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Oo6mas xapakTepucTHKA padoThl

AKTyaJIbHOCTb TeMBbl. JSIHepHBIE peEakIMU C yJ9acTHEeM JIEHTPOHOB
TPaJULIUOHHO HCIOIB3YIOTCS UL M3YYEHHS HYKIOH-HYKIOHHOTO B3aHMOJCHCTBHS
IpH IPOMEKYTOUHEIX M BBICOKMX DHEPIHAX, a TaK XKE CTPYKTYPHI JIETKUX SHep Ha
ManblX MEXHYKIOHHBIX paccTOSHUSIX. CIIMHOBas CTPYKTypa JETKUX SAep IIMPOKO
HCCIeNoBalach B TEYCHME IOCHENHUX NECATWIETHH C HCIONb30BaHHEM Kak
3NMEKTPOMAaTHUTHEIX, TaK U aJJpOHHBIX MPOOGHUKOB. OJHOM M3 OCHOBHEIX 3a4ad STHX
HCCIIENOBAaHMMA IIPY IIPOMEXYTOYHBIX M BBICOKHMX JHEPTHAX SBJISIOCH IONyYEHUE
HHGOPMaIH O BHICOKOMMITYIbCHBIX KOMIIOHEHTaX JIETKUX SIEp C LEeNbI0 H3yUeHHUs
NPOSABIEHUS PENATUBUCTCKUX 3((GEKTOB W HEHYKIOHHBIX CTEleHe#t CBOOOJIEL.
Peakuit dp—>pd, dd—p°H, d°He—>p ‘He sBIMIOTCA NpOCTEHIHMU
mporeccaMu ¢ OOIBIION Nepeadeil UMILYJIbCca U TIO3TOMY MOT'YT UCIIONb30BaThCS Kak
HHCTPYMEHT MOJIi WU3ydEeHHA CIPYKTYpPHl JErKux smep. B paMmkax Momenu
omHOHYKJIOHHOrO o6MeHa (OHO), momspu3anyioHHBIE XapaKTEPUCTHKM NaHHBIX
peaKIuil YyBCTBUTENBHB! K CIIMHOBOH CTPYKTYpe JETKHX suep. V3yueHne peakiuu
d A—pX BONU3M TIOPOra pa3Bala IEHTPOHA TO3BOJAET, C ONHOM CTOPOHEI,
JOCTHTHYTh MUHHMMANbHEIX MEXHYKIOHHBIX DACCTOSHHUI B NEHTpOHE NPH JaHHO
HAa4YaJbHOW OHEPrHH, U, C OPYroil CTOPOHBI, MCCIEHOBAaTH B3aMMOIEHCTBHE B
KOHEYHOM COCTOSHHH Ui cucTeMsl X. Vcmons3oBaHue B KadecTBe MHINEHH sapa A
[O3BOJIET JOCTHIHYTH MEHBIINX MEXHYKJIOHHBIX PpacCTOSHHH, 4YeM B CIIydae
B3aUMOJEeHCTBU IEeHTpoHOB ¢ BomopomoM. IlomsdpmsanvioHHble HaOIIOTacMBIe

OAaHHOW peaKIWW, B YaCTHOCTH, TEH30pHAs aHANM3UPYIOIas CHOCOOHOCTb Ty,

YyBCTBUTENbHA K OTHOWEHWI0 D/S BONH B Aeirpone. Ha HacTosmuii MOMEHT He
éymecrsye’r TEOpHH, KOTOPas MOXET OOBICHUTH IOJIPH3AIMOHHEIE HaOIofacMble
IsL peakluyl JNeUTpOH-IPOTOHHOI'O paccesHHMsA Ha3al M HMHKIIO3MBHOIO pa3Baia
IEeHTpOHa OXHOBPEMEHHO.

Peakunu mepemayd OXHOTO WIIM HECKONBKHX HYKIOHOB HCIONB3YIOTCA B
KayecTBe MHCTPYMEHTa JUII IONydYeHHs acTpodusmueckux S-(axTopoB. Peakuuu c
nepenaveil OMHOTO HYKIOHA, ITHPOKO HCIIONB30BANMChH A H3Yy4EHHS] CTPYKTYDHI
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CTa0WIBHBIX sSAep. AHANW3 TaKWX DEakuuil ONpeAeNseT mNepefady yIIOBOIO
MOMEHTa, KOTOpas HaeT MHGOPMAIMIO O CIIMHE M YETHOCTH KOHEYHOTO COCTOSHHSA.
UyBCTBHTENBHOCTE CE4EHUs ISl OMHOHYKIOHHEIX KOMIIOHEHT TIO3BOJISET MOTYdHTh
CTIEKTPOCKOIMYecKie (GakTopsl. DTH Ha6NI0jaeMble MOTYT HCHONB30BATHCS UL
BEIYHCIICHUS 3aCETIEHHOCTH OHOYACTUYHEIX OPOUTAIIEH B Spax.

TakuM 06pa3oM, IOTYYEHHe HOBBIX MOMIPU3ALMOHHEIX NAHHBEIX IUIS PEaKIii
dd—pX U d"“C- p ™C, 4yBCTBUTENbHBIX K CIMHOBOM CTPYKType AEHTpoHAa H

yriaepoaa, Ipe€AacTaBIsItOT OTPOMHYIO BaXXHOCTB.

Hensio padoTel SIBILIOCE H3MEPEHME OHEPreTHIeCKOod 3aBUCHMOCTH
TEH30PHOM AaHAIM3UPYIOWMi crocobHocTH T,) M peakumii dd—>pX U
d *C - p "C npu sueprusx T, = 140, 200 u 270 MaB u yrie paccessus 0°, a Takxe

U3MEpECHUE YTJIOBOfl 3aBHCHUMOCTH BeKTOpHOfI Ay U TEH30PHBIX Ayy, A, 1 A

- xz
aHATM3UPYIOWKX CIOCOOHOCTEH peakuuu d *C — p *C mpu T, = 270 MaB u yriax
ot 6 mo 18 rpamycoB ¢ mabopaTopHOii cucTeme npu SHepruu 270.

Hayunasi HoBU3HA padoTHI.

1. BmepBele TONy4YeHH! ~ BBICOKOTOYHBIE  JAaHHBIE 10  TEH30pHOU
éHanusnponmeﬁ cocobHocTH T,, peakuui dd—-p®H u dd->pX npu
HayabHBIX Hepruiax aeirpona T, = 140, 200 u 270 MsB u yrne paccessus 0°.

2. BriepBrle NOMy4eHbl JaHHBIE 110 TEH30PHON aHAIU3MPYIOIMIEH CIIOCOOHOCTU
T,, peakuuu d *C - p *C" mpu HauanbHBEIX 3Heprusax Aeiitpona T, = 140, 200 u 270
M>5B u yrie paccessus 0°. TeH30pHas aHATU3UPYIONIas CIOCOOHOCTE T,, IPUHUMAET
OTpULATENBHbIE 3HAYEHHS KaK JJIs KAHAIOB C BO30YXIEHUEM SIEPHBIX YpoBHe “C,
TaK ¥ A7 001acTH KOHTHHYYMa.

3. BriepBble NOMy9EHB! JaHHbIC 110 BEKTOPHOH A, M TEH30PHBIM A,,, 4, U 4,

z

aHAIM3UPYIOIIUM CIIOCOGHOCTAM peakuuu d C — p “C” mpu T, = 270 MaB u yriax

IETEKTUPOBaHMS IIPOTOHA OT 6 mo 18 rpamycos B mabGopaTopHOit cucTeMe.



HayyHo-npakTnyeckasi 3HAYMMOCTB PaGoThI.

TlomydeHHsle pe3ynabTaTHl II0 aHAIM3UPYIOIUM CIOCOOHOCTAM pEaKIUi
dd—->pX w d®C—>p" mpu T, = 140, 200 u 270 M>B pacmHpsIOT
9KCIIEPUMEHTANbHBI MaTepyal ¥ JalOT HOBYI0 MH(GOPMAI0, HEOOXOMUMYIO IS
Pa3BUTHSA TEOPETUUECKUX MOJETeH ONMMCaHWd TPEeXHYKIOHHBIX CHCTEM M ACHTpPOHA
HA MaJbIX MEXHYKIOHHEIX pAaCCTOSHUAX, a TakXke IIOHUMAaHHUA MEXaHH3MOB
PAacCMOTPEHHBIX PEaKIIUii.

Anpo6anus padoTsl M MyOINKALIH.

OCHOBHBIE pE3yNbTaThHl IUCCEPTAlMK OIyONHKOBaHEl B >XypHamax “The
European Physical Journal Special Topics”, “International Journal of Modern Physics
A”, “Snepuas ¢usuka”. Pe3ynpTaThl TOKIAABBAINCE HA PANE MEXIYHAPOIHBIX
KoH(bepeHuuil U ceMuHapoB, B ToM uHcie: Ha VII-oM u IX-oMm pabouux coBemaHUAX
0 PeATHUBUCTCKOH snepHo# ¢usuke "Relativistic Nuclear Physics: from Hundreds
of MeV to TeV" (Mogpa-I'apmorus, CrnoBakus, 2006; Crapa JlecHa, CnoBakus,
2009); Ha MexnyHaponHoi koH¢epenmuu "Cummerpun u ciue" SPIN-Praha-2007
(Ilpara, Yexwus, 2007); xa XVIII-oM MeXIyHaApOZHOM CHMIIO3UYME IO IpodieMam
¢wsuku Beicokux sHepruit ISHEPP ([y0na, 2006); Ha MEeXAyHAPOIHOM CHMIIO3UYME
FM50 (Toxuo, Amonms, 2007); Ha XIX-0#f MeXIyHapomHOH KOH(MEPEHLUH IO
ManogactTuyHeM cucteMaM FB19 (Borm, I'epmanus, 2009); va XII-om u XIII-om
MEXIYHapOIHBIX KOH(epeHnusax mo cnuHoBoil dusmuke "Workshop on High Energy
Spin Physics"(dy6na, 2007, 2009); na IX-oif, X-oi, XI-o#f, u XII-oif Hay4HBIX
KOH(pEpEeHIIUIAX MOJOABIX yUeHHIX U crermamucros OWSAU (y6ua, 2005-2008 rr.).

OCHOBHBIE Pe3yNbTaTHl JUCCEPTALUOHHOM paboTH! OIryOIrKoBaHH B paborax [1-18].

O0beM ¥ cTPYKTYpa padoThl
JIuccepTamys COCTOMT W3 BBEICHUH, YETHIpEX IJIaB M 3akirodcHUA. 11omHBIN
00bEM IHCCEepTalyy COCTaBIAeT 94 cTpaHuUIEl, BKiodas 18 Tabmwi, 36 pUCYHKOB U

CIMCOK JuTepaTypsl 3 109 HauMeHOBaHUH.



ABTOp 3a1IMIAET

1. Ilpomemypy ¥ pe3ynbTaThl H3MEPEHUS TEH30pHOW aHATU3UpYIOLIEH
crioco6HoCTH T), peakuuil dd - p°H W dd—>pX TpH HAYaNbHEIX SHEPTHAX
neirpona 7, = 140, 200 u 270 MaB u yrie paccessus 0°.

2. Ilpouemypy u pe3yibTaThl M3MEPEHUs TEH30pHON aHAIU3UPYIOLWIEH
crioco6HOCTH T,, peakimu d 2C — p “C’ Ipyu HauambHBIX SHEPrUsX AedTpoHa T, =
140, 200 u 270 MaB u yrie paccesHus 0°.

3. Ilpouenypy u pe3ylabTaThl H3MEPEHH BEKTOPHOM A, Y TEH30pHBIM 4,,, 4

xx

U A, aHAIM3UPYIOWIMM CIIOCOGHOCTAM peakiuu d ’C — p “C* mpu T, = 270 MaB u

yriax JeTeKTHPOBaHUs MIPOTOHA 0T 6 1o 18 rpaxycos B 1abopaTopHOii cucTEMe.

Copep:xanue guccepTanun
BBenenue mocBsmeHO 0030py SKCIEPHMEHTANBHBIX M TEOPETHYECKHX pPadoT IO
aHalM3y HYyKIOH-IEHTPOHHOI0O U JAeHTpOH-sifepHOro B3auMozeiicTBuii. B Hem
000CHOBaHA aKTyalbHOCTh IWCCEpTAlUM, e€ HaydyHas HOBH3HA W IpPaKTHUECKas
3HaYUMOCTb, IIPUBEIEHO KPATKOE CoJepKaHue paboThI IO IIaBaM.

B nepBoii rinaBe npuBeneHa obmas cxeMa U H3MEPEHHUS MONSAPU3AIMOHHBIX
HabmroaeMbIX Ha yckopuTenbHOM kommekce RIKEN, ommcaHsl HCHONB30BaHHOE
9KCIIEpUMEHTalIbHOe O00OpYAOBaHME, OpPTraHW3alWsd OSIEKTPOHHKH CYHTHIBAHHUSI U
paboTa Tpurrepa.

B mepsoM pasfene onuchiBaeTca 00Imas cxeMa II0 U3MEPEHUI0 BEKTOPHOH 4,
¥ TCH3ODHBIX 4,, A, ¥ A aHAIMSHPYIOIIMX CIOCOOHOCTEH peakuuit d d — p X u

d "C— p X npu sueprusax 140, 200 u 270 M>B Ha yCKOpUTEIHHOM KOMIUIEKCE
RARF (RIKEN Accelerator Research Facility). IlomapusoBaHHBIH INeHTpOHHBIH
IIy4oK obecrednBaics MCTOYHUKOM NOIpu3oBaHHBIX noHOB (MIIN). Ilonspuzanus
IEeHTPOHHOTO ITyuka M3Mepsitachk aAByMs noisipuMerpamu (SWPOL u DroomPOL).
MureHcuBHOCTS ITyuka, KoTopas u3Mepsnack ¢ mnomompio yamy Papanes,
BappupoBanack oT 1 mo 120 HA B 3aBHCHMMOCTH OT yria gerektupoBaHus. JKusoe

BpeMiA CHCTEMBI cGopa OaHHBIX cocTaBnsio Oomee 80%. PaccesuHble YacTHIIBI
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IEeTEKTUPOBAINUCH  NpeiihOBHIME  KaMepaMM, pacIOJIOXXEHHBIMH nepen  3-Ms
CUMHTWULIMOHHEIMA cYeTdnKamMu. VneHTudukamys d9acTH OCHOBHIBANAach Ha
aHalM3e BPEMEHH IMpoJieTa YacTUIl ¥ WOHW3AIMOHHBIX IIOTEph B INIACTHYECKHX
CUMHTHUIANMOHHEIX ~ JeTeKTopax. MMmynsc W yron  BeUIeTa  YaCTHILBI
BOCCTAHABIMBAJICS 10 HHPOpMANuK U3 OpeiioBEIX KaMep M ONTUYECKOH MaTpPHIEI

CIIEKTPOMETPA.

Seattering

Puc. 1. Cxema cnextpomerpa SMART, SWPOL - nmonapumerp, PQ1, PQ2 u PQ3 - xsanpynonsHsie
Mmarautsl, PD1 u PD2 - gumonssele Maruts, FP1 u FP2 - mepsas u BTOpas doxampHas

wockocTs, MWDC - MHOTOIIpOBONOYHas ApeiihoBas Kamepa.

Bo BTOpOoM pa3szene OIMMCHIBaE€TCA HMCTOYHHK IOJIPH30BAHHBEIX HOHOB. B
SKCIEpHMEHTE HCIIONB30BAMCh HETHIpe MOABI IOMSIpH3aIUU: HENOoIApH30BaHHAd,
YECTO BEKTOpHAs, YHCTO TEH30pHas W cMemanHas Moxa (M=0,1,2,3). smepeHnbIe
3HAYEHHS MOJISAPU3AIIY cOCTaBIsIH 0T 46% 10 85% OT MaKCHMMaJIbHO BO3MOKHBIX.

B TpeTpeM pazjene onMCHBaIOTCA HOIIPUMETPH LI U3MEPEHUS TOISIPU3aLI
neifitporHoro mydka. Ileprrit momsapumerp (DroomPOL) wucmonp3oBancs ais
MTOCTOSSHHOTO MOHUTOPHUPOBAHMS TONAPU3ALHUH. B:l‘opof/'l nonspumetrp (SWPOL)
U3MepAN  TONAPU3alMI0 JO M Iocle KaXIOro W3MEHEHMs YIrya MaJeHus
MOJISIPM30BAHHOIO  JCWTPOHHOTO TyYyka Ha MHIIEHb. IIpomecc H3MepeHHs
TIOJISIPU3ALMK TIy9Ka OCHOBHIBAICA Ha W3MEPEHHM acCHUMMETPHH B YIPYIOM dp
paccesHUM TOJA YTJIOM, TAE BEIWYMHBI TEH30PHOH M BEKTOPHON aHAIM3HPYOUIMX
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cnocoOHOCTel HMeloT Oonpmue 3HaueHWs. Ilomdpuzanus NeHTpOHHOrO ITydKa
BBIYHCIIIACH METOOM ycpenueHus 3HaueHui 13 SWPOL u Droom nonspumMeTpos.

ITepen ycpenHeHneM IoNApU3alus, u3MepeHHas Droom monspumeTpoM, Oblia
CKOPPEKTHPOBaHa Ha PENITUBHCTCKOE BpallleHHWE CIIMHA MarHHUTHBIMH JIEMEHTaMH
KaHaa.

B ueTBepTOM pazjielie ONMUCEIBAETCS METO MOYUeHHUS 3HAUSHHH OJLIpU3a1I
nefitponHOro Myuka. OnpezneneHue 3HaYeHUH NONApU3alMy IIydKa OCYIIECTBIATIOCH
W3 YHCIIa MONyYEHHBIX IIOJE3HEIX COOBITHH M M3BECTHBIX BEIWYMH aHAIU3HPYIOMNX

CII0COGHOCTEH PeaKIMy YIIPYTOro dp PACCESHHS.

B marom pasgene onuceiBaetcs cekrpomerp SMART (Swinger and Magnetic
Analyzer with a Rotator and a Twister), ipyt TOMOIIM MarHUTHO# CHCTEMBI KOTOPOT'O
BBIIONHAINCh W3MEPEHMS MMITyIbCOB PAcCESHHBIX YaCTHIl. DCKU3 CIIEKTPOMETpPA
SMART c nerexTupyomei annapaTypoii IpeAcTaBieH Ha puc. 1.

TpebyeMelii yron maieHus MydKa IOJIPU30BAHHBIX AEHTPOHOB Ha MMIIEHB
HacTpauBancs Ipu nomomu BpameHus SWINGER Marsuta BOKpyr OCH ITydKa.
PaccesHHbIE YACTHIBI HPOXONUIH Yepe3 KBaAPYHONbHBIE M AMIIONBHBIE MACHHTHI,
pacmonoxennsle B Q-Q-D-Q-D  xoHdurypaummu.  PaccesHHBIE — IIPOTOHBI
PETUCTPUPOBANUCH B YIIIOBOM AauamasoHe oT 0° mo ~20° B mabopaTopHOH cucteme
cooTBeTCTBeHHO. OTrpaHWYeHHd Ha YINEl BBUIETa YacTHI ObIIM 00yCIOBIEHEI
MAarHUTHOH XKE€CTKOCTBIO ONITHYECKOH CHCTEMBI.

B natom paszerne mmepBoii IIaBEl OIKCAaHa MPOIeaypa AeTEKTHPOBAHUSI YaCTHII.
Jlns ompenmeneHus TPaeKTOPHI PacCesHHBIX YacTHI[ HCIIONb30Balack MH(opManus
MHOTOIIPOBOJNIOYHEIX Apel(hOBBIX KaMep.

B mectoM paszene KpaTKOo OIMUCHIBAETCs SIEKTPOHHUKA U CXeMa TPUTTepa.

Bo BTOpO#i riaBe oOIMcaHa Npouexypa BBIIEICHUS IONE3HBIX COOBITHMH U
[OJTyYEHIs aHAM3UPYIOIUX CIIOCOOHOCTEH peaKuuit dd—>p°Hudd—pX npu

T, = 140, 200 u 270 M»B u yrue paccesHus 0°.



TlepBriii pa3zmen NOCBALIEH HIEHTH(MKAIMKM IPOTOHOB, KOTOpas OblIa
OCHOBAHA Ha aHAIN3€ SHEPIeTHYECKUX NOTePh B IUIACTHIECCKAX CUHHTHLIIIIMOHHBIX
JeTeKTopaX, a TakkKe Ha HHGOpDMAalMd O BPEMEHH IpojeTa YacTUUBl MEXIy

MHUIIEHBI0 U TOUKOH perucTpamum.

1000 |-

600 |-

400 -

0 500 1000 1500 2000
TDRF

Puc. 2. Koppendnus aMIUIUTy[ CHUTHAJOB B Puc. 3. Bpema-nponeTHbIH
JIBYX CIHMHTHUIALMOHHBIX cueTynkax AMP1 » CHEKTp AW cilydas PErMCTpauuu
1 AMP2 u AMP1 u AMP3. MPOTOHOB

Bropuunas wactunma (IPOTOH) cUMTANach WACHTH(OUIMPOBAHHOM, eciu
BRIONHAIACE  CHEAYIOIIME YCIOBHA. Bo-TepBEIX, dacTHIla [JOJDKHA Oblna
PETHCTPUPOBATHLCS BCEMH TPEMS CIMHTWILIIMOHHEIMU JETEKTOpaMH U aMIUTUTYIBI
curHanos AMP1, AMP2 u AMP3 nomxHbl OBITH CKOPPENHPOBaHEL. BTOpEIM
YCIOBHEM SBILUIOCH OIpaHMYEHME Ha BpeMs Ipolera. Paccrosnme OT MecTa
PAacIIOIOXKEH) MUIIEHH 10 QokanpHOH miockoctd FP-2 cocraBmsno 17 MeTpoB, 4To
OBIIO MOCTaTOYHBIM JUIS pa3lelieHus YacTHI[ pa3HOTO0 COopTa ¢ OXHHAKOBBEIM
nMaynscoM. Ha puc. 2 mokasansl koppensnuu amiuintyy AMP1-AMP2 u  AMP1-
AMP3 ns ciydas perucTpanuy npotosa npu suepruu 270 MaB. Tak kak cucreMa
cbopa 3amMchHIBalda JaHHBIE M3 OBYX OaHUell yCKOpHTENd, TO IOJE3HBIE COOBITHSA
HaKaIUIMBAJIKCh B IBYX IIMKaX. BEIIENeHNE IPOTOHOB 110 BPEMEHH [IPOJIeTa II0Ka3aHo
Ha puc. 3.

Bo BropoM paszene ommcaHa IIpoIEeAypa BOCCTAHOBIEHMS YITIOB PACCESHUA.
VYron nageHus mydka usMmeHsuics BpameHreM SWINGER Marmura. Yrom BwlneTa
YacTHI] BOCCTaHABIMBAJICA IO MHDOpManuu u3 ApeH(OBEIX KaMep U IapaMeTpaM
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ontryeckoi Matpusl criekrpoMerpa SMART. Kaxnas Hactpoiika yrima SWINGER
MarHHWTa COOTBETCTBYET OIIpENeJICHHOMY HHTEpBaly YIJIOB BbUIeTa yacTuIl. Ilpn
yrie moBopora SWINGER MarauTta Ha 0° BEIAEISANNCH COOBITHS YAOBIETBOPSIOINE
YCIIOBHIO 6, <1.4°.

B TtperseMm pasmerne omucaHa IpoLenypa ITONYYEHHs MONE3HBIX COOBITHH ULl
peakimii dd > p°Hudd—pX. DOdbdekrna neﬁfepnn 6511 onyueH myteM CD,
— C BBIUUTAHHSA SHEPTETHYECKUX CIEKTPOB JUIT Kakmoi Moxsl monmspmsanuyu WIIH.
Jns oToM LenM CTPOMIMCh CIEKTphl IO DSHEpPruH BO30OYXmeHus E, I
3aperuCTPUPOBAHHbBIX MPOTOHOB Ha CD, u C MumeHsx. [lonyyeHHsre TakuM 06pazoM
CIIEKTPHI TI0 3Heprud Bo30yxaeHus miusi CD, u C MumeHeil B ciIydae perucTparnuy
IPOTOHA NPUBENEHEI Ha pUC. 5. OTKPHITEIE U 3aIITPUXOBAHHBIE THCTOTPAMMEI CIIEBa

0O3HA4YaKT CIICKTPBI, ITIOJTYICHHBIC Ha CD2 1 yIriiepoac COOTBETCTBEHHO.

Events

1400

1200

1000

800

600
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Puc. 4. DOHepreTwueckue CHEKTpbl [POTOHOB, IIONy4eHHBIE Ha JeHTEpHPOBAHHOM
nonustrinene(CD;) u yriepoae(C) npu yrie paccesHus 0° mua sHeprum 200 MasB. Otkpeitas

THCTOrpaMMa COOTBETCTBYeT 3bdexty Ha CD, mumenu, muk npu Ex=0 MbdB coOTBETCTBYET

GuHApHOH peaKIuu dd— p *H, obmacts B paitone Ex=7 MaB mpexcrasnser coboit peakmun

pasBana feiitpona d d — p X ; mTpuXoBaHHas THCTOTpaMMa — 5 exTy Ha yriepoxe.



B uetBepTOM paszene omHcaHO NONyYeHWE aHANM3UPYIOIIMX CIIOCOOHOCTEH
st peakuwit dd —p *H u d d - p X, KOTOpsle GbUIA TOTYYEHBl U3 ACHMMETPHH
ITOJIE3HBIX COOBITHH It pa3HbIx Mox UITN u nonspu3anuu EHTPOHHOTO IyJKa.

B Tperneii riaase ommcaHa Impolerypa aHANIU3a SKCIEPUMEHTANBHBIX AaHHBIX
¥ BBUIEJEHHS IONE3HBIX COOBITH s peakmuit d 2C — p “C npu smeprusx Ty =
140, 200 u 270 MaB u yrne paccesHus 0°, a Tak xe mpu sHeprun Tq = 270 MaB u B
[Uala3oHe yriia paccesHus TpoToHa oT 4 po 18" B maGoparopHoif cucTeMe.

TlepBHIit pasen NOCBAIIEH 0TOOPY IONE3HEIX COOBITHI s peakumit d °C — p C.

N[ 22
6000 s
5000 (-
4000 |-
) 3000 [
2
oANNY Tao S =)
2000 |- ks i AINCREN « 3
: g
3 < — 0 00
1000 | I52T o @
—_——— OO o
o v
0 M A .

0.5 0.505 0.51 0.515 0.52 0.525 0.53
P, GeV/c

Puic. 5. IMILyIbCHBIH CIIEKTp TIPOTOHOB sl peakupn d 2C — p °C” npu sueprum 140 MsB u

yrue paccesus 0. ITHKE COOTBETCTRBYIOT YPOBHAM SaepHOTO Bo3Gyxaenus C.

Tatoke Kak M I peakuuit d d — p *H u d d — p X, WieHTU(QHUKALUI BTOPUYHEIX
YaCTHI ONpeleiiach II0 .aHaIH3y OHEPreTHYECKMX MOTeph B IUIACTHYECKUX
CUMHTHIUIAUOHHEIX JETeKTopaXx, WHpOPMAallMd O BpPEMEHHM NpojeTa MEXIY
MUIIEHBI0 U TOukod peructpaumu. C ONHOW CTOPOHBI, YacTHIa JOMKHA Oblia
PETHCTPUPOBATHCS BCEMH TPEMs CHMHTHIIAIMOHHBEIMY IE€TEKTOPAaMU ¥ aMILIUTY (bl
curHanoB AMP1, AMP2 u AMP3 pmomkusl ObiTh ckoppenupoBadbl. C apyro#

CTOpOHEI, YCIOBUEM SBIUIOCH OTPaHMYEHHE Ha BpeMs mpojera. MMmynsc u yron



BBUIET2 Y4aCTHL BOCCTaHABIMBAIMCh N0 HHGOPMAIMM M3 MHOTOIPOBOJIOYHEIX
Iperi(hOBEIX KaMep U IapaMeTPOB ONTHYECKOH ManI/II'_II:I cnextpomerpa SMART.

Bo BTOpoM pasjienie OMMCAaHO ONpelelicHHe YPOBHEHN SAEpPHOro BO30YKICHUL
yriuepona uis peakuuii d C— p “C", 1n 4ero WCIONb30BATMCh HWMITYJIBCHEIE
CIIEKTPHl. DKCIIEpPHMEHTANbHEIE JaHHBIE CPABHUBAIKCH C PACYETAMH HOIYYECHHEIMU
U3 KHHEMATHUKHU (CM. pHC. 5).

B TpeTheM pazzene OImEcaHo MONYYCHHE aHAIH3UPYIOMIMX CIIOCOOHOCTEH st
peakuuu d *C - p BC”.

B mepBOM IyHKTE TPETHEro pasfena OMKMCAaHO MONyYeHHE aHATM3UPYIOIIeit
crocobHOCTH T, M peakuu d *C — p “C* mpu T, = 140, 200 u 270 MaB u yrie
paccesHus 0°. )

Bo BTOpOM IIyHKTE TPETBHETO pa3fieNia ONMHCAHO MOMyYECHHE aHAIM3HPYIOIINX
criocoGHoCTel st peakuuu d *C — p *C" npu 7, = 270 M3B u yrioBoM 1uanaszoHe
paccesHus IPOTOHA OT 4™ 110 18" B 1a60paTOpHOI CHCTEME.

B derBepToOii rNaBe IIPEACTaBIEHHl peE3yAbTaTHl IO SHEPreTHUECKOMH

3aBUCHMOCTH TEH30PHOH aHATM3UPYIOIIUH CIOCOGHOCTH T, M peakuuit d d — p X
ud"C—p"C upu T, = 140, 200 u 270 MsB u yrue paccesrus 0°, a TaKxe I0
YIIO0BOHM 3aBMCHMOCTH BEKTOPHOM A4, M TEH30PHBIX 4,, A, ¥ A, aHAIU3UPYIOMHUX

crocobHocTelt peakmmm d 'C—p *C mpm T, = 270 Mb>B. IlomydueHusie
TOJIAPU3aLMOHHEIE HAabIF0aeMble CPaBHUBAIOTCS ¢ Ipenckasanuamu Moxen OHO u
PpE3yIBTATAMH, IIOYYSHHEIMHE TIpH 0oJlee HU3KMX SHEPTHUSX.

B mepBoM pasieine omucano IpUONIKEHHE MOJENH OJHOHYKIOHHOTO 00MeHa,
B paMKaX KOTOPOTO TEH3OPHbIE aHATM3UPYIONUIUE CIIOCOOHOCTH peakimu d d — p *H
Ipd TIPOMEXYTOUHBIX JHEPrUsX YYCTBHTENHHEI K OTHOMIEHHMIO D/S KOMIOHEHT
BONHOBEIX (YHKIMI *H ¥ ZeHTpoHa.
- Bo BTOpOM pasfele MPEACTABICHE PE3YNBTATHl IO aHATH3HPYIOIIUM

criocoGHOCTAM peakuuit dd — p *H u dd — p X upu T, = 140, 200 u 270 MsB u
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yrie paccesHus 0°, KOTOpHIE CpaBHUBAIOTCS C pacueTaMH, OCHOBAaHHBIMU Ha
MEXaHHU3Me OJTHOHYKIOHHOTO 0OMeHa.

PesynpTaTel 1O TEH30pHOM aHANM3HPYIOWIEH CHOCOOHOCTH T,, I PeakIud
dd—°H p C perucrpaiyes IpoToHa Mmoj yriaoM 180° B C.II.M NPEACTABICHEI HA PHUC.
6. CIIOIHBIMH TpPEYroNbHUKaMH. OHHOKH SBISIOTCA CPENHEKBAAPATUIHBIMU OT
CHCTEMAaTHYECKMX W  CTaTHCTHYeckuX ommbok. CHcTeMaTHUecKde OUIMOKH
00yCIIOBIIEHB TOYHOCTBIO ONpPENAENeHHI Mospu3auuy mydka. CIUIOMIHBIE U
IIyHKTHPHBIE TMHUM — PE3yIbTaTHl PaCUeTOB, BHIIIONHEHHEIX B paMkax Momenu OHO
C HCIONB30BAaHHEM BOJIHOBBIX (DYHKIWMH AEHTpOHa M TPEXUACTHYHOIO CBS3aHHOTO
COCTOAHHMA, KoTophle momydeHH Ani CD-BoHH M HapuXCKOro HyKIOH-HYKIOHHBIX
[OTEHLIHAN0B COOTBETCTBEHHO. 3HaK 7T, OTPUIATENEH, 4TO CBHACTENBCTBYET O
9yBCTBUTENBHOCTH K OTHoueHMI0o D/S BomH B neiitpone. Ha 3Tom ke puCyHKe
II0KA3aHBl [aHHBIE, TONyYeHHblE IViA peakuuit dd — Hp u dd— *Hen ¢
peructpamueit *H u *He (mns 0°). IlonoxuTensHeli 3HaK 7T,, COOTBETCTBYET 3HAKY

otHoweHus D/S BOJH B TpeX4acTHYHOH CBI3aHHOMN CHCTEME.

Ty T
1 ------ Paris
N CD-Bonn
0.5F
of
- A * dd->°Hen(0°)
L O dd->*Hp(0°)
o] T N A dd->*Hp(180°)
]
FENSN EFETETETE SrRTATEr it

s Lo b e L IS

01 015 02 025 03 035 04
Ey GeV
Puc 6. OxcrepMMEHTAIBHBIE pPE3yNbTAaTHl IO TEH30PHOH aHaM3upylomeil crmocobHoCTH Ty
peakiyit dd—’'H p (TpeyroibHele CUMBOJEL 10X yriaoM 180° B ..M, OTKPHITBIE CHMBOJIBI —

nox yrom 0°) u d d — *Hen (CHMBONBI-3BE3/IBl) TIpH 3HEPrHaX meiiTpona Eq = 140, 200 u 270
M>3B. CrnoniHsle ¥ TyHKTHPHBIC JTHHUE — PE3YNBTaThl PACIETOB, BEIIIONHEHHEIX B PaMKaX MOJEIH

OHO, xoTopsie nonydess! A1 CD-BoHH U apHXCKOTO HyKIOH-HYKIOHHBIX IIOTE€HI[HATIOB.
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Pe3ynbTaTsl A TEH30PHOM aHATM3UPYIONIEH CIIOCOGHOCTH T,, M GMHApHOM

peaKIuy U peakiuil pa3Bana AEHTpPOHA B dd - B3aMMOJEHCTBUM IpeNCTaBICHBl Ha

puc. 7. B paMKax NOCTUTHYTOM SKCIIEpMMEHTaIbHON TOYHOCTH 3HaueHus 7T,, He

OTNHYArOTCs NI 06IacTH, TJe CyIIECTBEHEH BKIal KaHANOB dd—>pdn H

dd—>p pnn.
0
N :
0.2 i & A dd->p’H
‘; * dd->pdn
-0.4 o dd->ppnn
-0.6
-0.8
Paris  ------

- CD-Bonn N

1.2 -

Puc. 7. OKchnepuMeHTANbHEIE PE3yNbTaThl JUI1 TEH30PHOH aHamusupyromeit crnocoGHocTH Tag
peaxmuit d d — p *H (tpeyromsuste cumBomsl) ¥ d d — p X (OTKpEITHIE CHMBOJBI H 3BE3JIBI)

npu dSHepruax AedTpoHa Tg¢ = 140, 200 u 270 MsB u yrme paccesnus 0°. CruiommHele U
IYHKTHPHBIE JIMHHM — Pe3yNbTaThl PacuyeToB, BHIIONHEHHBIX B paMkax Moxemu OHO, xoTopsie

noxydeHs! A CD-BoHH H maprykCKOTo HYKIOH-HYKIOHHBIX IIOTEHIUAIOB COOTBETCTBEHHO.

B TperbeM pasfene TNPEINCTAaBIEHE PE3YABTATHL II0 aHATM3HPYIOLIEH
crioco6HoCTH Ty s d *C — p °C mpu T, = 140, 200 u 270 MsB u yrie paccesHus
0. Ha puc. 8 mpexncTaBieHbl OSKCIEPUMEHTAIBHBIE [JaHHEIE TEH30PHOIM
aHaNTM3MpYyIomel crocobHocTu T,, mpu T, = 140, 200 u 270 M»3B u yrie paccesHus
0° mna d °C— p “C(g.s.) - Kpyrible CHMBONEL, mua d '*C— p “C"(3.089 MaB) -
KBaJpaTHEIE CHUMBOJEI, 1 d '’C— p C"(3.6845,3.854 MsB) - TpeyrolbHBIE
CUMBOJEL Benuumuel 7, yMEHBIIAIOTCA C YBEIWYCHHEM HAYalbHOW OSHEPIHsIX
neiitpona. TeH30pHAs aHAIM3UPYIOIUAs CIOCOOHOCTH T,, COBMAJaeT MU KaHAIOB
d C — p ®C"(3.089 MaB) u d °C — p “C’(3.6845,3.854 MoB) . 3HaK T, JUIs KAHAIIOB C

obpasoBanueM “C(g.s.) W “C’ oTpHmaTeleH, YTO TOBOPUT O UYBCTBUTEIBHOCTH K
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CIHMHOBOM CTpykType neifiTpoHa. OJTo MoxeT OBITH OOYCIOBIEHO TeM, 4YTO

KUHEMaTHKa TaHHEIX peakinii 6JIn3Ka K KHHEMAaTHKe dp - YIPYToro paccesHus Ha3am.

T2 * ®-1%C »plcs:
o m-d"%C 5pc’ (3.089 MeV)
A -d7C - pC" (3.6845+3.854 MeV)
-0.2 A
° .
-0.4 a
®
-0.6
100 150 200 250 300

T4, MeV

Puc. 8. DKCHepUMEHTATLHEIE PE3YNbTATH A TEH30pHOM aHamMM3Mpyomeit croco6HocTH Tag
peaxtin d '>C — p C(g.s.) (xpyrmele cumponsl) u peaxmuu d °C — p “C’ (xsamparsbie
CHMBOINIBI — TIEPBEIA YPOBEHb AAEPHOTO BO3GYXaeHHs C, TpeyrodbHEIE — CyMMa BTOPOTO M

TPETHETO YPOBHS COOTBETCTBEHHO) IIPH dHeprusax jeiirpona, Tq = 140, 200 u 270 MaB u yrue

paccestHus 0°.

061 o d%c-pcigs) v 00{ @ d'ZC—p:C(g.s.) vy
]l wdCc-pC v dc-p“c* v
04 v v 0,44
0.2 v » e v
> o0] v'¥3 % % v_"
< < v
4,21 ,
-0,24 ® %
®
0,4 e -1,64
1,0 bttt 1,0
0,8 0,8 v v
v v ;
06 v 0,6 v
Y U 4 A 4 N ® d v
> 04l ¥ o : > 04 . eV
< 04 . ) v | ™ e VTV Y
: ° .
0,2 o,:a1
0,0 4ot X
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
0 apteea) 0/apieea)

Puc. 9. VrnoBble 3aBHCHMOCTH BEKTOPHOH A, M TeH30pHBIX A4, , A

- A, aHaTH3UPYIOIIHNX

crocoGHOCTel  peakmmit  d *C —> p ®C’(g.s) (xpyrmste cummoms) u d PC—p “C”

(TpeyronbHBIE CUMBOIBI) IIpH 3Hepruu 270 MaB.
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B uerBepTOM pazjene IpeICTaBIIEHBl PE3YNbTaThl YTIOBBIX 3aBHCHMOCTEHN

aHATM3UPYIOWUX CIOcoGHOCTEM peakumit d C—p °C" mpu I, = 270 MbsB.
Jannbie MO YIJIOBOM 3aBUCHMOCTH BEKTOPHOW A, W TEH3OPHBIX 4, A, U A4,

aHATM3UPYIOMKUX CHOCOOHOCTElN peakimit d 2C— p *C(gs) u d C— p “C" npm
sueprud 270 MsB u yriax meTeKTHpOBaHUS IPOTOHA OT 6° 40 18° B jabopaTopHOM
cucreMe IOKa3aHEl Ha puc. 9. Kpyriele CHMBONEI COOTBETCTBYHOT pEaKIUH
d *C— p “C(gs), a TPEYTONbHEIE CHMBOJIEI peakuuu -
d *C — p C"(3.089,3.6845,3.854 M>B). VI3 DHCYHKOB BUIHO, 4TO IIPH MAJBIX yIIax
BEKTOpHas A, aHalusupykomas crmocoGHocTs mmsi d C — p “C(gs) - mMeer
TIONIOXKUTENBHEIN 3HaK, a i1 d 2C— p *C" - oTpunarensHeii. B To Bpems Kak
TEH30pHas 4, CHOCOOHOCTb HNs 3THX DPeakuuii — OTpHUaTensHa, A, U A, —
nonoxutensHel. Ha puc. 10 mpencraBineHo cpaBHEHWE JAAaHHEBIX 110 aHATH3UPYIOMINAM

cnocoGHOCTSIM 4,, A,,, A, U A, #ana peakmuu d *C— p ®C(gs) u dp—pd

w?
HoXydeHHbIe Ipu SHeprun 270 MaB B 3aBUCHMOCTH yIiia paccesHus B €.1L.M. Tak Kak
peakus d )C — p ®C(g.s.) W3ydYanach B KUHEMaTHKe OIM3KON K KUHEMATHKeE dp -
YIIPYTOT0 paccesHus, TO CpaBHEHME aHAIM3UPYIOIIHUX CITOCOOHOCTEH MOXET HaTh
HH(POPMAIIHI0 0 MEXaHH3Me PEaKIMH U 0 TyBCTBUTENHLHOCTH K CTPYKType auep “C u
°C. 3HaKk BEKTOPHOH aHATM3UPYIOMEH CIOCOOHOCTH 4, A JBYX peaKumi —
MPOTHUBOIOJIOKEH, YTO MOXET TOBOPUTH O pasldYUd CIHH-OPOHTAIBEHOTO
B3aMMOJEUCTBUS NI choydas dp- U d7°C- —BBaI/IMOJ.IeI‘/'ICTBI/If/'I. Tenzopras
aHAMU3MUpPYIOmas CIOCOOHOCTh 4, BefAeT cebd IOXOXHM 00pasoM Ml ABYX
peakruii. OHa UMeeT HOMOKUTEIBHYI0 BEIUUUHY, ITO TOBOPUT O TyBCTBUTEIBHOCTH
K CIIMHOBOM CTPYKType HeliTpoHa. TeH30pHas aHAIU3UPYIOIas CIOCOOHOCT A, s
peaknuu d °C — p ®C(g.s.) uMeeT GONbIIME OTpHUIATENbHEIE BenuuuHel. C Apyroit
CTOpOHE! 4,,(180°) — nmonoxwurensHa. Takum 06pasoM 4, peakuuu d *C — p C(g.s.)
HMeeT Topa3fo 0oliee CHIBHYIO YITIOBYIO 3aBUCHMOCTH YeM PEaKIUU dp- YIPYToro

paccesHus, YTO TakK XKe OTpa)kaeT UyBCTBHTEIBHOCTH K CTPYKType smep “C m “C.
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3HaKk TEH3OpHOH aHaNM3UPYIOIIEH CHOCOOHOCTH A, KaK M  peakiuu

Xz

d C — p ®C(g.s.), Tak 1 s peakuyu d p — p d - HONOXKUTENEH.
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Puc. 10. VYrioBas 3aBHCHMOCTb aHATM3UPYIOIIX crioco6HOCTEH peaxIui
d *C = p “C"(g.s.) (xpyrisie cumBons)) u d p —> p d (OTKPHITEIE CHMBOILI) py dHeprum 270

M>3B.
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B 3axsr09eHns chopMyITHPOBaHEl OCHOBHEIE BHIBOJBI HUCCEPTALIUH:

1. DBmepBrle [ONXYYEeHBI  BEICOKOTOYHEIE  JAHHEBIE [0  TEH30PHOH
aHanu3upyowmed cnocobHocTH T, peakuuii dd—>p°H u dd—pX 1pH
HadaJbHBIX 3HEprusx jedrpona 7, = 140, 200 u 270 M3B u yrie paccesHus 0°.
OKcrnieprMeHTalbHbIE JaHHBIE HO 7, CBHIETENHCTBYIOT O €€ YyBCTBHTEIBHOCTH K
CIIMHOBOM CTpYKType AeHTpoHa. OTpHUIATENbHBIA 3HAK BEIMYHHBI TEH30PHOM
aHATM3UPYIOWEH crnocoGHOCTH Ty, peakuusx dd —p°H u dd—pX OTpaxkaer
3HaK OTHomeHWs D/S KOMIOHEHT BONHOBOH (QYHKIMH [NeHTpoHa. 3HAUCHU
TEH30PHOW AHAIM3UPYIOWEH CIIOCOGHOCTH T, B peakuuu d d — p X COBHANAIOT B
mpenenax DOCTHTHYTOM TOYHOCTH VIS 00JIaCTH, IIe CYIIECTBEHEH BKJIAX KaHAIOB
dd—>pdnu dd— ppnn COOTBETCTBEHHO.

2. BepBrle HONMyYeHEI JaHHBIC [T0 TEH30PHOM aHATH3UPYIOUIEH CIIOCOGHOCTH
T,, PEaKIuu d "*C - p “C" Tpu Ha4ambHBIX 3HEPTUAX AeHTpoHa T, = 140, 200 u 270
MBbB u yrie paccesausa 0°. TeH30pHAS aHATUUPYIOMAs CIIOCOOHOCTE T,, MPUHHUMAET
OTpHIATENbHEIE 3HAYEHHUS KaK I KaHaJoB C Bo36yiﬂeHHeM SIIEPHBIX YpOBHEH “C,
TaK ¥ A7 00JIaCTH KOHTHHYYMA.

3. BriepBBIe OTy4YeHB! JaHHBIE 10 BEKTOPHOH A, M TEH30PHEIM A, A, U A4,

w?
aHATH3UPYIOIIMM CIIOCOOHOCTAM peakuuu d 2C — p “C* mpu 7, = 270 MaB u yruax
IEeTEeKTUPOBaHUs ITPOTOHA OoT 6 1o 18 rpamycoB B 1abOpaTOpHOH CHCTEME.
TeH30pHBIE aHATU3UPYIONUE CIOCOOHOCTH 4, U 4, BEyT cebs MOXokuM 06pasoM
KaKk 1A peakuuu d ’C — p ®C(g.s.), Tak W ;s dp-ynpyroro paccesHus. OHH
HAMEIOT MOJIOXKUTENBHYI0 BETHIUHY, YTO TOBOPUT O UyBCTBHTENHHOCTH K CIIHHOBOMH
CTPYKType AeHTpoHa. BexTopHas 4, U TeH30pHasA A, aHATU3HPYIOIIHE CIIOCOOHOCTH
ans peakuud d ’C — p ®C(gs.) UMeWT OOIbIIME OTPULATENbHEIE BEIHYHHEL
OKCIepHMEHTANBHEIE JaHHbIE 10 A4, W A, peakuuu d 2C— p C(gs) HMEWT
ropasgo Gojee CHIBHYIO YIJIOBYHO 3aBHCHMOCTB, Y€M IS PEAKIMH dp — yIPyroro

paccesHus, 9TO OTPaXKaeT YyBCTBUTEILHOCTD K CTPYKTYype axep *C u “C.
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