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The Higgs boson productiqmp(pa)ﬁthrX via bg—bh at hadron colliders, which may be an important
channel for testing the bottom quark Yukawa coupling, is subject to large supersymmetric quantum corrections.
In this work the one-loop supersymmet(BUSY) QCD corrections to this process are evaluated and are found
to be quite sizable in some parameter space. We also study the behavior of the corrections in the limit of heavy
SUSY masses and find the remnant effects of SUSY QCD. These remnant effects, which are left over in the
Higgs sector by the heavy spatrticles, are found to be so sizthla light CP-odd Higgs boson and large
tanp) that they might be observable in future experiments. The exploration of such remnant effects is impor-
tant for probing SUSY, especially in the case that the sparticles are too li@boye TeV to be directly
discovered in future experiments.
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[. INTRODUCTION It is well known that the low-energy observables in the
MSSM will recover their corresponding SM predictions
Searching for the Higgs boson is the most important taskvhen all sparticles as well a4 5 (the mass of the&CP-odd
for the Fermilab Tevatron collider and the CERN Large Had-neutral Higgs bosortake their heavy limits. If only some of
ron Collider (LHC). Among various Higgs production the masses take their heavy limits, e.g., all sparticles are
mechanisms, those induced by the bottom quark Yukaw@eavy butM, is light, then large remnant effects of SUSY
coupling are particularly important because in some extenmay be left over in the physical observables of the Higgs
sions of the standard mod&$M) such a coupling could be  sector. The study of these remnant effects will serve as an

considerably enhanced and thus the production rates can Pﬁportant probe for those heavy SUSY particldd]. This
much larger than the SM predictions. The minimal super- —

; kind of study will be performed for the process(pp)
symmetric standard modé@1SSM) [1] serves as a good ex- X . ey
ample of such extensions, where the coupling of the Iightest_’b,h+x n th|s work. After dgnvmg t.he SUSY_QC.D cor
CP-even Higgs bosofdenoted byh) to the bottom quark is rections to this process, we will examine the behavior of the

proportional to tar8 [2] and thus can be significantly en- COrrections in the limit of heavy SUSY masses. WikéR is
hanced by large ta8. light and the sparticles take their heavy limits, we find the

In the production channels of the Higgs boson via its cou/arge remnant effects left over by the SUSY-QCD in such a

pling to the bottom quark, the procegp(pp)—bh+ X via Higgs production process.

. X This paper is organized as follows. In Sec. Il we present
bg—bh was recently emphasized in Rg8. The advantage - sateqy for the calculation of the one-loop SUSY-QCD
of this process over the production \o&d— h [4], the domi-

i ) corrections to the proce$sp(p6)—>bh+x. In Sec. Il we
nant production channel via the bottom quark Yukawa COUscan the parameter space of the MSSM to estimate the size

pling, is that the final .botto_m quark can be used to redgc%f the SUSY-QCD corrections. In Sec. IV we study the be-
backgro_unds and to |dent|fy_the Higgs bospn prpducUorhaviorS of these corrections in the limit of heavy SUSY
mechanism[5]. Compar(?:'d with the production .Vlgg, masses. The conclusion is given in Sec. V and the detailed
qg—hbb[6], the production rate gfp(pp) —bh+Xisone  formulas obtained in our calculations are presented in the
order of magnitude larger. So the productipp(pp)—bh  Appendix.
+X may be a crucial channel for testing the bottom quark
Yukawa coupling.

If the MSSM is indeed chosen by nature, then the predic-
tion of the cross section for the productigrp(pp)—bh At high energy hadron colliders, the incomibgyuark is
+X [7] must be renewed with the inclusion of supersymmetgenerated from gluons splitting into nearly collineab
ric (SUSY) quantum corrections because, like the process opairs. When one member of the pair initiates a hard-
the charged Higgs boson productigmp(pp)—tH™ +X scattering subprocess, its partner tends to remain atplpw
[8,9] and the relevant Higgs decay40-17, the SUSY and to become part of the beam remnant. Hence the final
guantum corrections to this process may be quite large. Istate typically has no hight b quarks. When the scale of
this work we study the one-loop SUSY-QCD corrections tothe hard scattering is large compared with lfhguark mass,
this process, which is believed to be the dominant part in théhe b quark is regarded as part of the proton E&3]. How-
SUSY corrections. ever, unlike the light quark sea, tiiequark sea is perturba-

Il. CALCULATIONS
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FIG. 1. Feynman diagrams afb—bh with
one-loop SUSY-QCD correctionga,b) are tree
level diagrams;(c—e are one-loop vertex dia-
grams for thes channel;(f-k) are one-loop ver-
tex diagrams for thé channel;(I-n) are the box
diagrams;(o—r) are the self-energy diagrams.
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tively calculable. If the scale of the hard scatteringuigfor ~ MS running mass of the quark rather than the pole mass to
the scale we usg to distinguish from the SUSY parameter take into account large QCD logarithm corrections to the
w), theb-quark distribution functiorb(x, ) is intrinsically ~ vertexhbb [15]. The SM prediction of the cross section is

b(x,72)—0; while as 7 becoming asymptotically large, calculations we neglect thé-quark mass except in the
b-quark Yukawa couplings.

aS(M)Iog(M/mO) approaches order of unity and one needs to The one- loop Feynman diagrams of SUSY-QCD correc-

sum terms of ordewg()log"(u/my,) into theb-quark distri-  tions are shown in Fig. (t-1). In our calculations we use

bution function to yield a well-behaved perturbation expan-dimensional regularization to control the ultraviolet diver-

sion in terms ofa [13]. In this case, thé-quark distribution  gences in the virtual loop corrections. For the renormaliza-

fUnCt|0n becomes Of the same Ol’der as the I|ght partons Th_%n Of Strong Coup“ng Constargs' we emp'oy theMS

main uncertainty of thé-quark distribution function comes scheme[16]. As to thehbb Yukawa coupling, at one-loop
from that of the gluon distribution function which is about level to (’)(a. ) it is given by '
S.

10%[14].
The subprocessgb—bh occurs through both the - Qco sQcD

s-channel and thé-channel shown in Fig. (&,b. The spin- Inbb= Ghbb T 99nbh T OGhbb 22

and color-averaged differential cross sections at tree-level are -

given by wheregy,,, denotes the one-loop coupling,,, is tree-level
coupling, 65 is the radiative correction from pure QCD

do®  adm) [gmy(n) |/ sina |21 mi+(5+i-md)? [15], and g5 P is the one-loop SUSY-QCD contribution

G 24 \2my | \cosg 2 5 » [11]. In determiningsggsy + dgig, » One needs the coun-

(2.1 terterm of the verteshbb, whose general from is given by
Ihoel (6MRP/my) + (8mg % my)] with 6m, being the
wheres andt are the usual Mandelstam variables(1) is counterterm of theb-quark mass defined W‘gzmpJF omy
the running strong coupling, and,(%) is the running bot- (my is the bare magsém, is determined by requiringn, to
tom quark mas§4]. « represents the mixing angle between P& the pole of the one-loop correcteequark prggagator
the two CP-even Higgs boson eigenstates gfds defined [15 11,17. One major difference betweerggy,’ and
by tanB=v,/v, with v, , denoting the vacuum expectation S9hen © is that the former contains large logarithms
values of the two Higgs doublef&]. In Eq.(2.1) we use the adog(u/m,) of O(1) and thus one needs to introdulkS
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running mass mb(ﬁ) to absorb leading logarithms e dL. A
alog(u/my)" [15]. An extensive discussion about this issue o(s)= LodTEU(S_ST)' @7
in the MSSM was provided in Ref17]. -

The one-loop SUSY-QCD contribution to the amplitude where 7,=mZ/s and's denotes thep(pp) squared center-

of gb—bh can be written as of-mass energydL/dr is the parton luminosity given by
ig3T?® gm, sina— db_ [dx_, p
5M 16,77-2 2mW COSBd(pz)(Cl’y#PL‘FCz’yMPR E_ TT[fg(XIQ)fb(T/X1Q)+(g(—>b)]1 (28)

+ C3y"kP +C,y*KPr+Cspf'P +CgpiPr whereff andff are theb quark and gluon distribution func-
u tions in a proton, respectively. In our numerical calculations,
+ C7pi kP + CgpikPr+ Cop5 P+ C1op5 PR we used the CTEQ5L parton distribution functidis]. We
+ CuupbKPL+C1pkkPRIU(py) €, (K), 2.3 did _not_distingui~sh the factorizeltion scalg and the renor-
malization scalew, and assumeg=Q=m,,. The scale de-
where P g=(17% y5)/2, T*3=\?2 with A\? being the Gell- pendence of our results will be briefly discussed in the pro-
Mann matrices, an#, p; andp, are the momentum of the ceeding section.
incoming gluon, incoming-quark and the outgoing-quark, The procespp(pp)—bh+ X has been extensively stud-
respectivelygs andm,, should be understood as the runningied [3] in the framework of the standard model. Its cross
ones in Eq.(2.1). The coefficientsC; arise from the loops section is found to be at the order of 1 fb for the Tevatron
and are given explicitly in the Appendix. We have checkedand 100 fb for the LHC, and the next-leading-ordiitO)
that all the ultraviolet divergences canceled as a result o)CD correction can enhance the production rate by 50%

renormal_izabilit)_/ of the MSSM. _ ~60% for the Tevatron and 20%40% for the LHC[3],
The differential cross section @b—bh with one-loop  depending on the applied cuts and the Higgs boson mass. We
SUSY-QCD corrections is given by will incorporate such QCD corrections in our calculations for

R R R the production rater/ogy.
do do® d(Ao)

— =+t — (2.9
dt dt dt I1l. NUMERICAL RESULTS
where the first term is the tree-level result given in E2j1) In this section we will perform a scan over the SUSY
and the second term is the one-loop SUSY-QCD correctionB&rameter space to show the possible size of the SUSY-QCD
given by corrections. Before performing numerical calculations, we
take a look at the relevant parameters involved. For the SM
d(Ao) @y ag [ sina\?/ gm, 2 parameters, we tookn,=80.448 GeV,m,=91.187 GeV,
ai == @E(cosﬂ) (m) =174.3 GeV,my(m,) =4.2 GeV[19], sirf4,=0.223 and
ag(m,;)=0.118. We used the one-loop QCD runniag( 1)
m2(s+t—m?) andmy ().
| 2(Ca+Cymi+(Cs+Co)——F— For the SUSY parameters, apart from gluino mass, the
mass parameters of sbottoms are involved. The sbottom
_ (s+ t—md)2 squared-mass matrix [£]
+(Co+Cio) (2.5 ,
My MpXp
M= - 3.1
The cross section ajb—bh is then given by ° | myX, ng
-2 tmay 200 where
o(s)= dt—?[, (2.6
tmln
m~ =mg +mi+m3(15- QpsirPu)cod2), (3.2
where ta=0 and t,=—S+m: with m, denoting the
Higgs boson mass. In order to avoid collinear divergence in m% :m%+m§+ M2QySint ycog 23), (3.3
Eqg. (2.6) and to enable the outgoirgjet to be tagged by a R
silicon vertex detector at the Tevatron and the LHC, we re- _
quire the transverse momentum of the outgoinget to be Xp=Ap— ptang. (3.4
larger than 15 GeV and apply a rapidity ¢uf,| <2.5 for the 2 2 _
LHC and |7, <2.0 for the Tevatron. Here mg andmg are soft-breaking mass terms for the left-

The total hadronic cross section fop(pp) —bh+X can ~ handed squark doubl@ and the right-handed down squark
be obtained by f0|d|ng the SprrOCGSS Ccross SeQ’i'IOMIth D,~rSSpeCtive|y.Ab is the coefficient of the trilinear term
the parton luminosity H,QD in soft-breaking terms and the bilinear coupling of
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the two Higgs doublets in the superpotenti@l.: —1/2 and o | i ]
Q,=—1/3 are the isospin and electric charge of thguark, an B 8
respectively. This mass square matrix can be diagonalized by  , | i o ta?BB; 30 i
a unitary rotation 0 tan B =50
b\ [cos#, —sing,)(b, 0l v 4
~ =( : ~ | (3.5 5l - ]
bR Sin 0b COSGb b2 7 L ]
% of : ) |
. 5 * + 7
and consequently, and the masses of physical sbottoms % .l te |
51,2 can be expressed as *‘ .
3t B, 1
: &
2m,X i L IR ]
tan 26,= %, (3.6 ‘ .:’;gg..} .
mg, ~ M) A ,
. *. s & .
i D tﬁéj:W.ﬁaM&&Iy
m% =m§ co§9b+2mbxbcosebsin9b+m§ Sirt6,, ) A I I SUTE
1 L R (3 7) 200 400 600 800 1000
' M, (GeV)
2 2 . . 2
Mg, = mE,LS“"z 6 — 2mpXp,COSH,Sin O+ mBRCOSZQb- FIG. 2. The scatter plot o5% 2, versusM , .
(3.9

where M% is the soft-breaking mass term for the right-

From Eqgs.(2.1), (2.5), (2.6) we know that the cross section handed top squark am} the coefficient of the soft-breaking

EIS% dteper']dsdontt:we Hllggsl t[))OS';; mzﬁﬁ;”dcfli V‘(’jhd'crrca” trilinear termH,QU. To show the main features of SUSY

€ determined ai tree 1evel by tanan e o 1995 effects in p)—bh+X, we performed a scan over this
boson mas# , [2]. Noticing the fact that both the mass and ten—dimenps[i)cgr?;)l) parameter spgce. In our scan we make no

the mixing angle receive large radiative corrections when th ssumptions about the relations among these parameters to

SUSY scale i_s high a_bovent [20], we used thg .IOOp' keep our result model independent, but we restrict the pa-
corrected relations of Higgs boson masses and mixing angl%meters with mass dimension to be less than 2 TeV. In ad-

[2;'22 in the computation of the cross section. In our Calcu'dition, we consider the following experimental constraints:
lation, we used the programuSHPOLE2 [21], where two- (1) ©>0 and tarB in the range 5tang<50, which
loop leading-logarithm effects of the MSSM are incorporated eems to be favored by the mugr-2 measuremér[123]

in the Higgs boson masses and the mixing angle, to generate (2) The LEP and CDF lower mass bounds on Higgs

m, anda needed for our computation. The input parameter osons, gluinos, stops, shottoms and chargjads25
for this program are the mass parameters in the top squar

and sbottom sector, ard 5, tanB and the heavier chargino m,=114 GeV, rrrt1>86.4 GeV, W1>75-0 GeV,
massnt; .
X
We found that the usage of the loop-corrected relations of light
Higgs boson masses and mixing angles is indeed necessary. Mg=190 GeV, m*"=67.7 GeV, (3.10

Comparing with the results obtained by using tree-level re- )

lations for Higgs masses and mixing angles, the size oi’zvherem';;ght is the mass of the lighter chargino.

SUSY-QCD corrections by using the loop-corrected relations |t would be interesting to first scan over the allowed pa-

is generally magnified from 30% to 200%We also checked rameter space to figure out how large the production rate is
that this conclusion is also valid for the SUSY-QCD correc-enhanced in the MSSM. In Fig. 2 we present the tree-level

tion to the Higgs partial width’(h—bb). cross section relative to the SM prediction with the same

Now we know the relevant parameters are Higgs boson mass. This ratio is independent of collider en-
ergy, but is dependent on the SUSY mass parameters since

Mg, My, M5 ,Ar b, M M, 14, M tang, (3.9 Wwe use the loop-corrected relations of the Higgs boson

masses and the mixing anglsee the second paragraph of
Sec. I). From Fig. 2 one sees that the production rate in the
The main reason for such an enhancement is that for a IargMS_SNI can be s_ignificantly larger than the SM predic_:tipn for
SUSY scale, the dominant term of the SUSY-QCD correction is light M, while for a heavyM, the MSSM prediction
proportional to cow+tang [see, for example, Eqg4.2), (4.4,  approaches the SM value. This character was first noticed in
(4.6), (4.9 in the proceeding sectignwhose value obtained by [26]and, as a result of this character, distinguishing the light-
using the loop-corrected relations of the Higgs boson masses argst MSSM Higgs boson from the SM Higgs boson in the
the mixing angle is generally larger than that by using the tree-levelarge M 5 limit will be very difficult. When SUSY-QCD cor-
relations. rections are added, this character remains unchanged for
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1.5 [ T ; T T 3 AO’ MEW MEW
, . . , 27 o EW o, EW (3.11)
. | e VI R VE:
T : . ] where Mgy, and Mg, denote the electroweak scale and the

typical mass of sbottoms, respectivef; andC, are func-
tions ofmgl, Mp,, Mg, M, andA,, but independent ol 5 .
It is found that in generaC; is negative andC, is positive
and eitherC, or both C; and C, are enhanced by large

05 —

% o tangB. For a lightM, compared withny;, the first term of
< the right-hand sidgRHS) in Eqg. (3.11) is dominant and
L >, hence the cross section tends to be negative. While for a
os b ‘§ largeM 4, the second term is dominant and the cross section
- >t ~ tends to be positive. So the behavior of E§.11) can ex-
A o tanB=30 ] plain the features of Fig. 3.
P A 0 tanB =50 b From Fig. 3 we noticed that in some corners of parameter
" space the one-loop SUSY-QCD contributions to the cross
o 1 section are comparable or even larger than the tree-level re-
I R S R sult and consequently, one must consider higher order cor-
“ o 400 800 1200 1600 2000 rections. In such cases, it is important to sum over the terms
M, (GeV) ag(u/Mgysy)" to all orders of perturbation theory by using
an effective Lagrangian approagh7,29.
FIG. 3. The scatter plot of the SUSY-QCD correctiamr/ o° Next we study the dependence of the SUSY-QCD correc-
versusM 4 for the Tevatron. The difference of the results betweention Ao/c® and the cross section normalized by the SM
the LHC and the Tevatron is at the level of parts permillage. prediction,o/ogy, on the mass of the produced Higgs bo-

son, which can be directly compared with experiment results

one also finds that there exists the possibilijthough very and hence is much mformatlve._ln such a study we assumed

rare that the MSSM cross section is suppressed to be belo €0MMon value Nisysy for all input SUSY mass param-

the SM valug27]. In this case, the SUSY-QCD corrections €t€rs and, considering the fact thaj, is insensitive toM,

will play a more important role in Higgs boson phenomenol-for Ma>150 GeV[22], we fixed the value oM,. Then

ogy at colliders[28]. through varying the value dflsysy, we obtain the different
Now let us scan over the allowed parameter space to shofiiass value of the Higgs boson.

the possible size of the SUSY-QCD corrections relative to The dependence omy, is illustrated in Fig. 4 for tag

the tree-level value. In our numerical evaluation, we found=>50. (Note thatmy, can vary only in a small range since it is

the relative correction is insensitive to collider energy. Thestringently upper bounded in the MSSMn this figure and

difference of the results between the LHC and the Tevatromlso in the following figures showing/o gy, we also incor-

is at the level of parts per mill. In Fig. 3 we present the porated the conventional QCD correctididg into both the

SUSY-QCD corrections to the cross section. MSSM and the SM cross sections. As pointed out earlier, the
Figure 3 manifests three features of SUSY-QCD correc:SUSY-QCD correctiomAa/0® is not sensitive to collider

tions for large tarB. The first one is that the correction size energy. The difference of the results between the LHC and

is enhanced by tafi and thus can be quite large. The secondhe Tevatron is too small to be visible, as shown in the upper

one is that foM 4 lighter than 500 GeV, the correction tends part of Fig. 4. But fora/osy, the difference between the

to be negative. The third one is that for latyk,, the cor- | e and the Tevatron is visible since the QCD corrections
rection may be positive and the maximum value seems to bg,o significantly different for these two collidei].

independent of the value dfl ,. These features can be x- e also studied the dependence of the production rate on

plained as follows. h lizati B (A inted i
For the correction size larger than 2%, the dominant conthe renrc])rm?z?tlon scalg. ( slpqmte olut ear\]r Ier, we aslj
tribution of the SUSY-QCD correction is from the loop cor- sume that the factorization scale is equal to the renormaliza-
tion scale) We found that such a scale dependence is signifi-

(rjgctions to_the veLtehbb”andfthetr::ontributiorl of thet_box_ cant in some parameter space. For example, for the LHC

lagrams is much smaller for the parameters safisfying,i, 1, =300 Gev and m,=120 GeV, the ratio

the constraints in the paragraph following E8.9).“ As a ~ . for T— form,—

result, the correction behaves likehich is similar to the ¢ (#)/o(my) is 0.93 for u=m,/2 and 1.03 foru=2m,.

SUSY-QCD correction to the vertebb in case of hea Such an uncertainty is comparable with the uncertainty from

bottoms[11]) VY the b-quark Yukawa couplindg my(m,)=4.2+0.2] and the
partron distribution functiorfabout 10%.

heavy sbottomssee the following discussions=rom Fig. 2

IV. BEHAVIORS OF SUSY-QCD CORRECTIONS

2 . . . .
In the large limit of SUSY mass parameters discussed in the IN DECOUPLING LIMITS

proceeding section, we have checked that, even for the correction
size far smaller than 1%, the dominant contribution still comes from  To study the behaviors of the SUSY-QCD correction in
the corrections to the vertexbb. the large limit of SUSY mass parameters, we consider four
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FIG. 5. The SUSY-QCD correctioh o/ o versusM g in case A.
FIG. 4. The SUSY-QCD correctiof o/ o® and the cross section For each fixed value a1, , the solid curvefor the LHC) overlaps
ol oy versus the mass of the produced Higgs boson. Solid curvewith the corresponding dashed offier the Tevatrohdue to the tiny
are for the LHC and the dashed curves for the Tevatron. Fodifference.
Aola®, each solid curve overlaps with the corresponding dashed
one due to the tiny difference.

Ao 2aq mé  mitartg

_ _ . 73 —(tanB+cota) — cota st ———
typical cases as in Ref11] where the decoupling property of @ . 12Ms  2Mg
SUSY-QCD correction to the coupling ¢fbb is analyzed. : 2
To qualitatively understand the feature of each case, we +tanﬁ cosp s.|n(a+ﬁ) mz , (4.2)
present the approximate formula in the limits, but in practical 3 Sina M3
numerical calculations we use the complete one-loop expres-
sions. where the first term in the RHS corresponds to the first term

About the inputs of the SUSY parameters, there are sevin Eq. (3.11)° and the rest corresponds to the second term in
eral differences between our work and REfl]. The first  Eg. (3.11). The striking feature of this case is that for very
one is that if 11] the tree-level relations for the Higgs boson largeMg, the correction approaches a nonzero constant, and
masses and the mixing angle were used, but in our calculahis remnant effect of SUSY-QCD corrections is enhanced by
tions we use the loop-corrected relations. As discussed ealarge targ. This feature is illustrated in Fig. 5. From Fig. 5
lier, using the loop-corrected relations leads to a significantlyone also finds that the SUSY-QCD correction in this case is
different correction. The second one is that in our analysi;egative and sizabldor a light M, and a large tas.
we considered the experimental bounds in E3110. This In Fig. 6 we show the loop corrected cross section nor-
will rule out some parameter space which has been considnalized by the SM prediction. From this figure we see that
ered in Ref[11]. The third one is that in cases B and D we for M , of several hundred GeV, although the tree-level cross
also requireA , to be large since largg, , is favored by the  section in the MSSM can be reduced by large SUSY-QCD
Higgs boson mass bound. corrections, an enhancement of several times over the SM

(1) Case AAIl SUSY mass parameters excéyt, are of
the same sizdcollectively denoted byMg) and tend to
heavy, i.e., 3In the MSSM the tree-level relation for Higgs boson masses and
the mixing angle predicts the following relation: eet—tang
— (2m2/M32)tanB cos 28+0(mi/M3) and at loop level, the gap be-

mMa~mg~mp~Ap,~A~mg~u~Ms. 4.7)
Q v D b g K S 4.1 tween cotx and —tang is generally enlarged.
4If the correction is too sizablésay exceeds 50%higher order
In this case the SUSY-QCD correction behaves like corrections are also important and need a proper treatfh@(9.
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prediction can still be expected due to the fact that the tree

level b-quark Yukawa coupling in the MSSM is significantly
enhanced by large tah for light M. This large enhance-
ment shows a very weak dependenceMg. So we can
conclude that up to the next-leading order, a ligyht is still

able to make the MSSM cross section larger than the SM

prediction.

(2) Case B Mg, Mg, Mp, andA,, (collectively de-
noted asMg) are much larger thap, mg, andM, (collec-
tively denoted a), i.e.,

M3,0.5~ At~ Ms>mg~u~Ma~M. 4.3
In this case the SUSY-QCD correction behaves as
Ao 2as|-2m? o MM?(Ms
? 37 Mé (tang+cota) 6|\/|é ™M cot
m% cosBsin(a+ B) Mg 2M2
B 2 ; 1- W—tanﬂ —
2Ms SN Ms
(4.4

From this expression we see that in the laMe limit, the
SUSY-QCD corrections decouple rapidly l&tbz/Mé and the
decoupling behavior is slowed down by large @nThe
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FIG. 7. The SUSY-QCD correction o/o® and o/o gy versus
Mg in case B. The solid curves are for the LHC and the dashed
curves for the Tevatron. Fdxrg/o°, each solid curve overlaps with
the corresponding dashed one due to the tiny difference.

(3) Case C Only the gluino mass gets much larger than
other SUSY parametersollectively denoted ad),>
Mg>Mg,5,6~Aup~~Ma~Ms. (4.5

In this case the SUSY-QCD correction behaves as

M2
1—log—2
( gMé)

Mccota m2 . Mgtang m3 cosgsin(a+ B)

~ 2 - 2 i
3M; MZ Mz M2Z  sina

Ao 2ag

2Mg
—— (tanB+cota)
Mg

mtart 3 cota
M3Mg

(4.6

The main character of this case is that as the gluino mass gets
large, the correction drops very slowly like
(1/m§)log(mS/M2§, which was also observed in Refd1,12.
Again, like other cases, the size of the correction is enhanced
by large tarB. In Fig. 8 we show the dependence of the
SUSY-QCD correction and/ o), on the gluino mass. Note
that in this case we found that t@+8 cannot satisfy the

characters of this case are shown in Fig. 7. So we see that

even with a fixed lightM 5, the process still does not have
remnant SUSY-QCD effects if the gluino mass amdare
also kept light.

SIn this case the Higgs boson mass bound requitgso be much
larger than the electroweak scale.
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FIG. 9. The SUSY-QCD correctioA o/o® and o/oy versus

Mg in case D for the LHQsolid curve$ and the Tevatroiidashed

;[jhe Eluollno massfln fﬁsﬁ_c' 'tl'he S%It')d /curves aI:e folfc}he LHC and thSurves) ForAg/a®, each solid curve overlaps with the correspond-
ashed curves for the Tevatron. Foo/o”, each solid curve over- 1 oo cyrve due to the tiny difference.

laps with the corresponding dashed one due to the tiny difference.

FIG. 8. The SUSY-QCD correctioh o/¢® and o/ ogy versus

or equally
experimental bounds in E¢3.10 for Ms=600 GeV. In Fig.

8 the correction size is siguificantly smaller than those in MG, ~ M~ Ay p> M, ~ My ~ Mg~ u~M>Mey,
cases A and B. The reason is that here a lvigeis chosen 2 2 ’ !
so that tarB+ cosa is suppressetsee footnote B

Let us explain the origin of the slowness of the decou- h d th f bott K d
pling in this case. Such slowness of the decoupling arised/1€r€Mp, , andnt, , are the masses of bottom squarks an
from the first term in Eq. (4.6, ie., 2u/Mg(tang P squarks respecuvely

4.9

+cota)log Mg/M~ (note that theM s in the factor Mg/M In this case the SUSY-QCD correction behaves as

is u and the one in the logarithm is squark masg). As Mg

gets much larger thaMy and u, 2u/Mjy decreases but Ao 2ag| 2M? M?

log M /M~ increases. For the example shown in Fig. 8, i.e., o0 3w Fﬁ(tanﬁ+C0ta)( 1+Iog—§)

M3 |s changlng from 1 TeV to 5 TeV with fixedg=pu 2 2

=600 GeV, the factor /My is decreased by 1/5 but the m% cosBsin(a+ B) 2,

factor IogQ\/I 2IME ) is increased by 4.16. Thus the slowness of + F T eina |\ 1+ §Sw>

the decoupllng as the gluino gets heavy is caused by the b,

enlarged mass splitting between the gluino and the squark.

Of course, since ta@+cota is proportional to Mp,

(2m3/M3)tan cos 2B (see footnote 3 the contribution of X ( ey —tanB) (4.9
1

the first term in Eq.(4.6) will be decoupled rapidly ifM 5
gets large.

(4) Case D One of the shottoms and, , become heavy The mam feature of this case is the correction decouples like
while other mass parametefdenoted as Mare fixed. We (1/rrr )Iog(lemB) and this decoupling behavior is slowed

choose down by large ta8. Figure 9 shows the dependence of the

correction and the cross section i (~mj ). Comparing

Mp~Mg~A p,>My~mg~u~Ma~M>Megy with the results in case B, we see that the correction size
(4.7  decreases more slowly asy gets heavy.
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From the above analyses we see that whenis fixed the U.S. Department of Energy, Division of High Energy
and all other SUSY mass parameters get large, the SUSFhysics under grant No. DE-FG02-91-ER4086.
QCD left over some remnant effects in the Higgs boson pro-
duction procespp—bh+X at the hadron colliders. Note APPENDIX: EXPRESSIONS OF FORM FACTORS
that for the remnant effects to be left ovar,and the gluino
mass must be comparable with or larger than the masses of Before presenting the explicit form @&;s, we define the
the sbottoms. The fundamental reason for such a behavior fsllowing abbreviations:

that the couplings likébb; are proportional to SUSY mass . .

parameters. s=(p1+k)? t=(k—py)? (A1)
We conclude this section by making a few remarks.

Firstly, in our analysis we assumexdy,.>0 and, as a re- T 1 )

sult, all four cases have negative values of the correction. In @12~ E(Sm 0+ COSby), bl,ZZE(Cosabi sin6y),

the anomaly-mediated SUSY breaking scengi@l, a nega-

tive mg is predicted and in this case, the sign of the correc- (A2)

tion may be reversed. Secondly, it should be noted that in the

calculations of such Higgs boson processes it is necessary to

use the loop-corrected relations of the Higgs boson masses

and the mixing angle since such relations can significantly (1=1,2), (A3)

affect the results. Thirdly, in case of a lightt, , although the

SUSY-QCD corrections tend to reduce the cross sections se-

verely, the MSSM cross section can still be several times

At=(a—b)?, ARl=(a+b)? A=a?-b?

A|LJ=a|aJ+ b|bJ+a|bJ+ b|a3,

R _
larger than the SM prediction. If the cross section of this An=aa;+bb;—ab;—ba,, (A4)
process is measured in the future and found to be several
times larger than the SM prediction, a lightt, is favored. By;=aja;—bb;—ab;+bja;,
V. CONCLUSION BR=aa;—bb;+ab;—bja;, (A5)

In this work, we studied the one-loop SUSY-QCD quan- m, 1

hd 1

tum effects in the Higgs boson productigrp(pp)—bh CCl=—m(§—§Sin20w)Sin(a+ﬂ), (AB)

+X at the Tevatron and the LHC in the framework of the w

MSSM. We found that for a lighM, and large tam, the

corrections can be quite sizable and cannot be neglected. We cc,= —

performed a detailed analysis on the behaviors of the correc-

tions in the limits of heavy SUSY masses and found that

when M, is fixed and all other SUSY mass parameters get CCS:L(AbSmaJrM cosa), (A7)

large, the SUSY QCD left over some remnant effects in the 2my,cosp

Higgs boson production procepp—bh+X. Such remnant ) .

effects can be so sizable for a light, that they might be Qui=ccl cog f,+cc2 sirf 6+ 2cc3 sinf,cosb,,

observable in the future experiment. The exploration of such (A8)

remnant effects is important for probing SUSY, especially in _ :

the case that the sparticles are too he@tyove TeV to be Qu2=(CC2~CC1)sin #,c08, + CC3(COS By —Sin' ),

directly discovered in future experiments. (A9)
Note addedWhile we were improving this manuscript, a

paper by Hou Hong-Shenet al, Phys. Rev. D68, 035016 Q,;=(cc2—ccl)sin 6,cos6,,+ cc3(cos O, — Sirfb,),

(2003, has appeared in which both the SUSY-QCD correc-

tions and the conventional QCD corrections to the process (A10)

pp—bh+X are calculated. We noticed that when they cal-

culated the full one-loop SUSY-QCD corrections to titeb

mz

L sirtoysinia+
mgSl wSin(a+ B),

Q,,=ccl sirfd,+cc2 cogh,— 2¢c3 sind,cosb,

coupling (as shown in their Fig. 3 and Appendix),Bthey (ALD)
used the so-called effectivb-quark massm,/(1+Am,) B'=B. A12
[see their Eq(4.7)], which, however, has already incorpo- : ,(p,rr@,mgl)|pz=m§, (A12)
rated the leading SUSY-QCD effects on theb coupling BS'= B, (p,ms,m: )ooo:
[17]. It is unclear from their presentation how they avoid the ! (P Mg, M, )Ip2=s.
double counting of the SUSY-QCD effects on thikb cou- t_ .
pling in their calculations. BJ'=Bi(p,mg., M, )| =i (AL3)
ACKNOWLEDGMENT Ci'=Cij(py,k,mg,,mg,ng),
We thank Tao Han for discussions. This work is supported _, |
in part by the Chinese Natural Science Foundation and by Cij _Cii(_pl’_k’”@’m|’m‘3|)' (A14)
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C9'=C~(—p2,k,mg,rrr,nr), om Z 1 1
o e =G [ ABy— S ATBL - S AT,
dl my i=1 \ My 2 2

Cii'=Cij(— pz.k,mg,mp ,mg, ), (A15) (A20)

CEU CI]( pZ! phimalmlanrﬁJ);
where C=4/3. The contributions of the self-energy dia-

CiijJ:Cij(_plvph Mg :mBJ'mB,), (A16) grams of theb-quark propagator can be written as
D= Dij(— Py, —K.Py M, MG, M, 1T ), 2 2
=Cp>, AFBy'—6Z,, 31=Cc>, AIB!-67,,
Di”=Djj(=Py,Pn P2, Mg, M, Mg, ,Mg), (A17) Py ATBL 07, 3U=Cr2, ABY- 07,
(A21)
Df=Dij(— P2,k — pn, Mg, MG, MG, M5 ), (A18)
2 2

whereB; , C,J , andDIJ are loop functions defined ir81]. < Res] . Rl
After g2/162 is factored out, the renormalization con- 2R:CFE1 AB1 — 8Zg, ER:CFE:L A'By —Zg.
stant of theb quark can be expressed as (A22)

2 2

52, =C AB! | §z,=C ARB!,  (A19
- F|21 ! R F21 1B1, (AL9) C, that appeared in Eq2.5) are given by

2
~ 1 . 1 . 3/ A 1 )

2
+2 Cd'AR/ ] 87, 15— 8Zplt—35/5—St/i— (152 sz 5mb) 1l
S— S— = =
3 24 L R L R 2 L 2 R mb 3 ?
2
2my,cosp 4 el ~ 4 13 3 hi3
Wl,az:lQ (3m~cO Bly / s+3mgCoBy /t+2m~D0 Bh !, (A23)

3 1 3 1
C,=2, [ 2( c12+scgg+2c24—§—m~ca')AR/ s+3chAR/ s—i( cg'z+tcg'3+2c24—§—mcC')

L/t aa /s 2 2 _vs/a t/} omp)1 1
XA t+§CZ4A| t)—0Zrl/s—6Z It—323/s—2 /t— 252L+252R+—b §+?
2

2my,cos,
| ZMweosh <,

4 3
, mgCHUBR/t+ 5 rerh”B,RJ], (A24)
mpSina | 5=1

4
QIJ( eIJBIJ/S+ 3 2

3 .
Cs=>, ( -5 —4C3+1+ 2mca')AL/s— —(sc:12+ SChL+ 20211)A|L/s]

2
- - om ~ 2mycosp 8
s i oW _° elJ
+26Z Is+23} s+ 5ZL+5ZR+2mb>/s+ mesina I,JZ=1 Q,J( 3rn~C BL/s
1 1
+3rrr(Dg”+D9” DY))B};+3my(D]y’— DY) B: +3m~D13|3,J], (A25)
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2

3 .
cezE[ =(—4C} +1+2m~Ca')AR/s——(sC12+SC bL+2ChNAN/s

+268Zgls+235%/s
=1

2

om ~  2mycos 8 1

5zL+5zR+2—b)/s+W—.ﬁ > Qlj[——rrrce”BJ/er my(DZV+ DI~ DYY)BR
my mpSina |1 3=1

1
+3my(DYY’-D1P)BR+ 3 3 rerl?,BlJ}, (A26)

2

3
Co=, (— 5 (—4Cg+1+ 2mECEH AT/ - —(th S+ICo+ 2CI AR

+26Zgl1+23 L/t
=1

8 1
Qy —§r‘rrgCO”B /t+ ZmyDYY’Bl;+3my(DYy’ — DY) Bl

3

omy\ . 2mycos
87+ 6Zp+2 b)/t+ weosh
my mpSina | 3=1

1 k k k L
+ 3My(D6+ DYy~ DiyBY 1, (A27)

2

3 .
Cio= > ( —(—4C5+1+ 2mc°' A/t — —(tC12+ tCi+2CIH AN
1

+268Z, 1t+231 /1
|=

2
om, . 2myCosB 8 13 1
5ZL+6ZR+2m_b)/t+W|,J21 Q|J[—§ITT"C B|J/t+3

n,T_.DgLJBR +3m_.(Dh|J hlJ)B

mg(D§+ Dil—DES)Bﬁ}. (A28)

Since we have neglected tihequark mass throughout this papé€; , ;g 11 108re irrelevant to our result and we do not
present their explicit forms here.
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