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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 ofR-parity lepton number violation in the minimal supersymmetric
standard model~MSSM! on top-quark pair production via bothe2-e1 andg-g collision modes at the linear
colliders. We find that with the present experimental constrainedR” parameters, the effect ofR” interactions on

the processese1e2→t t̄ ande1e2→gg→t t̄ could be significant and may reach230% and several percent,
respectively. Our results show that theR” effects are sensitive to the c.m. system energy and the relevantR”
parameters. However, they are not sensitive to squark and slepton masses whenmq̃>400 GeV ~or ml̃

>300 GeV) and are almost independent of tanb.
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I. INTRODUCTION

New physics beyond the standard model~SM! has been
intensively studied over the past years@1#. The minimal su-
persymmetric standard model~MSSM! is currently the most
popular one among the extensions of the SM.R parity is
defined as

R5~21!2B1L12S, ~1.1!

whereB, L, andS represent the baryon number, lepton nu
ber, and intrinsic spin of the particle, respectively. This lea
to a discreteZ2 symmetry in the MSSM Lagrangian. For a
SM particles they haveR51 and for all of their supersym
metric partnersR521. Usually we consider thatR parity is
conserved in the MSSM, but the most general superpote
consistent with the gauge symmetry of the SM can introd
R-parity violating terms as follows@2#:

WR”5e i j ~l IJKL̃ i
I L̃ j

JR̃K1l IJK8 L̃ i
I Q̃j

JD̃K1e IHi
2L̃ j

I !

1l IJK9 ŨID̃JD̃K, ~1.2!

whereL̃ I , Q̃I , andHI represent the SU~2! doublets of lepton,
quark, and Higgs superfields, respectively, whileR̃I ,ŨID̃ I

are singlets of lepton and quark superfields, andI ,J,K are
flavor indices. All these terms can lead to a catastrophic
high decay rate for the proton. We must require typica
l8l9<2310226 @3# in order to get a proton lifetime longe
than 1040 s @4#. This is highly unnatural, unless either one
both of l8 andl9 are identically zero. In the usual MSSM
we requireR-parity conservation~i.e.,l85l950); this con-
strains the model more than what is really necessary.l8
50 or l950 is quite adequate. In most models motivated
unification~including supergravity!, there is a preference fo
allowing lepton number violation over baryon number vio
tion. In addition, the lowest-generationŨID̃JD̃K operators
have the strictest laboratory bounds: e.g.,l1219 <1026 @5#.
Because the quark mixing is not zero, it is hard to constr
models which allow for large couplingl9 and satisfy the
0556-2821/2003/68~9!/095003~11!/$20.00 68 0950
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strict constraint onl1219 . During the last few years experi
mental searches for the effects ofR” interactions have been
done. Up to now we have only some upper limits on thesR”
parameters. It is necessary to continue these works on fi
ing theR” signal or obtaining further stringent constraints
the R” parameters in future experiments.

The top quark was first discovered in 1995 by CDF a
D0 at the Fermilab Tevatron. Physicists believe that an ac
rate measurement of top quark pair production at the pre
and future colliders should be possible in finding physi
effects beyond the SM. Any deviation of observables in
top quark pair production process from the SM predicti
would give a hint of new physics. Therefore, testing theR”
effect on the top pair production process is an attractive t
in high-energy experiments.

In previous studies, a lot of effort has been invested in
quark pair production at present and future colliders, such
the CERNe1e2 collider LEP2, CERN Large Hadron Col
lider ~LHC!, Fermilab Tevatron, and the proposed linear c
liders ~LC!: Next Linear Collider~NLC! @6#, Japan Linear
Collider ~JLC! @7#, DESY TeV Energy Linear Accelerato
~TESLA! @8#, and CERN Linear Collider~CLIC! @9#. A
electron-positron LC can be designed to operate in eit
e1e2 or gg collision mode.gg collision is achieved by
using Compton-backscattered photons in the scattering o
tense laser photons on the initial polarizede1e2 beams@10#.
At these machines in bothe1e2 andgg collision modes, a
great number of top quark pairs can be produced@11#. The
signature of this kind of event is much cleaner than t
produced at hadron colliders. Reference@12# presents the
calculation of the MSSM one-loop radiative corrections a
the effects of lepton number violating interactions to proc
e1e2→t t̄ and shows the relative difference between the p
dictions of the MSSM and SM is typically below 10%. Th
NLO QCD corrections in the SM and MSSM togg→t t̄
have been discussed in detail in Ref.@13#; the corrections are
about 10% and of the order 1022, respectively. Reference
@14# demonstrates that the SM electroweak~EW! corrections
to gg→t t̄ can reach almost 10% in the collision ener
region close to the threshold. Reference@15# gives the
©2003 The American Physical Society03-1
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O(amt
2/mw

2 ) Yukawa corrections to thee1e2→gg→t t̄ in
the SM, the general two-Higgs-doublet model~2HDM! as
well as the MSSM. The corrections are about a few perc
in the SM but can be bigger than 10% in the MSSM. In R
@16# the SUSY EW-like corrections in theR conserving

MSSM to gg→t t̄ are calculated, and the corrections a

about a few percent forgg→t t̄ and 1% for e1e2→gg

→t t̄ . In this paper, we study theR/ lepton number violating

effects on both processese1e2→t t̄ ande1e2→gg→t t̄ at
a LC. The paper is organized as follows. In Sec. II we g
the relevant theory and Feynman diagrams. In Sec. III
present the analytical calculations. The numerical results
discussions are described in Sec. IV. Finally, we give a sh
summary. In the Appendix, the relatedR” lepton number vio-
lating Feynman rules are listed.
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II. RELEVANT THEORY AND FEYNMAN DIAGRAMS

In this section we briefly review the theory of MSSM wit
R/ lepton number violation. The most general form of t
superpotential in the MSSM can be written as@17#

W5WMSSM1WR” , ~2.1!

whereWMSSM represents theR-parity-conserved term, which
can be written as

WMSSM5me i j Hi
1H j

21e i j l IHi
1L̃ j

I R̃I

2uI~H1
2CJI* Q̃2

J2H2
2Q̃1

J!ŨI

2dI~H1
1Q̃2

I 2H2
1CIJQ̃1

J!D̃I . ~2.2!

TheR/ superpotential partWR” is shown in Eq.~1.2!. The soft
breaking terms can be expressed as
ible in
Lso f t52mH1
2 Hi

1* Hi
12mH2

2 Hi
2* Hi

22mLI
2 L̃ i

I* L̃ i
I2mRI

2 R̃I* R̃I2mQI
2 Q̃i

I* Q̃i
I2mDI

2 D̃I* D̃I2mUI
2 ŨI* ŨI

1~m1lBlB1m2lA
i lA

i 1m3lG
a lG

a 1H.c.!1$Bme i j Hi
1H j

21BIe Ie i j Hi
2L̃ j

I1e i j l sIHi
1L̃ j

I R̃I

1dsI~2H1
1Q̃2

I 1CIKH2
1Q̃1

K!D̃I1usI~2CKI* H1
2Q̃2

I 1H2
2Q̃1

I !ŨI1e i j l IJK
S L̃ i

I L̃ j
JR̃K

1l IJK
S8 ~ L̃ i

I Q̃2
JdJK2L̃2

I CJKQ̃1
J!D̃K1l IJK

S9 ŨID̃JD̃K1H.c.%. ~2.3!

The bilinear terme i j e IHi
2L̃ j

I is usually considered to be smaller than trilinear terms, so we assume that they are neglig
our work. For the reason mentioned in the Introduction we only consider lepton number violation. This means thatl950.
ThenLR” can be written as

LR”52l i jk@ ēkPLn i ẽjL1 n̄ i
cPLej ẽkL* 1ēkPLej ñ iL #

2l i jk8 @ d̄kPLdj ñ iL1d̄kPLn i d̃ j1 n̄ iL
c PLdj d̃kR* 2d̄kPLei ũjL2d̄kPLuj ẽiL2ēi

cPLuj d̃kR* #

2eabgl i jk9 @ d̄ j
cbPRdk

gũiR
a 1ūi

caPRdj
bd̃kR

g 1ūi
caPRdk

gd̃ jR
b #1H.c. ~2.4!
l
i-
c-
n in

r

Herea,b,g are color indices of quarks. From the Lagran
ian we get the relevant Feynman rules which are listed in
Appendix. The Feynman diagrams of the processe1e2

→t t̄ are plotted in Fig. 1. Figures 1~a!, 1~b! are the tree-leve
R-parity conserving and violating diagrams, respective
Figure 2 shows the Feynman diagrams of subprocessgg

→tt̄. Figure 2~a! is the tree-level diagram. Figures 2~b!–2~f!
are vertex, box, and quartic coupling diagrams withR/ inter-
actions. Since theR-conserving SUSY EW-like one-loop
correction diagrams were already presented in Ref.@16#, we
shall not plot them here. In Fig. 2 the diagrams which can
obtained by exchanging the initial photons are not shown

III. CALCULATION

In all our calculations we use the t Hooft–Feynm
gauge. In the loop diagram calculation we adopt the defi
tions of one-loop integral functions in Ref.@18#, and use the
-
e

.

e

i-

dimensional reduction~DR! scheme@19# and on-mass-shel
~OMS! scheme@20# to do the renormalization. The numer
cal calculation of the vector and tensor loop integral fun
tions can be traced back to scalar loop integrals as show
Ref. @21#.

e

e

γ, Z

t

t
(a)

e

e

d(s,b)

t

t
(b)

FIG. 1. The relevant Feynman diagrams for the processe1e2

→t t̄ in the MSSM at the tree level:~a! the Feynman diagrams fo
the R-parity-conserved MSSM part and~b! the Feynman diagrams
for R-parity violation of the MSSM part.
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FIG. 2. The relevant Feynman diagrams for the subprocessgg→t t̄ in the MSSM withR-parity lepton number violation at the tree lev
and the one-loop level diagrams withR” interactions:~a! is a tree-level diagram.~b.1!–~b.8! are vertex diagrams.~c.1!–~c.6! are box
diagrams.~d.1!,~d.2! and ~f.1!,~f.2! are self-energy diagrams.~e.1!,~e.2! are quartic coupling diagrams.
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A. Calculation of the processe¿eÀ\t t̄

We denote the process oft t̄ production viae1e2 colli-
sion as

e2~p1!1e1~p2!→t~k1!1 t̄ ~k2!, ~3.1!

where p1 ,p2, and k1 ,k2 are the momenta of the incomin
and outgoing particles, respectively. The differential Bo
cross sections in theR-parity conserving MSSM, corre
sponding to the diagrams Fig. 1~a!, can be written as
09500
dsMSSM5dP
Nc

4 (
spin

uAg
(a)~ ŝ, t̂ ,û!1AZ

(a)~ ŝ, t̂ ,û!u2,

~3.2!

whereNc53, the summation is taken over the spin of t
initial and final states, anddP denotes the two-particle phas
space element. The factor 1/4 results from the average
the spins of the incoming photons. TheAg

(a) andAZ
(a) repre-

sent the amplitudes of the photon andZ boson exchange
diagrams at the tree level, respectively. The Mandelstam
nematical variables are defined as
3-3
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ŝ5~p11p2!2, t̂5~p12k1!2, û5~p12k2!2.
~3.3!

In the MSSM withR” lepton number violation, the tree
level differential cross sections can be expressed as

dŝR” ~ ŝ, t̂ ,û!5dP
Nc

4 (
spin

UAg
(a)~ ŝ, t̂ ,û!1AZ

(a)~ ŝ, t̂ ,û!

1 (
k51

2,3

AD̃k

(b)
~ ŝ, t̂ ,û!U2

, ~3.4!

whereAD̃k

(b) (k51,2,3) are the amplitudes corresponding

diagrams in Fig. 1~b!. We give the explicit expressions o
Ag

(a) , AZ
(a) , andAD̃k

(b) as below:

Ag
(a)~ ŝ, t̂ ,û!5Qte

2@ ū~k1!gmv~k2!#
2 i

ŝ
@ v̄~p2!gmu~p1!#,

AZ
(a)~ ŝ, t̂ ,û!5

e2

sw
2 cw

2 F ū~k1!gmS PL

2
2

2sw
2

3 D v~k2!G
3

i

ŝ2mZ
2 F v̄~p2!gmS 2

PL

2
1sw

2 Du~p1!G ,
AD̃k

(b)
~ ŝ, t̂ ,û!52~l13k8 !2(

j 51

2 H @ ū~k2!ZDk

2 j PLu~p1!#

3
i

û2mD̃k j

2 @ v̄~p2!ZDk

2 j PRv~k1!#J , ~3.5!

whereZDk

i j represents the elements of the matrix used to

agonalize the down-type squark mass matrix andk is the
generation index.

B. Calculation of the processe¿eÀ\gg\t t̄

In this subsection we present the calculation of the p
cesse1e2→gg→t t̄ . We denote the subprocess as

g~p1!1g~p2!→t~k1!1 t̄ ~k2!. ~3.6!

The Lorentz invariant matrix element at the tree level for
processgg→t t̄ can be written as

A05A0
(t)~ ŝ, t̂ ,û!1A0

(u)~ ŝ, t̂ ,û!, ~3.7!

where

A0
(t)~ ŝ, t̂ ,û!52

iQt
2e2

t̂2mt
2
ū~k1!gm~mt1k” 12p” 1!

3gnv~k2!«m~p1!«n~p2!, ~3.8!
09500
i-

-

e

A0
(u)~ ŝ, t̂ ,û!52

iQt
2e2

û2mt
2
ū~k1!gn~mt1k” 12p” 2!

3gmv~k2!«n~p2!«m~p1!. ~3.9!

The corresponding differential cross section is written as

dŝ0~ ŝ, t̂ ,û!

d t̂
5

1

4

Nc

16p ŝ2 (
spin

uA0u2, ~3.10!

where the summation is taken over the spin of initial a
final states. The SUSY EW-like corrections in theR-parity
conserving MSSM to top pair production via photon-phot
collisions were calculated in Ref.@16#. In this work we
present only one-loop contributions involvingR” interactions.

The counterterm of top quark wave functiondZt is de-
cided by the one-particle-irreducible two-point functio
iG(p2) with the OMS condition. The renormalizedR” part of
the top-quark two-point function can be defined as

Ĝ tt~p2!5~p”2mt!1@p”PLŜ tt
L ~p2!1p”PRŜ tt

R~p2!

1PLŜ tt
S,L~p2!1PRŜ tt

S,R~p2!#. ~3.11!

The correspondingR” parts of the unrenormalized sel
energies are

S tt
S,L~p2!50, S tt

S,R~p2!50, S tt
R~p2!50, ~3.12!

S tt
L ~p2!5

1

16p2 (
i 51

2,3

(
j 51

2

(
k51

2,3

~ uVD̃i j Ektu2B0@p2,mD̃i j

2 ,mEk

2 #

1uVD̃i j Ektu2B1@p2,mD̃i j

2 ,mEk

2 #

1uVẼk jDi t
u2B1@p2,mDi

2 ,mẼk j

2
# !, ~3.13!

where i, k are the generation indexes andj is the sparticle
index. Using the OMS renormalization conditions@20#, we
get the renormalization constants as

dS tt~p2!5CLp”PL1CRp”PR2CS
LPL2CS

RPR . ~3.14!

The renormalization constants for thet-t-g vertexVttg are

dVgtt52 iegm@CLPL1CRPR#, ~3.15!

where

CL5
1

2
~dZtt

L 1dZtt
L†!,

CR5
1

2
~dZtt

R1dZtt
R†!,

CS
L5

mt

2
~dZtt

L 1dZtt
R†!1dmt ,

CS
R5

mt

2
~dZtt

R1dZtt
L†!1dmt , ~3.16!
3-4
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dmt5
1

2
Rẽ@mtS tt

L ~mt
2!1mtS tt

R~mt
2!1S tt

S,L~mt
2!

1S tt
S,R~mt

2!#, ~3.17!

dZtt
L 52RẽS tt

L ~mt
2!2

1

mt
Rẽ@S tt

S,R~mt
2!2S tt

S,L~mt
2!#

2mt

]

]p2
Rẽ$mtS tt

L ~p2!1mtS tt
R~p2!1S tt

S,L~p2!

1S tt
S,R~p2!%U

p25m
t
2

, ~3.18!
09500
dZtt
R52RẽS tt

R~mt
2!2mt

]

]p2
Rẽ$mtS tt

L ~p2!

1mtS tt
R~p2!1S tt

S,L~p2!1S tt
S,R~p2!%U

p25m
t
2

,

~3.19!

where Rẽtakes the real part of the loop integrals. We useAv,
Ab, Aq, As, andAct to represent the amplitude parts contri
uted by vertex, box, quartic, self-energy diagrams~shown in
Fig. 2!, and counterterms, respectively. The renormaliz
matrix elements from the one-loop diagrams are written
inte-

n by
dA1-loop5Av1Ab1Aq1Asel f1Act5em~p1!en~p2!ū~k1!$ f 1gmn1 f 2gmng51 f 3k2ngm1 f 4gmnp” 21 f 5k2ng5gm

1 f 6gmng5p” 21 f 7gmgn1 f 8k2ngmp” 21 f 9g5gmgn1 f 10k2ng5gmp” 21 f 11gmgnp” 21 f 12g5gmgnp” 21 f 13k2mk2n

1 f 14k2mk2ng51 f 15k2mgn1 f 16k2mg5gn1 f 17k2mgnp” 21 f 18k2mg5gnp” 21 f 19k2mk2np” 21 f 20k2mk2ng5p” 2%v~k2!,

~3.20!

where f i ( i 51 –20) are the form factors. Then we get the one-loop corrections to the cross section from theR” part:

Dŝ1-loop~ ŝ!5
Nc

16p ŝ2Et̂2

t̂1

d t̂2 Re(
spin

~A0
†
•dA1-loop!, ~3.21!

where t̂65(mt
22 ŝ/2)6( ŝ/2)A124mt

2/ ŝ, and the bar over the summation means average over initial spins. With the

grated photon luminosity in thee1e2 collision, the total cross section of the processe1e2→gg→t t̄ can be written as

ŝ~s!5E
E0 /As

xmax
dz

dLgg

dz
ŝ~gg→t t̄ at ŝ5z2s!, ~3.22!

with E052mt and As(Aŝ) being thee1e2(gg) center-of-mass energy.dLgg /dz is the distribution function of photon
luminosity, which is defined as

dLgg

dz
52zE

z2/xmax

xmax dx

x
Fg/e~x!Fg/e~z2/x!. ~3.23!

For the initial unpolarized electrons and laser photon beams, the energy spectrum of the back scattered photon is give@22#

Fg/e5
1

D~j! F12x1
1

12x
2

4x

j~12x!
1

4x2

j2~12x!2G , ~3.24!

where

D~j!5S 12
4

j
2

8

j2D ln~11j!1
1

2
1

8

j
2

1

2~11j!2
, j5

4E0v0

me
2

, ~3.25!
3-5
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Hereme andE0 are the incident electron mass and energy, respectively,v0 is the laser-photon energy, andx is the fraction of
the energy of the incident electron carried by the backscattered photon. In our calculation, we choosev0 such that it
maximizes the backscattered photon energy without spoiling the luminosity viae1e2 pair creation. Then we havej52(1
1A2), xmax.0.83, andD(j)51.8.

IV. NUMERICAL RESULTS AND DISCUSSION

We take the input parameters asme50.511 MeV, mm5105.66 MeV, mt51.777 GeV, mZ591.188 GeV, mW
580.41 GeV,mu55 MeV, mc51.35 GeV,mt5174.3 GeV,md59 MeV, ms5150 MeV, mb54.3 GeV,aEW51/128@23#.
Because our numerical results show that theR” corrections are almost independent of tanb, we take tanb54 as a represen
tative selection in theR” case. The scalar fermion mass terms in the Lagrangian are written as

2LM f̃
5~ f̃ L* , f̃ R* !M f̃

2S f̃ L

f̃ R
D 5~ f̃ L* , f̃ R* !S M f̃ LL

2 M f̃ LR
2

M f̃ LR
2* M f̃ RR

2 D S f̃ L

f̃ R
D . ~4.1!

The matrix of the scalar fermion mass is

M f̃
2
5S MF̃L

2
1mf

21cos 2b~ I 3
f L2QfsW

2 !MZ
2

mf~Af2mk f !

mf~Af2mk f !* MF̃8
2

1mf
21cos 2bQfsW

2 MZ
2D , ~4.2!

~k f ,mF̃L

2 ,mF̃8
2

!5H ~cotb,mQ̃
2 ,mŨ

2
! when f̃ is up-squark,

~ tanb,mQ̃
2 ,mD̃

2
! when f̃ is down-squark,

~ tanb,mẼL

2 ,mẼR

2
! when f̃ is slepton,

~4.3!

where Qf is the charge of scalar fermion,I 3
f L is the third component of the left-hand fermion weak isosp

mQ̃ ,mŨ ,mD̃ ,mẼL
,mẼR

are the soft SUSY breaking masses, andAf is the soft SUSY breaking trilinear coupling parameter.
we do not consider theCP violation, the matrix elements are real and can be diagonalized as

Rf̃M f̃
2
Rf̃ †5diag$mf̃ 1

2 ,mf̃ 2

2
%. ~4.4!

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

S f̃ 1

f̃ 2
D 5Rf̃S f̃ L

f̃ R
D 5S cosu f̃ sinu f̃

2sinu f̃ cosu f̃
D S f̃ L

f̃ R
D , ~4.5!

tan 2u f̃5
2M f̃ LR

2

M f̃ LL
2

2M f̃ RR
2 , ~4.6!

mf̃ 1,2

2
5

1

2
$M f̃ LL

2
1M f̃ RR

2
7A~M f̃ LL

2
2M f̃ RR

2
!214~M f̃ LR

2
!2%. ~4.7!

If we takeu f̃ as an input parameter, then we get

mf̃ 1,2
5A1

2
$M f̃ LL

2
1M f̃ RR

2
7uM f̃ LL

2
2M f̃ RR

2 u/cos 2u f̃%. ~4.8!
In our following numerical calculation, we setm

095003-6
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5200 GeV and tanb54. In the squark sector, we follow th
way in choosing input parameters presented in Ref.@16# and
assumemQ̃1,25mŨ1,25mD̃1,25MQ for the first and second
generations,mQ̃35mŨ35mD̃35MQ3 for the third generation,
andu t̃544.325°,u ũ,d̃,c̃,s̃,b̃50. In the slepton sector, we as
sumemẼ

L
a5mẼ

R
a5Aea5ML , wheree1,e2,e3 aree,m,t, re-

spectively.

In the numerical calculation for the processe1e2→t t̄ ,
we take the input data of the squark sector describing ab
and $MQ ,MQ3%5$300,200% GeV, $500,300% GeV,
$800,500% GeV, respectively. In the calculation of the pr

cesse1e2→gg→t t̄ , besides the input parameters of t
squark sector mentioned before, we takeMQ35200 GeV
and $MQ ,ML%5$300,150% GeV, $500,150% GeV,
$300,600% GeV, $500,600% GeV, respectively, or otherwis
stated. Then the masses of physical squarks and slepton
obtained from Eqs.~4.1!–~4.8!. According to the experimen
tal upper limits of the coupling parameters in theR-parity
violating interactions presented in Ref.@24#, we take the rel-
evantR” parameters asl1318 50.05, l1338 50.002, l2338 50.2,
l1328 5l2318 5l2328 5l3318 5l3328 5l3338 50.4 for numerical rep-
resentation.

The cross section of the processe1e2→t t̄ as a function

of Aŝ is plotted in Fig. 3, whereR-parity conserving~RC!
and R-parity violating ~RV! results are presented. The fo
curves correspond to the~1! R-parity conserving case,~2!
R-parity violating case with MQ5300 GeV and MQ3

5200 GeV, ~3! R-parity violating case with MQ

5500 GeV andMQ35300 GeV,~4! R-parity violating case
with MQ5800 GeV andMQ35500 GeV, respectively. We
can see that theR” effect on the production cross sectio
decreases with the increments ofMQ and MQ3, and if the
masses of squarks are about 200 GeV and 300 GeV
Aŝ5500 GeV, the relativeR” correction (d5Ds/s0) can

FIG. 3. The cross section of the processe1e2→t t̄ as a function

of Aŝ.
09500
ve
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nd

reach about230%. So we can say that ifR” really exists, the

R” effect on the cross section of the processe1e2→t t̄ can be
observed or its accurate measurement can provide m
stringent constraints on the masses of squarks, sleptons
l8.

Figures 4–8 demonstrate theR” and R-conserving SUSY

EW-like one-loop corrections toe1e2→gg→t t̄ . Figure
4~a! presents the dependence of theR” and R-conserving

SUSY EW-like one-loop correctionsDs on theAŝ for the

subprocessgg→t t̄ . Figure 4~b! presents the dependenc
of the R” andR-conserving SUSY EW-like one-loop relativ

correctionsd5Ds/s tree on the Aŝ. In Figs. 4~a!, 4~b!,
we have mQ̃35200 GeV. The solid line is forMQ

5300 GeV,ML5150 GeV, the dashed line is forMQ

5500 GeV,ML5150 GeV. The dotted and dash
dotted lines are forMQ5300 GeV,ML5600 GeV and

(a)

(b)     

FIG. 4. ~a! The one-loopR” and R-conserving SUSY EW-like

correctionsDs as functions ofAŝ for the subprocessgg→t t̄ . ~b!
The one-loopR” and R-conserving SUSY EW-like relative correc

tions d5Ds/s tree as functions ofAŝ for the subprocessgg→t t̄ .
3-7
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MQ5500 GeV,ML5600 GeV, respectively, and dash-do
dotted line for the correspondingR-conserving SUSY EW-
like corrections. On all the curves in both Figs. 4~a! and 4~b!,
we can see line structures with small spikes due to the r
nance effects. For example, on some of the curves in
4~a! there exist small resonance spikes in the region aro

the vicinities of Aŝ;2mb̃2
;415 GeV and Aŝ;2mb̃1

;403 GeV. On the curves of MQ5300 GeV,ML
5150 GeV andMQ5300 GeV,ML5600 GeV, we can see

other resonance effect atAŝ;2md̃1 ,s̃1
;602 GeV andAŝ

;2md̃2 ,s̃2
;610 GeV. For the curves ofMQ5300 GeV,

ML5600 GeV and MQ5500 GeV, ML5600 GeV, the

resonance effect can be seen around the position ofAŝ
;2mẽ1,2,m̃1,2,t̃1,2

;1203 GeV. The corresponding line stru
tures due to resonance effect are shown again in Fig. 4~b!.

FIG. 5. The one-loopR” relative corrections to the subproce

gg→t t̄ as functions ofMQ with Aŝ5500 GeV.

FIG. 6. The one-loopR” relative corrections to the subproce

gg→t t̄ as functions ofML with Aŝ5500 GeV.
09500
o-
g.
d

The R” effects shown in these two figures are very obvio
all the curves corresponding to the different inputML
and MQ values demonstrate that theR” corrections are
comparable to theR-conserving SUSY one-loop EW-like
corrections. Especially for the curves with$MQ5300 GeV,
ML5150 GeV% and $MQ5500 GeV, ML5150 GeV%,
the R” corrections are larger than the correspond
one-loop R-conserving SUSY one and theR” relative
correction for $MQ5300 GeV,ML5150 GeV% can
reach24.1%.

In Figs. 5 and 6 we takeMQ35200 GeV, Aŝ
5500 GeV and depict theR” relative corrections as the func
tions of MQ andML , respectively. In Fig. 5 the curves co
respond toML5150 GeV, 300 GeV, 500 GeV and 800 Ge
respectively, andMQ varies from 300 GeV to 900 GeV. We
can see from Fig. 5 that the corrections are sensitive to
value ofMQ when squark mass parameterMQ is below 400
GeV; typically whenMQ5300 GeV the relative correction
can reach23.0%. While whenMQ is larger than 400 GeV,
the relative corrections are not sensitive toMQ due to the
decouple theorem. In Fig. 6 we chooseMQ5300 GeV, 500
GeV, and 800 GeV, respectively;ML goes from 100 GeV to
900 GeV. The spikes atML;245 GeV are from the reso

nance effect because the relation ofAŝ;2mẽ1,2,m̃1,2,t̃1,2

;500 GeV exists. IfML is below 200 GeV, for all takenMQ
values in the figure, the corrections are relative large and
reach23.0%. But whenML.300 GeV, theR” corrections
are not sensitive toML .

In Fig. 7 we haveAŝ5500 GeV, MQ35200 GeV and
take ~1! MQ5300 GeV,ML5150 GeV ~solid line!; ~2!
MQ5500 GeV,ML5150 GeV ~dashed line!; ~3! MQ
5300 GeV,ML5600 GeV ~dotted line!; and ~4! MQ
5500 GeV,ML5600 GeV ~dash-dotted line!, respectively,
assuming l1328 5l2318 5l2328 5l3318 5l3328 5l3338 5l8. The

FIG. 7. The one-loopR” relative corrections to the subproce

gg→t t̄ as functions ofl8 with Aŝ5500 GeV ~we assumel1328
5l2318 5l2328 5l3318 5l3328 5l3338 5l8).
3-8
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relativeR” corrections to the subprocessgg→t t̄ as the func-
tions of l8 are plotted in this figure. We can see that theR”
corrections are negative and reduce the cross section o
subprocess. The figure shows that the relative corrections
getting larger with the increment of thel8 value when slep-
tons have small masses, but theR” effects would be very
weak if sleptons are heavy. When we havel850.6 and
MQ5300 GeV,ML5150 GeV, the relative correction ca
reach26.6%.

Figure 8~a! shows the one-loopR” corrections to the paren
processe1e2→gg→t t̄ as the functions of the electron
positron colliding energy. We take again the input parame
sets as ~1! MQ5300 GeV,ML5150 GeV ~solid line!;
~2! MQ5500 GeV,ML5150 GeV ~dashed line!; ~3! MQ
5300 GeV,ML5600 GeV ~dotted line!; and ~4! MQ

(a)              

(b)

FIG. 8. ~a! The one-loopR” correctionsDs to the parent proces

e1e2→gg→t t̄ as functions of the c.m.s. energy of the incomi
electron-positron pair.~b! The one-loopR” andR-conserving SUSY

EW-like relative corrections to the parent processe1e2→gg→t t̄
as functions of the c.m.s. energy of the incoming electron-posi
pair.
09500
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5500 GeV,ML5600 GeV ~dash-dotted line!, respectively,
and vary thee1e2 colliding energy from 0 to 2 TeV. At the
position ofAs;1.2 TeV the absolute corrections reach th
maximal values; e.g., for the curve ofMQ5300 GeV,ML
5150 GeV, the curve has the maximal correctionDsmax

5215.5 fb. WhenAs.1.2 TeV, the absolute correction
decrease with the increment of the colliding c.m. syst
~c.m.s.! energy. Figure 8~b! shows the one-loopR” and
R-conserving SUSY electroweak relative corrections w
MQ35200 GeV as the functions of the collidinge1e2 en-
ergy. We can see that when the colliding energy is below
TeV, theR” absolute relative corrections decrease appare
with the increment ofAs except the curve with heavy mass
of sleptons and the first- and second-generation squ
(MQ5500 GeV,ML5600 GeV). But whenAs is larger
than 1.2 TeV, theR” relative corrections are not very sensitiv
to the c.m.s. energyAs. In comparison with theR-conserving
one-loop SUSY electroweak corrections, we can conclu
that theR” relative corrections are comparable or even lar
than theR conserving one-loop SUSY electroweak relati
corrections for almost all the input parameters we used
these two figures. WhenMQ5300 GeV,ML5150 GeV, the
relative correction can reach23.6%.

V. SUMMARY

In this paper, we studied the effect of theR-parity lepton
number violation in the MSSM on both important process
e1e2→t t̄ ande1e2→gg→t t̄ at a LC. To the former pro-
cess, we find that theR” effect is obviously related to the
masses of squark and slepton. The heavier the squarks
sleptons are, the smaller theR” effect is. TheR” relative cor-
rection can reach230% with the favorable parameters. T
the second process, our calculation shows that theR” correc-
tions to either subprocessgg→t t̄ or parent processe1e2

→gg→t t̄ are strongly related to the colliding energy. TheR”
relative correction can reach several percent to both c
sections of the subprocess and parent process. Although
R” correction is smaller than QCD correction@13#, it can be
even larger than theR-conserving SUSY electroweak corre
tion with suitable parameters@14–16#. So theR” effect on
both processes could be significant and could be meas
experimentally, if theR” really exists. We also investigate th
dependence of theR” correction on the relevantR” input pa-
rameters, such asML ,MQ ,MQ3,l i jk8 , etc. We find that theR”
correction is strongly related to the input parametersMQ ,
MQ3, ML , and l i jk8 in some parameter space, but is n
sensitive to squark mass~or slepton mass! when mq̃
>400 GeV~or ml̃ >300 GeV) and is almost independent
tanb.
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APPENDIX

The relevant Feynman rules ofR-parity violating interactions are shown as below:
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