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Hea0esieBa kaanOpoBo4YHas Mojieb HA ocHOBe SO(2,1): TomoJioruyeckue
nedeKThl U KPUBU3HA METPUKHU MPH HYJIEBOH IVIOTHOCTH JHEPTUM

AHHOTaALUA

B pabore mnoctpoeHa kiaccuueckas KanuOpOBOYHAs MOJEIb Ha OCHOBE
HekoMmakTHOUW rpynnel SO(2,1) ¢ dopmoit Kuimunra curnarypst (+, —, —). I'pynmna
cofepxkuT komnaktHyto noiarpynmy U(1l) (renepatop Ks) u 1Ba HEKOMITaKTHBIX
redepaTopa Ki, K. PaccmarpuBaetcst péxmepHasi KOHQUrypaius — TOMOJIOTMYECKUN
Ae(eKT TUIa COJICHOWJa BJOJb OCU Z, CO3JAIOUIMI MHOTOCBSI3HOCTBH OKpY:Karollen
00JJaCTH W TOPOXKAAOIINI TOJIOHOMHUIO, BbIXonsdmyto 3a mpenensl U(1)-cexropa.
bazoBass koHGuUrypanus HCHOJAB3YET UWJIMHIPUYECKUH COJICHOUJ C OJHUM
TOTOJIOTHYECKUM KOHTYpPOM; OOCYXKIAIOTCSl TaKKe KOHUYECKUH U TOPOUJANIbHBIH
nedexTsl, obnagaronme 0osiee GoraToi TOMOJIOrUeH (J1Ba HE3aBUCUMBIX KOHTYpa), YTO
o0ecrneynBaeT MNPOEKIHIO AJIEKTPOMATHUTHOTO TMOTEHIMada BO BCE CEKTOPbI
HEKOMITAaKTHOU anreOpsl. [lokazaHo, 4To aH3al AJid MOTEHIMAIOB, COOTBETCTBYIOIIMX
HEKOMITAKTHBIM HAIpaBJICHUsIM, TOPOXKJaeT HeabeneBy caMOKpuBH3HY B Ks-
HaIlpaBJICHUH 4yepe3 kommyTtarop. Marepusi, Hecymas U(1)-3apsia, B3auMoOJelcTBYeT
TOJIbKO C DJIGKTPOMAarHUTHOW (JMHEHHOM) YacThl0 KPHUBU3HBI, TEH30p HHEPTUH-
MMIYJIbCa KaJIMOPOBOYHOIO TOJISI OMpEEssieTcsl MOJHON HeabeneBOl KPUBHU3HOU C

yuérom gopmbl Kmnunra. Curnartypa (+, —, —) J0MycKaeT KOHPUrypaiuu, Jexaliue
Ha «CBETOBOM KOHYCe» BHyTpeHHero npoctpanctpa: (F?)? = (F')? + (F?)?, uro npuBoauT
K HYJEBOM IUIOTHOCTH 3Heprud Ty = 0 TpH HEHYJNEBBIX MNPOCTPAHCTBEHHBIX

HampsokeHusix T # 0. Ilomydena oneHka mnomnpaBkM K MeTpuke Agij -~
G-g*-c*di*> hc/(c*1*). TlokazaHo, 4TO BakyyMHble ypaBHeHHs SHra—Mwica He
JOITYCKAIOT BEIIECTBCHHBIX PEIICHUH JaHHOTO THIA BCJCACTBHE HEKOMITAKTHOU
CUTHATYPBI;, 00CYKIaeTcst mHTepnpeTanus AedeKkTa Kak UCTOYHUKA. B quHaMudeckom
pexuMe 00CYK1aeTCs BO3MOKHOCTh BO30YK/IEHUS JIEKTPOMArHUTHOTO OTKJIMKA TIPH
MOJIYJISIIMU TOJOHOMHW BHEITHUM TPAaBUTAIIMOHHBIM BO3MYyIIeHHEeM. PaboTa HOCHT
TEOPETUKO-TIOJIEBOM XapaKkTep U HE MPETEeHAYET Ha KBAHTOBOE OMMCAHUE.

KiroueBble cnoBa: HeaOeneBa kanubpoBouHas Teopusi; SO(2,1); HeKOMITaKTHas rpymna
JIu; dopma Kwmnmunra; romonomus; 3dpdext AapoHoBa—boma; TOmoIOrHYeCKui
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,Z[G(I)GKT; COJICHOU A, TCH30p OHCPIUHU-UMIIYJIbCA, HYJICBAJA IIJIOTHOCTL OHCPIUHU,
UCKpHBJICHUE METPUKH; (2+1)-MepHas rpaBUTAIINS

Non-Abelian Gauge Model Based on SO(2,1): Topological Defects and Metric
Curvature at Zero Energy Density

Abstract. A classical gauge model based on the non-compact group SO(2,1) with a
Killing form of signature (+, —, —) 1s constructed. The group contains a compact U(1)
subgroup (generator K3) and two non-compact generators Ki, K,. A three-dimensional
configuration is considered: a solenoid-type topological defect along the z axis, which
makes the surrounding region multiply connected and generates a holonomy extending
beyond the U(1) sector. The basic configuration uses a cylindrical solenoid with a single
topological loop; conical and toroidal defects with richer topology (two independent
loops) are also discussed, which project the electromagnetic potential into all sectors of
the non-compact algebra. It is shown that the ansatz for the non-compact potentials
generates non-Abelian self-curvature in the K3 direction through the commutator.
Matter carrying a U(1) charge interacts only with the electromagnetic (linear) part of the
curvature, whereas the energy-momentum tensor is determined by the full non-Abelian
curvature with the Killing form taken into account. The signature (+, —, —) admits
configurations on the light cone of the internal space, (F?)? = (FY)? + (F?)?, which gives
vanishing energy density T = 0 while the spatial stresses remain non-zero, Tjj # 0. The
metric correction is estimated as Agi; ~ G-g?-c?-di?-hc/(c*-1*). It is shown that the vacuum
Yang—Mills equations admit no real solutions of this type because of the non-compact
signature, and the defect is therefore interpreted as a source. In the dynamical regime
the possibility of an electromagnetic response induced by modulation of the holonomy
through an external gravitational perturbation is discussed. The obstruction to non-
compact groups usually quoted in the literature does not apply here, since the
Hamiltonian density vanishes identically on the admissible set of configurations. The
paper is of a field-theoretical nature and does not claim a quantum description.
Keywords: non-Abelian gauge theory; SO(2,1); non-compact Lie group; Killing form;
holonomy; Aharonov-Bohm effect; topological defect; solenoid; energy-momentum
tensor; zero energy density; metric curvature; 2+1 dimensions

1. BBenenue

CranmapTHas KanuOpOBOYHAs TEOpUSA DJICKTPOMAarHeTU3Ma OCHOBaHa Ha
a6enepoii rpymnme U(1). O6o6menue Ha HeabeneBsl rpynmbl (Aara—Musica [1]) BBoaut
caMoJICHCTBUE uYepe3 KOMMYTaTop moTeHIuanoB. Kiaccuueckue HeabeneBbl MOICITH
(SU(2), SU(3)) ucrnoap3yrOT KOMITAKTHBIE TPYIIBI C OTPHUIATEILHO OMpPEaeIEHHOM
dopmoit KuiuinHra, 4to TapaHTUPYeT MOJIOKUTEIbHOCTh KUHETHYECKOTO 4YjieHa U
YHUTApHOCTb MIPU KBAaHTOBaHUH |2, 20].
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HekoMmakTHbIe KaTMOPOBOYHBIE TPYIIBI BCTPEUAIOTCS B TEOPETUUECKON (PU3HKE
IPEXKJIe BCEro B KOHTEKCTE CyIEprpaBUTAIIMK, KOHPOPMHBIX TEOpUN U TEOPUH CTPYH
[4, 20]. KanuOpoBoYHBIC MOIENIM HA OCHOBE HEKOMITAKTHBIX TPYIIN B YUCTOM Bue (0e3
MEXaHHW3Ma HApYIIEHUS CHUMMETPUU A0 KOMMIAKTHOM MOJTPYIIbl) CTATKUBAIOTCS C
npo0eMoii HeonpeeIEHHOCTH KHHETUYECKOTO YieHa — TaK Ha3bIBaeMOW po0IeMoi
«(paHTOMOBY (COCTOSIHUM C OTpUIIATeIbHON HOpMOHT) [2, 5, 20]. OnHaKo TOT 3ampeT He
SABJISICTCST A0COMOTHBIM. Pe3ynbTaT [5] OTHOCHTCS K KOMITAKTHOM KaauOpPOBOYHOU
TpYIIe MPU HEKOMIIAKTHOM TpyNIle MHBAPUAHTHOCTU U YTBEPKAAET, UTO B TaKOU
MIOCTAHOBKE HEHYJICBbIE HWHBApPUAHTHBIC PEIICHUS OKa3bIBAIOTCS  a0EJeBBIMU,
3aMeYaHMe KacaeTcsl TPYMNIbl MHBAPUAHTHOCTHU 0A30BOT0 MPOCTPAHCTBA, & HE CJOS, U
HEKOMITAKTHOCTU KaJMOpOBOUHOM Tpynmnel He 3arparuBaer. Tounsie SU(1,1)-
DKBUBAPHUAHTHBIE pelICHMs ypaBHeHUN fHra—Mmuuica B nmpocTtpancTtBe MUHKOBCKOTO
CYIIECTBYIOT, XOTSI U CHUHTYJSIPHBI Ha JABYMEPHOM THUIEPrOJIOHJIE, H3-3a YEro ux
JIEeUCTBUE M dHeprug pacxoasarca [6, 21]. B TpéX wu3MepeHUsIX HEKOMIIAKTHBIC
KaTMOpOBOYHBIE TPYMIBI JAIOT TMOCJIEI0BaTEIbHbIE AUHAMUYECKUE Teopuu: (2+1)-
rpaBUTAIMsl SKBUBAJIEHTHA KaauOpoBouHOW Teopuu ¢ rpynmoit ISO(2,1)/SL(2,R) u
TO4YHO paspemmma [17], conepxkur uépneie awippl BTZ [18], a TpéxmepHas Teopus
Snra—Muica ¢ rpynnoit SL(2,R) = SO(2,1) skBuBaneHTHa TpEXMEPHOI IpaBUTALIMH
DiiHiTeliHa ¢ (OHOBOM TJIOTHOCTHIO TEH30pa dHEpruu-uMityibca [19]. Apryment o0
OTCYTCTBUU OCHOBHOTO COCTOSIHUS MPHU HeonpeaenéHHou Gpopme Kunmunra onupaercs
Ha TOXIECTBO FAMUILTOHHAHA KBAAPaTHUHON popMme Kap F* FP u HempumenuM, korja
raMUJIbTOHUAH O0paliaeTcss B HyJb Ha MacCOBOM 000JIOUKE; UMEHHO Takasi CUTyallus
peasnnsyercst B paccMarpuBaeMoit monenu, riae Ty = 0 npu Tij # 0 (pa3gen 8). Tem He
MEHEE U3yYeHUE TAKUX MOJEJIEN Ha KIACCUYECKOM YPOBHE MPEJCTABIISIET UHTEPEC KaK
UCCIICIOBAHUE CTPYKTYPHBIX CBOMCTB HEaOCNIEBBIX TEOPUH C HEKOMIAKTHOM
CUTHATYpOH.

B nanHoit pabote paccmaTpuBaeTcs Kiaccuyeckas KaauOpoBOYHas MOJIENb Ha
ocHoBe SO(2,1) — rpynmbl, cOXpaHsIoneld KBaAPAaTHIHYIO (HOPMYy C CUTHATYpoit (+,
—, —). Anreopa Jlu SO(2,1) uzomopdna anredbpe SL(2,R) 1 coaepkuT KOMITaKTHYIO
noarpynmny SO(2) = U(1) (reneparop Ks), a Takxke ABa HEKOMIAKTHBIX reHepaTropa
Ki, K2 (6ycra). Beibop curnarypel (+, —, —) dopmbl Kwiinara mnpuBOguT K
«CBETOBOMY KOHYCY» BO BHYTpE€HHEM MpocTpaHcTe: yciosue (F?)? — (F')? — (F?)* =
0 ompenenseT HyJeBble HaNpaBJICHUS, aHAJTOTHUYHBIE CBETOMOJOOHBIM BEKTOpaM B
NpPOCTPAaHCTBE-BpeMeHU. Ha  Takux  HampaBleHUSX  IJIOTHOCTh  DHEPTHUU
KaIMOPOBOYHOTO MO oOpamiaercss B HyJb, B TO BpeMs KaK MPOCTPAHCTBEHHBIC
HaNPSIKEHUSI OCTAIOTCS HEHYJIEBBIMU.

Tonoyiorn4eckoii OCHOBOM MOJIEIIH CIIYXKUT COJICHOU — MPOTSHKEHHBIN O0BEKT,
CO3JAI0LIMI MHOTOCBSI3HOCTh OKpYyXaroleid o0nacTu. DTa KOHCTPYKLHS MPSMO
anamornuyHa 3ddexrty AaponoBa-boma [10, 11], rme comeHoun co3maéT
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HeTpuBHABHYI0 TrojioHoMHI0 B U(1)-cektope. B nmaHHON Mojenu TOJTOHOMUS
HAKJIOHEHA B IUIOCKOCTh HEKOMIAKTHBIX I'€HEPATOPOB, YTO MOPOKAAET MOTEHIUAIIBI
HEKOMITAKTHBIX CEKTOPOB KaK «TEHb» 3JEKTPOMArHUTHOIO MOTEHIMAA.

bazoBas koudurypamus, moapoOHO paccMmarpuBaemass B JaHHOW paborte,
UCIIOJIB3YET UHJIMHAPUYECKHUN COJICHOWJ BAOJIb OCH Z C OJHHM TOMNOJOTHYECKUM
KOHTYpOM (a3uMyTalbHBIM 00XOJ0OM) W OJHUM YIJIOM HAaKJIOHAa TOJIOHOMHHU O B
mnockocta (Ki, Ks). B aT0#t MuaMMansHON KOHGUTYpAITUi KOMIOHEHTA MTOTEHITHATA
A?, COOTBETCTBYIOIIAsi BTOPOMY HEKOMIAKTHOMY reHeparopy K, He omnpenensercs
roJIOHOMHUEH M J100aBiseTCs KaK HE3aBUCHUMBIN aH3all. EcTecTBeHHOE pazpelieHue
ATOr0 OTPaHUYEHUSI COCTOUT B Mepexoe K AedeKkTam ¢ 60Jee CI0KHON TOMOJIOTUEH.
KoHnuecknii COJICHOW, HAapyLIAlOUA TPAHCISILUOHHYI0 WHBAPUAHTHOCTH BJOJIb
OCH, BBOJUT BTOPOW (CBSI3aHHBIN) TOIMOJOTHYECKUN KOHTYpP BIOJb HAKJIOHHOMN
oOpazyromieit U BTopod yros HakioHa B B miockoctu (Ki, Kz). TopoumanbHbiit
COJICHOU]] — LWIMHAP, CBEPHYTHIM B KOJbIO, — 0OJagaeT ABYMs HE3aBHCHUMBIMU
HECTATUBAEMbIMU KOHTYypaMH (MEpUAMAHOM U MAapajulesiblo) ¢ (pyHIAaMEHTAJIbHOU
rpynnoit mi = Z X Z u o0ecrneyuBaeT Ba HE3aBUCHUMBIX yria HakioHa (o, (), 4To
IIO3BOJISIET BBIPA3UTh BCe Tpu moreHuuana A', A? A’ Kak OpOEKIUU OJHOTO
ANEKTPOMAarHUTHOro uctoyHuka. llogpoOHas mnpopaboTka KOHMYECKOW H
TOPOUIAIbHOM KOH(UTypalnuii BeIHECeHa B oOcyxjaeHue (paszaen 12); oCHOBHOMU
TEKCT NOCTPOEH I HWIMHAPUYECKOIO cilydasi, KAK MUHUMaJIbHON MOJENH.

®uznueckass npupona aedekTta  MOXKET ObITh  pa3IMyHOM —  OT
CBEPXMPOBOJSAIIETO COJIEHOUAA 10 K000 001acTH ¢ HETPUBUAIBHON ToNoJIoTHEN [8];
CYILLIECTBEHHBI TOJIbKO TOMOJIOTMYECKHE CBOMCTBA — MHOTOCBA3HOCTH OO0JACTH U

HeTpUBHUAIbHAS HyHIaAMEHTAIbHAS TPYIINA 1.

Mogenps onupaeTcs Ha TPU CTPYKTYpHBIX 3JjeMeHTa: (1) Tomomormyeckuit
nedext (cojeHouma), CO3MAOIIMM MHOTOCBSA3HOCTH 001acTu; (2) TOJIOHOMHUIO,
BBIXOs1YI0 3a Tipenenbl U(1)-cekTopa; (3) HeaOeleBy CaMOKPUBU3HY, BXOJAIIYIO B
TEH30p DJHEpPruM-uMIlyJibca, HO He B3auMmojeucTByomyo ¢ U(l)-3apsxeHHoit
Marepueii. Pabora HOCHUT TEOPETHKO-TIOJEBOM XapakTep; MmpobiemMa yHUTAPHOCTHU
HEKOMIMAKTHOTO CEKTOPAa OTMEUYEHA KaK OTKPBITHIM BOIPOC.

2. MaTtemaTuuyecKuii annapar
2.1. I'pynma SO(2,1) u eé anrebpa JIu

['pynma SO(2,1) — rpymnma JuHEWHBIX TpeoOpa3oBaHUl TPEXMEPHOTO
MPOCTPAHCTBA, COXPAHSAIONIMX KBaJpaTUuHyr (opmy c¢ curHarypou (+, —, —).
Anreopa Jlu SO(2,1) mnopoxnmaercs Tpemsi reneparopamu Ki, Ka Ks ¢
KOMMYTAIIMUOHHBIMU COOTHOIICHUSIMH:
[Ki, K2] =—1"Ks
(K2, Ks] =+1"Ku
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[Ks, Ki] =+1-K2

['enepatop Ks cooTBeTcTBYET BpaleHuio B miIockocTu (1, 2) — KoMIakTHas
noarpymma, uzomopduas U(1). I'erepatopsr Ki m Kz coorBeTcTByr0oT OycTam —
HEKOMITAKTHBIM IPEe0Opa30BaHUSIM.

[Mpunuunuansuoe omnure ot SU(2): B SU(2) Bce Tpu KOMMYTaTopa UMEIOT
3"ak mmoc: [T, T2] = +1Ts. B SO(2,1) nepBbiit koMMyTaTOp MMeeT 3Hak MUHyc: [Ki,
K:] = —iKs. OT0T 3HaK — mpsiMoe clie/ICTBHE HEKOMIAKTHON CUTHATYPHI U, Kak OyaeT
MOKa3aHo Jlajiee, UMEET CYIECTBEHHbIE (PU3NUECKUE CIEACTBUA.

2.2. CTpyKTypHbIE KOHCTAHTBI

KOMMYT&TOPBI 3aIIUCBIBAKOTCA flepe3 CprKTypHLIe KOHCTAHTHI Sabc:
[Ka, Kb] =i-e% K

s SO(2,1):

KommyTtartop CTpyKrypHas 3HaueHue
KOHCTaHTa

[Ki, K2] €12 -1

[K2, Ks] glos +1

[Ks, Ki] %31 +1

3HaK MUHYC B €*12 — eauHcTBeHHOE oTimuue oT SU(2), rae Bce € = +1.

2.3. ®opma Kunnunra

®opma KuinmHra — ectecTBeHHass MeTpuka Ha anredpe JIu, onpenensiemas
yepe3 CTPYKTYPHbIE KOHCTAHTHI:
Kab = €%d - Sdbc

Jnst SU(2): xap = diag(—1, —1, —1) — oTpunarensHo onpeaeneHa (ctTaHaapTHOE
COTJIALlIEHHE, MPU KOTOPOM KMHETHUYECKUN YJIEH MOJIOKUTENICH).

Hns SO(2,1): Kap = diag(+1, —1, —1) — curnarypa (+, —, —).

®opma Kummnara s anreopst SL(2,R) = SO(2,1) umeer curnarypy (2, 1) [7].
DOTO CcTaHAapTHBIA pe3ynbpTaT AuddepeHuanbHoil reometpun anredp Jlu:
KOMIAKTHBIE alreOphl MUMEIOT OTpHUIlAaTeNbHO ompeaenéHuyo (opmy Kumnmmara,
HEKOMMNAKTHbIE — HEOIPEICIEHHYIO.

Munycel niepen Ki m K: BO3HHMKAaOT NOTOMY, 4YTO 3TH TE€HEPATOPbl —
HEKOMITaKTHbIE (OyCThI), MOJO00HO TOMY, Kak OycTtel B rpynme JlopeHia narot
OTpHULATENbHBIN BKIaJ B HOpMY. KomnakTHbil renepatop Ks maét monoxuTenbHbIMl
BKJIA]I.
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®dusznueckoe 3HaueHue: Gopma KumnuHra ompenensier, ¢ KakMMH 3HaKaMu
BKJIaJ(bl PA3JIMYHBIX CEKTOPOB BXOAT B TEH30p 3HEprun-ummyibsca. Beioop SO(2,1)
BMecTo SU(2) — 3T0 BBIOOpP METPUKH BHYTPEHHErO MPOCTPAHCTBA, U MMEHHO OH
JieJ1aeT BO3MOKHON KOMIIEHCAIUIO BKJIAI0B CEKTOPOB.

3. KaaunOpoBo4YHbIE MOTEHUUAJBI 1 HANIPAKEHHOCTH
3.1. KanuOGpoBouHBII mOTeHIIHAI

KammbpoBouHnbiit moTeHnan — 3710 1-hopMa Ha MPOCTPAaHCTBE-BPEMEHHU CO
3HaueHHsIMU B anreope SO(2,1):
Au =AVCKE ALK+ A3 K
rae n=0, 1,2, 3 — npocTpaHCTBEHHO-BPEMEHHOW UHJEKC, a = 1, 2, 3 — BHYTpEHHHUI
nHAeKc. Beero 12 KOMIOHEHT.

3.2. KoBapuaHTHas1 IpOU3BOIHAS

KoBapuanTHasi mpou3BojHasi — OObIYHAS MPOW3BOJHASA ITUIIOC MOMpaBKa Ha
U3MEHEHHE 0a3uca BO BHYTPEHHEM IIPOCTPAHCTBE.

st kKamuOpOBOYHOTO OJIs (MPUCOCAUHEHHOE TIPE/ICTaBICHUE):
(DH V)a — 8u Ve + g'Sabc'Abp‘Vc
Bce Tpu norenunana A', A%, A’ 1eficTByIOT HETPUBUAIIBHO.
3.3. Hanpsixk€HHOCTD MO
[onHas HeabeneBa HANPIKEHHOCTE: Fy, = 0, A%, — 0, A%, + g e AP AS,
JIJIs 2JIEKTPOMArHuTHOTO cekTopa (a = 3):
Fuw= (00, A= 0, A’) — g (ATe A% - A2AlLY)
JIBa cmaraeMbIX — JIBa pa3HbIX (U3NUECKUX OOBEKTA!
F3o60man = OA3 — OA® — nneKTpoMarHuTHas 4acTh (BUIUT MaTEpPHUsI)
—g'[A', A’] — HeabeneBa caMOKpUBH3HA (BUAUT TOJIBKO I'PABUTALIMS)
OTH cnaraeMble UMEIOT pa3HOEe MPOUCXOKIECHUE U TTO-PA3HOMY B3aUMOJIEUCTBYIOT C
MHUPOM, XOTs 00a siexxkat B Ks-HampaBiieHHN BHYTPEHHETO TPOCTPAHCTBA.
3.4. YpaBaenus SAnra—Muica

VYpaBHeHus nBuxeHus 6e3 uctounukon: D, F** =0
PackpbiBas KOBAPMAHTHYIO MPOU3BOAHYIO: O F& + g-&¥- AP -FOW = 0

YpaBHEHUs IBUKEHUS COAEPKAT TOIBKO CTPYKTYPHBIE KOHCTAHTHI €%, HO HE
dopmy Kumnmnra wap. Curnarypa (+, —, —) BIHUSIET Ha TEH30P YHEPTUHU-UMITYJIHCA
(TON), Ho He Ha ypaBHeHus nBuxkeHus. Junamumka noneir B SU(2) u SO(2,1)
oJIMHaKoBa 1o (opMe; pa3Hulla — B 3HAKE OJHOUN CTPYKTYPHOU KOHCTaHTHI U B TOM,
KaK ToJisi BXOAST B rpaBuTanuio. OnHako, Kak OyJeT MoKa3aHo B paszjeine 3,
HEKOMIIAKTHAasi CUTHATypa HAaKJaJblBa€T HETPUBHUAIbHBIE OTpAHUYEHUS Ha
COBMECTHOCTh BAKYyMHBIX YPAaBHEHUI C aH3aLEM JJAHHOTO THUIIA.
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4. I'o10HOMHUS H TONOJOTHYecCKHe TeeKThI
4.1. MHOTOCBSI3HOCTH 00JIaCTH

PaccMoTpuM TMIMHAPUYECKYIO 00JIACTh MPOCTPAHCTBA C TOTOJOTHYECKUM
nedekToM — coJieHouIoM paauyca R Bmomb ocu z. O6macts BHe coneHonmaa (r > R)
MHOTOCBsI3HA: KOHTYp C, 00X0s1IUi COJICHOU ], HE MOXKET OBITh CTSIHYT B TOUKY. JTa
cuTyalnus mnpsMmo aHajmorudHa 3¢gdexty AaponoBa—boma [10, 11], rme coneHoun
CO31a€T HETPUBHUAIBHYIO TOJIOHOMHUIO ISl 3aPSHKEHHOW YaCTUIIBL, POXOIAIIEH MUMO
HETO.

[Ton Tomosiorunyeckum aeexToM B TaHHOW MOJENIN TOHUMAETCS 000N 00BEKT
C HMJIMHAPUYECKON CUMMETPUEH, CO3/Ial0IINI MHOTOCBS3HOCTD OKpYKalolel 00J1acTu.
Konkpetnast ¢uznueckas npupojia Aedekra HeCyleCTBEHHA JJI1 MOJIEIN: 9TO MOXKET
OBITh CBEPXIPOBOAAIIMKA cojieHoua (kak B 3ddexre AaponoBa—boma [10, 11]),
BbIpE3aHHas 00J1aCTh MPOCTPAHCTBA, UM UHON 00BEKT, HAPYIIAIOIIUN OJHOCBS3HOCTD.
Cy1iecTBEHHBI TOJIBKO TOMOJOTUYECKHE CBONMCTBA — MHOTOCBSA3HOCTH OOJIACTH U
HeTpUBHUAIbHAs (yHIaAMEHTaIbHAS TPYIINA 1.

4.2. T'omoHoMmust

['ononoMuss — pe3ynpTaT nmapajajielbHOro MepeHoca Mo 3aMKHYTOMY KOHTYpY C:
WIC] = P-exp(i-Pc A, dx¥)

PackpsiBas uepe3 reHepaTophl:

WIC] = exp(i-Pc (A',-Ki + A2, Ko + A3,-Ks) dx)

4.3. HakioHEHHAs TOJIOHOMUS

B cranpaptaom s dexre AaponoBa—boma [ 10] roioHOMUS TOPOKIAAETCS TOIBKO
Ks: Wag = exp(1:0-Ks), tae 0 = ed/h — AB-¢paza, ® — MarHuTHBIII NOTOK B
COJICHOUJIE.

B wnamel Monenu TrojJoOHOMHS HAKJIOHEHAa B IUIOCKOCTh HEKOMITAKTHBIX
reaepatopoB: W[C] = exp(i-0-(cos(a)-Ks + sin(a)-Ki))
IJIe 0. — yTOJ HAaKJIOHA TOJIOHOMUU (TOIMOJIOTUYECKUH MapaMeTp nedekra).

DuU3nYecKUii CMBICT: IPU 00XOJIE COJIEHOMAA MOJI€ MOBOPAYMBAETCS HE TOJIBKO
BOKpyT K (kak B 00bruHOM AB-3hdekre), Ho u Bokpyr Ki. Yrom o onpenenser cTeneHb
«3aMEIIMBAHUS) HEKOMIIAKTHOTO HaNpaBJ€HUS B TOJIOHOMHIO. BO03MOXHOCTH

HeabeIeBOoi TOJIOHOMUHY BOKPYT TOTIOJIOTHYECKUX Me(heKTOB 00Cy)maercs B padoTtax [3,
9, 11].

4.4. Tononoruueckas npupoja aedexra

Hedekt He BXOAUT B ypaBHEeHHs SIHra—Mmuiica kak UCTOYHUK (TpaBas 4acTh).
OH BXxoaMT uepe3 rpaHuuHble ycioBus. YpaBHeHus Dy Fa,uv = 0 onHu u Te xe Be3ne,
HO PEIICHHS Pa3IudaroTCs U3-3a MHOTOCBSI3HOCTH o0jact (cM. [12]).
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3apsna B MakcBese JledpekT B JaHHOU MOEeH

I'ne >xuBér B npaBoii yacTu ypaBHeHUs: B rpaHUYHBIX YCIO0BUAX

3acTraBJiseT pemeHne OBITH

Yro mesaet Cospgaér noJie
HETPUBHAJIBHBIM
. Ja (TomoJjiornyeckui
CoxpaHsiercs? Ja (JToxkabHbBIH 3aKOH)
WHBApPUAHT)
o I'106anbHBIH (TOOJIOTUA
Tun JlokaJIbHBIN

obJiacTn)

5. TpéxmepHblii aH3a1l A/ MOTEHUUAJIOB

5.1. IlocTanoBKa 3a1aun

PaccmoTpum HUIMHAPUYECKYIO 007acTh MPOCTPAHCTBA C TOMOJOTHYECKUM
nedexktTom — cosieHOUJOM paauyca R Bmonb ocu z. B otnuume ot miockoro (2D)
cilyyas, TIe UCIOJb3YIOTCA TOJIBKO KOOPAUHATHI (T, @), TpEXMEpHas KOH(PUTypaIus
(KOOpIAMHATHI T, ¢, Z) TO3BOJISIET MOJYUYUTh HETPUBUAIBHBIE HATTPSXKEHHOCTH BO BCEX
Tpéx cekropax F!, F2, F3, yTo HEoOX0oauMO ISl HETPUBUAIIBHOTO CBETOBOI'O KOHYCA
BHYTPEHHETO MPOCTPAHCTBA.

B naBymepHoM ciiydae (TOJBKO TIJIOCKOCTh I, () TpU KaauOpPOBOUHBIX
MOTEHIMAJIa B JIByX HAaNpaBJICHUSX HEU30€KHO Jal0T OJHY U3 KOMIIOHEHT
HaMpsOKEHHOCTH  PABHOM HYINIO, 4YTO OOEIHSIET CTPYKTYPY CBETOBOTO KOHYCA.
JloGaBieHne TpeThero HampaBieHUs z (BIOJb OCH COJIGHOW[Ia) YCTPaHSET 3TO
OTpaHUYECHHE.

5.2. DNEeKTpOMarHUTHBIN MTOTEHIINAT

A3, = c3 (B KOOpAMHATHOM 0Oa3uce), rae cs = 0/(2n), 0 — ¢dasza AaponoBa—boma.
Oto uncrtas kaimmbOpoBka: A* = c3*de = d(cs @), caegoBaTtenbHO Flosuun = 0 BHE
cosieHonAa. MaTepusi He PUKCUPYET JIEKTPOMArHuTHOE TOJIE.
5.3. [loreHunansl HEKOMIAKTHBIX CEKTOPOB
Amn3zar:
Alo=ci, Alz=di/r, Ar=co/r, Alp=cs

Bce octanbable KOMIIOHEHTH — HyIu. KomnonenTst A'y 1 A%, — IOCTOSIHHBIE
(uncTas kKanuMOpOBKA B (-HAMPABJIEHUU, ONpeaessiemMas roionoMueil). KoMmoHeHThb
A'; m A% cnagarort kak 1/r, 4To o0ecrnedynBaeT KOHEUHOCTh YHEPTUHU U COTJIACYETCS C
HUIUHAPUYECKOW CUMMETPHUEH.
Venosue $ A%, dp = 27-c, 3a1aéT rononommo W = exp(i-0-(cos(a)-Ks + sin(a)-Ku)),
rjae ci/cs = tan(a).
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Komnonenra A!; = di/r BI0oab OCH COJIEHOMAA — KJIOYEBOE OTiIH4YHE OT 2D-
cay4das. OHa mOpoXkaaeT JOTOJTHUTEIbHYIO HANPsHKEHHOCTH B K2-HampaBieHUH yepes
kommyTtaTop [Ks, Ki] = iK2. ®usnuecku 3Ta KOMIIOHEHTa COOTBETCTBYET MPOAOJIBHOM
CTPYKTYp€ TOJISI HEKOMITAKTHOTO CEKTOpa BJIOJbL OCH JAe(heKTa.

5.4. Hanpsbxéanoct (OPTOHOPMHUPOBAHHBIN Oa3HC)
B opronopmupoBanHoM 0Oazuce (f, ¢, Z) HEHyJIEBBIC KOMIIOHEHTHI

HANPsKEHHOCTH:
IInockocTh F1 F2 F3
T, ) g-c2-c3/r2 0 g-c1-c2/r2
(r',z) —d1/r2 0 g-c2-d1/r2
(¢9,2") ) g-c3-d1/r2 )

KitoueBoe otnuuue ot 2D-ciyuas: F?y, = g-c3-di/r> # 0. Komnonenra A'; = di/r
BJIOJIb OCH COJICHOMJa TOpOXKIaeT HampsbkEHHOCTh B Ko-HampaBneHum dyepes
kommyTtatop [Ks, Ki] = iKo.

Bce komnoneHTsl F? — yncto koMMyTaTOpHBIE (JTMHEITHAsI 4acTh paBHA HYJIIO,

MOCKOJIbKY A — umcTas kaauOpoBKka). MaTepusi, B3aUMOJICHCTBYIOIIAsT TOJIBKO C
F3 68, HE PUKCUPYET ITH MOJISL.
Komnonenta F'y; = —di/r> — nunelinas (0T npous3BogHON A';), nexut B Ki-

HarnpaBJeHUU (HEKOMITaKTHBINA CeKTOp) U He B3aumoaeiictByer ¢ U(1)-3apskeHHON
MaTepueH.

5.5. YcnoBue cBETOBOrO KOHYycCa
CgépTtka ¢ popmoit Kunnunra:
Kab.Fapc.Fb,pc = (2/1*)[g2-c22 (ci2 — ¢5?) + di2- (g2 c2? — 1) — g2-¢c32-di?]
VYcnosue Ty = 0 (CBETOBOM KOHYC):
g2-c?(ci? — ¢s?) + dlz.(g2.022 -1)- gZ'C32'd12 =0
IIpu ¢1 = ¢3 = ¢ (HakJIOH rojgoHOMUM o, = 45°): g2-(c22 —c¢?) =1
Otkyma: ¢z = V(c? + 1/g?)
DTO ycloBHE BCET/Ia UMEET BEIICCTBEHHOE PEIIeHHE IS JIFOOBIX C M g, UTO
oOecreurBaeT CyliecTBOBaHWE KOHPUTYpaluii Ha CBETOBOM KOHYCE.

5.6. ITpoBepka ypaBHeHui SAnra—Muiica
[ToncranoBka aH3ana B BakyyMHble ypaBHeHus D F** = 0 naér nars
anredpanvecKux yCIoBUM:
cireerg=2cs(a=1,v=09)
c>g?—c>g?2+1=0(a=1,v=12)
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3. cir—ci*+di?=0(a=2,v=r)

4, —2-.crrc2tesrg(c?+dir)=0(a=3,v=0)

5. cireargt+2:c2=0(a=3,v=2)
N3 ypaBHenuii (1) u (5) HEemocpeaCTBEHHO CIEAYET:
ci2-g>=—4

DTO HE HMeeT BEUIECTBEHHBIX peleHui. BakyyMmHble ypaBHeHUs SHra—
Musica He TOMyCKaloT BEIIECTBEHHBIX CTATUYECKUX KOH(PUTYpaLMil JaHHOTO THIIA.

[IpyunHa — 3HaK MUHYC B CTPYKTYpHOU KOHCTaHTe €*12 = —1 (kommyTatop [Ki,
K:] = —iKs5), 4ro sBnsieTcs OPSAMBIM NIPOSIBIEHUEM HEKOMIIAKTHOM CHUTHATYpbl
SO(2,1).

Jlnst kommnakTHOM rpymnmbl SU(2), rie €12 = +1, 3HaK B ypaBHeHHH (5) MEHSAETCS
U CHUCTEMAa CTAaHOBHUTCS COBMECTHOH. [IprumMHa HECOBMECTHMOCTH — HE «3amlper
HEKOMITAKTHOCTH» KaK TaKOBOW: MTOCJIEIOBATENbHBIE TEOPUU C HEKOMIIAKTHOM IPYyNION
B TpEXx wu3MepeHusx cymectByoT [17-19]. HecoBmecTHOCTh HakiaabIBaeTCs
KOHKPETHBIM CTAaTHYECKHM aH3aleM M JaHHON CUTHAaTypoOH, a HE TEOpUEH B LIEJIOM.
Curyanus comocraBuMa C pe3ydabTaToM [5], TZ€ IPU KOMIAKTHOM CJIO€ U
HEKOMITAKTHOM TpYyIlle WHBAPUAHTHOCTH HEHYJIEBbIE WHBAPUAHTHBIE PEIIEHUS
CBOAATCS K a0eJeBbIM: 3alpeT ONpeNeNsieTcsl CHUMMETpUEd pelleHus, a He
HEKOMITAKTHOCTBIO TPYMIIBI.

5.7. UaTepnperamnus: 1eeKT KaK HCTOYHUK

EcrecTBeHHas MHTEpHpeTanus COCTOUT B TOM, YTO TOIMOJOTHYECKUN AedeKT

(coneHoun 1) BBICTYNAaeT UCTOYHUKOM KaJTuOpPOBOUHOTO TOJIS:

DH Faw = \]a’vne(pem

riae Ja,vaiedeKkT — TOK, JIOKaJIM30BaHHBINA BHYTpH cosieHoua (r S R). BHe conenonna
(r >>R) an3zan npenacraBiseT NpUOIMKEHHOE pEIleHUE, ONpenesieMoe TOMOJIOTHEH
(ronoHoMuEN) W TpPaHUYHBIMH YCIOBUSMH, @ HE BaKyyMHBIMHU YpaBHEHUSMH.
Amnanorus: B 3p¢dexre AaponoBa—boma [10, 11] BeKTOpHBII NOTEHIMA BHE COJIEHOM 1A
— 4YHCcTas KaJIMOpOBKa, ompejesisieMas TOMOJIOTHEH, a HE BaKyyMHBIM pEIlIeHHEM B
CTporom cMmeiciie. IloTeHnman BHe cOIeHON 1a YOBIETBOPSAET BAKYyMHBIM YPaBHEHUSM
MakcBemia, HO €ro HETPUBHAJIBHOCTh (HEHYyJIeBas TOJIOHOMHs) 0OyCiIOBIeHa
TOMOJIOTHENW OOJACTU M TPAHMYHBIMU YCJOBHUSIMU Ha COJICHOMJIE, a HE JIOKAJIbHBIM
UCTOYHHUKOM B MPABOM YaCTH.

CBeroBoil koHyC U ycnoBue Ty = 0 ABASIOTCA CTPYKTYpPHBIMU CBOMCTBaMU
dopmbel KunmnuHra u HE 3aBHCSAT OT BBIMOJHEHHUS ypaBHEHHUH IBIKCHUS: Jt00as
KoH(purypauus Ha cBeToBoM KoHyce Aa€t Ty = 0 mpu Tjj # 0, HE3aBUCUMO OT TOTO,
YAOBJIETBOPSIET I OHA BAKYYMHBIM YPaBHECHUSIM.

6. KommyTaTopHBIil MeXaHU3M
6.1. DIEeKTPOMarHUTHBIN CEKTOP
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C yuérom 3D-aH3ana nojgHas HeabesneBa HanpsHKEHHOCTH B Ks-HampaBieHuu:
Frp = (0 A% = 0y A%) — g (A'r A% — A% A'y)

[TepBoiii wien (oObraHas mpousBogHas) = 0 (uucras kaauOpoBka). Ocraércs
KOMMYTaTOpHasi 4acTh:
Fop=gcirc/r*#0

AHaIOTUYHO:
Fr,=gcadi/r?#0
F3,, =

0z

Bce komnonenTsl F? — uncto kommyrtaropusie. [Ipubopsr nokaseiatoT E = B
= 0 (F?6uan = 0), HO moaHas HeabeseBa KpuBu3Ha F3 oy 7 0.

6.2. Hanpssk€HHOCTH HEKOMITAKTHBIX CEKTOPOB
F';p = g-c2 c3/r* (KOMMyTaTOpHAs)
F';; = —di/r* (nuHeitnas)
F?,, = g-cs-di/r* (kommyTaTopHas)
[1Th HEHYJEBBIX KOMIIOHEHT B TPEX IJIOCKOCTAX — CYIIECTBEHHO OoJee
ooraras CTpyKTypa, uem B 2D-ciyuae.

6.3. IIpoBepka ycinoBus KOHyca
[Ipu c1 = c3 = c: (F?)2cpum = g2 C?C2%/1r* + g2 co>di?/1r*
(F)2cyum T (F2)2cyum = g2-c?-c22/r* + di?/r* + g?-c*-di?/1*
Venosue (F2)* = (F')? + (F?)*: g*-c2?(c? + di®) = g>-c?c2® + di? (1 + g*-¢?)
Otkyna: g*c2? = g*c*> + 1, 4To coBmajgaeT C pe3yabTaroM paszaena S.5.
Kondurypamus gexuT Ha CBETOBOM KOHYCE.

7. MaTepusi 1 rpaBUTALNA: IBA NMPEACTABJICHUA
7.1. KitoueBoe paznnuue

Mopgens OCHOBaHa Ha TOM, YTO MaTe€pus M TpaBUTALUS «CMOTPSAT» Ha
Hea0eNleBO COCIMHEHUE U3 PA3HBIX MPEJACTABICHUN TPYTIIIH:

Marepus I'paBuranusa
[TpencrasiieHue U(1) c SO(2,1) [Tpucoenuuénnoe (adjoint)
KoBapuanTHas mpousBoHast D,y = 0.p + ie-A3,-p (DuV)2 = 0,V2 + g-e2pc-Ab,-Ve
Yrto «BUAUT» Tosnpko A3 Bce Tpu A2
KommyTartop [D,D] ie F3o5pmu g- &2 FPonu- Ve

7.2. SIBHOE BBIYUCIIEHUE U1 MATEPUU
KoBapuantnas npousBoanas marepuu (U(1)-3apsia, Tonbko Ks):
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Dyy =0,y +ieAy

Kommyrtatop: [Dy, Dy] y =1ie (O, A3, — Oy A% v = ie'FPoppmum v W

A' 1 A? He BXOJAT B MPOU3BOJAHYI0 — KOMMYTAaTOPHOMY YJIEHY HEOTKYZa B3SThCS.
[Tpu A3 = 0y: [Dy, Dy] w =10

Marepus He uyBcTByeT HUuero. s npubopa E =B = 0.

7.3. SIBHO€E BBIYMCIIEHUE I TPABUTALIUU

B npucoenunénnom npeacrasnenun: [Dy, D] V2 = g€ FProm e V©

3nech FPuo — TONHas HeabGeneBa HANPKEHHOCTH CO BCEMH KOMMYTATOPHBIMHU
uneraMu. s b = 3: FPromuw = Flospmny — g [Aly, A%

IIpu Fy65un = 0 0CcTa€TCs KOMMYTAaTOpHAs 4acTh — I'PaBUTALUsA €€ «BUIUTY.

7.4. Ananorusa ¢ KX]J[

AHanoru4Hass CTPYKTypa CYIIECTBYET B KBAaHTOBOW XPOMOJUHAMHUKE.
['mroonnoe nose SU(3) uMeeT SJHEPTUI0 U UCKPUBIISIET TPOCTPAHCTBO-BpEMs. AJPOHBI
(IpOTOHBI, HEUTPOHBI) — IIBETOBBIE CUHIJIETHl U HE B3aUMOJIEUCTBYIOT C TJIFOOHHBIM
MIOJIEM HAIMpSIMYI0. DTa aHAJIOTUSl CTPYKTYPHO KOPPEKTHA: MaTepus B HaIIEd MOJEIU
HecéT U(1)-3apsaa (aHAJIOT «CHUHTJIETa» OTHOCUTEIbHO HEKOMITAKTHBIX CEKTOPOB), a
rpaBUTAllUsS YyBCTBYET MOJHYIO KPUBU3HY.

OnHako BaXXHO OTMETUTH KitoueBoe otiaumuue. B KXJ[ rirooHsl camu HecyT
1BETOBOM 3apsij (ambroHKTHOE npeacTaBieHre SU(3)), 1 IBETOBOM CEKTOpP KBAHTOBaH
1 yHUTapeH, nockoiabky SU(3) — KoMITakTHas rpymnia ¢ OTPULIATENIBHO ONpeAeaEHHOM
dopmoit Kunnnnra. B Hatieid Mmojienu HEKOMITAKTHBIN cekTop (reHepatopsl Ki, K2) He
YHUTApPEH: TP KBAHTOBAHUU OH MOPOKJIAET COCTOSIHUS C OTPULATEIBHOW HOPMOH |2,
5, 20]. Takum o6pa3zom, ananorusi ¢ kondaitnmentom B KXJI siBsieTcst CTpyKTypHOI,
HO HE PACHpPOCTPAHSETCS HAa KBAHTOBBIE CBOMCTBA. Monenb B €€ TEKyIleM BUIE —
KJIACCUYECKass KOHCTPYKIMS; BOINPOC O KBAHTOBOM CTaTyce MOJEH HEKOMITaKTHBIX
CEKTOPOB OCTAETCS OTKPBITHIM.

8. TeHn3op ’Heprun-uMMNyJbca 1 HCKPUBJIEHNE METPUKH
8.1. IToctpoenune TOU
TeH30p SHEPTUU-UMITYJIbca KaTMOPOBOYHOTO TTOJIS:
T = Kao Foup FOP, — (1/4)° gy Kap FAPO-FOP0
3necw F, — monHast HeabeneBa HAPSKEHHOCTH (C KOMMYTAaTOPOM), Kap = diag(+1, —1,
-1).
8.2. IInoTHOCTH PHEPTUHU
T o (F?)2 — (F')2 — (F?)?
Ha cBetoBoMm konyce SO(2,1): (F?)*=(F')*+ (F*)>* > Ty =0
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Hea6eneBa kanuOpoBouHas Mozens Ha ocHOBe SO(2,1): Tomonoruueckue neeKThl U KPUBU3HA METPHKH IIPH HYJIEBOU INIOTHOCTU DHEPTUU

HyneBas MIOTHOCTh PHEPrUU MPU HEHYJIEBBIX MOJAX. DTO TOIMOJIOrHYEcKas
KOHGUTYpalys HanpsHKeHUH 0e3 INIOTHOCTH PHEPrHH B JAHHOW CHCTeME OTcuéra,
aHajoru4yHasi ceeronogooHomy Bexkropy B CTO.

8.3. IIpoctpancTBennsie HanpsixeHus (3D, ¢1 = ¢s = ¢)

Ha cBeTtoBOM KoHyce (g*:c2? = g*:c* + 1):

Te=g>c?d?rt, Tye=—-g>c>di?/r*=-Tw, T;=0

Te, =g ccardi’(g-ca + 1)/1* # 0 (caBUroBO€ HaNpsKEHUE)

PaananbHOE M a3uUMyTalIbHOE HAMPS)KEHUSI PABHBI 110 MOAYJIO U MPOTUBOIOIOKHBI
no 3HaKy — uucThid caBur. Kommnonenrta T,; = 0 cormacyercst ¢ TpaHCISITMOHHON
MHBAapUAHTHOCTBIO BJI0JIb OCH cojieHouaa. HenyneBoe cnpurosoe Hamnpsixenue Ty, —
crieriuuyeckas ocooeHHocts 3D-koHpurypanuu, oTcyTcTBytomas B 2D-cnyydae.

8.4. I[lonpaBka Kk METpUKE
W3 ypaBHennii DitHmreitna: Agj; ~ (G/c*)-Tij ~ G-g*-c* di* hc / (c*17)

MHuoxurenb IIpoucxoxaenue

c2 =(0/2m)2 AB-da3a (rmapameTp roJIOHOMUN)
di12 AMnuTyz1a TpOA0JAbHON KOMIIOHEHTHI Al,
G/c4 I'paBuTaniioHHAA IOCTOAHHAA
1/r4 PagmanbHOE 3aTyxaHue

g2 Koncranra cBA3u
hc Macmrab kBaHToBaHus (A€ = 3,16-10726 J3x-m). [Ipu d1
Pa3MEPHOCTH JJTUHBI BCE BhIPaXKeHHE Oe3pa3MepHO

9. CrtaTn4yecKuil pe;KuM: HCKPUBJIeHHE 0e3 3JIeKTPOMATHUTHOTIO MOJIA

9.1. Pe3toMe CTaTU4YECKOTO peKUMa

B cratuueckoM pexxume MoAeNb Ta€T:

Jns mpubopoB: E =B = 0 (F3o6uus = 0)

Jlia rpaButauuu: Ty = 0, Tij # 0 (MCKpUBIEHHE METPUKH)

Mexanusm: kommyTtaTop [A'!, A?] — HeabeneBa caMokpuBu3Ha F3yom # 0

3ammTa: cBeroBoil koHyc SO(2,1) rapantupyer Ty = 0, kak cUMMETpUHHBIN
WHBapHUaHT

9.2. Ilpupona HeabeneBOM cCaMOKPUBU3HBI
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BaxHO NOAYEpKHYTh: KOMMYTAaTOpHAs 4acTh F? — HE 3JIEKTPOMAarHUTHOE TOJIE.
D10 HeabeyneBa CaMOKpPUBHU3HA COEJUMHEHMS, B3aMMOJICUCTBYIOIIAS C IpaBUTAIUEH
yepe3 TeH30p PHEPrUu-UMITyJIbca, HO He B3auMmojeicTByomasa ¢ U(1)-3apsxenHoit
Matepueil. DneKkTpoMarHuTHas 4acTh (0OA®) paBHa Hyr0; HeabemeBa dacth (g-[A’,
A?]) HeHyleBasg, HO OTO IOJ€ HOBOM TMpPUPOABI — CAMOKPUBHM3HA TMOJIEH
HEKOMITAKTHBIX CEKTOPOB, clipoelnpoBaHHas B Ks-HanpasieHue.

9.3. CaBUroBo€ HalpsKeHUE

B 3D-kondurypamnuu nosiBisieTCsl JOMOJTHUTENIbHAS CTPYKTypa — CABUTOBOE
HanpsokeHue Ty, # 0. DTO 03Ha4aeT, 4YTO UCKPUBJICHUE METPUKH UMEET HE TOJIbKO
paananbHO-a3UMyTalIbHbIN (Kak B 2D), HO u cnupanbHbiil xapaktep. CaBuronoe
HalpsHKeHUE MPONOPLMOHANIBHO NMPOU3BEACHUIO (g'c2 + 1) u oOpaimiaercs B HYJIb
TOJIBKO TPU CIIEIIMATIEHOM BBIOOPE KOHCTAHTHI CBA3H.

9.4. KoHuenTtyanbHasi cxema

[TonHas nenoyka MexaHU3Ma B CTATUYECKOM PEKUME:

ConeHounp co31a€T MHOTOCBSI3HOCTh 00JIaCTH — HETPUBHAJIbHASL TOJIOHOMHMS.
["osloHOMUS HaKJIOHEHA B HEKOMIIAKTHYIO0 MII0cKoCTh SO(2,1) — nmoTenuuansr A', A2
KommyTtatop [A', A?] — HeabeneBa camokpuBu3Ha F2omm # 0.

Martepus BUIUT TOIBKO F3o6mn =0 — E=B =0.

I'paButanus BUIUT F305 gepe3 TOU — Ty = 0, T # 0.

®opma Kwinunra (+, —, —) — cBetoBoii koHyc — Ty = 0 mpu Tj; # 0.

Henynessle HanpsiKeHUs1 — UCKPUBIEHUE METPUKU Agjj # 0.

DneKTpOMarHUTHBIN UHBapuaHT (uucTas kanuOpoBka, E = B = 0) renepupyet
yepe3 HEKOMITAKTHYI0 CTpYKTypy SO(2,1) moTeHuunanoB HEKOMMNAKTHBIX CEKTOPOB,
KOTOpblEe 0€3 pealbHbIX MOJIEW CO3/1al0T «HANPSHKEHHBIE» KOMIIOHEHTHI TEH30pa
ASHEPrUU-UMITYJIbCA MPU HYJIEBOW IUJIOTHOCTA SHEPTUU U TEM CAMBIM MPOSIBISIOT
rpaBHTAIIMOHHBIC YD (PEKTHI.

10. JIuHamMuyeckuid  pe:xxuM: oO0paTHas  MNPOEKHUA U peajibHbIE
3JIEKTPOMATrHUTHBIE MOJIsI
10.1. inest oOpaTHOM MPOEKIIUU

Yron cmemmBaHus o0 — 3TO yroJ BpaiieHus B minockocTu (Ki, Ks) BHyTpeHHero
npocTpaHcTBa. Bpamenue obpatumo: ecnu npsmas npoekius (Ks — Ki) unér ¢
ko3¢ durnrentom sin(a), To oopatHas (Ki — Ks) — ¢ Tem xe koahpuureHToM:
A3“ off — sin(a)-Alp

10.2. Korna obparnas npoekius naét peansueie E/B
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B cratuueckom cimyyae A' = sin(a)'A* = sin(a)'0y — NOpOEKIUsS YUCTOM

kanuOpoBku. OOpaTHas MPOEKIUSA:
Aot = Sil’l(()()'A1 = sinZ(a)-ax
DTO TOXkEe uncTast KanuopoBka — F3o5qn = 0. PeanibHOTO MO HET.

B auHaMu4yeckoM cirydae MmoJjisi HEKOMIAKTHBIX CEKTOpPOB A', A? BO30YKIEHBI
HE3aBUCUMO — HE KaK MpoeKIus A® = 0y, a OT BHEIIHETO BO3MYyIIeHus. Toraa:
F3o6eman0i = SIN(a)-(GtA'i — GiAlg) # 0 — peanpHoe E
F3 o6emamij = SiN(a)-(GiA'] — 0jA'i) # 0 — peansHoe B

OO6cyxaeTcss BO3MOXKHOCTh TOT'O, UTO KOJICOTIONIUECS TMOJs HEKOMIAaKTHBIX
CEKTOPOB MOTYT MOPOXKJATh peabHbIE IEKTPOMArHUTHBIE BOJHBI Y€pe3 MEXaHU3M
00paTHOM MPOEKITUH.

10.3. McTOYHMKHN HE3aBUCHUMOTO BO30YKICHHS MOJIENl HEKOMIIAKTHBIX CEKTOPOB

['paBuTanimoHHass BojaHa yepe3 aedekT. I'paBUTallMOHHAs BOJHA MOAYJIUPYET
METPUKY — MeHsET 3)PEKTUBHYIO T€OMETPHUIO KOHTYpa FOJIOHOMUU — MTOTEHIUAJIbI
HEKOMITAaKTHBIX CEKTOPOB HA4yMHAIOT KojebaTbCsi — oOpaTHas MNpoeKuus JIaér
ANEKTPOMArHUTHBIA CUTHAIL.

Mopynsauusi napaMeTpoB cojieHouJa. M3mMeHeHne MarHuTHoro noroka @ B
COJICHOMJE WM BpalleHHEe COJICHOMJa MeHsAET 3(PQPEKTUBHYIO TOJOHOMHIO CO
BpEMEHEM — K0JIeOaHUS M0l HEKOMIAKTHBIX CEKTOPOB — MepeMeHHbIi E/B.

10.4. DHepreruueckuii Oananc

B cratuke Ty = 0, Tj; # 0 — ynpyrue HanpsikeHHs! 6€3 MIOTHOCTH SHEPTUU B
NaHHOU cucteme orcyéra. [Ipu nepexone B nuHaMuKy 4acthb Tij KOHBepTUpYeTCs B Tyt
(anexTpomarnuTHas sHeprus). Cucrema CXOJHUT CO CBETOBOrO KoHyca — T > 0, HO
nossbii Ty, coxpangercs.

AHaJorusi: HaTsiHyTas CTpyHa (HampsikeHust 0e3 macchl mokost). OTnycTun —
KOJIeOJIeTCs, MOSABIAECTCS KHHETUYECKasi SHeprus. DHeprus 0epeTcs U3 HaNpsKEHUH.

11. O0paTHas cBSI3b reOMETPHH U KAJTUOPOBOYHOM CTPYKTYPHI
11.1. 3aMKHYTBIN LUK
Monenb peain3yeTt IByCTOPOHHIOIO CBS3b:
1.Tomosioruss — TOTEHLMAJIbl HEKOMIIAKTHBIX CEKTOPOB: COJICHOMJ CO3JaéT
MHOTOCBSI3HOCTh — T'OJIOHOMUST — aH3all giad Al, A2
2.1loTeHumansl — reoMeTpusi: KOMMyTaTtop — HealeneBa KpuBu3Ha — T,y —
VCKPUBJIEHUE METPHUKHU.
3.'eomeTpusi — MOTEHUMANIBI: UICKPUBJICHUE MEHSIET JI0MYCTUMbIE TOJJOHOMUU U
TpaHWYHBIE YCJIOBUA —  CTAaOWIM3amusl WA  TOAABICHUE  TOJICH
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HEKOMITAKTHBIX CEKTOPOB — B JTWHAMHYECKOM PEKHUME — BO30YXKICHUE
peanbHbIX E/B.

11.2. MexaHu3Mbl 0OpaTHOU CBSI3U

W3MeHeHre TOJIOHOMUM: B HCKPUBIEHHOM MPOCTPAHCTBE JIUHBI M YIJIbI
KOHTYPOB MEHSIIOTCSI, YTO MEHSIET JOYCTUMYIO TOJIOHOMHIO.

O¢ddexTuBHBIE NCTOYHUKH: KOBApHAHTHAS MPOU3BOAHAS B HCKPUBIEHHOM
MPOCTPAHCTBE COJICPKUT CBAZHOCTH [, 4TO MOAUDHUITUPYET CTPYKTYPY PCIICHHIA.

Tomonoruyeckue OrpaHUYCHUS: KPUBU3HA MOXKET MEHATH (DYHIaMEHTAIbHYIO
rpynny IpoCTPaHCTBA, pa3pellasi Uiy 3alpenias OonpeaeaIEHHbIE TOJJOHOMUHU.

11.3. Bo3amokXHOE HanpaBJIEHUE IKCIIEPUMEHTAIBHON MTPOBEPKH

[IpoxokaeHne TpaBUTALMOHHOW BOJHBI 4epe3 001acTh C TOMOJOTHYECKUM
nedeKToM (COJEHOMAOM) MOXET MOAYJIUPOBaTh TOJOHOMHIO — BO30YyXJIaTh
KoJeOaHusl ToJIeW HEKOMIAKTHBIX CEKTOPOB — uepe3 OOpaTHYI IPOEKIHUIO
NOPOXKJAATh  JJIEKTPOMATHUTHBIM  CHTHAJ. OJTO  BO3MOXXHOE€  HAalpaBJEHUE
SKCIEPUMEHTAIIBHOM  MpPOBEPKU,  TpeOyromiee  KOJUYECTBEHHOM  OLIEHKHU
YYBCTBUTEJIBHOCTHU CYIIECTBYIOIIHNX JE€TEKTOPOB.

12. O0cyxnenue
12.1. Yto Takoe noJisi HEKOMIAKTHBIX CEKTOPOB

[Tons A', A®> — HeabOeneBbl KaauOpPOBOUHBIC TMOJISI, COOTBETCTBYIOIIUE
HekoMnakTHbIM TeHepaTtopam Ki, Ko rpymmer SO(2,1). OHu He SBISIOTCA
AIEKTPOMArHUTHBIMHU MOJISIMH U HE B3auMoieucTBYI0T ¢ U(1)-3apsikeHHON MaTepueH.
NX enuHCTBEHHOE NPOSABICHUE B CTATUYECKOM PEKUME — BKIJIAaJ B TEH30P dHEPIrUU-
MMIIyJIbCA, MCKPUBIIOIIAN MPOCTPAHCTBO-BpeMs. B IMHaMHUYECKOM pexuMe
o0cyKaeTcsi BO3MOKHOCTh X OOpAaTHOM MPOEKIIUU B peabHbIE AJIEKTP OMAarHUTHbIE
ITOJIA.

12.2. Ananorusa ¢ KX/|

CtpykTypa «MaTepusi HE BHUIWT, TpaBUTALUd BHAUT» HE ABIIAETCS
MPOU3BOJIBHOM  TUMOTE30M. ITO  CcTaHAapTHas  CTPyKTypa  HeabeJaeBhIX
KamnOpoBouHbIX Teopuit: B KXJ[ 1BeTOBbIE CHHIIETHI HE B3aUMOJICUCTBYIOT C
TJIIOOHHBIM TIOJIEM HAMpsIMYyH0, XOTS TJFOOHHOE I0JI€ UMEET YHEPTUI0 U UCKPUBIISIET
IpPOCTPAHCTBO (CM. paznen 7.4 nis o0CyXAeHUs OrpaHUYEHUN STOM aHAJIOTUH ).

12.3. Ponb popmer Kunnunra
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®opma Kununra kap = diag(+1, —1, —1) — He dopmanbHocTh. OHa onpenenser
3HAKH, C KOTOPBIMH BKJIaJbl CEKTOPOB BXOJAT B TEH30p DHEPTUH-UMITYJbca. BeIOOp
SO(2,1) Bmecto SU(2) nemaetr Bo3moxkHO#M kommeHcanuio (F3)* = (F')? + (F?)? u,
caenoBartenbHO, Ty = 0. B SU(2) Bce 3Haku 0JMHAKOBBI, 1 KOMIIEHCAIIMS HEBO3MOYKHA.

12.4. OrpaHnyeHus U NEPCIEKTUBBI

VYpaBHenus asuxkeHus. 1lokazaHo, 4To BakyymHbIe ypaBHeHHs SHra—Mmiuica He
JOMYCKAIOT BEILECTBEHHBIX CTAaTHMYECKUX pelIeHUW aaHHoro Ttuma (paszaen 5.6).
Pazpemienue TpebyeT nubO0 yuyé€ra MCTOYHHKA (TOMOJOTHMYECKOro nedexrta), audo
BBIX0/1A 3@ PAMKH CTaTHYECKOTO aH3aua. [Ionck HecTamoHapHBIX PEIIEHUN SABIISIETCS
OTKPBITBIM HAIIPaBICHUEM.

HUctounuk A? u tononorus aedexra. B momenu ¢ HMIMHAPUYECKUM COJICHOUJIOM
(pazmen 5) xommoHeHTa A? = cC2/r no0aBjieHa KaKk HE3aBUCUMBIA aH3all, e€
TOMOJIOTUUECKOE MPOUCXO0KICHUE HE ONPEeeeHO TojoHoMuen nedekra. [Ipununna —
OUIMHIpUYECKass CUMMETpPHs: OCEBas CHMMETpPUS IUIIOC  TPaHCISALHOHHAS
MHBApUAHTHOCTh BJOJIb Z (GUKCUPYIOT IJIOCKOCTh HakjoHa rosoHomuu B (Ki, Ks) u
HE TMPEJOCTaBIISIIOT HE3aBUCUMOIO TOIOJOTMYECKOrO0 KOHTypa, CIOCOOHOTO
TEHEpUPOBATh NMpoeKunio B Kz-Hanpasienue. B paMkax HHIMHAPUYECKON TEOMETPUH
KOMIOHEHTa A% HE MOXET OBbITh BBIpAXKEHA Uepe3 MIEKTPOMArHUTHBINA MOTeHITHAT A®
U octaércs cBOOOAHBIM MapaMeTpoM. EcTecTBeHHOe paspelieHue COCTOUT B
yClokHeHUuU Tomnosiorun Aedexrta. [lunuuap obnagaeT OJHUM HECTATMBAEMBIM
KOHTYPOM (a3uMyTaIbHBIM 00X0J0M BOKPYT OCH) U (DyHIaMEHTAJIbHOU Ipynmnou m =
Z. Tlepexon k nedexkraM c Oojee Ooratoil TOMOJOTHENH BBOJMUT JOIMOJHUTEIHHBIC
HE3aBUCHMBIE KOHTYPBI, KaXblil U3 KOTOPBIX MOXKET NOPOKAATh CBOM yroi HaKJIOHA
TOJIOHOMHH BO BHYTPEHHEM NMPOCTPAHCTBE.

Konunueckuii nedekt. 3aMeHa HWIMHIApPA Ha KOHYC HapyllaeT TPaHCISIMOHHYIO
WHBApPUAHTHOCTh BJOJb OCHU: OOpa3yiolias KOHyca HAaKJIOHEHAa, CBA3bIBas
a3MMYTAIBHOE W  MNPOAOJIBHOE  HAaNpaBIE€HUsA. IJTO  MOPOKIAAET  BTOPOM
TOTIOJIOTUYECKUN KOHTYpP — BJOJIb 00pa3yromieil — U, CJIeI0BaTeIbHO, BTOPOH yroJ
HaksoHa 3 B uiockoctu (Ki, K2). IIpu aTom A? BeIpaxaercs Kak mpoekius A gepes
B, n mpoOJyieMa UCTOYHHUKA CHUMAETCS. YTOI 3 onpeensiercs yriioM pacTBopa KOHyca
— reOMETPUYECKUM MapaMeTpoM, HE HE3aBUCUMBIM OT 0. Takum 00pa3zoM, KOHYC —
IIPOMEXKYTOUYHAS TOMOJIOTUS: BTOPOM KOHTYP MOSIBIIIETCS, HO CBA3aH C IIEPBBIM YEPE3
r€OMETPHIO.

Topounaneublii gedekt. Top — UMUIUHAPUYECKUN COJEHOUJ, CBEPHYTHIA B
KOJbLO (HA4yalo W KOHEI[ COEAMHEHbI), — o00JilalaeT JBYMs HE3aBUCHUMBIMU
HECTATMBAEMbIMU KOHTYpaMH U (yHIAMEHTaIbHON rpynmoil m = Z X Z.

MepunuoHanbHbli  KOHTYp (00X0J  BOKpPYr CEYEHUS TOpa) aHAJIOTHYEH
a3UMYTaJIbHOMY KOHTYpY wuiIuHIApa W Aaét yroa o B miockoctu (Ki, Ka).
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[TapamnensHBIN KOHTYp (00X0/ Yepe3 IBIPKY TOpa) — BTOPON HE3aBUCUMBII KOHTYD,
natomuit yron B B minockoctu (Ki, K:). B ornuume or koHyca, yriel o u 3
OTIPEACISIIOTCS  ABYMS HE3aBUCHUMBIMH TCOMETPUYCCKHMHU IMapamMeTpamMud —
TUAMETPOM CEUCHHS TOpa W TUAMETPOM IBIPKH, — YTO TMO3BOJSET HE3aBUCHUMO
HacTpauBaTh npoekiuu B Ki u Ko, MarHuTHbIA IOTOK B TOPOUJATBLHOM COJICHOUIE,
KaKk U B IIIMHIPUYICCKOM, MOJTHOCTHIO JIOKAJIM30BaH BHYTPH OOMOTKH; CHapYKU
MarHUTHOE TI0JI€ PaBHO HYJHO. [[puHIIHNIHATBEHOE OTINYNE — HE B ICTOYHUKE MTOTOKA,
a B TOTIOJIOTHUH OKPYXKAIOIIEeH 00JIacTH: y MUJIWHIPA KOHTYP BIOJIb OCH CTATHBAEM, Y
Topa — HeT. VIMEHHO 3Ta TomoJioruyeckasi pa3Huila oOecreuyruBaeT reuepamumo A2
yepe3 TOJOHOMHUIO MapajyieIbHOTO KOHTypa ©0€3 BBEJECHUS JOTOJHUTEIbHBIX
HUCTOYHUKOB MJIM OOMOTOK.

CBoliicTBO Hunuazp Konyc Top
1 4 Z Zx7Z
HeszaBucumslie 1 1+1 2
KOHTYPBI (a3UMyTaIbHBIN) (cBg3aHHbBIE) (He3aBUCHMBIE)
a, B
VYTIJIbI TOJIOHOMUH A a, B (cBsA3aHbBI)
(He3aBUCUMBI)
A2 3 A3 Her Ia (uepes B) a (uepes )
VYopasasmoiiue R, 6, yron
p R, e ’ y Rceq, RﬂprKI/I, e
mmapaMeTphl pacTtBopa
. Pyunoit moxbo a = 7/4, mobon a = 711/4, 11000
CBeToBOU KOHYC i ABOP /4 /4
c2 B B
[unuuapuueckas KoOHQUTypalusi, paccMarpuBaeMass B JaHHOW paborte,
ABIIACTCA MHUHHUMAJIBHBIM ClIy4a€M — OJHHUM KOHTYPOM H OJHHUM YIJTIOM HAKJIOHA.

TopounansHas KoHPUTYpanus TpeaACTaBIsIeT co00i Hanbosee moTHOe 0000IIeHNE:
JIBa HE3aBUCUMBIX KOHTYpa, JIBa HE3aBUCUMBIX yria, U A” Kak mpoekuus A® — 6e3
CBOOOJIHBIX MapaMeTpoB. TopouaadbHBIA COJICHOUJ — (PU3MYECKH CTaHJIAPTHBIN
00bEKT (TOpOMAAIBHBIM TpaHchOpMaTOp), YTO JeNaeT 3Ty KOH(UTrypauuro
MPUBJIICKATEILHON ISl SKCIIEPUMEHTAIBHOM peanuzainuu. [loapobHas mpopaboTka
KOHMYECKOW U  TOPOUJAIBHOW KOHPUTypamuii — TpeaMeT  OTIAEIbHOTO
UCCIIEIOBAHMUS.
KBantoBanue. Mozens He kBaHTOBaHa. HekoMnakTHas curnatypa gopmsl Kunnnra
IPUBOJUT K COCTOSIHUSIM C OTPULIATEIBHOW HOPMOM B HEKOMITAKTHOM CeKTope [2, 5].
Bompoc o ¢pu3nyeckom cTaTyce TaKuX COCTOSTHUNH — OTKPBITBIMN.

[lytu  pemenus  mnpoOiembl  yHHTapHOCTU. [IpobGnema  cocTtosiHuit ¢
OTPULIATENBHON HOPMOM B HEKOMIIAKTHOM CEKTOpPE, OTMEUYECHHAs BBIIIE, HE SIBISAECTCS
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HEMPEOOJIMMON U JIOMYCKAET HECKOJBKO IMOIXOJO0B, KaXIblii M3 KOTOPHIX TpeOyeT
OTJIEJILHOTO UCCIIEIOBAHUS.

a) OrpanumyeHre Ha CBETOBOM KoHyc (aHasmor mpoueaypsl ['ymrei—bneiinepa). B
crangaptHod KO/l mnponosnbHble HW  BpeMeHHble Mojabl (OTOHA OO0JagaroT
OTpUIIATEILHON HOPMOW MpH KOBApUAHTHOM KBaHTOBaHuM. IIpouenypa ['ynTei—
bneiinepa [14] paspemiaer 3Ty npoOieMy HalloXKeHUEM (HU3NUYECKOTO YCIOBUS,
BBIJICIISIONIET0 MOAIPOCTPAHCTBO, HA KOTOPOM S-MaTpulla yHUTapHAa. B Hamei
MOJIEJIM CBETOBOM KOHYC KapF2FP=0 siBIIsleTCSl eCTeCTBEHHBIM KaHIMIATOM Ha TAaKOE
YCJIOBHE: Ha HYJIEBBIX HampasiieHusX (popmbl KumnrHra Hopma oOpamaercs B HYJIb,
a HE CTaHOBUTCA oTpunareibHoil. HyleBas HOpMa UWHTEPHPETUPYETCS Kak
KaMOpOBOYHAS SKBUBAJICHTHOCTH (aHAJIOT MPOJ0JIbHOTO (hOTOHA), PaKTOpU3ALIUS TTO
KOTOPOM OCTaBJIsieT (PU3MYECKOE MOANPOCTPAHCTBO C HEOTPULIATEIILHOM HOPMOU. DTO
Han0oJee eCTECTBEHHBIH My Th, IOCKOJIbKY CBETOBOW KOHYC YK€ BCTPOEH B CTPYKTYPY
Mojenu Kak ycioBue Ty=0.

b) BRST-kBanTtoBanue. CTaHIapTHBIH METOJI KBAHTOBAHUS KATHMOPOBOYHBIX TEOPUI
[15] BBoauT nyxum dDagneeBa—IlomoBa — T10JISI ¢ OTPULIATEIBHOM HOPMOW H
IpaJIMEHTHOM CTAaTUCTUKOM, KOMIIEHCUpYIoLue Hedusnyeckue Mobl. [lonHas reopus
HEYHUTapHA, HO (pusznueckoe moampoctpaHcTBo (koromosnioruu BRST) ynutapho.
Hexommnaktueie reneparopsl Ki, K MOXKHO TpakToBaTh Kak KaJIHMOpOBOYHBIE
HarpaBiieHus: ¢ puktuBHOM cummerpueii; BRST-nponenypa Beigenser pusznueckoe
MOANPOCTPAHCTBO, Ha KOoTopoM pabdoraer Toibko U(1l)-cextop. HekxommakTHBIN
CeKTOop (pakTopu3yeTcs aHaJOTUYHO JTyXOBBIM MOJAM.

C) OddexTuBHas TEOpUs (MHTErpUpOBaHUE o HEKOMITAKTHBIM
MojaM). HekoMmakTHBIN ceKTOp He HaOmomaeM: martepust Hecét Toabko U(1)-3apsin
u He B3ammopeictByer ¢ nomsamu Al, A2 memocpencTBeHHO. DTO CTPYKTYPHO
AQHAJIOTUYHO CKPBITBIM CEKTOpaM B MojJesix TEMHOW Marepuu. B dopmanuzme
(GYHKIIMOHATBLHOTO HWHTETpajia HEKOMIIAKTHBIE MOJbBI MOXXHO TMPOUHTETrPUPOBATH,
MOJTYIHB s dexruayto U(1)-Teopuio TUTST HaO0JIF0JaeMOTO CeKTOpa.
[Tockonbky U(1) — KoMmakTHasi Tpymma ¢ OTPHUIATEIbHO ONpeAeIEHHON (opMoit
Kunnunra, s¢dextuBHas Teopusi yHUTapHA Ha HaOMOJaeMoOM cekTtope. Bkian
HEKOMITAKTHOTO CEKTOpa MPOSIBIISIETCS MCKIIOYUTEBHO Yepe3 T'paBUTAIIMOHHBIN
OTKJIMK — HCKPHUBIIEHME METPUKH OT HEHyJeBbIX HamnpsbkeHuil Ti7#0. Oto
AHAJIOTUYHO TOMY, KaK TSDKEIBIE MOJIBI AJIEKTPOCIA00M TEOpUH HMHTETPUPYIOTCS C
nonxyueHueM ¢ PexTuBHON Teopun DepMu, YHUTAPHOU MPU HU3KUX DHEPTUSIX.

d) Ilepeomnpenenenue ckalsgpHOro mnpowusBeneHus (anamor PT-cuMMeTpuyHOro
noaxona). B PT-cummerpuuHO KBaHTOBOM MexaHuke [l16] raMuibTOHUAH HE
SPMUTOB B CTaHJAPTHOM CMBbICIIe, HO CIEKTp BEIIECTBEH Mpu coxpaHeHuu PT-
cummerpud. [loMOXKUTENBHOCT HOPM BOCCTAHABIMBAETCSA NEPEOINpPEeICHUEM
CKaJIIpHOTO TMpOU3BeACHUs uepe3 MeTpudeckuit omeparop C. HexomnakTtHas
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curHatypa opmbl KumHra — cTpyKTypHBIM aHanor HeapMUuToBOCcTH. Eciu criekTp
MOJIEJIM OCTa€TCsl BEUIECTBEHHBIM (a ISl KOH(UTYypaluii Ha CBETOBOM KOHYCE 3TO
UMEeHHO Tak: T4=0, BKJaJbl BEIICCTBEHHBI), TO IMeEpeomnpeaeacéHHas HOpMa BO
BHYTPEHHEM NPOCTPAHCTBE MOXKET OBITh MOJIOKUTEIBHO OIpelelieHa. JTOT MYTh
TpeOyeT TMOCTPOCHHUS SBHOTO METPUYECKOTO OIMepaTopa, COINIACOBAHHOIO C
TUHAMUKOM ITOJIEH.

e) TpéxmepHas peann3anuss U OOpalleHWE B HyJIb TaMUJIbTOHHMAHA HA MacCOBOM
00070UKe. APryMEHT O HEBO3MOXKHOCTH HEKOMITAKTHOM rpymmbl (paszmen 1, [2])
NPUMEHUM K TEOpHsIM, TJie TaMUILTOHUAH eCTh KBajpaTuuHas Gpopma Kap F F°. Eciu
raMuiIbTOHMAH oOpamjaeTcss B HyJdb Ha MacCOBOM 000JIOYKE, BOMPOC O
MOJIOKUTEIIBHOCTH CIIEKTPa HE BO3HUKAET: HA ’TOM OCHOBaHbI TOYHAsI Pa3pelIMMOCTh
(2+1)-rpaBuTarnuu Kak kanuOpoBouHoi Teopun ¢ ISO(2,1)/SL(2,R) [17], €€ kBaHTOBBIC
cneactBus (puTponusi BTZ) [18] u s3kBUBaieHTHOCTH TpExmepHoil SAM-teopuu c
rpynmoit  SL(2,R) rpaButanum OiliHmiteiiHa ¢ (oHOBBIM wucTOuyHUKOM [19]. B
paccmatpuBaeMoit Moaenu Ty = O BBIMIOJHSETCS TOXJIECTBEHHO (pasnen 8.2), T. e.
IUIOTHOCTh TAMHJIBTOHHAHA 00paIaeTcsl B HyJIb HE Ha OTJCIBHOM PEIICHUH, a Ha BCEM
JOMyCTUMOM MHOXECTBE KOH(purypanuii — 3T0 0Oo0jiee CHUIBHOE YCJIOBHE, YeM
oOpailleHre B HYJIb Ha MaccoBoil oOosiouke. Cp. Takxke [13], rie MONOKUTEIBHOCTD
SHEPTrUUd KaJTUOPOBOYHOIO TOJSI HEKOMMAKTHOM TIpymnmbl volume-mpeoOpa3yronimx
muhdeoMoppu3MOB BHYTPEHHETO MPOCTPAHCTBA BOCCTAHABIMBAETCS OTPaHUUYCHUEM
OTIOpBI TOJIS TPSIMBIM M OOpPAaTHBIM CBETOBBIMM KOHYCAMH: CBETOBOM KOHYC BO
BHYTpPEHHEM MPOCTPAHCTBE BBICTYIAET MEXaHU3MOM BOCCTaHOBJICHUS
MOJIO’KUTEIIBHOCTH HE3aBUCUMO OT KOMITAKTHOCTH TPYIITIHI.

e) OTMeTuM, YTO TMYTH a) M C) MPEACTABIAIOTCS HanboJiee MEPCICKTUBHBIMH IS
JAHHOW MOJENH, MOCKOJIbKY OHHM OMMUPAIOTCS HA YK€ CYIIECTBYIOIIUE CTPYKTYPHBIE
AJIEMEHTHl — CBETOBOU KOHYC (IIyTh @) U HEHA0JI01a€MOCTh HEKOMITAKTHOT'O CEKTOpa
st Mmatepuu (myTh ¢). [lytu b) u d) TpeOyroT CylecTBeHHO OO0JIbIIEro TEXHUYECKOTO
amrapara v BBOJIAT JIOTIOJHUTENbHBIE CTPYKTYPhl. KOHKPETHBIN BEIOOp MEXaHU3Ma U
€ro cTporasi peaju3anusi — MpPeIMET OTAEIbHOTO UCCIIEI0BAHMUS.

12.5 OTKpbITBIE BONPOCHI U HANIPABJICHUS TAIBHEUIIINX UCCICIOBAHUMN

OO6mHOCTh aH3ama. AH3al BbIOpaH MHHUMaIbHBIM. Bo03MOXHBI Oojiee oOIIme
KOH(UTYpaIMH C JOMOJHUTEIBHBIMA KOMITOHCHTAMH TTOTCHIIHAIOB.

. Uucnennsle oneHKH. DPPEKTUBHOCTh UCKPUBICHUS METPUKH 3aBUCUT OT KOHCTAHTHI
CBs3U g, mapameTpa rojoHomuu ¢ = 0/(2n) u mapametpa di. Ilopsanoxk BenTuYUHBI
nonpaBku Agj; ~ G-g?-c*-di?-Aic/(c*1*) TpeOyeT OLeHKHU Al KOHKPETHBIX (DU3HUECKUX
CIICHApUEB.
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OkcnepuMeHTanbHas npoBepka. KoHKpeTHas cxema 3KCIEpUMEHTa C COJEHOUIAOM
(mapameTpbl MMOTOKa, TE€OMETPUs, YYBCTBHUTEIBHOCTH JETEKTOPOB) TpeOyeT
OTJIEJIBHOM NPOPaOOTKHU.

13. BeiBoabI

. [loctpoena TpéxmepHas KkanuOpoBouHass Mojaenb Ha ocHoBe SO(2,1) c
TOMOJOTUYECKUM  NePpeKTOM  (COJIGHOUIOM  (IMIMHAPUYIECKUM, KOHUYECKUM,
TOPOUJANIbHBIM)), MOPOXKJIAIOUIUM TOJOHOMHUIO, BBIXOASIIyr0 3a mpenenst U(l)-
cekTopa. AH3al ¢ KOMIOHEHTOW A'; = di/r BIOJAb ocu cosieHOuJa obOecrieunBaeT
HEHYJIEBYIO HaIpsKEHHOCTh BO Bcex Tpéx cektopax F', F2, F?, yTo HEBO3MOXKHO B
JBYMEPHOM CITyYae.

. Bce kxommonenTsl F?* — uncTO KOMMyTaTOpHBIE (JIMHEWHAs 4YacTh paBHA HYIIO).
Marepus, Hecymas U(1)-3apsa, He B3aUMOJAEHCTBYET C ATUMU MOJISIMU. ['paBuTaius
YyBCTBYET MOJHYIO HeabeIeBy KPUBU3HY Uepe3 TEH30P IHEPTUU -UMITYJIbCa.

®opma Kumnunra diag(+1, —1, —1) obecrnieunBaeT CBETOBOIl KOHYC BO BHYTPEHHEM
npocTtpadcTBe: Ty = 0 mpu HEHYJEBBIX NMPOCTPAHCTBEHHBIX HampspkeHuax Tij # 0.
PagmanbHple M a3UMyTaJbHbIC  HampsKEHWST  PaBHBI 1O MOJYJIIO  C
IIPOTUBOIIOJIOKHBIMY 3HaKaMH; T, = 0; casurosoe Hanpsikenue Ty, # 0.

. Iloxa3aHo, yTO BakyyMHbI€ ypaBHEeHUs JHra—Mmuiuica He T1OMyCKarOT BEMIECTBEHHBIX
CTaTUYECKUX pelieHuil maaHHoro Tuma. HexkommakthHasi curHarypa SO(2,1) (3Hak
munyc B [Ki, Ki:] = —iKs) saBasercs npuuunoit. Tomonorudeckuid aedext
MHTEPIPETUPYETCSA KaK UCTOUHMK: Dy F&HY = J4Y ccir.

. B nunamumyeckoM — pexume  OOCYXJAaeTcs  BO3MOXKHOCTH  BO30YXICHUS
AJEKTPOMArHUTHOTO  OTKJIMKAa NpPH  MOIYJSALMU  TOJIOHOMHUHM  BHEIIHUM
IPaBUTAIIMOHHBIM BO3MYyIlleHHeM. KonuuecTBeHHass OILIEHKA aMIUTUTYIbl TpeOyeT
IaJIbHEUIIINX UCCIIEIOBAHUM.
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