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1. BBe,neHHe 

Ha cero.nHHWHHH .neHb MHHHMaJibHaH CTaH.napTHaH SU( 2) XU( 1) 

MO,!leJib HBJIHeTCH xopowo pa6oTaDweli TeopHeH 3JieKTpOcJia6ux 

B3aHMO,!leHCTBHH. 3KcnepHMeHT 6JieCTHWe IlO,!lTBepm.naeT ee. 0,nHaKO 

Bee ewe He Hali,neH t- KBapK, XOTH 3KCnepHMeHT H TeOpHH 3amaJIH 

ero Macey B .IlOBOJibHO Y3KOM HHTepBaJie 90• :s mt :s 250 r3B [ 1]. 

He Hali,neH noKa CKaJIHpHUH XHrrcoBCKHH 6030H, Ha cywecTBOBaHHH 

KOTOporo OCHOBUBaeTCH XHrrcoBCKHH MeXaHH3M, ,naDWHH Macey 

¢apMHOHaM H KaJIH6poBoqHUM BeKTOpHUM 6030HaM nocJie CilOHTaHHOro 

HapyweHHH KaJIH6poBoqHoH CHMMeTpHH. 11CCJie,noBaHHH qeTupex 

KOJIJia6opauHH ALEPH, DELPHI, OPAL, L3 Ha ycKOpHTeJie LEP B UEPH 

yme HCKJIDqHJIH cywecTBOBaHHe CTaH.napTHOro XHrrcoBCKoro 6030Ha 

c MaCCOH Hx:S44 r3B [2]. Ero IlOHCKH 6y.nyT npo,noJimeHU Ha BTOpOM 

3Tane pa60TU ycKopHTeJIH LEP I r .ne OH MomeT 6UTb o6!tapymeH I 

ecJIH ero Macca He npeBuwaeT 110 r3B. HoBue npoToH-npoTOHHue 

YCKOpHTeJIH SSC H LHC ewe 60JibWe pacwHpHT rpaHHUU ero IlOHCKOB. 

Ho yme HCHO, qTo CTaH.napTHUH XHrrcoBCKHH 6030H He JierKHH, H 

MOmHO omH,!laTb, qTo OH pacna.naeTCH He TOJibKO Ha ¢epMHOHU, HOH 

Ha BeKTOpHUe KaJIH6poBoqHue 6o30HU z H w. 
B pa6oTe [ 3] MU HaqaJIH BUqHcJieHHe WHpHHU XHrrcOBCKoro 

6030Ha C yqeTOM O,!lHOileTJieBUX nonpaBOK B paMKaX MHHHMaJibHOH 

CTaH.napTHOH MO,!leJIH. TaM MU npe.ncTaBHJIH pe3yJihTaTU BUqHCJieHHH 

napuHaJibHOH WHpHHU ¢epMHOHHUX KaHaJIOB pacna.na XHrrcoBCKoro 

6030Ha. B HaCTOHWeH pa6oTe npe.ncTaBJieHU napuHaJihHUe WHpHHU 

ero pacna.na Ha 6o30HHue napu: 
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Pe3yJibTaTU .naHU B 

BH,!le TOqHUX aHaJIHTHqeCKHX BUpameHHH qepe3 ,!lHJIOrapH¢MU OT 

KOMTIJieKCHoro apryMeHTa. 11CCJie.noBaHa 3aBHCHMOCTh napuHaJibHUX 

WHpHH OT HeH3BeCTHUX napaMeTpOB TeOpHH mt H MX. 

BUqHCJieHHUe B TOM me O,!lHOileTJieBOM nopsi:.nKe. 



2. Pacna.n B .naa ¢oToHa 

3TOT pacna.n x- 6o3oHa o6cylK.ltancH eme B pa6oTe [4]. HOB 

o6meM cnyqae npoH3BOnhHOH Maccu M aHanHTH'-lec1rne aupa:a:eHHH 
X 

.nns Hero anepaue .naHu B pa6oTe [5]. Pa.nH nonHoTu H3no:a:eHHH KH 

npHBe.neM HX H o6cy.nHM 3aBHCHMOCTb WHpHHU 3TOro pacna.na OT 

Mace x- 6o3oHa Ht- KBapKa. 

Pacna.n x- 6o3oHa B .naa ¢oToHa (1.1) He HMeeT .npeaecHoro 

npH6nmKeHHR, COOTBeTCTBeHHO. OTCYTCTBYJOT KOHTp'lneHH. OCHOBHOji: 

B_!{na.n B aMnnHTY.llY .naJOT 0.llHOneTneaue ¢eHHMaHOBCKHe .nuarpaMKH C 

¢epMHOHHOH H w- 6o30HHOH neTneH (np.A. Puc.Sa): 

A
77= -i( 2: )( 4:) ([2+3Tw]J:f3(-M~.M=)-4TwJ:f3(-M;.M:) 

. w 

~ 2 [ t 2 2 0 2 2]) +L QT -2J 0 (-M ,m )+J 0 (-M ,m} c (k )c0 (k ). (2.1) f f f a,.. X f. a,.. x f a 2 ,.. 1 

r.ne kl, k2; c(kl). c(k2) COOTBeTCTBeHHO 4- HMnynLCH H BeKTOpH 

nonHpH3aUHH ¢0TOHOB, a - UOCTOHHHaH TOHKOH CTpyKTypu. g -
2 2 nonycna6aH KOHCTaHTa CBH3H. MW- Macca w- 6030Ha. Tv=4(Mw/Mx) 

H L =4(m2/M2). CyMMHpOBaHHe npOH3B0.llHTCH no BCeK qJepKHOHaK. 
f f X 

BenH'-IHHU J:(3 H J:(3 KOHe'-IHUe H KanH6pOBO'IHO HHBapHaHTHHe. OHB 

HMeJOT cne.nyJOmHH BH.ll: 

O 2 2 77 2 2 
Jaf3<-Mx.m )=2[k1 ak2f3-(k 1 k 2)oaf3]X0 (-Mx.m ). 

J!13 (-M~,m
2

)=4[k1 ak2f3-(k1 k 2)oa(J]X~7 (-M;.m
2
). 

(2.2) 

(2.3) 

r.ne 2(k k )=-M2 , a ¢YHKUHH X77(-M2.m2 )=-M2
Y (-M2 .o.o.m2 .m2

) B 12 X o X X"'O % 

X~7 (-M;,m
2

)=-M;Xt(-M~,O,O,m
2

,m
2

)=½[1+½X!7 <-M;.m
2
)] (2.4) 

onpe.nenHJOTCR ¢opMynaMH (B.10) H (B.11), COOTBeTCTBeHHO. TaKBK 

o6pa30M,npHXO.llHM K H3BeCTHOH ~opwyne [5,6] 

w-r7 = 
9

2a2 

1024n3 

M3 + IFW +Lo: Ff 12. 
M f 

w 

r.ne Fw H Ff HMeJOT cne.nyJOmHH BH.ll: 

Fw = 2+3Tw-½Tw(2-Tw)X!7 (-M~,M=)• 

Ff= Tf[-2+(1-Tf)X!7 (-M;,m:)]. 

2 

(2.5) 

(2.6) 

(2~7) 
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Ha PHC.1 .naHa 3aBHCHMOCTb WHpHHU pacna.na x- 6030Ha B .naa 

¢0TOHa w77 OT Mace x- 6030Ha Ht- KBapKa. KaK BH.llHO, no Mepe 

yaenH'-leHHH Maccu t- KBapKa 3aBHCHMOCTb WHpHHU OT Maccu x-
6030Ha ycnOJ!<HReTCR. 3TO npoHCXO.llHT ncne.ncTBHe Toro. '-ITO 

peanbHaH, TaK H MHHMaH '-laCTH BKna.na ¢epMHOHHOH neTnH 

KaK 
Fr 

OTpHUaTenbHU, a B cnyqae t- KBapKOBOH neTnH eme H paCTYT no 

BenH'-IHHe C yBeJIH'-leHHeM mt. B TO apeMH 
60JlbWHe peaJibHaH H MHHMaH '-laCTH BKJia.na 

OCTalOTCH HeH3MeHHUMH. no Mepe CMemeHHH 

KaK nOJIOlKHTeJlbH!rn H 
w- 6030HHOH neTJIH Fw 

nopora pOlK.lleHHH t-

KBapKa B CTOpoHy 60JlblliHX Mace MHHHMYM Ha KPHBOH, onHCUBaJOmeA 

H3MeHeHHe lliHpHHU C yBeJIH'-leHHeM Maccu x- 6030Ha. CTaHOBHTCH 

6onee rny6oKHM H OTOJlBHcaeTCH BnpaBO. 

3. Pacna.n Ha z- 6030H H ¢OTOH 

AHaJIHTH'-leCKHe BUpal!CeHHH .llJIR 3TOro pacna.na BCTpe'-laJOTCR B 

pa6oTax [ 7, 8] . O.nttaKo B HHX nponymetta aKcHaJibHaH '-laCTb ero 

aMnJIHTY .nu. 3,uech MU npHBe.ueM TO'-IHUH B HJl aMnJIHTY .nu H WHpHHU 

3Toro pacna.na, a TaKlKe o6cy.nHM 3aBHCHMOCTb lliHpHHU OT Mace x-
6o30Ha Ht- KBapKa. 

KaK B npe.nu.nymeM cnyqae, pacna.n x- 6o3oHa Ha z- 6o3oH H 

¢OTOH (1.2) He HMeeT .npesecHoro npH6JIHl!CeHHH. COOTBeTCTBeHHO, 

OTCYTCTBYIOT KOHTp'-IJieHU. OCHOBIIOH BKJlaJl B aMnJIHTY.llY .naJOT TaKHe 

l!Ce o.n11oneTnesue ¢e811MaHOBCKHe nnarpaMMU c W- 6030111108 H 

¢epMHOHIIOH neTJleH (np.A, PHc.86): 

27 . g eg Hz ( 1 t 2 2 2 
A = 1( 2H )( - H) [2R-1+(3R-2)T ]J (3(-H ,-H ,H) 

w 16n2 w w a X z w 
V 

+(1-4R)TwJ:f3(-H;,-H!,H!)+ [IOf1Tr~r[-2J:f3(-H;,-H!,m:) 
f 

O 2 2 2 a 2 2 2 J) + Jaf3(-Hx,-Hz,mr)] + Jaf3(-HX,-Hz,mr) ca(k2)cf3(k1), ( 3. 1) 

r.ne kl, k2; c(kl). c(k2) COOTBeTCTBeHHO 4-
nonstpH3aUHH z-6o3oHa H ¢oToHa, M" - Macca z 

HMnynhCU H BeKTOpU 
2 2 Z-6o3oHa, R=Hw/M

2
, 

vf=1-4(1-R)10r1· BeJIH'-IHHU J:/3' J:/3' a TaKl!Ce aKCHaJlbHaR '-laCTb 

J:(3 KOHe'-IHU H KaJIH6pOBO'-IHO HHBapHaHTHU. OHH 

BH.ll: 

HMelOT 

0 2 2 2 27 2 2 2 
Ja

13
(-Hx,-H

2
,m )= 2[k

1
ak213-(k

1
k 2)oaf3]X

0 
(-MX,-H

2
,m ), 

3 

cne.nyJOmHA 

(3.2) 
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PHc.3.lliHpHHa B raB pacnana 

x-► Z+Z nnH mt(raB)= 

1 J 90, 2) 130, 3) 250. 
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PHc.2.lliHpttHa B raB pacnana 

x-► Z+, nnH mt(raB)= 
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PHC.4.IlonpaBKa D - KpHBaH 1; 

ee aCHMilTOTHKa Das- KpHBaH 2 

nnH m =130raB. 
t 

., 

-;, 

... ,, 

J. 

i 

t 2 2 2 z, 2 2 2 
Ja~(-MX,-M2 ,m )= 4[k1 ak2~-(k

1
k 2)oa~]Xt (-MX,-M

2
,m ), 

Ja (-M2 -M2 m2 )= 2c k k X2 '(-M2 -M2 m2 ) a~ X' z' r a~Aµ tA 2µ a X' z' r ' 

Xz'(-M2 -M2 m2)=-!Xz'(-M2 -M2 m2)+!Xz'(-M2 -M2 m2) 
a x' z, f 4 0 x' z, f 2 1 x' z, f , 

(3.3) 

(3.4) 

(3.5) 

rne 2(klk2)=-M~K; K=1-M!/M~ - CKOpOCTb BUReTaDmero z- 6o30Ha. 

<I>yHKUHH z, 2 2 2 2 2 2 2 2 xi (-Mx•-Mz,m )= -MxX,<-Mx,-Mz,O,m ,m) onpenenHDTCH 

¢opMynaMH (E.12) - (E.14). 

nnH WHpHHu pacnana (1.2) nonyqaeM 

g 4
a K M

3
- V 

wz• = --- i(IFW+ [IQ l-fFfl2+1 [IQ 1Fa12), 
2048rr4 R M2 r r 4 r r 

(3.6) 

w 

rne Fw, FrH Fa HMeDT cnenyvmHH BHn: 

w 1 -cw z, 2 2 2 z, 2 2 2 
F =[2R-1+(3R--2 )-c] [1+-2X (-M ,-M ,M )-(1-K)X (-M ,-M ,M )] w o X·Z w 1 X z w 

+(1-4R)-CWKX~'(-M~,-M!,M!), (3.7) 

Ff=-rf[-2+(K--Cf)X~'(-M~,-M!,m:)+2(1-K)X:·c-M~,-M!,m:)], (3.8) 

Fa=-c K[-!Xz'(-M2 -M2 m2)+!Xz'(-M2 -M2 m2)]. (3.9) 
r 4 o x' z' r 2 1 x' z' r 

Ha PHC.2 naHa 3aBHCHMOCTb WHPHHU pacnana x- 6030Ha Ha z-

6030H H ¢OTOH w2• OT Mace x- 6030Ha Ht- KBapKa. B OTRHqHe OT 

npenunymero pacnana, aToT HMeeT nopor, paBHUH Macce z-6o3oHa. 

Cpa3y nocne nopora WHPHHa 6ucTpo pacTeT, B ocHOBHOM, 3a cqeT 

6onbWOH MHHMOH qacTH BKnana W-6030HHOH neTRH Fw. PeaRbHaH 

qacTb 3Toro BKnana HMeeT OCTpUH IlHK B paHOHe nopora pomneHHH 

w- 6030Ha, 3aTeM 6ucTpo nanaeT. COOTBeTCTByDmHe peanbHaH H 

MHHMaH qacTH BKnana ¢epMHOHHOH neTRH Ff HMeDT npOTHBOilOROmHue 

3HaKH H oqeHb Manu. flHWb nocne BKn~qeHHH t- KBapKOBOH neTRH 

OHH HaqHHaDT CKa3UBaTbCH, npHqeM TeM CHRbHee, qeM 6onbwe 

Macca t- KBapKa. B pe3yRbTaTe pOCT WHpHHU 3aMennHeTCH nocne 

nopora pomneHHH t- KBapKa, a npH 6onbWHX (B03MomHux) Maccax 

t- KBapKa KpHBaH 3aBHCHMOCTH WHpHHU OT Maccu XHrrcOBCKOro 

6030Ha npoxonHT qepe3 MHHHMYM, C npyroH CTOpOHU, aKCHaRbHaH 

qacTb ¢epMHOHHOH neTRH BHOCHT nonomHTeRbHUH BKnan B WHpHHY, 
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TeM 60JibWl:IH, '!eM 60JibWe Macca t- KBapKa. BJiaro.napH 3TOMY 
Ml:IHl:IMYM Wl:lpHHU crJia)!(l:IBaeTCH. 

4. Pacna.n Ha .nBa z- 6o3oHa 

3TOT KaHaJI pacna.na x- 6o3oHa o6cy)!(.naJicH B pa6oTe [9]. Ho 

TaM He npl:IBO.!ll:ITCH TO'IHOe aHaJil:ITl:l'leCKOe BUpa)!(eHl:IH .!lJIH Wl:lpl:IHU 

pacna.na B o.nHoneTJieBoM np1:16JI1:1)!(eHH1:1. KpoMe Toro, B 3TOH pa6oTe 

npl:IBO.!lHTCH rpacp1:1qecK1:1e pe3yJibTaTU TOJ!bKO .!lJIH Maccu t- KBapKa 

35f3B. Mu np1:1Be.neM TO'IHOe aHaJil:ITl:l'!eCKoe nupa)!(CHl:le AJIH Wl:lpl:IHU 

B o.n11oneTJieBOM np1:16JIJ:1)!(eHl:ll:I 1:1 06cy.n1:1M 3aBl:ICl:IMOCTb Wl:lpl:IHU OT 
Mace x- 603011a 1:1 t- KBapKa. 

Pacna.n x- 6o3oHa Ha .nBa 

nptt6JI1:1~eH1:11:1 HMeeT aMnJI1:1Ty.ny: 
z- 603011a ( 1. 3) B .npeBeCHOM 

zz g 2 
A =-iM M2 8a~ca(k2)c~(k1), 

w 
( 4. 1) 

r.ne kl, k2; c(k1), c(k2)-COOTBeTCTBeHHO 4- l:IMilYJibCU 1:1 BeKTOpu 
noJIHp1:13aUl:IH KOHe'IHUX z- 6030ll0B. llll:lpl:!Ha pacna.na BUpa)!(aeTCH 
cpopMyJioH 

wzz 
0 

G M3 
' X 

16rrfi ~zuz, (4.2) 

r.ne U =1-4M2/H2+12M4 /M4
; ~ =(1-4H2/H2) 1/ 2 - CKOpOCTb KOHe'!HUX z zx zx z zx 

z- 6030HOB; G =1.166389 10- 5 f3B- 2 - KOHCTaHTa <l>epMl:I, KOTOpas 
' 

CBH3aHa BUpa)!(eHlieM G /fi =( g 2 /8M 2 
)[ 1+( a/4rr)X] C o.n11oneTJieBOH , w 

cJia6oA:, nonpaBKOH (a/2rr)X K w1:1p1:1He MDOHHoro pacna.na [10]. 

Onpe.neJIHM aMn~1:1Ty.ny pacna.na (1.3) c yqeTOM o.nnoneTJienux 
norrpaaoK cJie.nyvm1:1M o6pa3oM: 

Q 2 ( zz _ Azz=-iM Mz 8a~ Ft 
w 

2 
k1al<_2~ 

M2 
X 

F!
2
)ca(k2)c~(k1), (4.3) 

r.ne F:
2 

1:1 F!
2

- nepeHopM1:1ponaHHue cpopMtpaKTopu. Torna w1:1p1:111a 
nupa3HTCH qepe3 Hl:IX TaKl:IM o6pa30M (B Jil:IHeapH30BaHHOM B1:1.!le): 

wzz = wzz( 1+[)), 
1 0 

[) = 2Re(F:2 -1) + 2ReF! 2 ~:v
2
;u

2
, 

r.ne V =1-2H2 /M2 . z z X B yHHTapHOH Kam16pOBKe 

6 

BKJia.nu 

(4.4) 

(4.5) 

pa3Jil:l'IHUX 

'"' 

-,. 

~ 

f-

.n1:1arpaMM <l>eHHMaHa Ha p1:1cyHKaX BB 1:1 9 (np.A), a TaK)!(e 1:1 BKJia.!l 

KOHTp'IJieHOB, conep)!(aT YJibTpacp1:10JieTOBUe paCXO.!ll:IMOCTH, KOTopue 

B3al:IMHO YHH'ITO)!(aDTCH, TaK '!TO cpopMtpaKTOpU F:
2 

1:1 F!
2 

KOHe'!HU 1:1 

KaJI1:16pOBO'IHO l:IHBapHaHTHU. BKJia.nu B 111:!X Fzz 
1 j 

1:1 Fzz 
2J 

HMeDT 

CJie.nyvm1:1fi BH.!l, COOTBeTCTBeHHO: 

F22 = __g_ [-12R2+4R-1+2(1-R)r - ~]X
22

(-M
2 

-M
2

·M
2 

M
2

) 
2 { r . 

11 
16

rr2 z 2 1 x' z' w' w 

+(6R2-2R-(1-R)r )I (-M2 M2 M2) - i + !__ + l-
2RI (-M

2 
M

2 
M

2
) z o x' w' w 3 6R 2 2 z' w' w 

MW 

-21
0
(-M!,M!,H!)+[-8R2+4R-1+4(4R-1)} ]X~

2
(-H~,-M!:M!,M!>}, 

. w 

Fzz= 
12 

2 
2 m 

__g_ I: ~ 
16rr2 r M

2 

w 

(4.6) 

v 2 -1 m
2 

{ 
1 2 2 2 f f zz 2 2 2 2 --I (-H m m )+--(1-4-)X (-M -M ·m m) 2 o z • r' c a 2 o x' z • r' r 

MW 

v 2
+1 

+-r-[-t-.!_Xzz(-H2 -M2·m2 m2)+.!_Xzz(-M2 -M2.m2 m2>J}· 
4 r z O x' z' f' f r z 1 x' z' f' f 

(4.7) 

Fzz = _...SL_ {-!__(2+r )Xzz(_M2 -H2.M2 M2)+!1 (-M2 M2 H2) 
13 16rr2 4R z I x' z' z' X R O z' z' X 

Fzz 
1 4 

2 
= __g_ 

16rr2 

2 
Fzz = __g_ 

21 16rr2 

- _1_Xzz(-M2 -M2.M2 M2)} (4.8) 
r

2
R o x' z' z' x ' 

{
- ~r Xzz(_M2 -M2.H2 M2)+ ~r I (-M2 M2 M2) 
· 4 w I x' z' x' z s w o x' x' x 

_ ~Xzz(_M2 -H2.H2 H2)} 
2R o x' z' x' z ' 

(4.9) 

2 W zz 2 2 2 2 
[ -12R +4R-1+2(1-R)r - -]X (-M -M ·M H) { 

r 
z 2 t x' z • w • w 

+4R(2R-1)Xzz(-M2 -H2.M2 H2) +Xzz(-M2 -H2.H2 H2)} 
o x' z' w' w 1 x• z' w' w ' 

(4.10) 

Fzz= 
22 

Fzz_ 
23-

2 m
2 

__g_ I:~ 
16rr2 

c M
2 

w 
{

1( 2 1)Xzz( M2 H2 2 2) 1xzz( M2 M2 2 2) 2 vc+ t - x•- z;mr,mr -4 1 - x•- z;mr,mr 

1 2 zz 2 2 2 2} +8(1-vr)Xo (-Hx•-Mz;mr,mr) . (4.11) 

L {-!__(2+r )Xzz(-M2 -H2-M2 H2)+-1:.xZZ(-H2 -M2-M2 H2>} 
16

rrz 4R z t x' z' z' x 2R 1 x' z' z' x ' 
(4.12) 

Fzz = L {- ~r xzz(_Mz -H2·H2 H2)} 
24 167lz 4 W I X' z' X' Z ' 

(4.13) 
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zz 2 2 2 2 2 2 2 2 2 2 
~YHKUHH xi (-Mx•-Mz;m1,m2) = -MXXl(-Mx•-Mz,-MZ,m1,m2) naHbl B 

npHJIOJKeHHH B q>OpMyJiaMH (B.15) - (B. 20). 3necb HCllOJib3OBaHbl 

o603HaqeHHH rw=M;/M: H rz=M;/M:. 

nocJie Bl:lneJieHHH BeJIHqHHbl ( a/Brr) X BKJian KOHTpqJieHOB B 

q>OpM<paKTOp F:2 HMeeT CJienyDmH8 BHn: 

ZZ 2 
1 F F 1 F = .Jl.._[ -X (-1) + Z(-1) + Z (-1) - -W(0) 10 16rr2 2 2 

5 11 9 R ] 
+ 16R(R+1) - 4 - 8 1-RlnR (4.14) 

KOHeqm,1e qacTH KOHCTaHT nepeHOpMHpOBOK noJie8 x- 6030Ha, z-
6030Ha H w- 6030Ha, C KOTOpll:MH BCTpeqaeMCH 3necb, naHll: B 

pa6oTe [10], a c yqeTOM <pepMHOHHll:X Mace - B pa6oTe [11]. 

Ha PHC.3 naHa 3aBHCHMOCTb lliHpHHll: 3Toro pacnana W22 OT 

Mace x- 6030Ha H t- KBapKa. C. yBeJIHqeHHeM MX lliHPHHa oqeHb 

6ll:CTpo BO3pacTaeT H nocTHraeT 177 f3B npH Mx=1OOO f3B (Mt=13O 

f3B). YBeJIHqeHHe MaCCll: t- KBapKa TaKJKe npHBOnHT K HeKOTOpOMY 

BO3pacTaHHD lliHpHHll:. QqeaHnHo, eCJIH Macca x- 6o30Ha OKaJKeTCH 

60Jihme 2M
2

, mHpHHa pacnana ( 1. 3) no BeJIHqHHe 6y neT HaMHoro 

6oJibme, qeM mHpHHll: pacnanoa (1.1) H (1.2). 

CHJibHbl8 pOCT lliHPHHll: pacnana (1.3) o6oHCHHeTCH HaJIHqHeM 

<popMyJie (4.2) nnsi: npeaecHoro npH6JIHJKeHHH. <paKTopa M;. Eme 

~HJihHee OH CTaHOBHTCH B cnenyDmeM npH6JIHJKeHHH, H3-3a Toro, 

qTo nonpaBKa TOJKe pacTeT oqeHb 6ll:CTpo c yBeJIHqeHHeM MX. Ha 

PHC. 4 cpaBHHBaeTCH noaeneHHe KpHBO8 1, OllHCll:BaDmefi nonpaBKY 

(4.5), H KpHBOH 2, OllHCll:BaDme8 ee B TOM cJiyqae, Korna Mx» Mz, 

/3z---+ 1, nJIH KOTOpofi Mll: HMeeM noBOJibHO npocToe Bll:palKeHHe: 

ID = L[c- 3Rrr + 2rr2 + 19 )r - ln2r 
as 167l2 4 24 8 w w 

2 

13 9 mt 
+ (-4 + 4R - -)ln(r )] . (4.15) 

2M2 w 
w 

KaK BHnHo, nJIH mt=13O f3B, aCHMllTOTHqecKaH q>OpMyJia {4.15) npH 

60JiblliHX MX noBOJibHO xopomo OllHCll:BaeT noaeneHHe nonpaBKH 

(4.5). OHO onpeneJIHeTCH, B OCHOBHOM, KBanpaTHqHo pacTymHM 
qJieHOM B (4.15). 

8 

B 

.. 

,.. 

~ 

5. Pacnan Ha naa w- 6o3oHa 

B pa6oTe [9] o6cyJKnaJicH H 3TOT KaHaJI pacnana x- 6o3oHa. 

no TeM JKe coo6palKeHHHM, no KOTOpll:M Ml,I cqHTaJIH Heo6xonHMll:M 

3aHoao nonpo6Ho paccMoTpeTb pacnan (1.3), Mbl paccMaTpHBaeM H 

3TOT pacnan. IlpHBeneM ToqHoe aHaJIHTHqecKoe a1,1paJKeHHe nnsi: ero 

lliHpHHll: B onHoneTJieBOM npH6JIHlKeHHH H o6cynHM 3aBHCHMOCTb OT 

Mace x- 6o3oHa Ht- KBapKa. 
B npeaecHoM npH6JIHJKeHHH pacnan (1.4) x- 6o3oHa Ha napy 

w- 6030HOB HMeeT aMnJIHTyny 

Aww=-igMwoa(3ca(k2)c
13

(k1), (5.1) 

rne k 1 , k 2 ; 

IlOJIHpH3aUHH 

q>OpMyJiofi 

c(kl), c(k2) COOTBeTCTBeHHO 4- HMilYJibCll: H BeKTOpll: 

KOHeqHl,IX ·W- 6o30HOB. IIH!pHHa pacnana B!IpaJKaeTCH 

WWW 
0 

G MJ 
= F X /3 u 

87IV2 W W I 

(5.2) 

rne u =1-4M2/M 2+12M4 /M4
; /3 =(1-4M2/M2) 1/ 2 - CKOpOCTb KOHeqHl,IX w wx wx w wx 

w- 6030HOB. B onHoneT JieBOM npH6JIHJKeHHH onpeneJIHM aMilJIHTY ny 

pacnana (1.4) c IlOMOmhD q>OpM<paKTOpOB aHaJIOrHqHo (4.3): 

k k 
Aww=-i M (o Fww - 2~ Fww)c (k )c (k ) 

g W <X/3 1 M2 2 <X 2 /3 1 
1 

X 

{5.3) 

a lliHpHHY npencTaBHM B CJienyDmeM BHne: 
WW w = WWW ( 1 + ll) + ll) ) • ( 5. 4) 

1 0 · 1 2 

B nonpaBKY lll1 naeT BKJian nHarpaMMa ~efiHMaHa Ha pHcyHKe 106.1 

(Op.A) C BHpTyaJibHl,IM q>OTOHOM, qefi BKJian coneplKHT HH<ppaKpacHyD 

pacxonHMOCTb PIH' CDna JKe OTHeceHa H HH<ppaKpaCHO pacxonsi:maHCH 

qacTb KOHTpqJieHOB 
lllc. t. = ~ 2P . 

1 7l IR 

nnsi: ycTpaHeHHH HH<ppaKpacHOH pacxonHMOCTH Heo6xonHMO 

BKJian OT H3JiyqeHHH peaJibHll:X q>OTOHOB (Op.A, PHC.1Oa): 

IDBREM= ~[c-2 - v M2J(-M2 M2 M2)lP - !v M2K(-M2 M2 M2) 
1 rr w x x' w' w 1 R 2 w x x' w' w 

+[- ! + __i_ V ]M2 J(-M
2 

M
2 

M
2

) + 7l] 2 2 w X x' w' w I 

Uwrw 

7l = (2ln/3 + ~2 r )[-2 + V M2J(-M2,M2,M2)] w w wx X w w 

(1-/3 ) 2 1-/3 

(5.5) 

yqecTh 

+ 14 
3 

(5.6) 

vw( 2
1 - 13w 

+73 Jin <1+13 ) + 2Li ( w ) + 4Li <1+/>), 
2 (1+/3 )2 2 w 

(5.7) 
w w 
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rne Vw=1-2M:/M~. a Li2 - nHnorapH¢MHqecKaH ¢YHKUHH (6.16). 

nonpaBKa II\ nono6Ha K3.ll- nonpaBKe K WHpHHe pacnana x-
6o3oHa Ha ¢epMHOHHYD napy [3], Il03TOMy MU 6yneM Ha3UBaTb ee 

K3.ll- nonpaBKOH . BKnan OT nHarpaMMU c BHpTyanbHUM ¢0TOHOM H 

nonyqeHHOH H3 Hee CTHrHBaHHeM ¢0TOHHOH RHHHH IlY3UpbKOBOH 

nHarpaMMU Ha PHc.106.1 (np.A) conepEHT, onHaKo, KanH6poaoqHo 

HeHHBapHaHTHUe qneHU C ynbTpa¢HoneTOBOH pacxonHMOCTbD. H3 

coo6paEeHHH KOHeqHQCTH MU BKnDqHnH B K3.ll- nonpaBKy Dl TORbKO 

cnenyvmyv qacTb 3Toro BKnana: 

Aww=-igM e 2 c (k )c
0

(k )JU 
1 w a 2 P 1 ( 2rr)n 

1 

(p
2
+2pk )(p2-2pk )p2 

1 2 

x( 2~ 0 V M
2 

+ 4k p 0 - 4p k 
O 

-
ap w X 1a P a 2p 2(~af3P2_ 4pap{3)), (5.8) 

a OCTaTdK OTHeceH B nonpaBKy ID2. HMeH B BHny (6.7), (6.8) H 
(6.21)-(6.23), nonyqaeM 

IDvERT= ~[ v M2J(-M2 M2 M2)JP + !v M2K(-M2 M2 M2) + 1 
1 rr w x x' w' w IR 2 w x x' w' w 

+(Vwf3:/uw)[-1+(M:- M;)J(-M~,M!,M!>J]. 

TaKHM o6pa30M nonyqaeM KOHeqHyv K3.ll- nonpaBKY ID
1

: 

a [14 2 2 3 2 1 2 2 2 2 ] ID=- -+3 (1+- >-=-♦u [--=-+2 (3+- >-u-]M J(-M ,M ,M )+:ll . 
1 rr rw rw w rw rw w x x w w 

B npenene M » M (f3 - 1) HMeeM X w w 
ID = ~ 14 

las ff 3' 

nonpaBKa D2 aupaEaeTCH 

¢opMyno8, aHanorHqHoH (4.5): 
qepe3 q>opM¢aKTOpU 

ID= 2Re(Fww_1) + 2ReFwwf3 2V /U. 
2 1 2 W W W 

Fww 
1 

(5.9) 

(5.10) 

(5.11) 

H Fww 
2 

(5.12) 
WW WW 

npHBene11 BKnanu F 1 J H F 2J B «popM¢aKTopu, COOTBeTCTByvmHe 

pa3nHqHUII nHarpaMMaM ~eHHMaHa Ha pHCYHKax 106.1-106.5 (np.A): 

Fww = _g__ -[4R+,¼__!_]Xww(-M2 -M2 ·M2 M2)+2RI (-M2 M2 M2 ) 
2 { r 

11 16rr2 2 4 1 x' w • w • z o x' w • w 

5 -JR +
44 

-RlnR +
1

- 2RI (-M2 M2 M2 ) +(-2R+2-!)r (-M2 M2 M2 ) 
9 2 2 w' w' z R o w' w' z 2Mw 

+[-2R-=+(4R+3--)- ]X (-M -M ·M M) (5.13) 1 1 1 WW 2 2 2 2} 
2R R rw o x• w' w' z • 

IO 

1 
) 

1 
), 

Fww = _g__ -[ 4 + .!__ +~]Xww(-M2 -M2;M2,M2) 2 { r 
12 16rr2 2R 4 1 x' w z w +2I

0
(-M~,M!,M!) 

Fww 
13 

5 1 222 2 222 
-6 ---2I2(-Mw,Mz,Mw) +(-3+R)Io(-Mw,Mz,Mw) 

2Mw 

+[-~~(3-!)!__]Xww(-M2 -M2·M2 M2)} 
2 r w R r 

2 
o x' w' z' _w ' (5.14) 

2 
= _g__ 

16rr2 

2 2 2 

{ 

m m -m 
L L ~ ( 1-~) [xww (-M2 , -M2 ; m2 , m2 ) 
u d 2M2 M2 1 X W u d 

X w 
2 2 2 

m m -m [ 
-Xww(-M2 -M2·m2 m2)] +~ (l-~) Xww(-M2 -M2.m2 m2) 

o x' w • u • d 2M2 M2 1 x' w • d • u 

X w 

] 
m2+m2 } 

-Xww(-M2 -M2.m2 m2) u d[l+I (-M2 m2 m2)] 
0 X. w' d • u 2M2 0 w' u. d ' (5.15) 

Fww 
14 

Fww 
15 

2 
= _g__ 

16rr2 

2 
= _g__ 

16rr2 

2 

w 

{
-[,¼_rw]Xww(-M2 -M2.M2 M2) 

2 4 1 x' w' w' x +I (-M2 M2 M2 ) o w' w' X 

_! Xww(-M2 -M2.M2 M2)} 
r w o x• w' w • X • (5.16) 

{
-~r Xww(-M2 -M2.M2 M2) +~r I (-M2 M2 M2) 

4 w I x' w' x' w 8 w o x' x' x 

- ~Xww(-M2 -M2.M2 M2)} (5.17) 
2 0 x' w' x' w • 

Fww = _g__ 
{

-[4R+,¼_rw]Xww(-M2 -M2.M2 H2) +2Xww(-M2 -M2.M2 M2) 
2 4 t x' w • w • z o x' w • w • z 21 16rr2 

3 WW 2 2 2 2} +(2R-2 )X1 (-MX,-Mw;Mw,M
2

) , , (5.18) 

2 
Fww = _g__ 

r ' 
{
-[4+~~]Xww(_M2 -M2.M2 M2) +2Xww(-M2 -M2.M2 M2) 

2R 4 t x' w • z • w o x· w • z • w 22 16rr2 

F'"' 23 

Fww 
24 

1 WW 2 2 2 2} +2RX1 (-Mx•-Mw;M
2

,Mw), (5.19) 

2 
2 

!:: _g__ 
16rr2 ~ ~ { mu[Xww(-M2 -M2·m2 m2) -!Xww(-M2 -H2.m2 m2)] 

M2 t x' w • u • d 4 1 x' w • u • d 
w 

2 

m d [xw w ( M2 M2 2 2 ) +- - - ·m m 
M2 t x' w • d • u 

_!Xww(-M2 -H2.m2 m2>]} 
4 1 x• w' d' u ' 

(5.20) 
w 

2 { r _ _g__ -[1 ~]Xww(-M2 -H2·H2 H2) 
- 2 ~ 4 t X' w' w' X 16rr 

+!Xww(-H2 -M2.H2 M2)} 
2 1 x' w' w' X ' 

(5.21) 

11 



Fww = L {-~r xww(-M2 -M2-M2 M2)} (5.22) 
25 16rr2 4 w t x' w' x' w , 

r .ne mu 1-1 md - Mac cu BepXHI-IX 1-1 Hl-llKHI-IX cpepMI-IOHOB B .ny6JieTe. 

WW 2 2 2 2 2 2 2 2 2 2 
<l>yHKUJ-11-1 xi ( -Mx, -MW; ml, m2) = -MXXI·( -Mx, -MW, -MW, ml, m2) .naHU B 

npl-lJIOJKeHl-11-1 E cpopMyJiaMJ-1 (E.15) - (E.20). 

nocJie Bll,lleJieHI-IH BeJIJ-lqJ-IHil c~/Brr)X, a TaKJKe BXO.llHmero B Dl 

BIIpaJKeHJ-IH (5.5) B KJia,ll KOHTpqJieHOB B qJOpM!paKTOp 

cne.ny10m1-1ll: B 1-1.n: 

WW 
2 1 F F 1 F = - 9-[ -X (-1) + W(-1) + W (-1) - -W(O) 

10 16rr2 2 2 
5 11 9 R 

+ 16R(R+1) - 4 - 8 1-RlnR]. 

BeJIJ-lqJ-IHil W(-1) 1-1 WF(-1) .naHU B pa6oTax [10] 1-1 [11]. 

Fww 
1 

1-1MeeT 

(5.23) 

Ha Pl-!C.5 .naHa 3aBJ-ICI-IMOCTh llil-lpl-lHU 3Toro pacnana WWW OT 

Mace x- 6030Ha J,j t- KBapKa. C yBeJI1-1qeHJ-1eM MX rn1-1p1-1Ha 6ucTpO 

.llOCTl-!raeT 356 f3B np1-1 M =1000 f3B (m :;:130 f3B). 3aMeqaeTCH X t 
HeKoTopoe B03pacTaH1-1e rn1-1p1-1Hu 1-1 np1-1 yBeJI1-1qeH1-11-1 Maccu t- KBapKa. 

CpaBHl-!BaH llil-lpl-lHU pa3HllX KaHaJIOB pacna.na B Ta6n1-1ue 1, Bl-1.lll-lM, 

qTo ecn1-1 Macca x- 6o3oHa oKaJKeTCH 6onhrne 2Mw, pacna.n ( 1. 4) 

6y.neT ,llOMI-IHl-lpy10m1-1M. 
Ha P1-1c.6 .naHU nonpaBKJ-1 Dl 1-1 D2 B 3aBJ-ICI-IMOCTI-I OT MaCCil x-

6030Ha np1-1 mt= 130 f3B. nonpaBKa D
1 

- Kp1-1BaH 1 - Be.neT ce6H 

no.no6Ho K3n-nonpaBKe B pacna.ne x- 6o3oHa Ha cpepMHOHHue napu. 

OKOJIO nopora pOJK,lleHJ-IH w- 6030HOB OHa 60JihlliaH, HO oqeHh 6ucTpo 

yMeHbrnaeTCH .no 1+2 % J,j B 60JihlliOM 1-!HTepBaJie Mace x- 6o30Ha 

OCTaeTCH no~Tl-1 Hel-!3MeHHOH. noBe.neHl-!e nonpaBKJ-1 D2 - Kpl-!BaH 2 -

no.no6Ho noBe.neHHIO 3JieKTpocna6oll: nonpaBKl-1 B TOM JKe pacna.ne x-
6o3oHa Ha cpepMHOHHue napu, T.e. oHa pacTeT oqeHh 6ucTpo np1-1 

6oJihllil-lX Maccax x- 6o3oHa. np1-1 MX » Mw 1-1 ~w- 1 nonpaBKa D1 

BllXO.lll-lT Ha KOHCTaHTY (5.11), a D2 1-!MeeT cne.ny10m1-1ll: Bl-1,ll: 

g 2 [ 3✓:i'rr 5 2 19 1 2 1 2 D = -- (--- +-n + -)r --f.11. r +(2 -2R --)f.11. r 
2as lGrr2 4 24 8 w 2 w 2R z 

2 

15 5 mt 
+(BR--+---)f.11.(r)]. (5.24) 

4 4R 2M2 w 
w 

B (5.22) co.neplKI-ITCH TOT JKe caMUH Be.nym1-1ll: KBa.npaTJ-lqHo pacTym1-1ll: 

qJieH, qTo 1-1 B (4.15). OH OTJIJ-lqaeTCH OT KBa.npaTJ-lqHo pacTymero 

12 

•,2 ~;~ 

H•W+W 

400r-------------------, 
H=W+W 

300 

200 

~ 
~ 

1 
1 

~ 
{' 

100 

0r.,,,,,, ,....--r.,,,,,, ,,1,,,,, ,,,,1,,,,, 11,,1,, ,,,,,,,I 
0 •= .•• . .. BOO 1000 

P1-1c.5.W1-1p1-1Ha pacna.na x - w-+ w• 
B f3B .llJIH mt= 1) 90, 2) 130 1-1 
3) 250 f3B. 

ll 

H•W+W 

12 

0 w,,,,,,,,,,,,,,,,,,,,,,,,.,,,,,,,,,,,,,r,,,,,,,,,I 

, , 
, '2 , , , , , 

, 
I , 

I 
I 

·, 
I 

• ~ 

O 200 400 600 BOO 1000 
M.(GoV) 

BOO 1000 

Pl-!C.6.nonpaBKa Dl- Kpl-!BaH 1 

1-1 nonpaBKa D2- Kp1-1BaH 2 

.llJIH mt=130f3B. 
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P1-1c.1.nonHaH nonpaBKa D -

Kpl-!BaH 1, ee aCJ-IMTITOTl-!Ka D 

- Kpl-!BaH 2 .llJIH mt=130f3B. 
as 



qneHa BeRbTMaHa [12] B COOTBeTCTByDmeu ¢opMyne {3.3) [3] nnH 

3ReKTpocna6ou nonpaBKH B pacnane x-6o3oHa Ha ¢epMH0HHue napu. 

Ha PHC.7 M0~H0 cpaBHHTh Il0RHYD nonpaBKY [)=[)1+[)2 - KpHBaH 1, C 

nonpaBK0H [) =D + [) - KpHBaH 2, B3HTOH B npenene M » M, 
as las 2as :::t' W 

npH mt= 130 f3B. KaK BHnHo, npH 6onblliHX MX ¢opMyna (5. 24) 

noB0RhH0 xopomo 0ilHCUBaeT 3ReKTpocna6yD nonpaBKY [)2, BX0nHmyD 

B [). 

HmKe npHB0nHTCH Ta6nHua lliHpHH B f3B nnH Bcex KaHaR0B 

pacnana x- 6o3oHa nnH HeKoTopux 3HaqeHHH M npH m =130 f3B, X t 

M
2

=91. 174 f3B: 

Ta6nHua 1 

M_,(f3B) 50 100 200 500 1000 
,(; 

w'H 4. 31 10-7 3. 95 10- 6 7.23 10-5 2. 65 10- 5 2. 80 10- 4 

WZ'l 1. 15 10- 7 2.33 10- 4 4.93 10-i
1 

5.32 10- 4 

wzz 0.39 17.90 177.06 

WWW 1.12 37.31 356.17 

wr r 1. 77 10- 3 3. 21 10- 3 5. 78 10- 3 11. 83 31. 78 

wtot 1. 77 10- 3 3.21 10- 3 1·. 51 67.05 565.01 

npHR0~eHHe A. <I>eHHMaH0BCKHe nHarpaMMll, paccMaTpHsaeMlle B 

pa6oTe. 

PHc. 8. Pacnan x-6o3oHa Ha: a) mm ¢oToHa; 6) Z-6o30H H cflOT0H; 

B) nBa Z-6030Ha. 

PHc.9. OcTanhHUe nHarpaMMU pacnana x-6o3oHa Ha nsa z-603oua. 

PHC.10. Pacnan x-6030HOB B napy w-6030HOB: a) T0pM03H0e 

H3nyqeHHe ¢oToHa; .6) onHoneTnesue nHarpaMMU: 6.1), 6.2), 

6.3), 6.4) H 6.5). 
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npttno~eHHe B, ~YHKUHH, HCil0Rh3yeMUe B pa6oTe. 

2 2 2 1 1 J(q ,m ,m) = f d~ _____ .:;_ _____ _ 
1 2 0 ~c1-~)q2 + ~ m2 + (1-~)m2 

1 2 

= _! [ ln. VA + u 
VA VA-U 

VA+ u J + ln. --- ' 
VA - u 

(B.1) 

rne A=q4+2q2(m2+m2-2ic)+(m2-m2) 2, u =q2+m2-m
2

, u =q
2

+m
2

-m
2

. 12 12 12 12 
2 2 2 2 2 2 L(q ,m1,m2)= A J(q ,m1,m2). (B.2) 

I (q2 ,m2 ,m2)= ft d~ i.n.[_!_ (~(1-~)q2+a:rn2+(1-~)m2)] 
o 1 2 

0 
M2 1 2 

w 
2 2 2 

mt m2 r.11 -m2 mt 1 2 2 2 
= ln. -- - 2 - --· ln. - + - L(q , m , m ) • 

M2 2 2 m2 2 2 1 2 
W Q 2 Q 

(B.3) 

222 1 1 2 2 2 I (q ,m ,m )= fro~ ln.[- (~(1-~)q +am +(1-~)m )] 1 1 2 M2 1 2 
0 w 

m m m2 -m2 m2 ( m2 -m2) 2 m2 
= .!_ i.n, ~ _ l __ 1 __ 2 _ ( _,!_ + 1 2 )ln. _,!_ 

2 M2 2 2 2 2 4 4 m2 
W Q Q Q 2 

2 2 m -m 
+ (l + _1 __ 2)_1_ L(q2,m2,m2) 

q2 4q2 1 2 
(B.4) 

2 2 2 
I3(q ,mt ,m2)= 

1 1 

f ~(1-~)d~ ln.[- (~(1-~)q
2 

o M
2 

2 2 J + ~ m + (1-~)m) 
1 2 

2 2 
1 mt m2 5 mt +m2 

=-ln.----+---+ 6 M2 18 3 2 
w q 

w 

( m2-m2) 2 
1 2 

3q4 

m4-m4 (m2-m2) 3 m2 
+ (-1 __ 2 + 1 2 )ln. _,!_ 

4q4 6q6 m2 
2 

1 
+ <12 

2 2 m +m 
1 2 

12q2 

2 2) 2 2 2 2) 
(m1-m2 ).....!. L(q ,m1,m2 

-- 2 
6q4 q 

(B.5) 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
I2(q ,m1,m2)= q I3(q ,m1,m2)+m1I1(q ,m1,m2)+ m2I1(q ,m2,m1) 

(B.6) 

~YHKUHH, xapaKTepHue nnH MaCCHBHUX aeprnHHHUX nttarpaMM 

~eHHMaHa C onHoH neTnefi H TpeMH BHelliHHMH RHHHHMH, B KOTopue 

onHa H3 qaCTHU axonHT C HMilYRhCOM q, a nHe npyrHe auxonHT C 

HMilYRbCaMH kl H k2, o603HaqaeM qepe3 x, (q
2
,k:,k:,m:,m!>· 

CKanHpHUH ¢eHHMaHOBCKHH HHTerpan HMeeT cnenyDmHH BHn: 
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2J n ~ ~n 
1 ( 2rr) 

1 

[(p+k )2+m2][(p -k )2+m2][p2+m2] 
1 1 2 1 2 

2 2 2 2 2 =X
0 

( q , k
1 

, k
2

, m
1 

, m
2

) • ( B. 7) 

HaM noHano6HTCH TaK~e cnenyDmHH ¢eHHMaHOBCKHH HHTerpan: 
2 2 

16rr2Jdn n (p +m2) 0 a~ - 4PaP~ 
c ( k ) c ( k ) ~ =------r. ----~---~----- = 

a 2 ~ 1 1 ( 2 rr)n [(p+k )2+m2][(p-k )2+m2][p2+m2] 
1 1 2 1 2 

( 
22222 [1 222 

=2ca(k2)c~(k1) 2k1ak2~Xt(q ,k1,k2,m1,m2) +oa~ - 2Io(q ,m1,m1) 

2 2 2 2 2 J) + X
1
(q ,k

1
,k

2
,m

1
,m

2
) , (B.8) 

rne 2k k = q 2- k 2- k 2 . Karna k 2=0 HRH k 2=0 H, COOTBeTCTBeHHO, 1 2 1 2 1 2 

m1=m2=m, HMeeT MecTo cnenyDman CBH3h: 
22 22 1 222 22 22 X

1
(q ,k1 ,0,m ,m) - 2 I

0
(q ,m ,m) = -2(k1k 2)Xt(q ,k1 ,0,m ,m ). 

PaCCMOTpHM HeCKORbKO HHTepecyDmHx Hae cnyqaeB: 

a) k 2=k2=0, m =m =m, a 2=1+4(m2-ic)/q2 . 
1 2 1 2 

( B. 9) 

2 2 2 
1 1 1 X ( q , O, O, m , m ) = J 11'.Cl.a: J dtj ----- = 

0 o o a:(1-a:)tjq2+ m2 
a+1)2 _1_(1n a-1 ' 

2 

2q (6.10) 

1 1 

2 2 
2
)- J roa:J dtj 2 2 Xt(q ,0,0,m ,m - o o a:(1-a:)tjq + m 

a:( 1-a:)tj 

1[ 2 2 2 2] =- 1-2m X (q ,0,0,m ,m) . 
2q2 0 

(6.11) 

6) k 2=0, m =m =m, K=1-k2/q2, b 2=1+4(m2-ic)/k2 . 2 1 2 1 1 

22 22 1 1 1 
X

0 
( q , k 1 , O, m , m ) = J 11'.Cl.a: J d!j 2 2 2 o o a:(1-a:)tjq +a:(1-a:)(1-tj)k1+m 

= _1_ [(ln a+1)2 _ (ln b+1)2]. 
2 a-1 b-1 2q IC 

(6.12) 

1 1 a:(l-a:)tj 
2 2 2 2 ) _ J roa:J di/ 2 2 

Xt(q ,k1,0,m ,m - o o a:(1-a:)1jq2+a:(1-a:)(1-1j)k1+m 

1 [ 2 2 2 2 2 2 2 2 2 2] =-
2 2 1-2m X

0
(q ,k1 ,0,m ,m )-k1X1(q ,k1 ,0,m ,m) , 

q IC 

{6.13) 

22 22 1[ 222 222] X
1
(q ,k1 ,0,m ,m )= q 2 ,c I

0
(q ,m ,m) - I

0
(k1 ,m ,m) . (6.14) 

l8 

B) k
2 

= k
2 

= k
2

, 2k k = q 2 
- 2k

2
, fl2 = 1 - 4k

2 /q2
• IJ2

?!.0 
1 2 1 2 

1 1 1 2 2 
2 2 2)- J ax1t:J w; 

2 2 
) 2 

Xo(q ,k ,k ••1 ••2 - o o c2q(t--q)q2+11:(1-a:)k +a:m1+(1-a: •2 

2 
_ ~[ ~2 (atJ+fl +a") 
- q2 fl 4 atJ-112 -fT 

L. [ CT+/l'C ] Li [ CT-/l'C ] 
+ 12 (1+1J}[a+t12+atJ] + 2 (1+1J}[a+f12+atJ] 

+Li [ fT+/l'C ]+Li [ a-fl'C ) Li [ a+fl'C ] 
2 (t+f1)[u+f12-atJ] 2 (t+IJ}[a+fl2-af1] - 2 (1+1J)(a+fhl) 

L • [ fT-/l'C ] L · ( a+fl'C ) Li [ a-fl'C ) 
- 1 2 (1+f1)(u+fl~) - 1 2 (1+fl){a-fhl) - 2 (1+fl)(a-tm.) 

-{m2 ,:::, ] • (6.15) 

r~e noio.eso a 2 =1+4(•:-ic)/q2
, ~

2=4(•:-ic)/q2• 2rr--a.2-fl2-~2 • 

T2=a2+(1-f12)c2 • npxqex BKeex a 2-f12T2= (1-fl2}[(u+~2) 2
-(a,J)

2] 

=(1-fl2}[u2-(fhl} 2]; Li2(x) - JU1J1orapxl{IIOl1iecKaJ1 'PJBKIUUI 
"dt 

Li
2
(x)=-J ~1-t). (6.16) 

0 

1 1 

X1(q2.k2.k2.-:.-:>= J ma:J WI _2 ____ 2 ___ 11: __ 2 ___ 2-··----2 
0 0 IC q(1--q)q +a:(1-a:)k +«:al +(1-a:)•2 

2 [ 2 2 2 2 2 2 0'2 2 2 2 2 2] 
-q2f12 Io(q ••1••1)-Io(k ••1••2)~ X.,(q ,k ,k ••1••2) .(s.t7 ) 

t 2 2 2 2 2 X
1 

q .k ,k .•
1
.•2 )= 

1 1 , 

=J ak:J WI In.( ~
2

(«:
2
y(1-y)q

2
+«(1-c:)k

2
+aa:+(1-c:)a:)]= ~ 

0 0 1111 

1 2 2 2 ~2 2 2 2 2 2 2 a 2 2 2 2 2 2 
~Io(q ••1••1>+:t q X.,(9 ,k ,k ••1••2>~ X1(q .k ,k ••1••2> 

(6.18) 

1 1 2 

X ( 2 k2 k2 2 2)- J --J ~.. !IC vU-v) 
q. • ····- ......... ""Y 2 2 t 1 2 o o a:2q(1-q)q2+a:(1-c:)k2+cm +(1-«:)a 

1 2 

1 2 2 2 1 2 2 2 2, 2) 1 2 ( 2 2 2 2 2) 
-21 1<k ••1••2>2X.<q .k .k ••1••2 ~ ~ q .k .k ••1••2 

22222 2[ 222 222 
~(q .k .k ••1••2)- 2 2 1o(q ••~••1)-I1(k. ••1••2) 

q fl 

2 2 2 2 2 a 2 2 2 2 2 2 ] 
-X.<q .k .k ••1••2>~ Xl(q .k .k ••1••2> 
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(6.19) 

(6.20) 



r) k
2 = k 2 = -m2

, 
1 2 1 

m =O; k =-~k +(1-~)k, -k2= ~(1-~)q
2 

+ m
2

. 
2 ~ 1 2 ~ 1 

2 2 2 2 1 d~ X (q ,-m ,-m ,m ,O)=J -[ p + ~[ .!-( -k2)]] 
2 M2 ~ 0 1 1 1 O -k2 IR 

~ w 

= J(q2 ,m2 ,m2)P + 
1 1 IR 

1 2 2 2 
2K(q ,m1 ,m1), 

rne P
1

R - HH~paKpacHaH pacxonHMOCTh. 

2 2 2 2 1 2 2 2 1 
X1(q ,-m1•-m1,m1,0)= 21 o(q ,m1,m1)- 2· 

2 2 2 2 1 1 2 2 2 2 
Xt(q ,-m1•-m1,m1,0)= 2 - 2m1J(q ,m1,m1). 
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