[OCYZAPCTBEHHOE HAYYHOE YUYPEXJIEHUE
"MHCTUTYT ®U3UKHU um. B.M. CTEIIAHOBA
HAITMOHAJIBHON AKAJIEMUY HAVK BEJIAPYCH”

YK 539.172

Unenués Anekcaaap Hukonaesng

HEKOTOPHIE PATMATIMOHHKIE S®OEKTHI B
I'JIVBOKOHEYIIPYT'OM PACCESHAN
IIOJISPU30BAHHBIX YACTHIL

CoenuaabHOCTH
01.04.02 - Teoperuveckas ¢hu3uka

ABTOPEOEPAT
AUCCEePTAIlAH Ha COHCKaHUE YIYEHO! CTeleHH

KaHIUATa PAZHKO-MATEMATHUECKUX HAYK

Muuack 2002



Pabora Brimonriena B HanuonanbHoM Hay4HO-y4eOHOM LeHTpe (DH3HKHU
4aCTHI] X BBICOKHX 9Hepruit benrocynusepcurera.

Hay4qrblit pyKOBOZHTEJIb: JIOKTOp (bu3.-MaT. HAyK, nmpodeccop
H.M. Illymetixo,
nupektop HII ®YB3 BI'Y.
OdnnuaibHbIe ONIOHEHTHI: NOKTOp (H3.-MaT. HAYK, podeccop

B.J. KysmuHuoB, 3aB. n1abopaTopueit
CHJIbHBIX B3auMoaehcTBu M’
Uncruryra dbusuxku HAHB.

JOKTOp hu3.-MAT. HAYK
C.1. Tumomvs, npopexTop

I'TTY awm. I1.0. Cyxoro.

Onnornpylomas opragu3anus:  Jlaboparopusi TeopeTudeckol Gpusnxn
O6beAMHERHONO WHCTHTYTA,
siflepHBIX Hccenosanui (r. Jybua).

3amuTta cocrourcs “24” nexabpst 2002 r. B 14%° wacoB Ha 3acena-
Huu Yuénoro Cosera no 3ammre aucceptanmit [l 01.05.02 8 UrcTuTyTe

¢busukn Hanmonanvmoit axancmuw mayx Benapycnm (220072, Munck, mp.
O®.Cxopursl, 70, Ten. 284-17-17).

C nuccepranueit MOXHO O3HAKOMHUTHCS B bubimorexe WacTuTyTa hu-
suku HAHB.

Asropedepar pasocian “ _2_1 ” Hosi6ps 2002 .

Yuénniit cekperapb CoBera
MO 3aIUTE AUCCEePTAIni, )
KaHIUAAT (PH3.-MaT. HAYK I C.\“ B.C. Or4uk



OBIIIAYA XAPAKTEPUCTHUKA PABOTHI

AKTYyaJIbHOCTb TEMBI JUCCEPTAINN

AXTyanpHOCTh TEMBI AMCCEPTAIINY 00bACHSACTCS BO3POCIUMM B CBSI3H CO
"CIIMHOBBIM KPH3HCOM~ HHTEPECOM K HOBBIM SKCIIEPHMEHTAIbHBIM BO3MOXK-
HOCTSIM MCCJIEZIOBAHHUS CIIHHA HYKJIOHA.

CBa3b paboThel C HAYYHBIMA IIPOrpPaMMaMu

JnccepranuonHasi paboTa BBINOJHEHA B PAMKAX MEXBY30BCKHX IIPO-
rpaMM "Ou3uKa PyHIaMEHTaNbHbIX B3auMmoaehcTBuil” B "OU3NKa MUKDO-

MHADPA”, & TAK>KE I'OCYIaPCTBEHHBIX TporpamMM QyHAaMEHTAIbHEBIX HCCIIEA0-
Banui "Ksapk”, "Ou3nka B3auMojeicTmit” .

Henn u 3a1a4m uccjieZ0BaHUS

[lennio HacTOsImER pabOTHI SIBASETCS PACYET KBAHTOBOJIEKTPOLMHAMMH-
yeckux (K9/I) u snexkrpocnabeix acbdekros nepsoro (~ a,al) u BTO-
poro (~ @&’L?) mopsiaXoB K Pa3iMYHBIM HAOIIOZaeMbIM B MOJNSPHU3AIH-
OHHOM JIETITOH-HYKJIOHHOM riybokoneynpyroM paccesinun (I'HP). Kpome
TOrO, JiJisl MOATBEDXKACHHS] PABHONPABHS PA3JIHIHEIX IIOAXOJ0B B KBAHTO-
BOY TEOpHH NOJISI Ha OCHOBE KOBapHaHTHOro Merona Bapamma-lllymeiiko,
PA3BHATOTO sl TOYHBIX BRIYHCICHNAN paauanuonEbix nonpasok (PIT) (kak
B K3/l Tax w B craHzapTHO# Mojenn), Oblia IOCTABJIEHA UETH ONEHHUTH
3¢ dEKT KOHEIHBIX KBADKOBBIX MAcC B IIOJSIPH3AIHOHHOM KBaHTOBOXPO-
mozmEamMudeckoM (KX/I) KoMITOHOBCKOM pacCesiHHH.

J1J1si BHINOTHEH A1 TOCTABJIEHHO! TeMbl 1OTpebOBaJIOCh PEIIATE PsiJL 38~
nay.

1. Pacuér monHO# 3nexTpociaboit monpaBKy HAIMIEro NOPsAKa B paMKax
KBapK-IIapTOHHOU MOZEJIH.

2. Pacuér Moe/1bHO-HE3aBHCHMOM 3/1eKTPOCIabol MONpaBKHE K HEKOTO-
PBIM HaOIIOAAEMBIM B TPEACTOSUX IONSPHA3ANMOHHBIX Kolaaiaep-
HBIX SKCIIEPHMEHTAaX.

3. Uccnenosanue pe3ynbTaToB A5 ofHomeTneBeix KOJ1 u anexkTpocia-
6pix PIl HA3meEro nopsijika B yIbTPAPEISTHBACTCKOM NPHOIHKCHHH.

4. Onerka BKJaJa JHAUPYIONIEH IOIPABKH BTOPOrO MOPSA
naemsie B noyisipusanuonaom ['HP.



5. Cosnarue FORTRAN-nporpaMMbl fjisi mpoBeAeHust mponeaypsr PIl
B COBpeMeHHbIX sKkcrepumenTax no I'HP monsip30BaHHbIX YaCTHIL,

6. Pacuér nonsipuzanuoraoro KX /I KoMITOHOBCKONO PACCEeSTHUSI.
O6BbexT u npeaMeT ucaIeioBaHusd

O6wekT ucenenosanusi — PHP nonspusoBannsx dacTun. [Ipeaverom
ucenenosannus spasiores KO u snexrpociabuie Pl nepsoro m BTroporo
nopsiixoB, a Takxke KXJI komirrosoBckuit shdexT.

MeToasl IPOBEAEHHOI'0 UCCIIEAOBAHNA

B anccepTanuoRHOM paboTe s AHAMTHIECKUX BRITACICHUH IPHMEH -

JTUCh CTAHJADTHBIN aNnnapaT KBAHTOBOW TEOPHH IOJIA ¥ CHCTEMBI aHAJIATH-
geckux spraucyenunt REDUCE, MAPLE u MATHEMATICA. HYncnennsii
aHaJTM3 IpOBeJeH ¢ moMomplo mporpamy, Hanucarnsx Ha FORTRANe.

Hay4gHasi HOBM3HA ITOJyYEHHBIX Pe3yJIbTaTOB

B macrosime#t ARCCEPTANMOHHOM paboTe BriepBbIe NOMyYeHbI IBHbIE BhI-
paXKeHWsi ¥ JaHa YHCJIEHHAs ONEHKa JJIs:

e TIOJHOM ONHOMETIEBOH anekTpocnaboy nonpasku K ['HP nmpomosnbHO
MONAPU3OBAHHBIX YACTHIL;

¢ monennHO-Hezarcumo# PII um3mero nmopsaaxa k 'HP monspusosan-
HBIX 9aCTHI B Kajaubposke T’ Xodra-Deltamana;

e mumupytomeit PII sroporo nopsiaxa k nonsipusanuorromy I'HP;

KpOMe 3TOr0:

® IPOBEJIEHO WCCJICJIOBAHUE DE3YJhTATOB JJIsi OJHONETJIeBBIX K3/l u

anekTpociabeix PII Hu3mIero nopsjika B yIbTPapeIsiTABHCTCKOM IIPH-
OJIMXKEHUH;

e coznana Bepcus 2.0 FORTRAN-nporpammer POLRAD aisi mposejie-

aus mponeayps! PII B coBpemennbix axkcrnepumentax no I'HP mouns-
PH30BAHHBIX JACTHUIL;

e veton Bapauna-lllymetiko 6611 BriepBble MPAMEHEH JIsi PACY€Ta I0-
asipusanuorroro KX /I KOMITOHROBCKOIO PacCesTHUSA.



IIpakTHyeckasi 3HAYUMOCTD MOJYYEHHBIX PE3yJILTaTOB

PesyabTaThl, MOMyYeHHBIE B JUCCEPTAHOHHON paboTe, MOrYT OLITH HC-
OJIb30BAHBI 18 00pabOTKHE JAHHBIX B MJIAHHPYEMBIX 3KCIEPHUMEHTaX II0
nonsipusanuoraomy (Ep-T'HP na xonnatinepe HERA (DESY), COMPASS
(CERN), a Tax Xe masi yckopenusi mponeaypsl Pll skcmepumenTan-
meix gasEsix ([JIABBI 2,3,4). Kpome 3T0r0o, pacyér noJisipa3anuoHHO-
ro KX /I KoOMITOHOBCKOrO paccesiiuisi, TPOU3Be/IeHHbI! MeTogoM Bapauna-
[lIymeiixo ([JIABA 5), cornacyercs ¢ pe3y/ibTaTaMH, IOy YeHHbIME Pa-
Hee IPYTEMH METOJaMH, 9TO IIOATBEPXK1aeT KaK IIPaBHIbHOCTD, TAK X IIPa-
BOMOYHOCTH Pa3JIMYHBIX MOJX0J0B B PaAMKaX KBaHTOBOY TEODHH MOJIA.

OcHOBHBIE TIOJIOXKEHNSI, BBIHOCHMBIE Ha 3aIIUTY

Ha 3amuTy BHIHOCATCS ClIeAYIOMIHEE IOJOXKEeHH:

1. sSiBHBIE BBIPAXKEHUsS JJIsl TIOJHOM OJHONETIEeBON 3JeKTpociIaboit 1mo-
npask# K 'HP npozosHO nosip30BaHHbBIX YaCTHI] B DAMKAX KBapK-
NapTOHHO® MOJIeJIH;

1

2. MOJEITHLHO-HE3aBUCHMAS YaCTh OJHONETIEeBOH 3JIeKTpociaboit mo-
npaske Xk ['HP mnonsipu3oBaEHBIX 4acTHI B KaaubOpoBke T'XodTa-
Deltamana;

3. MOIeIIbHO-HE3aBUCHMAsl 4aCTh JHUIHDPYIOmMEd monpaBKH BTOPOTO IO-
psifika K mosisipu3anuonaoMmy I'HP;

4. pesyabTaT pacuéra mojensro-HezaBucHMbIX KSJ[ u ssekTpociabdbix
NONPABOK B YABTPAPENSTABACTCKOM NPHOIMKEHUH;

5. FORTRAN-nporpamma POLRAD sepcun 2.0 i1 npOBeJeHHS IPO-

nenypsl PII B coBpemeHHBIX sxcnepuMmenTax no I'HP nonsipusosas-
HBbIX YaCTHI;

6. pacuér nonsipusanuorEoro KX/l KoMITOHOBCKOIO PaccessHAA METO-
nom Bapauna-lllymeiixo.

JImaubi# BKJIag aBTOpPa

HacTosmasi AUCCEpTAIMOHHas pabora BhimonHeRa MHO — A.H.
Napu9éBelM — caMocTOSITENhHO. B OCHOBe BTODOM, TpEThEeH, 4eTBEp-
Tolt W ISTOM TVIAB AMCCEPTANMOHHON paboThl nexar craThé [1-8], Ha-
nucagEsie mox pykosoacTBoM mpod. H.M.Illymeiiko B cOaBTOPCTBE C
1.B.Akymesuuem, A.B.Copokou A.E.Tonkagésbiv. Hacrs aBaJATHYE-



KMX PacyeToB, BHIMOJIHEHHAS UMM paHee, OblIa NpOBEe[eHa aBTOPOM He3a~
BHCUMO. DTO KAcaeTcs, B OCHOBHOM, BhIJEJEHUS BEAYIIMX JOrapudMos
(TJTABA 3). [Insi 94HCIEHHOIO aHAJW3a JAHHBIX B COBPEMEHHBIX IIO-
nsipu3anmMoHHbIX sKcnepuMenTax nmo I'HP 6nuta cospasa FORTRAN-
nporpamma POLRAD Bepcum 2.0 (coBmectro ¢ M.B.Akymesnuewm,
A.B.Copoko u A.E.TonkauéBbim). JIngubit BKIaZ aBTOPA B PellIeHHE pac-
CMATPHBAEMBIX B JIUCCEPTAMY 38184 SIBJISIETCS ONPEESIOMHUM.

Anpobanmsa pe3yJsTaTOB AUCCEePTAIAN

Pe3ynpTarsl, NOJIyYeHHBIE B AUCCEPTALMM, JAOKIABIBAJIUCH U IPEACTa-
BJSIIACH HA:

e XVIII Mexnyrapopaom cemunape "(Du3nka BHICOKUX SHEPTHH U Te-
opusi nojisi". [Iporsuno, 26-30 uronst 1995 r.

e MexayrapoaHo#t eBpodusndeckoit KoHdepeHuys no (pu3uKe BHICO-
Kux sHepruit. Uepycamnm, 19-25 asrycra 1997 rn.

e XI MexnayHnapogaom cemruape "®u3nKa BHICOKMX SHEDPruit ¥ KBaH-
ToBasi Teopust nmojs". Camapa, 3-10 cenrsiopst 1997 r.

e Mexnyraponaom cemurape "Cummerpust u cnun". IIpara, 5-12 cen-
TsiOpst 1999 r.

e MexaynapoxaoMm cemurape "Crummerpusi u cimn". Ilpara, 17-22 uio-
as 2000 .

¢ XX MexnyHapoHOM CUMITIO3HYME IO JIENTOHHBIM ¥ (DOTOHHBLIM B3aH-

MozeicTBusAM B pu3uKe BhicOKuX sHepruit "JlenTon-doron 01". Pum,
23-28 mrons 2001 r.

e Mexnynaponro#t mkone-cemurape " AkTyanbabie mpobeMsl hU3AKH
gactan". ['omens, 7-16 asrycra 2001 r.

e XIV Mexnynaponuom cemunape "DPusnka BHICOKHX SHEPIUii H KBaH-
TOBasi Teopusa nojisi'. Mocksa, 5-12 cerrsiopst 2001 r.

e Hayunex cemunapax HII @YB3 BI'Y.

- Onyb6mMKOBaHHOCTH PE3yJIETATOB

MaTrepraJsl AUCCEPTAMH TTONHOCTHIO ONMYOJIMKOBAHB! B OJIMHHAAIATH
paborax B Bue craTe#t B Pusmueckux xypuauax ("HAzuepras Puzuka"
[1,2], "Acta Phys.Pol" [3], "Comput. Phys. Commun." {4], "J. Phys." [5],



"Czech. J. Phys." [6,7], "EPJdirect" [8]) u Tpynax MeXIyHapOIHBIX KOH-
dbepennuit n cemurapos [9,10]. Obmee konuIeCTBO CTPAHHTL ONYBIHKOBAH-
HBbIX MaTepHaJoB - 119.

CrpykxTypa u 06beM auccepranuu.

/luccepTannsi COCTOMT M3 OIJIaBJIEHHS, CIHCKA YCIOBHBIX ODO3HAYEHHH,
BBEJICHUS, IATH IVIaB, 3aKJIIOYEHHUS W CIHCKA MCIOIb3YEMBIX HCTOYHHUKOB.
Teker paborel m3noxen Ha 108 crp., Bkmiouas 13 pucynkoB Ha 12 cTp.
Ilepesers naTHpyeMO# NHTEPATYPH HACYUTHIBaCT 143 HaWMEHOBAHHS H
copepxuTes Ha 12 crp. '

OCHOBHOE COZIEP2KAHWE PABOTHI

Bo Brenenuwm xpaTko 06cyxaercs coBpeMenHbI# (SKCIepuMeHTalb-
HbIf ¥ TEOPeTHYEeCKHit) cTaTyc CnuHOBOY bu3uky HykjJoHa. Onpenenens:
TaK>XXe IEeJH ¥ 3aJla4d, pemaeMbie B IUCCEPTAIMOHHOR pabore.

B I'mase 1 paccMaTpHBAaIOTCS Pa3IMYHbIE ACTEKThI, CBA3AHHLIC C HC-
CJIEJOBAHMEM CIIMHOBO# CTPYKTYPH! HyKJIQHA. OCHOBHAS HEeNb TAKOTO HC-
CJIEIOBAHMS — MOJyYUTh OTBET Ha BOIPOC: KAKMM 0Opa30M CIIHH HETOUYeY-
HONOZOOHOrO 06'beKTa, K IPUMEpY, TAKOIO, KAK HYKJIOH, BHICTDPAHBAETCS
U3 CIIHHOB €r0 COCTaBJISIONIEX — KBapPKOB H riooHoB. Ocoboe BEUMaHHTE
IPH 3TOM yjensieTcst 00cyXKaeHunio (POHOBHIX 3¢ heKTOB, BOSHAKAIOIIUX B
ponecce A3MEPEeHHUs, & TaxXe 00CYXIeHHIO CXeMbl TEPEHOPMHUPOBOK HA
MaCCOBO# MOBEPXHOCTH, KOTOpasi ObliIa MCIOAL30BAHA A/ PACYeTa OIHO-
neTaeBo# anekTpocnaboit nonpasku B pamMkax CM. IlpejacraBien Takxke
0030p JUTEPATYPHI, IOCBSINEHHbIH HCCIEOBAHMIO STHX BOTPOCOB.

B I'iase 2 npesicraBieH pacyér nonHOM OHONETIEBOM! 3IEKTPOCHabOi
PII B pamMxax KBapK-APTOHHOR MOZIETH K IPOJOIBHO MOJAPU3ATUOHHOMY
'HP. Ilogpobro paccmarpuBaiorcs:: GOPHOBCKOE CeYeHHe (KaK HA yPOBHE
CTPYKTYPHBIX GYHKIUH, TAK H B KBAPK-TIAPTOHHO! MOJIENH ), BKJIA AOTIO-
HATEJbHBIX BUPTYaJbHBIX JacThI (V-BKIaJ), BKIAJ H3IyIEHUS PEabHO-
ro ¢orona (R-BKIaK) KaK U3 JENTOHHOM, TaK H H3 aAPOHHOM Juuuil. s
pacuéTa V-BKJIaJla HCIONb30BaNIach KaauOpoBka T’ Xodra-Deltumana, cxe-
Mé& IEPEHOPMHPOBOK Ha MACCOBOM MOBEPXHOCTH M PE3YJALTATHI IIOJIYYEHHbBIE
bomom, Xonnukom u IlInuubeprepom.

[loxpobro mccienoBaHa 3aBUCAMOCTD CEYEHHH OT MACC YACTHI[, KOTO-
pasi BO3HHKaeT B BHJIC JIOTAPH(MPMHUYECKHX MACCOBBIX CHHIYJAsIpHOCTEH B
COOCTBEHHBIX SHEPIHsIX, BEPIIMHHBIX (QYHKIASX, & TAKXKE BO BKJIAJLAX YH-
CTO JIENTOHHOTO ¥ YHCTO aJPOHHOIO H3JIyYeHUH.



Ha ocrOBaHMH NpPOBEAEHHBIX YHCJIEHHBIX PACYETOB AHAJHIUPYIOTCS
BKJI&JIbI SIEKTPOCIabbIX 3¢h(HEKTOB H 4PORHOTO H3JIYYCHHS B CHCTEMATH-
YEeCKYIO IOI'PEIIHOCTD, U3y YaI0TCSI BOIIPOCHI O BKJIAAaX pPa3indHbIX 3hdek-
TOB CJEAYIOMEro 3a DOPHOBCKHM IOPSIIKA B HaO/II0ZaeMoe cedyenue mpo-
nonbHO nonsipusanuoHroro I'HP, a makxke mceneayercs: noBeenne acum-
METDPH# B 3aBUCHMOCTH OT 3HEPIrHH HAYAJbHOIO JIENTOHA W TOYKH B KHHE-
MaTHYECKO# 00IaCcTH.

B I'nase 3 npezcraBien pacdéT MOJEIbHO-HE3aBUCUMON OIHOIETIeBOH
anexTpocnaboit PII x nonspuzanuorromy ['HP. Ocoboe Beumanme yaens-
eTCsl KOBADHAHTHOMY PacdéTy CedeHHs] TODMO3HOTO H3JTy4erns. [Ipu 3Tom
OCHOBHAs (POPMYJIa, COOTBETCTBYIONIAsS JAHHOMY ITPOIECCY

l(k1,€) + N(p,n) = U(k2, &) + (k) + X (1)

Tocjie pa3/ieNIcHuUsT NePEMEHHBIX HHTETPHPOBAHUSA MOXET OBITh IIpeICTaB-
JIEHA B BHJIE:

Tmaz 8 ki

Y [ dr ) | > 0i(7) / R-*-Z Fi(R, 7). (2)

=] =1

Tmin

Ilepemernrble  npejeibl *HTErPUPOBAHUSI OIIPE/ICNEHBI CISAYIOIMM 00pa-
30M:

gl - 2
R S5l 10 g o gni:m),
3
kki — kko SI:I:\/S§+4M2Q2 ( )
T = : kp y Tmazmin = o M?2 .

3neck M (m,) — macca myknona (nuora), t = Q* + Rr a Q?%, S, u W?
SIBJISIFOTCS CTAHJAPTHBIMKA KHHEMAaTHYECKUMH WHBADHAHTAMHU JUISI ONHUCA-
gusi 'HP na 60opHOBCKOM ypoBHe. CymmupoBarme mo i = 1,...,8 coor-
BETCTBYET BKJIaAy BOChMHE 0600menHbIX cTpyKTYpHBIX dyrkuud F;(R, 7).
NndpakpacHasi pacxoauMocThb, BO3HAKaomas npu R — 0, cogepxurcs B
craraeMoM ¢ j = 1 (u# TonbKO B HEM).

Hucrensbit aHaNN3 Ays 0OpaOOTKH JAHHBIX KOJJIAMAEPHBIX SKCIEPH-
MEHTOB nokasbiBaeT, 4To PII K HenonspusanuonHO# ¥ TONSPU3ALUOHHON
qacTaM CeYeHHs KMEIOT OAMHAKOBOE TOBEIEHUE, OHAKO TIOSIPU3AHOHHAS
MONPaBKa IPEBLIIAET HEMONSIPH3ANHOHHYIO B HECKOJILKO pa3. JleTekTHpo-
BaHME XKECTKUX (DOTOHOB B KAJIOPHMETPE MO3BOJISIET YMEHBIIUTD PAIRAIH-
onnsle 3¢pdexTs B obnacTa y > 0.3.

B I'mase 4 npexncrasnens! npubnuxénnsie merons: pacgéra PII mompa-
BOK IIEPBOT'O H BTOPOI'O IOPSIKOB.



O [HONET/IeBbIE IONPABKH B YJIbTPAPEIATHBUCTCKOM IIPHOIMKEHUH 110-
ny4ensl ©3 To9HbIX opmyn qus KO/ n anekrpocaabbix PII. OcroBHas
west pOIIKEHHbIX BbIYHCIeHuH Takux PlI 3axmiouaeTcs B STBHOM WH-
TETPUPOBAHUM IO t ¥ y[AEPXaHWK BEAYIIHX BKJIAJ0B IO KBaApaTaM MacC
JIENTOHOB ¥ HYKJIOHOB. Peaysnbrar Ans npuOnuxKeHns MOXKHO 3aIACATh B
BHJIE

2

2
o = 1og L sz, 0) + o8-y da(e, ) + o) +0 (T ) » @

rine A; — He 3aBHCANIAE OT MACC BEJIMYHHBI.

ITepBoe ciaragmoe 0DYCJIOBJIEHO H3JTyICHHEM, KOJUITMHHADHBIM AMITYJIb-
caM Ha9aIbHOTO H KOHEYHOTO JISITOHOB, ¥ NPEJCTaBseT coOO# pesybTaT,
MOJY9EHHBIH B TPHOJIMXEHAN BEAYIIHX norapadmos. Bropoe — obycios-
JIeHO 1-IMKOM, — CHTyaI@ei, KOra peanbHbiil HGOTOH H3MyHaeTcs napa-
JeJIbHO BEPTYyaJabHOMY. TpeThe ciaraeMoe He 3aBHCHT OT Mace YacTHI. Oso
Hosee rPOMO3/KO, HO aeT MaJiblil BKJI&J B CEEHHE.

B caydae ynpyroro pajgualiioOHHOrO XBOCTa OCHOBHOM BKJaJ Aaercs t-
muKoM. VIMeHHO 3TOT PaKT JIEXKHUT B OCHOBE YIBTPAPEIATHBACTCKOTO IPH-
6Kerns. 3aBrcEMocTh GOpMQAKTOPOB OT ¢ He TO3BOJIsAET H30aBATHCH
OT WHTETPUPOBAHHUS MO STOM NEPEMEHHOM!, TEM HE MEHEE IOJydCHHbIC pe-
3yJIBTATHI JOCTATOYHO KOMIIAKTHBI.

PII Broporo mopsijika OIeHEHb! B JIUUPYIOMEM NpHOIMKEHNH Ha OCHO-
Be METO/a KBAa3HpeaibHbIX 3/1eKTPOHOB. COrIacHO 3TOMY METOJY, CEIeHHE

['HP, cogepamiee u3/y4eHHe MEOTHX (POTOHOB, MOXET OBITh BRIPAXKEHO
yepes 6OPHDBEK{}E Og B BHJE

d2:1 d23 2
U(kl, kz) = D(Zh L) D(Zz, L) Uﬂ(kl, kz), = log :IF? (5)
0

3 BeJWUHHBI 2 ONMpEJENSIOT OO MMIYIbCa KBa3HPEaJbHOTO SJIEKTPOHA
[0 OTHOIIGHHIO K PEAJHHOMY ¥ COOTBETCTBYIOIIME WHBAPAAHTDHI CIICAYIO-
muM 00pa3oMm:

1 21Ty R gy~

by = 21k, ko= —ha, = =1+ :
1 = 21k1, k2 222 (E1Z§;+‘y—'1) Yy "z

(6)

JJieKTPOHHAS CTPYKTYPHAs DYHKIHSA D(z, L) ounchiBaeT u31ydeHue do-

TOHOB W3 HAYAJIbHOrO, & D(2, L) — U3 paccestHHOro sJIeKTPOHOB.
Upcrenrast OEHKA TOKA3aa, 9TO ONPABKa ~ O K CIHHOBOM aCHMMET-

pnn 1St Aefirepusi u SHe COCTABNIAET HECKOJIBKO NPOTIEHTOB OT BEMHTHHE!



nonso#t PII m makcmMmanpHa BONW3M I'DaHHIBI KWHEMATHYECKOU obiacTu
PaCcCMAaTPHBAEMBIX 3KCIEPHMEHTOB.

B I'mase 5 wmeron Bapiamma-lllymeiiko OblT BnepBhle TPUMEHEH K
pacyéry KX/l xoMnTOHOBCKOrO paccesigusi. Bce Berqucienus B 91o# ria-
Be OBIJIM MpOJiEJIaHbl Ha YPOBHE MOJISPH3ANHOHHOIO aJPOHHOIO TEH30DA,
MpeZiCTABJIEHHONO B KBAPK-NIAPTOHHOR MOJIEJH, & JJIsI U3BJIeYeHUs HHODOD-
manuu 0 KX/I-BKiaje B NONSIPA3ALMORHBIE CTPYKTYPHbIE QYHEKIUE gy H
g9, WHTETPUPOBAHNE MO (Pa30BOMY IIPOCTPAHCTBY H3JIYI2EMOTO INII00HA, BhI-
IIOTHSAIOCH JIJIs IIPOR3BOJILHONO BEKTOPA NOJISIPA3aI[HK HYyKJIoHa. [Ipy npo-
BEJICHUH PACYETOB HCIIOIH30BAJIACH TEXHUKS, TEH30PHOIO HHTEI'PUPOBAHHUS.

[Tony4yernbie PE3YIBTATH A5 CTPYKTYPHBIX GYHKIHA # IPABAI CyMM
XOPOIIO COTJIACYIOTCS C BRIDAXKEHUAMH, Hali ICHHBIMY paHee IPDYTHMH MeTO-
JIAMH, YTO CBMJETEJILCTBYET O PABHONPABHE PA3JMYIHBIX IIOAXOJOB B PaM-
Kax KBaHTOBOM Teopuu mnousi. B wacTrOCTH OBLTO mMOKazano, yto KXJI-
OITPaBKA K MEPBBIM MOMEHTAM HENOJISIPH3AHOHELIX CTPYKTYPHBIX (DYHK-
MU, TaK XXe KaK H K IePBOMY MOMEHTY INOJISAPH3AILAOHHON CTPYKTYPHOH
DYyHKIHEE g2, AMEET OARHAKOBOE 3HAYEHHE KaK [JIs1 CIIy4Yas MAaCCHABHBIX TaK

i Anst 6e3MaccOBBIX KBADKOB:
: |
/ dzFi(z, Q%)

1

/ —Fy(z,Q%)

0

f dzga(z, Q%)
0

[
|
LR
3|8
e
&
-3,
O

|
::'-5_\”_.
s | B
&
=

I
o
F

~J
e

rae uraekc "0"ykaspiBaer Ha O0pHOBCKH# ypoBeHb. B TO e BpeMmst yib-
TPapPeJsITHBHCTCKAS MONPABKA K IEPBOMY MOMEHTY g3

] dzgi(2,Q%) = (1- Cn 2 [ dzg)z) ®)

3aBUCHT OT TOT'O, PACCMATPHBAJIACH JIX KBAPKOBas Macca KaK H3HAYAJbHO
koneunas BeauyuHa (Cy = 5/3), mmbo oHA ¢ caMOro Havala IOJaraiach
pasro#t Hymo (Cg1 = 1).

B 3akmouenny 3To# raBbl NpeCTaBIEHbl OOCYXKAECHHS H BhIBOABI.



SAKJIFOYEHUE

Hacrosimas guccepranuoHHasi paboTa IMOCBSIIEHA HCCIEJAOBAHUIO Paiua-
nuoHHEIX 3¢ dexkToB B 'HP nonsipuzoBanusix sactun. OCHOBHEIE Pe3YJib-
TATHI TUCCEPTAIMOHHOR PabOTHI CIIeAYIOMIHE.

1. B pamkax craHZapTHO! MO/IeW BIIEPBLIE MONYYEHBI SBHBIC BhIPAXKe-
HUS AJIs

e 10JIHO# O/THOTIETIEBOH 31ekTpociaboit nonpasku Xk 'HP npoxons-
HO TIOJISIPA30BAHHBIX YacTHIL [1],

® MOJeJbHO-He3aBucUMOM 3nekTpocnaboit PII wm3mero mopsiaka

5).

[Ipuuém, coxpamenne WHOPAKPACHOR PACXOZAMOCTH IIPOBEIEHO KO-
BapEaHTHRIM MeTomoM Bapauua-lllymeitxo, a npm pacuére BKIaz0B
OJAHONIETJIEBBIX JUarpaMM HCIOJb30BAJACH CXEM& HA MAaCCOBOM IO-
BEPXHOCTH B KaJuOpoBke T'XodTa-Deitumana. Pe3ynbraTsl BhIYUCIe-
HU OBTH MpPHMEHEHHI K aHauu3y snexkTocnabuix PIl x pasnuussmM
nHabaonaeMbiM B noasipusanuonaoM ['HP. B wacTHOCTH OBLNIO MOKa-
3aH0, 4T0 PIl X HEKOTOPHIM KOMOMHAIHUSM JIEKTPOCIAOBIX NOJISPH-

3aIMOHHEBIX CTPYKTYPHBIX (DYHKIMHE MOXXET IpPEeBIIIaTh OOPHOBCKUH
BKJIJi B HECKOJTHKO pas.

2. IIpoBeeHHOE HCCIE0BAHNAE PE3YALTATOB JJisi ofHoneTieBbx KO/I u
anexkTpocnabwix PI1 Hr3mero mopsiika B yabTpapeasiTABUCTCKOM IIPH-
Onmxennn |2| nokasano, 4To0:

® IIpH KOJUTaiIepHOHY NOCTAHOBKH 3KCNEPHMEHTA, PA3/IHIHE MEX Ty
TOYHBIMH M NPHONMXKEHHBIME (QOPMYJIaMU IJs PaJHAIMOHHOIO
XBOCTA OT CIJIONIHOT'O CIIEKTPA HE MPEBHIMNAET OMMUOKY WHTErpH-
poBaHM#, KoTopas coctasisa ~ 0.1 — 1%;

e /UIs TEKyI@X SKCHEPHMEHTOB H& (PUKCHPDOBAHHBIX MHIIEHAX
(SMC, HERMES) pasnuune 60iee 3HaUATEILHO B MOXKET JOCTH-
rath ~ 30%:;

e HaubOJIBIIYIO IOTPEITHOCT AMEET NPHOIMKEHHBI! PacUeT pajin-
AIMOHHBIX XBOCTOB OT YIIPYroro # KBa3WyNpyroro MAKOB, KOTO-
pble DY IKCIIEPEMEHTaX Ha (DUKCHPOBAHHLIX MHUIICHSX YIUTHI-
BAIOTCS BCErza; B 9THX dKciepuMentax @Q? ~ M3 m mexopsoe
TpeboBanne Magoctd M3 /Q* cuibHO HAPYIIEHO.
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3. Ha ocHOBe MeTo/1a KBa3UPEATbHBIX JIEKTPOHOB ObUIA NOJY9CHBI SIB-
HBle BhIpaxkeHus s aaaupyomei P11 BToporo nopsijixa x nonsipusa-
nuorHOMy 'HP [2]. Uncrennas oleHKa MOKa3aJ1a, 4T0 NONPaBKa ~ o
K CIMHOBOH acuMMeTpHH J1s Jefitepusi # “He cocTaBnsier HECKONBKO
IpOLEHTOB OT BeanauHb! nosHo# PII m Makcumasbra BOAU3H rpang-
bl KHHEMATHYECKON 00JIaCTH PacCMaTPHBAEMBIX IKCIIEPHMEHTOB.

4. Coznana Bepcus 2.0 FORTRAN-nporpammer POLRAD |3, 4] mas

nposejenusi nponeayps! PII B coBpemerssix skcnepumenTax mo I'HP
MOASIPH30BAHHBIX YACTHIL.

5. Meronou Bapaura-Illymetiko MponsBenen pacyéT NONspA3aANHOHHO-
ro KXJ1 xomnToroBCKOrO paccesinus [6-8|. [lomyyennsie pe3ynbraTs!
151 CTPYKTYPHBI (DYHKIME H NPaBHJ CYMM XOPOLIO COTIACYIOTCS C
BhIpa’KEHUAMHA, Haf JEHHbIMH paHee JPYTHMH MeTOJaMH, YTO CBHJE-

TEJIBCTBYET O PABHONPDABHH Pa3JIMYHBIX IOAXOAOB B paMKaxX KBAHTO-
BO# TEODHM NOJISI.
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PE3IOME

UIbUYEB AJIEKCAHIP HUKOJAEBUY ” Paauanuonssie 3¢ dexThl
B TJIyGOKOHEYIPYTrOM PACCESIHUY MOJISPI30BAHHBIX YACTHUIY ~
KJIFOUEBHIE CJIOBA: pafuan#oBHbie 3hHeKThI, NOIAPU30BaHHbIE YaCTH-
116I, TIYGOKOHEYTIPyTOe paccesiHue, snexTpociaabbie spdexTsr, KX/I kom-
NITOHOBCKOE PACCesiHAE, CISAYIONIee 3a JIHIAPYIONHUM IPHOIIKEHHAE.

[lonepeyrOE CeYeHre B NOJAPU3AHOHHAs ACHMMETPHS B IIyDOKOHEYTIpY-
rOM PaCCesTHUHY NOJIPU30BAHHbIX JIENITOHOB Ha, MTOJISIPA30BaHHBIX HYKJIOHAX
MCCIIeIOBAHB B PAMKAX CTAHAAPTHOM MOZENH JEKTPOCIabbix B3auMoeH-
cTBUit KaK Ha ODOPHOBCKOM YPOBHE, TaK ¥ C Y4ETOM PaJAHANHOHHBIX MONPa-
BOK. PACCMOTpPEHO Tax»>Ke PACcCesiHAE B CIydae MONepedHo NOIAPU30BaHHOR
MUTICHH. Y/ITPapeNATHBACTCKOE NPHOIMXKERNe ISl SIeKTPOMArHUTHOH!
7 S71eKTPOCIabol TONPABOK HU3MIEro MOPSIKA HaMJIeHO W3 TOYHBIX dop-
My [lonpaska BTOPOro NOPSAAKA PACCMOTPEHA B THANDYIOMIEM puOInXKe-
unn. Bce BeJMYMHBI IPEICTABIEHE! B KoBapHaHTHOM BHe. IIpejcrasiena
FORTRAN-nporpamma POLRAD 2.0 s BLIYHCIIEHHs] 3THX NMONPABOK.
UpcsteHHEbIH aHAJIA3 IPOBEJIEH C YI€TOM KAHEMATHIECKHX YCIOBHH KakK CO-
BPEMEHHBIX, TAK ¥ IPEJICTOANINX TOIAPU3ANHOHHBIX SKCIEPAMEHTOB. Pac-
cmoTpeHo noisipusanuonroe KX/ KOMITOHOBCKOE paccesHue.
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P93K0OMD

IJIbIYOY AJISKCAHAP MIKAJIAEBIY » Pagpisnuiiasist 3dbexTs:
Y rIIBIOOKOHATIDYTKIM pacCesiHHI najsphi3aBaHbIX YacI
KJIIOYABBISI CJIOBBI: pajbIAnbIfHbIA 3(DEKThI, NaISpPLI3ABAHLIS 9ac-
inbl, TILIOOKOHANpPYTKae paccesHHe, avexTpaciabbisi sdexTs, KX
KaMITOHAYCKae paccesiHHe, HACTYIIHAS 38 JIi3IpPYIOYbIM IphIbIiKeHHe.

[lansipsunae csi99HHE 1 NANAPBIBANBIXHAS ACIMETDBIA ¥ MILIOOKAHATIPYTKIM
paccesiHHI MNaJAPBI3ABAHBIX JIENTOHAY HA TNAJSADHI3ABAHBIX HYKJIO-
HaX JlacleflaBaHbl y  MeXaxX CTaHJapTHal Majaii SJIeKTpaciIadbix
y3aimMa/i3esiHHsTY K Ha GopHAYCKiM y3poyHi, Tax i 3 yaikaM paabIsimbiii-
HBIX ANPaBaK. Pa3IVIe[XKaHa TAKCaMa DACCesiHHE ¥ BhINAKY NaNsSpIIHa
naJisipbl3aBaHail MIIIHI. YABTPAPAWIATIBICIKAE MPBIOJIXKIHEE IS SJIEK-
TPaMarHiTHa# 1 sjekTpaciabait manpaBak HiXs#imara mapajika 3HORI3e-
Ha 3 Jaknajasbix ¢opwmya. [lampayka apyrora mapajixa pasriemXara
y MA31pYIO9YBIM NPLIOIIKIEHI. Yce BeNIYBIHBI MPAJCTaYIeHb ¥ KaBaphl-
sHTHBIM BhITIAA3e. [Ipancraynena FORTRAN-nparpama POLRAD 2.0
JJIsl BBUIIY9HHS T9THIX NanpaBak. JIikaBel aHani3 mpaBeis3eHsl 3 yiiKaMm
KIHEMATHIYHBIX YMOY SIK Cy4acHBIX, TAK 1 OYAyYbIX NajsiphI3anbIfHBIX
skcnepeIMeRTay. Pasriemkana nanspemansiinae KX kamnrorayckae
paccestHHe.

SUMMARY

A.N. ILYICHEV "Radiative effects in deep inelastic scattering of
polarized particles”

KEYWORDS: radiative effects, polarized particles, deep inelastic scattering,
electroweak effects, QCD compton scattering, next to leading order.

The cross section and polarization asymmetry of deep inelastic scattering
of polarized leptons by polarized targets both on the Born and radiative
corrections levels are investigated. Scattering on transverse polarized
targets is also considered. Ultrarelativistic approximations for lowest order
electromagnetic and electroweak corrections from exact expressions are
tound. The second order radiative corrections in leading approximation
are considered. All quantities in covariant form are presented. FORTRAN
code POLRAD 2.0 for calculation of these radiative effects is presented.
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The numerical analysis within kinematics of current and future polarized
experiments is carried out. Polarized QCD compton scattering is
considered.







