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Probing supersymmetry with parity-violating electron scattering
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We compute the one-loop supersymmetBtJSY) contributions to the weak charges of the electr@yy,
proton @), and cesium nucleusqﬁvs) in the minimal supersymmetric standard mod®SSM). Such
contributions can generate several percent corrections to the corresponding standard model values. The mag-
nitudes of the SUSY loop corrections @Y, and QY are correlated over nearly all of the MSSM parameter
space and result in an increase in the magnitudes of these weak charges. In contrast, the eﬂj&ftman
considerably smaller and are equally likely to increase or decrease its magnitude. AllowifRgpéoity
violation can lead to opposite sign relative shifts@j, and QY,, normalized to the corresponding standard
model values. A comparison @}, and Qy, measurements could help distinguish between different SUSY
scenarios.
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[. INTRODUCTION ultimately unable to account for the NuTeV “anomaly,” the
results of this precision measurement would point to new
The search for physics beyond the standard m¢&M) physics.

of electroweak and strong interactions is a primary objective In light of this situation, two new measurements involving
for particle and nuclear physics. Historically, parity-violating polarized electron scattering have taken on added interest:
(PV) interactions have played an important role in elucidat-PV Moller (ee scattering at SLAJ4] and elastic, PVep
ing the structure of the electroweak interaction. In the 1970sscattering at the Jefferson LaBLab [5]. In the absence of
PV deep inelastic scatterin@!S) measurements performed new physics, both measurements could be used to determine
at the Stanford Linear Accelerator Cent8LAC) confirmed  Sir?4, at the same scaléq?|~0.03 (GeVt)?]—falling be-
the SM prediction for the structure of weak neutral currenttween the scales relevant to the APV and neutrino DIS
interactions[1]. These results were consistent with a valuemeasurements—with comparable precision in each “case
for the weak mixing angie given by §W1/4, |mp|y|ng a (A Sin26W~7><10_4). Any Significant deviation from the SM
tiny V(electronx A(quark neutral current interaction. Sub- prediction for sikéy at' this sca.le would. provide striking evi-
sequent PV measurements—performed at both very lovdence for new physics, particularly if both measurements
scales using atoms as well as at tEepole in e*e” report a deviation. On the other hand, agreement would im-

annihilation—have been remarkably consistent with the reply thf.it the most likely explanation for .th? neutrino DIS
sults of the SLAC DIS measureme]. result involves hadron structure effects within the SM.

More recently, the results of cesium atomic parity- In thi§ paper, we analyze the prospective implications of
o ) o= the parity-violating electron scatterinPVES measure-
violation (APV) [2] and deep inelastie- (v-) nucleus scat- ments for supersymmetr§g8USY). Although no supersym-
tering [3] have been interpreted as determinations of thenetric particle has yet been discovered, there exists strong
scale dependence of &&,. The SM predicts how this quan- theoretical motivation for believing that SUSY is a compo-
tity should depend on the momentum transfer squacdl ( nent of the “new” standard model. For example, the exis-
of a given process.The cesium APV result appears to be tence of low-energy SUSY is a prediction of many string
consistent with the SM prediction fay?~0, whereas the theories; it offers a solution to the hierarchy problem; and it
neutrino DIS measurement impliesta3o deviation at|g?| results in coupling unification close to the Planck scale. In
~20 (GeVk)?. If conventional hadron structure effects are addition, if R parity is conservedsee below, SUSY pro-
vides an excellent candidate for cold dark matter, the lightest
neutralino(see Ref[7] for a review. The existence of such
The weak mixing angle and itg* evolution are renormalization
scheme-dependent. Here, we use the modified minimal subtraction
(MS) scheme for the SM and the dimensional reducti@R) 2In practice, the P\ep experiment will actually provide a value
scheme for supersymmetric extensions of the SM. for sirf6,(g?=0), as discussed in Ref6].
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dark matter is required in most cosmological models. In lightmeasurements for all phenomenologically acceptable choices
of such arguments, it is clearly of interest to determine whaof the MSSM parameters, even if such choices lie outside the
insight about SUSY, if any, the new PVES measurementpurview of standard SUSY-breaking models. In doing so, we
might provide. follow the spirit of Ref.[11], where a similar analysis of
In the simplest version of SUSY—the minimal supersym-SUSY loop effects inv (v)-nucleus scattering was per-
metric standard modelMSSM) with conservedR parity ~ formed.
[8]—low-energy precision observables experience SUSY In the case of PV electron scattering, we find that the
only via tiny loop effects involving virtual supersymmetric magnitude of SUSY loop effects could be as large as the
particles. The requirement of baryon minus lepton numbeproposed experimental uncertainties for t@g, and Qf,
(B—L) conservation leads to conservation of tReparity =~ measurement§8% and 4%, respectivel{4,5]). Moreover,
quantum numberPr=(—1)25"3E-L  where S denotes the relative sign of the effedcompared to the SM predic-
spin. Every SM particle haBg= +1 while the correspond- tion) in both cases is correlated—and positive—over nearly
ing superpartner, whose spin differs by 1/2 unit, fas= all avallablg SUSY parameter space. To our_knowledge, such
—1. Conservation 0Py implies that every vertex has an Ccorrelation is specific to the MSSMvith R-parity conserva-
even number of superpartners. Consequently, for processE%n)'.mak'ng it a potential low-energy signature of this new
like ee—ee and ep—ep, all superpartners must live in p C{SICS scenario. We also find th.at the SUSY loop eﬁgcts on
loops, which generate corrections—relative to the SMQW' the weak charge of the cesium atom measured in APV,
, ~ 5 5 are much less pronounced. Thus, the present agreement be-
amplitude—of order ¢/m)(M/M)“~10"" (where M de-  een the experimental value fQSS and the SM prediction
notes a SM particle mass aM is a superpartner mass  does not preclude the presence of relatively large effects in
Generally speaking, then, low-energy experiments musthe PV electron scattering asymmetries.
probe an observable with a precision of few tenths of a per- We also investigate a scenario wh&gis not conserved.
cent or better in order to discern SUSY loop effects. Low-We find that, in contrast to th®g-conserving SUSY, the
energy charged current experiments have already reachedlative sign of the effedtcompared to the SM predictipis
such levels of precision, and the corresponding implicationsiways negative foQy, and can have either sign f@},,
of these experiments for the MSSM have been discussegith the positive sign being somewhat more likely than the
elsewherg9]. negative sign. The potential magnitude of the effects are con-
_In the case of P\eeand elasticep scattering, the preci- siderably larger than those generated by SUSY loops. In
sion nee.ded to probe_SUSY Ioop effects is ro_ughly an ordeprinciple, then, a comparison @3¢, and QY can potentially
of magnitude less stringent, owing to a fortuitous suppresestablish whether or ndR parity is violated within a SUSY
sion of the SM PV asymmetriegy r. At leading order in  extension of the SM. Having an answer to this question
a’ the A(e) X V(f) contributions toA r are governed by would have consequences reaching beyond the realm of ac-
Qw. the “weak charge” of the target fermiori, The weak  celerator physics. For instance, B is violated in PVES,
charge of a particlé is defined as the strength of the effec- then the lepton number is not conserved, thereby implying

tive A(e) X V(f) interaction: that neutrinos have Majorana masses and making neutrino-
less double beta decay possikdee, e.g. Ref.12]). R-parity

of _ G, — g 1 violation also renders the lightest supersymmetric particle

EFF~ ﬁQWeyﬂ%e LARE (1) ynstable, thus eliminating SUSY dark matter, which has sig-

nificant implications for cosmolog}7].

At tree level in the SM the weak charges of both the electron Our discussion of these points is organized as follows.
and the proton are suppresse@f,=—Q¢,=1-4sirfg, Afterbriefly reviewing the minimal supersymmetric standard
~0.1. One-loop SM electroweak radiative corrections fur-model in Sec. Il, we discuss the structure of the one-loop
ther reduce this tiny number, leading to the predictiQfy ~ radiative corrections t®QGP in Sec. Ill and the tree-level
— —0.0449[6,10] and Qf,=0.0716[6]. The factor of=10 PR—VloIat!ng _con.trlbl_Jtlons in Sec.. IV. .The_ analysis of the
suppression of these couplings in the SM renders them mo'@rqspectlve implications of the panty—wolqtmg electron §cat-
transparent to the possible effects of new physics. Consd€iNg measurements for supersymmetry is presented in Sec.
quently, experimental precision of order a few percent, rathe}- e conclude in Sec. V1. Appendix Alists the counterterms
than a few tenths of a percent, is needed to probe SUSY Ioo}f?r the effective PVES Lagrangian of E(fl) necessary for
corrections.(Theoretical uncertainties associated with Qcpfenormalization of the one-loop radiative corrections to the
corrections taQSP are considerably smallg6,10].) weak charges. In Appendli)( B we epr|C|_tIy prove _that gluino
In analyzing these SUSY loop contributions@y,°, we loops do not gontrlbute tQyy- In Appendix C we give com-
carry out a model-independent treatment, avoiding theplete expressions for all process-dependent one-loop SUSY

choice of a specific mechanism for SUSY-breaking media_correctio_ns to theep and ee s_cattering; _exprgssions for

tion. While most analyses of precision electroweak Observprocessqndependent contributions are given in the appen-
ables have been performed using one or more widely usegjlxes of Ref.[11]
models for SUSY-breaking mediation, the generic features of
the superpartner spectrum implied by such models may not
be consistent with precision d4t@]. Consequently, we wish The content of the MSSM has been described in detalil

to determine the possible impact of SUSY on the two PVESIsewherd 8], so we review only a few features here. The

IIl. MSSM PARAMETERS
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particle spectrum consists of the SM particles and the corre- ¢ 5 e g g Y 5

sponding superpartners: spin-0 sfermiofs Which include Z 4

sneutrinosy, charged slepton$, and up- and down-type f f F 7 f v f
squarksu andd), spin-1/2 gluinos §), spin-1/2 mixtures of
neutral Higgsinos Hi9_,), the B-ino (B), and the neutral
W-ino (W), collectively called neutralinosx¢_,), and

spin-1/2 mixtures of charged Higgsinosi{) and charged

W-inos (W*), collectively called charginos,\(fg). In addi-
tion, the Higgs sector of the MSSM contains two doublets d) w e)
(up and down types, which give mass to the up- and down-

type fermions, respectivelywhose vacuum expectationg tron scattering(a) Z boson self-energyb) Z-y mixing, (c) electron

anduvy are parametrized in terms of= \v;+vg and tang anapole moment contribution§j) vertex corrections, ante) box

=vy/vg. Together with the SI2), and U1)y couplingsg  graphs. External leg corrections are not explicitly shown.
andg’, respectivelyp is determined fromy, Mz, andG,,,

the Fermi constant extracted from the muon Iife.time, while lll. RADIATIVE CORRECTIONS TO Q)

tang remains a free parameter. The MSSM also introducesa . _

coupling between the two Higgs doublets characterized by With higher-order corrections included, the weak charge

the dimensionful parametge. The complete set Feynman of a fermionf can be written as

rules for the MSSM, which take into account SUSY breaking

and particle mixing, are given in Rgf13]. Ql=ppu 215~ 4Q;kpysirP O] + A, 2
Degeneracy between SM particles and their superpartners

is lifted by the SUSY-breaking Lagrangian, which depends i 'r\/vherelf

general on 105 additional parameters. These include th

SUSY-breaking Higgs mass parameters, the el_ectrowea e universal in that they do not depend on the fernfion
gaugino massell, ,, the gluino massM , the left- (right-) under consideration. The correctian, on the other hand,
handed sfermion mass parametm§ (M ) and leftright  goes depend on the fermion species. At tree level, one has

mixing termsM# _ which mix f_ andTg into mass eigen- Ppv=1=«py andA;=0, while at one-loop order, these pa-
~ LR . ) rameters are
statesf, ,. In our analysis, we take the sfermion mass ma-

@ =
.
)
.
Do
.
.
LT
| |
.

FIG. 1. Types of radiative corrections to parity-violating elec-

and Q; are, respectively, the weak isospin and the
lectric charge of the fermioh The quantitieppy and kpy

trices to be diagonal in flavor space to avoid large flavor- _ SM susY

changing neutrgl currents. Wepalso set P—vio?ating ppv=1+0p™ 4 0p™,

phases to zero. One expects the magnitude of the SUSY-

breaking parameters to lie somewhere between the weak rpy= 1+ 6kM+ 5k SUSY,

scale and~1 TeV. Significantly larger values can reintro-

duce the hierarchy problem. )\f:)\f’\"+ )\fSUSY, 3

Theoretical models for SUSY-breaking mediation provide
relations among this large set of soft SUSY-breaking param;

eters, generally resulting in only a few independent paramy o4 in the above equation by the corresponding super-

eters at the SUSY-breaking or GUT sc@lel]|. Evolution of
the soft parameters down to the weak scale introduces flavd(iZ{C”pt In general, the correctiodp, S, etc. depend oo,

) X nd in particular, th@? dependence ofp,, defines the scale-
and species dependence into the superpartner spectrum &ependence of the weak mixing angle: ggmf(qz)

to the presence of Yukawa and gauge couplings in the renor- >
malization group(RG) equations. According to the model- Kpv(q )S'nze"" with szaw belng evaluated at some refer-
ence scal@j (usuallygi=M32).

independent analysis of Rg®], however, generic features ) 7] 2 5
of this spectrum implied by typical SUSY-breaking models | "€ Precise definitions of sifiy, xp\(q7), etc. depend
on one’s choice of renormalization scheme. We evaluate the

and RG evolution may conflict with the combined con- e . o . .
straints of low-energy charged current dakdy,, and the SUSY contributions using the modified dimensional reduc-

muon anomalous magnetic moment unless one allows fdion renormalization schem®R) [16] and denote all quan-
non-conservation oP. In light of this situation, we adopt tities evaluated in this scheme by a hatOR, all momenta
here a similar model-independent approach and do not imare extended td=4-2e dimensions, while the Dirac alge-
pose any specific relations among SUSY-breaking parampPra remains four dimensional as required by SUSY invari-
eters. To our knowledge, no other model-independent analyance. The relevant classes of Feynman diagrams are shown
sis of MSSM corrections to PV observables has appeared it Fig. 1. Note that all gauge boson self-energies contribute
the literature, nor have the complete set of corrections t®nly to ppy andxpy while all non-universal box diagrams as
low-energy PV observables been computed previo(s#e, Wwell as vertex and external leg corrections are combined in
e.g. Ref.[15] for a study within minimal supergravity and A;. The counterterms for the effective PVES Lagrangian in
gauge mediated models of SUSY breaking Eqg. (1) in the DR scheme are given in Appendix A.

where the SUSY contributions ey, xpy, andi; are de-
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TheZ boson self-energy contributidifrig. 18 simply res- e 7; e e Xg e
cales the leading order amplitude. Its effect is naturally com- ----- f ;
bined with the countertermG,, from Eq. (A2) into ppy: X; X; ii\ /ii

6G, TIz40 Tyw(0)  TI,7(0) . v v
pev=1+ 5+ ZZ(Z)=1— Wv‘f i ZZ(Z)—é\’;B, f f f f
M M2 M2, M2
@ (2) (b)

where theZ boson self-energy is evaluatedcgt=0. This is
an appropriate approximation in this case because the Moz,
mentum transfer ieeandep scattering will be much smaller

than the masses of the particles that appear in the Ioolo ing th . h k ch
graphs. The error is of the ordm2|/M§~10’6, which is n computing the SUSY corrections to the weak charges one

. : : ~2 oS
negligible. The quantity{z denotes the sum of electroweak must decide which valge fos” 10 use. Smce&s_SESY has
vertex, external leg, and box graph corrections to the muo@l/ready been absorbed inkg, one must determing’ from
decay amplitude, which must be subtracted when the neutr&d- (6) using the SM radiative corrections only. The corre-

FIG. 2. Electron anapole moment contributions to the parity-
lating electron-fermion scattering amplitude.

current(NC) amplitudes are normalized ®,, . sponding value extracted using only G,,, andM is [12]:
The graphs Fig. (b),1(c) contribute toxpy in EQ.(2). The
expression I1s s2=0.23120+0.00018. (8)
cllz(a® ., o , 65 , . - .
kpy=1+ =< — +4cFA(09) + 5 (5) In order to incorporate constraints from existing precision
s q S data(see Sec. Y, it is useful to introduce the oblique param-

etersS§ T, andU [19]:
where F4(q?) is the parity-violating electron-photon form S [19]

factor, which—atq?=0—is known as the anapole moment ans

of the electror{see Eq(12)].2 It should be noted that in the 4s°c

f2_ 22
S=—— Re| 1:[zz(o) _ﬁzz(Mi) +

c°—s" . 5
MSSM one had139%Y(q?)~q?, so there is no singularity at am?2 cs [12,(M2)
g?=0 in the above equatiofi7]. The SM contribution con-

tains a singularity that is canceled by a corresponding singu- . . )
larity in the anapole moment contributigRig. 19. Since in —1z,(0)]+11,,(M2)
the following we consider only the new physics contribu-

tions, this issue is irrelevaria complete treatment of the SM

New

contributions is given in Refd:6,10,1§). The shift 5s% in ~f 2s. . New
s?=1-c?=sir’4,(M2) arises from its definition in terms of aM2, ¢l Hzz(0)+ ?HZV(O) ~Hww0)
a, G,, andMz:
pons Ta 48? [ Ty 0) ~Tlww(M{) -, TTz2(M2)—TIz5(0)
scT= N =— +c
V2G,M2(1—AT) a M2, M2
R R L 2y T IS 2 New
. sT1,,0) Tiz(M2) L ealzy(M2) ~117,(0) -, IT,,(M2) ©
Ar=I1_,(0)+2< > > 2 M2 '
c M3 Mz z z
n ITyw(0) 43w 6) where the superscript “New” indicates that only the new
VB

physics contributions to the self-energies are included. Con-
tributions to gauge-boson self-energies can be expressed en-

T (2) — T 2 o F— AFSM_ A rSUSY tirely in terms of the oblique parametegs T, andU in the
wherell! (q?)=II,,/q? Writing Ar=ArSM+Ar one y que p e85

My

has limit that M yew>Mz. However, since present collider lim-
its allow for fairly light superpartners, we do not work in this
5§§usv 2 limit. Consequently, the corrections arising from the photon
2= = ArSUSY, (7)  self-energy [1,,) and y-Z mixing tensor {I,,) contain a
s c?-s? residualg? dependence not embodied by the oblique param-

eters. Expressingpy and kpy, in terms ofS, T, andU we
obtain
3Note that our definition ofcpy, Eq. (5), includes the anapole
form factor of the electroF§(g?), which may be absent in other susy_ ~ N
definitions appearing in literatursee, e.g. Ref.6]). op =aT— (g,
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y . ; - FIG. 3. MSSM radiative corrections to the
oo~ N TF + + 0 0 electron neutral current vertex. Radiative correc-
’ ! L L Xp Xn Xp Xn tions to the down quark vertex are obtained by
Z f f Z f VA replacing charged leptongsleptons, L;) with
f f down type quarkgsquark$ and sneutrinos with
up type squarks.

A 2 for all fermions—are given in Ref.11]. In addition, some
IIZy(q ) . e . A
~ —=r 7 simplifications occur in the analysis for PVES that do not
4s°c arise in general. In the case of charged current observables,
Susy - N for example, gluino loops can generate substantial correc-
2 I M2 . . .
n c _ »(M2) tions [9,11]. In contrast, gluinos decouple entirely from the
0232 M2 one-loop MSSM corrections to semi-leptonic neutral current
PV observables. The proof of this statement is given in Ap-
. » sUSY pendix B. In addition, the MSSM Higgs contributions to ver-
+4c*FA(g%)>, (100 tex, external leg, and box graph corrections are negligible
due to the small, first- and second-generation Yukawa cou-
~ . o ) plings. The light Higgs contribution to gauge boson propa-
where Aa is the SUSY contribution to the difference be- yators has already been included via the oblique parameters,
tween the fine structure constant and the electromagnetighile the effects of other MSSM Higgs bosons are suffi-
coupling renormalized at=M;: Aa=[a(Mz)—a]"S".  ciently small to be neglecte@0]. Therefore, we do not dis-
As noted above, we takg’— 0 in our analysis. cuss gluino and Higgs contributions in the following.
The non-universal contribution to the weak charge is de- Anapole moment corrections, corresponding to Fig. 1(c)
termined by the sum of the renormalized vertex correctionsn the presence of parity-violating interactions, higher-order

V!, 1 in Fig. 1(d) [see Eq.(A6)] and the box graph&f in  contributions can generate the photon-fermion coupling of

c
+ =<
S 2

SKSUSY=|
02_ 32

a i
(—s— aT+ 3,

q

] 2

iz, (M)
M2

SUSY

o
+ —
[

Fig. 1(e) [see Eq(C19]: the form(see, e.g. Refl.21]):
R R e Ef (02
A= gVar gRV+ o D M= e A ey dg e, (12

z
Whereg{,’A are given in Eq(A3).

i i56P
carfl?)ill)éovr\f n?gz tgfr’:tegt)ll V?rcc:?nr (t:ﬁ;resn;.fctts)niert\rl]aetlﬁ@,w andwheref is a fermion spinorg, is the photon polarization,

pu ! y U ! d ! up and FL(qz) is the anapole moment form factor.
down-quark weak chargegQy,=246Q,,+ 6Q,y. The analo- Gt o .

S . o . The quantityF o(g“) is, in general, gauge dependent. This
gous relation in the SM is modified by non-perturbatlvede endence cancels after the anapole moment contribution is
strong interactions in th&y box graph[6]. The latter arise per] . poie :

. . . ombined with other one-loop corrections to the given scat-
because the loop contains a massless particle, rendering tfie. . .

) . - 2 tering proces$21]. The Feynman diagrams that contribute to
corresponding loop integral sensitive to both low and hlghFe 5\ SUSY h in Fia. 2 and th tical
momentum scales. In contrast, the SUSY radiative correc—.A(q ) are St o(;/v.n 12 'g'd.’ %n € analytical expres-
tions are dominated by large loop momenta, and non=°"0\r}S ?re preser:.e In Appen de' ’ to Fia. Ldh |
perturbative QCD corrections are suppressed by eriex corrections, corresponding to ig. () ere-
(Aoep/M )2<1. evant diagrams are shown in Figs. 3 and 4. The diagrams in

QCDT T SUSY, Fig. 3 coveree ed and eu scattering when the radiative
correction is for the projectile side. When the radiative cor-
rection is to be applied to the target side, the diagrams in Fig.

Here, we present the SUSY one-loop diagrams that ar@ can also be used fare and ed scattering. In this casé
particular to PVES. Such diagrams correspond to the generie e is the projectile. To obtain the corrections to the down
corrections shown in Figs.(@), 1(d), and 1e). Contributions  quark vertex, the electron can simply be replaced with the
corresponding to Figs.(4) and Xb) are universal, and the down quark. The diagrams in Fig. 4 show the radiative cor-
relevant diagrams—together with the external leg correctionsections to the target side when the incoming electron inter-

One-loop SUSY Feynman diagrams

e e e e e
Z A
FIG. 4. MSSM radiative corrections to the up
D; -~ Dj Ui ,- 0\\[7 quark neutral current vertex. Her&l(D;) de-
u r Xp o vouow s Xp v uoqy notes ugdown)-type squark.
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FIG. 5. MSSM box graphs that contribute to
the electron-electron scattering amplitude. Here,
pi(pi), i=1,2, is the momentum of the initial
(final) state fermion. Radiative corrections to the
electron-down quark scattering are trivially ob-
tained by replacing the target with the down
quark.

em) Li e)

— - — -

e(p2) Lj e(ph)

RGN < ARSI « Sl

a)

acts with the up quark inside the proton. The explicit expresfrom Eq. (14) of the parity-violating contact four-electron

sions for the vertex corrections can be found in Appendix Cinteraction. It is straightforward to show that the superpoten-
Box corrections, corresponding to Fig. 1(dhese graphs tial in Eqg. (13) can only produce parity-conserving contact

generatedg in Eq. (11). The relevant diagrams are shown interactions between identical leptons.

in Fig. 5 and Fig. 6. The explicit expressions are given in Contributions fromPg-violating interactions to low en-

Appendix C. ergy observables can be parametrized in terms of the follow-

ing quantities:

IV. R-PARITY VIOLATING CONTRIBUTIONS TO Q{N |)\ |2
ijk

— >, (15)
442G, M?

WhenR parity is not conserved, new tree-level contribu- Ajj(F) =
tions to Qy;° appear. The latter are generated by tie (

—L)-violating superpotential: with a similar definition for the primed quantities. In terms of

Ajjc, etc., one obtains for the relative shifts in the weak

1 _ _ 1 _
WRPVZE)\ijkLiLjEk+ )\ijkLinDk+§)\iijiDjDk Chargeizz]-
' o)y 4 ~
o Q\eN 1+ 1—4 SII’]20W )\X Alﬂ((eR)a

whereL; and Q; denote lepton and quark SU(2Houblet

superfieldsE;, U;, andD; are singlet superfields and the 5QP, 2 ~ ~
\ijk , etc. area priori unknown couplings. In order to avoid 5 (1_4 e )[—ZAXAm(eEHZAiJk(dE)
unacceptably large contributions to the proton decay rate, we QW w

set theAB+ 0 couplingsAjj, to zero. For simplicity, we also A (G = Ao (B

neglect the last term in Eq13). The purely leptonic terms (A0 1= A1ader),

(N 12¢) contribute to the electron scattering amplitudes via the n s

normalization of NC amplitudes t6, and through the defi- - s(1-s9) 1 —0.35. 16

nition of s? [22]. The remaining semileptonidL=+1 in- 1-28% 1—ArsM

teractions (\i’jk) give direct contributions to theqscattering i . N

amplitudes. The latter may be obtained computing the FeyrAS discussed in Sec. V the quantities;., etc. are con-
man amplitudes in Figs.(B),7(c) and preforming a Fierz strained from other precision data. Since they are non-

reordering. In this manner one obtains the following effec-negative, Eq(16) indicates that the relative shift iQ, is

tive four-fermion Lagrangian: negative semidefinite. On the other hand, the relative shift in
QY can have either sign depending on the relative magni-
Nl — ST E— tudes ofA 5, Afy, andAjy, .
LR~ 2 dry“dreLy L+ WULY’LULGLY,LGL
qt dlr(? V. ANALYSIS OF THE SUSY CONTRIBUTIONS TO THE
2 WEAK CHARGES
INyad® — . = o
T OoMA [VuL Y 1Ly veltHel, (14 In order to evaluate the potential size of SUSY loop cor-
e rections, a set of about 3000 different combinations of

5 SUSY-breaking parameters was generated, chosen randomly
where we have takefg?|<M3 and have retained only the from a flat distribution in the soft SUSY mass parameters
terms relevant for the PVES scattering. Note the absencéndependent for each generatioand in Intarn3. The

elp)  Li o e(p) e e
0 o 2P 7 . FIG. 6. MSSM box graphs that contribute to
Xp $ Xn Xp P b Xn the electron-up quark scattering. The meaning of
u(ps) U; ulph) u D; u momentum labels is the same as in Fig. 5.
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A12k ,11k llkl FIG 7 T
KL . . ree-level
tering amplituddplot (b)], and the
ed scattering amplitudéplot (c)].

1/6
| €L ~ €L Pg-violating contributions to the
: dp
sk -
ek
I
€L : Vu ur, Uy, dg dg The quantitiesA;,, etc., are de-

muon decayplot (a)], theeuscat-
a) b) ) fined in Eq.(15).

former were bounded below by present collider limits andconserveyl can be as large as-4% (Qf,) and ~8%
bounded above by 1000 GeV, corresponding tod&eV)  (QES)—roughly the size of the proposed experimental errors
naturalness limit. Also, tafl was restricted to lie in the range for the two PVES measurements. Generally speaking, the
1.4<tanB<60. These limits follow from the requirement magnitudes oBQSP slowly increase with tag and decrease
that the third generation quark Yukeyva couplings remain peras gysy mass parameters are increased. The largest effects
turbative(smal) up to the grand unified theo5UT) scale. occur when at least one superpartner is relatively light. An

Left_-nght mixing among sfermions was allowed. In order to exception occurs in the presence of significant mass splitting
avoid unacceptably large flavor-changing neutral currents, ng

intergenerational sfermion mixing was permitted. The range imse:r S;erg]]'on:é\livhézz m:_%rlgzg.:lo Selifi?:lti ;?2:)”2] litr'ggzé
over which the soft SUSY breaking parameters andgtan h WEVET, lfj var ! h Pl : gb ded b Ibl'
were scanned are shown in Table I. the magnitude ofT, so their impact is bounded by oblique

For each combination of parameters, we computed SUIOep_aramet.er co.n.straints._ This consideration has been imple-
partner masses and mixing angles, which we then used d8ented in arriving at Fig. 8. _ o .
inputs for computing the radiative corrections. Only the pa- 1he effects of sfermion left-right mixing were studied
rameters generating SUSY contributions to the muon anoméieparately. We observe that the presence or the absence of
lous magnetic moment consistent with the latest rega$ the mixing affects the distribution of points, but does not
were considered. We also separately evaluated the corré&ignificantly change the range of possible corrections. For
sponding contributions to the oblique parameters. The lattethe situation of no left-right mixing, the points are more
are tightly constrained from precision electroweak data. Westrongly clustered near the origin. Thus, while corrections of
rule out any parameter combination leading to valueSof the order of several percent are possible in either case, large
andT lying outside the present 95% confidence limit contoureffects are more likely in the presence of left-right mixing.
for these quantities. We note that this procedure is not en- The shiftssQ%;” are dominated byxSYSY. This feature is
tirely self-consistent, since we have not evaluated nonillustrated forQy, in Fig. 9 where the soft SUSY breaking
universal MSSM corrections to other precision electroweakparameters are chosen such that the total SUSY correction to
observables before extracting oblique parameter constraintg¢ is about 4%, about a half of its maximum value. K},

As noted in Ref[15], where MSSM corrections t@-pole the situation is similar. We observe that non-universal correc-
observables were evaluated using different models fofions involving vertex corrections and wave function renor-

SUSY-breaking mediation, non-universal effects can be agalization experience significant cancellations. In addition,
large as oblique corrections. Nevertheless, we expect our

procedure to yield a reasonable estimate of the oblique pa-
rameter constraints. Sinc&and T do not dominate the low-
energy SUSY correctiongsee belowy, our results depend
only gently on the precise allowed ranges for these param-
eters.

In Fig. 8 we plot the shift in the weak charge of the
proton, 5Qf,= 25QY,+ 8QY,, versus the corresponding shift
in the electron’s weak chargéQy,, normalized to the re-
spective SM values. The corrections in the MS8Mth Py

o
=

8 @Qsusy @su

TABLE I. Ranges of SUSY parameters scanned. Hétede-
notes any of .|, M, or the diagonal sfermion mass parameters —0At
leL o The u parameter anil; , can take either sign. The genera-
tion indexi runs from 1 to 3.

-02 -0.15 -0.1 -0.05 0 0.05 0.1

8 (QSV)SUSY/ (st)sm
Parameter Min Max
FIG. 8. Relative shifts in electron and proton weak charges due
tans 14 60 to SUSY effects. Dots indicate SUSY loop corrections 68000
M 50 GeVv 1000 Gev randomly generated SUSY-breaking parameters. The interior of the
(|\/|?2)i_R —10° GeV? 10° GeV? truncated elliptical region gives possible shifts duePip noncon-

serving SUSY interaction®5% confidence
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~ lbaoo__ or ER
“ of -.-:-:-;-o--o--o-%‘9_9'9'9'9"9"9‘9'9'9 los st st r b bes et

. .

¢ ° 1 I..‘°‘0000.Ioooolooco
1 . . . . - 200 400 600 800 1000
200 400 600 800 1000 M!:2 (GeV)
12 slepton
M (GeV)

slepton
FIG. 10. Contributions taQy,/Qy, from various corrections to

FIG. 9. Various contributions t@Q%/Q¢,: total from SUSY 85 [see Eq/(10)]: total from ‘S"SU?Y (solid line), S parameter
loops (solid line), from 8pSYSY (dashed ling from 5xSYSY (dash- (dotted ling, T parametefdashed ling &g (dash-dotted ling Z-y
dotted ling, from the vertex correction&otted ling, and from the ~ Mixing and the photon self-enerdgpen circley and the electron
box graphs(open circles Thex axis gives the lepton superpartner anapole momenicrosses The soft SUSY parameters are the same
mass, chosen to be the same for both left- and right-handed first ar#f in Fig. 9.

second generation sleptons. For this graph &m0, the gaugino . . e . .
soft mass parameters aré13=M,= =200 GeV, and masses of not lead to discernible effects @y, but could induce sizable

the third generation sleptons and of all squarks are 1000 GeV. Fohifts in Qly [6,24]. ' o

this case,8Q%/QS, is about half of its maximum possible value.  As a corollary, we also find that the relative importance of

The total relative correction is clearly dominated &ySYS". SUSY loop corrections to the weak charge of heavy nuclei
probed with APV is suppressed. The shift in the nuclear

corrections t0QS” due to shifts in theppy parameter are Weak cgargg is given .bﬁQW(Z;N)T(ZZ+N)5vi+(2N
suppressed by 2432 +27)6Qyy. Since the sign obQ,,/Q,y, due to superpartner

We find that 6x°YSY is nearly always negative, corre- loops is nearly always the same, and Sikdp>0 anng\,
sponding to a reduction in the value of (A <0 in the SM, a strong cancellation betyve@;@{jv and 5Qy
= ke (GP)SirP6, for the parity-violating electron scattering ©CCUrs in heavy nuclei. This cancellation implies that the
experiment§see Eq(2)]. In this case, the degree of cancel- magnitude Of&QW(Z’N)/QW(_Z’N) IS ge_nerally less thf_in
lation between ﬁ andQs terms in Eq(2) is reduced, yield- a_bout Q'Z% for cesium and is equally I|kgly to have elther
ing an increased magnitude @f,. Since this effect is iden- sign. Since the presently quoted uncertainty for the cesium
tical for both QF, and QP . the dominant effect ofsx nuclear weak charge is about 0.626], cesium APV does

w WAl

. / not substantially constrain the SUSY parameter space.
produces a linear correlation between the two weak charge

o ) ) ‘qually as important, the present agreeme with the
Some scatter around this line arises from non-universal er:Eq y as Imp P green "ot . D

A i SM prediction does not preclude significant shifts Q;
fects in\; (see Fig. 8.

. g e SUSY . arising from SUSY. The situation is rather different, for ex-
_ As illustrated in Fig. 10, WIFhII’\@K itself, contribu- ample, in theEg Z' scenario, where sizable shifts @S
tions from the. various terms in E410) havg compargble would also imply observable deviations @f;° from the SM
importance, with some degree of cancellation occurring be- diction
tween the effects o and T. Thus, the oblique parameter preci '

approximation gives a rather poor description of the MSSM The prospec_tlve dlag_nostlc power” of the two PVES
measurements is further increased when one relaxes the as-

effects on the weak charges. In particular the quamflyin - symption ofP conservation. Doing so leads to the tree-level
Eq. (10) makes a significant contribution i@x°"°Y, _ corrections to the weak charges shown in @d). The quan-
As evident from Fig. 8, the relative sign of the Co”eCt'O”StitiesAijk , etc. in Eqs(15) and(16) are constrained from the
to both Qf, and Qj—normalized to the corresponding SM existing precision datd22]. A summary of the existing
values—is nearly always the same and nearly always postonstraints—including the latest theoretical inputs into the
tive. SinceQ,>0 (Qy<0) in the SM, SUSY loop correc- extraction ofQS® from experimenf25]—is given in Table Il
tions give 6Qfy>0 (6Qy<0). This correlation is signifi- of Ref. [11], which we partially reproduce here in Table II.
cant, since the effects of other new physics scenarios cawe list the Pg-violating contribution to four relevant preci-
display different signatures. For example, for the generaion observables: superallowed nuclgardecay that con-
class of theories based dfs gauge group, with neutral strains|V,4 [26], atomic PV measurements of the cesium
gauge bosons having massl000 GeV, the effects 0@,  weak chargeQy; [2], thee/u ratio Ry, in m, decayq27],
andQy, also correlate, bubQy,”/ QY can have either signin and a comparison of the Fermi const&@) with the appro-
this case[6,24]. In contrast, leptoquark interactions would priate combination ofr, M, and sifé,, [28]. The values of
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TABLE II. Pg-violating contributions tos|Vq|%/|V4l?, QF/QR, dRe,, 6G,/G,, sQ}/QYf, and
5Qy/Qtyy. Columns give the coefficients of the various corrections fmm and Ay to the different
quantities. The last column gives the experimentally measured value of the corresponding dficar@ify” ,
only the proposed experimental uncertainties are shown

Quantity ALy (dR) AL (@) Appde) Ay (dR) Value
8Vud?|Vudl? 2 0 -2 0 —0.0029+0.0014
SQLIQLS —4.82 5.41 0.05 0 —0.0040* 0.0066
SRe/,, 2 0 0 -2 —0.0042+0.0033
8G,IG, 0 0 1 0 0.00025 0.001875
5Q0/Qb, 55.9 -27.9 -18.7 0 +0.040
5QL/Q¢, 0 0 —-29.8 0 +0.089

the experimental constraints on those quantities are given iBUSY-breaking mediation, as we have undertaken a model-
the last column. We also list tHeg-violating contributions to  independent analysis in this study. We also find that the im-
5QH/QY, and 6QY,/QYy,, along with proposed experimental pact of SUSY radiative corrections on the cesium weak
uncertainties. charge are quite small, so that the present agreeme@ﬁfof
The 95% C.L. region allowed by this fit in theQP,/Qp, with the SM does not rule out potentially observable effects

e ;e ; ; ; in PVES.
Vs oQw/ Qu pla.me o shown by thf clos,eoL curve in Fig. 8. In contrast, the effects 0@y, and Qf, induced by new
Note that the sign requirements; (f), Ay (f)=0 [see Eq. tree-level P violating SUSY interactions display a different
(15)] truncate the initially elliptical curve to the shape shownyepavior. Given the constraints from other precision elec-
in the figure. We observe that the prospective effect®®f  oweak observables, such as the Fermi constant, first row
non-conservation are quite distinct from SUSY loops. Theckm unitarity, andQ\(,:\,S, one would expecPg violation to
value of 5Qy/QY, is never positive in contrast to the situa- sgquse a decrease in the sizeQff,. On the other hand, the
tion for SUSY loop effects, whereasQ{,/Qf, can have ei-  magnitude ofQf, can change either way, with an increase
ther sign. Note, however, that the area enclosed by the curvgeing more likely. Moreover, the size of theg violating
corresponding ta¥Q{/Q{,=0 is larger than the area corre- corrections could be even larger than those induced by SUSY
sponding todQY/Q{,<0, implying that 5Q{/QY, is more  loops, particularly in the case @¥,. Should measurements
likely to be positive. In addition, the magnitude of the of the weak charges be consistent with this signaturf ©of
Pg-violating effects can be roughly twice as large as theviolation, they could have important implications for the na-
possible magnitude of SUSY loop effects for ba@§,?.  ture of cold dark mattefit would not be supersymmetyic
Thus, a comparison of results for the two parity-violating @nd the nature of neutrind¢hey would be Majorana fermi-
electron scattering experiments could help determin@n9- ) )
whether this extension of the MSSM is to be favored over, From either standpoint, should the PVES measurements

; ; deviate significantly from the SM predictions, one may be
other new physics scenari¢see also Ref.6]). : ) ! '
phy 16D able to draw interesting conclusions about the character of

SUSY. But what if both measurements turn out to be consis-
VI. CONCLUSIONS tent with the SM? In this case, one would add further con-
straints to the possibility oP violation, but only marginally
A new generation of precise, PVES experiments areonstrain the MSSM parameter space based on possible loop
poised to probe a variety of scenarios for physics beyond theffects. In the latter case, the impact on b@y and Qy, is
SM [4-6,10. The sensitivity of these measurements to newdominated by & sir?6gl{(q?)SVSY. Although the projected,
physics is enhanced because the SM values for the electrgdmbined statistics of the two measurements would make
and proton weak charges are suppressed and because thg®em more sensitive to SUSY radiative corrections than ei-
retical uncertainties in the SM predictions are sufficientlyther measurement would be independently, additional preci-
small[6,10]. Here, we have studied the ability of these mea-sion would be advantageous. In this respect, a possible future
surements to shed new light on supersymmetric extensionmeasurement ofy, with a factor of two better precision
of the SM. We have observed that inPg-conserving ver- than anticipated at SLAC would significantly enhance the
sion of the MSSM, the effects of SUSY loop corrections toability of PVES to shed new light on susl.
the electron and proton weak charges are highly correlated
and have the same relative sigpositive compared to the ACKNOWLEDGMENTS
SM prediction over nearly all the available MSSM parameter e thank R. Carlini, J. Erler, R. D. McKeown, and M.
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8Vi=0\6Z\~ gndZ},

Se,f 1 Se,f Se,f
6Z5'= 5 (823" 52",
APPENDIX A: COUNTERTERMS FOR THE EFFECTIVE

PVES LAGRANGIAN

N 1 . -
The “bare” effective Lagrangian for the forward angle 523f= 5(523"‘4_52%“), (A4)
PVES scattering has the form:
o where 528" and 62&" are the field strength renormalization
Lo G QIOALO% /0 constants for left- and right-handed fermions, respectively.
ef 2\/5 wte uf> One can write the one-loop correction to the NC vertex as

g of = Af Af
& @ G, (ig/4c) 5V}, = —(ig/4c) Ty, (Bl + ysGL)T,  (AS)

EZ 8(M3v)2 - \/5 ' where only the contributions that are not suppressed by pow-
ers of either the momentum transfey[¢%/Msysy) oOr the
Q\f/\rl):2|f3_4Qng:2|f3_4Qf(gz+5§2) fermion mass if; /Mgysy) are shown. The quantitieéf\

and G{, represent rescaling of the vertices by the one-loop

. SA radiative corrections. They must be combined with the ap-
Agoz(ey“yg,e)oEAg 1+ fe , propriate counterterms from EGA4) to obtain the renormal-
w ized corrections:
_ 8V Ve=G8+ 8A.=GS—ge 828+ 95622,
Vo= (7, Ho=Vu| 1+ — |, (A1) ¢
w

U= Gl oV =Gl ghoZh-ghoZh.  (AB)
where the bare quantities are indexed by “0.” Unless other-
wise indicated, all higher-order contributions include both AppENDIX B: DECOUPLING OF GLUINOS FROM THE

the SM and the SUSY pieces. The quantit)Q\ﬁl,/ in the WEAK CHARGE OF QUARKS

parentheses in the last two lines of the above equation is o )

explicitly factored out to make the definitions in EGA4) It is sufficient to demonstrate the decoupling for one of
below more convenient. the quark flavorge.g. the up quanksince for other flavors

the proof is identical. Consider the renormalized vector neu-

The counterterndG , is entirely determined by the muon tral current vertex for the up quafsee Eq(A6)]:

lifetime. It can be taken from Eq62) in Ref. [17]:
5@,# MTyw(0) - \A/tj/:étjl"'gtj/‘sztl/_gr\‘szx,
== - 5\/78 ’ (AZ)

2 A A
Gu My Ju_ 9L+ 0T
~ ~ \YA )
wherell,yw(g?) is the W boson self-energy and(}; is the 2
sum of the vertex and box corrections to the muon decay AU <Bu
amplitude. S7U— 0Z, — 6Zg (B1)
We use the following convention for th&fermion inter- A 2 '
action:

The gluino contributions té;{’, are given by the graph shown

in Fig. 4(b), with the neutralino replaced by the gluino. By
using Eq.(C8) below with the appropriate coupling constants
it is straightforward to show that

g_
Vai= = 2 7u(9V+ ghys) 22,

g{/:2|;_4Qf32, 4 4
GY(Gluing=— 5 — 75zl - 2575y | [gktigy
g;=—2|g. (A3) vl ) 34r 4 El u “uT 359 (961 9aL
In this convention, the counterterms for the vector and the +gER 98RIV2( Mg Mg,,Mg,), (B2)
axial vector currents can be read off from Rgf7]:°
where ag is the strong coupling constari¥g is the gluino
mass,V,(M,m;,m,) is defined in Eq(C1), the couplings
®Note that Ref[17] has the opposite sign convention fpj . Z'LJJ are defined in the appendixes of REf1], and
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ggiL: - \/Ezﬁli '

guR=12Z5%. (B3)

Su ) 4 ag
6Zy,(Gluino) = 3 E[VZ( Mg ,mgl,mgl)

+Va(Mg.mg,.mg,) 1,

In this work, no flavor mixing in the squark sector is al-
lowed. ThereforeZ{ ,Z{}#0 only if i=1,4. SinceZ, is

unitary we find 5Z}\(Gluino) = 1 2|z1?)
951961+ O5R 9eR=2(ZYZH " + ZYZ5™) = 25 X[Vz<Ma,mal,mal)
B4
e V(Mg mg,,mg,)]- (89)

fori,j=1,4. Finally,
After substitution of Eqs(B5) and (B9) into Eq. (B1) the
- ] ag gluino corrections to the vector neutral current vertex of the
G“(Glumo):——— Z |ZLi|2 i
% 32, u up quark cancel exactly. Therefore, gluino loops do not
renormalize the weak charge of the up quark.
4
B §SZ)V2(ME’ 'mai’mai) APPENDIX C: COMPLETE EXPRESSIONS FOR
FEYNMAN DIAGRAMS

4 as[gl - e i - .
- :—[VZ(MN mg,.mg,) In this appendix we list analytical expressions for all

32w SUSY one-loop vertex and box Feynman diagrams that con-
tribute to PV electron scattering. The complete expressions
+V,(Mg.mg,,mg,) ] gA(l for remaining diagramésee Sec. Il as well as the Feynman
4 rules are given in the appendixes of REf1]. We use the
capitalized letterd and J to denote the family index for
quarks and leptonsl (J=1, . ..,3), small lettersi andj to
denote the index for squarks and slepton$=£1, ... ,6 ex-
—V,(Mg,mg,,mg )]}, (B5)  cept for sneutrino, when,j=1,...,3), andsmall lettersp
e and n to denote the index for the neutralinog,f
=1,...,4) andcharginos p,n=1,2).

=225 [Va(Mg,mg,mg,)

where the closure property E(B4) was used together with

1. Vertex corrections

=2(15-2Q"%) =1~ 532’ The Feynman diagrams are shown in Figs. 3 and 4. Let us
start with the corrections to the—e—Z vertex. The loop
U_ _oqu_ _ integral functionsV,;(m;,m,,m3) and V,(m;,m,,m3) are
ga=—2l=—1. (B6) defined as
On the other hand, the gluino-induced wave function renor- 1 1 y
malization constants of the up quark have the form Vi(M,m;,my)= fo dxjO dym,
as
0Z\(Gluino)= 5 o— Z (I9&L 12+ 19&® F 1(mg,,M5,0), 11 ,
Vz(M,ml,mz): 0 dX 0 dyyln[Dg(M,ml,mz)/M ],
523(Gluin0)= = 255 (gt 2 |g%K2)F(mg . M3.0 24 2
A(Gluino)= = ==, (|g8LI*~|ggr ) Fa(m5. M50, Dy(M,my,my)=(1-y)MZ+y[(1-x)mZ+xnE],  (C
(B7)

where i is the renormalization scale. Explicitly

whereF (m;,m,,m5) is given by
2

2. M1
! > 2 main 2
Fl(ml,mz,m3):f xIn{[xmi—+(1—x)m5—x(1 V,(M,my,m,)=
0 (VM) = g7y (=)
—x)m3]/ u?}. (B8) m2
m%an
Note that according to Eg.(Cl1), F;(m;,m,,0) oo,
=V,(m,,m;,m;). Using Egs.(B3) and(B4) we find (M?—=m3)(mi—mj)
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_= 2_ cu@_ & *li 5]
Vo(M,my,mp)=712InM*—3 oV, ) (Z zy'zy)
2m} m? 2., — N,
— —g25. |V ~ ~ *ujp mpP
(MZ—m?)(m—m2) " M? 3501 | Va(My,,Mp,, Mp, )Uy,[ 900 TPy
2m3 M +9gR"PgR Pru, (o3
(M2—m3)(mi—m3)  M?
cupy_ _ & *liolj
—21Inu?|. (o%) oV, 2w (2. z5'2}
We have[ P =(1-75)/2, Pr=(1+ 75)/2] - 5%26”)v2<mxg,mai,maj)Uy,L[ga“mgsL”ﬁ’L
- =3 |3 732l +giePobiPaly, (8
M 27 iTp \ T v
- 2QV%25”-)vz(mX;,nni,nnﬁn[gte"’gﬁ‘pﬁn SO~ = = 3 Uy, {[Ok;0t glPP,
I,p,n
*ejpyeipp , CA
FORTOR Prle ©3 +OR0% ""gR PPRIZM, s, Vy(mg m, - m, )
Note thatQ,=0 andZ! is a unitary 3< 3 matrix. Therefore, L Uin oA ' din uinA
hato S untan 351 ! ~[OFg; “"gLPP, + 0% g% "9k PP
one identically has®,Z7"Z,) —2Q,s°6;;= 6;; . The explicit
form is kept so that the down quark neutral current vertex X[1+ 2V2(m5i,mx+,mxn+)]}u, (C9
may be easily obtained by the replacementd (with Z P
—Zp) andv—u.
~ o —_— ”n H PN
5Vu(d):__ 2 uy {[OL g*umgwpp
Ae(b):i * i 1] iz 20 o m npdoL YoL "L
P 2wi,j2,p<2. zxizl e
- +ORpgor "9ok Pr12M,om, V(Mg m,o,m,0)
+2Q §25")V (myo,mg, g ey, (g5 PgsP R U
e ij 2 Xp Lir L pLYoL oL"L _[Oﬁpga—umgg;_ppl__'_thggsmggg)PR]
+greIPgeipp e, (C X[1+ 2V2(mgi,mxg,mxg)]}u. (C10

~ a — ’ ; PN
OVO= 5 2 end[Ofat gt PPy

’

L' (xein eipp
+0p9r IR PR]ZmX;errvl(m;i,mX;,mX;

—[Opgt *"gf PP + Of gk * g PPR]

X[1+2Vo(m, m, - m, ) ]}e,

~ (43 — ” . RN
SV = — > pEni ey, {[On,05° g5 1P,

R"” (% ein_eipp
+Onp90r '9oR P

R” (xein eipp L” _xein eipp
—[0np90: "951"PL+ Onplor 90K PRI

X[1+2Vo(mg,myo,m,0)}e.

r12m,om, oV (Mg, m,0,m,o)

2. Anapole moment corrections

Using formulas in the Appendix of Refl11] we find for
) F5(0) of the electron:

(CH

(C6)

The vector and axial vector pieces can be readily read off
from the above formulas. The radiative corrections to the up

quark neutral current vertex are as follogge Fig. 4
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3. Box graphs B1(M;,M,,m;,m,)
Let us introduce the following notation: f . f ; f . 2(1-2)

— X y )
Lii=1(P)7u(1=¥9)(P), Da(Ma,Mz,my,mz)
Rii=f(P)7u(1+¥5)f (). (C13 Bo(My,Mz,my,my)

As explicitly shown below, each box graph has the following Lot ot z(1-2)
structure: = | dx] dy 2 '
) D3(M1,M5,my,my)
G
Mel =i \/—E(Aefozx Lo +BeRiX Reg + CE R X Ly D4(M1,Mp,my,m,)
2
f =Z(1=x)MIFXMZ]+ (1=2)[(ym +(1-y)m3].
+D®'L{»XRgy). C14
2% Re) (C14 19
To study the effects of the parity-violating electron scattering
we need to pick only the term that has axial vector current ofeXplicitly,
the projectile sidel and the vector current on the target side X
f2. Therefore, it is easily seen that the box diagram contri- 4y 11
bution toC; is [see Eq(11)] m; nﬁg
Bi(M{,My,m;,m,)=
B! — —(— AT+ BeI—Colt Do) c15 1Mo Mz, M) = 5 2 (= md) (= WD)

2

in the above notation. The explicit expressions forekdox m3in ﬁzz
2

graphs in Fig. 5 are given below:

+
2(m5—m7)(m—M7)(m;—M3)

eea) G aMWS *xe n e *em ei 2
M =i— > L9895 PgE 95 Le2 X Les 4 M1
\/E n,p, i J M lan
2
+
+ 057 "I5HIoR "I5H Rea 2(Mi-mp)(Mi-m)(Mi—M3)’
X Rel]mxomXoBz(m[_,n"l[j,ng,mxg) 5
2 2
+[05%"9EH G5 Y5 Re2 X Lea BN : iz
2lM71, Mo, My, My)=—= AN S N 2
mi—M7)(mi—m3)(mi—M
+gheingeipgreingeip (mp—M7)(mi—m3)(mi—Mp3)
2
X Rel]Bl(mtilm[j!ngvmxg)}! (C16) m%ln_zz_
2
+
o Cu aMiE (m3—mg) (m3 = M) (m3—M>)
Mg =— > {l95"g5Pasg5C Lz 2
\/— 4 n,p,i,j 2|n MZ
M2
XL + *e]n Ejp ein *elpR + 1
e 9o Sor SoroR (M=) (M3 —m3) (M3 —M3)”
X Re1]Ba(mg ,mp ,m,o0,m,0) (C20
*ejn er ein yx eip,
*+[9or "gor 9oL Gor "Rez* Les The box graphs for the electron-down quark scattering are
xeingeipgeingxeip easily obtained from the above expressions by replacing the
+ 0oL 9oL YorY0R . .
target electrore2 with the down quark. Also, all quantities
X Rg1]m,om, oB,(mp ,mi ,m,0,m o)}, (C17  that have the running indgxre to be replaced with the cor-
P Lo responding quantities for the first generatidown squarks:
275 eJn djn etc
G, aM3s? 9oL~ Yot . EIC. .
5M§e(c)__, M > greiPgeingeipg*eing_ The box graphs for the electron-up quark scattering are
ox V2 AT nbil shown in Fig. 6. The graphg® and @b) are easily obtained
from the corresponding graphs for tlee scattering by re-
X LelBl(”Ei.”Ej,mX;.mX:)- (C18  placing all quantities that have the running indewith the

corresponding quantities for the fingp generation squarks:
In all the above formulas the following functions are used: g§\"—gy", etc. The result for the last graplichis

035008-13
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G, aM\ZN§2 o o
oM gltj)()((:)zl = E gt ungJpg’Lremgflpl‘UzLelrn)(Jr mX+BZ( m;.lma,vmx+7mx+)' (C21)
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