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A0Z0 associated production at the CERN Large Hadron Collider
in the minimal supersymmetric standard model
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We investigate in detail theA0Z0 associated production processpp→A0Z01X within the framework of the
minimal supersymmetric standard model~MSSM! at the CERN Large Hadron Collider~LHC!, considering
contributions from both the Drell-Yan and gluon fusion subprocesses. We focus on the deviations from the
general two-Higgs-doublet model~2HDM! arising in the MSSM. We also discuss the contributions of the two
A0Z0 associated production subprocesses in the MSSM at the CERN LHC and analyze the dependences of the
total cross section on neutralCP-odd Higgs boson massmA and tanb in the MSUGRA scenario. We find that
the contribution from the loop mediated gluon fusion subprocess can be competitive with that from the
Drell-Yan subprocess in some parameter space.
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I. INTRODUCTION

The minimal standard model~MSM! @1,2# has been
proved by all precise experimental data so that the MSM
very successful model of particle physics. But until now t
symmetry breaking structure of the electroweak interacti
has not yet been directly explored experimentally. So
exploration of the SM Higgs boson is a major goal of pres
and future colliders. As we know, any enlargement of
Higgs sector beyond the singleSU(2)L Higgs doublet of the
MSM necessarily introduces other neutral Higgs bosons
charged Higgs bosons. Like the general two-Higgs-dou
model~2HDM!, the minimal supersymmetric standard mod
~MSSM! @3,4# requires the introduction of two Higgs dou
blets in order to preserve supersymmetry. These two Hi
doublets predict some more elementary Higgs bosons:
CP-even neutral Higgs boson (H0), one CP-odd neutral
Higgs boson (A0), and two charged Higgs bosons (H6),
which are absent in the MSM. Any experimental discove
of these non-SM-like Higgs bosons will be direct verificati
of these extended versions of the Higgs sector. Therefore
study of various production mechanisms of the non-SM-l
Higgs bosons at present and future colliders is well m
vated.

Searching for non-SM-like Higgs bosons and study
their properties at future multi-TeV hadron colliders, such
the CERN Large Hadron Collider~LHC!, are possible, as
expected by supersymmetric~SUSY! theory@3,5#. The gluon
fusion mechanismgg→f(f5h0,H0,A0) provides the
dominant production mechanism of neutral Higgs boson
the LHC in the entire relevant mass range up to about 1 T
for small and moderate values of tanb in the MSSM@6#. The
heavy neutral Higgs boson can be also produced in p
(A0A0,A0h0,A0H0) at the LHC, if it is kinematically al-
lowed @7#. Studying the process of a heavy charged Hig
boson associated with theW boson is another attractive wa
to search forH6 bosons, because theW6 boson’s leptonic
decay may be used as a spectacular trigger. The calcula
of the heavyH6 production associated with theW7 boson at
0556-2821/2002/66~9!/095008~8!/$20.00 66 0950
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a future electron-positron collider can be found in Re
@8–12#. The complete calculations of theH6W7 associated
production at hadron colliders both in the 2HDM and MSS
are given in Refs.@13–17#. Analogously,A0Z0 associated
production would also be an efficient way to search for
heavy neutralCP-odd Higgs bosonA0. Although theA0

boson can be produced in pairs at future colliders@7,18#, the
A0Z0 associated production will be the kinematically favo
ite mechanism to produce theA0 Higgs boson for the heavy
A0 Higgs boson. And again the leptonic decay ofZ0 may
benefit from triggering theZ0A0 associated production
events. The calculations of theZ0A0 associated production a
a electron-positron collider were presented in Refs.@19,20#,
at a muon collider in Ref.@21#, and at a photon collider in
Ref. @22#, respectively, and Chung Kao gave the calculat
of A0Z0 associated production viagg fusion including only
quark loop diagrams at the SSC@23#.

In this paper we concentrate on studying theA0Z0 asso-
ciated production at the LHC in the MSSM, considering bo
subprocessesqq̄→A0Z0 and gg→A0Z0. In the calculation
of the loop mediated processpp→gg→A0Z0, we compare
and discuss the cross sections in the general 2HDM
MSSM. In Sec. II, we present the calculation of the pr
cessespp→qq̄→A0Z0 andpp→gg→A0Z0. Numerical re-
sults and discussion are given in Sec. III. There we use
MSSM parameters constrained within the minimal sup
gravity ~MSUGRA! scenario@24#. Finally, a short summary
is given.

II. CROSS SECTION CALCULATION

In our calculation we use the ’t Hooft–Feynman gau
and adopt the dimension regularization scheme in the gen
2HDM and the dimensional reduction~DR! scheme@25# in
the MSSM. In the loop diagram calculation we adopted
definitions of one-loop integral functions in Ref.@26#. The
numerical calculation of the vector and tensor loop integ
functions can be traced back to scalar loop integrals
shown in Ref.@27#. The Feynman diagrams and relevant a
©2002 The American Physical Society08-1
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plitudes are created by theFEYNARTS package automatically
@28#. The numerical calculations of the loop integrals a
implemented by usingMATHEMATICA programs.

A. Calculation of the subprocessqq̄\A0Z0¿X

We denote theA0Z0 associated production via the Drel
Yan subprocess as

q~p1!1q̄~p2!→Z0~k1!1A0~k2!. ~2.1!

As a result of the feature of the Yukawa coupling that t
coupling strength between quarks and Higgs bosons i
proportion to the corresponding quark mass, the cross
tions of subprocessesqq̄→A0Z0(q5u,d,s,c) should be
much smaller than those of subprocessest t̄ (bb̄)→A0Z0.
Considering the fact that the luminosity of the top~antitop!
quark is much lower than that of bottom~antibottom! quark
from a proton, we conclude that the cross section of
processpp→qq̄→A0Z01X is approximately equal to the
cross section ofpp→bb̄→A0Z01X. Therefore, in this pa-
per we consider only the contributions from thepp→bb̄
→A0Z01X process.

The Feynman diagrams of the subprocessbb̄→A0Z0 at
lowest order are depicted in Fig. 1. The differential cro
section of the subprocessbb̄→A0Z0 can be expressed as

dŝbb̄5dP2 f

1

12 (
spin

uA(a)~ ŝ, t̂ ,û!1A(b)~ ŝ, t̂ ,û!u2, ~2.2!

where the summation is taken over the spins of the initial
final states, anddP2 f denotes the two-particle phase spa
element. The factor of 1/12 in the above equation com
from averaging over the spins and colors of the incom
partons. The matrix elementA(a) represents the amplitude o
the h0(H0) exchangings-channel diagrams@shown in Fig.
1~a!#, and A(b) corresponds to the amplitude of theu- and
t-channel diagrams@shown in Fig. 1~b!#. The Mandelstam
kinematical variables are defined as

ŝ5~p11p2!2, t̂5~p12k1!2, û5~p12k2!2.
~2.3!

By using the relevant Feynman rules, we obtain the exp
expressions of these amplitudes:

FIG. 1. The relevant Feynman diagrams for the subprocessbb̄
→A0Z0 in the MSSM at the tree level:~a! s-channel diagrams.~b!
u- and t-channel diagrams. Note that~b! includes the diagram cre
ated by exchanging two final states.
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A(a)~ ŝ, t̂ ,û!52
~4pa!mb

4sW
2 cW

2
cos~b2a!

sina

cosb
em~k1!

3@ v̄~p2!u~p1!#
~k11p11p2!m

ŝ2mh
21mhGhi

2
~4pas!mb

4sw
2 cW

2
sin~b2a!

cosa

cosb
em~k1!

3@ v̄~p2!u~p1!#
~k11p11p2!m

ŝ2mH
2 1mHGHi

,

A(b)~ ŝ, t̂ ,û!52
~4pa!mb

2mWsW
2 cW

tanbem~k1!
1

t̂2mb
2 F v̄~p2!g5

3~mb2k” 11p” 1!gmS sW
2

3
2

PL

2 Du~p1!G
2

~4pa!mb

2mWsW
2 cW

tanbem~k1!
1

û2mb
2 F v̄~p2!g5

3~mb1k” 12p” 2!gmS sW
2

3
2

PL

2 Du~p1!G , ~2.4!

wheremb andmW represent the masses of bottom quark a
W boson, respectively.

B. Calculation of the subprocessgg\A0Z0¿X

We denote theA0Z0 associated production process v
gluon fusions as

g~p1 ,a!1g~p2 ,b!→Z0~k1!1A0~k2!, ~2.5!

where a, b are the color indices of initial gluons. As th
subprocessgg→Z0A0 is loop induced, the one-loop orde
calculation can be simply carried out by summing all u
renormalized reducible and irreducible one-loop diagra
and the results will be finite and gauge invariant. We den
sgg

2HDM andsgg
MSSM as the cross sections in the framework

the general 2HDM and MSSM, respectively. The former
contributed by the Feynman diagrams involving only t
quark loop diagrams~shown in Fig. 2! and the latter involves
the contributions of both the quark and squark loop diagra
~shown in Figs. 2 and 3!. The possible corresponding Feyn
man diagrams created by exchanging the initial gluons
two final states should also be included in Figs. 2 and 3
involved in our calculation.

We can see that each Feynman diagram in Figs. 2 an
contains one interacting vertex between~s!quarks and a
Higgs boson. As a result of the feature of the Yukawa co
pling as we mentioned above, we can consider only the
grams which involve the third generation~s!quark in the cal-
culation of the subprocessgg→A0Z0. The cross sections o
the subprocessgg→A0Z0 in the general 2HDM and MSSM
can be expressed, respectively, as
8-2
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FIG. 2. The relevant Feynman
diagrams for the subprocessgg
→Z0A0 at the one-loop level~in-
cluding only the quark loop dia-
grams!.
s of
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dŝgg
2HDM5dP2 f

1

256 ( uA(a)
(2)~ ŝ, t̂ ,û!1A(b)

(2)~ ŝ, t̂ ,û!

1A(c)
(2)~ ŝ, t̂ ,û!u2,

dŝgg
MSSM5dP2 f

1

256 ( uA(a)
(2)~ ŝ, t̂ ,û!1A(b)

(2)~ ŝ, t̂ ,û!

1A(c)
(2)~ ŝ, t̂ ,û!1A(a)

(3)~ ŝ, t̂ ,û!1A(b)
(3)~ ŝ, t̂ ,û!1•••

1A(g)
(3)~ ŝ, t̂ ,û!u2, ~2.6!
09500
where the summation is taken over the spins and color
the initial and final states, anddP2 f denotes the two-particle
phase space element.A( j )

( i ) ~i52,3; j5a,b,c...! represents the
amplitude of the sub-figures of Fig. 2~a!, Fig. 2~b!... Fig.
3~a!, Fig. 3~b!...respectively. The factor of 1/256 results fro
averaging over the spins and colors of the incoming parto

C. Cross section of thepp\A0Z0¿X process at the LHC

With the cross sections of the related subprocesses,
cross section of the parent processpp→A0Z01X at the
proton-proton collider LHC can be obtained by doing t
following integration:
FIG. 3. The relevant Feynman
diagrams for the subprocessgg
→A0Z0 at the one-loop level~in-
cluding only the scalar quark loop
diagrams!.
8-3
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s i j 5E
(mZ1mA)2/s

1

dt
dLi j

dt
ŝ i j ~ ŝ5ts!, ~2.7!

where

dLi j

dt
5

1

11d i j
E

t

1dx1

x1
H F f i /p~ i ,x1 ,Q2! f j /pS j ,

t

x1
,Q2D G

1F f j /p~ j ,x1 ,Q2! f i /pS i ,
t

x1
,Q2D G J . ~2.8!

In Eq. ~2.7!, As andAŝ are the colliding proton-proton an
parton-parton c.m. system~c.m.s.! energies, respectively. Th
notations i j represents the cross section of the parent proc
pp→ i j →A0Z01X. Here dLi j /dt is the luminosity of in-
coming partons wherei, j can beb, b̄ andg, t5x1x2. Also,
mZ and mA represent the masses of theZ0 boson andA0

Higgs boson. The definitions ofx1 and x2 can be found in
Ref. @29#. In our calculation, we adopt the CTEQ5 parto
distribution function@30# and take the factorization scaleQ

to beAŝ. Equation~2.7! can be rewritten as

s i j 5E
mZ1mA

As
dAŝŝ i j ~ ŝ!Hi j ~ ŝ!, ~2.9!

where

Hi j ~ ŝ!5
1

11d i j
E

ŝ/s

1 2dx1Aŝ

x1s

3H F f i /p~ i ,x1 ,Q2! f j /pS j ,
ŝ

x1s
,Q2D G1~ i↔ j !J .

~2.10!

When i j 5gg, sgg
2HDM represents the cross section of t

parent processpp→gg→A0Z01X contributed only by the
quark loop diagrams shown in Fig. 2, whilesgg

MSSM repre-
sents the cross section contributed by both the quark
squark loop diagrams shown in Figs. 2 and 3. In the n
section we shall take different input data sets to demonst
the production rates of the parent processpp→A0Z01X.
The numerical results ofsgg

2HDM andsgg
MSSM would show the

importance of squark loop diagrams. The total cross sec
of pp→A0Z01X at the proton-proton collider should be th
summation ofsbb̄ and sgg . Quantitatively comparingsbb̄
with sgg will help us to know in which part of the paramete
space the contribution of the gluon-gluon fusion proces
dominant.

III. NUMERICAL RESULT AND DISCUSSION

A. Input parameters

In the numerical calculation, we take the SM paramet
as mt5174.3 GeV, mb54.2 GeV, mZ591.187 GeV, and
GZ52.49 GeV@31# and take the supersymmetric paramet
as being constrained within the MSUGRA scenario@24#. In
this scenario, only five sypersymmetric parameters should
09500
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t
te
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s
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input: namely,M1/2, M0 , A0, the sign ofm, and tanb,
where M1/2, M0, and A0 are the universal gaugino mas
scalar mass at the ground unified theory~GUT! scale, and the
trilinear soft breaking parameter in the superpotential ter
respectively. In this work, we takeM1/25120 GeV, A0
5300 GeV, andm.0. HereM0 is obtained quantitatively
from the inputmA value. All other MSSM parameters ar
determined in the MSUGRA scenario by using the progr
packageISAJET 7.44. In this program, the renormalizatio
group equations~RGEs! @32# run from the weak scalemZ up
to the GUT scale, taking all thresholds into account in ord
to get the low energy scenario from the MSUGRA. It us
two-loop RGEs only for the gauge couplings and one-lo
RGEs for the other supersymmetric parameters. The G
scale boundary conditions are imposed and the RGEs are
back tomZ , again taking the threshold into account.

Here we give some comments about the choice of
decay width values ofCP-even neutral Higgs bosonsh0 and
H0. We know that some of the Feynman diagrams~shown in
Figs. 1–3! have s-channelh0 and H0 propagators, which
have analytical expressions, respectively, as

1

ŝ2mh
21 imhGh

5
ŝ2 imh

22mhGh

~ ŝ2mh
2!21mh

2Gh
2

, ~3.1!

1

ŝ2mH
2 1 imHGH

5
ŝ2mH

2 2 imHGH

~ ŝ2mH
2 !21mH

2 GH
2

. ~3.2!

It is clear that the cross sections of the subprocess sh
related to the decay widths ofh0 and H0. In this work the
input parametermA is taken in the range of 200–650 Ge
Then we have the following constraints in this parame
space:

mH'mA , mh,150 GeV, ~3.3!

and by using the packageHDECAY @33# in the MSSM, we
find

GH , Gh,10 GeV. ~3.4!

BecauseAŝ>mA1mZ , we get (ŝ2mH
2 )2@mH

2 GH
2 . The

propagator ofH0 boson can be expressed approximately

ŝ2mH
2 2 imHGH

~ ŝ2mH
2 !21mH

2 GH
2

'
1

~ ŝ2mH
2 !

. ~3.5!

It is obvious that the bigger theAŝ is, the less sensitive is th
cross section to the decay widths of neutral Higgs bosonsH0

andh0. Therefore, we chooseGH5Gh510 GeV in our nu-
merical calculations. Actually, our final numerical result
the cross section of the processpp→A0Z01X at the LHC
shows also that it is not sensitive to the choice of these
decay widths.
8-4



e

f t
ur

ti

s
se

me
ance

ee
e
are

ntal
C

el

in
es

A0Z0 ASSOCIATED PRODUCTION AT THE CERN . . . PHYSICAL REVIEW D 66, 095008 ~2002!
B. Discussion and analysis

Figures 4, 5, and 6 show the cross sections~or differential
cross sections! of the processpp→gg→A0Z01X at the
LHC as the functions of theCP-odd Higgs bosonA0 mass,
the ratio of the vacuum expectation values tanb, and the
transverse momentumpT , respectively. The curves of th
cross sections~or differential cross sections! involving the
contributions from quark loop diagrams~in the general
2HDM! and quark1squark loop diagrams~in the MSSM!
are depicted separately in these figures for comparison o
cross sections in these two models. And in these three fig
the solid lines are forsgg

2HDM ~or dsgg
2HDM/dpT), and the

dotted lines are forsgg
MSSM ~or dsgg

MSSM/dpT).
Figure 4 shows the relationship between the cross sec

of the parent processpp→gg→A0Z01X andmA with col-
liding energyAs514 TeV. The input MSUGRA parameter
are set to be the typical values mentioned in the last sub

FIG. 4. The cross sectionssgg
2HDM and sgg

MSSM of the process
pp→gg→A0Z01X, as functions of the mass of Higgs bosonA0.
The input parameter tanb is taken as 2, 7, and 32, respectively.

FIG. 5. The cross sectionssgg
2HDM and sgg

MSSM of the process
pp→gg→A0Z01X, as functions of tanb. The mass of the Higgs
bosonA0 is taken as 200 GeV, 400 GeV, and 600 GeV, respectiv
09500
he
es

on

c-

tion ~i.e., M1/25120 GeV,A05300 GeV, andm.0; M0 is
obtained quantitatively from themA value! and tanb52,7,
and 32, respectively. From this figure, we find that in so
parameter space the scalar quark contributions can enh
the cross section obviously, that is to say,sgg

MSSM.sgg
2HDM ,

while in other regions, we havesgg
MSSM,sgg

2HDM . The figure
shows that when we have small and moderate tanb values,
the scalar quark loop contribution to theA0Z0 associated
production at the LHC is most obvious. We shall also s
later from Fig. 7 that when tanb has a small or moderat
value, the contributions from the gluon fusion subprocess
dominant. Therefore, it is possible to use the experime
measurement of theA0Z0 associated production at the LH

y.

FIG. 6. The differential cross sectionsdsgg
2HDM/dpT and

dsgg
MSSM/dpT of the processpp→gg→A0Z01X, as functions of

the transverse momentumpT in the MSUGRA scenario at the LHC
with As514 TeV, mA5350 GeV, and the pseudorapidity being
the range ofuhu,2. The ratio of the vacuum expectation valu
tanb is taken as 2, 7, and 32, respectively.

FIG. 7. The cross sectionss (DY) and s (T) of the processpp
→A0Z01X as functions of the mass of the Higgs bosonA0. The
ratio of the vacuum expectation values tanb is taken as 2, 7, and
32, respectively.
8-5
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YIN JUN et al. PHYSICAL REVIEW D 66, 095008 ~2002!
to disentangle the MSSM from the general 2HDM in the
parameter space regions.

In Fig. 5, the cross section of the parent processpp
→gg→A0Z01X at the LHC versus tanb is plotted. The
values of the neutralCP-odd Higgs bosonA0 mass are set to
be 200 GeV, 400 GeV, and 600 GeV, respectively. From
figure, we also find that scalar quark contributions can eit
enhance or suppress the cross section of the parent proce
shown in Fig. 4. Figure 5 together with Fig. 4 shows th
when the value ofmA is greater than 400 GeV and tanb
,8, the contribution from the scalar quark loop diagra
increases with the decrement of tanb. In Fig. 5 the two
curves for mA5400 GeV and 600 GeV demonstrate th
when tanb,8, the scalar quark contribution suppresses
cross section, which meanssgg

MSSM,sgg
2HDM , while the sca-

lar quark contribution enhances the cross section w
tanb.20. These features can be also seen from Fig. 4.
curve for tanb52 in Fig. 4 demonstrates thatsgg

MSSM is
about two-thirds ofsgg

2HDM quantitatively, while the curve for

tanb532 showssgg
MSSM.sgg

2HDM .
Figure 6 displays the differential cross sectionds/dpT of

the processpp→gg→A0Z0 at the LHC versus transvers
momentumpT with As514 TeV and the pseudorapidity be
ing in the range ofuhu,2. TheA0 mass is set to be 350 GeV
and tanb is taken as 2, 7, and 32, respectively. We find t
for tanb52, the scalar quark contribution suppresses
differential cross sectionds/dpT . For tanb532 and pT
.100 GeV, the scalar quark contribution enhances the
ferential cross section. But for tanb57, the scalar quark
contribution can either enhance or suppress the differen
cross section in differentpT regions.

In Figs. 7, 8, and 9, we plot the the cross sections of
processpp→bb̄→A0Z01X (s (DY)) and the processpp
→A0Z01X contributions from both Drell-Yan and gluon
gluon fusion subprocesses in the constrained MSSM (s (T)

5s (DY)1sgg
MSSM), as functions of theCP-odd Higgs boson

A0 mass, the ratio of the vacuum expectation values tanb,

FIG. 8. The cross sectionss (DY) and s (T) of the processpp
→A0Z01X as functions of tanb. The mass of the Higgs bosonA0

is taken as 200 GeV, 400 GeV, and 600 GeV, respectively.
09500
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and the transverse momentumpT , respectively. In these
three figures, the solid lines are for the cross sections
differential cross sections of the processpp→bb̄→A0Z0

1X via the Drell-Yang subprocess, and the dotted lines
for the processpp→A0Z01X via both Drell-Yang and gluon
fusion subprocesses. With the comparison between thes (T)

~or ds (T)/dpT) ands (DY) ~or ds (DY)/dpT), we can know in
which parameter space in the constrained MSSM the con
bution from the loop mediated subprocessgg→A0Z0 is im-
portant.

Figure 7 displays the cross sections ofpp→bb̄→A0Z0

1X andpp→A0Z01X at proton-proton colliders versus th
mass ofA0 with As514 TeV. We choose tanb52,7, and
32, respectively. From Fig. 7, we find that in the region
tanb<7, the contribution of the gluon-gluon fusion subpr
cess in the MSSM enhances the cross section, espec
when tanb52, the contribution of the gluon-gluon fusio
subprocess is about 80% of the total cross sections (T). In
fact, the gluon-gluon fusion subprocess is the most impor
A0Z0 associated production mechanism in this parame
space. From the figure we see also that when tanb532 the
difference betweens (DY) and s (T) is very small; it means
that the contribution of the gluon-gluon fusion subprocess
negligible in this parameter space.

The cross sections ofpp→bb̄→A0Z01X and pp
→A0Z01X at the LHC as functions of tanb with As
514 TeV are shown in Fig. 8. The mass of the Higgs bos
A0 is taken as 200 GeV, 400 GeV, and 600 GeV, respectiv
From this figure we can find also that gluon-gluon fusi
subprocess enhances the cross section of theA0Z0 associated
production at the LHC and will become a very importa
production mechanism when tanb,10. In the region of
tanb.10, the cross sections of theA0Z0 associated produc
tion at the LHC are in the range of 1 –102 fb. Even thes (T)

can reach 300 fb when tanb548 andmA5200 GeV. So the

FIG. 9. The differential cross sectionsds (DY)/dpT and
ds (T)/dpT of the processpp→A0Z01X, as functions of the trans
verse momentumpT in the MSUGRA scenario withAs514 TeV,
mA5350 GeV, and the pseudorapidity being in the range ofuhu
,2. The ratio of the vacuum expectation values tanb is taken as 2,
7, and 32, respectively.
8-6
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A0Z0 associated production process may be easily obse
experimentally if tanb is large enough.

Figure 9 displays the differential cross sections (ds/dpT)
of pp→A0Z01X and pp→bb̄→A0Z01X at the LHC as
functions of the transverse momentumpT with the pseudo-
rapidity being in the range ofuhu,2. We choosemA
5350 GeV and take tanb52,7, and 32, respectively. From
this figure we can see that at the highpT region, when
tanb<7, the difference betweends (DY)/dpT andds (T)/dpT
is obvious, even when tanb52, theds (DY)/dpT can be less
than 1% ofds (T)/dpT , which means that the contributio
from thepp→gg→A0Z01X process is dominant in this pa
rameter space. But when tanb532, the contribution to the
total differential cross sections (ds (T)/dpT) is mainly from
the Drell-Yan A0Z0 associated production subprocess, a
the contribution from the gluon fusion subprocess is ne
gible.

IV. SUMMARY

In this paper, we studied the neutralCP-odd Higgs boson
A0 production with the association of theZ0 gauge boson via
both Drell-Yan and gluon-gluon fusion subprocesses in
constrained MSSM at the CERN LHC. Numerical analy
o-
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of their production rates is carried out with some typic
parameter sets in the MSUGRA scenario. Our results sh
that the cross section in the MSSM is clearly enhanced
the gluon-gluon fusion subprocess in the parameter sp
with small or moderate tanb values, and we should conside
the gluon-gluon fusion subprocess in this parameter spac
the calculation of theA0Z0 associated production at th
LHC. We compared the above results of the processpp
→gg→A0Z01X in the MSSM with those in the genera
two-Higgs-doublet model, where the cross section of subp
cessgg→A0Z01X is contributed only by quark loop dia
grams. We find that the contributions from the scalar qu
loops in the MSSM can either enhance or suppress the c
section obviously and cannot be neglected in some param
space. The results show also that theA0Z0 associated pro-
duction at the LHC is strongly related to the parameters tab
and the mass ofA0. The total cross section increases wi
increments of tanb and decreases with increments ofmA .
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