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R-parity violation effect on the top-quark pair production at linear colliders
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We investigate in detail the effects & parity lepton number violation in the minimal supersymmetric
standard modelMSSM) on top-quark pair production via bo#i -e* and y-y collision modes at the linear
colliders. We find that with the present experimental constraR@drameters, the effect & interactions on
the processee*e’ﬂtt_ande*e’ﬂ'yyﬂtt_could be significant and may reach30% and several percent,
respectively. Our results show that tReeffects are sensitive to the c.m. system energy and the rel@&ant
parameters. However, they are not sensitive to squark and slepton massesng#é00 GeV (or my
=300 GeV) and are almost independent of gan
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I. INTRODUCTION strict constraint om\7,,. During the last few years experi-
mental searches for the effects Rfinteractions have been
New physics beyond the standard mod8M) has been done. Up to now we have only some upper limits on tHRse
intensively studied over the past yeatd. The minimal su-  parameters. It is necessary to continue these works on find-
persymmetric standard mod@ISSM) is currently the most  ing theR signal or obtaining further stringent constraints on
popular one among the extensions of the SRparity is  the R parameters in future experiments.
defined as The top quark was first discovered in 1995 by CDF and
DO at the Fermilab Tevatron. Physicists believe that an accu-
rate measurement of top quark pair production at the present
and future colliders should be possible in finding physical
effects beyond the SM. Any deviation of observables in the
1%op quark pair production process from the SM prediction
would give a hint of new physics. Therefore, testing Re

R:(_l)ZBJrLJrZS, (11)

whereB, L, andSrepresent the baryon number, lepton num-
ber, and intrinsic spin of the particle, respectively. This lead
to a discreteZ, symmetry in the MSSM Lagrangian. For all

SM particles they hav®=1 and for all of their supersym- : . . .
) 7 ) 7 effect on the top pair production process is an attractive task
metric partnerf= — 1. Usually we consider tha parity is in high-energy experiments.

cons_erved in. the MSSM, but the most general supgrpotential In previous studies, a lot of effort has been invested in top
consistent with the gauge symmetry of the SM can Intmduc?}uark pair production at present and future colliders, such as

-parity violating terms as follow}2]: the CERNe*e™ collider LEP2, CERN Large Hadron Col-
lider (LHC), Fermilab Tevatron, and the proposed linear col-
W= €ij (Mo L LR+ N[ L] Q7D  +  HPL)) liders (LC): Next Linear Collider(NLC) [6], Japan Linear
o Collider (JLC) [7], DESY TeV Energy Linear Accelerator
+\/;cU'DIDK, (1.2 (TESLA) [8], and CERN Linear CollideqCLIC) [9]. A

o electron-positron LC can be designed to operate in either
whereL', Q', andH' represent the S(2) doublets of lepton, e*e™ or yy collision mode.yy collision is achieved by
quark, and Higgs superfields, respectively, wieU'D'  using Compton-backscattered photons in the scattering of in-
are singlets of lepton and quark superfields, &K are  tense laser photons on the+inifia| polarizete™ beamq10].
flavor indices. All these terms can lead to a catastrophically?t these machines in boté"e~ andyy collision modes, a

high decay rate for the proton. We must require typicallygreat number of top quark pairs can be produgkt]. The
N'N"<2x10726[3] in order to get a proton lifetime longer Signature of this kind of event is much cleaner than that

than 10° s [4]. This is highly unnatural, unless either one or Produced at hadron colliders. Referer{de] presents the
both of " and\” are identically zero. In the usual MSSM, Calculation of the MSSM one-loop radiative corrections and

we requireR-parity conservatiotti.e., ' =\"=0): this con- the effect_s of lepton number violating interactions to process
strains the model more than what is really necessafy. €'e” —tt and shows the relative difference between the pre-
=0 or\"=0 is quite adequate. In most models motivated bydictions of the MSSM and SM is typically below 10%. The
unification (including supergravity there is a preference for NLO QCD corrections in the SM and MSSM t@7—>tt_
allowing lepton number violation over baryon number viola- have been discussed in detail in Rdf3]; the corrections are
tion. In addition, the lowest-generatida'D’DK operators about 10% and of the order 18, respectively. Reference
have the strictest laboratory bounds: eXj;,;<10° [5].  [14] demonstrates that the SM electrow&&kV) corrections
Because the quark mixing is not zero, it is hard to constructo yy—tt can reach almost 10% in the collision energy
models which allow for large coupling” and satisfy the region close to the threshold. Referengks| gives the
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O(amf/mfv) Yukawa corrections to the*e’—>yy—>tt—in Il. RELEVANT THEORY AND FEYNMAN DIAGRAMS

the SM, the general two-Higgs-doublet mod2HDM) as In this section we briefly review the theory of MSSM with

well as the MSSM. The corrections are about a few percen |epton number violation. The most general form of the
in the SM but can be blgger than 10% in the MSSM. In Ref.superpotentia| in the MSSM can be Written[ag]

[16] the SUSY EW-like corrections in th&® conserving
MSSM to ‘y'y—>tt_ are calculated, and the corrections are
about a few percent fory7—>tt_ and 1% fore*e”—yy  whereWyssurepresents thB-parity-conserved term, which
—tt. In this paper, we study th@ lepton number violating €an be written as

W=Wusswt Wk, 2.1

effects on both pr.ocessesfe*ett andee”— yy—tt at _ WMSSM=M6ini1Hj2+6ij||Hilt}F€'

a LC. The paper is organized as follows. In Sec. Il we give

the relevant theory and Feynman diagrams. In Sec. Ill we —u(H2C™™* Q3 —H30Q7)U!

present the analytical calculations. The numerical results and _ L

discussions are described in Sec. IV. Finally, we give a short —di(H1Q5—H3CYQ3)D". (2.2

summary. In the Appendix, the relat@llepton number vio-

lating Feynman rules are listed, TheR superpotential paitV is shown in Eq(1.2). The soft

breaking terms can be expressed as

Lagri= — M2 HM HE- m2oH2* HZ - m2 LT - me RR - m2, Q1 0} - m2 BB~ m2, U+ T
+(MAghg+ MoA N+ MAENE +H.C) +{BueHH + B € 6;HL| + ;I HIL|R'
+dgi(— H1Qy+ CHIQN B! +ugi(— CHI* HIQy + HEQD T+ e Ny LITTRY
A0~ TLC Q) DX+ 1S U'D'DX+H.c}. 2.3
The bilinear terme;; qH?E} is usually considered to be smaller than trilinear terms, so we assume that they are negligible in

our work. For the reason mentioned in the Introduction we only consider lepton number violation. This mearfs=tBat
Then L4 can be written as

Lk=—Nij[exPLviey +vIP ejef +eP ey ]
- Ai’jk[dkPLdj;iL + dkPLViaj i PLdja:R_ dkPLeiajL - dkPLquiL - eiCPLUja:R]

— €0, M [ AP PRATUG + UCPRAPT) o+ Uf“Prd)df ]+ H.c. (2.4

Here «, 8,y are color indices of quarks. From the Lagrang-dimensional reductiofiDR) scheme[19] and on-mass-shell
ian we get the relevant Feynman rules which are listed in théOMS) schem¢g 20] to do the renormalization. The numeri-

Appendix. The Feynman diagrams of the process~  cal calculation of the vector and tensor loop integral func-
—tt are plotted in Fig. 1. Figuresd), 1(b) are the tree-level ':Iqoer;s[g%n be traced back to scalar loop integrals as shown in

R-parity conserving and violating diagrams, respectively.
Figure 2 shows the Feynman diagrams of subprocegs
—ftt. Figure 2a) is the tree-level diagram. Figuregh?—2(f)

are vertex, box, and quartic coupling diagrams vitlinter- e t
actions. Since theR-conserving SUSY EW-like one-loop

correction diagrams were already presented in R, we (L
shall not plot them here. In Fig. 2 the diagrams which can be
obtained by exchanging the initial photons are not shown. ¢ t
@ (b)

Ill. CALCULATION . 7
FIG. 1. The relevant Feynman diagrams for the proegss

In all our calculations we use the t Hooft—Feynman —tt in the MSSM at the tree leve(a) the Feynman diagrams for
gauge. In the loop diagram calculation we adopt the definithe R-parity-conserved MSSM part ar{)) the Feynman diagrams
tions of one-loop integral functions in R¢fl8], and use the for R-parity violation of the MSSM part.
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FIG. 2. The relevant Feynman diagrams for the subprowsstt_in the MSSM withR-parity lepton number violation at the tree level
and the one-loop level diagrams wifR interactions:(a) is a tree-level diagram(b.1)—(b.8) are vertex diagramsc.1)—(c.6) are box
diagrams(d.1),(d.2) and(f.1),(f.2) are self-energy diagram&.1),(e.2 are quartic coupling diagrams.

A. Calculation of the processete™—tt N L L
— o _ doussv=dP— 2 [APEELD+AP (W),
We denote the process of production viae™e™ colli- 4 spin

sion as (3.2

- + v, whereN.= 3, the summation is taken over the spin of the
e (p)+e (pa)—tlk) +ky), @D initial and final states, andP denotes the two-particle phase
space element. The factor 1/4 results from the average over
wherepy,p,, andk, k, are the momenta of the incoming the spins of the incoming photons. TA& and A% repre-
and outgoing particles, respectively. The differential Bornsent the amplitudes of the photon a@dboson exchange
cross sections in thdr-parity conserving MSSM, corre- diagrams at the tree level, respectively. The Mandelstam ki-
sponding to the diagrams Fig(el, can be written as nematical variables are defined as
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s=(p1+py)?  t=(pi—kp? U=(pi—kp?% o iQZe?_
P s Y AL(s,t,u)=— A_thU(kl)m(mﬁkl—lbz)
t

In the MSSM withR lepton number violation, the tree-

X ky)e” “ . 3.9
level differential cross sections can be expressed as Vub (k)& (p2)e(py) 39

The corresponding differential cross section is written as

R N
do&(s,t,u)=dPZC >

spin

AP(s1,0)+AP(s,1,0) doo(s,i,0) 1 N
Y 0(,: ' ):_ CA2 2 |A0|2, (31@
) dt 4 167s? spin
, (3.4

23
b A A A
+k21 A(Bk)(s’t’“) where the summation is taken over the spin of initial and
final states. The SUSY EW-like corrections in tReparity
conserving MSSM to top pair production via photon-photon
_ o ) o ) collisions were calculated in Refl6]. In this work we
diagrams in Fig. é]b)- We give the explicit expressions of present only one-loop contributions involviijinteractions.
AR, AQ, andA%: as below: The counterterm of top quark wave functiéiz, is de-
cided by the one-particle-irreducible two-point function
il"(p?) with the OMS condition. The renormalizéRipart of

whereAg’s (k=1,2,3) are the amplitudes corresponding to

ann — - — . ) ;
A(ya)(s,t,u)thez[u(kl) yﬂv(kz)]?[v(pz)mu(m)], the top-quark two-point function can be defined as
Fi(p?)=(p—my) +[PPLER(p?) +BPREF(P?)
@310 * = PL_2s, SSL, 2 SSR/ 2
A (s,t,u)=Savcz u(ky)y, >3 v(ky) +P 23 (p) + PR (PY)]. (3.11
w
) b The correspondingR parts of the unrenormalized self-
i = .
S— v(p2)7#<—7|'+sfv u(pl)}, energies are

, 331 pH=0, 33%(p?)=0, I{(p?=0, (312

A, (STW=-(a0 2 [ [u(kz)Z8, Pru(py)]

1 23 2 23
2
*u(P%)= 1672 izl ;1 kzl (|V5iJEkt|zB°[p2'm5ij'mék]
i — :
- 2j 2
X G—m%k_[v(pZ)ZD"PRv(kl)]] : (3.5 i |V5ijEkt|2Bl[P2,m5__,mék]
]
: +|VE, 2B pZmd m 1), 3.1
WhereZBk represents the elements of the matrix used to di- | Ele't| iLp™mp, Eki]) (313

agonalize the down-type squark mass matrix &ni$ the  \wherei, k are the generation indexes ahis the sparticle
generation index. index. Using the OMS renormalization conditiof20], we
get the renormalization constants as
B. Calculation of the processe*e‘—»yy—»tt_

— L R
In this subsection we present the calculation of the pro- 82.4(p?)=CLPP_+CrpPr— CsPL—CsPr. (3.14

s or
cesse’e —yy—tt. We denote the subprocess as The renormalization constants for thé-y vertexV,,, are

Y(p1) + ¥(p2)—t(Ky) +t(ky). (3.6 .
' 2 ! 2 OV = —iey*[C-P_+CRPg], (3.19
The Lorentz invariant matrix element at the tree level for theW

— i here
processyy—tt can be written as

1
CL=5(8Z+8Zy),
Ag=AP(s,t,u)+Al(s,1,0), (3.7 .

_ - R Rt

where Cr= 5 (6Z{{+8Z7),

27 - iQ%e? Cs= %(5z;+ 6ZRN + smy,
A (S,t,u)z—f mzu(kl)'y#(mt+kl_pl)
AL

CR= ﬂ( SZR+ 6Z5") + omy, (3.16
Xy,v(ky) e (p)e”(pa), (3.8 2
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5=£,R\I SLm?) + mSR(m?)+ 38t (m? R TUGR, .2 0 ~ Lo
M 2 M (M) + M2 (M) + 2™ (M) 5Zn——ReEtt(mt)—thRe{mtEH(p)
p

+35Rmd)], (3.17)
L +mI(pH) + 35N (p?H) + 355} ,
8Zg=— ReS%t(mf)—ERe[Eﬁ'me—Eﬁ’%m?n pP=m¢
(3.19

-y Lin2 R/ 2 SL;n2
mtasze{mtE“(p )M E(PD)+ (P where Reakes the real part of the loop integrals. We A&e
AP A4 AS andA° to represent the amplitude parts contrib-
SR, .2 uted by vertex, box, quartic, self-energy diagraisisown in
+2(PO} ' (3.18 Fig. 2, and counterterms, respectively. The renormalized
p2=m¢ matrix elements from the one-loop diagrams are written as

5A1—|00p: A’+ Ab+ A+ Ase|f+ ACt: EM( pl) 611( pZ)U( kl){flgp,v—‘r f29uvy5+ f3k2VYM+ f4g,u,vp2+ f5k2V75YM
+ f69#v75p2+ f77,u,71/+ f8k2V7Mp2+ f9757,u,71/+ flOk2V757p,p2+ fll’}/;/,’)/vp2+ f1275’yM7Vp2+ f13k2;1,k2v

+f 14K, Ko 5+ T 1Ko, v+ F16Ko, Vs v+ F17Ko, Voot T1gKo, vs Yot F1Ko, Ko B2+ FooKo Ko, vsB2 v (Ky),

(3.20

wheref; (i=1-20) are the form factors. Then we get the one-loop corrections to the cross section fi@rpatte

. N (TS
AG1i00p(S)= ——=; |._ di2 ReX, (Al A 00p), (3.21)
16mwsJt spin

wheret™® =(m?—s/2)+(s/2)\/1—4m?/s, and the bar over the summation means average over initial spins. With the inte-
grated photon luminosity in the* e~ collision, the total cross section of the proceSe™ — yy—tt can be written as

~ Xmax dﬁyy,\ — ~ 2
o(s)= dz o(yy—tt at s=2z%s),
Eos 0z

(3.22

with Eq=2m, and /s( \/g) being thee"e (yy) center-of-mass energyll, /dz is the distribution function of photon
luminosity, which is defined as

dc J’Xmax dx

4 - 2 % TeOOF e Z10). (323

For the initial unpolarized electrons and laser photon beams, the energy spectrum of the back scattered photon i£2given by

N U S . a0
"D | T T Tox T B0 Z(1-x2)’ (3.24
where
D _(1—f—E In(1+ +E+§_ 1 _ 4Eowo 3.29
(f)_ £ 52 n( f) 2" ¢ 2(1+§)2, = mg , )
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Herem, andE, are the incident electron mass and energy, respectiwglis the laser-photon energy, ards the fraction of
the energy of the incident electron carried by the backscattered photon. In our calculation, we ejosiseh that it
maximizes the backscattered photon energy without spoiling the luminosity"\éa pair creation. Then we havé=2(1
+12), Xmax=0.83, andD(¢)=1.8.

IV. NUMERICAL RESULTS AND DISCUSSION

We take the input parameters a®,=0.511 MeV, m,=105.66 MeV, m =1.777 GeV, m,=91.188 GeV, my
=80.41 GeV,m;=5 MeV, m.=1.35 GeV,m;=174.3 GeV,my=9 MeV, mg=150 MeV, m,=4.3 GeV, agy=1/128[23].
Because our numerical results show that Eheorrections are almost independent of ganwe take tarB=4 as a represen-
tative selection in théR case. The scalar fermion mass terms in the Lagrangian are written as

~ 2 2 ~
— o~ fL ~ o~ M?LL Mg (fL)
— Ly =(Fr T ME| | =(Fr F% N - . 4.1
. R f( ) et (M"?LR M%RR fr @y

The matrix of the scalar fermion mass is

, [ ME +mi+cos B -QisyM3 my (A~ k)
M7= > - 4.2
My (A — k)™ Mz, +mg+cos 28Q¢sy M7
(cot,B,mé,m%) when T is up-squark,
(Kf,mé ,m%,)z (tan,B,m?é,ng) when T is down-squark, (4.3
L

2 2 ~
(tanB,mg .Mz ) when T is slepton,

where Q; is the charge of scalar fermiori,;L is the third component of the left-hand fermion weak isospin,
mg Mg ,mp , Mg, Mg, are the soft SUSY breaking masses, @nds the soft SUSY breaking trilinear coupling parameter. If

we do not consider th€P violation, the matrix elements are real and can be diagonalized as

" 2 . 2 2
RfM;R”:dlag{m;l,rrrfz}. (4.4)

The mass eigenstates of scalar fermions can be obtained from the transformation of the current eigenstates,

AN cost; sindg;\ [T,
_ :Rf = ) ~ |, (45)
f, fr —sing; coséf fr
2 M2
tan 20f= —5———5— fLRZ ' (4.6
fLL” Mire
1
2 2 2 2 2 2
M. E{M?LL+M?RR+ \/(M?LL_M?RR)2+4(M?LR)2}' 4.7
If we take #; as an input parameter, then we get
1 2 2 2 2
M, = E{M?LL+M?RR+|M?LL_M?RR|/C°‘°’267}' 4.8

In our following numerical calculation, we sej
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FIG. 3. The cross section of the procese~ —tt as a function 0.000

of \/§

-0.005 =

-0.010 - P

=200 GeV and tapg=4. In the squark sector, we follow the :
way in choosing input parameters presented in Rie] and 00159 T
assumemgiz=mMmgL2=Mp12=Mq for the first and second ., ]
generationsmgs= mgs=mg3= M3 for the third generation, «

and ;=44.325°,6;3:55=0. In the slepton sector, we as- -0.025+

sumemge=Mmee=Aca=M_, whereet,e? e® areeu, 7, re-

—RV, M_=300 GeV,M =150 GeV
----RV, M_=500 GeV,M =150 GeV

Q L

-0.030 - Q L

~~~~~~ RV, M =300 GeV,M =600 GeV
Q L

spectively.
In the numerical calculation for the proces$e™ —tt,
we take the input data of the squark sector describing above ]

-0.040

----- RV, M_=500 GeV,M =600 GeV
--RC

-0.035 =

and {Mgq.,Mqs}={300,200 GeV, {500,300 GeV, -
{800,500 GeV, respectively. In the calculation of the pro- 200 400 600 800 1000 1200 1400 1600 1800 2000
cessee”— yy—tt, besides the input parameters of the Vs in GeV

squark sector mentioned before, we take,s=200 GeV FIG. 4. (@ The one-loopR and R-conserving SUSY EW-like

and {MQ’M L} ={300,150¢ GeV, ) {500,150 GeVT correctionsA o as functions of\/é for the subprocessyetf (b)
{300,600 GeV, {500,60Q GeV, rgspectlvely, or otherwise The one-loopR and R-conserving SUSY EW-like relative correc-
stated. Then the masses of physical squarks and sleptons gs s=A o/ 0. as functions ofy/s for the subprocessy—tt.
obtained from Eqsi4.1)—(4.8). According to the experimen-

tal upper limits of the coupling parameters in tReparity 0 .
violating interactions presented in RE24]|, we take the rel- reach about-30%. So we can say thatW really exists, the

evantR parameters aaj;;=0.05, A]35=0.002, \53,=0.2, R effect on the cross section of the proce$g ™~ —tt can be
observed or its accurate measurement can provide more
stringent constraints on the masses of squarks, sleptons and

!

resentation.
The cross section of the processe™ —tt as a function

of \/g is plotted in Fig. 3, wherdr-parity conserving(RC)

and R-parity violating (RV) results are presented. The four 4(a) presents the dependence of tReand R-conserving
curves correspond to th@) R-parity conserving cas€?)

Rparity violating case withMy=300 GeV and M3 SUSY EW-like on_e—lopp correctiondo on the\/g for the
=200 GeV, (3) R-parity violating case with M,  Subprocessyy—tt. Figure 4b) presents the dependence
=500 GeV andM o3=300 GeV, (4) R-parity violating case of the R andR-conserving SUSY EW-like one-loop relative
with Mo=800 GeV andM y3=500 GeV, respectively. We corrections §=Ao/oyee ON the \/§ In Figs. 4a), 4(b),
can see that th& effect on the production cross section we have mys=200 GeV. The solid line is forMg
decreases with the increments Mfy and Mqs, and if the =300 GeVM | =150 GeV, the dashed line is foMq
masses of squarks are about 200 GeV and 300 GeV andgqpg GeVM, =150 GeV. The dotted and dash-

\/§=500 GeV, the relativeR correction ¢=Ao/oy) can dotted lines are forMy=300 GeV,M =600 GeV and

Figures 4—8 demonstrate tfeand R-conserving SUSY
EW-like one-loop corrections te*e” — yy—tt. Figure
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FIG. 5. The one-loofR relative corrections to the subprocess
yy—tt as functions oM with \/§= 500 GeV.

My=500 GeV,M =600 GeV, respectively, and dash-dot-
dotted line for the corresponding-conserving SUSY EW-
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like corrections. On all the curves in both Figgajand 4b),
we can see line structures with small spikes due to the res@ll the curves corresponding to the different inpt,

nance effects. For example, on some of the curves in Figand Mg values demonstrate that thi® corrections are
4(a) there exist small resonance spikes in the region aroundomparable to theR-conserving SUSY one-loop EW-like

the vicinities of \/§~2rrrb2~415 GeV and \/§~2rrrb1

the curves ofMy=300 GeV,M_
=150 GeV andM,=300 GeV,M =600 GeV, we can see

other resonance effect a1/7~2rrrdlgl~602 GeV and\/g
~2mg, 5,~610 GeV. For the curves oMy=300 GeV,
M_ =600 GeV and My=500 GeV, M =600 GeV, the

resonance effect can be seen around the position/g)f
~ 1203 GeV. The corresponding line struc-

tures due to resonance effect are shown again in Kly. 4

~403 GeV. On

~2mg
€1,2:M1,2:71,2

0.0025
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FIG. 7. The one-loofR relative corrections to the subprocess

yy—tt as functions of\’ with \/§= 500 GeV (we assume\ s,
=N231= Nago= N331= Nago=Ngz=\).

The R effects shown in these two figures are very obvious;

corrections. Especially for the curves withM o=300 GeV,
M_ =150 Ge\} and {My=500 GeV, M =150 GeV,
the R corrections are
one-loop R-conserving SUSY one and th& relative
correction  for {My=300 GeV,M =150 Ge\} can
reach—4.1%.

In Figs. 5 and 6 we takeMqg:=200 GeV, Vs
=500 GeV and depict thR relative corrections as the func-
tions of Mg andM , respectively. In Fig. 5 the curves cor-

larger than the corresponding

respond taV; =150 GeV, 300 GeV, 500 GeV and 800 GeV,

0.0000 -.
-0.0025 -.
-0.0050 -.
-0.0075 -.
-0.0100 -.

-0.0125

-0.0150 =

-0.0175 =

- --M_ =500 Gev

M_=300 Gev

M,=800 Gev

-0.0200 4.
00225 ",
ooso\ & !
0.0275
-0.0300 4
0.0325 4

-0.0350

] ]
500 600

M_ in Gev

100 200 300 400

] v ]
700 800

900

respectively, andv 4 varies from 300 GeV to 900 GeV. We
can see from Fig. 5 that the corrections are sensitive to the
value of My when squark mass parameldy, is below 400
GeV; typically whenM =300 GeV the relative correction
can reach—3.0%. While whenV, is larger than 400 GeV,
the relative corrections are not sensitiveNk, due to the
decouple theorem. In Fig. 6 we chodgle,=300 GeV, 500
GeV, and 800 GeV, respectiveliy, goes from 100 GeV to
900 GeV. The spikes a1, ~245 GeV are from the reso-

nance effect because the relation dé~2mglz,;12;u

~500 GeV exists. IM_is below 200 GeV, for all takeM g
values in the figure, the corrections are relative large and can
reach—3.0%. But whenM >300 GeV, theR corrections

are not sensitive td/1, .

In Fig. 7 we have\/§=500 GeV, M3=200 GeV and
take (1) My=300 GeV,M =150 GeV (solid line); (2)
My=500 GeVM =150 GeV (dashed ling (3) Mg
=300 GeVM =600 GeV (dotted ling; and (4 Mg

FIG. 6. The one-looR relative corrections to the subprocess =500 GeV,M, =600 GeV (dash-dotted ling respectively,

yy—tt as functions oM, with V$=500 GeV.

assuming N j3=Aj31=Npz=Ngz=Nzzo=Agza=N'.  The
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T =500 GeVM =600 GeV (dash-dotted ling respectively,
) S and vary thee*e™ colliding energy from 0 to 2 TeV. At the
e position of \/s~1.2 TeV the absolute corrections reach their
AN maximal values; e.g., for the curve ®fo=300 GeVM
i\ =150 GeV, the curve has the maximal correctidior,,y
54\ RV, M,=300 GeV,M, =150 GeV =—15.5fb. Whenys>1.2 TeV, the absolute corrections
N ----RV, M_=500 GeV,M =150 GeV . . .-
...... RV, M_=300 GV, M, =600 GeV decrease with the increment of the colliding c.m. system
----- RV, M_=500 GeV,M,=600 GeV (c.m.s) energy. Figure &) shows the one-loogR and
. R-conserving SUSY electroweak relative corrections with
M3=200 GeV as the functions of the collidirg e~ en-
ergy. We can see that when the colliding energy is below 1.2
TeV, theR absolute relative corrections decrease apparently
with the increment of/s except the curve with heavy masses
of sleptons and the first- and second-generation squarks
(Mo=500 GeV,M_ =600 GeV). But wheny/s is larger
600 80 1000 1200 1400 1600 1800 2000 than 1.2 TeV, thdR relative corrections are not very sensitive
Vs in GeV to the c.m.s. energy’s. In comparison with th&-conserving
one-loop SUSY electroweak corrections, we can conclude
LI that theRR relative corrections are comparable or even larger
s ST than theR conserving one-loop SUSY electroweak relative
- corrections for almost all the input parameters we used in
0012 ] —— RV, M_=300 GeV,M,=150 GeV these two figures. WheM 5=300 GeV,M =150 GeV, the

Q L
- = =RV, M =500 GeV,M, =150 GeV relative correction can reach3.6%.
~~~~~~ RV, MQ=300 GeV,ML=600 GeV
----- RV, MQ=500 GeV,ML=600 GeV
--RC

Ac(e’e’->YY->ttbar) in fb

@

-0.004 =~

-0.008 =

-0.016 =

-0.020 -

V. SUMMARY

-0.024 -

In this paper, we studied the effect of tReparity lepton
number violation in the MSSM on both important processes

e"e” —tt andete” — yy—tt at a LC. To the former pro-

cess, we find that th&® effect is obviously related to the

masses of squark and slepton. The heavier the squarks and
600 80 1000 1200 1400 100 1800 2000 sleptons are, the smaller tieeffect is. TheR relative cor-

(b) Vs in GeV rection can reach-30% with the favorable parameters. To

the second process, our calculation shows tha®Rerrec-

FIG. 8. (a) The one-loofdR correctionsA o to the parent process tions to either subproces$y—>tt_or parent process’e”

e"e”— yy—tt as functions of the c.m.s. energy of the incoming — yy—tt are strongly related to the colliding energy. TRe

electron-positron paitb) The one-loopR andR-conserving SUSY  relative correction can reach several percent to both cross

EW-like relative corrections to the parent proceSe — yy—tt sections of the subprocess and parent process. Although the

as functions of the c.m.s. energy of the incoming electron-positrorR correction is smaller than QCD correctiph3], it can be

pair. even larger than thB-conserving SUSY electroweak correc-
tion with suitable parametefd4-16. So theR effect on

relative R corrections to the subprocess— T as the func- both processes_could be signi_ficant and co_uld bg measured
experimentally, if theR really exists. We also investigate the

tions of A’ are plotted in this figure. We can see that Re . .
) . . dependence of thR correction on the relevarR input pa-
corrections are negative and reduce the cross section of the

subprocess. The figure shows that the relative corrections afgmeters, such ad, ,Mq,Mga,Ajj, etc. We find that the}
getting larger with the increment of the value when slep- correction is 5”05‘9'3/ related to the input paramelm_é,
tons have small masses, but tReeffects would be very Mo# My, andXjy in some parameter space, but is not
weak if sleptons are heavy. When we hawvé=0.6 and Sensitive to squark masgor slepton mass when nr
Mo=300 GeVM =150 GeV, the relative correction can =400 GeV(or m;j=300 GeV) and is almost independent of
reach—6.6%. tans.
Figure 8a) shows the one-looR corrections to the parent
processe”e” — yy—tt as the functions of the electron-
positron colliding energy. We take again the input parameter
sets as (1) My=300 GeV,M_ =150 GeV (solid line), This work was supported in part by the National Natural

(2) My=500 GeVM =150 GeV (dashed ling (3) Mg  Science Foundation of China and a grant from the University
=300 GeVM_ =600 GeV (dotted ling; and (4) Mg  of Science and Technology of China.
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APPENDIX

The relevant Feynman rules Bfparity violating interactions are shown as below:
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