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1. BBe)leHHe 
. ~. 

CTaH.napTHaH Mo.nenh 3ReKTpocna6ux B3aHMo.neAcTBHA rnemoy

BafiH6epra-canaMa [1] HMeeT Ha cero.nHHlliHHA .,neHh uenua· pH.n 

·6neCTHIUHX 3KcnepHMeHTanbHUX llO)lTBeplK)leHHfi CBOHX npe,ncKa3aHHfi 

(.2]. TeM He MeHee B TeOpHH cymeCTByeT pH.ll npo6neM, He 

ll03BORHIOIUHX Ha ,naHHOM 3Tane cq_HTaTb ee HCTHHHO !pH3HqecKofi 

TeOpHeR, T.e. TeOpHeR, OllHCUBaiOmefi TORhKO peanhHO cymeCTBYIOIUHe 

06beKTU. H3 3THX npo6neM HaH6onee aKTyanhHUMH HBRHIOTCH BOllpOC 

0 cymeCTBOBaHHH t-KBapKa H BOllpOC 06 HCTHHHOfi ·npHpo,ne 

MeXaHH3Ma CllOHTaHHOf'O HapymeHHH -SU(2)XU(1) KanH6poBoqHofi 

CHMMeTpHH. 06menpHHHTUfi MeXaHH3M XHrrca (3] 'Tpe6yeT 

C~IUeCTBOBaHHH HefiTpanhHOf'O CKanHpHOf'O 6030Ha - 6oioHa XHrrca -

cna6o B3aHMO,nefiCTBYIOIUero C BeKTOpHUMH KanH6pOBOqHHMH 6030HaMH 

H C !pepMHOHaMH. no3TOMY B nepByK> oqepe,nb lK)leT pa3pemeHHH 

Bonpoc o cymecTBOBaHHH 6o3oHa XHrrca; 

noc'KonhKY TeopHH He MolKeT npe.ncKa3aTh Maccu x-6o3oHa H 

t-KBapKa, TO HX npHXO.llHTCH BapbHpOBaTb B HeKOTOpUX .nonyCTHMHX 

npe.nenax ~ . no HMeiOIUHMCH Ha cero.nHH ,naHHUM HHlKHHfi 

3KcnepHMeHTanhHilfi npe.nen Ha Macey t-KBapKa - 77 · r3B ( 4]. 

COBMeCTHUR TeopeTHqecKHR aHamf3 ,naHHHX 3KCllepHMeHTOB npH 

BUCOKHX H HH3KHX 3HeprHHX HaKna,nuaaeT cne,nyK>IUHe orpaHHqeHH.II: 

95 < mt < 160 r3B ( 5] . TaK qTo, KaK BH)lHO, Mace a t-KBapKa 

"3alKa~a" B )lOBORhHO Y3KOM HHTepBane,H MOlKHO CMeno CKa3aTb, qTo 

o6HapylKeHHe ero - .neno BpeMeHH. HHaqe o6cTOHT ~eno c 6~30HOM 

XHrrca. nocne.nHHe 3KcnepHMeHTanhHHe .naHHHe, nonyqeHime Ha LEP 

(6], ,naiOT orpaHHqeHHe CHH3Y Ha Macey x-6030Ha 24 r3B. BepXHHH 

rpaHHUa, onpe.nenHeMaH H3 TeopeTHqecKHX coo6palKeHHR, nopH,nKa 1. 
J I ' 

T3B. TaKOR 6onhlliOfi )lHana30H H3MeHeHHH MaCCH 6030Ha XHrrca· 

BeCbMa 3aTpy,nHHeT ero llOHCK. 

Ha nepBOM 3Tane pa6oTU ycKOpHTenH LEP HaH6onee BepOHTHO 

o6HapylKHTh 6o30H ~Hrrca no ero pacna.naM,B !pepMHOHHHe napH: 

X--->ff. ,(1.1) 

B CBH3H C 3THM CTaHOBHTCH aKTyanhHHM TiaTeRhHOe HCCne,noBaHHe 

)laHHOf'O pacna,na. HeCMOTpH Ha, HMeiOIUYIOCH 061UHpHyK> RHTepaTypy no 

Oblotlltuettn!Mil KHcnrryT I 
na.-;~·5~U:-acbie.aouuDG 

6biSJlfrlOTEKA . 
~·- ........ 



:JTOMY BOnpocy (CM., HanpHMep, (2,7,8,9,10]) 1 HeKOTOpble acneKTbl 
9TOB npo6neMhl Bee eme He BhlacHeHu. TaK, HanpHMep; no cHX nap 
ae 6unH nonHOCTbiO BhltiHcneHu 9neKTpocna6ue nonpaBKH K umpHHe 

HCCneayeMOrO pacnaaa, HMeiOmHe, KaK H3BeCTHO, HeTpHBHanhHOe 

noBeaeHHe B npenene 6onhmHx Mace XHrrcoBcKoro 6o3oHa (11]. He 
6unH nonyqeau TOtiHble BhlpaJKeHHH ana 

yqeToM Bcex nonpaBoK, KaK 9To 6uno 

pac~anoB w- H z- 6o30HOB [12,13~. 

mHpHHhl pacnana (1.1) c 

cnenaHo ana ~epMHOHHhiX 

B naHHOfi pa6oTe BhltiHcnaeTCH' mHpHHa pacnana 6o3oHa XHrrca 

Ha ~epMHOHHble napu c ytieToM onHoneTneBux 9neKTpocna6ux H 

KBaHTOBO - XpOMOaHHaMHtieCKHX (KXH) nonpaBOK. llpHBOaHTCa TO'!Hble 

aupaJKeHHa nnH Bcex nonpaBOK H HccnenyeTcH Hx noBeaeHHe B 

3aBHCHMOCTH OT Mace X - 6030Ha H t - KBapKa. 06cyJKaaiOTCH 

HeKOTOpble cneUH~HtieCKHe OC06eHHOCTH 1 CBH3aHHhle C llOHBneHHeM B 

KBaHTOB0-3neKTpoaHHaMHtieCKOB (K3H) tiaCTH nonpaBKH MaCCOBbiX 

CHHr.ynHpHOCTefi. HeMOHCTpHpyeTCH, 'ITO B. npeaene MX >> Mw 

BblpaJKeHHe nnH 9neKTpocna6oH nonpaBKH coaepJKHT aCHMllTOTHtieCKHH 

KBanpaTHtiHO pacTymHB tineH, HafiaeHHbiH paHee BenbTMaHOM [ 11]. 

nonytieHHble pe3ynhTaTu npeacTaaneHu B rpa~HtiecKoM BHae·. 

Bee BbltiH~neHHH. npOBOaHnHCb B YHHTapHOB KanH6pOBKe. 

Hcnonb30Banacb CXeMa nepeHOpMHpOBOK Ha MaCCOBOB llOBepXHOCTH. 

narpaHJKHaH B3aHMoaeficTBHH 6o3oHa XHrrca c ~epMHOHaMH 

HMeeT BHa 

rae m 

L = -int 

Macca ~epMHOHa, Mw 

g m 
- "lfx 

2 Mw 

Mace a 

none, x - cKanHpHoe none XHrrca. 

(1. 2) 

W - 6030Ha, f - ~epMHOHHOe 

B HH3llieM - 6opHOBCKOM npH6nHJKeHHH lliHpHHa pacnaaa (1.1) 

BblpaJKaeTCH ~OpMynoH 

GF 2 3 
W =e--M m /3 , 

o 4V2'rr X 
(1. 3) 

rae C - UBeTOBOH ~aKTOp; paBHhlfi 1 .rtnH nenTOHOB H 3 ana 

'KEapKOB 1 /3 = ( 1 - 4m2 jM2
) 1/

2 
- CKOpOCTb Bbi.JieTaiOmHX ~epMHOHOB, 

X 
GF~ 1,166389 10~r9B- 2- KOHCTaHTa ¢epMH, B3HTaH H3 MIOOHHoro 
pa.cna.Ila [ 14] • 
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liiHpHHy C 
onpenenHM 

o6pa3oM: 
tiepe3 

w 
1 

ytieTOM onHoneTneBux 9neKTpocna6ux 

COOTBeTCTBYIOmHH ~OpM~aKTOp ~ 

w (~) 2~ w (1+2(~-1)). 
0 0 

., 
nonpaaoK 

cneayiOmHM 

(1. 4) 

HHarpaMMbl, aaiOmHe BKnaa B ~,npH~eaeHbl B npP.noJKeHHH. A 
(pHc. 6,a>. BunenHM B ~ BKnan OT 
BHpTyanbHOro ~OTOHa 

o6o3HatiHM tiepe3 ~ : 
~ 

A 
a BKnan 

aHarpaMM C H3n~tieHHeM 

OT OCTaBlliHXCH aHarpaMM 

EW 

~=~+~ 
A EW (1. 5) 

onp~nenHM mHpHHY pacnana (1.1) c ytieToM o.nHoneTneaux 

3neKTpocna6ux nonpaBoK H KXn - nonpaBKH cne.nyiOmHM o6pa3oM: 

W=Iwr. 
f 

(1. 6) 

llapUHanbHYIO lliHpHHY Wf onpe.nenHM KaK 

( 
a QED)( a EW)( a 4 QCD. Wr= W

0 
1 + --· Q: o _ i + -- o 1 + __ s - 0 .) , 

rr rr rr3 
(1. 7) 

QCD 

rae qepe3 o o6o3HatieHa KXH - nonpaBKa, a 9neKTpocna6ue 
QED EW 

nonpaBKH o H o CBH3aHbl C COOTBeTCTBYIOmHMH !pOpM!paKTOpaim 
cne.nyiOmHM o6pa3oM: 

BepmHHHaH tiaCTb K3H 

a EW 
0 

rr 

QED 

0 

2(~w-1), 

V BREM 

0 + 0 

v 
nonpaBKH o BblpaJKaeTcH qepe3 

a 

rr 

v 
Q2 0 

f 
= 2 ~ • 

A 

(1.8) 

(1. 9) 

~: 
A 

(1.10) 

no.uqepKHeM, tiTo onpeneneHHaH a 

KanH6pOBOtiHO-HHBapHaHTHOH. B 
(1.9) K3H - nonpaBKa HBnHeTCH 

BepmHHHaH Hee .naiOT BKna.u 
.llHarpaMMa C H3nytieHHeM BHpTyanbHOro ~OTOHa, C COOTBeTCTBYIOmHMH 

KOHTptineHHbiMH aHarpaMMaMH ( llp.A, pHC.6 ) H ,llHarpaMMbl C 

H3nytieHHeM peanbHOro !pOTOHa (llp.A, pHC.7). 
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/ 

2. K3n - nonpaBKa 

BKnan aepillHHHOH qacTH K3n - nonpaBKH npencTaBHM B BHne 

n A A , A A 

J
d p (k -p +im) (k -p +im) 1 

=-ie2Q2 -- '1 1 2 - '1 +c.t.' 
r . (2n) n a (p2 -2pk1) (p2-2pk2) p2 a 

(2 .1) 
~ 

rne k H k 4-HMllYRbCU KOHeqHUX. qJepMHOHOB 1 a p - 4-HMllYRhC 
1 2 ..-1 

aHpTyanhHoro qJoToHa. rrocne B3nTHn HHTerpana B (2.1) HMeeM 

2 
a v a m 2 2[ 2 2 2 2 2 Q ~ = -Q 3 - 4P - 2ln-- + (M - 2m )J(-M ,m ,m )P 

2n r 2n r p.2 X X . . IR r= A 

1 2 2 2 2 2 2 2 2 2] ' + ;<Mx - 2m )K(-Mx,m · ,m ) - 2m J(-MX,m ,m ) + c.t., (2. 2) 

r.ne P 
1 1 

n-4+27-ln2Yrr non~cHUH ynhTpoqJHoneToBo-pacxonnmHHCH 

qneH~ 7 - nocTonHHan 3linepa~ p. - napaMeTp pa3MepHocTH Maccu~ 

P
1

R = P- llOR~CHUH qJaKTOp HHqJpaKpaCHOro npOHCXomneHHH. ¢yHKUHH 

J H K npHBeneHN B npHnomeHHH B. 

ITpOH3BOnH nepeHOpMHpOBKY B paMKaX KBaHTOBOH 

3ReKTponHHaMHKH, CBHmeM "ronue" 

cneny~mHM o6pa3oM: 

m
0 

= m + ~m , 

f = Z
112 

f. 
0 f 

BenHqHHU c qJH3HqecKHMH 

(2.3a) 

c npyroli CTOpOHN, nepeHOpMHpyeM ~KaBCKY~ KOHCTaHTY CBH3H 

g _gm. 
Y 2M. 

w 

rronyqaeM 

rne 

z - 1 
f 

c.t. 

- z z-1 
gYO-gY g f 

y 

z 
gy 

1=z -1+ 
f 

a · 3 
Q2 [ P + 2P + -ln 

2n f IR 2 

- 4 -

(2.36) 

~m 
(2.4) 

m 

m2 
-- - 2 ] 
p.2 ' 

(2.5) 

~ 
,I 

ll 
+ ;I 

I 
I 
.t 

~m a. 

m 2n 
Q: [ 

3 
3P + -ln 

2 

m2 
-- - 2 ] p.2 • 

v 
113 ( 2. 2) , ( 2. 4) - ( 2. 6) nnn ~ nonyqaeM aupameHHe 

2 
v m 

2 
~ = - 1 + ln- + ( 2 + (M 

P.2· X 
2m) J (-M~, m2 ,m2

) PIR 

1 2 2 . 2 2 2 2 2 2 2 
+ -(M -2m )K(-M ,m ,m) -2m J(-M ,m ,m ), 

2 X X X 

(2. 6) 

(2.7) 

KOTopoe conepmHT HHqJpaKpacHue pacxonHMOCTH.. YcTpaHeHHe 

HHqJpaKpaCHNX pacxonHMOCTeH npOH3BOnHTCH nocne yqeTa B K3n -
BREI! 

nonpaBKe BKnana OT TOpM03HOrO H3nyqeHHn <lJOTOHa - ~ 

OqeaHnHo, qTo HHqJpaKpacHue .pacxonHMOCTH conep>KaTcn nHmh B 

o6naCTH' H3nyqeHHH MHrKHX <lJOTOHOB. IT03TOMY npH auqHcneHHH 
BREI! 

~ npOH3BOnHnOCb pa36HeHHe qJa30BOrO o6~eMa qJOTOHOB llO 

3HeprHH nocpencTBOM. 

o6pe3aHHn, KOTOpNH, 

pe3yRbTaT. BuneneHHe 

HCKYCCTBeHHOro napaMeTpa BBeneHHH 

ecTeCTBeHHO, He BXOnHT B · KOHeqHUH 

HHqJpaKpaCHNX pacxonHMOCTeli B 

BREI! 
~ 

npOH3BOnHROCb MeTonoM pa3MepHOH perynnpH3aUHH. '0KoHqaTenhHOe 
BREI! 

aupameHHe nnn ~ HMeeT aHn 

B REM [ . 2 2 2 2 2 ] m2 . 
~ = -2 - (Mx - 2m )J(-Mx,m ,m ) P1R - ln P.2 + 

m2 
3ln--2 - 4lnf3 

Mx 

1 
-(M2 
2 X 

13 
2 ' 2 2 2 2m )K(-M ,m ,m ) + 

X 4 

3 m2 1 
-----
2 M2 a2 

. X· ,.. 

3 
(- + 

4 

3 

3 

2 

m4 

M4132) M~ 
X 

'm2 
2 2 2 2 ' 2 2 2 2 x J(-Mx,m ,m) + ( Mx- 2m )J(-Mx,m.,m )(2lnl3.- -ln--2 ) 

· 2 M 
X 

m
2 

1 [ ( 1 - 13) . ( 
(1 - 13)

2 
1 - 13' 

+ (1 - 2-)- 3ln2 . + 2Li )+4Li( )]. 
~13 1+/3 

2 (1 + 13)
2 2 

1 + 13 ' 

(2.8) 
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CyMMHpyH (2.7) H (2.8) 1 nonyqaeM OKOH'IaTeJihHOe Bupa>KeHHe JlJIH 

K3ll- nonpaBKH K WHpHHe pacna.na 6o30Ha XHrrca Ha napy ~epMHOffOB 

QED 
0 

9 

4 

3 

2 

m2 

M2 
X 

1 3 

(32 - ( ; + 

m2 

2-- + 
M2 

X 

3 m4 

2 M
4 

, X 

1 
-)M2 J(-M2 m2 m2) 

2 x xl I 
(3 

1 
+ ( -(M

2
- 2m

2
)J(-M

2
1 m

2
1 m

2
) - 1) (4ln(3 

2 X X 

m2. 

-3ln-) 
M2 

X 

(2.9) 

m2 1 1 - (3 ,....( 

+ (1--)-[3ln
2 (--)+2Li ( 

. M2 (3 1 + (3 2 ( 
1 - (3 ) 

2

) • (1. - (3) J. 
+4L~ --- · 

2 21+(3 
X 

B npe.nene m << M 
X 

((3 -> 1) HMeeM 

QED 
0 

9 3 
- + 
4 2 

2 
m 

ln·· --
2 

Mx 
(2.10) 

OTC~)la BHJlHO HaJIH'IHe B K3ll - nonpaBKe JIOr~pH~MH'IeCKOA MaCCOBOH 

CHHrynHpHOCTH. Pe3yJihTaT (2. 9) H 1 KaK cne.ncTBHe 1 (2 .10) 6un 

nonytJeH nnepnue B [7] 1 a 3aTeM. nocnpoH3Be.neH B [8]. O.nHaKo oH 
BREH 

He COBOa)laeT C Bhlpa>KeHHeM (o = 5/4) 1 npHBO)lHMhiM B 6onee 

003)lHei!: pa6oTe [9J 1 B KOTOpOH OTCYTCTBHe B ibn .- nonpaBKe 

MaCCOBOA CHHry JI.HpHOCTH OWH60'IHO npHHHMaeTC.H 3a KpHTepHH 

,npaBHJihHOCTH pactJeTa. BnpotJeM 1 nerKo y6e.nHThC.H 1 'ITO npHBOJlHMhiH 

B [9] BKJia)l OT nepeHOpMHpOBaHHOH BepWHHhl He . OTHOCHTC.H K 

paCCMaTpHBaeMOMY pacna,ny 1 a COOTBeTCTByeT pacna.ny BHpTyaJihHOrO 

~OTOHa Ha ~epMHOHHY~ napy. 

06CyJlHM OO.HBJI.H~WHHC.H B npe.nenhHOM Bhlpa>KeHHH (2.10) t{JleH, 

COJlep>KaWHH JIOrapH~MH'IeCKY~ MaCCOBY~ CHHryJI.HpHOCTh. npe>K)le 

BCero OTMeTHM 1 'ITO, KaK 6UJIO OOKa3aHO B [7], era HaJIH'IHe He 

npHBO)lHT K.HapyrneHH~ TeopeMhl KHHOlliHThl -RH -HayeH6epra [15,16j. 

RerKO BHJleTh, 'ITO cyMMa BKJia)lOB TOpM03Horo H3JIY'IeHH.H H 

BepWHHhl 1 C HenepeHOpMHpOBaHHOH KOHCTaHT6i!: CBH3H 1 CB060)lHa OT 

MaCCOBhiX CHHryJIHpHOCTei!:. TaKHM o6pa30M 1 OOHBJieHHe B (2 .10) 

JiorapH~MH'IeCKOro tJJieHa HBJIHeTCH CJie)lCTBHeM nepeHOpMHpOBKH 

~KaBCKOH KOHCTaHThl B3aHMO)leHCTBHH gy. 

PaCCMOTpHM 6oJiee o6mHi!: cnyqai!: CKanHpHoro B3aHMO)leACTBHH 

npoH~BOJihHOrO Hei!:TpaJihHOrO 6030Ha C ~epMHOHaMH. flarpaH>KHaH 

- 6 -

) 

II 
11 

l 
c 
:i 

r 
! 
' .. 

B3aHMO)leHCTBH.H 3aUHWeM CJie,ny~WHM o6pa30M: 

L = -gffS, 
Int .. (2~11) 

r.ne g - npOH3BOJihHa.H ~KaBCKaH KOHCTaHTa~ S - npOH3BOJihHOe 

cKanHpHoe none. OcymecTBJIHH nepeHopMHpOBKy aHanorHtJHo (2.3), 

~HKCHpyeM KOHTp'lneHU ecTeCTBeHHhiM YCJIOBHeM paBeHCTBa Hyn~·Ha 

MaCCOBOH UOBepXHOCTH CYMMhl HX BKJia)lOB C BepWHHOH: 

[v(O)+c.t.Jk2=: 0. Tor.na 06Hapy>KHBaeTCH HHTepecHa.H CBH3h ·M8lKJlY 

KOHCTaHTaMH nepeHOpMHpOBKH: 

z = z + 
9 f 

om 

m 
+ const. (2.12) 

0TKy)la BH)lHO, 'ITO KaKOBa 6u HH 6uJia ~KaBCKaH KOHCTaHTa B 

cnyqae cKaJIHpHoi!: neprnHHhl, --ee nepeHopMHponKa acer.na nnetJeT 3a 

C060A nepeHOpMHpOBKY MaCChi 1 'ITO B CBO~ Ottepe)lh npHBO)lHT K 

noHBJieHH~ B nonpaBKe MacconoA CHHryJIHpHOCTH. O.nHaKo ecnH 
~KaBCKaH KOHCTaHTa nponopUHOHaJihHa Macce, 'ITO H HMeeT MeCTO B 

CTaH,napTHOA MO)leJIH r Jiewoy-BaAH6epra-caJiaMa 
1 

TO ,npaMa TH'IeCKOi!: 

CHTyaUHH He B03HHKaeT 1 UOCKOJihKY B OOJIHy~ lliHpHHy TOr)la iOH)leT 

t{JieH om I a He 'lnea omjm, HBJIH~WHHC.H HCTO'IHHKOM MaCCOBOH 

CHHrynHpHOCTH. A KaK BH)lHO H3 (2.6) 1 om -> 0 OpH· m -> O, H, 

cne.nonaTenhHo, WHpHHa pacna.na He co.nep>KHT 

MaCCOBhiX CHHrynHpHOCTei!:. npo)leMOHCTpHpyeM 

o6pa30M. nepenHWeM (2.6) B BHJle 

r.ne 

om 

om 
£ 

0: 

Q2
3P + om , 

f f 
m 

2rr 

a: 3 m2 

m - Q
2 

[· -ln- - 2 J 
2rr £ 2 M2 

. X 

JiorapH~MH'IeCKHX 

sTo cne.ny~mHM 

(2.13) 

(2.14) 

-KoHetJHaH tJaCTh om, npH'IeM omr~ o, npH m ~o. Bu.nenRR B 

(2.10) ~m , 3anHweM nupameHHe JlJIH WHPHHhl pacna.na (1.1) c K3ll 
f ' 

nonpaBKoi!:, He co.nep>Kamei!: CHHryn.HpHocTeA B npe.nene m << M : 
X 

QED 

wr 
G ~ c ____ F M _2 3( 

4,/2'rr X m 13 1+ 

- 7 -

1l 

0: 17) Q2-. 
r 4 

(2 .15) 



3necb 1 m = m + omf- 6erymaH Macca. 

KaK BHnHo H3 (2. 4) 1 B CJiyqae CKaJIHpHOrO B3aHMOneACTBHH 

XHrrcOBCKOrO 6030Ha C ~epMHOHaMH ·He BUTIOJIHHeTCH 

KOHCTaHT nepeHOpMHpOpOBKH 3apHna H BOJIHOBUX ~yHKUHA 

KOTOpoe B KBaHTOBOA. 3JieKTponHHaMl{Ke HBJIHJIOCb 

paBeHCTBO 

(Z = z ) I .. 
9 f 

CJiencTBHeM · 

BUTIOJIHeHHH TO~neCTBa Yopna. H3 (2.4) 

qJieH omjm 1 HBJIHIDmHACH HCTQqHlfKOM 

BHnHo TaK~e 1 qTQ HMeHHO 

MaCCO~Ofi CHHryJIHpHOCTH 1 

HapyrnaeT paBeHCTBO KOHCTaHT nepeHOpMHpOBKH. no3TOMY 

ecTeCTBeHHO npennoJIO~HTb 1 qto TIOHBJieHHe MaCCOBOfi CHHryJIHpHOCTH 

B nonpaBKe CBH3aHO C HapyrneHHeM 3TOro paBeHCTBa. 06pamaJI 

BHHMaHHe Ha B03MO~HOCTb cymecTBOBaHHH TaKOfi 3aBHCHMOCTH 

KHHOlliHTa [ 15]. Mu paccMoTpeJIH eme TpH npouecca, H3 H3 yqeHHH 

KOTOpUX BHnHo, qTQ B paccMaTpHBaeMUX CJiyqaHX HapyllleHHe 

paBeHCTBa Z = Z nefiCTBHTeJibHO npHBOnHT K TIOHBJieHHID MaCCOBUX 
f 9 

CHHryJIHpHOCTeH. CBH3b Me~ny BUTIOJIHeHHeM paBeHCTBa KOHCTaHT 

nepeHOpMHpOBKH H TIOHBJieHHeM MaCCOBOH -CHHryJIHpHOCTH 

neMOHCTpHpyeTCH B npHBOnHMOA HH~e Ta6JIHUe. 

. Ta6JIHUa 1 

npouecc 

--
* -~ -t f f (1') 

·* v -t f f (s) 

'· 
* s -t f f (s) 

--
X ~ f f (1') 

L 
I nt 

.· 

·• .2 - A_ 

-~~Qr f A f 

-.- A 

-g fvf-g ffS 
v ... 

.C ;:_i:i;f";f s 
_-.--.-· 

. :;_ • 2-" . 
-gvffX-~eQrfAf 

. CBH3b M/n 
. KOHCTaHTaMH 

nepeHOpMHpOBKH 

z = z e f 

z = z 
9 r 
.v 

·_,z··= z +0miconst 
·+;c'iJ,-,._ -. f -m · · 

- : _..::; ;---~- ~ 

z 
9y 

z +om 
r.- m· 

QED 

0 

3 I 4 

- 7 I 8 

15 -~ln.~ 
-4 _2 Mx 

m ~ + 3lnM 
4 X 

~.3necb qepe3 v o6o3HaqeHa npoH3BOJII>HaH aeKTOpHaH qacTHUa, a. · · 

qepe3 S- 6e3MaCCOBaH CKaJIHpHaH qaCTHUa. 
/ . 

8 

·r 

t 
{ 

( 

3. 3JieKTpocJia6aH nonpaaKa 

B 3JieKTpocJia6uA ~opM~aKTop 

BeplliHHHUe nHarpaMMU, H306pa~eHHUe 

BKJian 3THX nHarpaMM HMeeT BHn 

pacnana 

Ha pHC. 8 

~w naiDT BKJian 

B npHJIO~eHHH A. 

~w 
0: EW 

1 +- 0 
2rr 

a: 1 { 1-R ( 1 [ 
1 + - -- -- (1 - R) Q

2 
- -I Q I) - lnR - 3 

4rr 1-R R r 2 r 

+ 4M2 (x (-M2 M2 m2 ) - 2X (-M2 M2 m2·)] - 4m2X (-M2 m2 M2) z 1 x' z' o x' z' 1 x' ' z 

1 . 
2 2 2 2 2 2 2 2] [ + 2(M - 2m ) X (-M m M ) ~ 4I (-m m M ) +- -lnR- 1 
x o x' ' z o ' ' z 4R 

m2 r 
- 2I (-m2 ,m2 ,M2 ) + 

0 z 
-· -I (-m2 2 2 ~ 1 ,m ,M ) + 

z z 
(1 --=)I (~M2 M2 M2) 

2 o x' z' z 

+ m2 (x (-M2 m2 M2) 
o x' ' z 2X

1 
(-M~,m2 ,M~)) - (2M~+ m

2
rz- 2m

2
) 

X (x {-M2 M2 m
2

) - X(-M
2 

M2 m
2>)] + 

0 x' z' 1 x' z' 

m2 

7[< 
w 

2 M2 
m + ~) 

4 

3 
'X X (-M2 m2 M2 ) - m2X (-M2 m2 M2) + -M2 (x (-M2 M2 m2) 

o x' ' x 1 x' ' x x o x' x' 4 . 

2 2 2 
+ x

1 
(-Mx,Mx,m ) 

1 

)] - 2 

1 
X X (-M2 m2 M2 ) + -(1 ~ 

1 X' I
1 w . 2 

m2 
+ _IX (-M2 m2 M2) 

2 
0 X 1 I 1 W 

m~(1 + 

2 2 m -m 
_I_) 

2M2 
w 

r 
~) I ( -M2 M2 M2 ) - (~- m2 + 
2 

o x' w' w w 

m~ 
-r) 

2 w 

3 1 1 
2 2 2 ·( 2 2 . ..2 2 2 ) 2 2 2 X X ( -M M m ) - -m - -m -M - - (m + m ) r X ( -M M m ) 0 X' W1 I 2 2 I W 4 I W 1 X 1 W1 I 

~ ~ ~ } ·I 2 2 2 2 2 2 .I 2 2 2 -I (-M 1 m 1 m ) --I (-m 1 M ;m ) -(1--) I (-m 1 m 1 M >] 
2~ 0 . X I I 2~ 1 W I 2~ 0 I . W 

w w . w ' . 

+ (c.t.)r· (3 .1) 
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w 
B (3.1) HCITOnh30BaHU cn~ay~mHe 0603HaqeHHH: R w 

-2; r 
,!'J. w 

M2 
~-2, 

M2 
z M w 

r = ~; m - Macca BHpTyanhHOrO ~epMHOHa (CM. llp.A, pHC. 8a, 
z M2 I 

z 
B) • <I>yHKUHH I

0
, I

1
, X

0
, X

1 
npHaeaeuu B nplWOJKeHHH B.' ttepe3-

(c.t~)c o6o3HaqeHa KOHeqHaH qacTh KOHTpqneHOB. KOHTpqneHU 

BUpaJKa~TCH qepe3 KOHCTaHTU nepeHOpMHpOBKH cneay~WHM o6pa30M: 

1 1 1 oM2 og 
Z - 1 + - ( Z - l:)' - - __ w + -

m m 2 X 2 M: g 
c.t. (3.2) 

rae 0603HaqeHHH H BUpaJKeHHH anH BCeX KOHCTaHT nepeHOpMHpOBKH 

B3HTU H3 pa6oTu [17]. B npeaene m << Mx H3 (3.1) nonyqaeM 

EW 

0 

rae 

::: 
1 13 V3'rr 1 10 

- [ r ( - - -) + - (1 - - ) lnr + 
4(1-R) w 8 4 2 r : w 

1 -(1 
4R 

10 
) lnr

2 
rz 

1-R · · 
-(2(1-R)Q

2 
-IQ 1) (1n2r 

R c c z 

1 

2R 

r 
t 

-1) + j ( 
2 w 

M2 
_K_ 
m2 

t 

ln2 r - 3lnr + 
t t 

113 (3.3) 

w 

7rr 2 

+ 
3 

7 

4rr )+ 
Vr .z 

4rr 

~( 
r 

w lnrw 
r -1 w 

- 3rr2 + - + 4Li (1 -
Vr 2 2 

t 

lnR 
+ 

1-R 

~>)]I 
mt 

(3. 3) 

BHaHa HHTepecHaH oco6eHHOCTh 

3neKTpocna6ux nonpaaoK K WHpHHe paenaaa X- 6030Ha Ha ~epMHOHU 

- HX KBaapaTHqHUH poeT npH 6onhlliHX ~ae~aX XHrreoBeKoro 6030Ha. 

3aMeTHM, qTo KBaapaTHqHUH poeT nonpaao~, T.e. nepaoe enaraeMoe 

a (3.3), anepaue 6un o6uapyJKeH Ben&TMaHoM [11], oanaKo 

npeue6peJKeHHe oeTan&HUMH enaraeMUMH, oqeaHano, aonyeTHMO nHIDh 

B o6naeTH M >> M • KaK BHaHo H3 pHe.2, npH Maeeax X~ 6630Ha 
X w 

nopHaKa 600 r3B KBaapa'fHqnuA poeT EW - nonpaBKH eme Mana 

3aMeTeH, T.K. oeHOBHOH BKnaa B nee aa~T norapH~MHqeeKHe qneuu. 

no3TOMY npH cpeaHHX Maeeax 6030Ha_XHrrea HeaonyeT~MO yqHTUBaTh 

Ton&Ko nepaoe enaraeMoe a (3.3). npH MeHh!llHX JKe Maceax 6o3oHa 

XHrr~a npH6flHJKeHHe (3.3) eHflhHO OTnHqaeTCH OT aeHeTBHTeflhHOro 

noaeaeHHH EW- nonpaBKH. cneaoaaTen&Ho, eenH Maeea x- 6o3oHa 

- 10 -

I 
I 

~. 

f 
~ 

j 
l 

l. 
[-

t 

-~: 

------~----~-~----------------

MeH&rne 500 

HenOnh30BaTh 

r3B, TO anH auqHeneHHH EW ·- nonpaBKH eneayeT 

TOqHoe BUpaJKeHHe (3 .1). OTM-eTHM TaKJKe, qTQ 

KBaapaTHqHUH poeT nonpaBKH, KBK MOJKeT llOKB3BThCH, aenaeT 

HeB03MOJKHUM npHMeHeHHe TeOpHH B03MyrneHHH. 

Ha pHe. 2 BHaHo·, qTo npH MX = 1000 r3B EW 

OaHaKO • H3 t'paqJHKa 
: 

nonpaBKa eOCTaBnHeT 

16%, cneaoaaTen&Ho TeopHH B03MymeHHH ewe ·npHMeHHMa ~ 

4. KXll-nonpaaKa 

B enyqae paenaaa xiirre~o3oHa Ha KBapKH, Heo6xoal!MO 
.QCD QED . 

yqHTUBBTh KXl{-nonpaBKY - o • -OHa nonyqaeTeH H3 o e noMOllih~ 

eTaHaapTHOH. npoueaypu j[18). no3TOMY IDHpHHB C yqeTOM TOflhKO 

KXll- nonpaBOK HMeeT BHa 

ct5 4 QED) 
-- 0 , 
1T 3 

( 4 .1) WQCD = w (1 + 
£ 0 

rae B oaHoneTneBOM npH6nHJKeHHH 6erymaH KXll- KOHCTBHTB CBH3H ct 
s 

aupaJKaeTeH qepe3 ~eHoMeHonorHqecKHH napaMeTp A H qHeno Nc 

KBBpKOBUX apOMBTOB eneAY~lliHM o6pa30M: 

(X ::: 
s 

12rr 
33-2N 

£ 

M2 
-t X 

ln --. 
A2 

(4.2) 

6 
4 ' KOM HHBTOpHUH ~aKTOp J' llOHBflH~lliHHCH B (4.1), CBH3BH C UBeTHUM 

B-3BHMOaeHCTBHeM KBapKOB. PeKyppeHTHBH 3aBHCHMOeTh napaMeTpa A 

OT qf!ena KBapKOBUX apOMBTOB N 
£ 

auqHcnHnaeh no ~OpMynaM, 

npHB.eaeHHUM B ( 19). llpH 3TOM 

3HaqeHHe A ::: 0.180 r3B. 

B KaqeeTBe Haqan&Horo 6panoeh 

4 

B npeAene m << Mx HMeeM: 

WQCD 
£ 

(X 4 9 
::: W (1 + ---

5 
-( - + 

0 
1T 3 4 

3 mz 
-ln- )) 
2 ·M2. • 

X 

( 4 •. 3) 

B npeaene M --> oo ( N ·= 6) H3 (4.3) nonyqaeM wQCD = - -7
8w • 

· X c . · c o 
TaKOH pe3yfl&TaT He HBnHeTCH ~H3HqecKHM, eneaosaTenhHO, Heflh3H 

orpaHHqHBaT&eH npH6nHJKeHHeM nopHaKa ct
5

• Hcnonh3YH pe3yn&TaT 

eyMMHpOBBHHH no BeeM nopHaKaM TeOpHH B03MyrneHHH B npH6flHJKeHHH 

aeaymHx norapH~Moa, nonyqeHHUH a [7], HMeeM 

--l_ - 11 
---...._ -----



2 

WQCD _ ( 4 0: 5 [ QED 3 m ) , 
(4.4) = w 1 + - -- o - - ln--- , 

f o 3 n 2 M2 
X 

r.ue 

1 2m 24 

[ 
n-x 

] 33-2Nr w =W ( 4 .·5) 
0 0 M 

ln~ 
A 

MO.UH~HUHpOBaHHOe 6opHOBCKOe npH6nHmeHHe, BKn~qa~mee B ce6H 

qacTh KXn-nonpaaoK. 

5. 3aKn~qeHHe 

BuqHcneHHe ll!HpHHbl pacna.ua 

o.uHoneTneaux nonpaaoK, aunonHeHHOe 

nepabiM rnaroM a auqHcneHH~ a 3TOM 

( 1.1) c TQqHQCTb~ .uo 

B .UaHHOR pa6oTe,HBRHeTCH 

npH6nHmeHHH llORHOH lliHpHHbl 

6030Ha XHrrca. KpoMe ~epMHOHHbiX MO.ll, 6onbrnHe BKna.Ubl .Ua.UyT 

KaHanbl X~ W-W+ H X~ Z Z (CM. pHc.5). H3 rpa~HKa Ha pHC.5 

BH.UHO, qTQ
1 

nocne BKn~qeHHH 3THX KaHanoB lliHpHHa 6030Ha XHrrca 

HaqHHaeT CTpeMHTenhHO paCTH, TaK qTQ .uame BKn~qeHHe 6onee 

THmenoro (130 f3B) t- KBapKa He omymaeTCH. HHme .npHBO.UHTCH 

Ta6nHua c pe3ynhTaT~MH pacqeTa .unH .uoMHHHpy~mero, npH 3HeprHHX 

ycKopHTenH LEP, KaHana X ~ b b. 

Ta6nHua 2 

.M:t' ' w w nonpaBKH (%) 
0 ' b ' ' 

f3B f3B 10- 2 f3B 10-2 K3n EW KXn 

25 0.0635 0.0732 -0.541 -0.326 15.863 

50 0.130 0.146 -1.058 -0.341 13.909 

100 0.299 0.263 -1.609 -0.506 12.383 

500 0.889 0.996 -2.759 4.058 10.810 

1000 1. 623 1.982 -3.243 15.584 9.941 

naHHue, npHae.ueHHble a Ta6nHue 2, nonyqeHhl 

3HaqeHHHX Mace qacTHU, BXO.UHmHX B TeOpH~: 

npH 

Mz 

- 12 -

HTOrO 

15.178 

12.501 

10.268 

12.109 

22.282 

cne.uy~mHx 

91 f3B, 

I -1 

250 500 750 1000 

MH(GeV) 

PHc.l K9.U-nonpasKa. 

25 I II I I I II I II I II II ii I II I I I I II I j I II II I II I I Q 

20 

15 

250 . 500 . 750 1 000 

M~(~~v) 

· PHC.3 ~nonpae~a' 

20••••••••••••••••••••••-*••••••••••••••••u 

10 

__ Fuli EW correction 
------- Aproximation {3.3) 
___ Veltmann aproximation 

250 500 750 1000 

MH(GeV) 

PHC. 2 EW-nonpaBKa , 

PHC.4 _fiOJJHU_ nonp.uiC_a • _ 
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~ 
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i t-·~ 

Jl 
-
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~ 
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~ 
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10--25 

10 -21 

t 
f-

I 
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\ 

\ 

' ·, 
' 

~~ 
\, 
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'' 

it 
\I 
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.......... _ i. 

'·' ' ~ :..\~. ::~:.-:..- -· 
__ Full Born '- · · 
-----Fermion modes Born IMt=l30GeVI- '"-
--- All rermion modes corrected (M1=130GeV) '-, 
-· - Fermion modes Born IM,=250GeV) ' 
--·-- All rermion modes corrected (M,~250GeV) .,"-

10 

10 2 

.,n -:a .1 0 > . ., ~ 8 2 

MH (GeV) 

PHC.S lliHpHHa H BpeMH ~H3HH X-6030Ha. 

C) 
m 
<. 

m = 130f3B, m . = 4.5f3B. H3 Ta6JIHili:.I BH.llHO, tJ:TO npH MaJII:.IX H 
t b 

cpe,llHHX Maccax X-6030Ha .llOMHHHpy~T KX~-nonpaBKH. O,llHaKO B 

npe.uene 6oJihWHX Mace HatJ:HHa~T JIH.UHpoaaTb EW-nonpaBKH, tJ:To 

06oHCHHeTCH HX KBa,llpaTHtJ:HI:.IM pOCTOM (CM. (3.3) H p~c.2). ITpH 

cpe.nHHx ~e Maccax EW-nonpaaKa HrpaeT y~e cymecTBeHHY~ ponh, 

6Jiaro.napH 60JiblliHM BKJia.llaM JIOrapH~MHtJ:eCKHX tJ:JieHOB. 

ITpH 3TOM CJie.UyeT ITOMHHTh, tJ:TO BCe nonpaBKH OTHOCHTCH K 

MO.llH~HilHpOBaHHOMY 6opHOBCKOMY npH6JIH~eHH~ (4.5), BKJI~tJ:a~meMy B 

ce6H OCHOBHy~ tJ:aCTb·KX~ nonpaBOK. 

TaKHM o6pa30M, B ,llaHHOH pa6oTe ITOJiytieHO TO'IHOe BI:.Ipa~eHHe 

.ltnH 3JieKTpOCJia6LJK •:TIOnpaBOK K WHpHHe pacna.na X-6030Ha Ha 

!JlePMHOHI:.I; ···.noiTOJIHeHO aCHMITTOTI·ftieCKOe BUpa~eHHe .llJIH yKa3aHHUX 

nonpaaox, nonytieHHoe paHee ~enbTMaHoM (11], tJ:To IT03BOnHeT 

pacrnHpHTh o6nacTh era npHMeHeHHH .no cpe.nHHX Mace 6o3oHa 

- 14 -

XHrrca; HCCJie,llOBaHa CBH3b Me~.uy ITOSIBJieHHeM MaCCOBLIX 

CHHryJIHpHOCTeH B K9~ •tJ:aCTH nonpaBKH C HapyrneHHeM paBeHCTBa 

KOHCTaHT nepeHOpMHpOBKH 3apH,lla H BOJIHOBOH ~YHKilHH; ITOJiytJ:eHO 

ITOJIHOe BUpa~eHHe .llJIH WHpHHU pacna.na (1.1) C ytJ:eTOM 

3JieKTpocna6ux rronpaaoK nopH.UKa a H KX~-nonpaBoK.· 

B 3aKJI~tJ:eHHe aBTOpU BUpa~a~T HCKpeHH~~ llpH3HaTeJibHOCTh H 

6Jiaro.napHOCTb M. C. EHJieHh KOMY 3a ITOJI83HLie H CTHMY JI~py~mHe 

o6cy~.ll8HH5J. Ha BCeX 3Tanax BUITOJIH8HHH pa60TU, a TaK~e 
C.M. EHJieHbKOMY 3a Il8HHUe 3aMetJ:aHHH. 

ITpHno~eHHe A. 

3.lleC~ ITpHBO.llSITCH ~eHHMaHOBCKHe .llHarpaMMU, ,lla~mHe BKJia.ll B 

3JieKTpocna6y~ rrorrpaaxy. 

-;-~ -~--~ ----i: 
f . t . t 

PHc.6 

f 

<t 
f 

--:-j-:-<t 
f 

.:$ 

PHC.7 
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f 

?:I
w . . 

fx --Y:- w .. $ 
. f 

a 
f 

f 
)Yr 

-j--~f 
_.,; 

;: 

f 

6 

PHC.8 f 

llpHJIOlKeHHe B. 

cllyHKUHH H HHTerpaJIU HCTIOJib3 yeMUe B pa6oTe HM810T 

CJie,UyJOIUHH BH.U: 

2 2 2 
J(-M ,m

1 
,m

2
) 

2 2 2 
J(-Mx,m ,m ) 

2 2 2 
K(-M ,m

1 
,m

2
) 

2 2 2 
K(-Mx,m ,m ) 

r: 
2 

M2(3 
X 

dx 

x (x-1) ~+xm2+ ( 1-x) m
2 

1 2 

( 
1 - (3) 

ln • 
. 1 + (3 • 

J
1 dx 

= - o x(x-1)W+xm2+(1-x)m2 
1 2 

M2 

* ln [ w ] , 
x(x-1)W+xm

2
+ (1-x)m

2 
1 2 

(B .1) 

(B.2) 

(B. 3) 

1 

M2(3 
X 

m2 1 - (3 1 - · f3 

[( 2ln(3-2ln--- )1n( )+ln
2

( ) 
' M2 

1 ~ R 1 ~ R 
X 

- 16 -

+4L.i2 ( : ~ :) +L~2 ( 1) +rl] , 

r.ne 

Li2 (x) = -J:d~ i ln(1-t) 

cflYHKUH51 CneHca. 

I (-M2 ,m
2 

,m
2

) 
0 1 2 

2 2 2 
!

1
(-M ,m

1
,m

2
) 

J
1 M2 

- dx ln w . , 
o Lcx-1)W+xm2+(1-x)m

2
] 

. 1 2 

J
1 · M2 

w ' 
- dx xln , 

o [x (x-1) W+xm2+ ( 1-x) m
2 

] 
1 2 

(B~4) 

/ 

(E. 5) 

(B. 6) 

(B. 7) 

2 2 2 ' .,. 

J
l Jl 1 . 

X
0

(-M ,m
1

,m2 )= xdx dy 
2 2 2 2 

o o Wx y(y-1)+m
1
x-m x(1-x)+m

2
(1-x)-ic 

(B. 8) 

J
1 J1 1 2 2 2 2 . . 

X
1

(-M ,m
1

,m2 )= x dx dy 
2 2 2 2 . 

· o o Wxy(y-1)+mx-mx(1-x)+m (1-x)-1C 
1 2 

(B.9) 
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