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1. Introduotion 

In the near future, the n~ generation of e~e- - accelerator& 
SLC and UP will g1.ve the opportunity to test the Glast.nw-Weillberg
Salam (GIS) - or standard theory with up to now n~ver reaohed rre
olsion. Among the moat interest1.ng reactions in the oreation of fer
mion pairs around the ~ -bOSOD pole. This prooess allows the de
tailed study of the most frequent decay branohes of the weak neutral 
gaug~ boson z:. : 
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I f t he t -quark mass ~ i s not toc .!arge ( IYl t '- 1\I1~ , (, ), ye t 
another decay ohannel exi sts: ~ -) t t • The experimental study 
of deoays (1)-(4) w111 allow a 10-30 times better determination of 
the coupling constants of the weak neutral current in the standard 
theory, so thls theory may be verified inoludi ng one-loop effeots. 
We wl11 Dot di souss here more fundamental probl ams as being connec
ted w1th the number of f ermion gensrations or the existence of non
standard contributions from sups·rs,ymmetrio partiolss or COlllJ)os1te
ness and others, on which ~ -deca,yJ ma.r shed some light too. 

Radiative oorrections to the part1al widths of the leptonio 
deoays (1) and (2) have been studied in the standard theory some 
time ago b.1 Conso11 et aJ.• III • Unfortunately, the calculational 
soheme they used 1s somewhat oomplicated. After the fT1edte Confe
renoe on elootroweak tadiat i ve correct1on! in 198) 121 B1rlins's 
renormal1zation scheme /3/ became aooepted by the phys1cal oommunity 
as tbe moat satisfying in many respeots. It 1s c~aracter1zed by 
r enormal1zat1on on mass sb8l.l ( renonaal1zat1on with the uae of OG. , 

M~, .'1"" , ,"1tj , '"Y)f 8a paraJlletors) and a certain cboioe 
of parameters in aotual caloula tions: oIv , ~ft- (the Fermi 
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constant in muon deoay). Me MIl) fl1 r • As has been shown in 
14-71 , the compl ete cleotroweak one-loop ' oorrections to alfariety 

of neutrino-induced prooesses ( ,,~ , )' N - scatte ring) may be 
taken into acoount through the introuuotion 0: only two fOl~ factors 

:f(i~) J f«q~) if the condition t'nt I ,t ~, 1 i9 valid 
( l ( -squareil momentum transfer). Hare '<t and ,... havo n s imple 
physical int erpretation: I' -Y,. '" G;(t( ~') is the effeotive 
Fermi constl!Jlt, and K · 'IolV1.te", " 5<.)1 '8,,) H« Jl) tbo effectlTtI m1x1ng 

paralltlt er for the givell 1)]"000011 with neutral ourTont tlX"chMge. BeTe 

and henoeforth we US6 

(5)
'L 2 I ~ 

~) E\.v ., 1- MvJ I fv"l 

An immediate oonsequenoe of the dpveloped frrunoworlr ' " lll" ponsibili 
ty to think in torms of a "correoted Do rn-:'lJO jlll tud,, ·. 'f'UI Lhonnore , 
it became relaUlfely easy to oompare 1n Jetull thu renu it ll o .t! diffe

rent authors "hich is no s1l7Iple task so,f'Umo, (c . ~., rD) ttlo above
-4llfJntioned "'e -soattering of 161 and 'fl thl, hl\ll ,,,.tll\ Ilnne 

suooessfully). 

In this artiolo, the approaoh i1evolopod in 14-'/1 wJl1 bo us ed 


to disouss the eleoh'oweak one-loop correot.lollo of 11'1/,:.1 In the 


~ 
I 

--<E;z-$:( ~ 
FIg.1. Born and one-l:l0p elaotroweak contr ibutIo111 1/1 tho IInj tary 

~W r . 
gaUI';!' t o the partial width r, of the dooa,y I .... I, .j L 

partial deoay widths of the Z~bo$"on for tlle proceaSfj(' (J.-1) .lo 

tho ;tramework of the standa:rd theory ~. For each of lhe ,I c 0 1\1 


ohannels the oorresponding electroweak form .faotors fl f.1/) ."I.nd 


1«- Mi) aTe determ.1ned. The o.rtiole is organized aR follows: 


.xc Our appt'ox1matlon tYi f1M: t./. 1 in the prooe3s 1:.. -" i t does 
not apply to the t-quark with mass m+ ~ )0 GeV lal • Neverthele3s, 

if mt < M~ /2, ,our results for up-quarks oombined with the 
mass-0017reoted phase apaoa faotor may serve as a rather good approxi

mation to a much more oomplicated exaot oaloulation. 

2 

Section 2 contains definitions, the calcul ational scheme and eeneral 
formulae used in the following. In Sect10n J the t-quark mass depen
dence is nnalyzed . Numerical results nre l're se!lted j .n Section 4 and 

discussed as a function of the 1I1ggs bOllon lJlass MH arul o:f ""t . 
Some explicit expressions aTe givon in the Append1x. 

2. Amplitudes, Partial Widths, Renormal1zation 

All has been sho1l'll in 19/, the one-loop corrected matrix ~le
ment for the deoay;:- ~~ f may be written in strong reSf'.mblance 
to the Born approximation by introduot i on of two oons tant form 

f aotors ~ ~.. (eqs. (B.9) and (B.10) of ref./9/): 

(6).A{ =1... t~ illr
q 

«(t-d.,) +' 
I 

-If .'/-/01 I." I}t 'few .'1 ( W t I)~ .. t 

.l. 2. -G., 

SUI ~ - c..... = In Ow I Q;/, ",IUTa( ' 5 2. 
 (7)

II W I 

and ~:.. -oharge of fernUon 1. ( U(e = -1). The Born amplitude

oOTresponds to ":t'L = 72( - J 
 • The partial deoay width derived 
hom (6) i 

2. ~ 3 Z 1 .;z, jr =L _i III l -I-,+S,,:fi¥ ! K + 81~\oIllV.I)..I) c. 
(8) 

~ II ~ ·I .<. J[ 1< .. < L " 

where k, = KR c·t:..·, I~, j ) ,and C 1s the color factor: ' t.• l(J) for leptons \.quarks). 
L C

In the caloulational soheme of SiTlin 1)/, as lndepsndent input 

parameters of the GWS-theory one uses ex. , Ml , rvl • ,All{ 


w
and t he fe:nn1on l1Iaases m; (on mass ehell renonnalizatton). So, the 

partial widths (8) are well-defined expressions 1f read in terms 


of (5) and (7). But, a further ingredient of the aprxoach chosen 18 

the use in aotual calculations of the Fermi constant from muon 

deoay , 

G, .. (1.166)4 ... 0. 0000;» x 10-' Ger2, (9)I~ 

instead of the "-boson mailS t-1v- • One immetliate advantage of tJlat 
ohoico l1~a 1n the high-precision knowledge of (Tr • Furthermore, 
usins 

-'- "- !!:!--- ~ [1 t o,t()J (10) 
, "'1 ~ - .~ 5,: M\l. )<' I 

the Borll ronpl1tudea are SCal ed by IS... ; rT instead of tho normaliza
tion ·n (8). This, in faot is a f1nite renormallzatlon 01 the Born 

:~ 
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term of the order of one-l oop correotion!:'. As has bean extensi vely 

discus sed in the li t erature cited, this t akes away par t of th e 

const ant electrowaak correot i ons being no t direot 1y oonneot ed with 

the process tUld er consideration; smellS them l arge oontr 1butions of 
ft!rmions to the vacuum polarization \J 2: 'or & , Illt ( ""\lJ)2 , 

The ~e ces Bary calculatiO? of Mw hae been done iterative1s 
from the following formulae 10/ x : 

I ( 'rA:!. iiI '/~ (11)iV\v:= tvl 7 [ t + i 1- r;:t>.) 1 
. - ~ I 

"\. 
,1 = 'vJ A1 toJ e -z-;:-_",rill 

(12) 

, ('C'" ,) 0 p V . I 37 ' J 3 10 '1' ( lJ)~o = (~ c;J
In 

Here, -1. is a oaloulable from muon decay exprooo1on: 

.Jy ~ ~ X(t""w, M;!, M'I, ')~ , ot ) 
(H) 

4][ 
where )( may be taken from Eq. (B.8) of /9/ xx. Corroo tion terms 

ar1.zing from a nonzero t-quark mas s (vaniahl.ng for ,jl, .0) may 

be f ound in 17/; see also t his Appendix. 

Inserting (12) and (1)) into (10), the abovo-mont1oned fini te 

renormaliS1lat1on of the orj.einal Born widths of (8), the part1al 
widths ~ew to be used l.n the following are obtained! 

3 
ew G; M ["/ .<. ) • J. ~J (1')r = ~ P .) - 'rtSw 1~;.I}(t + 8{ s'u J6.d h) L

I.; \2' j;1.Jf J -c ~ .... < I 

where the e1eotroweak oorreotions of Fig.l are oontained in 

(16) 
f1. ;;: ( -1 - Ll-y) /1,J 2 ~ 1- 41' + .2 ~ (~t - I) , 

/(.
.. 
~ 'Ke t ~ I 1. . ) c: A + ~ ( 7..2

'I. ~J . (17) 
....1_ 1.. .... r 

leConoerning the oalou1ation of Mw from cL , ,vt", , MH 
and mf ,we would like to r emark 'H~ we got an 1mpres~ive agree
ment of our results already used in with those Of/IV where in 
Table I I the Mw has been given with a four-digits preois i on. 

ieCThe hadron1o vacuum polar1.zat i on :1.nf1uenoes the results Of; V 
this artiole only through the oalculation of MW' D1!far:1ng from 3 , 
here we jake it from the oross-seot1on of ,,·e- -ann1.hllat1o.n into 
hadrons 3,13,12/ • 

l 

.", - /9/
The r l ,.:!. l differ fl'OID ~ j,2 t of by the exclusion of BClmC pu.re 

QED .- terms which >ogethe~ with Bremsstrahlung lead to the well-known 
oorrection taotor 14/. The analogue real and virtual gluon Brems_ 

strahlung adds up too/14/, t hus yielding the partial widths containing 
all one-loop oorreot1ona of the standard theory, 

(J a)ft·' ~ ~ eW 1/)+ J ~ ~,~) (1 + <x.} (1.1:!) Dc)
V . .. .T I 

Where 't)t os 0(1) for lepton (quark) produotion. The QED-couectioD in 
(IS) does not exoeed 0.17~, whereas the QeD-oorrection mQ3 be estima
ted to be about 4~ , 15/ . Of oouroe, both of them one oould 1nclude 

into the defin.1 tlon 01" S'; ; bei..ng inte .:-ested 1n the pure 01 ectro
weak correotione of Fig.l, we will Dot do 50. The expliCit expres

sions for JlP and K • are given l.n the APpendix. 


,. lnfluenoe of the t-Quark t.lass 

In the standard model the r e are two mass pararu£tors n.ot yet 

flxed - 111t: and MH -, 50 they sbould be varied 1n estimat1.ng 

one-loop effeots. }he ini'luenoe of the Illggs lllasa may easily be di 

riTnd ~rom ref. /9 80 we don't discuse here an~ details. 


~e ex1st1llg experimental findings on the t-quark mass, '-'4. " 
18/ . 

to (40! 10) GeV , are rather prel1Jn1nary. Nevertheles8, they Show 
the neoessity of tak1ng into aooount I~t in preoision oaloulations. 
In the follo.nng, 'll'e .111. take for granted ;11 ~ )0 GeV. 

t 
Tho t-quark mass shoYfs up 1n several ways! (1) The oaloulation 

of '~w trOlll the measured parameters 't- , G", f.!I:z. through 
(11) and (14) dependa on the femion massee 1nolud1n8 l1?t 

(ii) The definitions of l( ,:;;( , 1;," or, after the finite 

renoma.l1zation, ot the form faotors f, I K explioitly depend 

on ,"f)t t 


From the teOhnioal poi.nt of Tie.. , all the quantitiell f."w 

X~ , ••• , k, depend on fermion masses through se1f-energy d1agrams 

(na the oounter term), or l...told integrals, whioh are eallll.r oaloula
ted for nODvanishlI18 .nc • In oaee of Z-boson deoQ,J's Uto down

t.YJls quark:s, !lIt- leads to add1t1onal correotione reeulting :from 
oharged ourrent loop8 in the dLagrams of F18.1. They neoessitate 
tbe oalaulation of 2-fold integrals with tb~ee different nOUTaniShing 

1I&••es (\; ,M~" t"rlt • Theile vertex oorreotionll are proportio_ 
nal. to /\t'lf , ..hllH Vt~ is the loba;ra.oh1-Maelto& matr1x element 
for t-q tranlllt1ou. The t-quark has .all Il1x1.ng wi th the light 
quarks: ~. ~ IVt<t I ~ 0.024, 0.036 '- 1\it< I ~ 0.069, 0.997 ~ 1Vt:bl . /16/ 
1i= 0.99 • Thua, one .., expeot AlIIIeri.oal m ~ep.Ddent vertex 

t 

5 
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oorreotions only for the deoa,y l ~ b b • IFo1'lllulae for nATOl:' 

ohanging Z-boson deaays have be~ given in 171 and refs. oited 
therein. Those results, being obtained in the It Booft-Feraaan gaRge, 
are applioable in the present oontext, too, a1noe the p1eoe oontBi
n:1.n8 the ln -dependenoe, sa,y \ (Ilot to ) - VC:O) t is gauge-invariant.

t 
Nevertheloss, we independently reoaloulated these terms inoluding 
the oorreaponding oounter terms /lS/ in the unitary gauge used hore 
and got exoellent numer10al agreement with the analytioal result of 
117 I • The exaot exprossions of ?.. and 1(,.: are given 1n the Appel\

? :I,. 

dUo The leading ter_s in the l1m.it t1'I[» Mw are: 

t· L Vdp = J,J~ + J. J/ JK = JI( + cd elK (19)
Jl t' t.. )L I {. (. {. 1. ) 

l. 

-' ~ ~ ~ 0)ft - trJrS; &r Mw~ (2I 

• 2- .'
J ~ [C}: 3 ~ I ....:l...- _..L ) ~ ~tt Jr( 

. )(~ • - 4Jr 5'; ~"'~ if M."l- t \2 s~ 3 fir,..' I (21) 

v v ~ ot.. I 12[/,/ /' " ) /)lj.- l Jf~ = - '2- JI/'l - IfJTS'; Vti - M~2. - ( ~ + t.,w U! M) f (2V 

.here di = 1 for dOlfD-tne quarks and .)< " 0 for all other 
ferm1ons. Formulae (19-22) remain true for a fourth-generation 
sequential quark doublet wlth large top-bottom ma8S .plitting. 

4. Ruu1t!L 

For the Z~boson deO'Ts(l) and (J)-(4), the one-loop eleotroweak 
fom faotors j>.:.. and K... have bun exhibited in Tables 1,2 ae 
funotions of :--\~, MH and mt' with four-dig1ta preo1e1on. 
In Table J, the peroentage oorreot10ns are presented to the partial 

wi4t.h. rc~IAt , 
(2.))r~""-I _ r ew 


l°1oV < 0 


< rQW 
cO 

r elAt [where r e..... = .. _ k. ~ 0) is the Born approximation. lor deo,,' 
tD - '" )... 

into ele otrioal1, neutral neutr1noa i4 /-.'.' IQ" 1 ~ 0 so that )' Ii • 

• 1. .. cf:: IIa.1 be taken :trca Tabl. J. 
~. fol'lll faotor ~'- oontains the dif:t!.renoe "tween the 

OOU1>ling oonstant aoting 1Jl the deo&7 'l4 f, f , and the Fend oons
tant G- , whereas K· lIIeasures the deTiation of /)c.1J 'l. e efr '" I(~ W1~... 

roo 1. W ,1. 

6 

) 

f r om t he lIIi xing parameter e1n~ t;lw whioh is fixed in our achGe b;r 
the gauge boaon mall.ell. 7b.e ex1stenoe of and onl;r of f and k 
has a far-reaohing oonsequenoe - experiments may be analyzed in tems 
of ullual ooupling oonstants , e.g. veotor and axial veotor oouplings, 
being oorreoted for eleotroweak ons-loop effeots in a eimple manner' 

112- 112 .. 2- I I )
-l . = ), . 5, V" fi -\ l 1- 4- ' ,IJ ~ k'~ (24)I 

where 5;,. • +(-) tor up(down)-type fe:rm1ons. 1b1.s explioitly shows 
that data on Z-bollon deo&18 ma;r be ooavenientl;y de8cr1.bed in terms of 
lBorn-like l express10ns forgetting the oo~oated details of one-loop 
oeloulati ons. 

We would l1ke to begin t he d1soussion of numerioal results 
wUh a rough estimate of t .he antioipated exper1mental aocuraoy. 
Based on the large statistics of Z_boson physics at resonanoe of 
about 1 million of Z-4eca.y8 per exp8r1ment, one IIla.J expeot width 
lIIeaaur8lllente with an aoourao;r reaohing or exoeeding the If 1eTel. 
For 'bb -produotion, e.,., the oorresponding taggiJlg effioiency. 1.11 
about 104 b 6- pair8 /1' • 80, it .e8lll s to be worth to tr,T a more 
detailed d:1.sousllion ot the tablslI. We r emark that for the leptonio 
channelll (1,2) our r~t8 ooinoide w1th tholle of III within the 
preois1on of their f1gures. To start with, for BlIlall n IL ('" JO GeV) 
we get for all channels' 

1~ -tl£ O.'~, iI'-11 ~ 1 . 1f, I JQ'\'/' ~ O.,f I 

1mp171.ng that a lI1mple interpretat10n of data in termll of a Born 
approrlaation Ulling 6-,.. all ooupling oonstant and sin,z,ew from (,) ill 
Q rat her good appr ox1lllation. or oourse, this m&T be traoed back 
to the oaloulational echeme ohosen as sxpla1ned in Seot.2. 

The t-quark maslI (or, analogously, a fourth-generation sequential 
fermion doublet .1th large maSIl splitting) haa onl1 a s~all influenoe 
Oil ~ • .1 .6mt of 200 oaV leads to 0,;... :t- t.)~ fo 1.'1'; the Ilinus 
sign to be taken for b-quark produotion as a oOllaequanoe of the 
dom1.nat1ng in that case vertex oorreotions in aooordanoe Wi tb eq. (22). 
8tate. another "IQ", 1.11' L \f - 11 .L. 1.6" for n?t '" 2.)0 GeV in all 
ohannels. For the w1dth oorreotions d... ew the Clhange with I'Yl t 
is 1II0re ohamlel~ependent' I.J. d<A- 1~ O.s1', ILl. cf" ewl :::; 1.,1', 

l~ dp,~1 £:, 2.,1', \Wb
0W Ik.J.4f • The lIost lenait1ve wUh respeot 

to ' ''li quantit7 18 1< • In the large VYI-t I1Jl:1.t oon8i4ersd, K. also 
beoome s large' 61' ,.;; ( 1<- 1) f: 12.4". Aa a oonaBquenoe of Yl?{ , a dille
ranoe aricell between the b-quark and other down-quark ohannel>( see 
eq. ( 22) ) wh:l.oh already influenoed the disoussion. For = 2JO OeVmt 

7 
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the followine values may be quoted: 

2 0 , r"'IJ_ Je'<I ) ~ _ V' ,[f... -id) ~-2 5~{, (I<b - Itd) - ,° , l 011" " . 
1 

All tabulated values sho... aOlDe depe.ndence on M:,. and "'\, • The 
detailed M" -dependenoe is not so imporbant at the- time Z-deca,y 
experiments- 11'111 be done, since then ,"1c w111 be known w1th exoellent 
accuraoy. The var1atlon with MH 1s more interesting since one 
oould hope to derive from radiative oorreotions an estimate on the 
Biggs boson mass • This has been proposed and disoussed in more de

/lJ/ 	 4 "tall in 111 a related context ( oom'b1ned fit to Mi and sin t7w ). 
Unfortunately, the vo.:riat10lUl being found here are 8111&11.. For t"'rJt • 
30 GeV, a change of ...., ~ from 1 00 GeV to 1000 GeV result> In: 

I .1f · \ - ,....,2 % \A Jew I f:: D 15 ~.; IA k' I i.. -=t o({,0t. _ , ~ -(, 	 L """ 

These numbers show that it would be neoessary to reach a sensitivity 
to K (as tho most seuc1tive parameter) which 13 olearly below 

the peroentage level. This seems hardly to be reachable. 
From our numerioal analysis one may oonolude that perhaps the 

most interesting quantity out of t , !C , SoW 1s ( f or all ohannel&) 
the oo-faotor I..: with its largest peroentage oorrections a.nd sensi
tivity to tne Higgs and ferudon masses. Sinoe it 111 k whlch scales 
the effective weak nixlng parameter, one has to determine it with 
hlgh accuracy if OUB ls 1nt el'Bsted 1.0. a precise determination of 

5in2 Suf from the partial wldths of the Z-boson. 
To ooncludo, we determ~ed the electl'oweak one-loop corrections 


to the partial widthe r , l ~ r:. f.) to be of an order of at most some 


percentll in the scheme used and in dopendenoe on 7"1 i ' M/1 , ;'1 


Por the antioipated preoieion experiments, they sho~d be taken into 


acoount numezloally in the analysiS of data. 

We would like to thank Proofs. G.B.Abdullaev, P.Kaschluhn, and 


D.V.Shirkov for interest in our work and support. 
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Table I. 	 ~'hc eleetrowP-ak fern fac t oro; fend K. f or til 


decayS 't- -. ee q..-j", (.1"- ~ L!, c) a-, fun;;tio!1:-, of 
 Mr- ' 
rVlH , Y'r1 ( al l m::l!;ses 1., Gc'lJ 

K-1 ("'/0) 


fv1H 


~- -1 (%) 

"10 	 100 -1000 -10 '/00 -1000 

Z-. -7:{-eIf'/+ Mr 
<)(l -0.350 	 -O.IGB 
92 -0.366 	 -0.168 

PO <) I] -Cl.3BI 	 -0.167 
96 -fl.394 	 -0.165 

-0 . 407 	 -O.IGl98 

90 1.18? 	 1.375 
9'2 1.164 	 I.J7'~ 

1.1117 	 1.374t:>JO 94 
96 I .130 	 I .J77 

I . II 4 	 1.35198 

-0.288 	 - 1, 10690 
92 -0.301 	 -0.10:1 

pO 94 -O.]1<! 	 -0.099 
-o.J8 	 -0 .094 96 
-0.3]4 	 -0.08898 

90 1.250 	 1.442 
92 1.235 	 1.444 

~JO 94 1.220 	 1.448 
96 1.206 	 1.453 
98 1 . 192 	 1.459 

() . lclj -0.14()-0 .15J~ 
-0.349 0.lJ9 -0. 1311 
-0. :.ill? 0.155 -0.11..' 

() . 171 -1).I2B-0.13'; 
-0.327 o.18B -O.In 

7 .6711 	 7.2631.179 
1.182 8.48I 	 8 . 0::17 
1. 18f) 9.326 	 8. G'lt! 
I.19? to.cIS 9.(;99 
I .IQ9 11. 153 	 10.597 

l ~ Cf~ ~lA 


0.081 -0. [/V-0 .293 
-O.?b11 0.09(; -0.179 
-0.275 O.IIl. -0. i76 
-0.265 0.127 -0.1'12 
-G.255 0.143 -0.167 

1.2 '6 7.631 7 .220 
1.251 8.4J7 7.993 
1. 259 9.281 O.80S 
1.267 10.170 9 .65 11 

1.276 11.107 ItJ.55I 

9 

-Cl.1165 
-(\.904 
-0.941 
.(1. (J78 

-tUll5 

G.?JO 
(,.918 
7.617 
0.391 
9.lfO 

-0.907 
-0.946 
-0.985 
-O.02J 
-0.060 

6.187 
6.874 
7.592 
B.JI.J6 
9.137 



'ew 
'~~h' .".~ .: . El ectroweak corrections d (f,) as d efined in eq. ( 2J)Ta bl e 2. The e1 ec t roweak f£..rm faotors} and K f or the 

as functions of 1'1'l: ' MH ' m (a2. l masa8S i n GeV)
d eca,y.[" ~ -7 ~. 'l:t hb ( q<t ~ d,s) 0.5 fu.nct.1 ons t 


of 1'11:.' MH , IY1./. (all ma9aes in GeV) tW 
 r;e lAldew _ G _ 

1. - r 
<tl 

J--1. (~ ) 1-<.- 1 f/o ) 

tvtH 10 -100 -1000 10 100 -/000 

nlt M~ Z-7~ '1./ 

90 - 0.199 
92 -0 . 211 

30 911 -0.221 
96 -0.231 
98 -0.241 

-0.017 
-0 . 013 
-0.008 
.. 0.002 
0 .004 

90 1 .341 1 .533 
92 1.327 1.536 

230 94 1.313 1.541 
96 1 .300 1.546 
98 1.287 1. 553 . 

r"-7 bb 

90 -0.287 
92 -0 .302 

30 94 -0.316 
96 -0.329 
9fl -0.34? 

90 -1 . 273 
92 -1.?96 

230 94 -1. 319 
96 - 1 . 341 
98 -1.363 

-0 .104 
-0. 104 
-0. 102 
-0.099 
-0. 095 

-1.067 
- .... 072 
-1.075 
-1.07'7 
- 1.078 

-0.205 0.030 
-0 .195 0 .04':> 
-0 .184 0.060 
-0.174 0 .076 
-0 . ]63 0.091 

1.335 7.580 
1. 343 8.385 
1.351 9.230 
1 .361 10. Il8 
I. J71 II .055 

-O •.!91 0.07 4 
-0.284 0 .091 
-0 . 277 (J.I08 
-0.269 0. 125 
-0.261 0.1 42 

-1.237 8.887 
-1.235 9 . 697 
-1.232 10 . 546 
-1.228 II.439 
- I .~ 23 12.380 

-0.233 -0.958 
-0.230 -0 .998 
-0.i!27 -0 .036 
-0.223 -0.074 
-0.219 .l.III 

7.168 6. 136 
7 .942 6.823 
8 .752 7 . 541 
9.60S 8.294 

10 . 499 9.086 

-0.190 -0. 915 
-0. 18; -0.953 
-0.180 -0.990 
-0.175 -0.026 
-0.169 -1.062 

13.468 7.422 
9.245 8.112 

10 .059 8.8)? 
IO.9Ji1 9.':>88 
II .81 5 10.383 

/v1?: 

90 
92 
94JeW 

v 96 
98 

90 
92 
911(t~ 

t 96 
98 

90 
92Jew 94 

'lL 
96 
98 

90 
92

Je-w 
94 

cL 96 
98 

90 
92rw 94

b 
96 
98 

m '" 306«..V m .. 230 Ge.V
t t 

t'V ,to 100 ,-1 000 tvlli ~ -10 -ILO .-10c0 

-0.06 0 .10 
-0.10 0.10 
-O .II O.ll 
-0. 12 0 .11 
-0.1.3 0. 12 

-0 . 36 -0.16 
....(). 39 -0.15 
-0.42 -0.14 
-0.44 -o.D 
-0. 117 -0. 12 

-0. J2 -0.03 
- 0 . 34 -0.03 
- 0.36 -0.03 
-0.38 -0.02 
-0.39 -0.02 

-0.21 0.05 
-0 . c2 0.05 
-0. 24 n.05 
-0.25 0 .06 
-0.26 0 .06 

-O.3! -0.05 
-0.33 -0 .05 
-0.J4 -0.05 
-0.36 -0 .05 
-0. 38 -0.05 

-0.09 
-0.08 
-0.07 
-O.OC 
- 0 .05 

-0.3? 
-0 .22 
-0.13 
- 0.06 
0 .01 

0.07 
O.II 
0 . 13 
0.16 
0.18 

0,09 
0 ,09 
0 .10 
0. 11 
O.Il 

-0.01 
-0.01 
~O.OI 

0.00 
0.00 

1.46 
1.411 
Lin 
1. 41 
1.40 

~O.IO 

-0.90 
-1. 63 
-2 .;>9 
- 2 .81j 

- 1.78 
-;>.09 
-2.38 

. -2.63 
-2.87 

-0.73 
-0.83 
.0.92 
-1.01 
- 1.09 

- 3.63 
-3.72 
-3.1:10 
-J.88 
- 3 .95 

1.65 1.45 
1.65 Lili 
[,65 LtjG 
1. fif) 1.117 

1.67 1. 48 

0.2? 0. ;>8 
-0.54 -0.39 
-1 .23 -1.01 
.1.85 ..1.56 
-? . 41 -2 .07 

-1.44 - 1.23 
-1.73 - I.50 
-1.99 -1.73 
-2.22 -1.95 
-2.4J -2 • I tj 

-0.4 11 -0.38 
- 0.53 -0.45 
-0 . 60 -0.52 
-0 .67 -0 .59 
-0.73 -0.64 

-).34 -3. 25 
-).40 -J .J ! 
-3.47 -J.J7 
-J.53 -3.42 
-J.58 -J.46 
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Using the expressions of rof/91 for \ / , :f,;, T;, one gets aocor
ding to eqs. (16) and (1~) the following expressions for r. and "
in the approx:t.me.tion "',. _, ,..,/ 

f, ~ I+I/~ Hl) f;:/~ 1)+ 2-,' 1)- V,,(c) I-~ ~lIH:) - -7 -/1-[') e-..r? +- "'] v\ I) 

~ 1- -'-- ) t ~ (vJ-f) -'U" )j- 4,( (- ,) 1-21 /J _~",;z, [ '"" ~M?I. 1.1') ~lll,l 1" 
\ , ~ )1, I ~ [1- " L " L , ' , ~ , ~ • ' lJ 

ii, ~ f~ [: GI~"U r?) + ,"''';,2, 1 ' ~)'{ , L'v, i- f..Il~ \In.;1 t

, 
I 

" . I ' ] [ , . . 1. I n "/ r; v1 ~ I. 2) 1/( I- l~ - ;>'!~ L ,I (') I"I-l'ii ' '1",;+ i ~ -2 R 1~2 ( - , 1 til" ' ''lUl ( 1-;<. , , 1 j) 

:f'urths)" de/1m tiona used are taken fl:om refsJ9, 71 • Cl11'rect1011s due 

to nonvan.1sh1nS \"{ det'ive from (A.1-3) by the replacement of Ii' f c) 

through [',I, 'I \' 1'1 eto., using the following expressions Which 
vanish for l'7)t ..0: 

t£) _, ~ > )
'vJ {~I ~ :. 2cJ i , [1,'1'(:>"1~0)-..l~(frqv)/-t L i I, (,)2 "'t, e, (A ,lj)

' VJ , ,"I,;: t 

.v;;-,) = (i [-("t r - i l' - rl +11 - 1'1)":',11- 1-'1) 
(,'\ ,5)3 

-::\_1 ,11 - ~ l1 14 ., '-rH~ tl t'l('-I<)':'~tJ [": J ( - ,v.~ , I",tJ)I:J-Ll "/.),c)J + 

CIT 1.11)+ - -r~ , (-1\1, lIlt )"lIt
1 • '• o eo) 

::z. t -,lee - '-t- f[l-l.V<' ]t-\11- 1l1! rn ')7 , 1 It [ 1- i.I. 1nl; I... \t I (' ) 'tlt{ J'- F \ ' I T . III ' ! t l J l' , 1~ I ' 

I [}(-""r;') " 'R-t-(:"~~ -'- :f -rR) ,"1 l~]':""':~ m;,''IItiJ, (.0) 

/"1 (-1) ~ - 2Ct [11;tl - .;, r-J?Jc?/] [~}~-~{ Illt 'lin-Is,- '-1/ 0 
0
)] 

ui ~) 

12 

Her e, R. = l'vf~ 1/'-1: and T'" rh{ 1M; j Ct is i ~l": Cob fQcI ~'( 
Whereas Z,W,M-functions stem from the oounter terms, funot1ons 

v:, and Vz are derived from the vertex d1agxams of Fig.l. Thus, when 

they oontribute to r:. ew they depend on r'II.. or on 1"01..: , the 
corr.weak-isosp1l1 parther masses. Consequently, through v:" V2. the I'll! 

~ influence only deoays into down-type quarks, main1,y in the b-quark 

channel . In that case, one has t o include with weight lVt-il)., 

t I J I.l. 2.) t {\4 t-A.1l . f~\II;"·lt ~ ~ ~Q~ [ 1-3J(1-~)I ~I-ri l + 2 1(, till hil - jh + 

12tRl[Fi-')- ~IO) ] -l1t-R)[~{-r) - Fzlo)]+1Rl(2-t1?}~ fr)- ,, (A 

_ 2i?Y (;_~I1) [1t~ 11', / - 'I- F;(-r)+1ft-rl~h)]}, 

V2-,Mt / '). H1. M","'t ~ 1)= t ~~Jj {- (2+RJrFi'T)-r;(o)]+ Y[ 211-&>t 1""~1 + (A /f0)
cI w, 

+*(HR)(e... hi! 1- 1)+1(,-- 2R-1- 41.'! - 4) Fl")-.- b ( /-'(+2l1-+2/lY)~6~J. 

Her e J R 

__T' _ _ \ .1.. 
-rl = 'T - ~ (A - d) 'R •-r;, - ~ ( n) 

't; ~ '1- 't(1 - ~) -k ' '(.3 = ~ + T (1-~ ) , 

F(v): -t ( 1":, ,1) .o!, = 1, 2,F (1-) =- ...P, (.1, ') ... r'- ~." t", , 

~1(~,b) _ 1 ".(;,. t!- ~(4-~ 
a.- b-~~ ~+b(I!-~) 

i leG ,b) =- /q 1 - ( b+ {a), :(1 Ca , b} 
O, - b-R~ 

.ls explained in refs. /17 ,lsi, t .he vertex oounter term oontains a 

fiavour-oha.nging pieoe whoee \'l'\ -dependenoe ;yields one further 

oorre otion, wit~ we,;yrt <i. III Jl' (HI)) , 

d'/. ~ -2 dk' t ~ _Ct+2/Z) ~ (>-,. -11 +3 ~T~1') /Vll (AM) 
Jet'l" ct r" 6 , I-T' 2-- -1 - , il 

13 



1 

~e oomplete vextex oorreotion in analytioal form, DOj 
leavillg one DUJIler1eal integration, may be taken Il'om ref. 1'// to 
replaoe (A.9) (~10) and (A. II) 

eJ/ ::--2 d~v = ~ 5 I~ /2 'j(" [v(rnt~Vlo)] 	 </1 /2)
JL ~ 411(f-Ql 1. L' 

where 'Ii m.t) is 	tho funotion 8S defined in eq. (J,J) of /17/ for 
M.l.. 

~ 	 ~ 1. and St has the Bam~ meaning as 1n eq. (24), 
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aations which is a section of the JINR Communications 
and is intended for the accelerated publication of impor
tant results on the following subjects: 

Physics of elementary particles and atomic nuclei. 
Theoretical physics. 
Experimental techniques and methods . 
Accelerators . 
Cryogenics. 
Computing mathematics and methods. 
Solid state physics. Liquids. 
Theory of condensed matter. 
Applied researches. 

Being a part of the JINR Communications, the articles 
of new collection like all other publications of 
the Joint Institute for Nuclear Research have the status 
of official publications. 

JINR Rapid Communiaations will be issued regularly. 

AxyHAOB A.A., Bapp;HH ,l:l.lO., PHMaHH T. 
3JJeKTpOCJJa6bie O)J;HOI1eTJleBble rronpaBKH 

K pacrrap;y HeHTpanbHoro seKTOpHoro 6osoHa 

E2-85-617 

B cTaHp;apTHOH TeopHH BbNHCJJeHbi 3JleKTpocna6ble paAJiau;uoHHble 

nonpaBKH K napiJ;HaJlbHb~ mHeHHaM pacnap;a Z 6030~a Ha napy 

nerrTOHOB wm KBapKos: Z ... ff , iiv , qq . PesyJJhTaTbl npep;

cTasneHbl. B TepMHHaX p;syx 3JleKTpOCJJa6blX ¢QpM¢aKTOpOB P H k 
C npOCTblM cPH3HtteCKHM CMbiCJlOM. Bcne)J;CTBHe HCflOJlb3yeMOH CXeMbl 

Bbl'IHCJleHHH nonpaBKH He npeBb!WaiDT HeCKOJlbKHX npou;eHTOB. 0HH 

OKa3b!BaiDTCH )J;OCTaTOttHO CTa6HJlb~H npH sapbHpOBaHHH MaCCbl 6o-

30Ha XHrrca MH • B cnyqae THJKenoro t -KsapKa ~KTHBHbiH na

paMeTp CMemHBaHHH k • Sin2 8w MOJKeT OTJlHttaTbCH OT Sin 2 8 W:: 
a 1 - M ~ I M ~ Ha senHttHHY nopHp;Ka I 0%. 

Pa6oTa Bbll10J1HeHa B na6opaTOPHH TeopeTHtteCKOH,. cPH3HKH omrn:. 

DpenpHHT O~~HeHHOro HHCTHTYTa RAePHWX HCCneA088HHA, D~Ha 1985 

fiepeBOA aBTOpa 

Akhundov A. A., Bardin D.Yu., Riemann T. 
Electroweak One-Loop Corrections 
to the Decay of the Neutral Vector Boson 

E2-85-617 

The electroweak radiative corrections to the partial decay 
widths of the Z -boson into a pair of leptons or quarks have 
been calculated in the. standard theory: Z ... ff , vv , qq. 
Results are presented in terms of two electroweak form fac
tors P and k with simple physical interpretation. As a re
sult of the calculational scheme used, the corrections are at 
most of the order of some percents. They are rather stable 
against a variation of the Higgs boson mass MH • In case of 
a heavy t -quark, the effective mixing parameter k. sin2 ew 
may deviate from sin2 8w=l-Mj/M~ by about 10%. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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