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The radiative corrections to a parity violsasting electron-
~quark interaction are calculated in the Weinberg-Salam mocdel.
The strong interactions are taken into asccount in the frame of
Quantum Chromodynemicse.



1e

e

3

8
9.

geaeferenced

1.0.Barkov and M.S.Zolotorev. Pis'ma v ZhBTP,26,379, 1978;

27,544,1978. Phys. Lebt.,853,308,1979.

C.Y.Pregscott et. sl. Phys.Lett.,](B,347,197C.

Vehmaldli, Proc. Heutrino 79, Bergen, ed. A.Hasatuft and C.
Jarlsnog(University of Bergen, 1979),367.

7.Dydak,Proc, E.F.8.Conf.on High Energy Physics, Geneva 1979
(CERN, 1979), 26.

K.Winter, Froc. 1979 Int. Symp.on Lepton and Photon Interacti-
ng at High Energies, Fermilab, ed. H.D.,I.ibarbanel and T.B.W.
Kirk (Fermilab, Batavia, 1980}, 258.

R.K.Mobapatra and G. Senjanovic, Phys. Rev.,19D,2165,1979.

WeJ.llarcianc and A,I.Sands. Phys.Rev.,17D, 3055,1978,
D.Yu.Bardin, O.l.Pedorenko and H.li.Shumeiko. Yad.Fiz.,32,782,
1980,

G.hltarelli, R.K.Ellis, L.Maiani and R.Petronzio. Nucl.Fhys.

88B,215,1975.

M. 4.Shifman,A,I.Vainotein end V.I.Zakhsrov. Phys.Rev.,18D,
2583,1978.

J.00llins,FeWilczek and A.Zee, Phys,.Rev.,18D,242,1978.

A.I.Vainstein and I.B.Khriplovich. Yad.Fiz., in press.

10, V.V.Flambaum and I.B.Khriplovich. ZhETP,79,1656,1980.

F s

1« Introduction

In 'he Welrberg-Salam theory the parity violating clect~
ron-quark interaction is due to the Z-boson exchange (Fige 1)
and ie deseribed by two spatial structurec: the product of the
axiel electron current by the hadron vector one and the pro-
duct of the vector electron current by the hadron axial on.
One can eassily verify thet at small transfer {,t"z'.:-'i.-’, _.é-"} the
corrcsponding effective Hamiltonian has the forms:

p= - ) SRS e G S
: (1)
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where 5? and fgrare the charge and projection of a quark
ieoapin, ;ﬁi in the Weinberg angle - a free parameier of the
model. The interaction mssociated with the first structure
was obgerved in an atomic experiment /1/ and in the deep-in-
elagtic electron-proton and electron-deuteron scatiering [2/
The experimental value of &y egrees with the theoretical one.
To measure the constant &2 is e more complicated problem even
if one assumee that #: ~ 1. Meanwhile #2 is strongly suppres-
sed in the theory since experimental value of Sw?f, ie close
to 1/4 ( diw=fFw =£ 230 f;f?f/f/f/ Y« From the one hand,
thie circumstance hinders the observation of the relevant
effects but, from the other hand, az new possibility arises:
the precise measuring of S$r#%#. . In this situation the ques-
tion concerning the celculations of corrections to 2% acqui-
res especial interest.

The isoscalar part of the correction j:f.z due to the
gsecond order to an electro-weak interaction was earlier calcu-
lated in Ref. /4/ (see glso /5/). The influence of strong in-
teractions on this correction was not discussed. In the pre-
sent paper the isoscalar and igovector parts of the correcti-
on §1£1 due to the second order to electro-weak interaction
are calculated. The influence of strong interactions is taken



into account. The quan:iity f’ff is elso found.

2. One-loop corrections

‘he Lagrangisn of electro-weak interaztions in the Wein-

berg-Salam model hes the form:
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where u‘# is the Cabibbo angle. We consider four quarks on-
1 : 7= /e w, ,5 '« As Tor heavy quarks, they influence the
cnrvections under ciscuseion very slightly. We carry out our
calculations within logarithmnic accuracy, i.es the correcti-
ans v{_{'/;’: ’#‘; are calculated. The grephs giving a logarith-
Tie uontrib:ticn are drawn in Pigs. 2a,b,c. The diagram with
the double Y-bogon exchange (Fig. 2d) should be ts.en into
account also: it does not give a lozarithm but has the enhan-
cement fuctor 1!5!5.112 Ew .

Let us discuss the diagram in Fip. 2c. It conteins the
logarithmically aiverzent loop (Pig. 3) which should be norma-
iized at come point. As Fige. 3 correaponde to the 4~ .f'— mi-
xing, it is clear that it igs the renormaiizution of ﬂinzﬂy.
In principle, _fr47“% may be normalized at any point, for
example at ,.if"-ﬂ/%lz. But at precent $/,»%4, is determined from
the experiments on neutrino-hadron and electron-hadron scatte-
ring at comparetively small transfers . 2~ /45’#'3. In view of
this, the normalization of $/w2Fls et ¥?s/ seems quite natu-
rale Thus, we determine a renormelized guantity of FrwsFa
so that the amplitude associated with Pig. 3 is zero =t ££ /.
At such a definitiop, in any process where /.7’ Fiv ig meagu-
red, for example in the deep-inelastic vt scattering, it is
necessary to take into account, besides the tree graph, poth
the correction related to Fig. 3 and the radietive correcti-
ong to vertex. However, all these corrections now are amaller
than the experimental errors.

Let ua return to graph 2c. With the said above, its con-
'trlbution is zero at £% / while at large &< grows as
- 44 = Por the quark 1001}/ ¢ ~ytMe is an infrared parame-
ter. Fnr the lepton laup/,af.; should be replaced by the lepton
mags  # . But the contribution of the lepton loops is propor-
tional to (1-4 sin®#. ) and therefore it can be neglected.

Calculation of the down block of diagrams 2b,c which
corresponds to the quark anapole moment gives rise, within
logarithmic accuracy, to the following result:
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The sorrection to the constant & has the form:
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where Zs end &, are isoscelar and isovector parie of the
# . It is worth noting that the formulae (3) end (4) at

: - E »
V>4 Mc‘a ore valid only for light &, sf..‘f quarks

£ 4 b
The isoscalar part of the correction (4) at &% coincl
des with that derived in Ref. /4/.

Unlike #% , the constant 2% in the Hemiltonian (1) is
not small. But for completeness we calculate also the correc

tion fi"f:
J7, - Sys 0% 75
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Thig correction is due to graphs 2d and 4, The contributions
of the rest craphs are proportional to /-#s/ ¥, and they are

omitted.
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3s The influence of stirong interactions

The strong interactiona are taken into mccount in the
frame nf Quantum Chromodynamnics. This is done, as ususally,
within logarithmie acceuracy, i.e. we consider corrections

“ﬁ_,,/qr’:r :.'f’%"’;; { orf &5 ﬁ"j' Y?und so on. It is moat
convenient to work in the Lardsu gauce over gluons. One can
eanily gee that the gluon corrections in the ciagramsg in
Fige. 28, d as well as in Fig. 4 é~ not give tlie logarithms,
i.es ‘he strong interasctions do not affect the relevant ampli-
tudes within accepted accurecy. lMeanwhile in the diagrams
Fig. £2b, the glﬁonﬂ give the logarithaicaily large corrections
~ L A:.f?f'Hence, strong intaractlnns affect the megnitude
of ['#; "and do not affect ¢.2%7 .

Let ue cut the photon line in the diagrame 2b,c and cal-
culate corrections to the down block that corresponds to the
anapole moment of the quark. As the parameter n/,#’-ﬂ~1,
summation of all the crders of perturbation theory LB necegsa-
ry. To do this, we'll uge the renormalization group technique.

We conslder the case of comparatively small transfer

Afzzf’;¥Lf- In this situation it is convenient to work with
the effective four-fermion interaction. The divergent integrals
should »e cut, of course, on /?if. Besides the operators which
enter the bare effective Hamiltonian, some new operatore arise
due to radiative corrections. We are interested in the proces-
ses without change of strengeness and charm (s JS-s20=22). Ta-
King into account this circumstance let us ligt independent
operators of minimel dimension which can be involved in the
violating parity effective Hamiltonian.

Operatiors that correspond to the anapole moment of quarks
have the dimension & and look as followas:

Cr == Lo Lo J/YTF . o= Gt 25/ 0)

xf;v- is the electromagnetic field atrength tensor. W. in-
clude the electron charge in the definition of operatcrs cin-
ce they always enter in the effective Hamiltonian multiplied




by it. The oather nseudoscalar gauge invariant operatora of

dinention 5 Thich enter the effective Hamiltonian, has the

form:

Ll St ot ﬁ/’/’c”w’ o ﬁ,,f//? ' (7

wl«ere /3' and /5 are arbitrary matrices acting in Jé’/f/and
JU."-?) :paces. The remaining operators of ihe same dimension
con be reduced, by meana of the equations of motion, %o the
speratans listed above. For example, the operator

I ¥ o - ‘?'

b :/:Aft-‘ 4:.",/5’/’5"/7% (8)

S £ @

o e Rl

where 4 =re ilz f;:’).:i:) matrices, Jp//r:/’, é:wf is the
#luon field s*reagth tensor. It can be reduced to the overa=-
tors (7). The sinrle operator of disension 5 iz as followss

- & o " o
b & or ¥ T fES (9)
Homever, it is forbidden due to CP=invariancs.
Tn *he renarmelization of the four-quark opecators (7),

#e follows iefs ,f’ '/ v Accnrding to /6/, these operators can be

Jlﬂ.ESlflEd. owar che J‘Iv/f - group representations. Operators
belonming to the 4 - and 20 - dimensional fé"//rapreaenta-—
ticns have the followirg form:

A, (57 BTG Y 7 77T ’W’ﬁ/
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The index denotes the fﬁ//?/— group representation to which
the onerator belongs. Matrices /7, are introduced in formula
(2). Por the four-quark interaction, the following operators

anpear:

!'E”'*-’ mf? Zf’/ " »-"»./ 1,/1"%!-:?//’ /..'?/ //"’er‘#g“" ;a/f@

YN /4
- 7077

G Tl SRR,
0 =005 17, O ;/{ZKZ’;”?{ (11)

Operators % and /% are J:’//f/singlets, while &5 ~ L

correspond to 15 dimensional representation.

The viclating parity effective Hamiltonien can be erxpan-
ded in terme of operators /% ﬁ £y =L _

Sl

The coefficients in thig Ex“:m’miﬂn depend on the external

momenta ///5 . Al:/t/ Z 4% the coefficients £°.' are not
renormalized by strong interactions and are determined from
the comparison with the bare Hamiltonian:

-~ "fﬁuf iy £ 4 ;
L{’M/ /ff'?'f “"h f’"f?"ﬂz -"gz % 49 {(12)

We are interested in the Hamiltonian atﬂ“if%% In thies



region the coefficiente (& and the conatant of strong inter- f % 4 24 2z 2 32
sctions o5 satiefy the renormelization-group equations (see, / (5-/ 4’-‘*’#”’"2{*}// J’”i-;’*‘ iy > ",-'?4" T Err]

for example Ref. /7/):

‘s 2L
2 -
/ é/"':‘i'/_/ _:;...:’gé//‘// : The matrix of snomalous dimensionas of four-quark operators
L =+ /7 ise determined by the grephs in Fig. 6 end it can De
= /(3‘/{/‘ j{ 5 2 ///‘/ (13) repreaente:ias a ;e:jl;:s;;/:;t:z;sf:ﬁfrespﬂnding to different
/ ‘//’// 23 27 /;/ d representation~ o g
= d{'?’ _r //.-:--,Z /z 5 /f /

where f.- //*‘ /f/ /V/ia the number afﬂﬁ voues In cal- . 4
culating the effective Ham:.ltanian the regions e and Z - -:;,f-“'f
Me + A‘a should be distinguished (m is the mass of & - ﬁ % . =
- quark). Strictly spesking, our considerstion concerns the " ¥ / ,_{_'f..” = ,f-
first region where we can neglect the mass of the c-quark. P
Meanwhile in the region /< nfe three light querks should be = (15)
taken into coneideration only. However, the absence of the . gy g oot gt
c-quark influences slightly the coefficients for the operators S=8 __&E __g/?." - ;%g-’
which contain the fields of light quarke only. An asccurate ﬂr‘ -f/ﬁ'; !, /: L
calculation with the intermediate scale p7, shows that the g - gé V4 Z
coefficient ( differs not more 3% from that calculated wi- = e P ¥
thout this scale. As for (s , the difference is about 50%. L i Z
Such large difference is connected with the strong compensa-
tion of different terms. In any case (g is amall, and it is
thereﬁre calculated unreliably. In view of this, we do not The. epiasion of “eqa. (12) 1o of-the: SRS
take into account, for simplicity, the intermediate scale e, _ 2 /f/ ¥ :
We assume that the fV/fj gymmetry is true up ta//} » The elec- 5/{) = s e )?.f_: /{:,{y i ==L
tromagnetic interaction is taken into account in the first.or- s f@’
der only. Therefore Z% and i do not affect the renormali- \ I

zation of operztors ﬂf%/. It is easy to see that the ano-
malous dimensions of operators &% end £ are zero. The mi-
xing coefficients of fs; 4% with operators ﬁ'rﬂfp are deter-

Z
s Ry / =
Csv ;_//éf{” Cr (] o7 (16)-

mined by the diagram in Fig. 5 and are as follows: : oL /1’7 = _Ljﬁ%/;/? 5 a{‘/.ay: :; _Aiw‘:
gt sl 5 £, X LT L) R /*,:f“{;;f_
/ ‘IF LI /J'/ (14) 2

where Z".—-%;—’z’%-

Ly . : . ' 4 |



In order to obtain a correct answer for a quark anapole mo-
ment it remains to normalize J/# z’é;?uf. We keep in mind the fol-
ilowing circumstance. Qur calculations with effective Hamilto-
nien corresponds to the normalization of Siw2f, at #2- AL7.
Toc proceed to the accepted normalization, it' is necegsary to
subtract from the ﬂ/?j’ the contribution of the graph Fig. 2b
. f : - i
(without the electron line) coming from the u?,;f /‘;-Pﬂwl.
Col K3 = (£3) -8 (7~ FE o) £ /f/?f: (17)
In this formula strong compensations take place. For example,
ﬂ?L #"ﬂi% £ 4 "'}%f&/ﬁ}/- (We don't give here analytical formu-
lae for ( end [ tarcug wndo account etrong interactions
because of thelir cumbersome character). It is worth stressing
that such a compensation does not implies that the quantity
qu/ﬁyia celculated with bad accuracy. The point is that the
substraction corresponds to the exact vanisghing of the contri-
bution of graph 2¢. In view of this, the accuracy of calcula-
tion of (;r/ﬁy is determined by the sccuracy of calculstion for
all the remaining graphs and the error can be expected to be-
10t more than 10-30%. At K%~ 1210 GeV  the accuracy of cal-
culation of 4.’}(’4’13 worge. This is due to the fact that in

this region the main contribution to ("r/ty comes from graph
2c which ias calculated within logarithmic accuracy -v;{gj—‘:é,
e

Since the logarithm is not yet large here, the error can be

of the order of 50%. If one subtracts from .{”w(i';ythe contribu-
tion of disgram 2¢

~ £
f‘v/ﬁ-’-’ (}{}5/1‘,’//_. %‘f_ﬂh"ﬁ/j %;ﬂ/ (18)

the difference -‘.’.?r’:t’fy for all ﬂﬁ/ﬁfia calculated with an
eccuracy of about 10-30%. The graph ﬁ:/ﬂ’yia given in Pig. 7.
4s for the quantity (% /&%, it is emall, as mentioned above,
because of strong compengation. Therefore the accuracy of cal-
culation is ~ 50% at k% # and somewhat higher at

X% 1-10 gev. The graph G(g’f/is given in Fig. 8. It ig easy
to find the correction fz’z 5 subatituting f}/rymd a/fy
in the formulas (4). Note, that although the accurscy of cal-

12

culationa of (}/{}’ is ~ 50%, the quantity !ﬁ'zr ig calcula=-

ted with an accuracy of 10-30%, because the contribution of
o7 F

G iER to c:',ﬁ;s ig small.

dse Ciomn-8-1 u:'g 10900

At Sl =p 236 end X% J the congtant 2 and the
corrections found by v~ are as follows:
fx,s = ..:i'f_’:,r’-’"i?iﬂp
S2ys =t b 10-2, Ftov=089 /07

with taking into account strong interactions

T2 s 4.5 f~% I sy AT AP (19)

without taking into account strong interections.

Besides the cmrractiugs calculated by us ~a(, there also
exicts the correstion ~&% connected with graph 9. Its calcu-
lation has been carried out in Ref. /8/. The result is as fol-

lowa:

o~ s (7 z*fynrf f,l.’z/ sz[ﬂf
ffgs ﬁff'éﬁh‘fﬁw/};i i; 5 ;ﬂf’—' ti/; o e (20)

Thig corrcction does not contain o< but it is proportional

t0 { /450428 Vo MY Scn?Pw =023 and K0, TEf
= p2 72 "% it is less eppoximately by a factor of 3 com-

pared to the contribution calculated in this werk. Moreover,

the correction (20) decreases fastly with £ 4.

In a real experiment the electron interascts with the nu-
¢leon or nucleus. Th= question then poses in what cases the
calculated correction may be significant, and when it is much
more less than the corrections associated with the nucleon or
nucleus structure. It ie clear that for the deep-inelastic
scattering there are no other corrections, beaides the found
one, since all the structural effects are suppressed by the

powers A %%,

13



In the elastic electron-nucleon scattering and hence in
atomic experiments there is one more mechanism leading teo pari-
ty violation (Fig. 10). It is obvious that one can compare on-

1y the matrix elements with respect to nucleon from the effec-

tive Hamiltonien (1) and diagrem 10. These matrix e.enents
are connected with large distances. When there is on: ».cleon
in an intermediate state, the contribution from diag-an 10 to
the isoscalar part #z , calculsted in the bag model, ir one
order less than the contribution associated with shr o+ dirten-
¢ég. As shown 1n Ref. /9/, the main contribution i. comuectecd
with /4ﬁrintermediate atates and it ie co arable with that we
have calculated.

At lest, in astomic experimentis there is the contribution
¢¢fsﬂﬁf due to the interaction -1 nucleus nuclons /10/. Appa-
rently, the main correction ir the cxperiments with heavy
atoms or molecules ie cuused by this mechanism. For deuteron

this correction -omparable with that considered in the pre-
sent paper.
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Graphs of the (v' (%) ot M:fﬁ{;% . Solid
line corresponds to the coleculation with
gwrong interaction correcilions. Dotted
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Fig. 8. Graphs of the 6; {'kl} at Mﬁ’;% . S0lid line

corresponds to the calculation with strong interaction
corrections, Dotted line corresponds to the calculation
without strong interaction corrections, Fipgures 1 and 2

anrrespond/bamr a.n&/lior' ﬁ;-’j, respectively.
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