
:;, 
.::::I 

s: 
3 c 

CJ~ 
i: 

~~1 
... c 

~ 
::I 

.C
. :e CD 

c 

CIJ 
c. c-.r.. 

8" 
i 

.... 
.D

 CD ..J 
3 

.::::I 

111 
c: 

...:> C9 ~
 

i: 1 
CIJ 

e
2

c
 

11 
~~~ 

"-
C1 ct!::>

 
'3 .::::I 

e 
CIJ 

C
2

flJ
 

::::l~i 
~·1 

:::::> 
C

L C
C

. 
...:> 

.c. 
IQ

 
.c. C1 E2 

~
§
3
 

! 
i 

L
. 

.c. 
~a'..s 

,c
..C

 

ai~ 
,
j' 

i=~ 
h 

L
. 

.::r 
.c. 0 

C
f.) 

c. 
I 

! 
~ 1a 

m
 

"§: 
rr 

:;, 
j.g 

a= 
~ 

! 
::::1 

..... 
-;f 

.c. 3
5

 
I 

.:J" 
a 

E
 J
.) c.. 

::j 

~ 
~ ii~ 

~ 
L

. 
.i:r.::r§ 

~ 
I 

~ :::i :s 
.:::::11" 

~ 
C1 

l.':I 
3 -8= 

J.) 
€. 

~ 
.J:.. 

3 
c!5ig!J 

f 11J 
:;, 

J:) 

ih 
rA 

..c: 
.::r .r.. -'-

! 
C

' 
::Jc.~ 

j1; 
I ~ 

.J:.. 
J.) 

~
 
J
:) J.) 

~ 
.=. 

~ 
s 

...:> c.. 
I 

.:=
' d

' 
~
~
 

sgJl 
~
 -§1-s-

-:f 
g

#
c
 

e;i~ 
,f 

J:) 
::> ":J' C

" 
rr c

t c:: 
. 

~
 

~ 
c.. 

~
9
0
 

::I 
.::::I 

J.J 
.::r 

Q
.2

 
"i. 

::J 
; 

cs SS ~ 
.2 



.;· 
~-: 

UuibliwtunumpJWli pbllwli hwu111wmtlbL t t;pL.wlifl !l>flqtlt.iwJfl flliu111f1111nLumul 

qflUlwt.iwli 11.bltwt.lwri. 

'llwzumliwt.iwCi [!lill!l'11lwfunulibfl. 

!l>flqOOlp. q.flutnLpJmlilibpfl 11nt.i111np 
:::1, • UUWUll'IJWli 

~flqllwp. q.flinnLpJnLlilibpfl qnt.iump 
"'· UqliwnL(lJWli I t;pl>fl I 
!l>flqllwp. q.flutOLPJOLU!ibpfl rint.imnri 
U. o.lflungt.ifl I S<l>l>I", Unut.it.lw I 

Unw21UU1Wll ljwqllwlib(lutn~JRLli. 4:pwil111wlifl quu l>flq.t1t.iw1fl t>liu111f11J10LUl 

'llwz111u.iwlimpjOLUf! liWJWUWLOL t ~ finl11J1bllpbpfl 1999p. dwO[! li:@-flli bpli.wlifl 
!j>flqflt.iw1'1 f1liuU1flU1nL111fl 024 owuCiwqf1111wlfwli tun11h1111mll (l:ipL.wli-36, Utfltuwliiwu 
bflpWJ[llibpfl !fl. 2) : 

UmbliwfununLpjWli[! t.iw11blfl t awunpwfiWL b113>t- - fl Q.!lW'lWJ1WlinLll: 

Ubqllwqfl!ll! wnw9qw6' t •24• ubutmbllpbflfl 1999p. 

Uwuliwq.pmwt.iwli funphm111lfl q.flutwlfwli 9wputnLqwp l/, 1 ,r-__J U. la. Uw11qw111wli 

TeMa 'Jn!C~ ·ymep:lKACfta· a BpesancKOM ch3H11CCKOM HBC'l11'JYTC 

HayqHblii pyicooQ[Ul'I'eJlb: 

Ocj>HUHll!lbHLIC onnoaeara: 

BeJlYlllllll op~: 

p;orcrop <l>H3BKO-MBTCMB'IH'lecKBX aayic, 
~atpJlll r. M. 

)l;OKTOp <l>H3BKO-MllTCMlml'lecKHX HaYK, 

A:maypXH H. f. {Epll»H) 
AOK'l'Op <i>HlHKO-MllTCMa'llACCKHX HBYK, 

Bbl:cowom M. H. (HT'34', MOCKB11) 

. HHCTll'JYI' WH3HKH HAH fp}'3HH 

3aunrra COCl'OH'ICll ~ OICI116pll l 999r. B ll.oo 'IBCOB HB 38Ce,llBHHH 

Cne11,1111J1H3llpOBB1U10ro coBCTB EpCBBHCKOro WH3H'lecKoro Hucnnyra 
(EpesaH - 36, yJI. 6pll11>CB AJmxallllH 2) 

C ,[(llCCCpTllllHCft MOX<llO OOllBKOMB'lbCJI B 6H6rulOTCKC HHCTlflYl'B. 

Airropeq>epaT pll30CllBH ~ ceirm6p.11 1999r. 

l4 'rl __::::::;, Y'leH&ra ceKpCTBpb cnen. coBCTa 
A. T. Maprap11H 

) 
i' 

I 

.BaxlloCTb reMbl. 

KaK H3BeCIHO, HCTHHHO SJieMeHTapHblMH 'IRCTHil,aMH cero):UiJI C'IHTalOTCSI 

KBapKH H JieilTOHbl. 3m 'l'.aC'l'Hil,bI )"l'.RCTB)'IOT B rpaBHTaUHOHHbIX, CJia6bIX, 

3JICKTp0MarFIHTilblX H CHJibHbIX B3aHMOAeHCTBHSIX, HMeIOIIl,HX MeCTO 6.rraroARPR o6Meuy 

rrpOMC>K)'TO'IHbIX BHpl)'aJibHbIX 6030HOB, - COOTBeTCTBeHHo, cneKTp 3JieMeHrapHbIX 

'1'.RCTHII AOilO.IIH.!leTCll rpaBlITOHaMH, w H z 6030HaMH, <jJOTOHaMH ii rJIIOOHaMH. IlpH 

H3)"1'.eHHH CBOHCTB SJieMeHTapHbIX '1'.RCTHII rpaBIITllJ.U{OHHbIMH CHJiaMH MOX<llO 

npeHe6pe'l'.b, BCJieACTBHe MaJIOCTH Mace 3THX '1'.acTH[(. rpaBimllUl.OHHbie 

B3aHMOAelicTBHSI Ha'l'.HHaIOT HrpaTb cym;ecTBeHHyIO pOJib TOJibKO npH aueprHSIX 

IIOPSIAKa (1018 
- 1019

> faB, rAe OHH paCCMaTPHBaIOTCR B paMKax TeOpHH 

(cyrrep)rpaBHTaJIHH H (cyrrep)crpyu. qro xce Kacae"ICR Macil!Ta6oB nopSI.QKa Mace 

KBapKOB Ii JICilTOHOB (MeHbIIIe HJIH IlOpll.QKa 100 raB), :JACCb AID! OIIHCaHHll CBOHCTB 

3JieMeHTapHbIX 'l'.aCTHII, HCIIOJib3JCTCR TeOpHR, B OCHOBe KOTOpOH .JieXGl.T CliMMeTpHll no 

oTHorueHHIO K KaJI116poso11HbIM rpyrrnaM U(l)y, SU(2)L, H SU(3)c: aro CTaHAapTHasr 

MOAeJib (SM) SJieKrpOMarHliTHbIX, CJia6bIX Ii CllJibHbIX 83aHMOAeHCTBHH. IlpeACKa:JaHHSI 

CTaHAapmoH MOAeJIH HOOAHOKpRTHO IlOATBCPXCAaJIHCb 3KcnepHMeHTaJibHO. CpeAH 

ycrrexos SM CJieJzyeT oTMeTHTb TaKHe KaK, HarrpHMep, O'I'KpbITHe W H Z 6o30HOB a 

raIOKe npeACKa:JauHe t - KBapKa, Macca Koroporo ceroAHSI H3Mepeua H pasua 

npH6JI113HTeJI1>uo 175 faB. Ha ceroAIDIJIIHHH AeHb o6merrpH3HaHo, 'ITO CTaHAapmasr 

MOAe.Jlb. OilHCLIBaeT Bee SIBJieHHSI, HMeromee MeCTO B <jJH3HKe 3JleMeHTapHblX '1'.aCTHIJ 

BilJIOTb AO 3HepmH nopRAKa 100 faB. 

KpoMe KBapKoB, nenrouou H Kll.llli6poBo'l'.HhIX 6o3ouoB cTaHMpmaii: MOAeJib 

COAep:lKHT TaIOKe KOMIIJieKCHblH CKaJill(>HbIH .llYIIJieT, Ha:JLJBaeMbIH XHrrcOBCKHM 

.llYIIJieroM. BBeAeHHe s reopnro TaKoro .llYIIJieTa AaeT B03Mo:lKHoCTb reuepnpoBaTb 

MaCCbl KBapKOB, JleilTOHOB, a TaIOKe w H z 6030HOB 6JiaroAapR CilOHTaHHOMJ 

HapyrueHHIO SU(2)L® U(l)y CHMMeTPHH aneKTpoCJia6bIX 83aHMOAeii:cTBHif. 

PaccMOTpeHHe TaKoro Mexau113Ma reuepauHH Mace (Ha:JbIBaeMoro raKXCe MexaHH3MOM 

XHrrca) Il03BOJISieT H36excaTb npo6JieM, KOTOpbie B03HHKaIOT B TeOpHSIX c 

MRCCHBHblMH BeKTOpHblMH 0030HaMH. KaK H3BeCTHO, TaKHe TeOpHH 

HenepeHopMHpyeMbI. 

PacCMOTPeHHe MexaHH3Ma CIIOHTaHHoro HapyrueHHSI 3JICKTPOCJia6oif 

CHMMeTPHli npeAIIOJiaraeT OTCyrcTBHe B JlarpaIDKHaue MaCCOBbIX lJ.JleHOB AID! 
BeKTOpHbIX 6030HOB (B 3TOM CJI)"l'.ae BeKTOpHble 6o30Hbl SIBJISIIOTCR KaJIH6pOBO'IHblMH 

noAAMli) 11 cpepMHOHOB. IloCJie cnounumoro HapyrueHHll SU(2)L® U(l)y CHMMeTpHH 

TPH 6e3Macconble XHrrcoBcKHe creneuH cBo6oAhI (roJI,11.crouoncKHe 6mou&1) 

"norJIOIIl,aIOTCR" w± H z 6030HaMH, B pe3JJibTI1Te 11ero STH 6030HbI npno6peTaIOT 

Macc&I nopSIAKa 100 faB. MaccLI <jJepMHOHOB · reHepHpYJOTCH 6Jiaroll,apll 

lOKaBOBCKOMJ B3aHMOACHCTBHlO <jJepMHOHOB c Xi!:ITCOBCKHM .llYIIJieTOM. qTO xce 

KacaeTC.11 XHrrcoBcKoro ceKropa reop11H, :mecL rroCJie cnoHTaHHoro HapymeHHll 

3JieKTPOCJia6oli CHMMeTpHH OCTaeTCR TOJibKO OAHa (CP-'l'.ernasr) tPH3H'lec.KaSI creneHb 

CB060Abl. 

3 



TaK.llM o6p1130M, aae11.eHHe XHrrcoacKoro JlYillleTa a reopH!O II03BoJil!eT 

H36e}!{aTh npo6JieM, KOTOpble MOrJIH 6b! B03HHKHYTI> npH paCCMOTpeHHH H3HaqaJlbHO 

MaCCHBHblX BeKTOpHblX IIOJie:it CJieµyeT 0)1.Ha.KO OTMeTHTh, qro cymeCTBOBaHHe 

XHrrcoBCKHX 6o30HOB noKa He nonyq11JI0 sKcnepHMeHTaJlbHOro no11.TBep)K,!leHHll. Ha 

cero)l.IDllllHHii: 11.eHb IlOJl)"leHbl TOJlbKO orpaHHqeHHl! CHH3Y Ha MaCCbl XHITCOBCKHX 

qaCTHU B CTlll!AapTHoii: MO):leJIH H ee pacIIIHpeHID!X. B Ta.KOH CH'IYaD,HH oco6J!O 

Ba}!{HOCTb npHo6peTaIOT Teopern'lecKHe npeJ:1CKa3aHHS1 J:IJil! Mace srnx qacrnu, 

IlOCKOJJbKy Ta.KHe npe):ICK113aHHSI Il03BOJISIIOT onpe):leJIHTb J:1HaII030H SHepmii:, B 

KOTOpbIX XHrrcoBcKHe 6030Hbl CJiepYeT HCKaTh. 

,Upyroii: HeMaJIOBa}!{HOii: npo6JieMoii:, pacCMa'IpHBaeMoii: B CTa.HJ:IRpTHOH 

MOJ:leJIH H ee paIIIHpeHHSIX, siBJilleTCll HapyweHHe CP-HHBapHaHTHOCTH reop1rn. 

BnepBbie HapyweHHe CP-'leTHOCTH 6hmo sKcnepHMeHTaJibHO o6HapJ)KeHO e 

aeneJITOHHbIX pacnll):lax aeii:'IpaJibHbIX KaOHOB Ha nHOHhI. Bo3HHKaeT ecrecTBeHHbiii: 

eonpoc: HMeeT JIH MeCTO HapyweHHe CP-'leTHOCTH Ta.K}!{e B IJ.PyrHx c.na6hIX 

pacnll):lax? B paMKax CTaHJ:lapTHoii: MOJ:leJIH H B ee pacIIIHpeHHSIX 3TOT eonpoc 

HHTeHCHBHO H3yqaJICSI B UeJIOM pS!Ae pa6oT B Te'leHHe IIOCJie):IHHX JleT. 

PaccMOTpeHHe pacIIIHpeHHii: CTilHAapTRoli MOAeJIH CBSl3aHo c TCM, 'ITO 

HapS!JJ.Y c ycnexaMH SM, cymeCTByeT UeJibiii: PSI.II (reopeTH'leCKHX) npo6neM, 

CBR3aHHhIX c sTOli MOAeJih!O. HaH6onee BR}!{HOii: llBJllleTCSI Ta.K Ha3bIBaeM!Ul 11po6J1eMa 

HeHa'fYPaJibHOCTH reopHH HJIH npo6JieMa Hepapxuii:. CBSl3aHa aw. npo6JieMa c 

KBll):lpaTH'lHOH paCXO,[(HMOCTh!O pll,llHauHOHHblX IlOIIpaBOK K Macce XHITCOBCKOro 

6o3oHa, T. e. srn nonpaaKH nopSl,l:U{a KBRIJ.PaTa HMflYJJbCa 06pe3aHHS1, - L
2 

- (10
19 

raB)
2 

(npH STOM npei:1noJiaraeTCll OTCYTCTBHe HOBOH c)>H3HKH Me}!{pY Mac!IlTa.60M HapymeHHll 

3JieKTpOCJia6o:ii CHMMeTpHH - 100 foB H Mac!IlTa.60M 1019 
faB, ri:1e rpaBHTlll.\HOlll!ble 

B3aHMO):leHCTBHll CTaHOBSITCSI HenpeHe6peX<HMbIMH; CJiepYeT Ta.K}!{e OTMeTHTh, 'ITO 

L2-(I015 faB)2, eCJIH npeJ:llIOJiaraeTCSI BeJIHKOe OUbe):IHHeHHe CHJlbllbIX, 

aneKTpOMarHHTHbIX H c.na6bIX B3aHMOJ:le:ii:cTBH:ii). Pa3yMeeTCll, npoueµypa 

nepeHopMllpOBKH B03BpaIUaeT 3TH nonpaBKH K 3HeprHllM nopSl,l:U{a 100 rsB, fAC II 

O}!{l{J:laeTCll o6HapJ)KeHHe XllITCOBCKOM 'laCTHUhI; Ilpll STOM O):IHaKO CJJCU,YCT 

npOll3BeCTH (BO Bcex nopll):IKax reopllll B03MymeHHli) Bbl'lllT'dHl!e ):IByx BeJIH'lllH 

nopll):IKR l 038 faB2 T'dKHM o6pll30M, 'lT06bI IlOJiyqHTb BeJill'lliHY nopS1.I1Ka 104 fsB2 
, -

i:1pyrHM11 CJIOBaMll, napaMeTpbl reop1111 ):IOJDKHbI 6b!Th onpe):leJieHbl c TO'lHOCTh!O J:IO 

10 -34, 51CHO, 'ITO TaK!Ul TO'lHOCTb napaMeTpOB reopHH SIBJllleTCSI HeecTeCTBeHHOli. 

,UpyrHMH 'npo6JieMaMH CTaH):lapTHOli MO):leJIH SIBJlllCTCll CJIHllIKOM 60JiblIIOC 'IHCJIO 

CB060)l.Hb!X napaMeTpOB (18), HepapXHll IlOKOJieHHii: KBapKOB H JieIITOHOB, aCHMMCTpHll 

JICBO- H npaBOKHpaJlbHblX c)>epMHOHOB no OTHOIIIeHHIO K CJia6bIM 83aHMO):leii:CTBHSIM H 

)l.pyrHe. 

Bee aro II03BOJIHeT npeJ:llIOJIO}!{HTh cymecTBOBaHHe Honoli c)>H3HKll B 

Mac!IlTa.6ax - (102 - 104) faB, KOTOp!U! oIIHChIBaeTCH reopHeli, 06na):la10meli 6onee 

Bb!COKOH CTeIIeHblO CHMMeTpHH, 'leM Ta.KOB!Ul CT!IH):lapTHoli MO):leJIH. Ha cero):IHlllllHHH 

i:1eHb cymecrsyeT HecKoJibKO pacIII11peH11i'I CTaHJ:lapTHoli MOJ:leJIH. HaH6oJiee 

IIOIIYJlllPHbIMH 113 HllX S!WilllOTCSI cynepCHMMeTpll'lHbie MO):leJIH, T. e. MOAeJIH, 

06JiaAaJOll.\liC CHMMeTpHeli IIO OTHOl.IIeHlllO K npeo6p1130BaHHllM 6030HOB B c)>epMHOHbl 

4 

H t1ao6opoT. B STHX MOAeJISIX KIDKAOli 'laCTHUe c IIOJIYUeJiblM (UeJibIM) CilliHOM 

npHilHCbIBaeTCR cynepnapTHep, T. e. 'laCTHua c T!IKHMH }Ke KBaHTOBblMH 'lHCJiaMH 

(3apRAOM, C'IpaHHOCTb!O, JieIITOHHblM (6ap110HHbIM) 'IHCJIOM, II. T. ,[(.), HO c UeJiblM 

(nOJIYIIeJihIM) crrHHOM. Ba}!{HbIM cnoii:CTBOM cynepcHMMeTpH'lHbIX MOAeJieii: RBJllleTCH 

COKpameHHe KBRIJ.PaTH'ltlblX pacXO,[(HMOCTeii: B IleTJil!X H, TaKllM o6p1130M, p113pemeHHe 

npo6JieMbI HeHa'fYPaJibHOCTH reopHH. CJieµyeT OAHaKO OTMeTHTb, 'ITO 0)1.HOBpeMeHHO B 

reopmo BBO,[(HTCSI 60JibIIIOe 'IHCJIO qacrnu ( cynepnapTHepbl KBapKOB, JienTOHOB, 

KaJIH6poBO'lHhIX 11 XHrrcoBcKHx 6o30HOB), KOTOpbie He o6HapJ)KeHbI 

SCKilepHMeHTaJibHO. 3TO npoTHBopeq11e c SKCrrep11MeHTOM YC'IpaHlleTCR 6Jiaro):lapR TaK 

Ha3bIBaeMOMY MS!rKOMY HapyweHHIO cynepcHMMeTpHll, KOTOpoe He npHBO,[(HT K 

B03HllKHOBeHlllO HOBblX KBllJ:IPaTH'lHbIX pacxo):IHMOCTeli. IlpH TaKOM HapymeHHH 

cynepcHMMeTpllll B MacIIITa6ax ~ (102 - 104) faB cyneprrapTHepbI KBapKOB, JiellTOHOB 

II KaJIH6pOBOtJHbIX 6030HOB np1106peTa!OT MaCCbl nopRAKa 100 faB II 60Jlb1.1Ie, 

6Jiaroi:1apll 'leMY ycTpaHSleTCH BbIIIIeynoMS1Hyroe IIpOTHBope'lHe c SKCilepHMeHTOM. 

,UpyrHM rrOnyJlllPHbIM pacIIIHpeHlleM CTaH):lapTHoii: MOAeJIH SIBJllleTCSI 

SU(2)L © SU(2)R © U(l)v MOl(eJih. B sroli MOAeJIH, HapS!JJ.Y c o6bI'lHbIM c.na6bIM 

B3ffiiMOAeliCTBHeM JieBOKHpaJibHblX cpepMllOHOB, paccMaTpHBaeTCSI Ta.K}!{e CJia6oe 

B3allMOJ:1elicTB11e IIpaBOKHpaJlbHbIX cpepMllOHOB. c sroli UeJib!O B reopll!O BBOAHTCl! 

"npaah1e" WR 11 ZR 6o30H&I, Macchi KOTOpbIX rrpe):llioJiaraIOTCl! 6bITb nopl!J:IKR 1 TsB 

11 6oJ!bIIIe, 6naroi:1apll 'leMY "npaBoKHpaJlbHoe" CJia6oe B3aifMOAeliCTB11e He 

o6HapJ)KeHo. TaKHe Macchi WR 11 ZR 6o30HhI np11o6peTa10T B pe3yJibw.re 

cnoHT'dHHoro HapyrueHHH SU(2)R CHMMeTpllH B Macurra6ax nopRAKa 1 TsB H BblIIIe. 

Cpe,[(H pacwHpeHHH CTaHAapTHoli MOAeJIH CJiepYeT Ta.K}!{e OTMeTHTh MOAeJIH 

TeXHHUBera. ,UJIH IlOJIHOThl KapTHHbl pacIII11peH11ii: CTaH):lapTHoli MOAeJIH MO}!{HO 

JaMeTHTh, 'ITO, KpOMe MllHllMaJibHOli CTaHAapTHoli MO,[(eJIH, 'laCTO paccMaTpHBaeTCSI 

Ta.K}!{e ee npocreii:mee pacIIIHpeHHe c J:IB)IMR X11rrcoBCKHMH JlYillleTaMH (2HDM). 

,UHccepTauIDI IlOCBl!IUeHa npo6JieMe HaxO)K,!leHHR OrpaHH'leHHli Ha MaCCbl 

XurrcoecKHx 6o30HOB H 113yqeH11ro HapywaIOIUHX CP - 'leTHOCTb sc)>c)>eKTOB B 

Pa3JIH'IHblX paCIIIllpeHIDIX CTaH):lapTHoii: MO,[(eJIH. 3a6erasi BrrepeA, MO}!{HO OTMemn., 

qro npe):ICKl13aHllll OTHOCHTeJibHO BbI11IeynoMS1Hyn.IX npo6JieM, IlOJIY'leHHbie B 

pac11I11pet1Hl!X CTlll!AapTHoli MOAeJIH, Boo6me-TO rosopll, OTJIH'laIOTCSI OT aHOJIOrH'lHbIX 

npep;cKl13aHHii B paMKax SM. Tax11M 06p1130M, cpanHeH11e ITOJIY'leHHhIX npeAcKaHHli c 

SKCIIepHMeHTaJibHbIMll AaHHbIMH MO}!{eT o6ecne'lHTb BR}!{HOH llHc)>OpMau11ei'I 

OTHOCHTe.JlbHO HOBOli <t>H311KH B AHaII030He SHeprHii nopSl,l:U{a 1 TsB II BbIIIIe. 

IIo xaprucrepy paccMaTp11saeMbIX 3a):la'I ,[(Hccepw.uH!O MO}!{Ho p113J:1eJIHTh Ha 

i:1se 'laCTH: 

1) (60JiblIIaSI q:acTh) - 113yqaeTCS1 B03MO}!{HOCTb IlOJIY'leHHSI npeACKl13aH11li AJISI 
Mace XHITCOBCKllX 6030HOB (a TRK}!{e AJil! Mace Apyr11x npeAnonaraeMbIX, 

HO AO CllX nop He . o6HapJ)KeHHblX qacmu) B cynepCHMMeTpH'ltlblX 

pac11111peHHl!X CTa.H):lapTHOH MOAeJIH; 
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2) (MeHhllllUI 11aC'I'h) - HcCJie.QYeTCH CP-acnMMe'I'pHR B p8JJ.HauHOHHhIX pacna,o.ax 

b - KBapKa (B 11acmocn B pacna,o.ax b~dy H b~sy) B SU(2)L ® SU(2)R 

® U(l)y MOAe.JIH H B 2HDM. 

06ID.HM )1,Jill o60HX 11acreil: SIBIDleTCSI H3J'leHHe BJIHSIHHR acj>cpeKTOB, CBR3aHHhIX co 

cnoHT'dHHbIM HapyrneHHeM CP-11emocm, Ha TIO.JJ)"laeMhie pe3YJihTaThI. KaK H3Becmo, 
B CTaH.o;apmoil: MO.QeJIH - 6Jiaro.a;apH SU(2)L CHMMeq>HH reopHH - BaxyyMime cpe.nHee 
(e.a;HHCTBeHHoro) XnrrcoscKoro .nyIIJiera MO)l(eT 6h1Th Bb16paHo nemecTBeHHbIM (H c 
3apH)l(eHHOH KOMIIOHell'.fOH paBHOH HYJIIO). Jl:pyrHMH CJIOBaMH, B C'I'llH.Q3PTIIOH MO)J;eJIH 
cnoHTaHHoe HapY1lleH1:1e CP-11emocm HeBo3MO)l(HO. ConepweHHo HHa11e o6cTOHT .QeJIO 
B pac1IIHpeHHHX SM, co.nep)l(aIIJHX 60Jiee o.a;Horo XHrrcoBCKoro .a;y6Jiera HIHJIH .npyrne 
B03MO)l(llb!e XHrrcoBCKHe My.IThTHilJieThl. KaK npaBHJIO, CYIIJeCTBYJOUl,He B STHX 
MOAeJlllX CHMMe'I'pHH He.a;ocraTO'IHbl )1,Jill YC'I'paHeHIDI BCex BaJCYYMHblX cpa3 
XHrrcoBCKHX noJieli: B aTOM CJIY'lae cnoHTaIIHoe HapYllleHHe CP-11emocrn HMeeT 
MecTO, ecJIH MHHHMYM XHrrcoBcKoro IIOTeHIJHaJia rro.JJ)"laeTCSI AJill HeHYJJeB&I.X 

3Ha'leHHH STHX cpa3. 
B nepsoli 11acm )J;HCCepTaUHH, B 11acmocrn, paccMa'I'pHBaeTCH CJieJJ;y10IIJHH 

Borrpoc: KaK CHJibHO orpaHH'leHHH Ha MaCCbl XHrrcoBCKHX 6030HOB, 110.JJ)"leHHble B 

CJIY'lae cnoHTaHHoro HapYllleHHSI CP-11emocrn, OTJIH'la!OTCH oT TaKOBhlX, IIOJIY'leHHhIX 

B OTCYTC'fBHe crroHTaHHoro CP-HapYllleHIDI. 3'roT sonpoc H3J'laeTCH B paMKaX 
npocreliwero pacwHpeHHSI MHHHMaJihHOH cynepcHMMe'I'pWIHOH CTail)J;8pTIIOH MO,!l;eJIH c 
.a;o6aBO'IHbIM XHrrcoBCKHM CHHrJieTOM (pacumpeHHaSI MHHHMl!JlhHaH 

_cynepcHMMe'I'pH'IH3.ll cTaHJJ;apm3.1! MOAeJih, NMSSM
1
). IloKaJhIBaeTCH, 'ITO 

orpaHHqeHHSI Ha MRCChl XnrrcoBCKHX 6030HOB B CJIY'IRe CIIOHTaIIHOrO uapymeHHSI 

CP-11emoCTH JHa'IHTeJibHO C'I'pO)l(e, 11eM B OTCYTC'fBHe TaKoBoro. 

Bo BTOpoli 11acm JJ;HccepTaIJHH H3J'laeTCR norrpoc, MO)l(eT JIH, 6J1al'OAaps:i 
cnoHTaHHOMY HapYllleHHJO CP-'lemocrn, CP-ac11MMe'I'pHR paJJ.HauHoHHhIX pacna,o;os b­
KBapKa B paClllHpellIDIX CTaH,o;apmoli MOAeJIH CYIIJeCTBeHHhIM o6pa30M OTJll:l'l8TbCSI OT 
Ta.KoBoli, npeJJ;CKa3aHHOH B paMKax SM. HcCJie.a;oBaHHe aroro sonpoca npoH3BOAHTCSI 

B paMKax SU(2)L ® SU(2)R ® U(l)y MOAe.JIH H 2HDM. IloKaJhIBaeTCR, 'ITO 6naro.a;apR 
HOBOMY HCTO'IHHKY HapyrneH11SI CP-HHBapHaHTHOCTH reopHH, CBSI3aHHOMY co 

cnoHTaHHhIM CP-HapYllleHHeM, 3Ha'leHHH CP-acHMMeq>HH pacrra.a;oB b~dy 11 

b~sy CYIIJeCTBeHHblM o6pa30M OTJIH'laIOTCSI OT 3Ha'leHHH, IIpeACKa3aHHblX B paMKax 

C'raHAapmoii: MO)J;eJIH. 

OrpaHH'leHHR Ha Macchi XHrrcOBCKHX 6o30HOB AeJil!TCH Ha ABa rnna: 
aKcnepHMeHTaJibHbie H reopernqecKHe. CornacHo noCJie.o;HHM aKcnepHMeHTaJibHhIM 
.a;aHHhIM, B paMKax CTaII.Qapmoii: MOAeJIH XHrrconcKrui 'laCTHrra .a;oJl){(Ha 6&1Th TSI)l(eJiee 

90faB. 3KcrrepHMeHTil.llbHble orpaHH'leHHR Ha Macchi XHrrcoBCKHX 6030HOB IIO.JJ)"leHbJ 
TaK)l(e )1,Jill paclllHpeHHii SM. TaK, B MHHHMaJihHoii: cynepcHMMe'I'pH'IHOH cTaHAapTHoii: 
MOAeJIH (MSSM), co.a;ep)l(3IIJeH .a;sa XHrrcoBcKHx .nyIIJiera (cooTBeTcBeHHO, HMeJOTCSI 

1 
To•rnee rouopll, paccMirrpHBaeTCll npocreiiwBll uepcHll NMSSM, B Koropoii cynepn01e111~HaJJ 

He COJ.lep:lKllT MBCCOBblX 'IJieHOB. 
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mm, tj>H3H'lecKHX XHrrcoBCKHX creneHH cB06o)J;b1: )J;Be CP-'leTH&Ie, o,o;Ha CP-Heqem3.11 
H O)J;Ha KOMUJieKCHaSI 3apIDKeHH3.ll creneHH CBOOOAbl), HaHJierqaii:ruasi Heli'I'paJihHaSI 
XHrrcoBCKaSI qacrnua (KaK CP-'lemaSI Ta.K H CP-He'lemas:i) AOJDKHa 6&1Tb 'BDKeJiee 
/SfaB, a 3ap.H)l(eHHhIH XHrrcoBcKHli 6o30H )J;OJI)l(eH 6&m TSDKeJiee 60I'aB. 

TeopernqecKHe orpaHH'leHHH Ha Macc&1 XHrrcoBCKHX 6o3oHoB IIOJIY'la!OTCH 

a) 6naroAapR orpaHH'leHHHM Ha KOHCTaHTbl CBSI3H TeOpHH; 

6) 6J1aro.a;ap» orpaH11qeHHSJM Ha MaccoB&Ie napaMe'I'phI reopHH. 

OrpaHH'leHHH Ha KOHC'raHTbl CBSI3H TeOpHH llO.JJ)"laIOTCSI H3 aHWIH3a ypaBHeHHii 
rpynn&I peHopM8Jll:l33llHH AJJ.H aTHx .rrapaMe'I'pOB. BrrepB&Ie TaKoil: aHaJIH3 6&IJI 
npoBeAeH B pa6ore Ka6H6o, MananH, IIapH3H H Ileq>OHllHO B 1979 r. B 

JJ,aJI&HeiirueM ypasHeHHR rpyllilbI peHopMaJIH38UHH HCCJieAOBaJll:ICb B lleJIOM pRAe 
pa6oT, r.a;e 6bum pa3BHThI pa3JIH'1Hble MeTOAhI no.nytieHHSI npe.a;c~aHHii: KaK AJJ.ff 

KOHCTaIIT CBSl3H, TaK H )1,Jill JJ;pyrnx rrapaMe'I'pOB reopHH. HecMO'I'pSI Ha AOCTaTO'IHO 
60Jlbllloe pa3Hoo6pa3He BbIIlleynoMSIHYTuIX MeTOAOB, Bee OHH HMeIOT. OAHY 06IIJYIO 
'lepry, - a HMeHHO, B OCHOBe Bcex 3I'HX MeTO)J;OB . Jle)l(HT npe)J;IIOJIO)l(eHHe 06 

OTCJTCTBHH HOBOH tj>H3HKH Me)l()J;Y Mac1I1Ta60M HapYllleHHSI aneicrpoCJia6oii: CHMMe'I'pHH 
HJIH cynenpCHMMeipHH ( - (102 

- 104
) faB) H MacI11Ta6aMH o6'beJJ;HHeHHSI ( - (1016 -

10 18
) f'aB). 

B .[UfCcepTaUHH orpaHH'leHHSI Ha KOHCTaHThI CBSI3H reOpHH IIO.JJ)"laIOTC.ff 
CJieAYIOIIJHM o6pa30M. lfcCJieAYfOTCSI ypanHeHIDr "rpynrr&I peHopMaJIH38UHH .QJISI 

KaJIH6pOBO'IHbIX, IOKaBOBCKHX H CKaJISipHbIX KOHCTaHT CBSI3H BO BCeM .[UfaII030He 

aHeprttli OT Macurra.6a HapYllleHHH ane~CJia6oii: CHMMe'I'pHH ( - 100 faB) AO 
MacWTa6on o6'be.[UfHeHHSI ( - (1016 

- 10 8
) faB). Tpe6yen:si, 'IT06&1 Bo BCeM 

paccMa'I'pHBaeMOM )J;HaII030He aHeprnli BbIIIleynoMRHYThie KOHC'raHThl CBSI31:1 6hIJIH 
.O:OCTilTO'IHO MaJihl - Ta.K, 'IT06bI reopHSI B03MYllleHHH 6&IJia IlpHMeHHMa. 3'ro 
'I'pe60BaHHe npHBO.O:HT K HeKOTOpblM orpaHH'leHHHM Ha IOKaBOBCKHe H CKaJISipHbie 
KOHCTdHThl CBSI3H TeOpHH B Macurra6e HapyrneHHR aneicrpoCJia6oli CHMMeipHH (IDIH B 

MaCIIITa6e HapyrneHHSI cynepCHMMelpHH), KOTOpble B AaJihHeii:rneM npeo6pa3YJOTCSI B 
orpaHH'leHHH Ha Macchi XHrrcoBCKHX 6o3oHoB. OrpaHHqeHHR Ha KOHCTIIHThI CBSI3H 
reopHH IIOJJY'laeTCR TaIOKe H3 yCJioBHSI BrucyyMHoli cm6HJI&Hocrn XHrrcoBcKoro 
IIOTeHIJHaJia H 6naro.a;apSI aKcrrep1:1MeHTaJibHhIM orpaHH'leHHHM Ha Macey t - KBapKa. 

Hm6oJiee 06IIJHe orpaHH'leHHSI Ha MaccOBhie rrapaMe'I'pbl TeOpHH 
IIO.JJ)"laJOTCSI H3 ypaBHeHHii: MHHHMJMa XHITCOBCKOro IIOTeHIJ;HaJia. 3TH orpaHH'leHHR 
pa3lIW!Hbl B CJIY'lae OTCYTC'fBHH CIIOHTaHHoro HapYllleHHH CP-qemocrn H B CJIY'l8e 

HaJIHqHR TaKoBoro. B CJIY'lae OTCJTCTBHSI cnoHTaHHoro CP-HapYllleHHR, 6naro.a:apR 

YCJIOBHIO 11
2 = v1

2 + v/ = (174 faB)
2 

(r.ne v1 H v2 - BaK)'.YMH&Ie cpe,o;HHe XHrrconcKHx 
AYilJieTOB), ypaBHeHHSI MHHHMJMa XHrrcoBCKoro TIOTelIUHaJia II03BOJISIJOT IIOJIY'lHTh 
HeKOTOpoe orpaHH'leHHe Ha MaccOBble napaMe'I'pbl reopHH (TO'IHee, Ha !:IX HeKOTOpYfO 

KOM6HHaumo). B peJyJlbTil'fe IIOJIY'laeTCSI orpaHH'leH1:1e Ha Macey OAHOH HeH'IpaJibHOii: 
XHITCOBCKOH qacrnrr&I, - a HMeHHO, Macca STOH 'laCTHIJ;bl )J;OJI)l(Ha 6b1Tb nopSI.a;Ka 100 
faB HJIH MeH&IIle. 
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B c:nyqae cIIoHmHHoro Hapyrnemrn CP - qeTHOCTII ycnoBHe cymecTBoBaHHH 

HeHyJieBoro pememrn ypaBHeHHH MHHHM)'Ma jJ,Jill BaK)'YMHb!X cpa3 (AeTeMHHaHT 

MaTpHl!bl 0)1.HOpOAHOfO ypaBHeHHH AOIDKeH 6b!Tb paBeH HYJIIO) HaKJiaAbIBaeT 

AOIIOJIHHTellbHoe orprurnqeHHe Ha Maccos&Ie napaMeTp&I reopim:. CneACTBHeM :noro 

llBJ!SleTCH IIonyqemie orpaHHqeHHH Ha MaCCbl 6onee qeM OAHOii: XHrrCOBCKHX qacrn11. 

B AHcceprnI.IHH mKHe orpaHnqeHHH HCCJieJzyIOTCH B paMKax pacm:HpeHHoii: 

MHHHMaJibHOH cynepcHMMeTpHqHoii: CTaHAaprnoii: MOAeJIH. 

CymecTByeT TaIOKe B03MO)Kl!OCTh nonyqeHHH IIpeACKa3aHHii: JJ,Jm 

(HapyrnaIOIUHX cynepCHMMeTpHIO) MaCCOBbIX IIapaMeTpOB reopHH, 6naro11,apH 

HCCJieAOBaHHIO ypaBHeHHH rpynIIbl peHopMaJIH3aIIHH jJ,Jill STHx IIapaMeTpOB. TaKHe 

IIpeACKa3RHHSl IIQnyqaIOTCll 6naroll,apll paCCMOTpeHHIO cneUHaJibHb!X perneHHii: 

BbillleynoMllffYThlX ypaBHeHHii, - HaIIpHMep, TaK Ha3&maeMbIX XHnnoBCKHX KBa3H -

cpHKCHpOBaHHblX roqeK. 3TH KBa3H - <}>HKCHpOBaHHble TQqKH IIOnyqaIOTCH, eCJIH B 

Bb!COKOSHepreTHqecKHX MaCurra6ax ( MG - (10
16 

- 1018
) faB) KPHCTaHTa CBH3ll 

IOKasoscKoro B3aHMOAeii:CTBHH t- KBapKa c XHrrcoscKHM AYIIJieTOM (Y J 
IIpeAIIOJiaraeTCH 6&1Tb AOcraroqHo 6oJlbruoii2: CymeCTBoBaHHe (B HH3KOSHepremqecKHx 

(HH<}>paKpaCHbIX) Macurra6ax) TaKOH cpHKCHpOBaHHOH TQqKH co6cTBeHHO jJ,Jill 

IOKaBOBCKOH KOHCTaHTbl CBll3ll t - KBapKa 6bJJIO o6Hapy>KeHO K. XrumoM B 198Ir., 

rrocne qero STa KBa3H - cpHKCHpOBaHHaH TQqKa 6&ma AeTaJibHO HCCJieAOBaHa KaK B 

paMKax CTaHAapTHoii: MOAeJIH, TaK H B paMKax MSSM. B l 994r. KapeHa, 

OnexoscKHH, IloKopcKHH H BarHep llOKa3aJIH, qro B MHHHMaJI&Hoii 

cyrrepCHMMeTpffqHOH CTaHll,apTHOH MOAeJIH pemeHHH ypauHeHHH rpynIIbl 

peHopMaJIH3aIIHH AJIH HapyrnaIOIUero cynepcHMMeTpHJO IIapaMeTpa TpHJIHHeii:Horo 

B3aHMO)l.eHCTBHH t - cKBapKa c XHrrcoscKHM )l.ynJieTOM repHIOT 3aBHCllMOCTb OT 

HaqanbHbIX ycnoBHH, eCJIH IOKaBOBCKa» KOHCTaHTa CBH311 t - KBapKa H3HaqanbHO (T. e. 

B BbICOKOOHepreTHqecKHx Macurra6ax) )l.OCTaTOqHo BeJIHKa. B )l.aJibHelirueM 6&JJIH 

TaIOKe HCCJieAOBaHbl B03MO)l{Hb!e KBa311 - <}>HKCHpOBaHHbJe TQqKH AJIH HapyruaJOIUHx 

cynepCHMMeTpHJO MaCC CKBapKOB H XHITCOBCKHX 6o30HOB (CJie;AYeT OTJIHqaTb STH 

MaCCbl OT cpH3HqecKHX Mace BblllleynoMllHY'fbIX qacm[(). EbJJIO IIOKa3a.JIO, qro 

HCIIOJ!b3YH BblllleynoMllffYThlC KBa311-c):>HKC11pOBaHHble TOqKH, MO)KHO nonyqHTh 

npep;cKaJaHHH JJ,Jm Mace X11rrcoscKHx 6o30HOB, cKBapKoB 11 qapnxorno (JI11Heii:Holi 

KOM6HHaIIHH 3apH)KeHHOro KaJIH6poBOqff0fO cpepMHOHa CJia6bIX B3aHMOAeii:CTBHii: H 

XHrrcHHo) KaK <i>YHKIIHH TOJlbKO OT ABYX HeH3BecTI:l&IX rrapaMeTpoB: YJIHBepcanbHoii: 

CKaIDlpHOH MaCCb! mo H YJIHBepcaJibHOH MaCCbl KaJIH6poBO'IHb!X <t>epMHOHOB
3 m112-

2 
cl>opMaJJbHO XwmoecKHe Kllll3H -<}JHKcHposa11Hb1e TO'IKH nOJiyqaIOTCll B npemme Y, (Ma) ~co, 

ne)J{llll(IIM 3a rpaH1111aM11 npHMeHHMOCTH reopuH B03M}'IIWHHii. B AeiiCTBHTeJibHOCTH, O,[(llllKO, 31ll 

KBa3H-<}JHKCHp0BaHHb!e TO'IKH ){OC1llraIOTCll npH Y, (Ma) >> Cl.3(Ma) (me <l3 KOHCTaHTll C8ll3H 

CHJibHHX B3aHMO){eiicnmii), '!TO U03BOJllleT HCUOJlb30BBTh HX .ll.flll nooy'leHHll npe){CKa3aHHH Will 
napaMe1JlOB reopHH. 
3 

KaK H3BeCTHO, yCJIOBHe )'llHBepCaJibHOCTH Ha Hapynill!OllUle cynepCHMMe'IpHIO MaCCLI CKllJlllpULIX 

qacmn K Ka.JIH6poeo'!HLIX <}JepMHOHOB HaKJ]a){LIBaeTCl! B Macuna6ax ( - (1016 
- 1018

)) f::IB. B 
HH3KOOHepreTH'lecKHx MacIIITa6ax 3TO )'CJIOBHe, eoo6me rooopl!, Hapywaercl!, 6JJaro1-1ap11 
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MeTOA XHnnoBCKHX KBa3H - c)JHKcHpOBaHHblX TO'leK HCIIOJlb3YeTCH TaK)Ke B 

AHccepTa[(HH. I10Ka.3b1saeTCH, qro B MSSM pemeHHH ypaBHeHHii: rpynI!b1 

peHopMaJIH3aIIHH ll.lISI HapyrnaioIUHx cynepcHMMeTpHIO Mace cKBapKoB H XHrrcoscKHX 

6030HOB (roqHee, Will HX OTH011IeHHii K Macce rJIJOHHO) 0Ka3b1Ba.IOTCH He 3aBHClllIJHMH 

(HJIH cna6o JaBHClllUllMH) TaK)Ke OT mo 2 lm11l, IIpH MaJib!X H yMepeHHblX 3Ha'leHHHX 

STOro COOTH011IeHHH H H3HaqanbHO AOCTaTO'IHO 60J!b1IIOM 3Ha'leHHH IOKaBOBCKOH 

KOHCTaHTbl CBS13H t - KBapKa. 3TO CBOHCTBO pememrn ypaBHemrn IpYIJllbl 

peHOpMaJIH3a[(HH Will HapyrnalOI.UHX cynepcHMMe'Ip!IIO Mace Il03BO.ID!eT IIOnyqHTh 

rrpencKaJaHHH AJIH (cpH3H'lecKHx) Mace XHrrcoBKHX 0030HOB, CKBapKOB H qapA)KllHO, 

3aBHCHIUHe TOJibKO OT O}J.HOfO HeH3BeCTI:IOro napaMeTpa, - m112. HJIH )Ke, SKBHBaJieHTHo, 

OT MaCCbl fJIIOHHO, MJ. lfoIIOJlb3Yll STH IIpencK!l3aHHH, MO)KHO o6'bllCHHTb, HaIIpHMep, 

noqeMy XHITCOBCK!le 6030Hbl HJIH CKBapKH AO CHX nop aKcnepHMeHTaJ!bHO He 
Ha6JIJOAaJIHCb. 

K Pa.AHa[(HOHHbJM paCIIa.AaM b - KBapKa OTHOCllTCH b-.+ sy (b-+ dy), b~ sg, 

b-+ s!+ r H J:IPyrHe (3Aecb y, g, )+ r 0603HaqaJOT, COOTBeTCTBeHHo, <i>OTOH, rJIIOOH H 

nerrTOHHhie napb1). KaK CJieAYeT H3 IIpHBeAeHHbIX IIpHMepos, B PaAHa.uHOHHbIX 

paCIIa.Aax b - KBapKa HMeIOT MecTO IIepeXOAbl b~s H b-+d, KOTOpb!e B03MO)l{Hbl 

6naro.1:1ap.sr lleT.llllM, coAep)KaJl!llM KBapKH "BepXHero" nma (u, c, t), a TaK)Ke 

3ap.sr)KeHHbie W (a SU(2k ® SU(2)R ® U{l)v MOAeJIH STO Moryr 6&1Tb KaK "nes&1e" 

TaK H "IIpau&1e" W 6o30HbI) H.JIH XHrrcoscKHe 6030H&1. B cynepcHMMeTpH'IHhIX 

MOAeJIHX am nepeXO.Ilbl IIpOHCXOAllT TaK)Ke 6naronapsi IIet:ns!M, COAep)KaIUlfM CKBapKH 

H qap,IPKHHO, CKBapKll H Heii:1pa.JIHHo, H.JIH )Ke CKBapKH H fJIJOHHO. 

B paMKax CTaHAaprnoii MOAe.JIH (rAe Pa.AHa[(HOHHhie paCIIa.AbI b - KBapKa 

rrpoHcxoAHT TOJlbKO 6naro)l.ap.sr neT.JIHM, conep)KaIUHM "nes&1e" W - 6o30H&1) 

reopeTHqecKHe IIpeACKaJaHHH AJIH HHKJII03HBHoro pacIIa.Aa B ~ X,y llaJOT 

BR(B~ X,y) = (3.5 ± 0.32) x 104
. 3TOT pe3yJihTaT B AOCTaroqHo xopomeli creIIeHH 

cornacyeTCsi c sKcrrepHMeH'l:aJibHbIMH AaHHbIMH, cornacHo Korop&IM BR(B~ X
8
y) = 

(3.15 ± 0.54) x 10-
4
. A STO 3Ha'IHT, qro B pacumpeHHHX CTaH,IJ,apTHOH MOAeJIH IllHpHHa 

paCIIaAa b ~ sy He llOJI)KHa cymecTBeHHblM o6pa30M OTJIH•IaTbCll OT TaKOBOH, 

IIpeACKa3aHHOH B paMKax SM. 3m Tpe60BaHHe II03BoJIHeT IIooyqHTb orpaHH'leHHH Ha 

IIapaMeTp&J pac1IIHpeHHH CT!lHAapTHoli MOAeJIH, - HaIIpHMep, Ha Macey 3apIDKeHHoro 
XnrrcoucKoro 6o30Ha HJIH Ha Macey qap,AX<HHo. 

LJ:pyroli B03MO)KHOCTblO IIonyqeHHH HHcpopMaIIHH OTHOCHTeJibHO IIapaMeTpOB 

pacwHpeHHii: SM HWIHeTCH HcCJieAOBaHHe CP - acHMMeTpHH B Pa.AHaIIHOHHbIX 

pacIIa.Aax b - KBapKa. TaK Ha3bIBaeMoe ''npllMoe" HapyrneHHe CP - 'lemocrn B 

pacnai:1ax b~sy H b~dy 03HatiaeT HaJIH'IHe HeHynesoli pa3HOCTH Me)K;ll,Y 1IIHpHHaMH 

BbillleynoMllHY'fbIX paCIIaAOB H IIIHpHHaMH CP - conpIDKeHHbIX pacna.AoB. .I(.n.sr roro 

qro6&1 raKoe HapyrneHHe CP - qeTHocrn HMeno Mecro, Heo6xoAHMO HllJIHqHe B 

reopHH CP - HapyrnaJOIUHX KOMIJJieKcHbIX <t>aJ (HanpUMep, <t>aJ&I CKM - MaTpH~bI 

pa3J111quoil 3BOJllOIIHH 

peuopMaJIH33UHH. 
BLillleynoMlleyTLIX Mace comacHo HX ypaeueHHl!M rpynn&1 
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cMeJIIHaruum KBapKOB HJIH )Ke BaKY)'MHhIX qu13 XHrrcoucKHX noneii:), a TaIOKe 
MHHMoii: qacni: _ B . ,nemsix AlfarpaMM pacmmoa (MllliMWI qaCTb a a&uneynoMSIHYJ'bIX 
neTJISIX, B«;J3HHKaeT Ha ABYileTJieBOM ypOBHe, npH yqere rJIIOOHHblX nonpaBOK K 
aMUJIH'l)?:laM pacmmoa). B paMRKRX c'I'ail,!lapmo:ii: MOJ:leJIH CP - acHMMe'fPIDI B03HHKaeT 
HCKJIIO"IHTeJibHO 6naro,1:1apsi cpa3e CKM - Ma'I"pHIU>I cMelllHBaHHSI KBapKOB. KaK 6&mo 

noKll3aHO CoapecoM (1990r.), B pacnane b~sy AOJDKHa na6.mo,1:1aTuc11 CP -

acHMMe'I"pIDI nopsw<a (O.S-1)%, a B pacnane b~dy CP - acHMMe'I"pIDI MO)KeT 

nocrnraTb (15-20)%. CP,.. acHMMetpIDI B pacnane b~y 6bIJia paccMO'I"peHa TaIOKe B 
pa6ore JI. BoJibcpeHllITeii:Ha H YI. By (l 994r.) - B paMKax 2HDM, H B pa6ore r. M. 

Aca'I"pSIHa H A. H. HoanHHcc11na (l996r.) - B paMKax SU(2k ® SU(2)R ® U(l)v MOJJ:eJIH. 
ohmo noKa3aHo,. 'ITO B smx pacnrnpeHlffiX CTa.H)lapmoii: MO.O:e.JIH CP - acnMMe'fPHSI 

pacnl!Aa b4'sy MO)KeT HMeTb 06pa1Hb1:ii: 3HaK, no cpaBHeHmo c npe,a:cKaJaHIDIMH SM, 
a ee a6COJIIOTHOe 3Ha"leHHe MO)KeT 6bITb KaK MHHHM)'M B 1.5 pa3a 6oJibllle qeM B 
SM. 

11cCJJe,a:oBaIIHSI, aHaJIOrH'IHbie TaKOBblM B BbIIIIeynoMS!ayI'blX pa60Tax, 
npoH3BQ.[llJTCSI TaIOKe B paMKax npewraraeMo:ii: nuccepTaIJ,HH: 3J:lec& B paMKax 

SU(2k ® SU(2)R ® U(l)v MO.O:e.JIH H 2HDM paccMa'I"pHBaeTCSI npo6neMa CP -

acHMMetpHH B pacna.n.e b~dy. Ilpo6JieMa CP - acnMMetpHH B pacna.n.e b~sy TO:>Ke 
o6C)')K,[\aeTCll, O;J:UiaKO, B OT.JIH"IHe OT npe,O:binyn!HX pa60T, OCPIOBHO:ii: llKI.leHT CTa.BIITCSI 
Ha ,O:eTaJibHOM, HCCJie,O:OBaHHH STO:ii: npo6JieMbl B HaH6oJiee o6umx BepCIDIX 

SU(2k ® SU(2)1t ® U(I)v MO,O:e.JIH H 2HDM. 

TaKHM o6pa30M, y npe,U,JiaraeMoii: AHCCepTallHH CJie.a:yIOlllHe ueJIH: 

I). . HcCJie,a:oaaTb B paMKax cynepcHMMetpH'IHhlX Mo,a:e.rreii: B03MO.:>KH&Ie orpaHH'lemm 
· Ha Macc&1 XHrrcoacKHX 6o30HOB, nOJIY'laIOIUHecsi 6Jiaro,a:apsi aHaJIH3Y ypaBHeHH:ii: 

rpyrtilhI peHopMaJIH3RUHH, a TaK)Ke H3 ypaBHeHH:ii: MHHHM)'Ma XHrrcoBcKoro 
IIOTeHt(HaJia. 

2) PaccMO'I"peTb B03MO:>KHocTb cnoHTaHHoro HapY1IIeHHSI CP - 'lemocTH B 

cynepcHMMeTpH'IHbIX MO.O:eJillX. IloJIY'IHTb orpaIIH"leHHSI Ha Mace&! XnrrcoBCKHX 
6030HOB KaK B CJIY'lae npHcyrcTBHSI, TaK II B CJIY'lae OTCyrcTBIDI CllOHTaHHOro 
CP - HapY1IIeH11si. 

3) B CJIY'lae OTCyrcTBIDI cnoHTaHHoro CP - HapY1IIeHHS1 cpaBHHTb orpaHH'leHHSI Ha 
Macey HaHJier'laii:lllero XHrrcoacKoro 6o3oHa, noJl)"laIOIUHecSI B paMKax 
MHHHMaJ!bHO:ii: cynepcHMMetpH"IHOH CTaH.Jlapmoii: MO,O:e.JIH (MSSM) H ee 
11pocre:ii:mero paclllHpeHIDI c ,a:o6aao'IHblM XHrrcoBcKHM CHHmeroM (NMSSM). 

4) IlOJIY'IHTb npencKa3aHHSI ,[J,JISI Mace XHITCOBCKHX 6030HOB, a TaK:>Ke psiua 
cynepCHMMetpllt{HblX qacmu, HCilOJib3Yll cneUH!l.llhHbie pellleHlffi (KBR3H -

<t>nKCHpOBaHH&Ie TO"IKH) ypaBHenn:ii: rpynn&1 peHopMaJIH3auHH ,IJ,JISI napY1IIa10mnx 
cynepcHMMe'I"pHIO napaMetpOB reopHH. 

JO 

¥ 
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5) IlOJIY'IHTb B paMKax SU(2k ® SU(2)R ® U(l)y MOAeJIH H 2HDM npe,1:1cKa3aH!ffi 

,[J,JISI CP - acHMMe'I"pHH B pacna.n.ax b~sy H b4'dy. CpaaHHTb IIOJIY'leHH&Ie 
pe3yJI&TaTbI c npe,1:1cKa3aH!ffiMH CTaHAapmo:ii: MOJ:leJIH. · ' · 

Hayq11rur HOBH3Ha. 

I. B paMKaX cynepc11MMetpH"IHbIX'' Mo.[leJieii: anepBhie npoBeAeHo AeTaJ!bHoe 
HCCJie,JlOBaIIHe orpaHH'leHH:ii: Ha Mace&! XHrrcoBCKHX 6o30HOB B (He 

npOTHBope"IRIUHM SKcnepHMeHTaJihHblM .JlaHHblM) CJIY'lae CUOHTaliHoro HapYIIIeHHSI 
CP - t{eTHOCTH. 

2. BnepB&Ie npH cpaBHeHHH orpaHH"leHHii: Ha Macey HaHJie!"laii:lllero XHrrcoacKoro 
6o3oHa, IIOJIY'leHHbIX B paMKax MSSM H NMSSM, Y'IHTb,IBaIOTCSI pa3HHUa 
Mexqzy "noJ110cHoii:" H "6efY1IIeii:" MaccaMH t - KBapKa, a TatoKe naynemea&1e 
pa,n,HauHoHH&Ie nonpaaKH K Macce HaHJier'laii:lllero XHrrcoBCKoro 6o3oHa. 

3. BnepB&Ie IlOJIY'laIOTCll npeACKa3aHIDI JVIS1 Mace XHrrcoacKHX 6030HOB, a TaK)Ke 
pll,[la cynepCHMMetpH'IHhlX qacmu, 3aBHCSIIUHe TOJibKO OT onnoro HeH3BeCTHoro 
11apaMe'I"pa - Macchi rJIIOHHO. 

4. B paMKax SU(2k ® SU(2)R ® U(I)y MOAeJIH H 2HDM anepa&1e paccMa'I"pHBaeTCSI 

npo6JieMa CP - acHMMe'I"pHH B pacna,ue b-+dy. 

5. B paMKax SU(2)L ® SU(2)R ® U( I )v MOAeJIH anepB&Ie HcCJienyeTcsi · CP -

acHMMeTpHSI pacna,ua b-+sy B CJIY'lae TaK Ha3&maeMo:ii: HeBh!pB)KeHnoii: neao­
npaBoii: CHMMetpHH (KOrJ:(a OTHOIIIeHHSI a6COJIIOTHblX 3Ha"leHHii: COOTBeTCTBYJOJUHX 
3JieMeHTOB "neaoii:" H "npaaoii:" CKM - Ma'I"pHn HBJISIIOTCSI npoH3BOJibHbIMH). 

IlpHKJiawioe 3HaqeHHe pa60Tb1. 

KaK Y:>Ke 6b!JIO OTMe"leHo, reopemqecKHe npeJlCKa3aHHSI ,[J,JISI Mace XHITCOBCKHX 
6030HOB Il03BOJISIIOT onpe)leJIHTb nHall030H SHeprHii:, B KOTOpbIX sm "laCTHUbl CJienyeT 
HCKaTb. KpoMe roro, CJienyeT OTMeTHTb, '!TO OI'paIIH"leHHSI Ha MaCCbl XHITCOBCKHX 

6o3oHoB, noJl)"laeMh1e B paMKax CTaHAapmo:ii: MOAeJIH H ee pl1311H"IHbIX pacI11HpeHHii:, 
aoo6111e-ro roBopsi, pa3JIH'1HbI. A sro 3Hat{HT, 'ITO sKcnepHMeHTaJibHaH npoaepKa 
npe,1:1cKa3aHHii: ,[J,JISI Mace XHrrcoBcKHx "laC'l'lll{, nonyqeHHbIX B pacmHpeHHsrx SM, 
Il03BOJIHT BblSICHHTb, KaKOe .>Ke H3 smx paCIIIHpeHHii: CJienyeT HCil0Jlb30BaTb ,[J,JISI 

OilHCaHIDI SIBJleHHii:, CBR3aHHblX c <j:>lf3HKOii: an:eMeHTapHblX qacmu B AHall030He 
::iHeprnii: (102 

- 104
) faB. LlpyrnMH CJIOBaMH, reopemqecKHe npe,1:1cKll3aHIDI ,lJ,Jill Mace 

XHrrcOBCKHX 6o30HOB o6ecne'IHBaIOT HH~pMauHeii: OTHOCHTeJibHO HOBOH <PH3HKH, 
HMCIOIUeii: Mecro B AHRU030He 3Heprn:ii: (I 0 - I 04

) faB. 

TaKYJO nn<tJopMaUHIO MO)KHO IlOJIY'IHTb TaK)Ke 6naro)lap11 HCCJie,noBaHHIO CP -
aCHMMetpHH B PMHRUHOHHblX pacna.n.ax b - KBapKa. CJienyeT OAHaKO OTMemTb, 'ITO 
Ta.Koe HCcJie)lOBaHHe no3BOJllleT TaK)Ke BbISICHHTb, qeM BbI3BaHo HapYIIIeHHe CP -
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11Haap11aHTHOCT11 B CJia6bIX pacna,a.ax. J13aecnm, 'ITO a CTaHJJ;apmoii MOAeJilil CP -
HapyweH11e B CJia6bIX pacna,a.ax B03MO)l{H0 TOJibKO 6Jraro.n:apS! KOMIIJieKCHOH cpa3e 
CKM - MaTpllllbI cMe11111aaHHS1 KBapKOB. B pacurnpeHmix CTaHJJ;apmoil: MOJJ;e.JIH, 
o.[(HaKo, cyweCTBYJOT TIUOKe APYHe HCTO'l.HllKH HapymeH11si CP - 11HBapHaHTHocrn 
reopHH, - HanpHMep BaKY)'MHbie cpa3bl XHrrcoacKHX noneil:. BCJie,[(CTBlle aroro 
(reopem'l.ecKHe) 3Ha'l.eHllSI CP - acHMMeTpllll pacrra,a.oa b~dy H b~sy, Harrp11Mep, a 
paMKax SU(2k 18> SU(2)R ® U(l)y MOAeJill 11 2HDM cymecTBeHHhIM o6pa30M 
OTKJIOHSllOTCSI OT npe,O:CKa3aHHH CTaHJJ;apmoil MOJJ;eJilil. A aTO 3H3'l.HT, 'ITO 
aKcrrep11MeHTaJThHOe 11cCJieJJ;oBaH11e CP - ac11MMeTpllll B amx pacrra,a.ax JJ;aCT 
B03MO)l{HOCTb BhISICHHTh, cymeCTByIOT JIM peaJibHO JJ;pyrne llCTO'l.HHKll HapymeHHsi CP -
HHBap11aHTHocm reop1111, KpoMe cj:>a3hI CKM - MaTpHUbI. 

TaKHM o6pa30M, sKcnep11MeHTaJibHaS1 apoaepKa pe3)'JlbTaTOB, npeACTaBJieHHbIX a 
npe,D,JiaraeMOH AllCCepran11H, MO:lKeT o6ecrre"l11Tb llHcj:>opMan11eil OTHOCllTeJibHO HOBOH 
cp11311KH, 11Me10m:eil MecTO B .n:11arro3oHe aHeprllH (102 

- 104) faB, a TaK:lKe JJ;acT 
B03MO)l{HOCTh 6orree rny6oKoro aoHHMaHllSI siBJieH11si Hapywemrn CP - qemocm a 
CJia6&IX pacna,a.ax. 

I. 

Ha 3annny rrpeJJ;craBJieHL1: 

OrpaH11'feH11S1 Ha Macc&1 XHrrcoacKHx 6o3oHoB B pacI1111peHHoil MHHllMa.JibHOH 
cynepCllMMeTpH"lHOH CTaHAapmoil MOAe.Jill (NMSSM) KaK B CJIY'fae 
cnoHTilHHOro Hapywemrn CP - 'feTHocm, TaK 11 B OTCytcTBHe TaKOBOH. 

2. CpaaHeH11e orpaHlf'leHHH Ha Macey HaHJierqailrnero XHrrcoscKoro 6o3oHa, 
IlOJiytleHHblX B paMKax MllHHMaJibHOH cynepCllMMeTpll'l.HOH CTilHAapTHOH MOJJ;e.Jill 
(MSSM) H ee rrpocreilrnero pac11111peHHS1 c A06aBO'l.HbIM XHrrcoacKHM 
CHHfJieTOM (NMSSM). 

3. IlpeACKa3aHHSI AIDI Mace X11rrcoBcKHx 6o30HOB, cKBapKoB 11 'l.apA:lKllHO, 
110Jiyt1eHHh1e B paMKax MSSM 6JiaroJJ;apsi HCllOJib30BaH1110 TaK Ha3&1BaeM&1x 
XwmoBCKllX KBa311 - cj:>HKCHpOBaHHblX TO'l.eK ypaaHeHllH rpynIIbl 
peHOpMa.Jlll3aI(Hll AJIS! HapywarolUllX cynepCllMMeTplllO napaMeTpOB reop1111. 3m 
11peACKa3aHIHI 3aBllCSIT TOJibKO OT OJJ;HOfO Hell3BeCTHOfO napaMeTpa - OT MaCCbl 
fJilOllHO. 

4. IlpeJJ;CKa3aHIHI AJIS! CP - ac11MMeTpHll pacmmoa b~dy 11 b~sy a paMKax 
SU(2k 18> SU(2)R 18> U(l)y MOAeJIH 11 2HDM. 

Anpo6an;mi: pa60T1>1. 

Pe3yJI&TaThI, apeACTaBJieHH&Ie B .n:11ccepnuu111, 011y6JIHK0BaHbI (AonymeH&I K 
11y6JIHKanHll) B X<ypHaJiax Mod. Phys. Lett. A, Phys. Lett. B, Acta Physica Slovaka. 
0TJJ;eJibHhie pe3yJI&raTbI rrpe,O:CTaBJISIJIHCb Ha CJie,o:yrom:Hx CllMll03ffYMax: Trieste 
Conference on Quarks and Leptons, 7-11 October 1997, Trieste, Italy; 10-th 
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Itemational School on Particles and Cosmology, 19-25 April 1999, Baksan Valley, 
Russia; 11-th Recontres de Blois: Frontiers of Matter, 28 June - 3 July 1999, 
Blois, France. 

Bee rrpeJJ;CTaBJIJieHHbie B .n:Hcceprau1111 pe3yJibraTb1 o6C)'}!{.!U1JIHcb Ha ceM11Hapax 
Ep<l>H, a OT,[(eJ!bHbie pe3)'JlbTaTbl II pa60Tbl - Ha ceMHHapax reopem'l.ecKOH cj:>H3HKll B 
0115111 (.Il.y6Ha, Pocc11si), DESY (raM6ypr, fopMaHHS!), ICTP (Tp:e:ecr, HT8JIHsi). 

Crpyicrypa H 061.eM pa601b1. 

JJ:11cceprau1H1 COCTOllT 113 BBO,[IHOH ti:acm, ID!TH rJiaB, 3aKJIIO'l.IITe.JlhHOH 'l.acm, 
IIpllJIO>I<eHllH II CllllCKa JIHTepa'l)'pbl. 06'beM AHCCepranHll -115/ CTpaHllll, BKJIIO'l.as! 16 
p11cyHKOB. Cn11coK JIHTepa'l)'pbI coCTOHT 113 HaHMeHOBaHHH. · 

Co}:(ep:>IGUIHe pa601bl. 

BB011Hasi qaCTb 1111ccepT11UHH nocamueHa noCTaHoBKe 31!Aa'fll 11 o6cy}!{AeHHIO 
aKTYa.JibHOCTll paccMaTpHBaeMblX npo6JieM. 

B nepaoli maee .n:aeTCsi 06m11H: o63op paccMaTpHBaeMhIX npo6JieM. B 'l.aCTHocm, 
o6C)')K,IJ,aJOTCll H3Bec'IHble MeTOAbl IlOJiytleHIHI orpaHH'l.eHHH Ha MaCCbl XHrrcoBCKllX 
6o3oHoB B craH,[(apTHoH MO,[(eJilil 11 ee paclllllpeHHSIX. KopoTKo 06c)'X{,lla.10TCll TllK}!{e 
npo6JieMbl, CBSl3aHHble c pa.[(llaI(llOHHblMll paCIIl!AaMll b - KBapKOB. 

Bo BTopoil maae paccMaTp11aaeTCS1 npo6JieMa orpaHH'feHHH Ha Macchi 
X11rrcoacK11x 6o3oHOB e pacrn11peHHOH MllHHMaJibHOH cynepcHMMeTpH'l.Hoil: 
CT'dH.[(apTHoil MO.J:leJIH (NMSSM). 3m orpaH11'leH1H1 IlOJIY'laIOTCll 6naro.n:apsi aHaJill3Y 
ypaaHeHHH rpynnbl peHOpMaJIH3aI(llH AJIS! KOHCTilHT CBSl3H reopHll a TIUOKe 113 YCJIOBllSI 
MHHHMYMa XHrrcoBcKoro noreHUHaJia. PaccMaTp11BaroTCS1 KaK CJIY'l.aH cnoHTilHHoro 
HapyweH11si CP - 'feTHocm, Tl1K CJIY'faH OtcyTCTBIHI TaKoaoro. IloKaJbmaeTCSI, 'l.TO B 
npocremneil aepc:e:11 NMSSM (6e3 MaccOBhIX 'fJ!eHoB B cynepnoreHu:Hane) 
cnoHTaHHoe HapymeH:e:e CP - qeTHocm B03MO)l{HO TOJibKO 6Jraro.n:apll pa,o:HaI(llOHHhIM 
nonpaBKaM K XHrrcoacKoMY rroreHnHWiy. BCJie.n:CTB11e aroro Macca HaHJierqailmero 
XHffCOBCKOfO 6o30Ha llOJiytlaeTCll MeHbllie 35 rsB. nim TOfO 'l.T06bJ 1136e:>KaTb 
npoT11uope'l.11si c sKc11ep11MeHTa.llbHhIM11 ,[(aHHbIMll, TaKasI X11rrcoacKasI qacmna ,[(OJl}!{Ha 
6bITh SU(2k ® U(l)v CHHfJieTOM, - B 3TOM CJIY'fae OHa HMeeT Macey rropMKa 
HeCKOJibKHX rsB HlIH MeHbllle. LfTO }Ke KacaeTCSI pecrHCTpHpyeMblX (HecllHrJieTHb!X) 
qacTHu, cymecayeT TpH HeHTpaJibHhie H o,[(Ha 3apSIX<:eHHasi XHrrcoscKHe qacmu:b! c 
MaccaMH nop}!)lKa (100 - 200)faB HJlll MeHbl.lle. B CJIYll.ae OTCytcTBHS! CilOHTllHHOro 
CP - HapymeH11si orpaH11'feH11si IIOJIY'laIOTCSI TOJ!bKO Ha Macey HaHJierqailmeil 
X11rrcoacoil qacmubl. 

B rpeTheH rnaae npoH3BO.J:lllTCSI cpaaHeHHe 
HallJ!erqailrnero XurrcoucKoro 6o3oHa, noJIYll.eHHhIX 
cynepcHMMeTpH'l.HOH CTaHAapmoil MOAeJill (MSSM) II ee 
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orpaHH'l.eH11il Ha Macey 
B paMKax MllHllMaJibHOH 

npocremnero pacrnHpeHllSI c 



ao6aBO'IHbIM XmTcoBCKHM CHHrJleTOM (NMSSM). IIpH rrpoBe.a;eHHH cpaBHellllSI 

)"IHThIBaeTCll pa:rnm.1a Mexqzy ''rrOJUOCHoH:" H "6erymeii" MaccaMH t - KBapxa, a TaIOKe 

.a;BynerneBhie pa.a;m11.1110HHhie rrorrpaBKH K Macce HaIDierqai'i:mero XHrrcoBcxoro 

6o30Ha. IlOKa3bIBaeTCS!, 'ITO pa3HHl.\ll Mexqzy rrpe)lCKa3aHIDIMH MO.a;eneH: MO)!{er 

aocmraTb 40P~B, np11 '3Hat1eHIDIX omorneHllS! BaxyyMHhIX cpeAHHX XHrrcoscKHX 

JlYIDieroB, 6JIH3KHX K AB)'M. OrMeqaeTCS! Heo6XO)lHMOCTh 60Jiee )leTaJibHOro cpaBHeHHS! 

npeacKa33.HHH MSSM 11 NMSSM. .IJ:Jm sroro OAHaKO Heo6xo.a;aMo IIOJl)"IeHHe 

JJ;OIIO.IIH1ITeJibHbIX npe):(CKa3aHHH )J.JIS! HapyrnaIOIIIHX cynepcHMMe'lpHIO MacCOBblX 
napaMerpos reop1111. 

B qeTBeproH: rJiaBe HCCJieJzyeTCS! B03MO:lKHOCTb IIOJl)"IeHHS! TaKHX rrpe.a;CKa3aHJIH B 

paMKaX MSSM, 6Jiaro.a;apSI aHaJIH3Y ypasHeHHH: rpynnhI peHopMaJIH3111.\HH Jl.JlS! 

HapyrnaiolI/,Hx cynepcHMMe'lpHIO rrapaMerpoB reopHH. PaccMaTpHBaIOTCS! cneqmulhHbie 

peweHIDI smx ypasHeimii - TaK ' Ha3bIBaeMble XJIJIJioBCKHe KBa3H - tj>HKCHpOBllHHble 

TO'IKM, KOTOpbie IIOJl)"IaIOTCS!, ecna B BblCOKOSHepremqecKHx Macrnra6ax KOHCTaHTa 

IOKasoscKoro B3aHMo.a;elicTBllS! t - KBapKa c XHrrcoscKHM JlYllJleTOM npe.a;rroJiaraercSI 

6b1Tb JJ;OCTaTO'IHO 60JibUIOH. l'IcnOJlb30BllHHe amx KBa3H - lj>HKCHpoBaHHblX TO'leK 

II03BOJIS!eT IlOJl)"IHTb npe.a;CKa3aHllS! AID! Mace XHrrcoBCKJIX 6030HOB, CKBapKOB H 

qap)l)KHHO, 3aBHCS!II/,HX TOJlbKO 'OT OAHOrD HeH3Becmoro napaMe:rpa, - OT MaCCbl 

rJIIOHHO. CorJiacHO SmM npegcKa3aHHllM, 3Hat1emrn Mace HIDLJierqaii:wero 

XHrrcoscKoro 6o30Ha H HllIDierqaifwero cKBapKa HllXO,[(!ITCH .a;oCTaTO'IHo 6JIH3KO K HX 

sepXHHM rpaHHqaM, S!BJIS!IOIIIHMCS! tj>)'HKl.\llS!MH OT MaCCbl rJIIOHHO. JJ:pyrHMH CJIOBaMH, 

HCilOJib3}'ll XHJllIOBCKHe KBMH - tj>HKCHpOBaHHbie TO'IKH, KaK HaH60Jiee BepOSITHbie 

peUieHIDI BbIIIIeynoMSIHJThlX ypaBHeHHH rpynIIbl peHopMaJIH3fil.\HH, MO:lKHO 

ecTeCTBeHHblM o6pa30M' ofuS!cHHTh; IIO'leMY XHrrcoBCKHe qaCTHl.\bl H CKBapKH AO CHX 

rrop SKcrrepHMeHTaJlbHO He Ha6JIIO):(aJIHCb. 

B nSITOii rnase paccMaTpHBaeTCll rrpo6JieMa HapyrneHHll CP - 'leTHOcrn s 

PaaHlll.\HOHHbIX pacna):\ax b - KBapxa. IloKa3hIBaeTCSI, 'ITO B paMKax SU(2)L © SU(2)R 
© U(l )y MO):\eJIH H 2HDM HOBbnf HCTO'IHHK HapyrneHIDI CP - qemocm, CBll3aHHbIH co 

CIIOHT'c!HHhIM CP - HapyrneHtteM, gaeT cyrneCTBeHHhIH BKJiaA B CP - acHMMeTpHIO 

BbIUieynoMllffYThIX pacna):\oe. TaK CP - aCHMMe:rpHS! pacrra.a;a b~dy Mo:lKer HMeTh 

o6pami.rli 3HaK, IIO cpasHeHHIO c npe):(CKa3aHllS!MH CTaH)lapmoH: MO)leJIH, a 

a6coJIIOmoe 3Hat1eH11e CP - acHMMeTpHH pacrr11Aa b~sy Mo:lKeT 6b1Tb, KpoMe roro, e 

HeCKOJibKO pa3 60Jlbille 'leM B CTllH):\apmoii: MOJJ;eJIH. Haa60JlbIIIHe OTKJIOHeHHll OT 

rrpegcKa3aH11H: SM nonyqaioTCS! - B paMKax SU{2)L ® SU(2)R © U(l)y MOAeJIH - s 

CJl)"Iae TaK Ha3bIBaeMOH HeBblpa:lKeHHOH JieBo - npasoii CHMMeTpH (Kor):\a OTIIOIIIeHIDI 

cooTBerCTB)IJOII/,HX sneMeHTOB nesoii H npasoii CKM - MaTpHI.\ llBJIS!JOTCll 

rrpOH3BOJlbHbIMH) H - B paMKax 2HDM - B CJl)"Iae, Kor.a;a o6a XHITCOBCKHX ay6Jiera 

B3aHMo.a;eiiCTB)IJOT KaK c KsapKaMH eepXHero nma, TaK 11 c KBapKaMH HH:lKHero mna. 

B CJl)"Iae HeBbipa:lKeHHOH JieBO - npasoii: CHMMeTpHH cymeCTByer TaIOKe o6JiaCTb 

rrpocrpaHCTBa rrapaMe:rpos reop1111, r.o;e CP - ac11MMe:rpHll pacrra.o;a 

b~dy, Bbl'IHCJICHHall B rJiaBHOM Jiorap11tj>MJ1qecKOM np116JIH:lKeHJ111 (rro norrpaBKaM 

KX,U) CTilHOBllTCll HeecreCTBeHHO 60JlbIIIOH (rrpeBblillaeT 100%). 3TO 3HaqJIT, qro B 
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sroii: o6nacm npocrpaacTBa rrapaMe:rpos SU(2)L ® SU(2)R © U(l)y MOAe.JIH Heo6xo.a;aM 

)"IeT rrorrpaBOK KX.U BbICillero IIOPS!AKa K IIIllpHHe pacrra):\a b~y. 

B 3aKJIIO'fHTeJlbHOii: qaCTH rmcceprawm IIpllBO):\!ITCS! OCHOBHble IIOJI)"ICHHble 

pe3yJihTaTbl. 

1. 

2. 

3. 

4. 

HeKOTOpble 113 lj>OpMYJI, HCIIOJib3yeMblX B .a;HCCepTal.\1111, ):\aJOTCll B QpHJIO:lKCHHHX. 

OcHOBHLie pe3YJILTaThI JUICCepnuum. 

fIOJI)"IeHbI orpaH11qeHHH Ha 

npo6JieMa CP - acc11MMeTpHH 

CTaH)laprnoii MO,D;eJIH. 

Macchi XHrrcoscKHx 6o30HOB 11 

B pacrra.o;ax b~dy a b~sy B 

llCCJie):\OBaHa 

pacillHpeHHllX 

Orpaalf'leHHll Ha Macchi XHrrcoscKHx 6o30HOB IIOJl)"IaIOTCH 113 orpaHHt1eHJ1ii: Ha 

rrapaMe:rpbI reopHH. HaH6oJiee o6rrme orpaHHt1e1111S1 Ha rrapaMeTphI reop1111 

IIOJl)"IaIOTCS! - JlJill KOHCTaHT CBS!3H - 113 aHaJIH3ll ' ypaBHeHllH rpynnbl 

peHopMaJill3aIJHH II - JlJill MaCCOBblX rrapaMeTpOB reopllH - 113 ypasHeHllH 

MllHffMYMa XHITCOBCKOro IIOTeHl.\HaJia. 3m orpaHH'leHHS! llCCllCJlYIOTCH KaK B 

CJI)"Iae crroHTaHHoro HapyrneHHS! CP - qernocm, TaK 11 B CJl)"Iae OTCYfCTBIDI 

TaKOBOH. PaccMaTpllBaeTCS! rrpOCTeHIIlall cynepcHMMCTplf'l.Hall MOJJ;eJib, B KOTOpoii 

B CJl)"Iae crroHTaHHoro HapymeHIDI CP - qemocm ynaeTCS! 1136e:lKar,, 

rrpomsopet1Hii c sKcrrepHMeHTaJlbHbIMH .o;aHHbIMH. Taxoii: MOAeJib!O oKashIBaeTCSI 

rrpocTeHillall sepCHS! pacrnHpeHHOH MHHHMaJlbHOH cynepCllMMCTpH'IHOH 

CTaHAapTHOH MO):\eJIH, B KOTOpoii cyneprrOTeHl.\llaJI He co.nep:lKHT MaCCOBblX 

qJieHOB. 

B CJl)"Iae OTCyrcTBHll crroHraHHoro CP - HapyrneHHll orpaH11t1eHHS1 IIOJl)"IaIOTCS! 

TOJibKO JlJill MaCCbl HIDLJieNaHIIIero XHITCOBCKOro 6030Ha. 3Ta qacmqa HMeer 

Macey rropll,D;Ka 100 rsB HJIH MeHbllie. B CJl)"Iae }Ke CIIOHTaHHOro CP -

HapyweHllll HaHJiert1aiimaS1 XHrrcoscKall qacmqa .a;oJI:lKHa 6hITb SU(2)L ® U(l)y 
CllHrJieTOM, AID! TOfO qro6bl He IIOJl)"IaJIOCb nponmope'IIDI c 
3KcrrepHMeHTaJibHbIMll ):\aHHbIMll. B STOM CJl)"Iae STa qacmua llMeeT Macey 

rropll.a;Ka HecKOJihKHX rsB HJIH MeHbIIIe. KpoMe mro, cyrneCTB)IJOT rp11 

perncrpHpyeMbie (HeCHHrJieTHbie) Heii:TpaJibHhie 11 OAHa 3apH:lKeHHaS1 XHrrcoscKHe 

'laCTHl!bl C MaccaMll IIOpS!.l.\Kll J 00 rsB HJIH MCHhIIIe. 

KpoMe HaH6oJiee 06II.\HX orpaHHqeHllH, npecKa3aHllH OTHOCHTeJlbHO Hapyrnaiorrmx 

cynepCHMMeTpHIO rrapaMeTpOB reopHH MO:lKHO IIOJl)"IHTb, llCIIOJib3}'ll crreqllaJlbHblC 

peweHIDI HX ypasHeHHii rpynrrbI peaopMaJIH3fil.\HH, - TaK Ha3bIBaeMbie XHJllloscKHe 

KBa3H - tj>HKCHpOBaHHble TQqKH, ' 3m npe,ncKa3aHHll rrpeo6pa3)1JOTCS! B 

rrpe.o;cKasaHHll AID! Mace XHrrcoBcKHX 6o30HOB, a TaK:lKe psr.a;a 

cynepc11MMe:rp11qHbIX qacmq. CornacHo amM npegcKa3aHHS!M, B paMKax 

MHHHMaJibHOH cynepcHMMerpHqHoii CTilH,LlapTHOH MOAeJIH see XHrrcoscKHe 

6030Hh1, xpoMe HaHJiert1aH:mero CP - qemoro, cKBapKH H t1ap):\}Kl!Ho 11Me10T 

Macchi 3Haqm:eJibHO 60JibillC 100 rsB. KaK. . O'leBH):IHO <::Jie~eT H3 STHX 
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5. 

pes)'JlbTaTOB, HCilOJlb30BaJIHe XmmoBCKHX KBa3H - <j>HKCHpOBllHHblX TO'l:CK 
II03BOJH!eT oOO»i:cHHT&, rro'l:eMY Ta HJlll HH8Sl qacmn:a, rrpewmnaraeMasr B paMKax 
MSSM, .llO cHX rrop aKcrrepHMeHTaJibHO He Ha6JIIO,!laJiacb. 

B paMKax SU(2k ® SU(2)R ® U(l)y MO.lle.JIH 11 2HDM, 6Jiaro,!lapx HOBOMY 
HCTO'l:HHKY HapymeHHH CP - HHBapHHaTHOCTH TeOpHH, CBH3aHHOMY co 
crroHTaHHbIM CP - HapymeHHeM, CP - acHMMe'IpHH pacrra,11;a b~dy MO)!{eT HMeTb 
o6paTH&Iii: 3HaK, IIO cpaaHeHHIO c npe,!lCKa3aIIHHMH CTaH,!laPTffOH MOAeJIH, a 
a6coJIIOTI1oe 3Ha'l:eHHe CP - acHMMe'IpHH pacrra,11;a b~sy Mo>Ker 6&ITh a 
HecKOJlbKO pa3 60Jlblile 'ICM B CTllH,ll;aPTffOH MO,!le.JIH. HaH60JlbIIIHe OTKJIOHeHHH OT 

rrpe,!lcKa3aHHii: SM IIOJJY'laIOTCH - B paMKa.X SU(2k ® SU(2)R ® U(l)y MOAeJIH - a 
CJIY'lae TllK Ha3hIBaeMOH HCBhlpa>KCHHOH JJeBO - rrpaaoii: CHMMeTpH H - B paMKax 
2HDM - B cnyqae, KOr,!la o6a XHrrcoBCKHX ,!ly6Jiera B3aHMO.llCHCTBYJOT Kar< c 
KBapKaMH BepXHero THIIa, TllK H c KBapKaMH HH>KHero THIIa. 
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Gagik K. Yeghiyan 

Constraints on Higgs Boson Masses and CP - violating Effects Beyond 
the Standard Model 

Resume 

The thesis is devoted to the Higgs boson masses problem and to study of CP­
asymmetry in b - quark radiative decays in the extensions of the standard model. The 
common feature in the investigation of both problems is the analysis of the impact of 
spontaneous CP - violation on the obtained results. The restrictions on Higgs bosons masses 
allow one to determine the energy range, where these particle should be discovered. Besides 
this, it is known that the predictions of both the standard model and its several extensions 
for these particles masses are different in general. This means that the investigation of the 
restrictions on Higgs particles masses can provide for the information on new physics in the 
TeV region. The investigation of CP- asymmetry in b - quark radiative decays - besides this 
information - can help also to understand the CP - breaking phenomenon. 

The restrictions on Higgs particles masses are derived from constraints on the coupling 
constants and mass parameters of theory. The restrictions on coupling constants of theory are 
obtained from the analysis of their renormalization group equations (RGE's). The most 
general restrictions on mass parameters of theory are obtained from minimum equations for 
the Higgs potential. In the thesis the restrictions on Higgs bosons masses are investigated in 
the simplest version of the next - to - minimal supersymmetric standard model (NMSSM) with 
the absence of mass terms in the superpotential. This version of the NMSSM turns to be the 
simplest supersymmetric model, where the scenario with spontaneous CP - violation does not 
contradict with the experimental data. In this model spontaneous CP - violation is possible 
due to the radiative corrections to the Higgs potential: at tree level it is not possible to 
provide for positiveness of the Higgs boson masses squared. As a consequence the lightest 
neutral Higgs mass is obtained to be smaller than 35 GeV. To avoid the contradiction with 
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the experiment, this particle should be an SU(2)L ® U(l)v singlet, - then it has the mass of the 
order of few Ge V or smaller. As for the detectable (nonsinglet) Higgs particles, three neutral 
and one charged Higgses with masses of the order of (100-200)GeV or smaller exist. 

In the case of the absence of spontaneous CP - violation the restrictions only on 
the lightest Higgs mass are obtained, - this particle has the mass of the order 100 GeV or 
smaller. The NMSSM upper bound on the lightest Higgs mass can be about 40GeV larger 
than the one in the minimal supersymmetric standard model (MSSM). Such a large 
difference is obtained for the ratio of Higgs doublets vacuum expectation value being close 
tb 2. 

Except of the most general restrictions, the predictions for the supersymmetry 
breaking mass parameters of theory can be obtained from the analysis of their 
renormalization group equations, when using the special solutions of these RGE's, - the so -
called Hill quasi -fixed points. These quasi- fixed points are obtained (at low energy scales), 
if one assumes that the top quark Yukawa coupling is large enough at high-energy scales -
(10

16 
-10

18
) GeV. Using the Hill quasi - fixed points for the supersymmetry breaking 

parameters of theory, one can make the predictions for masses of the Higgs bosons and 
some supersymmetric particles, as the functions of the only unknown parameter - the gluino 
mass. According these predictions, in the MSSM the lightest Higgs boson and the lightest 
squark masses are close to their upper boundaries as functions of the gluino mass. This 
means that using the Hill quasi - fixed points, one may explain in a natural way, why the 
Higgs bosons and squarks were not detected so far. 

The CP - asymmetry in b - quark radiative decays is investigated in the 
SU(2)L ® SU(i)R ® U(l)v model and two - Higgs ·doublets extension of the standard model 
(2HDM). In these models there is new source bT CP - asymmetry in aforementioned decays, 
connected with spontaneous CP - violation. Due to this new source in the SU(2)L ® SU(2)R 
® U(l)v model and 2HDM CP-asymmetry in b~dy can have opposite sign, as compared to 
the predictions of the standard model, and the absolute value of CP - asymmetry in 
b~sy decay can also be few times larger than in the standard model. The largest deviations 
from the standard model predictions are obtained in the case of so - called non - manifest left 
- right symmetry (when the ratios of absolute values of the corresponding elements of left 
and right CKM matrices are arbitrary) and in the version of 2HDM, where both of Higgs 
doublets interact both with the up - type and with the down - type quarks. In the case of non 
- manifest left - right symmetry there is also some region of parameters space of theory, 
where CP - asymmetry for Hdy decay becomes abnormally large (it exceeds 100%), when 
using leading logarithmic. approximation (in QCD corrections) for calculating this decay 
width. This means that in this region of the SU(2)L ® SU(2)R ® U(l)v model parameters space 
next - to - leading order QCD corrections to b~dy decay width must be also taken into 
account. 

I~ 

Q.wq.flq bll.flJWli 

Uwhtlwlilfiwt.inullil:ip 1flq.uf1 pnqnlilibpfl qwliq.qw6(jl:ipfl qpw L. CP -
qnLJQ.nLPJnLli[! tuwl111nn11. l:ipL.nLJplibp u111w(jqwp111 llnql:iLf19 11nq1u 

Uol/mlflmu 
UU1bOwfununtpJntO[! OtJ.tiptJ.wa t "lpq.uti pnqnOlibptJ qwliq.t.l.wO!ibpti l.l.lfl"PLhllti 

u b - Etl.Wfl4ti nwritiwgtmli U1pnhmtllibpmtl CP - wOMwtwljmtpJwO ntunttlliwutipllwlin: 
'ltiU1Wf14tJ.nlJ. bp4m l.l.lf'l"PLMlibpJ! nt!ibli WJ!i Qlirihw!ipntp)ntli[!, np nLUmtlliwutiptJ.mll t 
tiliEliwpbpw4wli CP - fuwfuU11lwli wqribgmpJntli[! utnwgt.l.nlJ. Wf'lflJnLliECibpti L[pw: 
'ltiq.uti pnqn!iObptJ qwCiq.tj_waCibpti hwllwp uinwgtJ.nlJ. uwhllwCiwtllw4ntllCibpJ! pnt)L l:iO 
lllWLtiu p!inpnzl:iL tOl:ipq.tiwCibptJ WJli tntipmJp[!, npllll:il"J. WJ'l llwuCiti41ibp[! 1.4btng t np 
hWjlllOWpl:iptJ.bli: Pwgti 'lPWCitig' hwjtnCitJ t. np tili11.4bu UtnW0'lWf1Ln tlnribLti. W)Ci1.4bu 
tL uriw Ulwppl:ip [!CiflLWJCintllCil:i11ti 4w0fuwq.mzw4mtllibp[! "ltiq.uti tlwuliti41il:ipfl 
qwOq.Lj_waObptJ hwllwp, [!CiflhwOmp wnllwllp, tnwppl:iptJ.ntll bli llflllJwligtig: 'lw 
Gzwliw4mll t. np "ltiq.uti llwuliti4Cil:ipti qw!iq.L[waCibpti - tJ.11w uinwgtJ.nlJ. 
uwhllwliwtllw4mllCil:iflti hl:itnwqntnntpJntO[! 4wpn1J. t LPWtnl[mpJnLO LnWL 1 St'-1. -ti 
4wpq.tJ tCibpq.tiwOl:iflti tntipntJpnul q.n1mp1mli ntOl:ignlJ. Cinp !l>tiqti4wifl tlb11wpbf1JWL: b -
114.wri~ti nwritiwgtinli lllpnhntllGl:i11ntll CP - wlihwllw1wt11mpJwli mumllOwutipmpJntli(!, 
pwgti tJ.bpnhtiZJWL LPWtntJ.ntpjntU[! LnWLnLQ, 4Wfllll"J. t liwt.. oq.Cil:iL wtJ.l:iLti funp[! 
hwu4wliwL CP - fuwtuinllwli bpunLJp[!: 

Uwhllwliwt.flw4mtllil:ifl!! "lflq.uti llwuliti41ibpfl qwCiq.L[waubpti tlrtw utnwgl[mll 
l:ili tnbuntpJwCi LtinfuwqritgntpJnLlilibpfl q.np6"w4tiglibflfl u qw!iq.L[wowitili 
1.4wpwlll:itnpbpfl hwllwp q.nJntpJntli nLlibgnlJ. uwhllwCitllw4mllCibptig: <l>nfuwqribgmp1wCi 
q.npowl.Jpglil:ipfl hwtlwp uwhllwCiwLtiw4mtllibp[! utnwgqmtl bli qbpwCinpllwtJ.npllwCi 
fullpti hwqwuwpntpjntCilibptJ hbtnwqntnllwli zlinphtitJ.: UllbliW[!OllhWlinLfl 
uwhllw0wtllw4ntll!il:ip[! tnl:iumpJwli qwCiq.tj_wawiti!i 1.4wpwllbU1pl:ipti hwllwp utnwgtj_mtl 
l:iO 'lpq.uti 1.4ninb[igflwLti lltiOtitlmliti hwLj_wuwpmpJnLliCibptig: UtnbliwfunumpJwCi llb51 
'ltiq.uti llwulifl4Citpti qwCiq.tJ.w6"CibptJ uwhllwCiwLtiw4nLlllil:ifl[! ntuntllGwutipqmll bCi 
[!liflLWJliLj_wa lilJ.wqwq.mJli q.l:i11hwllw1wt11 UlllWli'lWflLn llnribtti (NMSSM) 1.4wpqwq.ntJli 
lllwppbpw4ti uwhllwCiCibpntll, nplllblJ. q.bpUfntnbOgtiwrn qwGq.lJ.w6"wJflCi wliriwtlObp tti 
UfWpmGw4mll: 'llwpql[mll t. np NMSSM - fl WJ'l tnwppbpw4!! 1.4wpqwq.ntJG 
q.l:i11hwllw1wt11 llnril:itli t. npUll:ilJ. flliEliwpbpw4wCi CP - tuwfutnllwCi ugl:iGwp[! tti 
hw4wumll Ltinpc:lwpwpw4wli tntlJWLlil:iritiu: LiJ'l llnflbtmll tiligliwpbpw4wCi CP -
fuwfutnnttl[! hCiwpwtJ.np t lltiWJCi =ttiq.uti 1.4nUlbCigtiwlti llW'lflwgtipCi OLIJ.IJ.nLllCil:ipfl 
20nphtitJ.. «OwnwJtiO» llntnwl[npntpJwli 11tuwmll hliwpwtJ.np tt w1.4whntJ.bL "lflq.uti 
pnqnCi!ibpti qw!iq.lj_wa!itpti j!wnw4mufllibpti 'lflW4wCi LflCil:irn: 'lbtnuwOEntll' 
pbpuwq.ntJO =ttiq.uti llwulifl4fl qwCiq.L[wan 35 QN - tig Ltin1111 t utnwgl[ntll: 
Cl>npc:IWf1Wf14wO tntlJWLCibpti hbtn hwqwumpjntCiflg tunLUwtllhLnt hwllwp WJ'l llwuliflq[! 
UihlllE t LtiCiti SU(2)L ® U(1 )v utiCiq.LhLn. WJfl flbuwnttl Cipw qw!iq.L[WO[! tlfl EWOti Q.t'-1. -
ti 4wpq.tJ t 4wll wtJ.bLti LtinEri: i"'lii L[bpwpbpl[ntll t 11titnwp4bLti (n1 utiliq.LhLnWJtili 
llwuliti41ibptili), q.nJnLpJnLli mCibli =ttiq.uti l:ipbg tbqnE u llb4 Ltigewlj_nptj_wa llwuliti4 
(100 - 200) Qt'-1. 4wll wl{l:iLti t11n1111 qwliq.tJ.walibpntJ.: 

t-011wpbpwl.Jwli CP - fuwfutnllwli pwgw4wJntpJwli 'lbl.l.!EnLll 
uwhllwCiwLtiw4mllObp bli uU1wgl[mll tltiwiu "lflq.uti pbpuwq.mJli llwuliti4ti qwliq.tJ.wafl 
tJ.pw. WJ'l llwuuti4ti qwCiq.lJ.w6"[! uibtnE t Ltiliti 100 QN- ti 4wpq.tJ 4wtl wtJ.hLti Ltin1111: 
NMSSM - ti uwhllwlilibpmtl ulllwgwa =ttiq.uti pbpli.wq.mJCi tlwuOti4ti qw!iq.qwati 
wpctbEti l{l:iptili uwhllwCi[! 4wpn1J. t 40 Qt'-1. - ntJ. tlba LtilibL 11w!i WJ!i OtJ.wqwq.ntJ!i 
q.l:iphwow1wt11 uU1w!iriw11tn llnrihtntll (MSSM): UJll1.4flufl llba tnwppl:ipntpJntli 
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utnwgl[nul t "lflq.ufl 11mpLb1.11Cil:ipfl L[wljmnLilWJflCi llf151f1CiOl:i11fl hw11wpb11mp1mCin 2 - flCi 
llnuif14 LflCil:iLm 'llil..!U!mil: 

UllbCiwnCi11hwCim11 uwhllwCiwLflwljmllCib11flg pwgfl' ljwCifuwq.mzwljmllCib11 
tnbumpJwCi q.b11hwllw1w1fmLpJnLCi[! tuwfutnnrt qw0q.L[w6wjf1Ci UfW(lwlll:iui(lbflfl 
L[l:ipwpb(lJWL ljwnnrt bCi CiwL. utnwgl[bL lJ.l:ipwCinpllwlJ.npllwCi tullpp 
hwtJ.wuwpmpjmCiCibpfl hl:i1.11wqntnllwCi zCinphfllJ., oq.Lnwq.n(16bLnl[ WJ'l 
hwqwuwpmpJmOOl:ipfl hw1.11m4 LnL6mllCibp[!' WJUUfl:iU 4n1L[w6 =iflLfl .etlwqfl - :jlPJ:?ul[wcr 
ljbtnl:ip[!: UJIJ. .el[wqfl - :tifl.euqwo ljb1.11bp[! utnwgqnLll bO (gwcrp tlil:ipq.flwCil:ipp 
LnpflnLJpnLll), l:ipp t - .el[wpljfl Smljwl[wifl Ltintuwq111:igmpJWCi q.np6wljgfl wpctl:i.en 
l:iCipWflflL!mll t pwl[wljwCiflCi llbO pwpllp tlibpq.flwCibpfl - (1016 -1018) Lnfl(lmJpmll: 
Oq.Lnwq.nncrbtntl =iflLfl .etJ.wqfl - :titi.eul[w6 ljl:itnl:i(l[! q.bphwllw1wlflmpJnLli[! tuwtuui1111. 
UfW(lWilbtnfll:i(lfl hwllw(l, ljw(ll:iLfl llflWJCi lll:ilj wCihWJLn UjW(lWilbtnpflg' q.LmflOnfl 
qwCiq.lfwcrflg ljwfutJ.w6 ljwlifuwq.ntzwljntllCib(l UUlWUWL "lflq.ufl pnqnCiCil:ipfl L. llfl ZWfl.E! 
q.bnhwllw1wlfiwif1Ci llwuliflljCibpfl qwCiq.lfw61ib11fl Llb11wpl:i(1JWL: UJ'l 
ljwCituwq.mzwljmllCibpfl hwllwllwJCi, MSSM - ntll "lflq.ufl pbpL.wq.ntJCi llwuCif14fl L. 
pl:ipL.wq.nLJCi u.eLl.wpljfl qwCiq.Ll.w61il:ipfl wpctbgCibp[! llnmti4 bCi Q.LntflCinti qwliq.Ll.w6flg 
4wtuLl.w6 WJ'l Wflctb.elib111't hwllwp q.nimpJmCi ntCibgnrt L[l:ipflli uwhllwCiObpflCi: 'lw 
lizwliwljnLll t. np, oq.mwq.npcrbtntl =iflLfl .elJ.wqfl - :tif1.eutJ.w6 ljblllbp[!, ljw(lbLfl t 
pCiwljwCi llL.nq pwgwuiril:it. f>b flCii_nL "lpq.ufl pnqnCiCibfl[! L. u.eLl.wpljl:i(l[! llflli!L. WJctll tbCi 
'lflllll[bL: 

CP - wlihwllw1wlfimpJnLCi[! b - .etJ.wpljfl 12w11f1wgf1nCi lllflnhmllCib(lmll 
hbtnwqnlllLl.nul t SU(2)L ® SU(2)R ® U(1)y lln11btfl L. "lflq.ufl l:ipljnL 11nLpLl:itn 1.4wpmCiwljn11. 
UlllWCiflWfltn 1ln11l:iLfl [!CiflLWJlillwCi (2HDM) uwhllwlilil:ipmll: UJ'l llnflbLlibpnLll q.nJnLpJmO 
ntCifl Ll.bpnhflZJWL tnpnhnLlllibpntll CP - wCihwllw1wLflmpJwli Cinp Wf'lpJnLfl, 4wU1L1.wcr 
JlCi.eCiwpbpwljwCi CP - tuwfuuillwCi hbtn: UJ11 linp Wf'lpJnLflfl zCinphfllf' SU(2)L ® SU(2)R 
® U(1)y llnlJ.btfl L. 2HDM - fl uwhllwCiCibpmll b--+dy tnpnhllwCi CP -
wCihwllw1wLflmp1mCi[! ljwpnlJ. t hwljwnwlj CizwOCi m!ibCiw( hwlll:illwuiwcr uuiwCil].WflUl 
lln11bLfl ljwCituwq.nLzwljntlllibpfl!i, flu4 b--+sy mpnhllwCi CP - w!ihwllw1wLflnLpJwli 
pwgwpllwlj wpctbg(! 4wrinrt t pwgti 11riwlil'tg llfl .ewCifl wliq.wll llb6 Lfl!ibL .ewCi WJli 
uuiw!irµupm lln11bLfl uwhllw!ilibpntll: Ulll:i!iwllb6 zbrtmllCil:i(l[! UlllWCilJ.WflUl llnflbtfl 
ljwCifuwq.ntzwljnLlllil:ipflg umwgqmll bCi w1u1.4bu 4n1tJ.w6 1wnuiwhwJtnt.f.w6 llwtu - w2 
hwllw1wtflntpJwli 11bl..!U!mil (bflp CKM - llwuipflgwjfl hwllw1.4wmwufuwCi ttbilbCitnlibpfl 
pwgwnllwlj wpctl:igCibpfl hwpwpl:ipmpJntliCibp[! ljwllwJwljw!i bCi) L. 2HDM - fl WJli 
uiwppbpwljnlll, npml:iq "lflq.ufl bpljnL 11ntptbuiCibpCi tL Lflntuwqrµull bli f1Ci11.4bu Ll.bpflCi, 
WJliUjbu tL Obp.eflli uil:iuwljfl l!tlwpljbpfl hbui: ~wpuiwhwJtnl{w6 llwtu - w2 
hwllw1wlflmp1wli 'llil..!U!mil q.nimpJnL!i mlifl OwL. 1.4wpwlll:itnpbpfl mwpw69fl WJ!iuitwfl 
tnflflnLJp, npml:iq b--+dy tnpnhllwli CP - wCihwllw1wljlmpJnLCi[! 11w121imll t 1wljlwqwlig 
llbcr (wCig!imll t 100% - flg). bpp oq.mwq.nricrlfmll t Q.Ltuwlfnri Lnq.wpflplllil:ipfl 
llnlllwlJ.nrimpJmCi[! (Sltu'l - fl mrtrtntllCil:ipfl hwllwp): 'lw OzwCiwljmu t. np SU(2)L 
® SU(2)R ® U(1)v unflbtfl UjWpwlll:itnril:ipfl LnWflWORfl WJ'l lJlflflnLJpnul .Rtu'l - fl wl[bLfl 
pwpll(l ljwpq.fl m11.rtmlllibf1[! b--+dy llll'lnhllw!i hwllwp utl:itn9 t hwzlffl wn!iqbli: 
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