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M3mepeHbt cneKTgbI TMPOTOHOB TPU MOIJIOLIEHUN OCTAHOBUBILIUXCS T -ME30HOB Ha “KUBOM” MUILIEHU —
2

aHaJIoOI' MUILICHU

Si. Ha ocHoBe TTIOJIYYEHHBIX JaHHBIX YIaJIOCh BBIACIUTD ITPOLIECC oe3 BTOPUYHBIX B3an-

MOJIEHCTBUI M MOJYYNUTh CIIEKTP MEPBUYHBIX IPOTOHOB M3 aKTa MOMIONICHWS MMOHA Ha BHYTPUSIACPHOM

pp-Tiape.
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BBEAEHUE

HccnenoBaHne CHEKTPOB 3apsKEHHBIX YaCTHII,
00pa3yIoLINXCS B peaKIU1 MOIJIOLIEHUS OCTAHOBUB-
IIIMXCS T -ME30HOB SIApaMH, TaeT BO3MOXHOCTb pac-
IIUPUTH MPEACTABIEHUS O MeXaHU3Max oOpasoBa-
HUS YaCTUL B SIJIEPHBIX pPEaKLMIX IMTPOMEKYTOUHBIX
sHepruii (mo 1 IsB) [1]. Pe3yabraTamm Takmx u3me-
PEHUIA SIBJISIOTCSI UHK/IIO3UBHBIE CITEKTPhI YACTHII, a
TaKK€ CIIEKTPbl YaCTUIl, 3aperMCTPUPOBAHHBLIX Ha
coBrageHre. OMHON M3 BaXHBIX 3a74a4, BO3HUKAIO-
IIUX TIPY aHAJIU3€ CIIEKTPOB, SIBJISIETCSI pellIeHUE BO-
Ipoca 0 TOM, KaK IToJIydeHHast MHGOopMalys CBsI3aHa
C MEXaHW3MaMU MOTIJIOLIEHUSI.

[lomrowieHne OTPULATENIBHBIX IMMOHOB fANpaMH
SIBJISIETCSI MHOTOHYKJIOHHBIM TIpolieccoM [2]. Jomu-
HUPYIOLIMM MEXaHU3MOM SIBJISIETCSI 3aXBaT MMOHA
BHYTPUSIIEPHOU prn-mapoil, B pe3yJbTare KOTOPOTO
o0pa3yloTcsl Ba OBICTPBIX TEPBUYHBIX HEUTPOHA.
MeHee BEpOSITHBIM SIBJISIETCS TOMIOLLIEHME TMOHA HA
BHYTPUSIIEPHOU pp-niape, mpuBosilee K odpa3oBa-
HUIO IEPBUYHOTO HEUTpPOHa U npoToHa. Heobxonu-
MO YKa3aTh, YTO HAa MHOT'O MEHBbILIE BEPOSITHOCTD I10-
[JIOLIEH U MMOHOB Ha 0oJiee TSKeNbIX KiacTepax [2].

OTHoOl1lIEHUE BEPOSITHOCTEN MOIIOIIEHUSI OCTAHO-
BUBILLIUXCS MTMOHOB Ha pn- U pp-Tlapax MOXHO TIpe[l-
CTaBUTh B BUIE MPOM3BEICHUS ABYX MHOXMUTEJECH:
R= R.R/, tne R, — CTaTHUCTUYECKUIA MHOXHUTEID,
paBHblil 2N/Z — 1; R/ — 1MHaMUYECKUIA MHOXMUTEb,
XapaKTEPU3YIOLIUI OTHOLIEHUE 3JIEMEHTAPHBIX 11~

PVIH TIOIJIOLIEHUS Ha pn- u pp-napax; N, Z — 9ucio
HEUTPOHOB 1 IIPOTOHOB B SIIPE COOTBETCTBEHHO. Be-
auurHa R/ omnpenesercs Mo CHEKTPY MEePBUYHBIX
NpoToHOB. OOHAKO BCJIEACTBHUE pPa3BUTUS BHYTPU-
SIIEPHOTO KacKala SKCIEePUMEHTAJIbHbBIE CIEKTPBI
IIPOTOHOB CYIIIECTBEHHO 000ralaloTCss BTOpUIHBIMU
yacTuiaMu. B paMkax TeopeTuyecKmnx pacuyeToB Iep-
BOHAYaJIbHBIN aKT MOIIOIIEHMS OKa3bIBAeTCs “3a0bI-
TBIM” 1711 OOJIBIIIEI YaCcTH CIEKTpa 3a UCKIIIOUYCHUEM
BBICOKOUMITYJIbCHOM. B Takoif cutyaumu neaecoob-
pa3HBI U3BMEPEHUS C IPUBJICYSHUEM JONOTHUTEIbHOM
nHMOPMAaLIHU 1151 BhIIEJIEHUS IPSIMBIX, O€3 IIepepac-
CesIHUSI, KaHaJIOB peakluii. s 3Toit Lejau B paboTte
WCHOJb3yeTCsl aKTuBHas (“kuBas’”) MHUIIEHb —
KPEMHUEBBII JETEKTOP.

OKCIIEPUMEHT

M3mMmepeHus CrieKTpoB 3apsLKeHHBIX YacTull (p, d, 1)
ObUIM IIPOBEACHBI HAa MMOHHOM KaHaJIe CUHXPO-
nukyorpoHa HUII “KypyaToBCKMiI MHCTUTYT” —
[MNUAP ¢ noMmolIblo MOJMYHPOBOIHUKOBOIO CIIEK-
TpoMeTpa 3apsixkeHHbIX yacTull [3]. ITydok m—-me30-
HOB ¢ umnyiabcoM 100 M»sB/c mpoxommn depes
3aMeJINTeNb, 1Ba MOHUTOPHBIX KPEMHUEBBIX JETEK-
TOpa U OCTaHABIWUBAJICS B MUIIIEHU. MUIIIEHb Mpe-
CTaBJIsIa COOOM MIACTUHKY M3 MCCIEIyEeMOIO MaTe-
puana tomuuHoi ~0.1 r/cM?. B KayecTBe “XUBOI”
MUIIIEHW yCTaHABIMBAJICA Si geTeKTop (aHajor MU-
meHu 2Si).
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3apsoKeHHBIE YacTUILIBI, 0Opa3oBaHHBIE B peak-
LY NOMIOIICHUS ITMOHOB, PETUCTPUPOBAIUCH ABY-
MsI MHOTOCJIOMHBIMU TejiecKomnaMu. Kaxknplii Tese-
CKOI COCTOSUI U3 ABYX TOHKMX W OMVUHHAIIATH TOJI-
CTBIX KPEMHMEBEIX HIETEKTOPOB. DHEPreTu4eckKoe
paszpemienne (FWHM) npu peructpauuu p, d, t co-
craBisuio AE = 0.6 M3B. /111 KOppEeKTHOTO BbIAETIE-
HUSI Y OIIpEeAeICHUSI YHCJIa OCTAHOBOK IMMOHOB B 9KC-
MeprMeHTe MCITOJIb30BaHa CUCTEMa, COCTOsIIas 13
MOHUTOPHEBIX IETEKTOPOB M “XKUBOM~’ MUIIIeHN [4, 5].
HuwxHss rpaHuna usMEepeHUsI CIIEKTPOB IJISL p —
5 MbsB. BepxHss rpaHuiia onpenesieTcss KWHeMaTH -
yeCKMMU rpaHnnnamMu peakiuuu (~100 MaB).

J11s1 BBIIEICHUS TIPSIMBIX IIPOTOHOB B padoTe Mc-
Mmonb3yeTcss “XwuBas” MuIIEHb. B pamMkax Takoro
MOJAX0Ja OJHOBPEMEHHO C perucTpaiueil yacTULIbI
N3MepsIeTCs SHEPTOBBIICIICHNE B “XKBOI” MUIIICHM,
KOTOPOE CKJIAABIBAETCSI U3 TTOTEPh SHEPTUU HaJeTal0-
11Iero TTMOHA 1 00Pa3yIoIINXCS 3apsIKEHHBIX YACTULI, B
TOM 4uclie U siapa otaaun. [TokazaHUs MOHUTOPHBIX
JIETEKTOPOB ITO3BOJISIIOT OMNpPEAE/IUThL TTyOWHY OCTa-
HOBKU MMOHA U BBIYECTh U3 SHEPTOBBIICICHUS BKJIAI
IMMOHA W 3apeTrUCTPUPOBAHHON YacTulibl. LIeHHOCTH
nH(pOopMaIInK, II0JIy4aeMoil ¢ ITOMOIIbIO “XUBOiT”
MUILIEHU OIpeNesieTCs] BO3MOKHOCTBIO BbIIEJICHUS
MPOIIECCOB ¢ 00Opa3oBaHMEM SIIpa B BO3OY:KIECHHOM
COCTOSTHUMU.

AHAJIN3
OKCITEPUMEHTAJIbBHBIX JTAHHBIX

OnpeneneHne BKJIaaa IepBUYHbBIX YACTULL B U3Me-
pPEHHBIE BBIXOAbI p IIPOBOIUIOCH B paMKax pa3pabo-
TaHHOM HaMU (PEeHOMEHOJIOTUYECKOM Moaenu [6—8].
B »T10it MOgenu obpa3zoBaHUe 3apsSKEHHBIX YaCTUIL
paccMaTpuBaeTCd Ha TpeX CTamMsIX peakluu: Iep-
BUYHOC IIOIJIOIEHMUE IIMOHOB Ha BHYTPUANCPHbIX
KJlacTepax, peIpaBHOBECHAS CTaaus U UCTTApUTETb-
Hasl CTaausl, KOTIa YaCTUIILI BBUIETAIOT C ITOBEPXHO-
CTH spa I10CJie YCTAaHOBJICHUSI TEPMOAMHAMMNYECKO-
r0 paBHOBECHSI.

Ha puc. 1 ipencrasiieHbl 3KCIepUMEHTAIBHbBIC 1
pacueTHBIE CHEKTPHl IIPOTOHOB. BumHO, 4TO mpm
SHEeprusix IMpoTtoHoB Beilie 30 M»3B skcnepuMeH-
TaJIbHbIE TOUKU JIeXKaT MEXIY TEOPETUIECKUMHU KPU-
BBIMHM, PACCYUTAHHBIMH [JISI IIOTJIOLICHUSI IMHMOHOB
Ha pn- 1 pp-niapax, a B oonactu Huxke 30 MaB monenb
JIaeT 3aBBIIICHHBINA BBIXOA HPOTOHOB HE3aBUCHUMO
oT R/. DTO pacxoxXieHue, MO-BUAUMOMY, CBI3aHO C
TMEPEOLIEHKOM B MOJIEJIM UCTIApUTEIbHON CTaanuu pe-
aKIIUH.

M3 puc. 1 BumHO, 4TO 3a MCKITIOYCHUEM HCIIapH-
TenbHOM 4Yactu (<30 M»sB) TeopeTuyeckuii cCriekTp
IIPOTOHOB C BEIOPAHHBIM 3HaYeHUeM R = 7.5 (R/ = 3.5)
JIOCTaTOYHO XOPOIIIO COIJIACyeTCsl C KCIIEpUMEH-
TaTbHBIMM TaHHBIMH. [102TOMY MOXHO CIeIaTh BhI-
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Puc. 1. DHepreTryeckue CrieKTpbl TPOTOHOB MPHU MOTJIO-
LIEHUU T -ME30HOB SIIpaMu 283 @ — 9KCIEPUMEHTAITb-

Hble TOUKU. [ — pacuerc R=7.5 (R/ =3.5),2— R=0(no-
JIOLIEHNE Ha pp-Tiape), 3 — R = oo (IomiollieHue Ha pn-
mape). OKCIepUMEHTAIbHBIN (A) U pacUeTHBIN CIIEKTPHI
(4) IpOTOHOB, TIPUHAJIEXKAIITNX TUKY B “>KMBOM” MUIIIE-
HU (cM. puc. 3).

BOJ, YTO pe3yjabTaTbl U3MEPEHUII MHKIIO3UBHOIO
CIIEKTpa OPOTOHOB HE IPOTUBOpEYAT TUIIOTE3e O
¢GOopMUPOBAHUU 3TOIO CIEKTpa B pe3yabTaTe IBYX-
HYKJIOHHOIO Me€XaHu3Ma MOIJIOLIEHUS U MOCIeayI0o-
IIMX BTOPUYHBIX B3aUMOAECHCTBUIA.

Ha puc. 2 npeacraBiaeHbl CIIEKTPbl SHEPTOBbIIS-
JIEHUI B “XXUBOU” MUILEHU IJIs pa3IMYHbIX UHTEP-
BaJlOB DHEPryil 3aperucCTpUpPOBAHHBIX IPOTOHOB.
Hawnboinee xapakTepHoOil 0OCOOEHHOCTBIO pacIipeie-
JICHUI SIBJISIETCS TIMK B 00J1aCTU MaJIbIX SHEPTOBBIIC-
neanii. CneayeT OTMETUTD, YTO IS COOBITHI C TIPO-
TOHAMM, SHEPTUsI KOTOPEIX Ooblie 85 MaB (puc. 20
U 2e), HaOJII0JaeTCsl CABUT IIMKa K IMpaBoii IpaHUIIE.
OT0, MO-BUAMMOMY, YKa3blBaeT Ha BO3pacTaloliuii
BKJIaJ IBYXYaCTUUYHOIO KaHajla peakluu IJs TpOoTo-
HOB BBICOKOIi BHEPTUU.

C uenblo IeTaJbHOIO CpaBHEHUSI DKCIIEpUMEHTA
M pacyeTa Ha pUC. 3 IpeACTaBIeHbI CIICKTPBI 9HEPIO-
BBIIEJIEHUI B MUILIEHU MIPU PETUCTPALU IIPOTOHOB
B nHTepBasie 45—85 M»aB. OtnenbHO MOKa3aHO pac-
YeTHOE pacnpee/ieHUe, COOTBETCTBYIOIIEE COOBITH-
SIM, B KOTOPBIX ITEPBUYHBIE YACTULILI (TPOTOH U Heil-
TPOH), oOpa3ywlIuecs IpU IOIJIOIIEHUN Ha pp-Tia-
pe, BBUICTAIOT M3 simpa 0e3 B3aMMOIEUCTBHS. DTO
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Puc. 2. DkcriepuMeHTalIbHbIE M pacYeTHbIE CIIEKTPHI SHEPrOBBIACICHU B “>KMBOM” MUIIEHU NTPU PETUCTPALIMU POTOHOB B
SHEPreTUYeCKUX MHTepBanax: 5—25 (a); 25—45 (6); 45—65 (8); 65—85 (e); 85—105 (0); >105 M3B (e). [ucrorpamma — pe3yib-

TaTbl 9KCMIECPUMECHTA, CIUVIOIIHbBIC KPUBbLIC — pacCyeT.

pacrpeneaeHie HOPMUPOBAHO HA OTHOCUTENIbHYIO
BePOATHOCTD (~20%) Takux coobITHii. o nmuka B
3TOM pacIpenesieHnu cocrasiseT 65%. Kak mmokasza-
JIN pacyeThbl, COOLITUSI, B KOTOPBIX XOTSI OBl OIHA U3
NMEPBUYHLIX YaCTULl UCITbITala BHYTPpUAACPHOEC B3an-
MOJIIEICTBHME, TAaKOM CTPYKTypoit He obnamaer. Cie-
JIOBATeJIbHO, MOXKHO TMPEANOJI0XUTh, YTO U B KCIIE-
PUMEHTAILHBIX pacCIIpeneieHuIX 00JIacTh MUKa CO-
OTBETCTBYET, B OCHOBHOM, COOBITUSIM C BbLICTOM
JIBYX TIEPBUYHbBIX YaCTHUILL O€3 IepepacCesTHUSI.

C 11eJ1b1O BBIACICHUS CTIEKTPOB MEPBUYHBIX ITPOTO-
HOB OIlpenesisulach 3aBUCUMOCTh BKIJIala ITMKa OT
SHepPruu MPoTOHOB. PacmpeneneHus ¢ “XuBoit” Mu-
LLIEHU alllPOKCUMUPOBATIUCH CYMMOM ABYX (DYHKIIWIA:
HOPMAaJIPHOM, CO CPEMHUM 3HaYeHUEM B 0OJIaCTH Ma-
JIBIX SHEPTOBBINEICHUI W TOJMHOMOM, OIMCHIBAIO-
MM OCTAJIbHYIO YacTh CIieKTpa. Takas mpolenypa
BBITIOJTHSUTACh UIST JOCTATOYHO Y3KWUX HWHTEPBAJIOB
SHEPTrUil IPOTOHOB, IIe TaKasl allPOKCHUMAIIHST JaeT
YCTOMUMBBIE Pe3yabTaThl (MPAKTUYECKU HE 3aBUCSI-
e ot (pyHKIIMH, ONUCHIBAIONIe (DOH) 1 TEOPETU-
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yeckoe 3HaueHue Y (puc. 2). PaccMarpuBas BKIan,
COOTBETCTBYIOIINIA HOPMAaIbHOMY pachpeacacHUIO
KaK JIOJII0 COOBITHIA C BBIJIETOM ABYX IEPBUYHBIX Ya-
CTHUL, BOCCTaHABJINBAJICA CIIEKTP INEPBUYHBIX HYKJIO-
HOB M3 aKTa ITONIOLIEHUS ITMOHA.

Ha pwuc. 1 mipu HopMHUpPOBKE 3KCIIEpUMEHTAJIBHO-
ro CHeKTpa NEPBUYHBIX IIPOTOHOB YUUTHIBAJIOCH, YTO
JIOJIsI IIMKA B TEOPETUYECKOM paclipeieJIeHUH Ha pucC. 3
OpU BBUIETE ABYX NEPBUYHBIX YaCTHUI COCTaBIISICT
65%. W3 puc. 1 BugHo, uto B o6aactu g0 90 M»B
pacueTHhIE U SKCIEPUMEHTAJIbHBIE paclpencacHUs
XOPOIIIO COoTacyioTcs MexXmy coboii. I1pu 6oiee BBI-
COKMX SHEPTUSIX OTJIMYMS B OpPME CIIEKTPOB C “XKU1-
BOI” MMILIEHU IJIsI PA3JIMYHBIX MEXaHU3MOB UCIyC-
KaHUSI YacTHUIl IIPAKTUYECKM HCYE3al0T, YTO eCTe-
CTBEHHO OrpaHUYMBAeT WHTEpBajl SHEPruii IS
MpUMeHeHUs faHHoro Metoaa. Clienyer cieluaibHO
OTMETHUTh, YTO M3JIOXKEHHAsT METOAMKA BBIACICHUS
CHEeKTpa MEePBUYHBIX YACTUIL MOXET CIYXUTb He3a-
BUCUMBIM CIIOCOOOM OIIpeAe/IieHNUSI BEJIWYMHBI R.
Kak BugHo 13 puc. 1 onpenensieMoe 3HaYCHUE BEJIN-
Ne 8
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Puc. 3. CieKTpbl 3HEPrOBBIICICHUM B “KUBOM” MUILICHU
MPY pErucTpalvy NPOTOHOB B AMaNa3OHe SHEPTuit 45—
85 MbB. Touku — 3KCHEepuUMEHTAJIbHbIE JdaHHbIE.
CIuIolIHas rucTorpaMMa — paCyeTHBIN CHEKTp 110 heHO-
MeHosiornueckoit Mozmenu. LlltpuxoBas rucrorpamma —
pacyeTHbIN CMEKTpP ISl COObITUI 6e3 BTOPUYHBIX BHYT-
pUsIIEpHBIX B3auMoneiictBuiit R = 7.5 (R = 3.5).

YUHBI R OKa3bIBaeTCs MOCTOSTHHBIM B IIIUPOKOM MH-
tepBayie s3Hepruit (30—85 M»B), cooTrBeTCTBYIOIIEM
00J1aCT MaKCHUMyMa CIIeKTpa MepBUYHBIX YACTUII.

INpennoxenHass MeTonuka onpeneyieHus R 1Mo 1o-
JIe MMKa NepBUYHBIX YACTULI, OKa3bIBaeTCs cnabo 3a-
BUCSIIIEH OT BEJIMYMHBI MHKJIIO3UBHOTI'O BBIXO/Ia IIPO-
TOHOB. DTO 0OCOOEHHO BaKHO IIPU OOJILIINX 3HAYe-
HUSX R, Korma 3TOT BBIXOA cJIab0 MeHsIETCS C
M3MEHEHUEM BEJIMYMHBI R, B TO BpeMs KaK BBIXO/I
MIPSIMBIX IIPOTOHOB 0OPATHO TIPOITOPIIMOHANIEH R.
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SAKJIFOYEHHME

IMpennoxeH noaxon sl BbIAEIEHWUST IEPBUYHBIX
MPOLIECCOB B peaKIIMU MOMIOIIEHUS] OCTAHOBUBIIUX-
Csl MMOHOB aTOMHBIMU siipaMu. MeToarKa OCHOBaHa
Ha aHaJIn3¢e KOPPESILMOHHBIX TaHHBIX “IHEPrus 3a-
PSDKEHHOM 4acTULILI—3HEPTOBbIIEICHUE B “KUBOM”
KpeMHHUeBoi MullleHU”. sl MOmIoleHUs] TTMOHOB
Ha sape 8Si BrepBbIe MOJIyYEH CIIEKTP MEPBUYHBIX
MPOTOHOB M3 aKTa MomolleHus Ha pp-tnape. [lpu
9TOM OTHOIIIEHME 3JIEMEHTAPHBIX IIMPUH MOMIOIIE-
HUS Ha pn- U pp-TiIapax COCTaBUJIO BEJIMYMHY 3.5.

UccnengoBanne BBIMOJHEHO TIpU (PUHAHCOBOIA
noanepxxke MMUHUCTEPCTBAa HAYKM U BBICIIIETO 0Opa-
3oBaHus Poccuiickoit Menepanuu (mpoekt FSWU-
2023-0073).
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Proton formation at absorption of 77 -meson in a “live” silicon target

Yu. B. Gurov»% *_ S. A. Evseev4, T. 1. Leonova?, S. V. Rozov*, V. G. Sandukovsky“, B. A. Chernyshev’
¢ Joint Institute for Nuclear Research, Dubna, 141950 Russia
b National Research Nuclear University MEPhI (Moscow Engineering Physics Institute), Moscow, 115409 Russia
*e-mail: gurov54@mail.ru

The spectra of protons were measured at the absorption of stopped T~-mesons in “live” target—analog of the
285i target. Based on the data obtained, it was possible to isolate the process without secondary interactions
and obtain the spectrum of primary protons from the act of pion absorption on an intranuclear pp pair.
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