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RE LT 7237 IAEXIENMRTFMERE. RS Gover EHERTE,
EAFERBAIMERNATYME LR UTR ECAERNWERX HFTH
ERBR. R RCEREEXHT TIT0, 6 Glover XEZHR.

XA FHEKE RxE HEHRE

W RINTFHRAESE. HTHRER,ZHAFAEETIRLEF. ZATFEE
BFI3IMLTF RAMEATR RMERNWAREEREE. HEMHEBERNRE KHS
RERBEREAEFREB N, HERED yy—=ry, vy—=2Zy, X/ 8w B o8 h
L, BEERZPAMNYER. XK, Z-Iy WZBAMNGI ZHHR. KX TFEESR
W80 ERMAATRL"? . RTRKFEEN EREERG, &4 W A+ FEEF
RSk e B R BT AR T LA KR 0 b M L A g 3R T R KT L AT LR R = TH A
(WWy fl WWZ)RETRA(WWyy I WWYZ)B4G . X TIERMERR R FERBRAF RN
TEETER9].

RITAME, 73y BES 1y B EBEUHE. ERITEPHLEHT 8T
Yy BB 23y MR B VIR IR R, L. AU AEKN R, S, 1T
>3y BES yy>vZ M yZ-yy B S BZEFEREAXR. RITELHH 23y E
THFUERBHEEBERER, RHABRN Z>3y FUEREBS IR 12 ]WERETHEF
B, BRXMEHNHAREH Z-3yNEEERE BRENEAARNYRELY,HE
R ENTIRREH.

BRI 23y B R, IATHEREMBEE T

LY =-¢"'(9, —ieA, - ig’Z)W, - iMy$"|*, (1)

ERF U, MEFRE. SEM, RBWATHER. g' = - gyco80y, g, & SUQQ)BHE
AHB, 0y B Weinberg fi, 1%’ 1 Hooft-Feynman M, B 6=1. XHEXH—
FREEESBEMNRSERSE N FZ-3rBEX , EXFABEBET, RA=-XBE.W
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A1l Z-3vBEELERRAE
0. $,GRIFHRREWA T HaRFBAF AR FRRKTHE.

e (i=12.3) 48R3 MNFHHR LOBRZIATHHE. ATELBHEH
B BEABANIHRE, BEREE Lo 4 53R, 27 (i =1,2,3,4), BEAS
M. XELSENER -SHBRFEN

k(l) + k(z) + k(s) + k(d) = 0. (2)
HTEXABRTFERB, BESIIAXBREFHORAERE. @
HHEBBPEIANRLLR  RERKSERTENN. Bl
EEBETHHEEORERE () SEETHHR(OBRETF
#,IE 2 Frox.

EXEIARKBEEZAEFRNDEHRLEEE. 4
(A =1,23, )2 HRRINMNFMZNATHROERLEEK
B ENZAFHRBANE, FUZATEAEAMBRMALRE, °

H o, (2, =0)R%E: B2 BEBREKEe . e
(1) = U, (), MEFHEHE r ARAETFR

(,,(Az): Ulv(_A2)’ l\,‘ == 1,
(p(/h): Uzp(_/\s)9 (3)

(a('\‘i): U2a("4)v

1 2 k(l) . k(2)
("(A“ :0)=_M—zl[l+ (kYD 'k((3))+(k(z))°k(3))]k‘('3)_k‘('l) _kf}) ’
U“,(/\) = Gl(ix;: + /121,,),
U, (3) = C(ix. + AZ,.),
Xu = (lqu(l)vk(Z)pk(?a)a’ o = 1,
21”: (k(l) . k(3))kf‘2) + (k(Z) . k(S))kE‘l) _ (k(l) . k(Z))kS),
22#: (k(l) . k(3))k§‘2) — (k(Z) . k(3))k5‘1) 4
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Sl 2(,{:“3' « B3 T i
(&I“ i k\”'r) l 5 (2) 3 (1) (3) Jr“k’f_.-
L (B lapol) £ (B » B0 [T
i (4)
Ci= —/———.
' AM? V2stu
EXELREFA4NERANE 5,¢,u Fla
gzk(l).k(Z) tzk(Z),kG)
) 2M? 2MF
2M* 4M*’

HbM, BZHTHREMERBENREZKETRE, WA TEEM=M,, dHEizg
I+ FEE M=M, X8k FEE,M=M,.
Z3y EENBHFAEREH TRAH:

MA11213A‘ = f#(/\l)fy(/lz)6,,(/\3)%(/\4)6’“”(:%(” ,km,km), (6)
He G REBHNMBAKE. dTHREDHRBFHEHMORY,GC KB 3 M EFH3E.
PABT B AL ok B A B — MR TE B TE 81 I &Rk VR SA T Rk Vg 0 3 g g 1Y
ML ok &9 E MR AT ER,

k,(u])GM (k(l) ,k(Z) ’k(.’a)) _ k?)Gm(k(” ’k(z) ,k(3) ) - kE?)GM(k(l) ’k(z) 'k(.‘i)) — O,
(7)
(DR R, AT R, EERYE R, BT AR, T(7) 24 85 K T8 4k 1 B ¢
Lok it R
'k:‘p”fe”""

G ( p® BP p®) = zmm : A, (i’"” @ ) (\k”-' _;, s = e }; (Da
B i Af B fep) 2 oA e () 3@ 3 (3)
(_ki"] < ;\7:__1,: }211; 2 }e-:_:))-'(k k ) ;l_ﬂ.{,{ 3k B )

1 k(l)ak(3);4 - k(l)vk(Z)p
[k(Z) . k(3) (k(l) N k(3) - & )(W - g‘P>+

1 k(l)v k(3)v Do he
k(l) N km k(l) R k(i) _k(Z) R kﬁ? (k g - k gho) +

(Mag Bp (3)vy (2)
As(k(l),k(z)yk(3))<k7'7—_(‘)'k1 ,kks —g“")(k—m—nkz ,kk: —g"")/(k“’ N (®)
H 2 UM 3T SHBREFCANMITE 6 FARHEIRFA. 3 MEMERE R

WA ARAVKRT WAFREEYEZRANF 3 HEE KT,
A,-(k(l),k(Z),k(”) - A,v(S,t) —

igf 2 b 3 { c0s2 "
e oo 0uAl(s.0) + Satuial (o) - AN | (9)

AP Z REXTHB/ I M, BN g WK FRA, 0y £ Weinberg £ .
T

gz = e(M;)/(sinfwcosby ),
v = T4[2 - qsin’ Oy, (10)
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R o(M,) RAH ¢ ERIIEM, LHE. Ti=1, -+, -1 PHH T LEH(q =

213), FER(q,= - 13) BB F(q,=-1).
| MATHEMATICA B3 T it B E M A°, A MAY7,9], #RBENF TR

KE:

AP(s,t)= “Ajz(a _32)A N (s,1) + B'(s.1),
A(s,t)—iﬁ’A(s t) + B'(s,1), (11)
He
Bi(s,z) =0, B!(s,t) = 0,

B3(s,t) = 16M%1[5+2a][T(t) + T(u) - T(a))eu/(2s) +
(65 =2t —2u = S)[ul(s,t,a) + tI(s,u,a)]/(4s) +
(= 5s+ 65" —2st —2su — 10tu — 4stu — 4t°u — 41’ )I(t,u,a)/(4s)},
Bi(s,t) = 16M51(562 +2st> + 223 + 28%u — 5u® — 2su® — 20u® — 24°)

[T(a)—T(s)]/(Zt)+[2 +a]t [% Tlft)]+(10st + 457t + 4st® + Stu +

2stu +2t%u + 4st’u — Su’ - 2su’ - 2u’)I(s,t,a)/(4st) +
(562 + 25t +2¢° — Stu — 2stu — 10su® — 452 u® — 2tu® - 4stu® -
4su®)I(s,u,a)/(4st) + (St + 2st +2¢* = Su — 2su — 2u*) (¢, u,a)/(42)},
Bi(s,t) = 16M3{- ul(s,t,a)/(4s) = tI(s,u,a)/(4s) —
(s +2tu)I(t,u,a)/(4s) + tuT(u)/(2s) +
(2’ + sPtu + 25tu®)[T(2) — T(a)[2s(s + u)*]},
B;(s,t) = 16M§{(2$t2 +tu—u)I(s,t,a)/(4st) +
(22 - tu —25u*)I(s,u,a)/(4st) +
(t = u)I(t,u,a)l(4t) + (2 = u*)[T(a) - T(s) - T(u))/ 22}, (12)
EXPEAERER T(2)M I(x,y,qa) AXER[7IRM R C B, FERE, M, 3,33, 0

RIEH 24N FRBAXER
MA1A2A3)4 = M—AI-AZ-A3—A‘ (13)
M FIERBENEELD 1219, BHTHETRXR
M_,..(s,t,u) = M_,,_(s,u,t),
M_.__(s,t,u) = M_.,.(s,u,t),
M_,  o(s,t,u) = M_,o(s,u,t). (14)
XEEM FREREREBBT 94,
M. = 1 A (t,u) Az(s,t)+A2(u,t)+A3(u,s)
ML (t Ta) t
At u)+ A (u,t)
2MA(t + u) ’

+ (teu) ’

M__, =



1102 By HES5 Y #H (HEP & NP) 04 %

1 = AGs,e) + A(u, ) + Ay(s,e) - Ay (u,t) N
T2M? (¢ +u)
A;(S,t) + llA3(u’t)
u s(t+u)
A (s, t) - A (u,t) - Ay(s,t) + Ay(u,t) . A;(t,s) N
(t +u) u

M___.

+(t‘-’u)’,

_ 1
2M?
tA3(u,t)
s(t+u5 +(t""u);o

1 a_Ax(Syu)+A2(S’u)+A2(tsu)+A2(tv5)+A2(u»S)+

T2M? (t+u) s
A3(S,t)+uA3(u1t)

u s(t+u) !’

_ 1 Al(s,u)+t[A2(S,u)+A2(t,u)]+ lAs(u»t)

T2MEL(t 4+ u) ult +u) s(t+u)

_ 1 —_24M25u-tM§A( y -

0TAM MY stu 2(t + u) inEau

2MESLA,(syu) + Az (2.u)] = 2M 24, (u ) = (1),

M___

M_...

M ...

’

M_.

2 _ 2
mz(%%d‘z[m(s,u) —Ai(z,u) + Ax(z,0) = Ar(syu)] +

M2 (¢t + u)[A (t,s) — A (e,s)] + %Z“[Aﬂs,t) - A,(t,s)] +

1 -2

M——-O :4M3MZ E

tu(2M?s + M%[2)
s(t + u)

— 2 a2
M. =3 1 2 (4M°su — tM3

VM s 20 ) Ar(sw) “2MIG + ) A (uss) +

t(2M?*s + M%/z)
(t+u)

2M? st tu(2M?s + M3J2)
u A3(S,t)+ s(t+u) A3(u,t) . (15)

£ rEgRES XM 12]802)M23)X#THE, RH:
MAI/\21314 = ]—A—A213A4 ’MAIA2130 == ]—Al~/\2l30 ’ (16)

ERAWE T RIM12]F 23y BENFERE. IRARECERE -NBE_FAETH
WA ERFMERAN. K, M. =T . . M__ REAFRUE(HWZH TEE
B3R TFHRFEFERE, KPP —IMRFIEFRML(H), AT REFRAL(-);TW
Jooi REBRAEF(HHZATFETRIAMNRTFRABR(HNFERE. INEYH
BEXRAFM, MEBRLRTURR.

BALRBAER(HRER(-INEXSRTFRASERBHAE X . RE XM
[13), ERSEL N FAHBET , HERARBRMAREBE LN

Ay(u,) - (tesw)],

[A,(s,u) + Ay (t,u)] +2M*t[A,(t,s) + Ay (u,s)] +
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Xﬂ=é@wém a4=é@p&n (17)
M T SR F | B2 A MR A B Y
x+wi%®—én,ae>=é@fuax (18)

K e e, BETHRABRLEAR, HE5RTHHE K ARATE, REQ), Q7R
(18) X A Il , W[ 12]8920) X BARER.
EXGIANBRALBRG)HN()XRDEN, SAREEBELX. ABKBEET,E
XalPMe B E R BPEXHER. L, RIBE—F R FHROE, PEH &V =
- kP MAG)RM()RETL BB BHRRAER,
€(d,) = C,(e, —ide,),€(2;) = C, (e, +irse,),

€(1;) = C,(e; +iArse,),e(1,) = C,(e, —iAey), (19)
R
() ® 6 Kk
e, = BV xE?, B = W
e2=§<3>, _—|k‘”|2|k(2)|
=t T T
ME 3RS, 19)XBARAKE17), (1) X2 e
%.
BEW® ry-vZ2 BH LR, ROVME,v>vz2 | (o
BHIBRSE 23y EERFVEXN. EHTHEE 1 i
FRRBERMR. WERA LM EOREFIAY
KT, MLV EOHHREHFRFRZIATF -
HE. ARG, A THESBRERANKRYE, REE L a=kxEi® et
B 4 MRS ARAST 0. B84 R U B4R W\
UK BRNTAGAREN. RREBMBRILEEH .
(3R EEWTEL: '
(X)) = U, (= 1,),6(1;) = Uy, (A,), A3 H®itrEE

‘p(A3) — UZp(_ AS)"a(A4) = Uza(/h), @Riel=k(”x§(3)iﬁ$ k“’—&u)jlz‘ﬁi,
28 « @) MEHTHEE, WkE. =k P H
[1 M ICER IO km]x = hOBE AV —EO RER.
ﬁ#vel ~€2 W‘kmﬁﬂiﬁ%ﬁ.
e EVHHREFR.

Ay = 0) = 1/M,

BD B0 k(z)'_ (20)
R (8) (200, yy—>vZ B B FE RN,
M}T;;lm = Unp(_ Al)Ulv(A2)U2p(_ As)
UZ,(A4)Gm(k(l),k(2),k‘”), (21)

£CHASO)RLE, R > 7Z MHIBNFEERES 73y BTSSR FETHIE
AT XER:
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A=+1,i=1,2,3,
M = Thithihe ) =+ 1,0.
REFIS yZ>yy B, WRA LV LD HHNREFIHS TR, A LOMEY S5
FRBAEKTFHZATHHE. ZLBHORSENIE 1R, HBE 4 MIshBE
BRASH. WAR,yZyy B vy>vZ B3 B, B, BN FUEREFTMT XL

(22)

M, = MET o, Ad=11,0. (23)
A4, N(22)KFTAL, yZ>yy B B FERE S 23y BEI B FEBHRER
MG =My, A =£1,0. (24)

REERAHE, LEITEHFERBED, ZRERA L, 508 2V (i=1,2,3,) 8L
ASHH). HE W S S R et , X 2o 3h B0 BRI B i 78 A0 I Y 0% -
R-AHEFELHEYBEIBRFRASH,BACHMAE & OBEERT; L 23y
BEEFHZNATFHRLIYBBRRHIFE. MR- IMRTFELFEYETIRT R L NN, 4
CHEMNNE PR BEERANE MRS R BATHER R R SRR EST, B
O = (B kD) -k = (= k), i 23y BEF AR THEHE K
RS

REXER[14], vy >vZ S B SBE N

1 2w, — w, 2
T 1287  wiw, |m|*da,

1 o
m = - 2 MA112A3A4y

44434,
K w, Ml w, FHAAFHRTFRHIFORE, SVAHEE, W B EFEEMNZLRE

AT, 7E Vs =750 GeV &b K528 200fb, KA F R FHSHE B B E A M. MK
FTREYTREETTH .
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Analytical Helicity Amplitudes for Z—3Y and It’s Related
Processes and Discussion of Polarization Vectors®

GOU Liang DONG FangXiao ZHOU XianJian
(Institute of High Energy Physics , CAS , Beijing 100039, China }

Abstract The analytical helicity amplitudes for Z—>37 and it’s related processes via w-loop
and charged scalar loop are presented. There are some differences between our results and
those in Glover paper for Z—>37 via w-loop and fermion loop. Although these differences do
not contradict the result of total decay width for Z—37, but the different helicity amplitudes
have measurable physical meanings. We discuss the definition of polarization vector and point

out the error of Glover paper .

Key words helicity amplitude, polarization vector, standard model
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