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JEKTPOMATHUTHBIN ®OPM-®AKTOP L —ME30OHA
B TOYEYHOU ®OPME IUHAMMKHA

Beenenue. [Ipenin3MOHHOCTD COBPEMEHHBIX SKCIEPUMEHTAIBHBIX TAHHBIX I10 pacnaaam
IICEBIOCKAISIPHBIX U BEKTOPHBIX ME30HOB [1] maeT BO3MOKHOCTh MPOBOJUTH MCCIIEIOBAHUS
CBSI3aHHBIX KBaPK-aHTUKBAPKOBBIX CUCTEM C YUETOM UX BHYTPEHHEN CTPYKTYpPHI B pa3IMUHbIX
noaxoaax u Mojenax. OcoOblii MHTEpPEC MPEICTABIISAIOT ME3OHBI JIETKOT'O CEKTOPa, COCTOSIIINE
u3 U—u d—kBapkoB. Takue CUCTEMBbI PEIATUBUCTCKHUE, YTO TPEOYET MOCTPOCHUS COOTBET-
CTBYIOILLMX TOJIXOJI0B U MOJIEJIEH.

Cpenau MHOTOOOpa3us MOIXO00B IO ONMHUCAHUIO XapaKTEPUCTHK CBS3aHHBIX CHUCTEM [2]
BBIJICTIUM TOJXO0/bl, OCHOBaHHBIE Ha Trpymnie [lyankape. U3BecTHo [3, 4], 4TO Takue Moaenu
ABJIIOTCS YUCTO PENIATUBUCTCKUMH, YTO ACJAET X IPUMEHEHUE /1JIsl ONUCAHUSI HAOJI01aeMBbIX
XapaKTEPUCTUK ME30HOB JIETKOT'O CEKTOpa Hanbosee eCTECTBEHHBIM MOIXOIOM.

13 tpex ¢popm myaHKape-WHBapHaHTHOW KBaHTOBOM mexanuku (fnanee [TuKM) mist pac-
YEeTOB XapaKTEPUCTHUK JIETKUX ME30HOB B HACTOsIIIIee BpeMsl HauOoJiee UCII0JIb3yeMOil SIBIIsETCS
JMHAMUKA Ha CBETOBOM (poHTe. OnHako ykazanHas popma [TuKM He numieHa HeIOCTAaTKOB,
TaKMX KaK HaJIM4YME€ B3aMMOJEHCTBUS B ONEPATOPE YriIoBOro MomeHTa [S] u ap. YkazaHHOe

OCIOKHEHHUE TIPUBOIHUT K TOMY, 4TO Ha MaTpHuHble s1eMenTsl nepexona | (A', 1) Bexropubix
MC30HOB CBA3aHbI YIJIOBBIM COOTHOIICHUCM.

MrHoBeHHas popMa IMHAMHKH TaK)XKe UCIIONIB3YETCs I pacdeTa pa3iIMYHbIX XapaKTe-
PHUCTHK CBSI3aHHBIX cHCTeM. Tak, K mpuMepy, pacueTsl popM-(hakTopoB L —Me30HA B paboTe
[6] BEIIIONHEHBI C YYETOM aHOMAJIbHBIX MATHUTHBIX MOMEHTOB KBAPKOB K, M K .

Bo3oOHoBiieHNEe MHTEpeca K MCCIeN0BaHUI0 (OpPM-(PaKTOPOB BEKTOPHBIX YACTHI] CBS-
3aHO C OOHOBJICHHEM SKCIICPUMEHTAIBHBIX TaHHBIX. Tak B paboTte [7] Ha OCHOBE SKCIIEPUMEH-
TabHBIX JAHHBIX KomTabopanuu BaBar B suepretuueckom auanasone (0,9;2,2) I'sB 6bu10

MPOBEICHO ONpPEACICHNE MAarHUTHOIO MOMCHTa 0O —ME30Ha. OTH U APYyruc SKCIECpuMEHTAIb-

HbI€ MCCIIEJOBAaHNE BO30OHOBWIIM MHTEPEC K M3YUEHUIO JIETKHX CBSI3aHHBIX KBapK-aHTUKBAp-
KOBBIX CHUCTEM.

B pabote mpoBeneM uzydeHue (opm-akropa BEKTOPHOTO L0 —ME30HA B TOUYEHHOM
¢dopme [TuKM. 13 ocoGenHocTEl MTPOBOJUMBIX BBIUHMCIEHUM OTMETUM HCIOJIb30BAHUE Tapa-
METPOB MOJEIIEH, ITOIIYYEHHBIX U3 JIENITOHHBIX PaclagoB IICEBIOCKAISAPHBIX U BEKTOPHBIX Me-
30HOB C YY€TOM TOKOBBIX Macc KBapKoB [8§, 9].

1. ITapameTpu3anus MAaTPHYHOrO dj1eMeHTa B ToyeyHol popme ITuKM. ITapamer-
pHU3aIus MaTpUYHOTO JIEMEHTa BEKTOPHOTO O —Me30Ha B ToueuHoi ¢opme [TuKM ompene-

nsiercs BeipaxkeHuem [10, 11]

. 1 1 1
J*IQ,M, A) = :
QM) Gy M, DM R
x(R(a*)(e"(2)-£(2))P* + Fz(qz)((g*(/l') -P) (1) +(&(A)- P)g*"(/’t’))+
(£"(2)-P)(£(4)-P)
2M!M,

14(2', 2) = <c§', M’ 2

+F(a°) P*, P=Q+Q, q=0Q0-Q.

B Bepaxenun (1.1) popm-daxroper F, F,u F, npu q2 — 0 ompenensrorcs kak 3aps, mMar-

HUTHBIM MOMEHT 1 KBa)IpyHOHBHBIﬁ MarHuTHBIIT MOMEHT BCKTOPHOI'0 L —ME30Ha:
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FRO)=e F(0)=-4, K0)=Q,. (1.2)
B 06061mennoi cucreme bpeiita (\7Q +\7(3" =0) ¢ ncons3oBarmeM (V,, -V,,) = & 1 4-BEKTOPOB

tp = Mot M | g o Movlta - M ,zg)_%/M{o,Lii,O} (1.3)
t 2 MM M, + M1+ @ 22 M

npasasi 4acTh BelpakeHUs (1.1) MoxeT ObITh 3amMcaHa B BUJE MAaTPUUYHBIX 3JIEMEHTOB, MIPE-
CTaBJICHHbIX B Tabnuue 1.

Tabmuma 1 — MatpuyHbie 3JIEMEHTHI IS Pa3IMYHBIX CIIUPAIBHOCTEH O —Me30Ha

A=1 A1=0 A=-1
A=1 CREIN F,(0%) <1
A=0 Fz(qz)xl,(:;) JnHelHas komOuHaims F, F, u F, Fz(qz)xlg)
N=-1 0 F,(q?)x1¢) Fi(0%)x e

[Tponerypa noxydeHuss MaTpUYHBIX JIEMEHTOB B TOUEYHOM JopMe TUHAMUKH C Y4ETOM CTPYK-
TypBl KBapKOB MOAPOOHO M3NoXKeHa B padorax [9, 12, 13], mosromy 31€ch MpHUBEIEM JHUIIb
UTOIOBOE BhIpAXKEHUE!

”(/1’/1)—47[(2”) V,V_szolk O(IKILyg) (1K, 1.5 )% (14)

Vi1 Va2

X

{%%1} {% % 1} 0 (K, m,)B™ (U )T B(Tg)u, (K, m,)

xC C x| 8, — = _

nive 4 J2 @, (k) @, (KD

D,, (K, mg)B™(U5)T4B(Ug ), (K, M)
20, (KD @, (1K)

<D, (1, (K5, K, =K, ((@+Day,, (KD K| Vo ~Los )

’ ’ !
ViV, A

xD,, , (fi,, (K, 5y)) +¢

B Boipakenuu (1.4) BepirHa B3auMOJIEHCTBUS KBapKa C /' — KBAaHTOM OIPEEISIETCS BbIpasKeHUEM

foznd
F:,Q — quuark (qz)ﬂ/ﬂ + quuark (qZ)ZO-_qjuark’ qquark — k’ _ k, (15)
M, q

e KBapKoBble (popMm-pakTopel F (9®>) n F, (9®) ompenesIAIOT MOJNHBI 1 aHOMAJBHBII Mar-
HUTHBI MOMEHT KBapKa.

JI71s1 BBITIOSTHEHUS 3aKOHA COXPAHEHHS DJIEKTPOMArHUTHOTO TOKa BeipakeHue (1.4) «pac-
LIMPUM» TTYTEM BBEICHUS MHOKUTEIISA

1“(4,2) = (-9 +ﬂ)l (A4, 1) (1.6)
’ q2 v ’ ’ .

npu o10M yenosue (1(A,4)-q) =0 Bmonsercs aBToMaTnyecku. Ha ocHOBe npejyioxken-

HOW METOAMKM U MapamMeTpH3aliy NocpeacTBoM BhipaxkeHus (1.1) mpoBeneM uccienoBaHue
noBeneHus GopM-(hakTopa BEKTOPHOIO ME30Ha.
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2. Uccnenopanue nosenenus gopm-paxkropa F (q?). U3 cootnomennii (1.1)—(1.6)

C Y4€TOM TOT0, YTO (é rol (Fiz)) =0, MOXHO IOTY4MTh BeIpakeHue 1ist popM-akTopa F,(q?)

1 1 1
(27)* J2V M, 2V ;M

(0r 1(L2D)= R@) (£ L )- (2.1)

[Tocne BbIUMCIIEHHS] CIIMHOPHOM 4acTu BbIpaxkeHHs (1.4), MHTErpUpPOBAHUIO MO TEIECHOMY
YLy € HOCIEAYIOILUM MPEAEIbHBIM NIEPEX0JOM q? — 0 U3 (2.1) HeTpyAHO M0Ka3aTh, YTO

RO =[dIk] oKl a%) (e-e). 2.2)

4TO C y4eToM 3apsaoB U —u 0 — KBapkoB 1 HOPMHPOBKHM BONHOH (yHKIHH [3, 4] IpUBOIHUT K
F,(0) =1. ITomy4eHHBIi pe3ysbTaT IOATBEPKIACTCS B AMHAMHUKE Ha CBETOBOM (DPOHTE U MI'HO-

BeHHOU (popme nuHamuku [6, 10].

HccnenoBanue INpH pa3avuHBIX ¢ IPOBEIEM C Y4eTOM COOTHoweHus (2.1) u
@ = (Vq -V, ) , KOTOPOE B Cily4ae PaBHBIX Macc KOHCTUTYCHTHBIX KBaPKOB m, =m, Ui 0000-
1ieHHoM cucteMe bpeiita B ToueuHol (hopMe JTUHAMUKY OINPEAEISETCs KakK

2

@’ =1- 2 2q 2 .
4(m; +k*(1—cos”6,))

(2.3)

3anmaBasi KBapKoBbIN (opM-(hakTop F*™(g?) (BBIpasKEeHUE Fe(g®) s CIIUPATIBHOCTEH

P —wme3oHa A', A =+1 11 He naeT BKiIaga) BeipakeHuem [13]

1
4 2
1—£a—q7

6 m

q

R (9*) = (2.4)

¢ mapametpom a = 0,3 u 6a30BBIMU TTapaMeTPaMH MOJCIH, TIOTYICHHBIMU B padoTrax [8, 9, 12,
13] U3 IeNTOHHBIX PacMa 0B ICEBJOCKATSPHBIX U BEKTOPHBIX ME30HOB I10JIy4aeM MOBEACHUE
¢dopM-pakTopa BEKTOPHOTO O —Me30Ha (PUCYHOK 1).

1,0-
Fi(@ "}
09t

ToueuHnas ¢opma AMHAMUKH

ogd\V - Pacuers paGothi [6]
] s Pacuersl paboTs [11]
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0,0 . i .
0 1 2 3 4
*. B2

Pucynoxk 1 —IToBenenue popm-akropa F,(q®) BEKTOPHOTO O —ME30HA
B Pa3JIMYHBIX NOAX0JaX U MOJEINAX
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3akiouenue. Pabota mocBsieHa uccienoBanuio Gopm-pakropa BEKTOPHOTO L —Me-

30Ha B ToueuHoU (opme [TuKM. B xone paboTsl ObuTa poeMOHCTPpUPOBAHA MPOIIEAYpa T0-
JydeHHs NapaMeTPH3aLMu C OCIIEYIOLIMM pacyeToM nosejenus popm-pakropa F,(g?) ¢ na-

paMeTpaMy MOJEJH, MOJTYYEHHBIMU U3 PACHaJ0B MCEBJOCKAISIPHBIX M BEKTOPHBIX ME30HOB.
Ananu3 pucyHka | mokaspIBaeT, YTO MPEAJIOKEHHAS MOJAETbh MPEICKa3bIBACT YIOBIECTBOPH-
TEeNbHOE ToBeIeHHEe (OopM-(paKTOpa IO CPAaBHEHUIO C MOJICIIIMHI, OCHOBAHHBIMH Ha INHAMUKE
CBETOBOTO (hpOHTA U MTHOBEHHOH (popMe AUHAMKH.
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KBA3BUIIOTEHIIMAJIBHOE YPABHEHHUE
C OJHOMEPHBIM OCIIUIIJIATOPHBIM NOTEHIUAJIOM
N 3AJAYA HITYPMA-JINYBUJLJIA

BBenenne. OgHOM U3 KIIFOUYEBBIX MPOOIEM, BOZHUKAIOIINX MIPH UCCIICJOBAHUH KBAHTO-
BBIX COCTAaBHBIX CHCTEM Ha OCHOBAaHHMH KBa3WIIOTEHIMaIbHOTO moaxoxa [1, c. 380, 2, ¢. 125],
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