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We investigate in detail the effects & parity lepton number violation in the minimal supersymmetric
standard mode{MSSM) on the parent procegsp—e*e” +X at the CERN Large Hadron Collidg¢rHC).
The numerical comparisons between the contributions oRtparity violating effects to the parent process via
the Drell-Yan subprocess and the gluon-gluon fusion are made. We find thRtviotating effects orete™
pair production at the LHC could be significant. The results show that the cross section efdhepair
productions via gluon-gluon collision at the LHC can be of the order f flf) and this subprocess may be
competitive with the production mechanism via the Drell-Yan subprocess. We also give quantitatively the
analysis of the effects from both the mass of the sneutrino and coupling strength Rfpdty violating

interactions.
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[. INTRODUCTION one can probe the new physics beyond the SM, such as large

extra dimension$12,13, extra neutral gauge bosoh4],

The extensions of the standard mod8M) have been R-parity violation [15], and composite quarks and leptons
intensively studied over the past yeaid. The minimal su-  [16]. Therefore, we can conclude that at the upgrade Fermi-
persymmetric standard mod@SSM) is one of the most |ab Tevatron run Il with integrate luminosity 2—20 th'yr
attractive ones among the general extended models of thg \/s—2 TeVv and the CERN Large Hadron Collid@HC)

SM. In the usual MSSMR parity is conserved. Her® parity with 100 fb~Yyr at Js=14 TeV, it would be possible to

Is defined as extract the new physics effects beyond the SM by investigat-
R,=(—1)3B+L+2S, ing the dilepton production processes.
P The dilepton pairs can be produced via the Drell-Yan sub-

We can see that the lepton number or baryon number violarocess and gluon fusion at hadron colliders. The analysis of
ing interactions can inducB-parity violation (). In the  the sensitivity toR, couplings in the measurement on the
usual supersymmetri€SUSY) extension modelsR-parity  Drell-Yan production processqspeujuj(dkdk)elﬁli‘+X
conservatiorj2] is imposed for two reasons. One is to retain at the LHC was studied in Rgf15]. But we suppose that the
the electroweak gauge invariance of the SM. The other is t@rocesspp—gg—1;"I; + X could be important too due to
solve the proton decay problem, sinéeparity violation  the large gluon luminosity in hadron colliders, although the
leads to an unacceptgble short proton lifetime. BUt th.e mosy“epton pair production via g|uon fusion is a One_|oop pro-
general SUSY extension of the SM should contBiparity  cess.
violating interactions. Until now we have lacked a credible |f we set the values of th&-parity violating parameters
theoretical argument and experimental testsRipiconserva-  with which we are concerned to be near the corresponding
tion, so we can say tha, violation would be equally well  ypper limits[17], we can see that the majBparity effects
motivated in the supersymmetric extension of the SM. Up tayn cross section of subprocegsg— 1" 1; (I;—1 =€, ) come
now we have experimented with only some upper limits onfrom the loops involving the third generation quarks. Then
R, parameters. Therefore, it is necessary to continue thge would have the conclusion that the cross sectiog®f
work on finding anR, signal or getting furthe_r stringent —1*17 is approximately proportional t@iz,:sl()\irsa)\im)z
corlletralnts on th&, ptarlam?jtetLS In f?turle exierlkll”nentsd (i,a are the generation indices of the sneutrino and dilepton,
ecent experimental and theoretical works have demon, : : ;

perin ) ; Yespectively. From the experimental constraints &R,
strated that the dilepton production processes in hadron Cobarameters [17), we have the upper limitations
lisions[pp—Il +X andpp—Il +X (I=e,u)]are veryim- on the related R-parity violating parameters:
portant[3], since there is a continuous c.m. syst&mm.s) N35=<1.4x10"3my/100 GeV, A53;<0.45, M\jy;=<0.15

energy distribution of the colliding partons inside protons y JME/100 GeV, \gy,<0.062x m;R/lOO GeV, and Aoy
(_and antiprotonsat hadron co!llders. These dilepton produc- <0.049¢ 1T, /100 GeV. Because of; = — N, we have
tion channels at hadron colliders can be used to study the R™ i L }
parton distribution functionéPDF9 at smallx values[4,5],  Nijk=0, (for i=j). Since the upper limitation of;s; is
to determine thaV mass[6—8], and to extract the effective much smaller than those afy;; and\ 333, the cross section
weak mixing anglg9] and the information on the width of of gg— u* u~ is approximately proportional to\gsa\ 30)2.
the W boson[10,11], etc. The most attractive purpose is that, And the cross section gjg—e*e™ is approximately pro-

at the c.m.s. hadron colliding energy region beyondrthe, ~ portional to (\ 33\ 311 N3 2172 Then we can estimate
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that the cross section @fjg—e*e” may be several times u e
larger than that og— u " u ", if the relatedR-parity violat- 2 i
ing parameters have the values near the corresponding uppt Z
limits.

In this paper we concentrated on finding the effects of
R-parity lepton number violating MSSM in the*e™ pair A
production processes via both Drell-Yan and gluon fusion (@) (b)
subprocesses at the CERN LHC. In Sec. Il we present the
relevant model and the calculation of the procesp@s FIG. 1. The relevant Feynman diagrams for the subproess
—e*e” +X. Analytical calculation is presented in Sec. Il. —e*e™ in the MSSM at the tree-levela) for the Feynman dia-
Numerical results and discussion are given in Sec. Ill, whergrams for R-parity conserved MSSM parib) for the Feynman
the cross sections in the minimal standard supersymmetridiagrams forR-parity violation MSSM part.
models with and withoulR-parity violation will be com-

pared. In Sec. IV we give a short summary. WMSSM=M6inilHj2+ EijllHil‘EJ!ﬁl_ul(HiCJI*ég_ H%Qi)

al
— -

Il. RELEVANT THEORY AND CALCULATIONS xU'—d,(H1Q,—H3CVQ;)D', (2.2)

In this section we review briefly the MSSM wifR-parity o
lepton number violation. All renormalizable supersymmetricand Wy represents the term &-parity violation,
R interactions can be introduced in the super potential. The
general form of the super potential can be writter] 28 Wy = E”_()\IJKE:EJ_J"IQKJF)\{JKE;QJ_J”DK+ élHiZE})
W=Wussmt Wk, (2.9) +7];0'DIDX. 2.3

whereWyssu represents th&-parity conserved term, which
can be written as The soft breaking terms can be expressed as

ﬁsoft: _malHil* Hll_ mazHiz* H|2_m5|t:*t: _m;|ﬁl*ﬁl_mé|©:*©: _mé|bl*5| — m6|UI*OI
+(ml)\B)\B+ mz)\k}\lA‘l‘ mg)\g)\g‘l‘ HC)+{BM€|]HI1HJ2+ B|€| Eij H|2’|:1+ EijlslHil’EJ!ﬁl
+dgi(— H1Qp+ C™HZQT D'+ ugy(— CX* HIQy+ H3Q U + e\ LIL RS

AR KT LMD DK+ U'DIDK+H.cl. (2.4

In Egs.(2.2—(2.4), L',Q',H' represents the SB) doublets  do not give the diagrams which can be obtained by exchang-
of lepton, quark, and Higgs super fields, respectively, whileng the initial gluons in Figs. 3 and 4.
R',U',D' are the singlets of lepton and quark super fields.

The bilinear terme;; e,HiZE} can give neutrinos and make the
diagonalization of mass matrix more complex. In the pro- [ll. CALCULATION
cesses considered in this paper, we assumed their effects to
be negligible. In this paper we consider that only the Iepton
number violation, i.e.n and\’ are assumed to be nonzero
while \" is fixed to be zero.

The main subprocesses for the _parent procegs

—ete +X are the foIIowmg threetl) uu—ete™, (2) dd — B N

—e"e, (3) gg—ee . The Feynman diagrams of subpro- d(P1)+a(p2)—v, Z—e (k)+e'(ky), (q=u.d).
cesse$1) and(2) contributed byR-parity conserving MSSM 3.1

are plotted in Figs. () and Za), respectively. The diagrams

of subprocessegl) and (2) involving the R-parity violating ] ) )

interactions are depicted in Figshb, 2(b), and Zc), respec- The differential Born cross sections at t_he parton level for
tively. Figure 3 shows the Feynman diagrams of subprocesabove subprocesse$) uu—e*e”, (2) dd—ete” in the

(3) in the R-parity conserving MSSM at the lowest order. framework of theR-parity conservmg MSSM, corresponding
The Feynman diagrams of subprocé3sinvolving R-parity  to the diagrams of Figs.(&) and 2a) respectively, are given
violating interactions are given in Fig. 4. For simplicity we by

Firstly we consider th@* e~ pair production subprocess
via photon and Z boson exchanges in quark-antiquark anni-
hilation as
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d e FIG. 2. The relevant Feynman
d e d e diagrams for the subprocesd
—e’e” in the MSSM at the tree
X% 61 -— level: (@) for the Feynman dia-
grams for R-parity conserved
il /\\ MSSM part;(b) and(c) are for the
d

Feynman diagrams foR-parity

|<l

(@) ()] ©) violation MSSM part.
(1) 1 Mst O st 2 |f3
| — I I
do{son=0P213 2 |AY(s,t,u) +AZ(s,t,u)l?, vi= ZS\NCW(I?—ZS@QO, af:ZSWCW'
3.
(i=1,2, (3.2 Ao 35
~ T
. . S)=—= = ,
where the summation is taken over the spin and color de- Xt (s—m3+isT',/m3)

grees of freedom of the initial and final states, ahl,;

denotes the two-particle phase space element. The factor

1/12 results from the average over the spins and the colors dfheref=a.l. _ _ o
the incoming partons. Tha® andAg) represent the ampli- In the MSSM with theR-parity lepton number violation,

tudes of the photon and Z boson exchange diagrams at trd@€ tree level differential cross sections for subproddss
level, respectively. The Mandelstam kinematical variables iri"‘nd (2) can be expressed as

the parton center of mass system are defined as _
do@(5,1,0)

s=(p1tp2)?®  t=(pi—k)? U=(p1—k)?. (33

, , =dP iE IAOGL,0)+ADGE L) +AL(E,E, )2
The expressions of the squared matrix elements for mass- 2f192 y A Z AP0 R\ '
less external fermions are

VI i=1,2. (3.6
o 124 (2 (i

> |A§'><s,t,u)|2=8Q§Q.2<4m>2%,

S The R-parity violation amplitudesA(él) and Ag), which

|x(s)|? correspond to the subproceéd) uu—e*e” and (2) dd
[(va+ad)(vi+al)(t?+u?)  —e'e, respectively, can be expressed as

> |ADsE,0)2=8

32
t2_ N2 (D2t ny_ a2z
—4vqaqa(t?—u?)], (3.9 Ag'(s,t,u)=Ay"(s,t,u),
3.7
2> Re(ADAD*)=64maQ,Qagalvq (t?+02) AL GED=ADGED+AD D),
—a al(fz_az)]ReX(S) WhereAél), Aﬁz), and A%Z) are just the contributions from
a 2 the diagrams Figs.(l), 2(b) and Zc), respectively. By using
the relevant Feynmann rules, we can easily write down the
with expressions,
% A o, -
u(d) e w(d) e i@ e
o) X @) Z W@y N&\ZA<
@ N @ N GJ,ﬁ’(%

© @ (,(; FIG. 3. The relevant Feynman diagrams for
Q () € (b) ( (c) the subprocesgg—e*e~ for the R-parity con-
¢ o served MSSM part in the MSSM at the lowest

% . ~ @ . level.

P 5@ %5 X
ﬁ(%(s z [ 3 4
6 Y’ Y’
((%66 ((é H(d) &
(@) (©)
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i 1
. — . i ~(3) Anon Anoa
A‘(dl)(s,t,u):()\ilj)z[v(pZ)ZZDIjPRU(kl)]m dO‘é :dPZfZ_SGE |A£13)(S,t,l])+..~—|—Ag3)(5,t,u)
d.
Ji AnA ~Aa oA
_ +APS L0+ AN
X[u(kZ)ZDIJ-PLu(pl)]v

1 ~n o
ZdPZfﬁz |AM(,T,0)+ - +AB(s,T,0)[2,

@22 SNt N2 i i
AL (s, tu)=—(Ngjp) [u(kl)ZujPRu(pl)]a_nﬁ (3.11
Ji
X[o( pz)ZﬁijPLv(kz)], (3.8 which has a nonzero result. The total cross section of process
pp—e*e +X with the lower cut value of the" e -pair
AP 1,0)= ~ (N1 (1D [o(p2) PLu(py)] invariant massnc}, - can be written as
X —————[U(ky) Pro(kp)] 1 dci. .
s—m~Vj+|mVjFVj crij[m(e+e_)>m(°g+te_)]=f[mwt ]2,Sd7d_¢”0ii(5275)’
- (ete™)
— (A1) (N j1D[v(p2) PrU(pPy)]
— di;; 1 1dx T
X ———————T[u(ky)PLo(ky)], ) B j_l i 2¢li L 02
ST Ptk ] Xl[ f(i%0,0 )f(],xl,Q ”
J
WhereZBk and Zﬂk represent the elements of the matrices + f(j’xl’Qz)f(i’x_Tl’Qz)”’ (3.12

used to diagonalize the down-type squark and up-type squark
mass matrices, respectively.
Now we turn to the calculation of the gluon fusion sub- -
process. We denote this subprocé3sas where /s and \/g are thepp collision and subprocess c.m.s.
energies, respectively, arti’;; /d7 is the luminosity of in-
. n coming partons. Here,i,j represent the partons
(P @) t9(p2.Bv)—e (k) ter(ko), (39 u,d,u,d,g, 7=X; X,. The definitions ofx; andx, can be
where a, 8 are the color indices of initial gluinos, respec- Seen from Refl19]; we adopt the CTEQS parton distribution
tively. The MSSM withR conserving the differential cross function[20]. In (i,x,Q®), factorization scal@ is taken to

section can be expressed as be \'s. Then we can obtain the cross section for the parent
process ofpp—ij—e*e” +X with the dilepton invariant
~ A A A A A A H cut
dfTMSSM:dpzfﬁE IAS)(s,t,u)+AE,3)(s,t,u) massm.+¢-) being larger thanm(e+e,),
+A%(s, 1) +AP(s LU +AD(s 10|, 5
o [Mrgeoy=met :f V36, (SH; (3),
(3.10 'l[ (eTe™) (ete )] m((::lef) IJ( ) IJ( )

where the sum is again taken over the spin and color degrees
of freedom of the initial gluons and final states, ahB,; _
denotes the two-particle phase space elemléﬁ)c.represents N 1 12dx1\/;
the amplitudes of diagrams in FiggaB-3(e). As we can see Hij(s)= 1+ 6 fé X1S
from Fig. 3, all the diagrams arez’/y exchanging s
s-channels. Therefore all these contributions can be ne-
glected. This is the consequence of the Furry theorem. The +
Furry theorem forbids the production of the spin-one com-
ponents of th&? andy, and the contribution from the spin-
zero component of th&® vector boson coupling with a pair Q) (i .
of leptons is negligibly small. So we have the amplitudesWhere‘T ('_1’2_'3) represents the cross sections of pro-
corresponding to Figs.(8—3(e) approaching zero and the cesses(l) pp—uu—e’e” +X, (2) pp—dd—e’e +X,
cross sectionryssy part with theR-parity conserving inter- and (3) pp—gg—e’e” +X, respectively. Then the total
actions(shown in Fig. 3 has vanished. cross sections of the™ e~ pair production with its invariant

In the case of theX-parity lepton number violation, the mass larger tham(: . in the Rviolating andR-conserving
differential cross section of subprocg8 can be written as  supersymmetric models can be written as

f(l ixlin)f(jax_jsiQ2>:|

f(jyxlan)f(i,X_js,Qz)“, (3.13
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d(w
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d(w ~
(c)
FIG. 4. The relevant Feynman
N ° diagrams for the subprocessy
-~ v —e*e” for the R-parity violation
MSSM part in the MSSM at the
€ lowest level.
®
d e
6&" P
(7, g (7, (72;
664G IS 66g6e 19 -~
¢ ¢ ( d e

@

t (1) t
Th[Mete-=Migr o)1= 0 [Mierey =M o]

(2) t
+ 0oy [Meetem)=Migr ]

(3) t
+ 0o [Meeter)=Migr o]

t 1 t
TyssM Met+e)= m(ceu+ e—)] = O-I(VI%SM[m(e*e‘) = m(ceu+e—)]
2 t
+ G-EVI%SM[ m(e+ e—)2 m((::+e_)]

cut

(ere)]

cut

(9+9_)]

3
+ U&A%SM[ m(e+e—)> m
= 0'§\/|1%SM[ m(e+e—)> m
2 t
+ U&A%SM[ Mete )= m((::+e—)]a
(3.19

where we used{32<,~0, which was mentioned above. For
presentation of théR effect of the procespp—ete +X,
we defineR parametery as

U'é[ m(e+e—)> 200 Ge\7_| - O-MSSM[ m(e+e—)> 200 Ge\ﬂ
n= .
O-MSSM[ m(e+e—) =200 GEVJ

(3.19

IV. NUMERICAL RESULT AND DISCUSSION

@

mass, scalar mass at grand unified the@yT) scale, and
the trilinear soft breaking parameter in the super potential,
respectively. As we know the effects of tReparity violating
couplings on the renormalization group equatidRSES

are the crucial ingredient of MSUGRA-type models, and the
complete two-loop RGEs of the super potential parameters
for the supersymmetric standard model including the full set
of R-parity violating couplings are given in R422]. But in

our numerical presentation to get the low energy scenario
from the MSUGRA[21], we ignore those effects in the
RGEs for simplicity and use the progras®JET 7.44. In this
program the RGER23] are run from the weak scafa, up to

the GUT scale, taking all thresholds into account and using
two-loop RGEs only for the gauge couplings and the one-
loop RGEs for the other supersymmetric parameters. The
GUT scale boundary conditions are imposed and the RGEs
are run back tan,, again taking threshold into account. The
R-parity violating parameters chosen above satisfy the con-
straints given by Ref.17].

We take the MSUGRA input parameters ad,,
=150 GeV, A;j=300 GeV, tarB=4, x>0, and m
=170 GeV. The numerical values bdf, will be running in
a definite range. The ratio of decay width to its mass is
taken asl™; /m;=0.07. Referencgl?] presents the experi-
mental constraints for the coupling parametersRiparity
violating interactions. According to these upper limitations,
we take the relevanR-violating coupling parametersi’jk
having the values

In the numerical calculation we set the input SM param-

eters to bem,=5 MeV, my=5 MeV, m.=1.2 GeV, mg
=120 MeV, m=170 GeV, my=4.2 GeV, m,=91.187
GeV, I';=2.49 GeV. In this work, we do numerical calcu-
lation in the minimal supergravitM SUGRA) scenarid 21].

A:’l.l].: 0.01,

\jx=0.04, (when two ofi,j,k=1),

In this scenario, only five sypersymmetric parameters should

be given which are named ;,, Mgy, Ay, sin of u and tan
of B, whereM,,, My, and A, are the universal gaugino

\jx=0.39, (when two or three ofi,j,k=3).
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—-R-violating MSSM
—R-conserving MSSM

N
T

o(ddbar->e*e’)(pb)
-~ @

o
8]
T

0 r
100 150 200 250 300 350 400 450 500

Js (GeV)

FIG. 5. The cross section of subprocesb—~e*e™ at the LHC
as the function of\/g, with the colliding proton-proton energys
=14 TeV andMy=250 GeV. The full line is forR-conserving
MSSM, the dashed line fdR-violating MSSM.

All of the others\j, which we will use in calculation are
chosen to be 0.25. For the related coupling paramatgrs
we know that the first two indices of parametersg, are
antisymmetric, then tha;;. should be zero when=j. The
other concernedR coupling parameters ,;; and \3;; are
taken to be—0.18.

The cross section of the subprocess—e*e™, 0@ asa

function of \/§ is given in Fig. 5. We can see there is a peck

around the vicinity of the;, on the curve for th&R MSSM.
Since the energy of this subproceég from incoming pro-

8
-\
7F \  (1)pp->e'e,R-conserving MSSM
i \ (2 pp->qgbar->e*e’R-violating MSSM
6 [ \‘\ (3) pp->e'e,R-violating MSSM
N,
i \
5 .
g7 M\ '\
S . L \.
L "§~
° @~ @
5 [LHC /s=14TeV :
1 L I L I I L

140 160 180 200 220 240 260
m° (Gev)
a'ea

FIG. 7. The cross section of procgsp—e*e™ + X at the LHC
as the function oY, with the colliding energy/s=14 TeV
andMy=250 GeV. The full-line is for theR-conserving MSSM.
The dashed-line is for thB-violating MSSM, where onlyR effect
via qg—e*e” is taken into account. The dotted-dashed-line is for
the R-violating MSSM, where the effects via both Drell-Yan and

gluon fusion subprocesses are taken into account.

c.m.s. energy of colliding gluons is depicted in Fig. 6. Again

we can see the resonance enhancement froexchanging
s-channel at the energy position aroumg. Because of the
much larger luminosity of gluons in the parton distribution
function of proton compared with that of quarks and anti-
quarks, the subprocesgy—e*e~ would contribute to the
total cross section opp—e“e”+ X at the LHC to some
extent. Figure 7 gives the total cross section of the process

tons has a continuous spectrum, it can be estimated that the

total cross section and tHR effects ofpp—e*e™ + X will

be greatly enhanced at hadron colliders. The cross section of

subprocesgyg—e*e” in R MSSM as a function of the

10
—R-violating

:_@ 1

°

[

A

&

A=)

5 01

0‘01 L L L L L L

150 200 250 300 350 400 450 500
Js (GeV)

FIG. 6. The cross section of subprocegs—e e" at the LHC

as the function of\/g, with the colliding energy/s=14 TeV and
Mo=250 GeV.

0.8

07K (3) (1) pp->qqbar->e*e 1
os [\ (2) pp->gg->ete n2
\ (3) pp->eTe 3

0.5
< 04
03
02 |

0.1

M0 (GeV)

FIG. 8. R-parity violating effect parametersg;(i=1,2,3) as the
functions ofM, . The full-line is for 7, (for case 1, onlyR effect
viaqg—e’e is taken into account The dotted line is fon, (for
case 2, onlyR effect viagg—e*e™ is taken into accouit The
dotted-dashed-line is fon; (for case 3, the effects via both Drell-
Yan and gluon fusion subprocesses are taken into account
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0.25 k 03

02 LHC /s=14TeV

LHC /s=14TeV
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0.1
005 |
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M. @oV) 0.1 015 02 025 ,0.3 0.?5 04 045 05
)‘233 " 833

FIG. 9. The ratio ¢,/7,) of the R-violating parameters as a
function of My, which shows the importance of the contributions  FIG. 10. The ratio ¢,/7,) as a function of theR-violating
from subprocessegg—e*e” andgg—e’e™. parameters\js{ i) (Where we takeljs=Nis) With Mg
=250 GeV.

pp—e*e” +X as the function of the lower cut value of the
e*e” pair invariant masm(c:ief)- From this figure, we can no tree level Feynman diagram, its contributionRoeffect

see that thdR effect on the production rate & e~ pair is is also significant when compared to that via Drell-Yan
rather large, and gluon fusion subprocess plays a significarﬁprfoce_SS In some parameter space of the MSSM vynh
role. Now we use the parametey, which is defined in R-parity violating. The reasons are in two fields: Firstly, it is
Eq. (3.15, to represent the effect dR of parent process due to th_e large gluon luminosity in _hadron collider.
pp—e‘e +X, and we further denote th@g effect param- Secondly, in the loop order Feynman diagrams for gluon
eters 7 (i=1,2,3), which correspond to the parent fL_lS|or_1 sqbproce_ss, there exists tﬁq_)arlty Ieptqn numper
processes in which thdR effect is contributed by the Violation interactions involving the third generation particles.
Drell-Yan mechanism, gluon fusion, and both subprocessedVhile the experimental upper limitations of these coupling
respectively. In Fig. 8, we depict thR-violating effect » strengthg[17] are much larger than those, their interacting
as a function of universal scalar mass at GUT sddlg particles involve only the members of the first two genera-

which is related to the mass of supersymmetric neutrindions:

v. From Fig. 8 we know that the effect 6%-parity lepton
number violating one*e”-pair production at the LHC V. SUMMARY

is rather large, especially in theM, range when We studied the effects of th&-parity lepton number
M(<300 GeV. The effect parameter &parity violation  yjolation in the minimal supersymmetric standard model
73, Which describes thdR effect for processpp—e*e” (MSSM) on the parent procegsp—e*e™+X at the CERN
+X, may be over the value of 70%. We can also seq grge Hadron Collider (LHC). The contribution from
from F|g 8 that most of thd?'pa”ty Violating effect is the One_|oop induced g|u0n fusion Subprocg@_)e"'e_'
contributed by the Drell-Yan subprocess, but the partnay contribute toR-parity violating effect significantly
contributed by gluon fusion subprocesgg—e’e” is  when compared with that via Drell-Yan subprocess. So in
also significant. Figure 9 shows the ratio of tReparity  studying the effect oR-parity lepton number violation on

violating effects contributed by gluon fusion and e*e~_pair production process, we should figure out the
Drell-Yan subprocesses as a function of universal

contributions both from Drell-Yan subprocesgi—e* e~
scalar mass at GUT scal®l(). We can see that the smaller : . :
. o and gluon fusion subprocegsgg—e™e™. Our calculations
the scalar masM, is, the more contributions t® effects 9 b -

. _ show that theR-parity lepton number violating effect from
via subp_rocgssgg—>e+e are. When MO_NZOO GeV, gluon fusion sut?prog/esspcan reach 30% of th?a corresponding
the contribution toR effects from gluon fusion can reach part via Drell-Yan subprocess. We also find that the depen-
approxmately 25% of that irom DreII-an SUblorocess'dence ofR-violating effect on the sneutrino mass and the
F.lgure 10 shoyvs the dependence of the rano oftredfects coupling strength of thér-parity violating interactions are
via gluon fusion and Drell-Yan mechanism subprocessegbvious_
on the value ofM\j;{(=M\j339. It demonstrates that the
ratio n,/n, is strongly related to theR-parity violating
parametersk 53\ 339. The larger\js; and N34 are, the
more important the contribution to tHR effect via subpro- This work was supported in part by the National Natural
cessgg—e’e  is. From Figs. 8—10, we can conclude Science Foundation of China and a grant from the University
that although the gluon fusion subprocesg—e*e~ has of Science and Technology of China.
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