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OBIIIAS XAPAKTEPUCTHKA PABOTBI

B nawnoii paGoTe NpeACTABINEHEI SKCIEPUMHTANBHEIE Pe3yneTaThl MO0 H3MEPEHHIO
3UMYTATBHBIX YTJIOBEIX aCHMETpHMIL B poneccax IySoKo—BHPTYanbHOrO  KOMITTOHOBCKOrO
pacceauns ('BKP) (Deeply Virtual Compton Scattering (DVCS)) €JICKTPOHOB/TIO3UTPOHOB Ha
TIPOTOHE, JEHTPOHE W Ha GOMee TXENHIX ANpax, IAE BUPTYamsHEIA (OTOH, HCITYCKAEMBEIi
HATCTAOLHMM NEITTOHOM, NIOTJIOMIACTCA OTHAM H3 KBapKOB HYKIOHA (S1pa) MUIIEHH , KOTODEIH B
CBOIO OQYCPEAb H3NYYaeT peanbHBId (OTOH, OCTABNAA MHINEHP LENOCTHON eN—eN’y
{(eA—eA’y). PaGoTsl BLINONHEHE! HA JKCIIEPUMEHTATEHOH yeranoske HERMES na nerrronsom
y4Ke ycxopmeﬁa HERA B 1996-2007 r. B pamkax Ep®OU-DESY cotpynHuuectsa,

AKTyanbHOCTL PaGoTer: TeopeTHdecKHe H HKCIICPHMEHTANBHEIE HCCIEIOBAHAA CIPYKTYpBI
HYK/IOHOB (IIDOTOHOB M HEHTPOHOB), 0COGEHHO X CITHHOBas CTPYKTYpa, AB/IAIOTCA OJHOM H3
LCHTPAIBHBIX M aKTYalbHEIX 3a1a4 (U3UKH BEICOKHX DHEpruil H 3MeMeHTapHHIX yactum, Ha
UPOTAMCHHM  MOCHE/HETO  NATHACCATHNETMS 3IKCHEPHMEHTH 1O  JENTOH—HYKIOHHEIM
PaCCCAHNAM  CHYKHIM BRKHRIM HCTOYHMKOM WHQOpManumm o cTpykType HykioHos. o
HCJABHErO BPEMEHU UL OMMCAHHSA CTPYKTYPEL HYKIOHOB MOJIb30BATHCE COOTBETCTBEHHO ABYMA
KaTCrOpHAMH  KBAHTOBO-XPOMOIMHAMHUYECKHX OGBEKTOB — YIPYTMMH (opM—daktopamu u
TNapTOHHEIMA $YHKUMAMH pacnipeaencHus. Hyknounsle ypyrie topm—takTops M3MeEpATHCE B
YOPYTHX JICMTOH-HYKIOHHBIX pacceAHHsX. OHH  OMHMCHIBAIOT Pas/HYME MCKTPOMATHATHO
CTPYKTYpbl HYKIOHA OT TOYEYHON 4YacTMUEl M HpPEACTABIAIOT MONEPEUHEIE CHELMANbHEIC
pacnpenenicHnA 3apayia U HaMArHHICHHOCTH B HYKIIOHE. B CBOKO 0uepests, MapToHHEIE (YHKIpH
PACTIPENCIICHUA,  M3MEPAEMBIE B HHKTIO3HBHEIX M MONY-HHKIIO3MBHEIX INyGOKOHEYIPYIHX
PACCERHHAX,  MPEACTABAIOT COGOH pacmpeneNeHus NOMM MPOJONBHOTO HMITYTLCA HYKIOHA
HECYWHM  NapToHOM.  QOpM—(aKTOPHl W  NapTOHHBIE  (YHKIMH pacnpeneneHus,
WHICTPUPOBAHHEIC IO TIOMEPEYHEIM  HMIYNBCAM, MPEACTABNAT COOOM  ONHOMEpHBIE
CHELMATBHEIE (MPOCTPAHCTBEHHEIE) H MMIY/IBCHBIE PACTIPEENEHUS TAPTOHOE COOTBETCTBEHHO.

OnHako, ¢opm-axropsl W NapTOHHHE GYHKUMM PACTIPENENCHHA OTICTBHO HE MOTyYT
NPECTaBUTE MONHYIO KapTHHY CIPYKTYpHl HykIoHa. OHH 6puiM 0GOOIIEHBI B KOHTCKCTE
HOBOBBeCHHOrO  QopmammsMa  OGoGweHHEX  1apTOHHEX Pacnipenenenuii  (OITP),
HO3BONIAIONIMX GOJiee OXBATHIBAIOMIEE OLMCAHME CTPYKTYPH! HYKTOHA. Takum o6paszom, OITP
BKMIOUAIOT B ce6a ynpyrue GopM—(aKIops! U MapTOHHLIE pacIpeNe/eHHs, KOTOpEIE ABMAOTCA
COOTBCTCTBEHHO MOMEHTaMH ¥ NpefensHeiMu ciydasmu OIIP, Tem caMemM mpegocTaeiss
CKOPPENHPOBZHHYI0 ~ MH(OpMaUMIO 06  OZHOMEPHOM  paclpeic/ieHHH IPOJIONEHOM
COCTAaBAAIOMEA MMIYNECA KBapka C JBYMEPHEIM MPOCTPAHCTBCHHBIM pacrpelieNeHHeM B
TonepedHOH MIOCKOCTH. Takoe “TpeXMepHOE” NpECTABNEHHE HYKIOHA HACTO HASHBAIOT
“ToMorpacdueit HykIoHa”.

OIP Gsuty BrHEPBBIE pPAacCMOTPEHBI B paoTax rIpynnu TeOpETMKOB B  KOHLE
BocEMHzecATEX. FHTepec xk OITP 3HAYHTENBHO BO3pOC MOCHE OTKpBITHA Npapuna cyMM X. [k,
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CBA3MBAIOWMI TONHEIM YTIOBOM MOMEHT KBAapKOB H IVIIOOHOB ¢ Hemonspusosauubm OITP.
COrnacHO MOCHCHHHM 9IKCIEPHMEHTAILHBIM H3MEPEHHAM, BKIaA COGCTBCHHBIX YIIIOBBIX
MOMEHTOB KBapKOB AL B Pa3NoKCHHH Z-KOMIIOHEHTEI CIIMHA HYKIOHAa Ha COCTAB/AIOIIHE OT
COBCTBEHHBIX YTIOBEIX MOMEHTOB KBAPKOB M IJIIOOHOB Ag M COOTBETCTBEHHO MX OpGMTalbHBIX

yrnoBerx MoMenTos L, u L8

N =

S = 1EAZ+ L+ 8= ¢))

cocrapnser mopsaka 30% (Tak HaspiBaeMuili  “spin-crysis”). Hexoms u3  3TOrO,
IKCMEPHMEHTANLHOE H3MEPEHHE OTAE/BHBIX COCTABNAIONIMX CIIHHA HYKIIOHA ABIACTCA OJHOM 3
BOXHEHIMMX M AKTYANBHBIX 3a1a4 CTHHOBOH QH3MKH.

OIP Moryr G6bITh IKCIEPUMEHTANEHO MOCTYNHHI B H3MEPEHHAX [IyGOKOHEYNpPYTHX
3KCKMIO3MBHBIX TPOLECCOB, B KOTOPHIX MHIIEHh OCTAETCH HETPOHYTOH (LENOCTHOH). B
nocnemnee BpeMs IBKP ABIseTCA TEOPETHYECKH, a TAKKe IKCIICPUMEHTANBHO Haubosee 4acto
HCCNEMYEMBIM IKCKIIO3MBHBIM nipoueccom. Hapany ¢ I'BKP WHPOKO HCMONBIYIOTCA TaKMkE
TIPOLIECCH IKCKIIO3MBHOMO [IyGOKOHEYNPYTOro NENTOPOXKAEHHA ME30HOB. B COBpeMEHHBIX
SKCIIEPMMEHTAX HA (PHKCHPOBAHHEIX MUIICHAX, Takux kak HERMES, JLAB, npamoe H3MepeHus
ceuenns IBKP 3aTpyaHeHsl BBHAY CYLIECTBOBAHMA COMpOBOXIalowWero mpouecca bere —
Taitnepa (BI), KOHEYHOE COCTOSHHE KOTOPOrO JKCIEPHMEHTANLHO He pasnmyumMo oT IBKP u
CeYEHHE KOTOPOro B OCHOBHOM HAMHOro mpeshiuact ceyenue I'BKP. Hecmorpa Ha manbii
Bknan npouecca I'BKP B nonHoe ceuenue, npamodi nocryn k ammastyaamM I'BKP
ofecrnieuuBacTca 4eped MHTCPHEPCHILMIO BHIICYKA3aHHBIMH ABYMA MPOLICCCAMH, H3MEDPAA
AIMMYTATBHBIC ACHMMCETPHH 110 OTHOIICHHIO K 3apAny W/HIH NOJAPU3ALIHH JICITOHHOIO My4Ka, a
TAKKC MONMAPH3UUMH MHIUCHH. OTH ACHMMETDHHM IPOSBIAIOICa B PAacmpelCNCHHH BEIXOJA
(hOTOHOB OTHOCHTEJILHO SWMMYTANBHOMO YINA ¢ BOKPYr HanpaBNeHHs BUPTYNIBHOIO (OTOHa,
OTHOCHTEIBHO TIOCKOCTH PACCESHMA NEMTOHA, M YTNIA s, COCTABJIAIOMETO MEKY IUIOCKOCTBIO
PACCEAHMA JICITTOHA M KOMIOHEHTOH MONApM3alMM MMIICHM OPTOrOHANBHOH K HMITYIECY
BUpTYankHoro GoToHa.

H3amepenus asuMyTansHbIX acMMMETpuit ans mpouecca ['BKP na sgpax NpH3HaHE! B
KayecTe MOJIE3HOr0 HCTOYHHKA HHGOpMalMii OTHOCHTENEHO MAPTOHHOTO MOBSACHHUA B AApax H
cun cm3bBarolnMX Aapa. B cnyyae FBKP Ha sape MOXHO paccCMOTPETb RBA THIA PACCEAHHA —
KOrepeHTHOe M HekorepeHtHoe. IIpoliecc KOTEPEHTHOro paccesHue (koraa Ampo mocne
PAaCcCeAHHA OCTAeTCA LENOCTHBIM) JdeT BKIaZ B OCHOBHOM MpPH Manbix HMIYJIBCAX mepeaad
MUmeHH. OHH HHTEPECHBI TOCKONBKY MPEeOCTABAAIOT JocTyn k amiymnyae OPIT sgpa. B
CIy4yae HEKOTEPEHTHOTO PAacCesHHMA, KOrAa AApo PAacnamaeTcs, BOIMOXIO Hecaerosanus OFIP
Ha HEHTPOHE, XOTA ACMMMETPHA OT HEKOrEPEHTHEIX NMPOLISCCOR AKINIOMACT B OCHOBHOM HECTKOS
9KCKIIIO3HBHOE NEMTOPOXACHHEe (OTOHAZ HA mpoToHe. Braaa ot neftipona B acCHMMETPHIO
THIHYHO Mal M3-3a Manoi ammuTyast mpouecca BI™. B wactinocti, aemtn OIP HeoGxonmmet
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Ang onucanud I'BKP naGmogaMeix ang meHTpoHa, B TO BPEMA KaK JUIf HyKIOHa TpeGyercs
BCETO YETEIpe.

B nocnezice Bpems, TeOpeTHKY CTApatoTca QUTHPOBATH B TIpeAeNax eAHHOM MOJEN Bce
Gonsmee xamyecTBo HabmonaeMex [BKP, HalpuMep CEYCHUA, H3mepeHHbe Ha H1 u ZEUS B
DESY u B naGoparopmn Tomaca Joxedbepcona JLAB, pasHele OIMHOMHEIC WIM NBOHHEE
acummeTpuy, H3Mepennsie B HERMES u JLAB. 310 nossonseT perramuts OIP (B HacTOAmIE
Bpems noka OIP H) u3 umeiomuxcs namuex. Takum o6pasoM, MMEIOIMEcs Ha HERMES
YHMKAsHEIC pe3ynbTarsl no IBKP Ha npoTowe, AEHTPOHE M HA TAKENBIX Aapax COBMECTHO C
PE3yNETATAMH, TONYICHHEIMH a TaKOKEe NPEMIOKEHHEIMU [UIa Gynymeit 12 GeV-oit MPOrpaMMEL
B JLAB u nporpammer Ha COMPASS MOryT cyxurh ais peluenus npoGneMsl “spin-crysis” a

TAIOKE NPENOCTABHTE 3HAYUTENBHYIO MHGOpMalHio 0 MoaubHkawmu OIIP ceo6oaHoro HYKNOHa
B AJICPHOM cpene.

HCJH:IO JHCCEPTANHOHHON Eﬂﬁ()’l'bl ABIAECTCH:

OKCIUTyaTaums, KOHTPONh M KATHOPOBKA MPOJONBHO- HIH TONEPEYHO- MOJAPH30BAHHBIX
BOZOPOIMEIX MMIICHEH, NMPOJONEHO-TIONAPHIOBAHHON ACHTepHEBOl MHIICHH, aHATM3 M
OLCHK CTCICHH MOIAPHU3ALAH Fa30BOH MHIIEHH, 2 TAKKE 0GECIEYEHHE HEMOAPH3OBAHHEIX

ra30BBIX MHIICHEH (B TOM YMCIIC MHILICHEH TAXENee AeATepHA) ¢ NOMOIUBIO CIENAATEHO
ra3oBO# CHCTEMEI MMOAAYM;

ONPCACNCHHUE M3 JKCNCPUMEHTANBHEIX JAaHHEIX BHIGOPKH COGHITHIl IO JIETTTOPOXACHHIO
peansHbIX GOTOHOB Ha PA3HEIX MHINEHSX;

M3YYCHHC DACTIDENCNICHUs HENOCTAIOWEH MACCH PEanbHBIX (OTOHOB M ONpeNe/cHHE
IKCKIO3MBHOH o61acth ana [BKP;

OTIpENeNeHHE HEOOXOMUMEIX KHHEMATUYECKUX OTPAHHYCHHIA, CIOCOGCTBYIOIMX CHIDKEHHIO
(oHOBEIX CHrHANOB B IKCKITIO3HBHOM 061acTH 1A I'BKP;

HCCIIEN0BAHNC  a3MMYTANBHEIX ACHMMETPHt OTHOCHTENBHO MONAPH3AUMM JIEITOHHOIO
Myuka, €ro 3apsia MMM HMX KOMOMHAUMif Ha BCEX HENONAPM3OBAHHEIX MHIICHAX,
NPOJONBHOA WIH TONMEPEYHON MONAPH3ALMH Ha BOJOPOAHOH MHIICHH, MPOAONEHOM
TOMAPU3ALMK  HA JcHTepueBell MHIICHM, a TAKKE OTHOCHTENBHO BCEBO3MOKHEIM

CMCTIAHHBIM KOMOMHALHAM € 3apAjOM/MONSpH3alMell Myuka B Cydae MOJIAPH30BZHHOM
MHILEHU,

HCCICNIOBAHHE  BO3MOXHBIX ~ CHCTeMaTHyeckuX 3G(EKTOB M OleHKa CYMMapHOH
CHCTEMATHYCCKOM OMMUOKH H3MepeHHit;




BHISIBJIEHHE OONACTH KOTEPEHTHOTO PACCESHHA M OLEHKA HaGMONAEMEIX ACHMMETPHH it
korepentHoro FBKP Ha feHTpoHe ¥ Ha TSDKENBIX A/Apax.

Hayunas yoBH3HA:
pa3paboTaHa METOJMKA HM3BICYCHHA COOHITMA JIENTODOXIEHHMS DEansHOro (oToHa M3

SKCIIEPHMEHTAIBHBIX JAHHBIX H YCTaHOBIEHHs 06nacTh it ' BKP Ha pasHbIX MHEIICHAX,

BIIEPBbIC GBI IIPOBEACH “MONHBIA" aHANH3 NPOLIECCA JCITTOPOXKACHHS PEAbHOro (OTOHA B
'BKP Ha nonepevso noispH30BaHHOM NPOTOHE;

BIEpBEIC FKCIEPUMEHTAIEHO GbUT M3YUEH NPOLECC NETTOPOXICHHA PEAbHOr0 (OTOHA B
I'BKP Ha HEMONApH30BAHHOM U MPOAOJIBHO NONAPH3OBAHHOM ACHIPOHE;

BrEpBEIE IKCTIEPUMEHTANBHO GbLT M3YUeH MPOLECC NETTOPONJIEHHA PEATBHOr0 (OTOHA B
I'BKP Ha TAxENHIX AOpax;

BIIEPBBIE M3MEPEHH —t, Xp H Q2 3aBHCHMOCTH 23MMYTAIBHEIX YTIOBEIX acHMMETPHMIA
OTHOCHMTENIPHO NONApH3ALMM My4YKa, €ro 3apana WiIH MX KOMOHHauuii Ha
HETIONAPU30BAHHOM NPOTOHE, AeHTPOHE M HA TKEIBIX ANPaX, OTHOCHTENBHO TIONIEpeHOH
NONApH3aLMM  BOJOPOJHON MHINGHH, OTHOCHTENBHO MPOAONLHOM — MOJAPH3ALME
JeiftepueBoli MMINEHH, @ TaKKe OTHOCHTENBHO CMEIMAHHEIM KOMOHHAUusiM C
3apaIoM/IONAPU3ALMEH TYYKa B CAY4Yae NONAPH30BAHHON MHILECHH.

IlpakTHgeckan IEHHOCTh: Pe3yneTalsl, TONYYEHHBIE B JWCCEPTAIMOHHOM pabote
HENOCPEACTBEHHO MCTONB30BaHbl [UIA MPOBEPKHM PA3NHYHBIX TeopeTMueckux mozencHt OIIP.
Tloy4eHHEIE Pe3yNBTATEHL AMIVIMTYA aCHMMETpHH MOryT GbITb MCHONB30B2HEI B Ka4eCTBE
HCXOOHEIX  [JBHHBIX /U1  OCYUMICCTBAEHHA  rI06albHOrO  (GUTHPOBAHHA  MHMPOBBIX
SKCTIEPMMEHTATEHBIX JAHHEX C Lensro u3neuenns OIMP (8 ocHoBroM OIMP H), a Tasske aa
Pa3BUTHA TEOPETHIECKHUX MOIEIEH.

OCHOBHBIE OJ0KeHHA, BBIHOCHMBIE HA 3AIINTY:

PaspafoTka MeTONOB KanMOPOBKM MHIIEHHOTO ycrpoficrsa. Coyahuc MeTosoB IUiA
aHAMM3a JNAHHEIX, TIpeJHA3HAYEHHBIE MUIS KOHIPONA  MOMEpEYI10-10IPH3OBAHHON
BOJOPOJHON MHIIEHH, a Taike MPOJOALHO-NOAAPHIOBAIION  BOJOPONHOA  HIH
nelTepHeBOl MHINEHEH C BHICOKOH CTENeHbIO MnonApisaniu. PuspuGorka METOZOB M
HHCTPYMEHTOB [JIS aHaIM3a C LIENBIO M3BIEHCHHA BMILIITY/L BCHMMCIPHA M JUIS OLCHKH

CHCTEMATHYECKHX OLIMOOK M3MEPEHHH,
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OnHOBPEMEHHEIE H3MEPEHMS AMILTUTY. OJHHHYHHIX- H NBOAHBIX-CIHHOBBIX ACUMMETPHI B
TIPOLIECCE  IKCKIKOIUBHOTO  JIENTOPOMICHHS PEATRHOBIX (JOTOHOB Ha NOMEPEYHO-
NOMAPH3OBAHHOA BOAOPOJMOH MHINEHH B YCIOBHAX KuHeMarukd HERMES. CpasHenme
TIONYYEHHBIX PE3YJBTATOB C MPEICKA3aHUAMH HMEIOIIMXCA TEOPETHYECKHX MOZIENEIR.

VaMepenye aMmnuTya acMMMETpHH OTHOCHTCNBHO 3apiia WM NONADH3AMH My4YKa B
MPOUECCEe IKCKMIO3MBHOTO JENTOPOXKACHHS PEATBHONX (DOTOHOB HAa HEMONAPH3OBAHHO
AcliTepueBoii MUIEHH B ycnopuAx kuHeMatiku HERMES. CpaBHeHME MONyYEHHBIX
AMIUTHTY/ aCUMMETPHIl Ha ACHTPOHE ¢ aHANOTMYHBIMH PE3YNBTATAMH, IONYYECHHEIMH B
HERMES na npotone. OnpesiencHne aMIUTUTYA aCHMMETPHi OTHOCHTENBHO 3apAjia HIH
TIONAPH3ALHY MyYKa ML KOTEPEHTHOTO PAacceAH s Ha ACHTPOHE HCXOJN U3 M3MEPEHHEIX B
HERMES JaHHBIX Ha IPOTOHE H IEHTPOHE.

ViamepeHne aMILIMTY[l acMMMETPHI OTAENBHO OTHOCUTENBHO MONAPH3IALMH MHIICHH, a
TAXKEe OTHOCHTCNBHO MONAPH3AlMM MHIIEHH B KOMGHHALMH ¢ nonspusaue Wum ¢
3apA70M Iy4ka Ha JeHTpoHe B ycnopuax kunematuky HERMES. CpaBHeHue MOTyueHHBIX
aMIUTHTY/l aCMMMETpHif Ha ACHTPOHE ¢ aHANOTHYHEIMH DPE3YIBTATAMM, MONYYCHHEIMM B
HERMES Ha npotoHe. M3MepeHHe aMIUTUTYA TeH30PHOM aCHMMETpHH.

V3aveperne aMIuuTyn acHMMETDHH OTHOCUTCNRHO 3apAfia MIM MONAPHU3ALMH ITyYKa B
MPOLIECCE IKCKIIO3UBHOIO JIEMTOPOXKICHHA DEATBHORX (HOTOHOB HA HEMOJAPH3OBAHHOM
AACPHBIX MHIIEHAX B YCnoBHAX kuHeMatHku HERMES. H3yueHHe 3aBHCHMOCTH 3THX
aCHMMMETPHIA 0T aTOMHOTO HOMEpa A1pa.

Ctpykrypa n ofkem paGorbr: JluccepTaumoHHasi paBoTa (Ha AHIIMHACKOM) COCTOHT M3
BBCJICHUA, IMTH IaB, 3AKIOYEHHH, CIHCKA LMTHPOBAHHOM IHTEPATYPHl M MPHIIOKEHHSA.
Conepxanve M3NOXEHO Ha 322 CIpaHMLAX NEYATHOTO TEKCTa, BKMKYan 98 pucynka, 34
Tabnuue! H 263 GUGNHOrpadMUECKHXE CCHITKH.

Aupofanus_MoNyYeHHBIX pe3yabTaToB: PaGoThl MONOXKEHHHIE B OCHOBY JUCCEPTALMH,

MHOTOKPATHO JOKNanBIBANHCh HA HAay4HEIX CeMHHapax Epesanckoro dusmyeckoro MHcHTYTA,
obcyxnanuce Ha MuTHHraX xomrabopauun HERMES, a Taioke B BEOYMIMX 3apyGeKHBIX
LeHTpax, Takux kak DESY (Hamburg), B ynusepcurere UCLA (Loss-Angeles, California) B
CEA (Saclay, France) m nmp. OHH Takke INpecTaBiCHBl M OMyOIMKOBaHEL B TpyJdax
MHOTOYMCIICHHBIX KOH(EPHLIMIL, KaK, Harpumep:




e X Advanced Research Workshop on High Energy Spin Physics (NATO ARW
DUBNA — SPIN-03), Dubna, Russia, Sep. 16-20, 2003.
e 16" International Spin Physics Symposium and Workshop on Polarized Electron
Sources and Polarimeters, Trieste, Italy, 10-16 October 2004.
e STORI'05, 6™ International Conference on Nuclear Physics at Storage Rings, 23-26
May 2005, Julich-Bonn.
e 13% [nternational QCD Conference (QCD 06), Montpeller, France, Jul. 3-7 2006.
e Caucasian-German School and Workshop on Hadron Physics (CGSWHP06), Thilisi,
Georgia, Sep. 4-8 2006.
o 18" International Spin Physics Symposium (SPIN 2008), Charlottsville, VA, USA,
Oct. 6-11, 2008.
e European Nuclear Physics Conference (ENPC09). Bochum, Germany. March 16-20,
2009.
e XVIII International Workshop on Deep-lnelastic Scattering and Related Subjects (DIS
2010}, Florence, Italy, April 19-23, 2010.
« New trends in high-energy physics (Crimean), Alushta, Crimea, Ukraine, Sep 3
-10, 2011.
IyGaukaumn: o TeMe aucceprauMu oOmyOIMKOBaHBl 29 CTaTbM B BEXYIIMX MHPOBBIX
xypHamax - Phys. Rev. Lett., JHEP, Nucl. Phys., Phys. Rev., Eur. Phys. J., Nucl. Instr. and
Meth.,, IIMPA, JMP, Ammenian J. Phys. m B TpyAax MaTepHanoB MEXIYHAPOIHEIX
koudepeHumii, CnUcoK OMyGIMKOBaHHBIX CTATEli MPUBOMMTICA B KOHIE aBTopedepara.

Coneprxanue paGoTE

BBejieHHe COAEPHKHUT KpaTKOE ONMCAHKE IBOMOLHH KCIIEPHMEHTOB 110 PaCCEAHHMIO H HX
pONb B MOHUMAHKMK GYHAAMEHTATLHBIX CBOHCTB MaTEPHH HA A3BIKE 3MEMCHTAPHBIX YaCTHI M MX
B3aHMOJICHCTBHIA, YKa3aHa HayyHad aKTyanbHOCTb M3YYCHHHA CIMHOBOH CTPYKTYPEI HYKJIOHOB,
MPHUBEAEHO COCTOAHHE TEOPETHYECKMX M SKCIICPMMEHTANBLHEIX HCCNEAOBAHHI BKIANA B 00IIMit
CIIHH HYKJIOHA OT OTAENBHBIX COCTABNAOIIMX CIIHHA KBAPKOB H [IOOHOB H MX OPOHTAIBHBIX
YTIOBEIX MOMEHTOB, 2 TAKXKe [PEACTaBNeHa Hay4Has OCHOBA (iH3H4eCcKoi MOTHBALHMH
uccnenoBands OIIP B 3KCKIIFO3MBHBIX peakUMAX, ocoGeHHO B npoueccax [ BKP Ha mpoToHe U Ha
Anpax.

B_mnepsoii_rnaee paccmarpuaetcs Qopmamusm OITP B o6mmx ueprax. s Hadama
MPHBEJEHBl OMpPEAEIEHHS OCHOBHBIX KHHEMATHYECKHX INEPEMEHHEIX, HCMONL3YEMBIX A
ONKCaHHA [TyGOKOHEYNPYroro JmTOH (3NEKTPOH/MO3UTPOH) — HyKIoHHOro paccesHus (THP) u
NEPEYUCTICHBI OCHOBUBIC pe3y/IBTaThl IKCIIEPMEHTANBHEIX H3MepeHuit no M'HP, nposencHubIX Ha
MPOTAKEHHM NOCHeaHuX AecaTuieTi. THP onuchiBaeTcA ¢ MOMOLULID ONTHYECKOH TEOPEMBI,
KOTOpas CBA3LIBAET aAPOHHYIO 4acTh CEYCHHA HHKI03MBHOTO I'HP ep—cX ¢ MAUMOI yacTeio

JHaroHanbHOi  KOMOTOHOBCKOM — aMmnuTyasl HAM  upouecca  y*p—y*p.  bmaromapa
8

(aKTOpH3aMOHHOIA TeOpeMBI POLECE Y*P—+1*p MOXKET OBITH pasfieNicH Ha NeprypOaTUBHYIO H
HEMepTypGaTneHyio HacTH. [lepTypGaruBHas yacTh (B3aMMONEHCTBHA HA MATBIX PacCTOSAHUAX)
MOXKET OBIT BEIMHCIICHA B PaMKax neprypSatusHoii KX, B To BpeMs KaK HenepTypOaTHBHAs
HacTh (B3aMMOCHCTBHA Ha GONBIIKMX PACCTOAHMAX) MOKET GHITE NapaMeTPH30BaHA ¢ IIOMOIIBIO
NapToHHLIX GyHKuwi pacnipenenenus ([IDP).

B cepenune 90-brx 6RO AOKA3aHO, YTO CBOMCTBOM daxropuzauu 06127AI0T TAKKE
HeauaronansHele  Kommronosckie ammmaryzst ¥ % p—y® p), rze peamwmocrs wmm
BHPTYQEHOCTb  HAaYANBHOrO MWIM KOHEYHOro ¢otoHa He TpeGyerca. B stoM ciywae
HEMepTypGATHBHAS YACTH NMAapaMETPH3YETCA ¢ NOMOMBI0 QYHKIMHA 0606MmEHHEX [APTOHHBIX
pacnipenenennit (OITP).

OIP 3aBHCAT OT KMHEMATHYECKMX INCPECMEHHBIX X H &, KOTOpHIE IPEACTABIAIOT
COOTBCICIBEHHO CPEJHIOK M  DasHOCTb JOMK  NPONONBHOIO MMIYNBCA,  HECYLIMM
B3aHMOJCHCTBYIOIMM NIaPTOHOM B HAYAIBHOM M KOHEYHOM COCTOSHHAX. OITP 3aBHCAT Taioke
OT KB2JpaTa 4ETHIPEXMEPHOrO HMIY/ECA, NEPENAHHOrO MMUICHH t=(p1-p;)’, M Keazpata
YETHIPEXMCPHOrO  MMITYNIECa, NEPEAAHHOrO BHpTYamsHOMy ¢orony Q. HemuaromansHas
KoMITroHoBCKas aMILTHTY 2 A71A 9aCTMLEL CO CIIMHOM 1/2 ONMCHIBAETCS weTepbMA OIP HY, E9,
A% u E9 (B cextope mumipyiowero Temcta, Te. TBHCT-2), COXPAHAIOMMMH CTIMPATBHOCTE
KBapKOB JUIl K&XIOro KBAPKOBOrO apoMara. B ciyuae wacTHUE! €O cnMHOM 1 HeoGXOmMMEI
cootBeTcTBeRHO AepaTh OIP H, Y. Hel, H\%.. H,% V3 paxmeitmmx ceolicts OIP crexyer
OTMETHTE HX B3aHMOCBA3E C OGBIYHBIMM MAPTOHHEIMA PACTIPEACTCHUAMM K YIIPYTHMH (OpM—
¢axropamu. [TapTOHHBIE pacnpeeNeHHs nonydawrcs ot OIP [IPH NpEeACNBEHOM nepexoae t—0,
€ —0, a hopm—thaxTopst cBA3aHEL C NEpBLIMU X MOMeHTaMu OITP, Banoi 0coGeHHOCTE0 OLTP
ABIACTCA TAKNKES MONTHHOMHANBHOE CBOMCTBO Mx MenunoBckux MomMeHTOB. MuTepec k OITP u ux
SKCIICPMMEHTAILHOMY BEIABICHHIO 3HAYHT\CNBHO BO3POC MOCHE OBHAPYKEHHA HX B3aUMOCBI3H
€ MOJIHBIM YIJIOBEIM MOMCHTOM NAPTOHOB B HykioHe. Kax 65110 mokasano X. xu, HMeeT MecTo

CleAyIomee COOTHOIIECHHUE, CBA3biBaromee OITP HY u EY ¢ moNHEIM YITIOBEIM MOMEHTOM KBapKka
il

1
lti-t.%fo dxx(H(x,§,0) + Ex,£,0) = J2. (2)

C 3KCniepUMEHTANBHOM TOYKH 3DEHAA CaMas IPOCTaA PeaKIys, B KOTOPOii MOXHO NOTY4HTH
nocryn k OINP, aensercs IBKP. Kpome 'BKP cymectByer Jpyroii npouece — Bere-Taitrnepa,
B KOTOPOM HAYaNbHEIC H KOHEYHBIE COCTOAHHA OJHHAKOBEL ¢ HAYANBHBIMH M KOHEYHBIMH
cocrosHuamn IBKP. Dtu aBa mpouecca IKkCIEPHMEHTANBEHO HEpasTHYEMED H, BBHIY
BEIIICCKA3AHHOrO, UHTEPGEPUPYIOT. TeM CaMEIM CyMMAapHOS CEYEHHE NEMTOPOXKICHHUS
pearbHOro GOTOHa Ha MUIIEHH ¢ ATOMHBIM HOMEPOM A TPEACTABIAETCA KaK



dsg a’x,y 2my lzsnl? + ltovesl? + 1] @)

dx,dQ%d[t|dpdps  16m?QVI+ ez Q@2 et

3nece ¢ yron Mexay IUIOCKOCTBIO PacCeAHMA JIEITOHA M ILIOCKOCTBIO POMKICHHSA PEalBHOr0
¢doToHa, B TO BpeMa KaK (s NPECTABILICT COO0H Yron MEXIy ILTOCKOCTBIO PacCeAH s JISTTOHA U
HOMepeyHOll NpoeKuuell BEKTOpa MONAPH3AUMH MHmeEHH. B cooTHomenuu (3) kBangpaTHad
ammnTya Bere—T aitriepa 3aBHCHT OT YIPYTHX MEKTPOMAarHUTHBIX GopM—(paKTOpoB H MOXET
GHITE  paccuMTaHa TEOPETHYECKM B npelenax Juiaupyiomero mnopaaka B KEJL
UnrepdepeHUMOHHEIR WieH THuHeiHo 3aBHCHT oT KommroHoeckux dopm—bpaktopos (KOD),
KOTOpEIe sBnsaioTca cBepTKamu OINP ¢ nepTypOaTHBHEIMH XKECTKHMH AMIUIHTYAAMH PacceaHus,
Ksanparuas ammnutysa FBKP (tovesl?) Tawke npencrapnserca yepes KO, o B 3TOM Cryuae
3aBucamMocth o KO® xpagpatnuHad. B GONBIIMHCTBE SKCHEPHMEHTOB Ha (DMKCHPOBAHHBIX
MHIIEHAX BXNIaj 0T npouecca bere-Taitmnepa B ceuenne noMunupyet Han I'BKP, no Gnaronaps
CYIIECTBOBAHHMIO MHTEP(EPHLHOHHOTO 4NEHa CTAHOBUTCA BO3MOXHBEIM H3MEPHTL AMILIHTYAY
I'BKP. 310 MOKHO CHENAaTh NMOCPEACTBOM H3MEPEHHH acHMMETpHH, KOTOPHIE MOABIAIOTCA B
23UMYTANBHEIX PaCTpEeicCHHAX peanbHBIX (GOTOHOB. PacCMOTpeHHEIE B AHCCEPTAHOHHON
paboTe aCHMMETPHU MOXHO Pa3fc/IMTh Ha ueThIpe rpynmkl. [lepBad rpynma acHMMETpHE GpuTa
M3BNEYEHA M3 JAHHBIX, COOpaHHBIX HAa HENONAPH3OBAHHEIX MHIIEMAX. B a3tom cmydae
COOTHOWIEHHE (3) MHTErPHpPYETCa 0 a3UMYTANBHOMY YTy ¢s. ACHMMETPHH MO OTHOLIECHHIO K
3apady IMyuKa, a TAKKE ¢€ MONAPH3aLMM ONpeAcaeHH B ypaBHeHHAX (4) — (6). Hanuyua Beex
YeTHIpeX BOBMOMKHEIX KOMOHMHALIMM H3MEPEHHBIX BHIXOJOB OTHOCHMTENBHO 3apifa H
HOJIAPH3ALMM Ty4Ka MO3BOMACT pa3AeNeHHe NOCIEAHEro Ha ABE OTAC/IBHEE aCHMMETPHM: OIHA
CYMMHpOBaHHasA 110 3apAAy ITy4Ka a BTOpad ONpEeNieNAeMas [0 MX pa3sHOCTH. B 3TuX ypaBHeHMAX
+ H - 0603Ha4YalOT 3HAK 3apAAa JIENTOHHOrO Iy4Yka, a OJHMHOYHEIE CTPENKH — HANpaBICHHE
MOJIAPH3ALHMH JIEITTOHHOTO ITYYKa M0 OTHOLICHHIO K MX HMITYJIBCY:

(@t +o )= (67 +07)

Ac = (ot + oD+ (o>~ +07) '’ ®
(@ -+ (67— 07)
DVes _
A = @ + o)+ (e + o) ' ®
(a,-.+ — a.q—+) — (o,-.—__ a.q——)
l =
Ay (e + o)+ (67 +07) ©

B o6o3HaueHmsAx acumMeTprii C yka3sIBacT Ha 3apsaf, L — Ha NpoAonbHY10 NONAPH3ALMIO MTydKa

(Mumenn), U — Ha HENOMAPH3OBAHHEIA OY4YOK (MHIIEHB). MOXHO ONpENEIHTE Talkxe
aCHMMEIPHIO OTHOCHTIENBHO MONAPH3AUMH My4yKa NpPH HANHYMH JAHHBIX TONBKO C OINHHM
3HAKOM 3apA/1a [y4Ka (B HAlLIeM ClTydae B OCHOBHOM JAHHEIE C OIUTPOHHBIM Iy4KOM) Kak
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g7t — gt

A = o=t + gt

. @

Bropat rpynna acummerpuit OnpefencHa OTHOCHTENBHO MONAPHM3AMH MydYKa M
MPOZONEHOH MONAPHIALMH ACHICPUEBOH MHIICHH (M MX KOMOWHRUMH) [yIA MO3MTPOHHOrO

nyuxa. Onpe/ieNICHHE 3TUX aCHMMETPHIL IaHO B ypasHeHuAX (8) — (10):

(6= + 6=*) — (65* + o=*)

A == — — — — ’
=7 05 + g2 + (05t + o=F) @
g=* + g=t) — (o=t + o=t
AUL=(—~+ .-) (_. cr._). C))
(o=* + o=*)+ (o=t + o=*)
=t 4 g=t)— (g=t 4 o=t
Ay = (a ? ) (cr g ) . (10)

(6=* + 6=*) + (6=* + g=+)

B 31X ypaBHenuax xpoiHBIe CTpenkn 0G03HAYAOT NPOJOAEHYIO NONAPHIALMIO JeiTepueBoit
MHIIEHH OTHOCHTENBHO HMIYNBCA JICOTOHHOrO My4Yka. BakHO OTMETHTH, 4TO “HemonHasa”
CNMHOBAA aCHMMETPHMA, OMpEleNeHHad B YpaBHEHHHM (8) OTIMYACTCA OT AHAIOTHYHBIX
ACHMMETPHI Ha HENONIAPH30BAHHOR MUIIEHH TEM, YTO B €€ 3HAMEHATENE CEYEHHs YCPENHAIOTCA
TONBKO [0 MPOAONBHEIM MPOCKUMAM MONAPH3ALMH NCHTEPHEBOH MHLIEHH (A=+1), Ge3 BriIaga
TEH3OpHOH KOMIOHEHTHl ceueHud (A=0). ACHMMETPMM TpeThell TIpPyNNEl ONpEEHCHEI
OTHOCHTE/IBHO 3apsAia Ny4Yka U MPOAONBHOH NonApu3aumH MuMmeHH. Ho BBHMAy Toro, yro
JAHHBIC HA MOJIPH30BAHHOM AEHTPOHE H C 3MCKTPOHHBIM My4kOM GBUIM COGpAHBI TONBKO C
OTPHIATENBHOR MonApu3aumeli myyka (MPH ITO3HTPOHHOM Nydke 06€ MOMAPH3ALME GBLIH
JOCTYTIHEI), ACHMMETPUH 3TOH IPYNNEL GYAYT ONMPEIENEHE! A1 OTPHLATENEHOH TOJLPU3ALHK
nyyka. Mx onpesenense naHo B ypaenenusx (11) — (13):

_ (o=t + 0=*)— (6= + 0=7)

A = — — — — ’ 11

s (o=* + o=*)+ (6="+ 6=") an
o=t + =)~ (o=t + g="

Ao, = ( = .__) ( = = ) » (12)
(6= + o=")+ (o=*+ =)
o=t + g=")— (o=t + o=~

Ag = ( = __) ( ——— ) . (13)
(o=* + g=")+ (o=*+ o=")

Y HakoHel, 4eTBepTas Ipynna acHMMETpHIl ONpEeJENseTCA B CIyYae pPacCMOTPEHHMs
nponecca 'BKP Ha nonepevHo-NONApH30BaHHON MPOTOHHON MHmeHH. Kak 0TMeyanocs eiwe,
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B 3TOM CJy4ae CEYeHHE 3aBHCHT OT JBYX A3UMYTANBHHLIX YIJIOB, CclcHoBaTensHO Dypbe
pasNOKEHHE 10 CHHYCOMZANTLHBIM H  KOCHHYCOHIANBHEIM MOMEHTaM 3THX  YTJIOB
TPEZICTaBIACTCA IOCPESACTBOM GONEE CNOMKHBIX COOTHOMIEHHH.

B 3aK/m0YeHHH MEpBOl [1aBEI IPEACTABICH 0630p TCOPETHUYECKHX MOMBITOK H3BICYCHHSA
OI1P (B ocHosroM OINP H) npH moMomu OXHOBPEMEHHOTO GHTHPOBAHHA HMEIOIIMXCS JaHHBIX
1o u3MeperusM cedenit npouecca F'BKP 1 mx acuMMeTpuii.

B riaBe 2 maHel OCHOBHBIE XapakTepHCTHKH ycTaHoBkM HERMES. B akcnepumente
HERMES wncnons3oBainca TOMBKO 3MEKTPOHHBIA HNH TO3HTPOHHEI NYyYO0K JIENTOHHOKO
Hakonurena yckopurens HERA c sueprueit 27.6 ['3B. THNHMYHEIH TOK JISNTOHHOrO ITy4Ka
meHsncs or 10 mo 40 MA. Vckopurens paboTan B OCHOBHOM Ha MMO3HTPOHHOM ITydKe.
DNeKTPOHHBIN Iy4oK GBI AOcTymieM Tonpko B 1998, 2005 m 2006 ronax. B kayectme
(MKCHPOBAHHBEIX ~MHIICHeH OBUIH MCIONB30BaHbl  razoo0pasHbIf  HENOIAPH30OBAHHBI,
OPOAONBHO- HIM NONEPEYHO-TIONAPU3OBAHHBIN BOMOPOA, @ TAKKE HEMOIAPH3OBAHHHINA HIH
[IPOAONBHO-MONAPH3OBAHHEIA ACHTPOH. THNHYHAA TIUIOTHOCTh ITONAPH3OBAHHON MHIICHH
coctasnsna 10" HyxioHos/cM® , a HemonApH3oBaHHoH Mumenn — 10'¢ nyknoHos/cM’ B koHue
kakgoro “fill”-a mmmBmerocs B cpeaueM 12-14 yacoB, KOrja TOK IMy4ka COCTABIAI OKOMo 12
MA, MHIIEHb HANONHANACH HEMOJSPH3OBAHHEIM ra3oM, B TOM HHCIE ra3aMH COIEpKaliHMH
aTOMBI TSDKENEIX AAEP BILIOTH J0 sxep KceHoHa. I1oapo6HO NpeACTaBIeH IPHHLAMN paboThl BCEX
YacTeHf M KOMIIOHCHTOB CIOKHOH CHCTEMBl YCTaHOBKM MHINCHH, HX KalHMOpOBKa, a Takixe
Heobxoaumele Monte-Kapno pacyers:, kOTOphle OOECHEYHBAIN H3MEPEHHE MONAPH3ALMH
NPOTOHOB U AeHTPoHOB (70-85%) ¢ BbICOKOH TOYHOCEIO. B KayecTBe MOKo3aTens yCTOHYHBOCTH
U CTaOMIBHOCTH palOoThl 3TOH CHOKHOM YCTaHOBKH, a TAIOKE KOHIPOJIA BCEX MNPOLIECCOB
NPOUCXONAMHX BHYTPH AYEHKHM MHIICHM, NMPUBEXEHB! PE3YNBTAThl M3MEPECHHA CEYCHHA CHMH-
OOMEHHOrO MpoLecca Ha NPOTOHE npH HM3KuX Temmeparypax 40-80 K, npopemeHHBIX ¢
MOMOINBIO 3TOH MHIICHH.

Vcranoska HERMES sBnanack THOMYHBIM JUIS SKCHCPMMCHTOB Ha (PHKCHPOBZHHOM
MHUIEHH MepesHuM cnekrpoMerpoM. OHa coOCToANa M3 JABYX CHMMETPHYHEIX IOJIOBMH,
PAacroNOKEHHBIX BBILIC M HIDKE My4KOMPOBOJA YCKOPHTEIIA, Kak MOKa3aHO Ha pHC. 1.
CneKTpOMETp BKTIOYAN B ce6f AETEKTOPEI PEKOHCTPYHPOBAHHA TPEKOB, OUIONEHEIH MarauT H
JICTEKTOPHl MACHTHMKALMH vyacTHl, MaeHTH(HKaUMA 4acTHL OCYMIECTBIIACE C IIOMOIUBIO
aHanp3a CHTHANOB OT JETEKTOPOB MEPEXOAHOr0 M3MYydEHHSA, JIMBHEBOTO KOHBEPTEPa,
aNeKTpoMarHMTHOrO kanopuMerpa W RICH nmerektopa, wro Zana BO3MOMHOCT JOCTHYb
3eKTHBHOCTH pa3fieNcHUs JICTOHOB OT agpoHOB He HIke 98% . PEKOHCTIPYKUMA TPEKOB
3apPAXKCHHEIX YaCTHL OCYLUECTENANACh C TOMOINBIO HECKOMBKMX CHCTEM ApeiQoBBIX Kamep,
PACMONOKEHHBIX CHEPEAM M C33aM MAarHMTa, a Takke C [MOMOIUIBI0 MHOTONPOBOJOYHBIX
[PONOPLMOHANBHBIX KaMEp, pAaClONOXKEHHBIX B TONOCTH MAarHMTa. YINOBOH 3axBar
crieKTpoMeTpa coctaBian  +/- 170 mpax mo ropmsontand M 40-140 mpan mo BepTHKaIH.
JlenrToHHBIH TpHITEp (OPMHPOBAICA COBMANCHHEM CHTHANOB OT MBYX CUHMHTHILIALHMOHHBEIX
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rogockonoB H1 u H2 (cm. puc. 1), muBHeBoro KOHBEPTEPA K JHEPrOBRIACICHHEM JIENTOHA B
Kanopumetpe Gomee 3.5 3B mnu 1.4 3B B 3aBHCHMOCTH OT 3aNONHEHHOCTH MHIICHH
HETIONAPHIOBAHHEIM HITH NOMAPH3OBAHHEIM Fa30M.

LD CLAMPS -

Puc. 1: Cnextpomerp HERMES.

B riase 3 npusoaurca AetanbHoe omMcaHMe TIPOLEAYPEI 00PAGOTKH  SKCIIEPHMEHTANBHEIX
HaHHEIX M (OPMATH3MA M3BICHEHHS acuMMeTpHl. H3MEpeHHe 3KCKIIO3HBHBIX TIPOLIECCOB
TpeGyeT TOYHOTO ONPEAETEHHA KOHEYHOTO COCTOAHMA peaxuuy, uro B cnygae 'BKP coctouT u3
TpeX 4acTHu. OCHOBHpIE NaHHEIC HLUIONBE3YEMEIE B IHCCEPTAUMA OHUIH HAKOIUICHH B
axcriepumente HERMES, 1o Toro kax B 2006 r. BOKPYT MHIICHH GBLT YCTAHOBNEH JETEKTOP
ornauy. M3-3a Mano# BenHuMHEI KBAAPATa YETHIPEXMEPHOIO HMIYJIBCA TIEPENAHHOTO0 MUIIECHH
(-t <1 T'eB), 4acTHLA OTAAYH He PETHCTPHPOBAIACH TIEPEIHHM CTICKIPOMETpoM. TeM He meHee,
TIyTeM ISTEKTMPOBAHUA TONBKO JBYX YaCTHL, 4 NIMEHHO PACCCAHHOIO JNENTOHA H H3IYYEHHOrO
¢oTOHa MOXHO JOCTHYE IKCKIIO3MBHOCTH. DTO OCYIIECTBIACTCA MOAGOPOM COOTBETCTBYIOIHMX

KHHEMaTHYECKHX OIpaHW4eHui H BEUICJICHHEM COOTBETCTBYIOIIEH 06nact B pacnipeneneHHH
HEMOCTAIOUICi MACCHI.

Tlon6op cobbrruil GBLT OCYMIECTBNEH B Tpu 3T1ana. B nepByio ouepens GBUIM BHIAEIEHEH!
COGBITH YNIOBIETBOPAIOMIHE YCIIOBHAM rny6okoHeynpyroro paccestus. Cpely Bcex CoOBITHI
GRIIK BEUIENCHEI TE, B KOTOPEIX CYIIECTBOBANA TOYHO OJHA YacTHLA, HACHTHGHLMPOBaHHAA KaK
PacesHEBI NEMTOH H YIOBIETBOPAIOAR CSAYIOIHM KAHEMATHYECKHM OTpAHUYEHHAM:

» 1MB?<Q?<103B?

+ W2>9T3B?

* v<22T3B

* 0.03 <xy<0.35.

Hecmotps Ha To, yto aHanusmpyemele naHHBle GBUTH co0paHEl KaK HAa MPOTOHE TaK M Ma
ACHTPOHE MIM HA TAKENBIX fAPAX, B PACCUMTAHHBIX KHHEMATHYECKAX NEpEMEHHEIX Gbiia
HCIIONBE30BAHA Macca NPOTOHa.

Janee u3 Bcex coGbITHIA MIYGOKOHEYTIDYTOT0 pPACCEAHHS BRLAENSTHCH T€, B KOTOPEIX KPOME
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JEITTOHA CYLIECTBOBAT TOUHO OZMH OTOH, T.6. HE3apPAKCHHAs 9acTHLIa, OCTABNAIOME] CHIHAT B
KANOPUMETpPE U HE aCCOLMUPYEMEIH C 3aPAMCHHBIMU TPEKaMH C sHeproseaenenyem Ey > 5 3B.
Hixauit npeaen ANM Yria MEKIY PEaNbHBIM M BUPTYAILHBIM doToHOM GBUT BEIGPaH Oy > 5
MpaZ M3-3a OXPAHIMEHHOO YIJIOBOTO PA3PEMICHUA YCTAHOBKHY, 2 BepXHmil npesen Gun BpICpan
Oy <45 Mpaz 4714 CYHIeCTBEHHOTO YMEHBIICHHA tona.

Jlanee mns BHIOOpa KCKIOIMBHBIX COGHITHHA pacCMaTpHBaNnOCh PacHpe/e/ieHHe KBazipaTa
HEJOCTAIOMIEH Macchl M2;1(=(q+PN-q’)2 ¢ Py=(My,0,0,0), rne My Macca mpoToHa, a q @)
YETEIPEXMEPHBIM HMITYNBC BHPTYAIBHOIO (peansHoro) ¢oTona. PacmpenencHue Kpaapara
HENOCTAOMEH MACcCH M MX cpasHenne ¢ Mowre-Kapno pacueTaMu rpHBCICHB! Ha PHC. 3.
IKCKIIO3MBHAA obnacts mia [BKP onpeaesnack kak -2.25 I 382 < M2 < 2.89 3B, Miz-3a
OrpaHHUEHHOCTH JHEPTETHYECKOrO DA3PEIICHHS KANOPHMETPa, M?c  MOXKET HMETb TaKKe
oTpuuaresbHEIe 3HaueHHA. [0 Toif Jxe MpHUMHE, B SKCKMIO3UBHOM o6nacTy uMeeTca GONBIIOH
(OH OT ACCOLMATHBHEIX MPOLECCOB PE3OHAHCHOTO NPOM3BOACTBA, KOTOPEIH HEBO3MOMHO
pasjenuTs Ge3 MCIo/E30BaHM HEPOPMAUHH C JETEKTOpA OTAAH, OITOMY OCTaeTCs YacThio
CHTHANA B KOHEUHBIX pesynsrarax. JIpyroff o OT MOMY—HHKIIO3MBHOTO NPOM3IBOACTBA
HEHTPANLHEIX ME30HOB (B OCHOBHOM %) MIH OT IKCKIMIO3HBHOTO 70 — ME30HOB (B CITYYae AAHHBIX
Ha TpPOTOHE) MOryT OHITb PacCUMTaHBl BBEACHUEM COOTBETCTBYIOMEH KOppeKUMH HA
pesynstarsi. Ha puc. 2 DokasaHo Takke PacmpenencHye IKCOCPUMEHTAIBHEIK JAHHBIX B
3aBHCHMOTH QT —i B cpaBHeHMM C MoHTe-Kapno pacueTaM Jii PasHMMHBEIX NPONECCOB,
BHOCAIIMX BKJIaJ B 3KCIIO3UBHYIO 06/1aCTh.

Tloche [pUMEHEHHMS  BEHILCYKA3AHHEIX  OFPZHHYCHMH,  IKCKIIOSHBHBIC cobbrTHa
HCNIONB3YIOTCA WA (DHTHPOBAHMA a3HMYTAIBHBIX acumMmeTpuil. (OUTHPOBAHHE IPOBEACHO
METOZIOM PACIIMPEHHENO MAaKCHMATBHOTO NpPABAONONOGHA. [TpuMeHEHHEM COOTBETCTBYIOILIEH
HOPMHPOBKH GBUTH YITEHB BCEBO3MOXHBIC CTATHCTHHECKHE JMCcOANaHCHl B PACTIPEACICHIAX [0
3apsIy NENTOHHOIO NY4Ka, 110 HX [ONAPH3ALHI HIH NONAPHIAUHH MHIICHH. AcHMMeTpHH 6BUTH
(pHTHPOBAHE! TPUTOHOMETPHYECKUMHA (YHKIMAMH, B OCHOBHOM COINIaCHO TEM, KOTOpBIE

»n [1]
M (Ge¥] -1, [GeV*]

Puc. 2: PacnipeneneHns HEAOCTAIOMIEH MaCcChl H YETBIPEXMEPHOTO MEPEAAHHOTO HMIyabCca.

[POSBIAIOTCA [0 Teopud B Pyphe Pa3/OKEHHH CUEHUA, B PE3yNBTATE HEro 6BLTH U3BIICUCHE!
TPHIOHOMETPHYECKHE MOMEHTEI (aMILTHTYABE) COOTBETCTBYIOMMX ACHMMETPHH.
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ITony4eHHEIE aMIUIMTYAR aCMMMETPHiA GBI MOJBEPIHYTH HEKOTOPHIM KOppekumsm. B
MEPBYIO OUepeh OblI0 00HAPYHKEHO HECOOTBETCTBHE MENTY PaCTIpeACNeHWAMN HeAOCTAIOMEN
Macchl (CABUr MO3ULMK SKCKAIO3HBHOTO MUKA) WIS JAHHEIX, COGpaHHBIX B pasHble roanl. 1o
GLUI0 YYTEHO NPHMEHEHUEM COOTBETCIBYIOMNErO CABHTA M1 SKCKIIIO3MBHON 061acT M2y mim
NPAMEHEHUEM COOTBETCIBYIOMCH KOppEKUMM Ha SHEpruio  (OTOHOB, M3MEpHEMYIO
KanOpPNMETPOM, OCHOBAaHHO! Ha aHANH3€ OTHOMEHWA SHEPTHH K MMIYAbCy E/P g nenroHoB.
KpoMe Toro, GBUT YuTeH BKIAT NOTY—HHKIIOIMBHOIO POMCIEHHA T -ME30HA B IKCKTIO3HBHYIO
obgacts I'BKP. Jlng 3T0ro CnemMansHO OBUT PaccMOTPEH MPOLECC IONY—HHKIIO3HBHOTO
POXEHHS T-ME30HA, M GHUIM MIBATEL COOTBETCTBYIOMME aMIUTMTYIB aCHMMCTDMH IS
nuupyiomero $oToHa, T.e. GOTOHA OT pacnana &” -Me30Ha ¢ HanGOIBIIEH SHEpryel, Ha OCHOBE
aHaM3a JBYX-(DOTTOHHBIX SKCIICPMMEHTANBHEIX JAHHBIX. OTH PE3yIbTaThl B BATBHEHMEM GBLTH
HCTIONB30BaHEI 11 KOpPeKuHii aMmumuTys acammetpuii 'BKP,

B amccepraunonnoit pabore ocofoe 3HAYEHHME NPHIAABANOCE OLEHKE BCEBO3MOXHEIX
cHcTeMaTHieckux 3dekToB. JIOMHHHpYIOIME BKnag B OGMYI0 CHCTEMATHHYECKYIO OMHOKY
BHOCAT 3(eKTsl, CBA3aHHEIE C OIPAHUYEHHHIM aKCENTaHCOM CHexTpoMeTpa ¥ >ddext
KOHEYHOW IUMPHHE KHMHEMATHUeCKOro wuHTepeana (Ouma). [locnenmuii Bo3HMKaeT u3—3a
Pa3HUUE! AMIUTUTYH, NPOHHTErPUPOBAHHEIX B OHOM OMHE NO CPABHEHMIO C aMIUIMTYAAMH,
pacCUMTaHHBIMM B cpefnell kMHeMatuyeckolf Touke AaHHoro OuHa. CoBMECTHBIH BKNa# B
CHCTEMAaTHYECKYIO HEOTNPEENEHHOCTE OT 3 (PeKTOB OrpaHHYEHHOTO aKCEITaH a CIEKTPOMETPa,
KOHEYHO! IIHPUHBI GMHA M MalbIX CMEIIEHHH M TOBOPOTOB 3MEMEHTOB CMEKTPOMETpa IO
OTHOMICHHIO K My4Ky Obln onpeneneH ¢ nomomio Monrte-Kapino pacmera. CraructHveckas
BolOopka MoHTe~-Kapio JaHHBIX Obila aHAIM3MpOBAaHA TEM K€ METOAOM, 4YTO H
SKCHEPHAMEHTANEHEE AaHHble. MouTe~Kapiio naHHele ObLiM (QHTHPOBAHEI PACIUMPEHHBIM
METOOM MaKCHMMalbHOrO IpaBaonofobus M OBLIO TNPOBEJEHO CPABHEHUE H3BIEKAEMBIX
aMIUIMTYJT, aCHMMETDHMH, Tak Ha3EIBacMble  PEKOHCTPYMPOBAHHBIE  aMIUIMTYABL  C
COOTBETCTBYIOIMMH aMIUIMTY/JaMM, T€HEPHPOBAHHEIMH B LEHTPAIGHBIX KHHEMATHUECKHX
TOYKaX Kaaoro OuHa. Pa3HOCTE MEKAY PEKOHCTPYHPOBAHHBIX ¥ FEHEPHPOBAHHEBIX AMIUIUTYX
6bia NPHIMCAHA KAK CHCTEMATHYECKaA omwulKka. Jpyrue MCTOUHMKW CHCTEMETMYECKHX
OMKUOO0K, YITEHHEIE B OKOHYATENBHBIX PE3YNBTATaX CBA3AHEI ¢ KOPpeKupell aMIiuTy ] Ha CABUT
IKC/EO3UBHOO MAKA H ¢ KOPPEKIwel HA GOH OT TONY-HHKIIO3UBHOTO PAAICHHA T -ME30HA.

B rnaBe 4 npuBeACHEl OKOHYATENBHHIC SKCMEPHMEHTAIBHBIE PE3YNBTATHl H3MEPEHHIt

pa3HbIX ACHMMCTPHH, NMONMYy4YEHHEIC Ha HENONAPH3OBAHHOM M IPOAOIBHO-HOIAPH3OBAHHOM
JEHTpOHE, B TOM YHCI€ JBOHHBIS-CIIHHOBBIC ACHMMCTPHH B IOCACRHEM CIIyyae, a TakoKe
ONIMHOYHEIE- U JBOHHEIC-CIIHHOBEIC aCHMMETPHH Ha MONEPEYHO-MONAPHIOBAHHOM MpPOTOHE.
BE1BNICHHBIE aMIUTMTYABI aCHMMETPUi Ha ACHTEPUEBOH MHINCHH CPABHEHBI C PE3YJIETATAMH
aHAIOTHYHBIX H3MEPEHHIL Ha BOJIOPOZIE, a TAakKe C MPEACKAa3aHHAMH Pa3IHYHEIX TEOPETHYECKHX
Mozeneid. PesynpTatel ann  3apsmoBoii  aCHMMEIPMH HA HEMOMAPH30BOHHOM JACHTPOHE
NPUBEJCHE! Ha PHC. 3, B IIECTH OMHAX DO -t, XN, H Q2.
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Puc. 3: AMIIETYIBI 3apANOBOM aCHMMETPHH HA HEMOAPH30BAHHOM JEHTPOHE.

Ha puc. 3 pesyneTatsl naHHO# paGOTEI NPeACTaBIEHE KBaIPATHHMH TouKkaMH. CILIOIHEIE
BECPTHKAILHEIC (TOPH3OHTANBHEIE) MONOCK MPECTABIAIOT CTATHCTHYECKUE (CHCTEMATHYECKHE)
OowHOKH. Menko H KPYNHO  3alITPHXOBAHHEIMH NOJOCAMH HpPEACTABICHHl PaCueThI
TeopetHueckoit momenmn “VGG” ¢ PemkeoBckoH M (QakTOpH30BAHHOH t 3aBHCHMMOCTBIO
COOTBETCTBEHHO. HIKHSAA MaHeNk NOKA3BIBACT MONEHHPOBAHHBIE (GpPaKUMM OT KOrEPEHTHOro
npouecca ¥ bI' mpouecca ¢ o06pasoBaHHEM pE3OHAHCOB. B JICBOM BEPTHKANBHOM DRy
NMPEACTABJICHR PE3YNMBTATHl OTHOCAINMECH K HHTerpampHoH kuHemaruku HERMES. ITonockr
TEOPETHYECKHX NPEACKA3aHHH OBUTM MONYYeHB BapbUPOBAHHEM CBOGOJHBIX MAPAMETPOB
Mozene M MNpPEACTABIAIOT KOMOMHMPOBAHHYIO HEKOTEPEHTHYIO CyMMY IMpPEACKA3AHHH Ha
NpoTOHeE M HeitrpoHe. OcoOkli HHTEPEC BBI3RIBACT aMILIMTYAA AP , KOTOpas YyBCTBUTENbHA
k KOO H| () and KOrepeHTHOro (MEKOrepeHTHOro) MpOLECCa. Hacrom;me JIAHHBIE
cos(0h)

TOKA3BIBAIOT, YTO 3Ta AMIUTMTYAA YBEJIHYHBAETCH C POCTOM -~t. Amnnmyna Ac , KoTopaid,

€OS,
KaK OXMIAeTCA OTHOCHTCA K TOH k¢ koMOnHauuu KOD Kak B Ac ¢, TOKA3BIBaCT CXOMKEE
cos(2h)
TOBEJCHHE, HO C OOPATHEIM 3HAKOM, KaK H OXHIaT0ch. OCTaBIIMECS aMINTMTYIB! Ac ® u
Acma(b) , koTopsie oTHocsTca k OIIP Gonee BEICIIMX TBUCTOB (TBHCT—3), B IPHBEACHHOI

KHHEMATHYECKO# 06/1aCTH CPaBHUMEI C HYJIEM.
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Puc. 4 Ammniry s acummeTpmit Ary; ¥ Ay pycs H2 HEONAPH30BAHHOM IEHTPOHE.

AMIUTHTY/BI aCHMMETDHIA 10 OTHOIIEHHIO K TONAPH3ALMH JIENTOHHOTO My4Ka ALU’DVCSSi"‘P
4 Ay ? | nokasans: Ha puc. 4. Amnmiryza Apypves'®, Kak i Ary, 0P , TYBCTBHTE/IbHA
K KO 13 cextopa BrIcIIHNX TBUCTOB, HO IO CPaBHEHHIO C ALU’DVCS’i"qb aMIUITHTY A ALUJSina(b)
MMECT HCHYNEBOC 3HAYCHHE M JUIM HMHTICIPAnbHON KHHEMATHKH MONOKUTENBHA B 1.7
CTaHIAPTHEIX OTKIOHEHHA B 0OIEH JKCIEPHMEHTANBHON OmH6GKe. Ammnryna ALU,Ismqb, KaKk H
Acws¢’ » YyBCTBHTCHbHA K KOD K[ (H), xo1a 3TH 11BE aCHMMCTPHH BBIABILIOT Pa3fHuHbIe
acnextst OIP, oToGpaHHbIE N0 pasTHYHEIM CBEPTKAM C KOMIUICKCHOMH aMIIHTyIO# paccesHus.

B T0 Bpems Kak ammiMTyxa Ac°°s¢’ YYBCTBHTCIBHA K peanbHOil yactH KOO 3| (H),
amIUIMTy A ALU,ISin¢ HYBCTBHTC/IEBHA K €€ MHHMOH 4HacTH M IIOKA3KIBAET CYLUECTBEHHOS
OTpHLATEIBHOC 3HaYeHHE. B monocax Teopernueckux npenckasauuit Tax HaselBaeMoMy D ~
HeHy GBLIO IPHITHCAHO HyIlEBOE 3HAYEHHE, TaK KAk paHee GBUIO YCTAHOBJIEHO, YTO BKIIOYEHHE
D - unena ¢ mo6oii 3HAYMTEIBHON BETHYHHON npH Mo6oM BEIGOpE CBOGOIHBIX napamMeTpos
MOZCIIH HE MOXET ONHCATh 3apANOBYIO aCHMMETPHIO, nsmepennyio B HERMES Ha sonopomnoit
MuMeHH. TeopeTHUEeCKHe NpPeICKasaHMsA, OCHOBAHHEIE Ha Pemxkeosckoit t 32BHCHMOCTH
XOPpOIO COrnacyioTCa ¢ t 3aBHCHMOCTHIO M3MEPEHHOM 3apa T0BOi 4CHMMCTPHH, B TO BPEMA KaK
002 BapHAHTa MOJENHDOBAHMA t 3BUCHMOCTH TPEACKA3BIBAIOT CHILHO MPEYBENTHYEHHOE
3HAYEHHE AN AMIUTHTY ALU,ISin(nqb).

Ha puc. 5 u 6 amnuTyme! Acws("‘P) 31 ALU)ISi"("¢), H3MEPEHHBIE HA HEMONAPU30BAHHOMN
JeHTCpUeBOlt MMINCHH, CPABHMBAIOTCA C AHANOTHYHBIMU Pe3yNbTaTtamMy, NOJAYYEHHBIMH OT
naHHbix HERMES Ha HenonspH3oBaHHOM npoToHe. JlaHHBIE Ha NeHTPOHE BKIIOYAIOT
KOTepEHTHBIH H HEKOTepeHTHBI! poueccsl. B nociieuem HYKIIOH TakoKe MOXET Bo3Gyk1aThca
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B PE30HAHCHOE COCTOAHME. JlaHHEIE HA NIPOTOHE BKIFOYAET TONBKO PEAKLHI0 ep—epy, a TaKKe
ClTyyait ¢ PE30HAHCHRIM BO30Y)XKICHHEM B KOHEYHOM COCTOAHHH. JIFOOBIE pA3sNMHYMA, KOTOPHIE
MOABMAIOTCA MPH MAIBIX 3HAYEHHAX —t MOI'YT OBITh CBA3AHBI C KOTEPESHTHBIM MPOLECCOM, BKIIa,
KOTOPOro AOMHHHpYET NPEUMYIIECTEEHHO B NIEPBOM H BO BTOPOM OuHax mo -t (< 0.06 l“aBz).
310 00YCNOBNEHO TEM, YTO BKJA[ MPOTOHAa B HEKOTEPEHTHOH OGNacTH mpeoGnajaeT Haj
BKJI4ZOM HEHTpOHA MpM OTHOCHTENbHO OONBINMX 3HAUEHMAX -t. BeposTHblE pa3nuuus
AMIVIMTY B Acm‘l’ B IIOCTIENHBIX ABYX OMHax 1o —t MOryT GBITH CNENCTBHEM BKIIana HelTpoHa
H COOTBETCTBYIOLIMX PE30HAHCOB. Pe3ysIBTaTH aMIUTHTYAbL Awfi"(z‘l’) Ha NeHTPOHE H NPOTOHE
pacxonsrca B 2.5 pasa B o6Iel IKCIIEpUMEHTANBHON OLIMGKE VIS HHTErpaibHON KHHEMATHKH.
310 HECOOTBETCTBHE GOMEE BRIPMKEHO HIPH GOnbmuX XN U Q° M B HACTOAMIEE BPEMS HE MMEET
09€BHAHOIO OOLACHEHUA.
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Puc. 5: AMILIMTY Bl aCHMMETPHH A Ha HEIOJPU30BAHHOM JEHTPOHE H MPOTOHE.
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Puc. 6: AMIUIUTY bt ACHMMETPHH Ay Ha HEMOAPU30BAHHOM NEHTPOHE H IIPOTOHE.

Ha puc. 7 nokasaHHe! aMIUIMTYJRl aCHMMETPMM A S, BBIABJIEHHEIE Ha MPOAONBLHO
sin
MONAPH30BAHHOM JEHTpPOHE B YerhIpex OMHax mo -t, Xy, H Qz. Ammnryna ALS ? umeer

sin2
Goneoe OTPHLATENBEHOE 3HAYCHHUE , B TO BPEMSA KaK aMIUIUTY A ALg ¢ CpaBHHMA C HYJICM.
1
Ha puc. 7 Taioke NpPUBENCHE AaMIUIMTYAB AaCHMMETPHH Ay NS CPaBHEHHA MEXIY

TNIOJIAPH3OBAHHEIM H HENIONAPH30BAHHEIM JAeHTpoHaMuU. OKHIaeTcs, 9T0 acHMMETpHH A;S
Ay, MOTYT pasiwuaTsca Gnoroaapa uneny, coaepxamemy KO® H's, HO Kak BUAHO H3 puc. 7,

JTHIMPYIOMHME aMILTHTY b ALSSin‘f’ " ALU’ISin‘p HE pasINYaAIoTCA Jaxe B o6nactu npeobnagaHus
KOTEPEHTHOrO rpouecca (B nepBoM -t 6uHe). Takol HesHauyHTALHBEIA BKIan ot KO® H's (unu
OITP Hs) HaGmoxaercs Taloke TpH CPABHEHHH DPE3YNBTATOB [IA 3apANOBEIX acCHMMEpHit Ha
HETONAPH30BAHHOM ASHTPOHE Ac M NPOJIONBHO IMOJIAPH30BAHHOM IEHTPOHE, ONpeIeNeHHOH B
ypasuenuu (11), rme Taloke HAaOMOJACTCA INONHOE COOTBCTCTBHE DEYIBTATOB BO BCEH
KHMHeMaTH4eCKOH 061acTH.
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Puc. 7: CpaBHeHue ammmTy st acumMeTpuit A, S u AILU .

Ha puc. 8 npeacraBnens: ammmTy st ACHMMETPHH 10 OTHOIIEHHIO K NONPH3ALMH
MHIIIeHH Ay, B Y€TBIpeX GHHax 10 -t, Xy, U Q2 M 11 HHTCTPAILHOH KHHEMAaTHKH. Pe3ynbTaTst
Ha JICHTPOHE CPABHMBAKTCA C AHAMOTHMHBIMH DE3yNBTATAMY, MONYYEHHEIMH M3 JaHHBIX
HERMES Ha npo/oIbHO NONApH30BaHHOM NPOTOHHOM Mumeny. Ha PHCYHKE TAKGKe MPHBEACHO
CPAaBHCHHE PE3YNLTATOB IKCNEPHMEHTANLHOTO H3MEPEHMA C MPEACKA3AHHAME TEOPETHIECKOM
mozeny. Jluaupylomas amminryza Ay’ P Ha DelTpoHe, KoTopas 4yBCTBUTENEHA k Kbd Hy
(wH x MHUMOM wacTH cooTseTcTBYIomero OIIP), umeeT Manoe OTPHLATENBLHOE 3HA4EHHE, B TO
Bpem_x KaK amIHTyAR AULS'"2¢ H AULSi"3¢ CPaBHHMEI C HyNeM. Pe3yneTarsl amminTymst
AULS"'¢ Ha TPOTOHE M JEHIPOHE B INpefenaX IKCHEpPHMEHTAIBHOM OMHGKH XOpoLIo
COIrTacyroTCA IPYr ¢ APYTOM KaK A HHTETPAIBHON KHHEMATHKH, TaK U B €€ MPOEKUKAX M0 ~t,
xn, Q% B TO BpEMS KaK aMILTHTY/Ib! AUL’i"¢ IUIA HHTETPATBHOM KMHEMATHKM Pa3iMyaloTCA HA
1.5 cTaHnapTHBIX OTKNOHEHHUS B 06meit IKCMEPUMEHTANEHOMN OMHUOKe.
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Pric. 8: AMIUIMTY B! aCHMMETPHH Ay Ha MPOTOHE M AelTpoHe.,

370 pasnuyHe o0YCIOBICHO PAa3IHIHEM B 06]1aCTH GOMBIIMX -t , HO TOJIBKO B OJJHOM GHHE IO

XN, 4T0 OONbLIE MOXOXE HA CTATMCTHYECKYIO (uuokTyaumio. M3 cpaBHeHms mnpenckasammii
TEOPETHYECKOH MOJIENH Ul POTOHA U AEHTPOHA MOXHO YBHAETE, YTO MOJENb NPENCKA3bIBAET
ZOBONEHO GOMBINOA BKMan OT HEHTpoHa. JTOT (aKT He MOXeT OBITE HH ONPOBEPTHYT, HH
YTBEPKACH HACTOAMMMH JIaHHBIMM, MOCKONBKY B HpeleNax SCIepHMEHTANBHBIX OIMGOK
TEOPCTHUECKHE NPENCKA3aHMs ONKCHIBAIOT IKCNEPUMEHTANBHEIE JaHHBIE KAK Ha OEHTPOHE, TaK
U Ha NPOTOHe, HO C APYrod CTOPOHEI B Mpejenax TeX xe OmHGOK pe3yNsTaTH aMILIATYA Ha
NIPOTOHE M JSHTPOHE COrNacyroTces.
Ha puc. 9 npencraBneHEl aMILIHTYABI ACHMMETPHl A[; ONpEnENsEMEIA 10 OTHOMIEHHIO K
CMEIIaHHOH KOMOHHALUMM MOJAPH3AIMH MNyYKa H MPOJONBHON TNOIADH3ALUMH MHINEHH.
[IpuBeneHO CPaBHEHHME AMIUIMTYA HM3BICHYCHHHIX M3 JaHHBIX Ha JEHTPOHE ¢ AHATOrHMHBIMH
AMIUIMTYAAMHE, NONYYEHHBIMM HAa MPOTOHE M C MPEICKa3aHHAMH TEOPSTHUESCKHX MOIeNeil.
JIngupylomye amILTHTy 51 ALLCL’S(%) u AP uyBcTBHTENBHE K KOO H) (umu k peansHoii
uactH cooteercTByiomero OIIP). AMmiMTYZB Ha NpoTOHe M AEHTPOHE COrNACYIOTCA B
npefenax ofmed IKCIEPUMEHTANBHOR OWMOKH. BO3MOXHHE pasiMuHg B HHTErpanbHOMH
KHHEMATHYECKOH TOYKE M B NEPBOM OHMHE MO -t, MOTYT OBITE OGYCIOBNEHEI KOTEPEHTHBIM
paccesHHeM Ha JEHTpPOHe, TaKk Kak B JaHHOM acummerpun xpome IBKP uMeer Bkian Tawoxe
npouecc bereT afitnepa.
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Puc. 9: AMInuTY/IBI aCHMMETPHH Ap; Ha IPOTOHE U ICHTPOHE.

B puccepTanpoHHol paboTe TaoKe paccMOTPEeHbI JPYTHE aCHMMETPHM, ONPEACNEHHBIE B
ypasuenuax (11) —(13), a Taroke TeH30pHAA aCHMMETPHA Ha JeHTEPHEBOH MUILICHH.

HanGonee MHTEpeCHBIE pe3yNpTaThl OJHHOYHONH- H JBOHHOH-CMHHOBOM aCHUMMETpHH Ha
NoNepeYHO-IONAPH30OBAHHOM IPOTOHE MPHBEJCHBL COOTBETCTBEHHO Ha puc. 10 1 11. Ocobenno
uHTepecHa sin(¢ ~ ¢s)cos(ng) aMmIIHTyIa aCHMMETPHM Ayt KOTOpas YyBCTBHTENBHA K
K®d E. Ilocnennas B CBOIO OvYepedb CBA3AHA C NOJHAIM YITIOBEIM MOMEHTOM KBapKoB.
CnenoBarebHO, H3MEPEHHE NAaHHOH aMILTHTY/BI, HApANY ¢ H3BATHEM H3 JKCIICPHMEHTANBHBIX
naauslx KOO H, ofecnicynt BepoSTHOE HM3BICYEHHE OpOHTANBHOTO YITIOBOrO MOMCGHTA -
KBapKa MCHONb3Ys npaBuna cymMm Jixu.
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Puc. 10: AMOIMTYAS OIMHOYHOH-CHMHOBOH ACHMMCTDHM, ONWCHBAIQMKS 3aBHCHMOCTE
ksanparsumoro DVCS (kpyrisie TOukM) ¥ yHTephepeHIoHHOro I (KBaapaTHHE TOUKH) HacTel
CEYSHNA OT TIOTICPEYHOT MOMNAPH3ALIMHM IPOTOHOB AJis IKCKIHOIHBHBIX coObrmif.
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Puc. 11: AMIVINTYIs! YCPEAHSHHOM N0 3apAay JIBOHHOM-CNMHOBOM aCUMMETPHK.

B rnase 5 npuBEncHE! Pe3yNETATHL H3MEpEHHH aMMNMTYI acHMMETPUH M0 OTHOWICHMIO

3apAMa U NOJIAPU3ALHMH IENTOHHOTO [YKA Ha Fa30BbIX ANEPHEX MHIICEHIAX.

Kak yxe ObUI0 OTMEYEHO JAHHEIE HA AIPAX BIJIOYAIOT KOTEPEHTEIC H HEKOT€pPEHTHEIE
nponecch. s CpaBHEHHMA aUMMCTPHH H3BICUCHHBIX M3 JAHHBIX HA pasHEIX A7Apax, GBUI
BELICTCHEl 1BE OGNIACTH: KOrepeHTHO-o0orameHHad H HEKOTepPEHTHO-060raeHHas 05/1acTH.
Tlpn 3TOM HCIONB30BANKMC PAIHBIE OTPAHHYCHHA HA —t pacripefeneHHil IKCKIO3HBHBIX
COGLITHI C IeNbi0 AOCTIKEHHS OJWHAKOBOrO 3HAYEHHs KHHEMATHYECKMX — MEPEMCHHBIX.
3aBHCHMOCTS JTAAMPYIOMEH (TBHCT-2) AMILTMTYJBl aCHMMETPHH OTHOCHTENBHO MOAPH3ALMH
JIGITOHHOrO My4Ka OT ATOMHOrO HOMEPA sapa A NPHBEICHA Ha pHC. 12 kak AnA KOTEpeHTHO-
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OOOTALIEHHEIX Tak u HEKOTepeHTHO-060raeHHEIX cobhITHiL. Hano OTMETHTSH, YTO AMITTHTYIEl
ACUMMETPHIt Ha ANPaX JUIs KOTOPHIX MMENHCh JAHHEIE HAKOILTEHHEIE TONBKO C OJHUM 3HAKOM
JIEMTOHHOTO MyYKa (OTKPHITHIC TOUKH), HM3BICKATHCH COTTIACHO COOTHOWIEHHIO (7). Kax BHaHO
M3 PUCYHKA, Sing aMIIHTyna HMeeT 3HaYeHHe nopAaka -0.2 11 o6eux obnacreii 1 He 3aBHUCHT
OT 2TOMHOTO HOMepa Aipa A B HIpeAenax OmHB0K HM3MEpEHHUH,
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Puc. 12: A-3asucumocts sing amnauTyaR ACUMMETPHH ALy q,+) VI KOTEPEHTHO-0G0rameHHOM
H HEKOTCPEHTHO-000raeHHOMH 0BnacTeii.

AHAIOrMYHO, 3aBUCHMOCTD IuMpyomed (TBHCT-2)  aMIUTMTYIB 3apAN0BOit

ACHMMETPHH OT ZTOMHOTO HOMEpa AXP2A A NpHBEEHA Ha puc. 13,

Kpome pesynetatoB s KOrepeHTHO-060ralmeHHoi# 1 HEKOIepeHTHO-060rameH oM
00I1acTel, B IMCCEPTALMM MPHBOAATCA TAIKE 3ABHCHMOCTH aMIVTHTYZ 3apAg0BOfi aCHMMETPHH
H ACHMMETPHIA 110 OTHOIUEHHIO IONAPU3ALMH [y4KA OT TIEPMEHHONA ~t ONpEENAEMBIX B YETEIPEX
GuHax. B IONONHEHHH, IPHBOAMTCA OTHOMICHHE AMIUTHTY/ aCHMMETPUI H3BIIEHEHHBIX HA AApaX
K TeM KOTOpHI€ MONy4eHbl HA NpOToHE. [lomyueHmusie PE3yNBTATH HE MOANEPKUBAIOT TE
TEOPETHHECKHE MOJEIH, KOTOPEIE TPEACKA3BIBAIOT YCHITEHHA ACHMMMETPHU B AICPHOM Cpene Ha
0cHOBe Moaudukauyy OITP no cpaBHeHHIO cO CBOGOMHBIM HYKJIOHOM.
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Puc. 13: A-3aBHCHMOCTE COS¢h AMILTHTYIBI aCUMMETPHU Ac Ul KOTE€pPEHTHO-0GOrameHHON 1
HEKOrepeHTHO-060rameHHoH o6nacteit.

B 32K1109¢HHN TNEPEHHCIICHHEl OCHOBHEIC Pe3Y/BTAaTH, NMONYYECHHEIE B HHCCEPTALMOHHOM
pabote. OHH CBOIATCA K ClEAYIOLIEMY:

1. Paspa6oTaHBl METOAH KATHOPOBKH MHIUEHHOrO YCTpoiicTBa. CO3JaHEI METOMBI aHAIH3a
JaHHBIX, NpeJHa3HAYCHHBIE JUI1 KOHTpona 3a paboToil MOMEPEeYHO-TONAPH3OBAHHON
BOJIOPOJIHOM MHILEHH, A TaKXE MPOAONLHO-NONAPHIOBAHHON BOAOPOIHON UM IEHTEpUEBOI
MHIICHEH, HMEIOIMX BBICOKYIO CTENCHB Mojpu3auu [4, 16, 23-29].

2. Pa3paGoTaHEl METOIEI BBLAENCHHA COOBLITHH JENTOPOXKAEHHS PEANBEHEIX (OTOHOB Ha
MUIUEHH M ONPENENCHUA SKCKIIO3MBHON 06NacTH rayGOKO—BHPTYanbHOro KOMITOHOBCKOro
pacceaHUd MOCPEACTBOM aHAIM3a pachpe/eleHHsa KBajpaTa HeAocTaioweit Maccel [11-13, 15,
18, 22]. Pa3pa6oTaukl METOABI H MHCTPYMEHTHL JUIS aHAM3A SKCIEPHMEHTANEHBIX JAHHEIX C
LENBI0 M3BICYCHHA AMIUIHTY] acCHMMETPHH M JUIs OLEHKM CHCTEMATHYECKMX OmHbGoK
u3mepenuii [7, 11-13, 15].

3. OnHOBPBMEHHO M3BNEYEHEl AMILTHTYAB OJHHOYHEIX- U ABOHHBIX-CIIMHOBBIX ACHMMETPHH
H3 3KCNEPHMEHTAIGHEIX JAHHEIX, MOMYYEHHBIX MOCPEACTBOM HCHONB30BAHHA IY4KOB
MPOAOJILHO MOMAPH3OBAHHBIX 3IEKTPOHOB M IO3HTPOHOB MPU JICHTOPOACAEHHH DPEANBHEIX
¢oronos B npouecce [BKP Ha momepeuHo-monspH3oBaHHex npotonax [1-3, 7, 15] npu
KuHeMatHyeckux ycnoeuax HERMES (-t) = 0.12 TeB?, (xg) = 0.09 (Q» = 25 TeR2
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TonyyeHHEE pe3yNsTATBl HE MPOTHBOPEYAT TEOPETHYECKUM IIpENCKa3saHUAM HMelomuics
monesu OINP. Ayt Q-4 anIIMTYIA ACHMMETPHH CHIBHO HYBCTBHTENEHA K KoMmmron
tdopm daxropy £, cneaoBarenbHO, 00€CIEYMBACT OTPaHUYEHHE MONHOIQ YLNOBOLO MOMEHTa
BIEUTHEIX KBapKOB. 3HaYeHMS 3THX aMIUIMTYZ OBUIM HCHONB30BAHBl I MOJENBHO-
33BHCHMOIO OFpaHMYEHHMA Ha CYMMY jutkjs. KpoMe Toro 3Ha4¢HMA HEKOTODBHIX OJMHOYHBIX-
CMUHOBEIX aMILTMTYH, GbIMM MCMNONB30BAHEl B KayeCTBE YAcTH BXOJHHX HabmomaeMmbix B
r100anbHoM (UTHPOBaHMM M3 JBAJUATUTPEX HE3aBHCHMBIX MOMEHTOB OT pa3jIHYHBIX
acummeTpuii, mamepenrsix B HERMES. 3HadeHua Apyrux aMIUTATYR OAMHOYHBIX-CIIMHOBHIX, 4
TAKKE BCEX NBOHHEIX-CHUHOBLIX acCUMMETpHit B npenesax omuOOK W3MepeHuii nopanKa Hy,
YTO OXKHIATOCH M3-33 MAIBIX KHHEMATHYeCKHMX mNpedakTopoB Wau mM3-3a TOro, YIro OHH
COOTBETCTBYIOT WIEHaM OT BEICOKHMX TBHCTOB. BcnencTeue yHHKANBHOCTH Yyckopureni HERA
paboTars KaK ¢ MO3WTPOHHBIMY, TAK H ¢ EKTPOHHLIMA NMYUKaMU CTAJI0 BO3MOXKHBIM H3BJIEKATh
OTHAENBLHO a3MMYTATBHEIE TAPMOHUKH, CBA3aHHKIE C KBAJIPaTOM aMILTHTY A6l npouecca I'BKP.

4. 3BnedeHEl aMIUIMTYObl  a3MMYTAIBHBIX  YIJIOBBIX ~ GCHMMETIPHA  OTHOCHTEIBHO
NONAPH3ALMHM NIEIITOHHOTO My4YKa, €€ 3apAja H MX KOMOMHAIMH Ha HEMOJLIPH30BAHHBIX
jeitpoHax [1, 2, 12, 17, 19-21] B kuHemaruueckux ycnopusx HERMES. Jluanpyromas Gypee
aMIUTMTY[a aCUMMETPHH OTHOCHTENBHO NOMAAPU3ALMH JIENTOHHOIO Ny4Ka, KOTOpas CBA3aHA C
HHTep¢epEeHLIMOHHEIM 4eHOM ceueHud nponiecca [BKP, 3HauMTeNnsHa Mo BENHYMHE, HO HE
3aBUCHT OT IlepeMeHHOI -t. JIuaupyiomas aMIiHTy.1a aCHMMETPHH OTHOCHTEIIBHO 3apsA/a My4Ka
3HAYMTENBHA [IPH BBICOKHX 3HAYEHWAX -f, HO CTAHOBHTCH HE3HAUUTENLHOH MPH MAmbIX —t.
M3BiiexaeMble 3Ha4eHHs aMIUTHTY/L aCHMMETPHI, CBA3aHHbLIE C KBaPaTOM aMILTHTY/EI [poliecca
I'BKP, B mpemenax omuGOK H3MepeHui OMH3KM K HymO. ODKCHIEPUMEHTATBHHIE JAHHBIC
HO3BO/AIOT CleNars BEIGOp cpenu pasnuyHsIX Moaeneii OIP.

TIpoBeseHO CpaBHEHHE AaMILIMTYH AacHMMETPHM, TONYYEHHBIX Ha HEMOJBIPH3OBAHHOM
JeHTepHEBOil MUILIEHH C QHANOTHYHEIMH Pe3yNBTaTaMu, MONMYYSHHLIMU Ha HEMOMAPU30BaHHON
npoToHHOM MumerH [l, 2, 6, 13, 14, 18, 22]. B 0CHOBHOM JAaHHBIE COTJIACYIOTCH, KpoMe
JIHAUPYIOIIEl aMILTHTYbl aCHMMETPHH OTHOCHTENEHO 3apAia My4uka B NOCNEAHHX ABYX OHHAX
MO —t, @ TAKKE WHTEIPATHHOro 3Hauenus Apyi P ammumrryme. J{asWbie He BEABIAIOT
oco0eHHOCTEH snepHoit cIpyxTypsl aeiitpona [1, 12, 14]. OtMeTuM, 4TO COrNacke MeExXIy
JAHHBICMH HA HEIUIAPH3OBAHHOM JEHTPOHE ¢ HOBBIMH JAHHBIMM HA HEHOIAPH3OHHOM IPOTOHE
5], monyuennsiMu npu oOpabotke nomuoi mubopmaimm 1996-2007 romos, nocpeiacTBoM
aHaNM3a JaHHBIX paclpeleNeHus KBaapala HEeJOCTAIOINEH Macchl, XOpOIUEE IO BCEM
KUHEMAaTHYeCKHM MapaMeTpaM.

TlpuBeneHa oOUEHKA JHAMPYIOIIMX aMIUIMTYA acHMMETPHI OTHOCHTENLHO 3apsga H
NOJBIPH3aLMK yYKa ANA [pOLecca KOre€peHTHOI0 PaccesHUA Ha JCHTpOHe, HCTONb3Ys JaHHLIE
HERMES Ha npotoHe u jeiiTpone. JlaHHbIE HCKIIIOYAIOT MOJENH, B KOTOPHIX NpEANOIaraercs
BonbIuoit BKIIaA 0T MOPCKHMX KBApKOB, @ TAKKE MOUIEPKHBAIOT MOJE/H C HEHYIEBEIM BKIAIOM.

S. U3BineyeHn aMIUIMTYAB! a3MMYTAIBHBIX YIJIOBHIX ACHMMETPHH  OTHOCHTENBHO
NOJIAPH3aLMA IEITOHHOTO NYyYKa, €€ 3apA/a, a Taxke OTHOCHTEIEHO NPOJOIbHON HONAPUIALMH

26

JeHTCpHeBOl MUIICHH H K MX CMEINAHHEIM KoMOuHamusM [1, 2, 8, 9]. TIpoBeacHO CpaBHEHHE
aMILIMTY/, aCHMMETPHii, NOMYYCHHHIX HA MOIAPH30BAHHBIX NEHTPOHAX C AHAIOrMYHAIMM
pesynETaTamy, TIONYMEHHEMH Ha HeTOJSPHIOBAHHEIX AefiTponax [12] M Ha MOMAPMIOBAMHEIX
npotonax [10]. B npemenax omuOOK u3MepeHHH CHHYCOMAANLHBIE (KOCHHYCOHAAILHBIE)

amMmmHTyasl ApS (A¢S) acHMMETpHH, H3BJICYEHHBIE [IPH 3HAYCHHH TCH3OPHOH MONAPH3AIHY
mumeHd P,, = 0.827 (COOTBETCIBYET Manoi MOMYyIAUMH cocTosHMA ¢ A = (), copmazaioT co
3HAYCHUSMA AMIUIMTYR, W3BNEUYeHHEME u3 Maudex HERMES Ha Hemonspu3oBaHHOH
nefirepuepoii MumenH. CIie0BATENBHO, NPH MANLIX 3HAYCHHAX —t 3¢ekra OT TEH30pHO#H
MONAPH3aLHY MHIICHH He HaOIOJAETCA, B YaCTHOCTH, B EPBOM GMHE N0 ~t, 1€ KOTEPCHTHEIH
npouecc xaet 40% BKIana 1 rA¢ OKKAAECTCH MPOABICHUE TCH3OPHEX sbdexros.

TIpoBeiEHHOS  CPABHEHME AMILTMTYX acHMMCIPUH, TONYYCHHBIX HAa MPOJOIBHO-
MOAPH30BAHHOA JeiTEpHEBO MHINCHH, ¢ AHAIOTHYHEIMH PE3YIBTaTaMH, MOMY4EHHEIMH B
HERMES Ha npoonsHO-TIONAPU30BAHHOH NPOTOHHOM MMINCHH MNOKA3a/o, ¥IO B TMpeAenax
OmHO0K M3MEPEHHH OHH COBIAJAIOT MO BCEit KMHEMATHYECKOH 006N1acTH, BKITOMA% NepBHiil OHH
N0 ~t. CTaTUCTHYecKY He3HAaYHTENLHAS Pa3HUIA HaGMOAATCA TOMBKO JUIS aMIUTMTYX ALL sin(24)
ApL

Brina ¥3BlIeueHa TAKKE aMILTHTYAa TEH30pHOH aCHMMETPHH ALz Ha ACHTPOHE, KOTOpas
B OpeZieNax OmuG0k COBNAJANA C HYJIEM M0 BCEH KMHEMATHYECKOH 06/1acTH 1o
—t, a Tazoke B ofitacTn —t < 0.06 TeB%.

Bce 3TH Pe3yNETAThl HE BEIABHIM NOKA3aTEIBCTB OTHOCHTENBHO BIMAHHMA Komrmron
dopm daxrop metpona H's wim ocofemmoctn ¥4 M 1, KOTOpHE OTIHYAIOT MX OT
ananoruuHsx uacteit H u H ana npotona. TakuMm 00pa3oM NpPOsBIEHHE KOTEPEHTHOIO
paccesnus B ITUX AAHHBIX HE OueBuano. Iloseacnue KomnroH ¢opM daxtop aeirpona ¥,
cxoxe ¢ noBeaeHHeM popM—GaKkTop NpoToHa X.

TonyyeHHBlE PE3yNbTAaThl OBUTM CPaBHEHEl C TEOPETHYECKHMH MPEACKAIAHUAMH,
YUMTHBAIOMIHM TONEKO HEKOTEPEHTHIE PaccesiHuA Ha NPOTOHe Y HelTpoHe (u3-32 OTCYTCTBUA
nporpaMms! pacuera cedexnit mpouecca I'BKP Ha nponoinbHO-NONAPH30BAHHBIX JIEHTpOHaX),
ocHoBauusle HA Moznenu OIIP, Pe3ynpratel BHIABWIM TAKHE KE HEIOCTATKH OTHOCHTENBHO
TpeacKkasanuit 3Hx Moneneh, kakne 66U o6Hapysensl n3 HERMES AaHHBIX Ha IPOTOHE.

6. U3BnedyeHH a3UMYTAIBHBIE YrIOBHE ACHMMETPHH OTHOCHTEIBHO —IONAPH3ALMH
JENTOHHOTO MyKa, €€ 3apsA/Ia U MX KOMOHHALMH Ha HEMONAPHIOBAHHEIX ATEPHBIX MHIICHsX [1,
11). OTHOIEHHE aMILIHTY ] BCHMMETPHH, H3MEPEHHBIX Ha ANpaX, K AMIUTHTYIAM, TOIYHEHHBIM
3 nasupx HERMES Ha NpoTOHe, CPaBHMMEL C €XMHHIEH KaK i KOTEPEHTHO-000rAEHHOR,
TAaK ¥ I HEKOTEpeHTHO~0GOrallieHHOM BEIGOPKH NAHHBIX H HE MPOABILIOT 3aBHCHMOCTH OT
aTOMHOTO HOMepa szpa. [1oayyeHHEIE Pe3yNbTATEl HE NOAACPKHMBAIOT MOJIENH, OCHOBAHHEIC HA
momudukamu OINP ua sapax otHocutensHO OIIP  CBOGOAHBIX HYKIIOHOB, KOTODBIE
MpPeACKa3LIBAIOT YCHIICHHUE ACHMMETpPHI B AXEPHOI cpelle B CNy4as KOTCPEHTHOrO paccesHud Ha
aapax co crnuuoM 0w 1/2.
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B _NpUioxKeHHH IPECTaBICHEl KOPPETAUHOHHEIE MaTpHupl JUIS HEKOTOPRIX aMIUTHTYX
4CHMMCTPHH, M3BICYEHHbE M3 HaHHBIX HERMES Ha HCTIO/IAPH30BAHHOM H TPOAOIBHOMH-
ToApu30BanHOM feHTpoke. IIpuBenen Taioxe (OPMANM3M H3BJIECHEHHA PAsHEIX aMILTHTY BT
4CHMMETpHH Ha NEpIIeHAUKYIAPHO-TIONAPU3OBAHHOM AEHTPOHE.
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Uunktwununpiniip hpdus b jugbwljwb puknugyws gpnnntught, spitnugdud
L Epljugbuljut phbknwgyus nhpunpntught, htswbu twh sphkowgyws dheniljught
phpwiitbphg  funpp  Jhpunuwg yodgunlguh gmiwb (448)  wpngkuh
thnpduwpupuljul  munufiwuhpmpiutpn: Towldl] ki phpujih  vwppuygdnpiut
wnpudwyupdwh  Ukpnnhkp: Qupqugyl] b dowlpuwh b wfjuybbph JEpnddwt
Ubpnpkp  (ujbwlwb  pikpwgws  wpnunbughtt b Epjuwjtwlwt  piknugdud
wnnuinbughtt jund nEpopnbughlt pupdp pbnwgdwl wunhgdwl mubkgnn phpwjlikp
unwbuwm b tputg  wpuwwnwbpbbpp  Yepwhulim hwdwp: 48 wpngkuh
Wpuundundp Uk hbwnwppppmpeymip  wwpwbwynpyws b bpwing, np wyb
hwighuwind b Cinghwbpugjws Mwpunntught Pwglunwdbikph (CNP) Jhpupbpyuy
nknkjmpmbttp wwpmbwyny  wdbbwywpq  fpujymqhy  wpnghutitphg  Jklp
inbumpyuh vk twl dhinpdupupulwt nkuwtiymbhg: <dkpghtt nwubudjuljtkppt
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phdnnd wnwy  bmdjinbh vmwpwdwliutt b ughtughlt junmggudph  wmeyky
hudwwwpthwy b wbh hwpnun Wywpughpp:

Ughmunnwbipp Juwnwpdl) E pun GUQL U DESY ghuiufwh Yktnnpntbph dhel
Yupud wuwydwbwgph, HERMES ghnnunhnpdh spgwbwlubpm, hhdtmljutinud dhiiph
2006 p. Ymuwlqwd wufuubkph hpwb pw: Upty wn, gwdp tubkpghuyny
wbnpupupdywd - phpwjup  gputignn  pugnighy  uwppwynpouip  nhobu - skp
nbknunpiud HERMES qhuiwthinpdnud, b wnwgbwjhlt umklnpnuhnpnud gputigdnud
tht k{48 wpnghuh Jkpghwlwb dwubhybkphg dhugh gpdwd (byunnbt m wnwpyws
hpulwh $nunbp: Quwpwd wy hobquidwbpht’ wmwdbugih]  htwpogdnp Eryuy
wwwhnyk]  wpnghuh  Byupymghmpeymbp’  Ghpwokind  hwdwgunewuuut
uuihdwbwhwnulitp eA—eyX wypnghuh wwlwunn qutiqush, Yhpnnoug & hpulub
Pnunbiibph juquwd wbipwb b Jdh gwpp wy Yhtkdwnhy wwpudbnpbph Jpue
Uphuouwnwiipnid dgwlyby b dbpnn hpdinws thnpdtwfwl wdyuibbph dowlplwb n
Untunb-Ywnpn wnwpymudubph pw, npp btwpunnpmpimb £ uughu thnpdtolub
ufjuttphg wnwbdbiwgul) wnwpjws hpulwb $nunttbkph (Eyunstiul gkwpkpp,
huy eA—eyX wpnghuh wwluunn quiqiush uykiupnd wnwbdtwght) phpwjuh
Ypw 948 wpnghuh bhulyniqhy whpmypp, npnkn U8 wenubswipn qquihnpkl
gpulornud L dnbwght wpngkubpny wuwplwiun]npwd wqnqubpwbitpp: Zwpy &
tigky, np njur dbpnnny wwjiwbwynpjws dhenujubph Ypu Y8 ghugpmd wihig
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E qurbind nwpubgwink) Ynhkphinn ypngbup (kpp phpwhip Yinjumqnbign pynt tthg
htinn - dind £ Quymite eA—eA’y) ny lnhbpkinn wnngkuhg  (kpp  phpuwtjup

thnjuwgnbgmpinithg  hkwnn upnhynuid £ eA—e(A-1)y): Pugh wyny, swhjuy
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Unwghtt whqunf thnpdufwbinphly mumdtuuhpdl) kb hpaufut $nunnbiikph
kupnnstitut ypngbubbpp  juylwlub puknwugywé wpmanbughtt  phpwjuh,
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Uhgnijuyht phpuiitkph Ypuz: Juhyly kb wghtmwnwg whijntbught uruhlwnphubikph
wilw huintpmbikpp Eupnntughti thgh 1hgph, pukmuguwt, huyyhu by Phpwhth
plbmugudmb b windwdp: Mpmanbuyht - phpwhih ypw  unwugfud wndjuikpp
oquiugnpdb) kb nbkuwluh wofuwnwbiphbpnud, nmnbn ginpuy dhpkph Uhgngny thnpa
Ewpnud wnwbuy pne (unminpwpwp H 0N 0): FEpnpntuyght phpwheh Jpu unwgyud
wprmbplbpp hudkdwwngl; by hwdwiniob wprynttpiiph htn' winwgdws HERMES
ghinwthnpdmu ypnunbughtt phpwpth  Jpuw, hiywbu b wnkuwlub
Yubijnwnbunliubph htn: Uhgntljuyjhtu phpufutitphg winwgwd wuhtbwnphwlbph
widug)huintpmbkpp hunlbiwingly b wbuwlwh nwnptp hwoywplukph hkn, npnbg
UkS dwup Yuwbhunbend k wuhdbnphwhbph nidbnugnu’ hwfwdwh wupphp uwhl
mbbgnn Uhgmlukph hundwp dowlws wwppkp CY0-kph, npnbp hwinhumbinud &b
wquna umlynbikph CNA-kph Uhgniljuyhl Uhewuyph wqnkgnipjunlp dtuhnhu]wd
wwppbkpulp:

UuhdEinphwtikph wdugyhinupabbph wpynitipikph - wnwgywh  hin Ukljnkn
Juwnwm]t) & uhunbyunnhy whépnnpynibiibph qwhunanud, npnbp wuwylwhunnpws
kit qpulignn  uwppkph nkuthiwlwi Pumpwgpbpny, hywhu  twb suithynn
wqnuibipubind - $nbuught wpngkulkph  bkpopuwalp: Uubunpyku Juwinwmlly
wuhdbnphwitph wprynibipbkph mignnud wuylwbunnpdws skqnp Ukqnlibikph Stulwt
Y huw-htil mghy ypnghubibpng, huly wypnuinbikph - wyjuyikph hutdwp’  twl
Epulymahy wypngkulikpny: Yunwpdk) k swhiwb hunfwywinwufuwb uhuntfwwnpl
uhwikph qwthunnnd, huly huxpullth ny Ynhkpklun ypnghubikph hwdwp phpdk; B
wqnubwbinid  bputg swihwpmudih qwhwinuluitikp® hhutijwé Untunb-Yuinyn
hmwnuipymudiikph Jpus:
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Summary

This dissertation is devoted to the experimental study of Deeply Virtual Compton
Scattering (DVCS) process on a transversely polarized hydrogen target, unpolarized and
longitudinally polarized deuterium targets and unpolarized nuclear targets. The methods to
calibrate the experimental apparatus of the target are developed. Analysis tools are developed
to obtain and control highly polarized transverse hydrogen target or longitudinally polarized
hydrogen/deuterium targets. A strong interest for the DVCS process is due to the fact that
DVCS is one of the simplest exclusive processes, both from the theory side and from
experimental point of view, which contains information about the Generalized Partom
Distributions (GPDs). The framework of GPDs, invented and widely extended in the last
decade, allows presenting a more comprehensive and rich picture of the space and spin
structure of a nucleon. This work is performed in the framework of AANL (YerPhI)-
HERMES collaboration based mainly on data collected at HERMES experiment until the
year 2006. Before that, an additional detector for registration of recoiled target particles was
not installed at HERMES experiment, and only the scattered lepton and emitted real photon
among the final state particles of the DVCS process were registered in the forward
spectrometer. Nevertheless, despite this fact, it was possible to provide the exclusivity of the
process by means of using corresponding restrictions on missing mass, angle between the
virtual and real photons and on some other kinematic parameters of the eA—eyX process. A
method was developed based on the analysis of experimental data and Monte Carlo
simulations, which allowed to separate the events of real photons emitted in a
leptoproduction process, and separate the exclusive region of DVCS on a target in a
spectrum of missing mass for the eA—eyX process, where the signal from DVCS
significantly dominates over the signals related to the background processes. Note, that using
this method in case of DVCS off nuclear targets, it becomes impossible to distinguish the
coherent process eA—€A'y, when the target stays intact after the interaction, from that of
the the incoherent process eA—e(A-1)y, when the target decays. In addition, the
accompanying incoherent processes, when one of the nucleons of the target is excited into
the resonance state as well as the neutral mesons produced in semi-inclusive processes are
also contributed to the measured signal.
The processes of leptopruduction of real photons off transversely polarized hydrogen,
unpolarized and longitudinally polarized deuterium and unpolarized nuclear targets have

been studied for the first time. Various single- and double-spin azimuthal asymmetry
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amplitudes are measured with respect to the charge and helicity of the beam and the target
polarization. The results obtained on a hydrogen target have been used in theoretical
calculations, where by means of a global fits to existing world data it was attempted to access
the GPDs (mainly GPD H). The results obtained on a deuterium target are compared with
those obtained from a hydrogen target at HERMES experiment as well as with the
theoretical predictions. The asymmetry amplitudes extracted from data on nuclear targets are
compared with various theoretical calculations, which predict an increase of the
asymmetries according to various GPDs developed for the nucleus (particles) with different
spins presented by modified versions of the nucleon GPDs in virtue of the interactions in
nuclear matter.

In addition to the results of extracted asymmetry amplitudes, estimates of systematic
uncertainties are performed, which are due to the technical characteristics of detecting
apparatus, as well as the contribution of background processes to the measured signal.
Particularly, the results of the asymmetry amplitudes are corrected for the contribution of
neutral mesons from semi-inclusive processes, and in the case of hydrogen target also for the
contribution of exclusive processes. The systematic etrors of corresponding measurement are
estimated, and the fractions of accompanying incoherent processes in a signal are presented

based on the Monte-Carlo simulations.
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