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Abstract

We examine the R,-violating signal of single gluino production associated with a
charged lepton or neutrino at the large hadron collider (LHC), in the model of R-parity
relaxed supersymmetric model. If the parameters in the Rp supersymmetric interactions
are not too small, and the mass of gluino is considered in the range from several GeV (as
the Lightest Supersymmetric Particle) to 800 GeV, the cross section of the single gluino
production via Drell-Yan processes can be in the order of 102 ~ 103 femto barn, and that
via gluon fusion in the order of 10~ ~ 103 femto barn. If the gluino decay can be well
detected in the CERN LHC, this process provides a prospective way to probe supersym-
metry and Iz, violation.
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I. Introduction

The new physics beyond the standard model (SM) has been intensively studied in the past
years[1]. The supersymmetric models (SUSY) are the most attractive ones among the general
extended models of the SM. As we know that electroweak gauge invariance requires absence
of the terms in the lagrangian that change either baryon number or lepton number. Usually
these terms may lead to unacceptable short proton lifetime. One way to solve the proton-decay
problem is to impose a discrete symmetry conservation called R-parity (R,) conservation|2].
Actually this conservation is put into the MSSM for the purpose to retain the symmetries of
the SM. But the most general SUSY extension of the SM should contain such terms.

If the R-parity is conserved, all supersymmetric partner particles must be produced in pair,
thus the lightest of superparticles must be stable. If R-parity is violated, the feature of the
SUSY particles changes a lot. Until now we have been lacking in credible theoretical argument
and experimental tests for R, conservation, we can say that the R, violation (R,) would be
equally well motivated in the supersymmetric extension of the SM. Finding the signature of
R, violation has recently motivated some investigation[3] because of experimentally observed
discrepancies.

Experimentally searching for the effects of Rp interactions has been done with many efforts
in the last few years. Unfortunately, up to now we have only some upper limits on Rp param-
eters. It is necessary to continue these works on finding Rp signal or getting further stringent
constraints on the Rp parameters in future experiments. Detecting signals of the supersym-
metric particle is a prospective way in searching for R-parity violation. The process of single

chargino/neutralino production with f?, has been intensively studied in former works[4]. The



strongly interacting supersymmetric paticles, squark ¢ and gluino g, can be produced with the
largest cross sections at hadron colliders. From the evolution of parameters, g should be the
heaviest gauginos at low scale, since the ratios of gaugino masses to coupling constants do not
change with scale in one-loop approximation[5][6]. However, in some other models gluino may
exist as the Lightest Supersymmetric Particle (LSP)[7]. The production and decay of gluino
with or without R-parity conservation have been investigated in [8] [9]. It is showed in Ref.[10]
that if gluino is lighter than ~ 1 TeV, the signal of g decay can be detected by initial searches
for sparticles at the LHC even if R-parity is not conserved. In Ref.[11] single gluino production
via Drell-Yan process with R-parity baryon number violation has been studied. It is showed
that the production of gluino can be well detected when the Rp parameters are not too small,
eg. N =0.01~0.1.

In this paper we studied the single gluino production associated with a charged lepton or
neutrino in the framework of the MSSM with R-parity lepton number violation for both the
Drell-Yan process and the one-loop gluon fusion process. In section II we present the model and
calculation of the process pp — ¢ + X. Numerical results and discussion are given in section
ITII. In section IV we give a short summary. The details of expressions in the calculation can

be found in the Appendix.
II. Calculation
The general Rp superpotential can be written as
Wy, = oML RS 4 Xy LLQID® + e HLL) 4 Xy U7 D7 D (1)

L', Q' H' denotes the SU(2) doublets of lepton, quark and Higgs superfields respectively,
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while R, U, D are the singlets lepton and quark superfields. The bilinear Rp term €;;€ IHZ-2[~/JI-
will lead to the mixture of mass eigenstates and give the neutrino masses. However, their effects

are assumed to be negligible in our process. The constraints on the couplings[9],

2
AR/ 10710 ( m ) 2
| (A or AN |< 100GV (2)

is usually taken to indicate that only lepton or baryon number violation exist. We consider
only the lepton number violation, i.e., A and A" are assumed to be non-zero while \” terms are
neglected.

In this paper we denote the Drell-Yan tree-level processes
pp — ud(ad) — gr(gT") (3)

pp — dd — v, (4)

and the one-loop process through gluon fusion

pp — 99 — Gus (5)

Because of charge conjugation invariance, the cross section of subprocess ud — gr* coincides
with @d — §7—. Then we give only the calculations for the subprocess ud — §r+. We should
mention that there in no Rp coupling of utiv in the lowest order, so we don’t consider the
utt — gv channel. The cross section of the Drell-Yan process are determined by Rp parameters
of the first generation, i.e., A;;;, while the gluon fusion process depend on Rp parameters of
all generations, especially Aj;5. Although in our calculation, the contribution of the one-loop

gluon fusion process appears to be relatively small, they are not negligible due to the facts that



there is large gluon luminosity in protons and the Rp couplings of the third generation could
be large.

The Feynman diagrams for the tree-level process ud — §r and dd — §uv, are given in
Fig.1 and Fig.2 respectively. The gg — g, one-loop diagrams at the lowest order are plotted
in Fig.3. In our calculation the ultraviolet divergence in subprocess gg — gv, should be
cancelled automatically and it’s not necessary to consider the renormalization at one-loop level.
Fig.3(a) contains the s-channel diagrams, Fig.3(b) the box diagrams, and Fig.3(c) the quartic
diagrams. The relevant Feynman rules without R, interactions can be found in references[12].
The related Feynman rules with R, interactions can be read out from Eq.(1), which are listed
in the Appendix.

We define the Mandelstam variables as usual

= (p1 +p2)? = (k1 + ko)?
(p1 — k1)* = (p2 — k2)? (6)
= (p1—hk2)* = (p2 — k1)?

Sy T
I

The amplitude of ud — §r+ (Feynman diagrams in Fig.1) is given by
My = M+ M} (7)

where

My = a(k)[iv2g.T],(— 5P+ Zi7 Pr)|u(pr) i 0(p2) (iN311. Zif Pr)v(k2)
M = —0(p2)[iv29sT (=23 Pr + Z17 Pp)Ju(ky) ,inga(kQ)(i)‘:/ﬂlZBQiPL)u(pl)

a—

Zg and ijj denote the matrices used to diagonalize the down-type squark and up-type squark
mass matrices, respectively. «,  and v denote the color indices of the initial up-quark, down-

quark and final gluino respectively. Similarly the amplitude of ud — v, (Feynman diagrams



in Fig.1) is given by
Mg = Mgz + M, (9)

where

Mg = alk)[iv20.T0(~ZE Py + ZBPr)u(p) =i
x0(p2)[iXgyy (25 Pr + Z " Pr)v(ks), ,
—0(p2)[iV29:T 3, (— 21 Pr + Z57 P ) v (k1) 7=

d
x (ko) [iNgy, (Z55" P+ Z 5 Pr)|u(pr),

a, B and ~v denote the initial down-quarks and final gluino respectively.

(10)

i
My =

The amplitudes squared summed over the spins and colors can be written explicitly as

follows, where we assume that Z and Z;} are real.

SIMal? = 86200 g ye (F — m2)(F —m3) + Gl (i — m?) (i — m)

— A (= )= ) + (i ) m) (5 = )]
S Ml = 8206 et = )+ b = )

_ %[t(t —m2) + a(it — m2) — 8(3 — m2)]}

(11)
The corresponding amplitude of g(pi,a, 1)g(ps, b,v) — g(ki,c)v-(k2) (Feynman diagrams

in Fig.3) can be written as

M MP+ M+ M

e"(p1)€’ (p2)u(kr) { frguw + fokiukiy + f3975 + fakikwys + fskwye + fekinw
19wy + fskikwp, + foguwps + frokiukip, + friki sy, + fizkivs7

f139uw sy + frakiukwyspy + fisguwsPe + frekikiyspy + fieyuve

JiskrYupy + frokiu by + fa0v57uw + foarkuwYsvuy + fa2kin sy

fosvunby + faay vy + foskrubi by + faski by + forvsvuvwpy
f28ﬁ)/5ﬁ)/uﬁ)/1/¢2 + f29k1u757u¢1162 + f30k1u757u¢1]62 + f317u71/]61¢2

f32757u7u]51¢2 + f33guz/]§1i$2 + f34guy/75i$1¢2} U(’@)

A+

(12)
where M® M? and M are the matrix elements contributed by box, quartic and triangle

interaction diagrams, respectively.



The cross sections for the subprocesses ud(ud,dd) — gr (g7, gv,) and gg — gv, can be
obtained by using the following equation

i+

1 (g2
5(5) = == /t di SIMP2. (13)

~

where the bar over sum means average over the initial spin and color. In above equations, ¢

is the momentum transfer squared from one of the incoming particle to the gluino in the final

state. For the subprocesses gg(dd) — gv, we have

B = (24 m2, = 8) & /(2 +m2 =82 — dmm |

g Vr

N —

and for the subprocesses ud(ad) — g7+ (g77),

=

[(m2 +m2 = 8) & \/(m2 + m2 — 5)2 — 4mZm?2] .

DN —

With the results from Eq.(13), we can easily obtain the total cross section at pp collider by

folding the cross section of subprocess with the quark and gluon luminosity correspondingly.

1 ..
o(s) = /( ar i (5 = 7o), (14)

mg+mzru,)?/s dt
where /s and V/§ are the pp collision and subprocess c.m.s. energies respectively and

dL;;/dr is the distribution function of parton luminosity, which is defined as

dly 1 ldxl{[fi(xl,Q2)fj( )|+ [ Hlan )|} G20 ()

B T T
dr N 1+ 5ij T I T T
here 7 = x x9, the definition of z; and x5 are from Ref.[13], and in our calculation we adopt

the MRS set G parton distribution function [14]. f; ;(z,, @*) are the coreesponding quark and



gluon distribution functions of protons. The factorization scale Q was chosen as the average of

the final particles masses 3(mg + m.,, ).

III. Numerical Calculations and Discussions

In our numerical calculation to get the low energy scenario from the MSUGRA [5], the
renormalization group equations(RGE’s)[15] are run from the weak scale mz up to the GUT
scale, taking all thresholds into account. We use two loop RGE’s only for the gauge couplings
and the one-loop RGE’s for the other supersymmetric parameters. The GUT scale boundary
conditions are imposed and the RGE’s are run back to my, again taking threshold into account.
The effects of /2, to RGE’s are assumed to be small, and R parameters in the weak scale are
directly taken under the experimental upper bounds.

Since we consider this process via lepton number violation terms in the Rp model, and
the ,Rp couplings A in the terms of Eq.(1) inducing heavy lepton can be very large from
present upper limits[16], we choose Aj;; = 0.05, Ay, = 0.18 and M35 = 0.39, and the other
trilinear parameters, i.e., A, Aj;;, A;; and A" have no contribution to our process. The effect
of bilinear breaking terms are assumed to be very small and can be negligible. The SM input
parameters[17] are chosen as: m; = 173.8 GeV,my = 91.187 GeV,m, = 4.5 GeV,sin’® Oy =

0.2315, and agy = 1/128. We take a simple one-loop formula for the running strong coupling

constant oy

A (mZ)

- 33—2n; T
1+ = ~ay(mz)In

as () (16)

where as(myz) = 0.117 and ny is the number of active flavors at the energy scale p.

If the single gluino is produced in association with a charged lepton, here assumed to be 7,



both final particles can be well detectable. When a neutrino is produced instead of a charged
lepton, it would lead to an energy missing. If the gluino decay could be well detected by the
detector, it provides a prospective way to observe the Rp process. For a heavy gluino, the decay

channel
g—qq (17)
will dominate if kinematically allowed. Since the R, violation parameters are strongly con-

strained by experimental results, then the dominant subsequent decays of squark are
q— ax;, dX; (18)

where {? (i=1-4) denote the neutralinos and ¥; (j=1,2) the charginos. The charginos and

neutralinos may decay further as
vE Y (i=1—4., j=1.2 0 qq, (k=2,3,4 19
X; — Xiaqs (@ ,7=12), Xy — X394 ( ;3,4) (19)

Therefore, like the R-parity conservation consequence, the typical signatures for gluinos would
mainly be two, four or six jets and missing energy, carried away by the possible LSP x{. If

squarks are heavier than gluino, the following decays are possible:
9= q@x], adxi, 9 (20)
The following decays may be important for large Rp parameters.
g—aqv, qql, gv (21)

If gluino is the LSP and X is not extremely small, the above Rp processes could be the only

possible decay channels and the gluino will decay inside the detector. If the couplings are



very small, the gluino can form bound states with gluon or quarks before decaying, known as
R-hardrons|[7][18].

In Fig.4 we depict the dependence of the cross section for the process pp — g7 (gv,)+ X on
mass of gluino. All the cross sections of the single gluino production via Drell-Yan and gluon
fusion subprocesses are plotted. In order to obtain a wide variety of gluino mass, we abolish
the MSUGRA model and choose my and my, ,, arbitrarily. We consider a gluino with its mass
varying from 5 GeV, when gluino may be the LSP, up to 800 GeV. We assume that there is
no mass mixing between q; and ¢r for all the up-type- and down-type-squarks of the first two
generations, since in general the mixing size is proportional to the mass of the related ordinary
quark[19]. As a representation example of the parameter space, we choose the squark masses

as below,

mg, = me, = 392.9 GeV, my, = mg, = 384.3 GeV,
mg, = ms, =400.0 GeV, m;, = ms, = 385.1 GeV,
my, = 358.5 GeV, my, = 385.0 GeV, my = 312.5 GeV, my, = 404.4 GeV.

The total cross section of single gluino associated production drops from 153 fb to 4 fb with the
increment of mg. The figure shows that the single gluino production rate via one-loop process
pp — g9 — ¢+ X is comparable with those from other production mechanisms. We can see
when the gluino mass is less than 30 GeV, the cross section of pp — gg — g + X can be over
two times larger than the cross section of pp — ud(ud, dd) — G+ X quantitatively. When the
gluino mass is greater than 200 GeV, the contribution of gluon fusion to the gluino production

process drops to small values. If the integrated luminosity at the LHC is 30 fb~!, typically

102 ~ 10® raw events can be produced when we take the values of the Rp parameters are close
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to the present upper bounds. With the parameters taken in Fig.4, the signatures of gluinos can
be detected in following ways:

(1) If mg is heavier than 400 GV, the signals of gluinos can be two, four or six jets together
with energy missing, which are induced by the decay of (17) and the subsequent cascade decays
of squarks (shown in Egs.(18)and (19)). The number of jets depends on the kinematical phase
space of the decays (17), (18) and (19)

(2) If the mass of gluino is less than about 400 GeV, the gluinos have the possible decays
shown in Eq.(20) and charginos and neutralinos subsequent decays as in Egs.(19). The gluino
signals are two or four jets with missing energy, and one or three jets with a energetic lepton.

(3)If the gluinos are the LSP or gluinos are almost degenerate with the lightest neutralino
and chargino, 2, decays of gluinos shown in Eq.(21)will be significant, their signatures will be
one or two jets with missing energy, or two jets with an energetic lepton.

In Fig.5 we plotted the cross section in the MSUGRA scenario, with my varying from

100 GeV to 800 GeV. The other input parameters are chosen as: mi = 150 GeV, Ay =

1
300 GeV, tan 3 =4 and set sign(p) = +. With above MSUGRA input parameters, we get the
mass of gluino ranging from 395 GeV to 439 GeV, the lighter scalar top and bottom quarks
(1, l;l) have the masses between 270 GeV to 493 GeV and 332 GeV to 700 GeV respectively,
the first two generation squarks are ranged from 346 GeV to 865 GeV. The calculation shows
that the gluino mass is not sensitive to mg with those input parameters, then the production
cross sections decrease gently with the increment of mg. In this case the contribution from the

one-loop process of pp — gg — § + X reaches 1% of the total cross section of single gluino

associated production at the LHC. As we have mentioned, the cross section of the gluon fusion
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process is still not negligible since it depends on different Rp parameters with the Drell-Yan
process. With these MSUGRA parameters, the gluino decays § — ¢4, (¢ = u,d,c,s) are
allowed kinematically when mg is about 100 GeV, but the decays of Eq. (20) may be used as

gluino signatures when m, approaches 800 GeV.

IV.Summary

As shown in reference [10][11], the gluino decay can be detectable at the LHC even when
R-parity is not conserved. In this work we have studied the single gluino production associated
with a charged lepton or neutrino in the Rp MSSM at the LHC through the process pp —
gt (gv.) + X. We investigated contributions from both the tree-level Drell-Yan process and
the one-loop gluon fusion process. In the subprocesses dd — jv and gg — Gv, a neutrino will
be produced, which leads to an energy missing by neutrino. We studied the dependence of the
cross section on mg and mg. The results show that when the R,-violating coupling parameters
are not too small and the myz ~ 200 GeV/, the production rate of the single gluino associated
with a charged lepton or neutrino can reach 30 femto barn. That means 10% raw events can be
obtained at the LHC with integrated luminosity 30 fb~'. We conclude that the single gluino
production associated with a charged lepton or neutrino could be observable at the LHC, when
the R,-violating parameters are close to the upper bounds. In this case we see the single gluino
production associated with a charged lepton or neutrino can provide a quite prospective way
to probe supersymmetry and R, violation. Even if we couldn’t find the signal of single gluino

production in the experiment, we can get more stringent constraints on Rp couplings.
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Appendix

The Feynman rules for the R-parity violating couplings we used are listed below:

Uy — lK - DLCI,m : _V’U,([ll)KDJm071PL
dc o l _ 0‘ . V(l) 5 P
I K Jym - drlgUjm L
= =1 (2)* (1)*
dl — Vg — DJ,m O Vd[VK[)J,mPL T VdIVKBJ,mPR

di — vk =Dy V. o PV

vk Djm divk D jm

where C is the charge conjugation operator, Pr r = %(1 F v5). The coefficients of vertices can

be written as:

(1) 0\ 2mx 1) o/ 1mx*
VullK[)J,m = MKIJZDJ ’delKUJ,m = Z)‘KIJZUJ
V(l) ~ — —Z)\/ Zlm* V(2) B — —Z)\/ ZQm
drv D ym KJI= Dy > Y divg D jm KIJ= D,

ijj and Zg are the matrices to diagonalize the down-squark and up-squark mass matrices, re-
spectively. We write down form factors for one-loop diagrams of the subprocess g(p1, a, i1)g(p2, b, v) —
g(k1,¢)v-(k2). The amplitude parts for the @-channel box diagrams can be obtained from the

t-channel’s by doing the exchanges as below:
M =M£(£—>ﬁ,k1 — ko, v,a < b)
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Then we present only the t-channel form factors for box diagrams. In this appendix, we use

the notifications defined below for abbreviation:

O C = Co, Cyjlk1, —p1 — p27mdkumdamd]
2k ~2k

Co 7Cz'j = Co, Cijlk1, —p1 — pa, ma, mg, mcik]
3k 3.k

Co", Cii" = Co, Cijlk, ki, mg, , ma, my, |

Cg = CO[_pla —P2, Mg, My, md]

Lk Lk

DO 7Dz] 7Dz]l - D07DZ]7Dz]l[k17_p17_p27md~k7md7md7md]

Dy* DXF. D*F = Dy, D;;, Dijilk o omg m;
ij Mgl — 0, 5, zgl[ 17_p27_plamdamdkamdkamdk]

3.k 3.k
D Dz] 7DZ]1 D07Dz]7Dml[_p27k17_plamdkamjkamdamd]

F ZIZ*VD dv + Z2Z*VD dv

F2iz ZlZ*VD dv + Z%*VDSZIV

The form factors in the amplitude of the quartic interaction diagrams Fig.3(b) are expressed

as
g 2 . 3.
fl = _327\/8%2 > (Co' Fyyma — CyymgFY ;) dape — hec.
=1
9
B = 55 LG Fima+ Clima ) due + e
=1

For the other form factors of the quartic interaction diagrams, f; = 0. The none-zero form

factors in the amplitude from the triangle diagrams depicted in Fig.3(c) are listed below:

-3 2
r ngfabc n — g £ 7 . =
"= g S Oyl — ) - O (6~ 4 ) my B + Fima) = C (s

— 284 20)Fy; + (—+ Q) Fyyma) + (- @) |Coi'mgFy; — G Fyma
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+  CH(mgFy, mdF{,z‘)]} — h.c.

tr ngfabc N\ T4 Liga n ~ +
= —— Coiimg(t — Q) F, — Cy'(5 — t 4 ) (mg FE
: Smﬂég{ ma(F = @) FY, = C3(5 — i+ ) (my

— 20+ 20)Ff + (E— ﬁ)FQ—;md} + (1 —a) [O o mg Fit + ngiF;imd
+ Cll (mgFi; + mdFQtL>:| } + h'c'

tr _ ngfabc 1’LA 2
— 20 (m2 — a) + C&’i(mg —m2) + 203;;‘ —(CF + CH)(E - a)} — h.c.

T igsfa C 1A ) RPN P

) = _32\/—7:2 2; 11{0125+0211m§+0112 [S—Q(mﬁ—tﬂ—%’ +2011m
— 20y (m} — 1) + Cy(m} — m3) + 25 + (C + C3)(E — )} — he.

T ngfa C [N RPN

= TN bQA ZF; {Cos+ Coim2 + Clf [s — 2(m2 — i)| — 2037 + 20{'m
— 20y (m} — @) + Cg'(md —mj) + 2057 — (C + C3)(E — i) } + hec.

r 193 fabe i A

5 = _32\/—7:2 ZFfrz{ Cy8 + Coyi'm + Ci [ —2(m§—t)]—20214 +2C1'm;
— 20y (m} — 1) + Cy(m} — m3) + 205 + (CF + C35)(F — @)} + h.c.

. 3 2

tr ng fabc L,i y )

A 16\/§7T2§ ;[ 11 g 1 0 ( g+ 1, dt'2, )}

tr iggfabc 2 + L + i+

o= =N [011 mgFy; + Co (mgFY; — mdF?vi)} hec.

1612125 =

The none-zero form factors of the amplitude part form t-channel box diagrams, Fig.3(a) are

written as
b 93 2.i 2.i 3.
7t _ S 2 — ,2 — )2 —
1 = = 2( abe — @ fabe) [D311m§F1,i — Dy F2,z‘md - D312m§FLi
16v/21

— Dy (mgFy; + Fyyma) — Dylimg Fr; — Dy (mg Fy; + mdF{vi)} —he

3
bt 9 2,i - 2,1 - 2,i - -
o= = > abe — Ufave) |—D3img T, + Dy Foy ymag — Dy (mgFy, — 2F5m

2 16\/§7r2( b f”)[ 317Mg 1, 0" Fyyma — Dy (mgFy, 2.41Md)
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byt
3

byt
4

byt
5

byt
6

byt
7

byt
8

byt
9

D12 (ngFl i

D3y (2mgFy; + Fyyma) + DéiiméFl_,i + Dtl)’i(mgFl_,i + Fy ma)

Dy (3mgFy; + Fyyma) + Dij (3mg Fy; + 2F27,imd)} — h.c.

3

9gs
16v/272

2,1 + 2,0 1+
(dabe — @ fave) {DSHmEJFLi + Dyr Fy);

3,1 +
mq — D312m§F1,z'

Di; (mgFy'; — Fyima) — Dyiymg FY; — Doy (mgF; — F;deﬂ t+hoc.

3

Is
16v/272

Df’f(mgFffi + 2F2inmd) —

(dabe — i fave) [D3img Y, + Dy Fyfima + D3 (2mg Y, + Fiima)

(2m9F1+z

F;,—imd) -

D
D(l)’i(mgFfr,z‘ — Fyymg) — Dy (3mgFy; — F, zmd)} +he.

g
32272
3,4
54 (

D
D3y (m}
D
D

5b (m2

3

32\2n2

2Dgn D21 m~

( abc —

Zfabc)

m2 — t) + D3y (m?
a) —

15 (m3 — 1) + 2D, (

Dy (5+1

— ) + Dy (m;

Déylzm?]Fl-i_z Dll (3m9F1 i 2F2 zmd)

o [2(D% + Dih) + 2D3 + 4D3, — Dyym?

5 — 1) + Dy (mg — @) + Dai(

) + 4(D '+ D311) (_3D%’1i -

— §— ) — Dg*(m3 —mj) — Dyj (3m} —

(abc Zfabc) 1z|:2D +2D311 2D2 2D312

( abc —
( abc —

( abc —

Dyl
Zfabc)
Zfabc)

Zfabc)

D

m2 —§— )
3)

mg—f)—I—Dé;f( —t)+D25(2m~—s—2u)

3,0
D310

Ci+ 2Dy

+ Dy (m} — 1) + Dy (m} — i) + Dy'm3 | = h.c.
( D313 + D '+ D313 + D '+ D312) h.c.
Fr(2D3 + DYy + D3 — Dy — Dy — 2Dy —

( D312 + D '+ D311 + D313)
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h.c.

1,
D12 -

mi)} — h.c.

Dsy) —

mj — (D + Dsio)s

h.c.



3
Ys i i i i i
W = ~gy/ae e = ifase) Fri(2D3i + Dy + Diif — Dy — Dy — Dy = D — 2D

— Dy —D3) — hec.

3

bt s 3 3zA

o e — i Fabe 2(D3) + D3)) + 2D3 + 4D3, — D3im? — D3,

11 32\/§7T2( b fb) [ ( 311) 312 32 310
+ Dgéi(mé—f)+D§g(m§—§—£)+D§g( — @) + Dy ( —5—1)

_ D;’)g(mg + ﬂ) — Di’;(g + 4 — m?l) + 4(D + D311) (—3D%’1i . Dé’f)m%
— (D3 + D3i0)5 + Diéi(mé — 1) + 2D%}f(m§ —1) + D%Z(mé — 1)
+ Dy (2m? — 8 — 20) + Dzg(m} — @) + Dyz(m} — § — @) — Dy (m} —m)

— D%’f(?)mg — mi)} + h.c.

3
Js K
o= N 5 (dape — i fae) Y [QD +2D3, — 2D37 — 2D3iy — Gy + 2Dy

— 2Dy, — D21m — Dyi's + D%Zf(m?, — 1)+ D%’;(mé —u)+ Dé’imi} + h.c.

o= - 16%%2( abe — 1 fabe) F ( Diis + Dy + Dii's + Doy + Dii) + h.c.
W= 7 - \g/%ﬂ( abe — i fare) Fi';(2D35 + DY3 + D35 — Dig — Dig — 2Dy — Dy — Dsy) + h.c.
- 16%%2( abe — @ fave) FY ( D3y + Dy} + Diiy + Dsl) + hec.
6 o= - 16\%2”2( ave = ifare) F{1(2D57 + D + Dij — Dvs — D3 — Dyi — Digg — 2Dy
— Dy — DY)+ he
f’yt = — 9. (dabe — % fabe) {{ F 2+ 6D31; — Dsj8 + Dyl,lf(m?, —t)+ D§er(m§ - ﬁﬂ mgFy

64+/272

+ 2D27 (SmgFl_,i + 2F2_,imd) + D%Zf(m?; - f)(zm?]Fl_,i + F2_,imd)
— Dyi'my [(Qm +) I i T mgFy, zmd:| + Dy [mg(2m~ —§—20)Fy; + ( — )k, zmd:|
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+ (mgFy, + Fyyma) [=Dgis + Dig(m2 — ) + Dig(m2 — § — @) + D' (=i + m3)| } — h.c.

%= 32\%:;%2( abe — @ fabe) [ 23 mg P, + Dy (mg Fy; + Fyyma) + Dayimg Fy
+ Dy (mgFy, + Fyyma) + DY (2mgFr, + Fyma)| — hee.
b= > \9/8;2( ahe = ifane) [ D3img Py, + Dy’ (mgFy, + Fyyma) + D1y (2mg Fy, + Fyma)| — hee.
N = _64£W2( abe — fabe) {[ 31 m~ 631, + D3ios — D:ﬁif(mg — 1) — Dééf(m?, - ﬁ)} méFlJr,z‘
— 2Dy (3mgFy' — 2Fma) — Doy (m2 — £)(2mg Iy — Fyfyma)
+ Dyimy [(Qm +E)FY, — myF, Zmd} Dy [mg(2m§ — 8§ = 20)Fh 4+ (—m + a)F{imd}
+ (g, — Fyima) [Dgi$ — D1y (m} — 1) — Dy (m2 — § — @) + Dy (f — m})]
+ Dy {—(m?, + O Fyimg + mgFih(m + 2t — mé)}} + h.c.
o= _32\9/927r2( abe — @ fabe) [ 23 Mgy + Dy (mg B, — Fyfyma) + Doy mgFYf,
+ Dy (mgFY, — Ffima) + DY (2mg Y, — Fyima)| + he.
B = ‘3235;2( abe — U fabe) [ simg P + Dy (mg FY — Fyfima) + Diyf (2mg Y — F;imd)} + h.c.
% = —64%7T2( we — i fure) F{; [~2D3 — ADY — 6D} + Dyjm? + Diga + (D3 + D) (—m? +1)
+ Dyi(mi+1) — Dgjo(m2 — ) — D%g(mg —§— )+ Dyy(t — mfl)] — h.c.
= _64\/%7r2( abe — U fabe) FY [ 2Dy — 6D3i5 + (2Dq} + Dai + Dyg)m
+ Dsy3 — Dyio(m} — &) — Dy (m} — 3 — &) + (D13 + Dai)(—mj + 1) — D37 (m3 — )
— D%g(mg—é—a)—l—D% (t+ @) + Dy"(m 2 —mj) — Dii(m —s—t—u—l-md)]—h.c.
ot = —32\9/8;2( wbe — i fabe) Fry(D33 + D3j + Diy + Dyil) — hec.
N = 32\%;%2( abe — fabe) FT Z(D '+ Dy) — h.c.
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byt
27

byt
28

byt
29

byt
30

byt
31

byt
32

g2

64+/272
D%}f(mg + 1) — Dgl,’fo(m; —a) — D%g(mg —§—10)+ Dy (t - mfl)} + h.c.

g2

64+/272

D35 — Dylo(m? — 1) = Dyi(m — 5 = i) + (D} + Dy)(=m2 + ) — Dy (m? — @)

(dabe — i fane) 15y [—2D37 — 6D335 + (D1 + Dy’ + Dyg)m;

Dyi(m2 — 5 — 1) + Doz (t + 0) + Dé’i(m?] —m3) — Diéi(m?] —s—t—0+ mé)} + h.c.

I (e — i fure) F(D35 + D3 + DY + DY) + h.c.

I (dabc - Zfabc)FlJtz(D%éz + D%Z) + h.c.

(dabe — i fase) | DrimaFy, + Do (mgFy, + Fyyma)| = hec,

I (dype — i fure) [ DIy P + Dy (m By — Fyama)| + hec.

In this work we follow the definitions of two-, three-, and four-point one loop integral func-

tions of Passarino-Veltman as shown in Ref.[20]. All the vector and tensor integrals can be

calculated by deducing them into the forms of scalar integrals [21].
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Figure captions
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Fig.1 The Rp MSSM tree-level diagrams of the process ud — gl+.

Fig.2 The Rp MSSM tree-level diagrams of the process dd — jv.

Fig.3 The R, MSSM one-loop diagrams of the process gg — gv. (a) box diagrams; (b)
quartic coupling diagrams; (c) triangle diagrams.

Fig.4 The cross sections of all the processes contributing to the production of single gluino
associated with a charged lepton or neutrino at the LHC are depicted as functions of the gluino
mass, with the c.m. collision energy /s at 14 TeV and mg varying from 5 GeV to 800 GeV.
The full-line is for total cross section of single gluino production associated with a charged
lepton or neutrino pp — ¢ + X, The dotted-line for pp — ud — g+ X. The dashed-line
for pp — ud — § + X. The dash-dotted-line for pp — dd — § + X. The long-dashed and
short-dashed line for pp — g9 — g+ X.

Fig.5 The cross sections of all the processes contributing to the production of single gluino
associated with a charged lepton or neutrino at the LHC are depicted as functions of parameter
myp in the scenario of R, conserved MSUGRA, with the c.m. collision energy /s at 14 TeV.
The parameter my is chosen to vary from 100 GeV to 800 GeV. The full-line is for total cross
section of single gluino production associated with a charged lepton or neutrino pp — g+ X, The
dotted-line for pp — @d — § + X. The dash-line for pp — ud — §+ X. The dash-dotted-line

for pp — dd — G+ X. The long-dashed and short-dashed line for pp — gg — §+ X.
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