOBOil muriensMu. Bo
BCEX CJIydasix C POCTOM HMILYJIbCa HADJIIOMAETCs POCT
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Puc. 4. dxcnonennuanbHasl 3aBUCUMOCTEL cedenuii or II.
Kpy)Kku — npoTonbl, KBaJpaThl — IeATPOHBI, TPEYTOJIBHU-
KW — TPUTOHBI. J[MaroHaJIbHBIMUA TyHKTHPHBIMA JTUHUASMEI
nokazana gynkuus exp(—11/0.172)

OTHOCHTEJIHLHOIO BLIXO/a JeHTPOHOB U TPUTOHOB. B Ky-
MyJaTuBHOM obstact B C + A B3aMMOJIEHCTBUIX BBIXO/T
JEATPOHOB TPH GOJIBINAX P CTAHOBUTCS COTIOCTABUMBIM
C BBIXOJIOM IIPOTOHOB.

CuekTpsl p,d,t 9acTur] ¢ OOJBIUMEI P B P + A u
C'+ A mporieccax MOXKHO OIUCATD BhIpazkeHueM (1) ¢ o1
HOIt 1 TOi1 ke (POPMOii 3aBUCUMOCTH OT MACChl y9aCTBY-
IOIIUX B CTOJKHOBEHNU sJiep U IIPU CXOXKHUX IapaMeTpax
naksiona Cy. Ilockosbky napamerpusanus (1) npussa-
HA OIUCATDh POXKJEHUE JaCTUIl 9Yepe3 KeCTKNE KBa3nOu-

HAPHBIE CTOJIKHOBEHUS, TO XOPOIIee COrJIACHEe IKCIIePHU-
MEHTa C 9TOH apaMeTpu3aliueil MOXKHO PACCMATPUBATH
KaK ITOJITBEPK/ICHIE CAECJTAHHOTO HAMU PaHee 3aKJIIove-
aud [3,4| o HaboKeHNN IPAMOrO BHIOUBAHUS U3 DA
JIEATPOHOB U TPUTOHOB B KyMYJIATHBHBIX IPOIECCAX C
OOJILIIIUME P .

Asropsl npuzaarenbubl pykosojgcrsy HULL “Kypuaa-
toBckuit Uucturyr’ — UPBY 3a moamepKKy JTaHHOTO
HCCJIEJIOBAHUS, IEPCOHAIY OTIEJIEHUST YCKOPUTEJISI 1 OT-
JleJIeHusl IIy9KOB 3a 3ddekTuHyo padory Y70 u 8-ro
KAHAJIA.

Aproper  Gnaromapsit Takxke A.T.TosioBuna 3a
HEOIIEHUMY0 TEeXHUYECKYIO MOIIEPKKY I[PU IOJIIOTOB-
ke ycranoBku CIIVH k mpoBenenuto n3mepenuii.
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