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The O(aemtz(b)/m\z,\,) andO(ae\,mf(b)/mcv) supersymmetric electroweak corrections to the cross section for
W=H ¥ associated production at the CERN LHC are calculated in the minimal supersymmetric standard model.
Those corrections arise from the quantum effects which are induced by the Yukawa couplings from the Higgs
sector and the genuine supersymmetric electroweak couplings involving supersymmetric particles, i.e.,
chargino—tofbottom —bottom-squarktop-squark couplings, neutralino—tdpottom)—top-squark (bottom-
squark couplings and charged Higgs-boson—top-squark—bottom-squark couplings. The Yukawa corrections
can decrease the total cross sections significantly for lowsta®) whenmy+(<300) GeV, which exceed
—12%. For high tarB the Yukawa corrections become negligibly small. The genuine supersymmetric elec-
troweak corrections can increase or decrease the total cross sections depending on the supersymmetric param-
eters, which are at most a few percent, except the region near the threshold. We also show that the genuine
supersymmetric electroweak corrections depend strongly on the choice @f A&an Mg, and u. For large
values ofA,, or large values ol and tang, one can get larger corrections. The corrections can become very
small, in contrast, for larger values bfg .

PACS numbgs): 12.60.Jv, 12.15.Lk, 14.70.Fm, 14.80.Cp

. INTRODUCTION Ref. [9] for arbitrary values of ta and to update it. They
found that theW=H* production would have a sizeable
One of the most important objectives of the CERN Largecross section and its signal should have a significant rate at
Hadron Collider(LHC) is the search for Higgs boson. In the LHC unlessny= is very large.
various extensions of the Higgs sector of the standard model As analyzed in Refd.7,11], the search for heavy charged
(SM), for example, in the two-Higgs-doublet models Higgs bosons withm,+>m,+m, at a hadron collider is
(THDM) [1], particularly the minimal supersymmetric stan- seriously complicated by QCD backgrounds. For example,
dard model(MSSM) [2], there are physical charged Higgs the processes suggested in H&f] suffer from the irreduc-

bosons, which do not belong to the spectrum of the SM an%le background due to top quark pair productigg—tt

therefore their discovery would be instant evidence of new = . ,
physics. In much of the parameter space preferred by th@ndgg_—>tt with subsequent decay through the intermediate

MSSM, namely,my=>m,, and 1<tang<m/m, [3,4], the  statebbW*W~, and heavy charged Higgs boson produced
LHC will provide the greatest opportunity for the discovery in association withiV= gauge bosons cannot be resolved at
of charged Higgs boson. Previous studies have shown thate LHC, via semileptonitv* W~ decays, for charged Higgs
for a relatively light charged Higgs bosomy+<m;—m,,  boson masses in the range between, 2nd 600 GeV at
the dominate production processes at the LHC gge-tt neither low nor high tag [11]. However, recent analyses
and gg—tt followed by the decay sequence—bH*  [12,13 have shown that the decay moH€ — 7" v, indeed
—b7*v, [5], and for a heavier charged Higgs boson thedominant for light charged Higgs bosons below the top
dominate production processgd—tH ™ [6,7,8. In addition  threshold for any accessible t@ 14], provides an excellent

to the processes mentioned above, in R8f.Dicus et al.  signature for a heavy charged Higgs boson in searches at the
also studied the production of a charged Higgs boson in ad=HC. The discover region foH™ is far greater than had
sociation with 8w boson viabb annihilation at the tree level been thought for a large range of they(-,tan) parameter
andgg fusion at one loop at hadron colliders. Since the lep-SPace, extending beyon,-~1 TeV and down to at least
tonic decays ofVV boson would serve as a spectacular triggetan~3, and potentially to tag~1.5, assuming the latest
for the charged Higgs boson search, these processes se&gults for the SM parameters and parton distribution func-
attractive. But the authors of Reff9] only considered the tions as well as using kinematic selection techniques and the
case where the value of tghto be in the range 0.3—2.3. tau polarization analysifl3]. Recently the relative experi-
Recently Barrientos Bendezu and Kni¢ho] further studied ~Mental simulation has been performgkb], and confirmed
these processes and presented theoretical predictions for thBOve analyses. L

W*H~* production cross section at the LHC and the Fermi- Since the contributions to th&/"H™ production cross
lab Tevatron run Il, where they generalize the analysis ofection due tdbb annihilation at the tree level are greater
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than ones due tgg fusion which proceeds at one-loop, it is O(aewmf(b)/va) supersymmetric (SUSY) electroweak
important to calculate the one-loop radiative corrections tQgw) corrections to thisV=H™ associated production pro-
the W=H ™ production viabb annihilation for more accurate cess at the LHC in the MSSM. These corrections arise from
theoretical predictions for the cross sections. In this paper wehe quantum effects which are induced by potentially large

present the calculations of the®(aeni,/my) and
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FIG. 1. Feynman diagrams contributing to supersymmetric electroweak correctibbst/ " H*: (a) and(b) are tree level diagrams;
(c)—(x) are one-loop corrections. The dashed line 1 represénits A the dashed line 2 represemish, A G°; the dashed line 3 represents

H*, G*. For diagram(r), the dashed line in the loop represehitsh, A G°, H*, G*, 1, b.
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FIG. 1 (Continued.

top(bottom—bottom-squaritop-squark couplings, neutra- and m;, via g?=e?/s? and s2=1—m3/m>3. As far as the
lino-top(bottom—top-squarkbottom-squark couplings and  parametergd and «, for the MSSM we are considering, they
charged Higgs-boson—top-squark—bottom-squark couplingsave to be renormalized, too. In the MSSM they are not
which will contribute at theO(aeWmf(b)/mﬁ\,) to the self- independent. Nevertheless, we follow the approach of Men-
energy of the charged Higgs boson. The relevant QCD cordez and Pomardl17] in which they consider them as inde-
rections are expected to be larger, but not yet available. pendent renormalized parameters and fixed the correspond-
The arrangement of this paper is as follows. In Sec. Il wang renormalization constants by a renormalization condition
give the analytic results. In Sec. Il we present some numerithat the on-mass-sheH +|_,,I and hil couplings keep the

cal examples and discuss the implications of our resultsiorms of Eq.(3) of Ref. [17] to all order of perturbation
Some notations used in this paper and the lengthy expregheory.

sions of the form factors are summarized in Appendixes A \We define the Mandelstam variables as
and B.
8=(p1+p2)?=(k+ps)?,
Il. CALCULATIONS

t=(p1—k)?=(p2—p3)?,

The Feynman diagrams for the charged Higgs boson pro- A ) )
duction viab(p;)b(p,)— W= (k)H " (p3), which include the 0=(p1—pP3)°=(p2— k). (1)
supersymmetri¢SUSY) EW corrections to the process, are
shown in Figs. 1 and 2. We carried out the calculation in the
't Hooft—Feynman gauge and used d|men§|on_al reduction, m\ZN :m\2N+ 5m\2;v, m% :m§+ 5m§,
which preserves supersymmetry, for regularization of the ul- 0 0
traviolet divergences in the virtual loop corrections using the
on-mass-shell renormalization scherfs], in which the tanBo=(1+6Zp)tang,
fine-structure constani,,, and physical masses are chosen to
be the renormalized parameters, and finite parts of the coun-
terterms are fixed by the renormalization conditions. The
coupling constang is related to the input parametexsm,,

The relevant renormalization constants are defined as

sinag=(1+6Z,)sina,
W3 #= (14 6Zy) YAW=#+iZ12 e FH T,
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FIG. 2. Feynman diagrams contributing to renormalization constants: The dashed line repﬂei;emi}(’, H™, G*, T, b for diagram

(a), andH; in diagrams(d)—(f) represent#d, h, A

Ho = (1+06Zy=)"H~,

Zh=(1+6Z,) 221 +iZ5Ro"A,

Ap= (14 6Z,) A,

Taking
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O(aewmf(b)/m\‘}v) SUSY EW corrections, the renormalized M,=v(p,)Pru(p1)p:-e(k),
amplitude forob—W™H™ can be written as

M o= M)+ M [ 5K VA 1 SKISO) 4 SK1V29 | (H,) M2=v(p2)PLu(p1)ps-&(k),

+[SMVAS) 4 SISO+ SN V2 (A) + SN V2O M3=v(p2) PrU(P1)P2-&(K),

+ oM SV + 5M V2D + sMPoX 3)
(s) 0) . . M =v(p2)PLu(py)p2-e(Kk),
where My” and My’ are the tree-level amplitudes arising

from Figs. 1a) and 1b), respectively, which are given by o
Ms=v(p,)£(K)PrU(py),

M) ghpasi @11 < J_
V2(8-my) =1 Me=1p2)4(K)PLU(py),
ighpB _
— (M- Myt Ms—My) (@) M7=D1p2)é(K)PRU(P1)Py - & (K),
V2(5—mjp)
and Mg=0(p2)é(K)PLU(P1)Py-&(K),
“)=L(2hbﬂ Mo —hymyB1M Mo=0(p,)4(K)PrU(py)pa-&(K)
0 Vi(f—mtz) 1 12Ms 9= V(P2 RU(P1)P2-&(K),
MM~ oM o). ® M 10=01p2)é(K)PLU(Py)pz-£(K),
Here h,=gm,/v2my,cosB and h,=gm,/v2mysing are
the Yukawa couplings from the bottom and top quan@s, M 1,=0(po)ké(K)PrU(py)

and p, denote the momentum of incoming quatk&ndb,

respectively, whilek and p; are used for the outgoing/~ .

boson ancH™ boson, respectively. The notatian; , B, Mp=v(p2)ké(k)PLu(py), (6)
andg;; used in the above expressions is defined in Appendix

A, and H; stands for Higgs bosorfswith i=1 andH with ~ WhereP g=(1+ y5)/2. The vertex and self-energy correc-
i=2. M, are the standard matrix elements, which are definedions to the tree-level process are includedsm S, which
by are given hy

oy 1 5zb+ ! 570+ = sz
hy, 2 2 7

SI a)SINa
+ L)z—(tanaaz +2ZH2)

. ighp 2 as Qi1
OMMHE(Hy) == V2 {I 125- ImI
H,

cogS—a)

4
~ a7 (sinadZ,—cosaZi?) | >, Mj+ oMY (H),
=1

Ighb SinB 5hb
1/2(@— A)

+MV1S(A),

1 1 1 M
—+ + - b+ b—|— - 1/2 + _
cos ,8523 oZ 6Z OZp+ tang cosby GI(M1—Mo+Mz—My)

SMYE(A) = - 2 04T 30T 5

4

~ ighy A2 Qi1 . .
SMSE)(H;) = 5 i:ELZ(g_;na'i)z[amﬁi—(s—mﬁi)azH (8—md)zH2— (5 mh)zm]Z M+ SMSO(H),

“ ighg, sin
oS a)= IS e (S mR)6ZA1 (M~ My Mg— M)+ SMSS(A),
v2(5—my)
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) igh @i [ 6 1
SRV (H) = — 2 b{ Aaz'gp'l( 9, Loz 42 5zH++22H)
i=1

V2 28-mg 1 g 2 2
COSa CO
A—gf)(smﬁcosﬁﬁzﬁ tana 8Z,,— 22+ myzH3,
§—mj
4
sina si
+S¢)(smﬂcosﬁ§zﬁ tan@oZ ,+ZHa+myZia) | 2 M+ MY2S(H),
_ &
- ighysing |69 1 1 1
SMV2S(A)= — —————| —+ = 6Z7+ = 6Zy++ 5 6Zy- |(M1— Mo+ M3z—M,) + SMV2S)(A),
( Vi(g— mi) g 2 2 H* 2 W ( 1 2 3 4 (
- i
5le(t):%(ZthlZMZ_hbmbﬁlZM5+htmtﬁllM6 hpB12M 12) + 5Zt+ 5Zb+ 5ZW )
V2(t—m?)
+ oMV,
1 S(t) ig 25mt 2 oot 3 oot 1
M =——o 5 2my +M{SZ —t6Z, || 2hpB1Ma—hpMyB1Ms—hB1:M 1o+ —him 311 M6
V2(t—m?)? my 2
1 omy ¢ ¢
+ = | 2t——+m28ZL—16Zk | hymB1 Mg | + SMSY,
2 m;
- ig? oh,
SMVa® ? m; Cotﬂ(——co§ﬂﬁzﬁ+ 870+ = 52t += 5zH++—zl’2 Mg
2mw(t_mt2) h; 2 2 2 cotp
oh 1 1 1 My
+m, tang —b+sin2/aazﬁ+—5z[+—5zg+—5zH+— N 712 | (2M,— M 15— mpMg) | + M Va(0),
hy 2 2 2 tang
(7)
|
with The Sele appearmg in Eq.(8) does not contain the
O(aemt(b)/mw) corrections and needs not be considered
) ) ) in our calculations. Also SMVi®(H,), sMViO(A),
5g e 16m; 1 dmz—aomy SMSO(H,),  sMSO(A),  sMY29(H)), SMVY2(A),
9 e '2 m 2 mi-md ’ MV sMSO - sMV2()| and SMP°* represent the irreduc-

ible corrections arising, respectively, from théH(h) ver-
tex diagrams shown in Figs(d—-1(d), the bbA vertex dia-
grams shown in Figs. (8)—1(d), the H and h boson self-
energy diagrams in Figs.(il—1(k), the A boson self-energy
diagrams shown in Figs.(—1(k), the H(h)W H™ vertex
diagrams shown in Figs.(fl—1(h), the AW H™* vertex dia-
shy 69 om; 1 5mW grams shown in Figs.(1)—1(h), the btW~ vertex diagrams
g + M 2 me, —si? 56Z, Figs. 11)-1(0), the top quark self-energy diagrams Figr)1
thetbH™ vertex diagrams Figs.(f)—1(q), and the box dia-
grams Figs. (s)—1(x). All above 5M":S and SMP°* can be

6hb 89 % om, 1 5mW
hb g my 2 m

sg 16my 1 S
7o 2y W T e W Sl written in the form
B 2 H HW s
g 2my 2 tan,B 12
S - 5MV,S,boX:iiZl fi\/,S,bOXMi , 9)
g 1 rnW 1 1/2 . a
80Z,=——+3 — = 8Z,—cotaZji—sin® B6Z,. _ : .
g 2m 2 @ Bozs where thef"S"* are form factors, which are given explicitly

(8 in Appendix B.
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Calculating the self-energy diagrams in Fig. 2, we can get the explicit expressions of all the renormalization constants as
follows:

5mt
m;

ttH

1 b
-2 5 I ek By '+ By LB+ BYM) 1 - 2 gz [(hEmysT + himy53) By u

th

' +2h ht:81|182| 0 ]

h2 iy
+2 327%m; [mt|NJ4|2(B IXH'B IX')*’f’ﬂNOﬁ 2(N14+N?42)Bgtl)(i]

1 b
+ 2 g, (MUNECER) V2| i U 2B + BN )+ hghyan 67, 0%(U;V o+ U VE B

h2B2_ . h2(0'[ )2 h2(0b )2
52}_:2 b/P2i Bthi _2 t\Yi2 |NJ4|2(B 'Xl+Btt'Xl) z b\ Vi2 |U12|2(B |XJ +B |XJ )+5t,
i

1672 1 < 1672 < 16w
2 2 2
Bi he(6},) h?(6%)
8Zx= Ei 1t6 2‘ ok ~ t167|71 |N14|2(B 'X1+B“'XJ 2 t167lrl IV;2]2(B 'XJ +B DiY;’ )+ 6,

’ bH
8= 327T2{a1.[8“” 2mi(B, "~ By )1+ BL[B M+ 2m (B + By }+ X 1o e Tm(h? g + hiss By
b hem,
rt HE lttI lttI rtt,
+2hhmbﬁl|32l '] E 16ﬂ_2[mt|Nj4|2(B XJ+B XJ)+m~°0|10 (N]4+ )B XJ]
r bI ’ bI ’ bl
-2 %2 Toa (MENZ(OR?IV3 2+ 021U 22BN +B1°H0 )+ gy - o 05(U; Vo + UV BT
,_ @ 2 mp—mi—2miy o 2ot L 2 202 Wbt
omy=-——1 (my— ) 14——2—50 —2miBy — z— [(my—m;) +(mb+mt)mW]B
16 2m 2m2,
2 222
g (m,—my) ,
52W:32w2m§,| - (B*'—BYY +[(m2—m?2)2+ (m2+mZ)m3,] By be],
202 2
9°Sw | My
oMy =Te7 [7(3—23\2,\,)(B§bb+ BY°") —m?(3—4s,) (B~ 88“)}
W
g2
320 [mb(Bbe ZBObb) th(BZtt_I_ZBOtt)]
3 H bt rH bt rHT bt rH bt
5ZH+: 16’7T2 Z(h Bll+ hbﬁZl)(B +mbBo +mH Bl ) 4h h mbmtﬁljﬂle

DR GHEOREGRCHETINCENE: bi
i,

3
5mﬁkzﬁ[—2h§a {ME(1+ B+ 2By K + m?, B - 2hZad [m(1+BY™+2By*") + m?, BY"]

+ > [(ho, 6,00, BHkt'tJ+(hb0

i,j,i',]’

,k)ZBHkb bJ]+Z h2m? 2k(1+BOb b')

||’

+2 hzrrr alk(l-i- BOt't')]
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3
0= 16772[ZhE“EK(BTkﬂ+2meéHkﬁ+ m?, B; ™)+ 2hZaZ, (BICP+ 2mZB o+ m?, B M)
! / bb
+ 2 [h;6,07,0%8 Hkt't'“hbem ©7,,)%By ]]
i’
° bb o
omyz = 167TZ[Zh BIIM(1+B) +mj B Ak“]+2hbg2k[mb(1+BgOb)+mA BA) - 2 [(h6, 6 ?,j,k)ng\kt,t]
|vJ,|,,j,
ADib; 2 0B, 2 it
+ (ot 0507150 7B 1+ 2 g 51+ Bg ) + 3 hfwikuwo"“)],
! bb 1 Abb
OZn= 16772[2h 'Blk(BAktt+mA Aktt)+2hb,32k(BAk +mA B, !
! 1 Agbib
_- Z, [(h 0”7 ’k) B Akt|t1+(h 0”’ o Jlk)ZB Ayb; J]]
AR
ZH+W:_—39 (Bt hpmyB1)[(M2—m2) (B! BY 2 —m? . BY Y
16v2m2me  md, et b— M) (Bo "
+ 2 9 0”,0}10 (hbis/j/1+h /1)(m I”r'r)(BOb'tl H blt]):|
i’
Zpz= 16v272m2, (hmB11B3" —hymp 81,85 )+—32 mAquuE] {hbﬂn,ﬁ @l q[(3— ZSW)9|19 — 252,65 A

2 2 bib; _ pAbb;
X (Mg, =m; )(By =By ")~

i’

3agiag;
Z712_

™ 1672(mi—m7)

g

_ 3agiay;
1672(m2—m?) 4

Zl/2 l/2|h H
with
|k A !
Bl =(—-1)" 1 fodyy”
m2y(y—1)+m?(1—y)+m;
><|n[ y(y—1) MJZ( y) ky”, @

Bk — 1)nf dy y"ri(1-y)
" y(y—1)+mi(1-y)+mgy’

12

hetl,6,,0°,,,[(3—4s5) 61,6}, — 4,0}, 0t2](m m)(B

2 HBB
* 167%(m2—m?,) 2 [(hbe”'e” e, i19i12Bo

otit; Bgtitj)}'

[2m2(1+ B3 +2B§"?) —2m?(1+BJ"+ 2B{") — m3 By *°— By ]

i+ (h, 0”,0 )20, ],10| 1B By iti]

> [him? (1+ B°b b')+h2rrr (1+ BO“")]

(10

|
The notatlonsﬁfj, 0,”] , and @}, used in above expressions
are defined in Appendix A; stands forA with i =1 andG°
with i=2. H;" stands forH+ with i=1 andG™ with i=2.
smy/my, SZ°,6Z% can be obtained, respectively, from
sm./my, 82} , 62k by the transformation

Ny N, My My, M, = N, @i i, Bai— Bai s

0b<_)0|] Nigz—Ni3,Ujp— V5.

The corresponding amplitude squared is
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E |Mren|2:E |MBS)+ME)U|2

+2 Re§ HE 5M)(Mgs)+M$))T}.

(13
The cross section for the procdsb—W*H ™ is
o= f bl S (Ml (14
1 16m8? ren =
with
. ma+mio—3
t. 5

1
*5 VI8— (my+my-)?][3— (my—my-)®]. (15)

The total hadronic cross section fprp—>bE—>WiH: can
be obtained by folding the subprocess cross sedikiomith
the parton luminosity

1 L. —
dz——o(bb—W*H" at §=2%s).

S)=
G( ) (my+my-)/\s dz ( )
16

Here /s and /3 are the c.m. energies of tipp andbb states,

PHYSICAL REVIEW &2 095012
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FIG. 3. The Yukawa corrections versog,;+ for tang=1.5, 2,
6, and 30, respectively.

2
IvlLL

5 myM g
Mﬁ: (18
qu RL

M&r
with

2

2 _ 2 2 3L ;
MEL=mg+mg+mZ cos 28(1 " —eqsin’ ),

2 _ 2 2 2 :
Mgr=M{ 5+ Mg+ m3 cos 28e, sir’ by,

A{—uncotp

M r=Mg = (19

<a=T>)
Ap—ptang (g=b)/’

respectively, andiL/dz is the parton luminosity, defined as to simplify the calculation we assuméds=Mg=Mg5 and

dL
o=

1dx o,
22f27fb/P(XrM)fb/P(Z X, ), 17
VA

A=A,, and we usedMg and A; as the input parameters
except the numerical calculations as shown in Fig. 6, where
we tookm"l, M, andA;= A, as the input parameters. Some

typical numerical calculations of the Yukawa corrections and

wherefyp(x, 1) andfyp(z°/x, 1) are the bottom quark and  the genuine SUSY EW corrections are given in Figs. 3, 4 and
bottom antiquark parton distribution functions, respectively.igs. 5-9, respectively.

Ill. NUMERICAL RESULTS AND CONCLUSION

In Fig. 3 we present the Yukawa corrections to the total
cross sections relative to the tree-level values as a function of
my+ for tanB=1.5, 2, 6 and 30. For tg8=1.5 and 2 the

We now present some numerical results for the SUSYeqorections decrease the total cross sections significantly,
EW corrections toV=H™ associated production at the LHC. which exceed—6% for my+ <50 GeV and—12% for m,,+

The SM input parameters in our calculations were taken ta-3qg GeV, while the lightest Higgs boson mass values have

be ag(m;)=1/128.8, my=80.375GeV and m,
=91.1867GeV [18], and m;=175.6GeV and m,
=4.7GeV, which were taken according to R¢1L0] for
comparison. We used the&TEQsM parton distributions
throughout the calculatiorjd9]. The one-loop relation20]
between the Higgs boson masség y o = and the param-
etersa and 8 in the MSSM were used, andy+ and 8 were

been smaller than 106 GeV and excluded by the
CERNe"e™ collider LEP. For tar8(=6) these corrections
also decrease the total cross sections, although relatively
smaller, which exceed-2.5% for my+<500GeV and ex-
ceed —5% for my+<<250 GeV. But for high tam(=30)
these corrections become positive, which increase the total
cross sections slightly. Note that there are the peaks at

chosen as the two independent input parameters. Othgg . —180.3 GeV, which arise from the singularity of the

MSSM parameters were determined as follows.
(i) For the parametersl;, M, and w in the chargino and

neutralino matrix, we tak®&, andu as the input parameters,

and then used the relatioM ;= (5/3)(g'%/g?)M,=0.5M,
[2] to determineM ;.

(ii) For the parameterm
matrices

2

.05 and A, in squark mass

charged Higgs boson wave function renormalization constant
at the threshold pointng+=m;+m.

In Fig. 4 we show the Yukawa corrections as a function of
tang for my+=100, 150, 200, and 300 GeV. Fox2anpg
<4 the corrections reduce the total cross sections by more
than 12% whemy+=200 GeV. Withmy+=300GeV the
corrections are only significant for<ltanB<5. For my+
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,,,,,,,,,,,,,, m,.=1 00GeV

3o /0 (%)

——m,.=150GeV tanp=1.5
_ ———m,,=200GeV tanp=6 |
-30 - tanp=30
--------- m,,=300GeV
-100 i N 1 N 1 N 1 N 1 . 1 " 1
E— . ettt v o 100 150 200 250 300 350 400 450 500
05 1 2 3 4 5678910 20 30 40 50

tgp m,. (GeV)

FIG. 4. The Yukawa corrections versus farfor my+=100,
150, 200, and 300 GeV, respectively.

FIG. 6. The genuine SUSY EW corrections versug+ for
tanB=1.5, 6, and 30, respectively, assumiiy,=200 GeV, u
=100 GeV, A;=Ap,=1TeV, Mg=Mg, ni, =100 GeV, andn,

=100 GeV, the lightest Higgs boson mass value has been 150 Gev.

excluded by the LEP. Withm,+=150GeV, the lightest ,

Higgs mass value has not been excluded by the LEP only fgr@n exceed 10%. However, for tgs1.5, above lightest

tanB>5, where the magnitude of the corrections is at most d&0P-Squark mass has been excluded by the Tevatron with

few percent. For high ta(>10) the corrections become SOME assumption of supersymmetric parameters, because the

negligibly small for all abovem,,+ values. lightest ne_utrolmo mass becomeg now 35.7 GeV, for Wh|ch
Figure 5 gives the genuine SUSY EW corrections as 4he experimental bound on the lightest top-squark mass is

function of my- for tanB=1.5, 2, 6, and 30, respectively, 9reater than 100 Gey21]. For tan3=6 and 30 the correc-

assuming M,=300GeV, u=-100GeV, A=A, tions are at most }0% and become small Wlth. an increase of

=200 GeV, andMg=Mg=M5=500GeV. From this fig- My The sharp dips a’nH+=.250 GeV are again dqe to the

ure one sees that the corrections are very small and neg|§_|ng_ula_r|ty of the charged Higgs boson wave function Nrenor-

gible, which is reasonable because the squark masses dpélization constant at the threshold pomf;« =, +mg,

now very large and also the couplings of the charged Higgs=250 GeV.

boson-squarks are small for the valuesfgf,, Mg 5 5 and Figures 7, 8, and 9 give the genuine SUSY EW correc-

w used in those numerical calculations. In contrast, in Fig. 8ions versusA;=A,, Mg=Mg=Mg and u, respectively,

when we take the lighter squarks masseg:=100GeV and for tang=1.5 and 30. In each figure we fixedy+

mp, =150 GeV, and putA;=A,=1TeV, which are rela- :2?0 Gevthandi/%:éo\(; ?e\tlﬁ and t&;‘ tolp-squarrllg rr?asses

) . _ - are larger than eV for the mostAyfvalues, which are

T\I/\Il?lz l\l/lz{rgi;;eagsesrl:lrj?rllgggﬁgsogv(\?i\é}rgc;igr?g gr(zve’nﬁggce till allowed by the experimental bound at the LEP and the
Q— Mu»

significantly, especially for low ta(=1.5) andm,,+~ below evatron.
P o HY Figure 7 shows that the corrections are negative for
250 GeV, which can exceed-30%. But when my+ g 9

. . . . tanB=1.5 and positive for tag=30, assumingMg=M{
>250 GeV the corrections increase the cross sections, which \, = =400 GeV andu=100GeV. For both tap=1.5 and

0.2 T v T T v T T v T v T s T T T T T T T T

0.0 s i 6 tanp=1.5 B

02} e B

04} o B

3ol (%)
3ala, (%)

-06 |

-08 }

1.0 . § . L N L N L 1
100 150 250 300

m,. (GeV)

i
500 100 200 300 400 500 600 900

A=A, (GeV)

700 800 1000

FIG. 5. The genuine SUSY EW corrections versug-+ for FIG. 7. The genuine SUSY EW corrections verg\ys- A, for

tanB=1.5, 2, 6, and 30, respectively, assumivig=300 GeV, u
=—100GeV,A=A,=200GeV, andMg=Mj=Mp=500 GeV.

tanB=1.5 and 30, respectively, assumimgy+=200GeV, M,
=300 GeV, ©=100 GeV, andMg=M{=Mp=400 GeV.
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8 — . T T 5 % when|u| ranges between 0—500 GeV. For fzn1.5 the
corrections are relatively small and increase slowly from
about 0 to 3.5 % when ranges betweer-500—-500 GeV.
This result indicates that large values p@fand tang can
enhance the corrections significantly since the couplings be-
come stronger.
In conclusion, we have calculated tI(iE(aemf(b)/m\ZN)
oL i and O(aeMyy,y/My,) SUSY EW corrections to the cross
sections folW=H™ associated production at the LHC in the
MSSM. The Yukawa corrections arising from the Higgs sec-
] tor can decrease the total cross sections significantly for low
4 L L L L L L L 1 ! tanpB(<4) when my+(<300) GeV, which exceed-12%.
250 300 %50 400 450 800 850 60D 850 70 70 por high tan3 the Yukawa corrections become negligibly
M- (GeV) small. The genuine SUSY EW corrections can increase or
FIG. 8. The genuine SUSY EW corrections verddg—Mg decrease the tqtal cross sections depending on the SUSY
=M5 for tang=1.5 and 30, respectively, assumingy: pgrameters, which are at most a few percent, except thel re-
=200 GeV,M,=300 GeV, =100 GeV, andA\,=A,=500Gev.  9ion near the threshold. We also show that the genuine
SUSY EW corrections depend strongly on the choice of

30 the magnitude of the corrections increases with increasinganﬁ’ A, Mg, and. For large values af, or Iarge val-
A=A, . WhenA,=A,=1 TeV the corrections can reaets es ofu and tanB, one can get much larger corrections. The

and 7.5 % for tapg=1.5 and 30, respectively. Otherwise, sglrlrjzg“gfn'\jfan become very small, in contrast, for larger
Q.

whenA;=A, decrease to 100 GeV, the corrections become
negligibly small. This result is due to the fact that large val-

3alc, (%)

ues ofA,;=A, not only enhance the couplings, but also give ACKNOWLEDGMENTS
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Figure 8 also show that the corrections are negative foral Science Foundation of China, the Doctoral Program
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cause for larger values d¥lg i p the squarks have larger
masses and their virtual effects decrease due to the decou- APPENDIX A
pling effects. . . .

In Fig. 9 we present the genuine SUSY EW corrections as We present some notations used in this paper hetre. We
a function of u, assumingA,=A,=500 GeV andMg=My mtrobduce an gnglea=,8— @, and for each angle, 8, ¢, 6,
=Mpg=400 GeV. For taB=30 the magnitude of the correc- or ¢, we define

tions increase with an increase|pf, which varies from 0 to cosa  sina cosg  sing
= . . Bi= _ '
— 7 ! ( —sina COSa) 4 ( —sing cosﬂ)
S i =
tang=1.5 cose  Sing
L tanB=30 i 7 (IDI] = . ,
b 1 —SIing COS¢@

0”_ 0”_

3ala, (%)

. ((:0519I cos&‘) . (cosab sin&b)

—sind' cosé! —sing® cos#®

We define six matri}k,, i=1-6 for the couplings be-
tween squarks and Higgs bosons:

L L ! . : - L L L 1 2m; cosa A;cosa+ u Sina
-500 -400 -300 -200 -100 0 100 200 300 400 500 @1 1= .
1 (GeV) Ut 2\ Ajcosa+ usina 2m; cosa
FIG. 9. The genuine S_USY EW corr_ections vergusor tang 1 2m, sina A, sina— u cosa
=15 and 30, respectively, assumingy+=200GeV, M, @i]‘.z:— ) )
=300 GeV,A;=A,=500 GeV, andMg=My=Mp=400 GeV. % v2 | Agsina— u cosa 2msina
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0?2 -1 2m, sina Ap Sina+ u cosa 04 1 0 —A,cosB+using
1175 | Apsina+ u cosa 2m;, sina ’ 1275 | Ay cosp—using 0 7
@?2:i< ZmbCOSa. AbCOSa—,uSIna') 05 - my, sin 3 0
e a |\ Aycosa— u sina 2my, COSa g ApsinB+ucosg msing)’
03, i( 0 | AtCOSﬂ'F,LLSIn,B)’ 05— —m, cosfB 0
s\ — A cosB—using 0 2=\ —Ap,cosB+using 0]’
03— 1 0 A;sinB— u cosp . m; cosB  A;cosB+ using
275\ —A;sinB+ u cosp 0 ’ 0i1= 0 m, cospB ’
0t _ 1 0 ApsinB+ u cosp 6 m;sinB  A;sinB— u cosp
1 s\ = Ay sinB—u cosB 0 ' Oij2= 0 0 '
APPENDIX B

The form factors defined in Eq9) are the following:

3 2
ghpaziazejn oy,
Oy =Y —= 2 AT PP [am2C,+ (4m2+8)C1](8,m2 mE, mE,m2,m3)
1 i 32\/?772(§—mﬁj){ 0 [4m,Co b 1] b M, Mp, M, M )

_ghgﬂgiazj‘»"jl bbA 2 4 a2 2 2 2 2

T aaantsomy) 0 e DGR
i

ghiayjejq btH"
] 16\/?772(§—mﬁ,j
A~ A 2

+ (2hEmpmyBT; + Nohe81i B2+ 2hgmypme35;) C1 (8, mp, mg,me,me,my, )}

1

LSS g6y, 65,07,
SRy 16772(§—mf||)

3 b b 2
ghbcpile"'ekk’NB@"k'i
—h2m, 6%, 6%, |V:,|2C,1(8,m2,m2,m? m* ,m-+) + U !
My 0i20;5| V2| *C11(8,mp, mp M %) i’%’I j%, 16 z(s_mai)

) {=hphB1iB2iBy " +[(hfmym B3+ 2hphm? B1i B+ himym55;) Co

[hEmy6}16}16/Ui*(Co+ Co+ Co) + M chyohe 61,613 UpoVioCo

A 2 2
X[ My 00, 0;NT{Cot C1+ Cp) — My 0,00, NF5C o + m;(PebloﬁzNBCO](s,mﬁ,mﬁ,m;)j,mBk,m;(lo),

]
£ (H) = £ (H) (L, 16, 08 02 6% U s Vs Nig s Nig),
Fy O H) =119 (H),
O H) =119 (H);
#AO(A) = 1)+ 11 (A)y,

where
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19 (A), = > M[ h2m,6',6'1|U;5|?(Co+ C1+ Cy) —me+hyh,6,6!,UyoVioCo
1 a— Tk 6472(8 mA) P . e
3 4
gh ngg ’9"®"k"
5 ) i’ 7jj ] K
+h; mb¢9 2|V12| CoI(5, mb'mb’mt m ’m~+)+|§J“k E 16m2(5— mi)
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f\zll(s)(A)a: f\l’l(s)(A)a(hbH‘an he6hs 2 0p1 Oy .Uz Ving Nig>Nia),
1 (A), =119 (A),,
1 A), =131 (A),,

_ghgﬁgiﬂm

ghgagiﬁZl bbH;
(A= ————5{Bg P TSI
) { 322 73(5—m3)

2 2 & o o o 2
32\/2772(§_mA) [4mbC0+(4mb S)C]_](S,mb,mb,mb,mb’mHi)}_i_Ei

Bll
t 2{ bhtﬁllﬁm th

><BbbA1 4Am;—38)C(5,mg, ms, m;, mo, m T e—
[ (b)l(bbbbA)]Elafg(

+[ (hfmpm BT, — 2hphymi By B2 + himymy85) Co— hphy(4mZ—8) B1; BC11(8,m3, mj, mZ, my, mar)},

—ghdaz asi o —ghyhZayg; aqiasie;
BOH)=, II2TADL [ mz(1+ BIO)+ (2m2BEP+ 3B |4+ ) o oAy
T 8vV2mA(5— mH)(s— J) ] S\sz(s—mHi)(s—mHj)

3 b \2,,b 22 2
ghba2k¢|1(0jjr) (0“/) ®ifj/k®jlif| *'E,iEj

X[ m?(1+BQ") + (2m?B"+8B5") 1+ Bj
t 0 t =0 1 SHARY = 1&/2772(@_ mal)(é_ mak) 0

N ghph? a2|‘Pk1(6” )2(0”’)2®I in® 1 |’kBst|1]+ 3ghyasiej1
BRANTEY 16v2m*(3—mp ) (8—mj ) ° Tk 16\/2772(§—mﬁi)(§—mf|j)

2 2
X [hgaziaszo(mgk) + htzalialeO(m'{k)]r
139 (H) =159 (H) = 155 (H) =15 (H);

g hgﬁ%
8v272(3—m3)?

hﬁﬁm(oﬂ/>2<0ﬁ,>2(®f‘,j,1>2 5

[m2(1+B3°?) +3B°]+

ho82 .
9= TP 1+ B + 883

8v272(3—m3)

—ghph? 816 )2(65)2(07,,))? gl

-2 2

BT 16v27%(5—m3)? 21 .EJ 16fw2(s—mA)2 0
3ghpB21 2 2
—Ek m[hgﬁgh(”\gk)*‘ htzﬁile(m;k)],

YA =~ F59(A) = F59(A) =~ 139(A);
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“ 16/272 D ool W,mb.mH+,mb,u,t,mH+,mH m2,m?)
bt
ghyh? B11B1iBai s o ghy by 0y 5 6
R T e P .
X{hmb0k20|2N,3VJZD2+h 0k16’|2N 3Vjal — m~+O (D0+D1+D2)+mf;(i00ij*(D1+Dz)]

b pt N Rx 2 2 2~ % 2 2 2
+hpMy b1 61 Ni3U 205 Da}(mw,mb,mH+,mb,u,t,m~X~j+,m;io,rngk,m;|)-

All other form factorsf; not listed above vanish. He#,, C;, D;, andDj; are the one-, three-, and four-point Feynman

integrals[22]. The definitions ofU;;, V;;, Njj, Of;, andOf} can be found in Ref.2].

[1] For a review, see J. Gunion, H. Haber, G. Kane, and S. Daw- and W.-K. Tung,ibid. B308 813 (1988.
son, The Higgs Hunter's Guid¢Addison-Wesley, New York, [7] V. Barger, R. J. N. Phillips, and D. P. Roy, Phys. Lett384,

1990. 236 (19949.
[2] H. E. Haber and G. L. Kane, Phys. Rdi.7, 75(1985; J. F. [8] C. S. Huang and S. H. Zhu, Phys. Rev6D, 075012(1999;
Gunion and H. E. Haber, Nucl. PhyB272 1 (1986. L. G. Jin, C. S. Li, R. J. Oakes, and S. H. Zhu, Eur. Phys. J. C
[3] CMS Technical Proposal, Report No. CERN/LHC94-43 14, 91(2000; L. G. Jin, C. S. Li, R. J. Oakes, and S. H. Zhu,
LHCC/P1, 1994. Phys. Rev. D62, 053008(2000.
[4] CDF Collaboration, B. Kempgerst al, Phys. Rev. Lett79, [9] D. A. Dicus, J. L. Hewett, C. Kao, and T. G. Rizzo, Phys. Rev.
35 (1997; DO Collaboration, B. Abbotet al, ibid. 82, 4975 D 40, 787 (1989.
(1999. [10] A. A. Barrientos Bendezu and B. A. Kniehl, Phys. Rev58)
[5] Z. Kunszt and F. Zwirner, Nucl. Phy®385, 3 (1992, and 015009(1998.
references cited therein. [11] S. Moretti and K. Odagiri, Phys. Rev. B9, 055008(1999.

[6] J. F. Gunion, H. E. Haber, F. E. Paige, W.-K. Tung, and S.[12] K. Odagiri, hep-ph/9901432; Phys. Lett.452 327 (1999.
Willenbrock, Nucl. PhysB294, 621(1987; R. M. Barnett, H.  [13] D. P. Roy, Phys. Lett. BI59 607 (1999.
E. Haber, and D. E. Sopehid. B306, 697(1988; F. I. Olness  [14] S. Raychaudhuri and D. P. Roy, Phys. Re\634902(1996.

095012-29



YANG, LI, JIN, AND ZHU PHYSICAL REVIEW D 62 095012

[15] M. Benekeet al, to appear in the Report of the “1999 CERN (2000.
Workshop on SM physics(and more at the LHC,” [20] J. Gunion and A. Turski, Phys. Rev. 89, 2701(1989; 40,
hep-ph/0003033. 2333(1990; J. R. Espinosa and M. Quiros, Phys. Lett266,
[16] S. Sirlin, Phys. Rev. 22, 971(1980; W. J. Marciano and A. 389 (199)); M. Carena, M. Quiros, and C. E. M. Wagner,
Sirlin, ibid. 22, 2695(1980; 31, 213E) (1985; A. Sirlin and Nucl. Phys.B461, 407 (1996.
W. J. Marciano, Nucl. PhysB189 442 (1981); K. I. Aoki [21] S. Abelet al, hep-ph/0003154, and references therein.
et al, Prog. Theor. Phys. Suppi3, 1 (1982. [22] G. Passarino and M. Veltman, Nucl. Phyl60 151 (1979;
[17] A. Mendez and A. Pomarol, Phys. Lett. 229, 98 (1992. A. Axelrod, ibid. B209 349(1982; M. Clementset al, Phys.
[18] Particle Data Group, C. Caset al, Eur. Phys. J. C3, 1 Rev. D 27, 570 (1983; A. Denner, Fortschr. Phystl, 4
(1998. (1993; R. Mertig et al, Comput. Phys. Commurb4, 345
[19] CTEQ Collaboration, H. L. Laét al, Eur. Phys. J. A2, 375 (1991).

095012-30



