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We calculate theD(aeyMiy,)/my) and O(aeMy,/my,) supersymmetric electroweak corrections to the
cross section for charged Higgs boson production in association with a top quark at the Fermilab Tevatron and
the CERN large hadron collidék HC). These corrections arise from the quantum effects which are induced by
potentially large Yukawa couplings from the Higgs sector and the chargino—top-qybditem-quark+
bottom-squark(top-squark couplings, neutralino—top-quarkéottom-quarky top-squark(bottom-squark
couplings and charged Higgs-boson—top-squark—bottom-squark couplings. They can decrease or increase the
cross section depending on tarbut are not very sensitive to the mass of the charged Higgs boson for high
tang. At low tanB(=2) the corrections decrease the total cross sections significantly, exceed2ig for
my+ below 300 GeV at both the Tevatron and the LHC, butrfgr->300 GeV the corrections become very
small at the LHC. For high ta@(=10,30) these corrections can decrease or increase the total cross sections,
and the magnitude of the corrections are at most a few percent at both the Tevatron and the LHC.

PACS numbg(s): 14.80.Bn, 12.60.Jv, 13.85.Qk, 14.80.Cp

[. INTRODUCTION region forH™ is far greater than had been thought for a large
range of the fhy+,tanB) parameter space, extending beyond

There has been a great deal of interest in the charge@y=~1 TeV and down to at least tgr3, and potentially
Higgs bosons appearing in the two-Higgs-doublet model$0 tans~ 1.5, assuming the latest results for the SM param-
[1], particularly the minimal supersymmetric standard modefters and parton distribution functions as well as using kine-

(MSSM) [2], which predicts the existence of three neutralMatic selection techniques and thepolarization analysis
and two charged Higgs bosohsH,A, andH*. When the [11]. Of course, it is just a theoretical analysis and no experi-

Higgs boson of the standard mod&M) has a mass below mental simulation has been performed to make the statement

130-140 GeV and tha boson of the MSSM is in the de- Y&V reliable so far._ . . _ .
coupling limit (which means thatl * is too heavy anyway to The one-loop radiative corrections kb t assoqated pro-

. ) . duction have not been calculated, although this production
possibly be producegdthe lightest neutral Higgs boson may

er S _ process has been studied extensively at tree [&i€d]. In
be difficult to distinguish from the neutral Higgs boson of thethis paper we present the calculations of the

standard modglSM). But charged Higgs bosons carry a dis- 2 2 4 4 :
tinctive signature of the Higgs sector in the MSSM. There—%(jg"\v()mgfég:\g\),ve:l? %Ogégt?(\;v:]st(?z)/ :?]\:VS) a;;fcﬁg%ntn;fgfc
fore, the search for charged Higgs bosons is very importanytion process at both the Fermilab Tevatron and the LHC
for probing the Higgs sector of the MSSM and, therefore,i e MSSM. These corrections arise from the quantum ef-
will be one of the prime objectlves_ of the CERN _Iarg(_a h_ad-fects which are induced by potentially large Yukawa cou-
ron collider (LHC). At the LHC the integrated luminosity is plings from the Higgs sector and the chargino-top-quark
expected to reach=100 fb ! per year in the second phase. (bottom-quark} bottom-squark (top-squark couplings,
Recently, several studies of charged Higgs boson prOdUCtioﬁ‘eutraIino-top-quark(bottom—quark} bottom-squark (top-

at hadron colliders have appeared in the literaf@reb]. For squark couplings, and charged Higgs-boson—top-squark—
a relatively light charged Higgs bosom=<m—m;, the  pottom-squark couplings which will contribute at the
dominate production processes at the LHC gge-tt and o(aewmf(b)/mﬁv) to the self-energy of the charged Higgs
qg—tt followed by the decay sequentesbH" —br"v_ boson. In order to get a reliable estimate this process has to
[6]. For a heavier charged Higgs boson the dominate produdse merged with the related gluon splitting contributigg

tion process isgb—tH™ [7-9]. Previous studies showed —H"tb. This leads to a suppression by about 50% at LO
that the search for heavy charged Higgs bosons witfx ~ [12]. However, the complete one-loop QCD corrections are
>m+m;, at a hadron collider is seriously complicated by probably more important, but not yet available.

QCD backgrounds due to processes suclglas-ttb, gb

—ttb, andgg—ttbb, as well as other processgs. How-
ever, recent analysgd0,1] indicate that the decay mode  The tree-level amplitude fogb—tH ™ is

H*—7"v provides an excellent signature for a heavy

charged Higgs boson in searches at the LHC. The discovery Mo= Mgs)+ Mg), 1)

Il. CALCULATIONS
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FIG. 2. Self-energy Feynman diagrams contributing to renor-
malization constants: The dashed lines repreTseEt H, h A HF,
GY, andG~ for diagam(a), where the solid lines represent chargi-
nos and neutralinos if the dashed lines represent squarks.

and
iggs —
MO =——2u(p)[2m, cotBptP
0 \/Emw(t—mtz) (Py)[2m, cotBpfP
+2my, tanBpiPg—m, cotBy*kP_
—my, tanBy*kPrlu(py)e ,(K)TH , (©)
5 i . whereT? are theSU(3) color matrices ang andt are the
g“w‘*IH QT """ H $wsar———*  subprocess Mandelstam variables defined by
bl: t; b t t '
VTR by L s=(pp+k)2=(p+py-)?,
(s) ® (u)
s B , and
K t=(pi—k)>=(pp-—py)*.
B
{v) Here the Cabibbo-Kobayashi-Maskaw@KM) matrix ele-
_ o 5 mentVcul bt] has been taken to be unity.
FIG. 1. Feynman diagrams contributing @(ae. M)/ My) The SUSY electroweak corrections of order

Yukawa corrections tgbh—tH™: (@) and (b) are tree-level dia-

2 2 4 4
grams;(c)—(v) are one-loop diagrams. The dashed lines represen?(ae""mt(b)/mw) and O(aeuMy,/My) 10 the procesgyb

H, h, A H*, G°, andG* for diagrams(c) and (f); H, h, A, andG® —H™t arise fro_m the Feynm_an diagrams shovv_n in_ Figs.
1(c)—1(v) and Fig. 2. We carried out the calculation in the

for diagramsm), (p) (1), and(u); T, b, H, h, A H*, G® andG™* for  ; . . i
(i) and(k), where the solid lines represent charginos and neutralinost Hooft—Feynman gauge and used dimensional reduction,

if the dashed lines represent squarks. For diagranand(g), the Whi(,:h Preserves supgrsymm_etry, for regularizqtion of.the ul-
- . ~ ~ : traviolet divergences in the virtual loop corrections using the
solid lines in the loop represent® and Y™ and the dashed lines . . ;
on-mass-shell renormalization schers], in which the
represent squarks.

fine-structure constant.,, and physical masses are chosen
whereM$® and M represent the amplitudes arising from t0 be the renormalized parameters, and finite parts of the

diagrams in Figs. () and 1b), respectively. Explicitly, counterterms are fixed by the renormalization conditions.
The coupling constang is related to the input parameters
igge  — e,my, andm; by g?=e?/s? ands3=1—mZ/m3. The pa-
ME = 22 u(py)[2m, cotBpL P rameter3 in the MSSM we are considering must also be
2Mu(S—mp) renormalized. Following the analysis of RET4], this renor-
+2m, tanBptPr—m, cotBy*kP, malization constant was fixed by the requirement that the
on-mass-shelH *| v, coupling remain the same form as in
—my, tanBy*kPrlu(py)e ,(K) T} , (2 Eq.(2) of Ref.[14] to all orders of perturbation theory. Tak-
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ing into account the(ae,My,)/my) andO(aeMiy/my)  wheresMYVil®, sMYiD, sM sM3O, MV, sM V2,
SUSY electroweak corrections, the renormalized amplitude®M"®, and sSM represent the corrections to the tree dia-
for the procesg‘qb_ﬁ[H’ can be written as grams arising, respectively, from tfgabb vertex diagram
Figs. Xc) and Xd), the gtt vertex diagram Figs. (1) and
1(g), the bottom-quark self-energy diagram Fig.) 1the top-
quark self-energy diagram Fig(K, the btH™ vertex dia-
M en=ME+ MO+ sMV1) + sMV1O + SMSE) + sM SO grams Figs. @m) and Xn) and Figs. 1p) and Xq), including
their corresponding counterterms Figge)1 1(h), 1(j), 1(),

+ oM V28 + sM V20 1 sMP() 1 s\ PO 1(0), and 1r), and the box diagrams Figs(sl—-1(v). 3;6M'
then represents the sum of the contributions to the SUSY
EMgs)+ Mg)Jr El oM, (4) electroweak corrections from all the diagrams in Figs)4

1(v). The explicit form of 6SM' can be expressed as

_ig%gT
4.\2x 167%my,
+ fopfKPL + f1 KPR+ 10 KP L+ FL 0 kPRIU(py) e ,(K), (5)

M'= Clu(p){fL y*PL+ fhy“Prt f5pLP L+ fyplPr+ fEpfPL+ fplPrt fhy kP + fyy*kPg

where theC' are coefficients that depend ert, and the masses, and tHeare form factors; both the coefficien® and the
form factorsf! are given explicitly in Appendix A. The corresponding amplitude squared is

Y Men2=2 MO +MP|2+2 Re> (2 5M')<ME€>+M8’>*}, 6)
|
where
- 2.2
g g 1
2 IMP+MP2= ==t ——— [ (m{cof B+ matar?8) (- kp;-K—mppy- K+ 2py-Kpy: pr—mppy- py)
2Ncmy, | (s—mp)
1
+2m§m$<pb-k—m§>]+m[<m5co€ﬁ+mﬁtar?ﬂ)(pb-kpt-k+m$pb-k—m$pb-pt>
t
+2mgmi(py-k—mp) ]+ ——————-[(m{cof B+ mitar’ B)(2p,- kp;- k+2pp-Kpy- Py
(s—mp)(t—my)
—2(Pp- PO 2= Mipy- k+m?Zpy-K)+2memZ(py-k—py-K—2py-pol 1, @)
- g%g? 2
SM/(ME)T=— s c> hof!, 8
2 oMM 64N X 16m2m2,(5—m?) 2, o 8)
and
— g492 12
> MM T=— : c'> hOf}. (9)

64N X 16m2m3(t—m?) =1

Here the color factoNc=3 and h{® and h are scalar with
functions whose explicit expressions are given in Appendix

B. . _ . mi+mi—s
The cross section for the procegb—tH ™ is tmin:T
8-: J‘}max 1’\ 2_,|Mren|2d’i (10) _ E\/[g_(m +m 7)2][%_(m -m 7)2]
tmin 167s? 2 t H t H )
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and ~
< (a)
2, 2 =
R my+mg-—s 1
ma— T o T
1 — _ 10 '15 __________________
+ 5V (et my ) )5~ (m—myy-)2]. S
10'2_...|...l...|...|...|.|.|.|.||..|..~...|N.-~.~'."
The total hadronic cross section fpp—gb—tH™ can be 100 120 140 160 180 200 220 240 260 280 300
obtained by folding the subprocess cross secéionith the 10
parton luminosity: S
o 5 E (b)
! dL . L, DY —
o(s)= dz——o(gb—tH™ at s=z%s). :
(me+my )/ dz S S ntit ey
(11 10 _
Here \'s and /s are the c.m. energies of thep and gb a __/__,,.,——//
. . . . o Ve s o b ey B Uy e Ly e b b B Ly
states, respectively, aril/dz is the parton luminosity, de- 20100 120 140 160 180 200 220 240 260 280 300
fined as ) Charged Higgs Mass (GeV)
dL X FIG. 3. The tree-level total cross sectiof@ and relative one-
5= zzf , be/p(X,M)fg/p(Zz/X,,U«), (12)  loop correctiongb) versusmy= at the Tevatron with/s=2 TeV.
Z

The solid, dashed, and dotted lines correspond tg@gtad, 10, and

) 30, respectively.
wherefy,p(x,u) andfyp(z/x, 1) are the bottom-quark and

luon parton distribution functions. ~ ~
g P Ai—upcots  (g=t)
M r=Mg= ~ ~_ | (14
I1l. NUMERICAL RESULTS AND CONCLUSION Ap—ptang (9= b)

In the following we present some numerical results for T . 2 2 2
charged Higgs-boson production in association with a topt0 simplify the calculation we assumedQ—mU—mD and

quark at both the Tevatron and the LHC. In our numerical™t="b: and we seing =500 GeV andh, =200 GeV. Butin
calculations the SM parameters were taken to rog the numerical calculations of Fig(® A=A, are the vari-
—80.41 GeV,m,=91.187 GeV,m=176 GeV, a(m,) ables. . . .
=0.119, andw,, (M) = 4 [15]. And we used the running Some typical n_umerlcal calculations gf thg: tree-level
b-quark mass 3 GeV and the one-loop relatifx from the  total cross 4390“0”5 and  theO(aeym;p)/my) and
MSSM between the Higgs boson masses 1= and the O(aewMyp)/my,) SUSY electroweak corrections as the func-
parametersy and 3, and chosem,- and tan3 as the two  tions of the charged Higgs-boson madg=A, and u, re-
independent input parameters. And we used the CTEQ5MPectively, for three representative values of faare given
[17] parton distributions throughout the calculations. Othern Figs. 3—6.
MSSM parameters were determined as follows: Figures 3a) and 4a) show that the tree-level total cross
(i) For the parametel;, M, andy in the chargino and ~ Sections as a function of the charged Higgs boson mass for
neutralino matrix, we sebM,=300 GeV and then used the three representative values of fanFormy- =200 GeV the
relation M;=(5/3)(g'g)M,~0.5M, [2] to determine total cross sections at the Tevatron are at most only 0.7 and
M;. We also setu=—100 GeV except for the numerical 0-1 fb for tang=2, 30, and 10, respectively, and for-
calculations shown in Fig.(B), wherey is a variable. f:30?| ﬁeV thel total ?TO;S |s_|ect|ons are Shmaﬂircthg” 0-1? fb
G 2 ; or all three values of taB. However, at the the tota
mz;;:i)cvla:sor the parametersig ; 5 and Ay in squark mass cross sections are much larger: the order of thousands of fb
for my= in the range 100-240 GeV and t@x2 and 30;
and they are hundreds of fb for the intermediate value
) (13) tanB=10. When the charged Higgs boson mass becomes
heavy (<500 Ge\}, the total cross sections still are larger
than 100 and 10 fb for taf=2, 30, and 10, respectively.
with For low tanB the top-quark contribution is enhanced, while
for high tanB the bottom-quark contribution becomes large.
MEL:mé+ m§+ m3 cos 2'3(|3L_eq sirf6y,), These results are smalle.r than ones given in F{Qﬁﬁ] be-
cause we used the runnifgquark mass 3 GeV in the nu-
merical calculations. We have confirmed that if we chose
mp=4.5 GeV, our results will agree with Refs,9].

2
2 ( M{L  mgMig
q

MG= 2
mgMgL  Mggr

2 _ 2 2 2 H
MR&g= Mg 5+ mg+m3 cos 28e, St 6y,
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FIG. 4. The tree-level total cross sectiof@ and relative one- FIG. 6. Relative one-loop corrections versiis A, (a) as well

loop correctiongb) versusmy- at the LHC with Js=4 TeV. The asu (b) at the LHC with Js=14 Tev, wherem,,-=300 GeV and
solid, dashed, and dotted lines correspond tqaa2, 10, and 30,  the solid, dashed, and dotted lines correspond tggtag, 10, and
respectively. 30, respectively. Fora), u=—100 GeV, and for(b), A,=A,
=200 GeV.
In Figs. 3b) and 4b) we show the corrections to the total

cross sections relative to the tree-level values as a function . .
my- for tanB=2, 10, and 30. For tafi=2 the corrections QIIeV at the LHC. For high ta(=10,30) these corrections

decrease the total cross sections significantly, exceeding?©c0me smaller, which can decrease or increase the total
—13% formy- below 300 GeV at the both Tevatron and the CroSS sections depending on fanand the magnitude of the

LHC. But the corrections decreasemg: increase. For ex- corrections are at most a few percent for a wide range of the
ample, as shown in Fig.(8), the corrections range between charged Higgs boson mass at both the Tevatron and the

—13% and~0% whenm,- increase from 300 GeV to 1 LHC. _ )
In Fig. 5 we present the Yukawa correction from the

Higgs sector and the genuine SUSY electroweak correction

gzo ; from the couplings involving the genuine SUSY particles
© (the chargino, neutralino, and squaffior tan3=30 at the
15 LHC, respectively. One can see that the Yukawa correction
I and the genuine SUSY electroweak correction have opposite
10 f signs, and thus cancel to some extent. The former decrease
Lo the total cross sections, which can range betwe®&% and
s F ~—4% for my= below 300 GeV, but the latter increase the
S— total cross sections, which range between 10%-aii@o for
o b my = in the same range. In such a case the combined effects
just are about 2% ané 3%.
____________________________ Figures 6a) and Gb) give the corrections as the functions
ST of A,.=A, and u for my==300 GeV at the LHC, respec-
e tively, assuming tag=2, 10, and 30. From Figs.(® and
-10 F 6(b) one sees that the corrections increase or decrease slowly
i with increasingA;=A, and the magnitude of:, respec-
qs L tively, for tang= 30,10, and the corrections are not very sen-
i sitive to eitherA;=A, or u for tanB=2, where the correc-
20 A L , , L tions are always about 12% and—13%, respectively. In

e e e by by b b g 1 PRI BB
100 120 140 160 180 ZWChgggeerj%gSZﬁosgr?Ge\f)OO general, for large values d; and.small values of taf or
large values ofu and tanB, one finds much larger correc-
FIG. 5. The radiative correction from top, bottom quarks tions since the charged Higgs-boson—top-squark—bottom-
(dashed lingand genuine SUSY particlgslotted ling, as well as  squark couplings become stronger. For fan30, compar-
total contributions(solid line) when tan8=30 at the LHC with  ing Fig. 4b) with Fig. 6(b), we can see that the corrections
Js=14 TeV. indeed become larger as the valueswofncrease. But for
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tanB=2 from Fig. 4a) and Fig. &a) we found that the cor- tions become small at the LHC. For high ta¢= 10,30)
rections change very little whefy, = A, becomes larger. Ob- these corrections can decrease or increase the total cross sec-
viously, the effects of the stronger couplings have been sugions, and the magnitude of the corrections are at most a few
pressed by decoupling effects because with an increase percent at both the Tevatron and the LHC.
A=Ay all the squark masses are still heavy, which is almost
the same situation discussed in Rdig].

In conclusion, we have calculated tlﬁla(aewmt(b)/mw)
and O(aewmt(b)/mw) SUSY electroweak corrections to the  This work was supported in part by the National Natural
cross section for the charged Higgs-boson production in asScience Foundation of China, the Doctoral Program Founda-
sociation with a top quark at the Tevatron and the LHC.tion of Higher Education of China, the Post Doctoral Foun-
These corrections decrease or increase the cross section dition of China, a grant from the State Commission of Sci-
pending on taB but are not very sensitive to the mass of theence and Technology of China, and the U.S. Department of
charged Higgs boson for high tgh At low tanB(=2) the  Energy, Division of High Energy Physics, under Grant No.
corrections decrease the total cross sections significantly, el 3E-FG02-91-ER4086. S.H. Zhu also gratefully acknowl-
ceeding—12% for my= below 300 GeV at both the Teva- edges the support of the K.C. Wong Education Foundation of
tron and the LHC, but formy+->300 GeV the correc- Hong Kong.

ACKNOWLEDGMENTS

APPENDIX A
The coefficientsC! and form factors! are the following:

2 2 2

CZIC L B chli= M coo—— o
Miy(S— M) m(t—m?)’ miy(s—mp)?
m? m,m mym
C= ——t V9= — ot —,CVa0= %
mg,(t—m¢)?2 ma,(S—mp) ma,(t—m?)
Ch(s) = bt = mth ,
My

f\l/l(s) (1)[m (ng(S) 1(8)) 2py- kgﬁl(s)]

1519 = 9@ my(g;9 - g;29) ~ 2py- kgy 1,

fgl(s) (2)[2(gV1(S)+921(5))+m (941(S)+951(S))+2p kgvl(s)]
$209) = (0 2(g"20) 1 g¥19) 1y (V19 + g2 4 2, kgl
1759 = 9@~ (99 + ;1) + my(gg 2V +9729),

Fo =ML (g, +g52) + my(gg ¥ + 97191,

$209) — 0 Y204 Vel 1 gVl gYa() )

f\llé(S)_ 77(2)[gV1(S)_,_ngl(S)_i_m (ng(S) V1(S))]

Vz(S) sz(S) Vz(S)

=2py-kg, 2pp-kg,

Vo (s)
f12
fVZ(S) 2gV2(S)+2mt cot B(SAM + AP+ 5A )y — 2mth2(S)+ 2m gVZ(S),
£y29=29729 + 2m, tanB(SAY+ AP+ SAE)) + 2m,gy ¥ —2m g2,

1 1
Va(s) _ Va(s) Va(s) _ Va(s)
f72 __§f32 , f82 __Ef42 ,
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fV2(t) Vz(f) fvz(t) Vz(t)

2p;-kg, 2p;-kg,
fv2=2gY2"+ om; cotB(SAMN+ AP+ SAR) —2mg 2V +2m, gy 2",
fv2=2gY2" + om, tanB(SAQ + SA P+ SAE)) + 2mygy 2 —2mygy2Y

1 1
Vo(t) _ V(1) Vo(t) _ V(1)
f72 [ §f52 , f82 __§f62 ,
159 =27Mp,,- K[ g5+ my(g5 + g5,
159 =25@py- Kg& +my(g59 + 9591,

£59 =27 my(g3® +g2) + 2(mZ+ pp- K) g5 + (MZ+ 2py,- k) g5 + m2g5e],

1= 27 0my(93” + g5%) + 2(mp+ py- K) g3+ mig3® +(mg+ 2py- k)92,

1 1
f§(5): _ Efg(S), f3(5)= _ Ef‘s‘(S)’

£ = 020 oo 73 7 P[2my(— 3D 315+ (1 ) D)+ M3(Do+ D1y~ Dy~ D) — MZMy(D a3+ 2D 59)
i=HO10,GO0 A

—2MpPy- K(2D 3+ D gyt {i(D o+ D12)) + 2mppy- K(D o5+ D310) + 2Mypy - Pr(D 26+ 2D 39) 1+ 7 2my(— 3D 333
+(14£)Dy)— M (Dagt (1+ &) Do+ Mimy(D 13— 2D gg+ (1+ ;) (Do~ D))+ 2mypy,- k(D 13— Dago— (1
+ 1) (D121 Dog))+ 2mipi- K(2D 37+ (1+ £i) Dog) + 2mipy,- pr(2D 39+ (1+ £)) Do) [H(— kK,

8\/—W

= Pb s Pt,Mp, My, M; ;M) — Sin2B |

2, NiaNisR (D)R)(£)7 D — K. — Py Pr M, M, M., ),

fg(s):f?(s)(ﬂ(l)‘—) 77(2),L|<—>R, aNkIHN:I)'

f3= > M = 4D 57+ 2m2(D 5~ Do— (1— ) (D12+ D))
i=HOh0,G0 A0
+2mZ(D 3~ (1+ {;)De) + 4p;- K(D 26— Ds) 1+ 722mimy(1+ ) (D gy~ D15~ Do)}
8\/_mW

X (=K, = Pp Pt My, My, M; ,my) — 2 il = MNiaNgsRi(b)R; (1) D g

sin 2[3 i
+ MpNggNisLi (D)L (1) (Dot Dop) + m}EN§4NE3Ri(b)Lj(t)D1ﬂ(_ K, = Pp Py ,mBi'mBi-m}(E-Wﬁj)a

5O =26 (5M s p@ L R N NE)),
2= > B pM[12D4 5+ 2mE(2D 35— Dyat (1— £;)(D g+ D2g)) + 2mE(Dagt (1+ £;) Do)

i=H%h%,G0,A0

+4py,- k(D s+ Dayg) —4p;- K(D ozt 2D 37) — 4py- Pu( Dozt 2D 39) ]+ 722mmy(1+ ;) (D s+ Dog— Dog)}

8v2my,

28 2 il MNGNER(b)R; (D2

X(_k,_pb,pt My, My, M; vmt)+
+ MpNggNisLi(b)Lj(t) (D13t Dog) + m}EN:4N;3Ri(b)Lj(t)D13](_ K, = Po Pt M, Mg, 0,11 ),
feO=120(nM e @ L1 R NN,

053008-7



JIN, LI, OAKES, AND ZHU PHYSICAL REVIEW D 62 053008

O=" > P pM[6(Dyr—Dar) +My(D 11~ 2D 1~ 2Dz~ 2D et (1+£)(Do+ Dyp))
i=HO h0 GO A0
—M{(2D 3+ 2D g7+ (1+§;)D19)— 2pp- K(D 1o+ 2D 54+ 2D 3) + 2Py K(D 15+ 2D 5+ 2D g5)
+2p;- Po(D 13+ 2D 95+ D319 ]+ 7Pmmy(1+ &) (D 15— D 13— Do) }(— K, = Py, Pr, My, My, My ,my),

fg(S) = ka)(s)( ,7(l)<_) 77(2)),
o= > P {nM2m{—Dig—Dagt(1+)(Dix+ Dag) |+ 7*2My[ —~ Dogt Dog+ {(Do+ 2D 12+ Do) I}

i=H%h9,G0,A0
8\2my,
> 0ijNNERi(D)Rj(1)(D12+ Dy

X (=K, = Pp,Pt, My, My, m;,my) — sin2B8 Tk

X (=K, = Pp Pt M, M, M50, 1Ty ),

F20) =189 ( W @ L Ry N> N§)),

ftf(ls): > 77i(3){77(l)2mt[D23_(1+ i)D sl — 7®2my[ — Dog+ Dos+ {i(Dya+Das) I}

i=H%n0,G0,A0
8\2my

sin28 IE ijNiaNiaRi(0) R (1) (D 13+ D 55)

X(_k,_pb,pt,mb,mb,mi vm’[)
X (=K, = Pp Pt MG, M, M0, NT; ),

F20) = 199D p@ L1 Ry N N§)),

whereDg,D;; ,D;jx are the four-point Feynman integrdts9]. The explicit forms ofoM V1), 5MSV, sMP®, can be, respec-
tively, obtained fromem V(o) , M3 sMP() by the transformatiot, which is defined as

PP, 5=t k——k VP, g g @)
me=my, 7 Pep® Npoh, myemg, UV, Nig=Ng,
L|(b)HL|(t), R,(b)HR|(t), Py PL(R)Hpt PR(L)! ‘yMkPU—) ’}/MKPR
All other form factorsf: not listed above vanish. In the above expressions we have used the following definitions:

my, mg

M=m, tang, 7®=m, cotB, Ay=———, AN=——o——
Y b B n t B b \/Emw cosp t \/Emw SinB
Li(g)=cosby, Ly(q)=-sinfy, Ry(q)=sind;, Ry(q)=cosdy,

cosza Sir'lza
(1) _ (1) _ (1) _ (1) _
70= , , = tan2 , =1,
HO 00326 7he C0326 a0 B 0

77(23:5'”2“ 77(%):cos°-a
"7 sineg " sitg

ng=cofB, nZ=1,

sina cosa
3 3 3 3
Q= @ SNaCOSe @)y

2

2)_ M @ _

—, &= 2tan?ﬁ
my

G’N ""N
E 3
N oN
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SUPERSYMMETRIC ELECTROWEAK CORRECTIONS TO. .. PHYSICAL REVIEW &2 053008

(4) _
=1

(3) —tartB, &3=1, 5(4)—cot2,8

G-

{no=Eno={y-=—{p0= — {go= —{c-=1,

2t Zcot
aij=%v(sin2 L anﬁgvmtco ﬁ)Lmb)Lj(tH gg’v’v(tanmCOtﬁ)Ri(b)Rj(t)

my
— —AptanB)R (b)L:(t A.cot LbRt
@mw“‘ ptanB)R;(b)L;(t)— (Ww cotB)Li(b)R;(t),
1 _ n
9\1/1(5)_ 020 oo 77|(1)H§_2C24+ mﬁ(_2C11+C12_C21+C23)_S(C12+CZQ}(_pbr_kami1mbamb)
i=H",h”,G" A
+[—Fo+F1+2miG;— (1+£)2miGol (Mg, m; ,my) | ,
1 — “
g;"= X 2{fi(l){z_zczﬁ'mtzco"'mg(_C0_2C11+012_021+023)_5(012+Czs)}
i=H ,G~
x<—pb,—k,mi,mt,mt)+[f§”<—Fo+Fl)—2m55i60+m§<§$1’+ff”)(csl—zieo)](mﬁ,mi,mo]

ama,
+ ey .EJ {NG[RZ(0)[Ni3 2(— Fo+F 1) + Mg Nig|2(— Go+ Gl)—Zmbm}ij(b)Rj(b)NfszGo]
b ]

X (M M, M50) + [ = 2MpM oA L (DR (D) ViU Go+ MRF(1) Vil (= Fo+ Fo)
+MpRI()|Vio*+ ML (D] U2 (= Go+ G 1(mg i ,m ) — 20 5RF(D) N3] *Cos
X(=Pp,— k,m}?ﬁTBj,”TBj)_thszz(t)|Vi2|2624( ~Po,— k,m}i*,nrj,”ﬁ'j)}a

9= g 1O M 63) v, U Nig= N L (D) > Ri(D) ApL () = AR ()],

0¥= > pW2m[Co+2C 1+ Cort &i(Cot Crn)1(— Pp.— KoMy My, M)
i=HO h0 G0 A0
2
3) m;
¥ Am E7(Cot 200t Cat G 4(Cot Cu |(—Po.—ommmy
i=H ,G~

2

8amy,
2 2 (NIl (DR (DINE(Cort Cua) =Myl F(0) [Nigf*(Cart Co) (= Py, = koo, s, )
b

F[ME AL (DR (DVIUT(Cot C10) = MpAELF(D)|Ui|*(Caat Con) 1(— Py — ks, 1 )},

9y 19 =g e 63) Vipes Uty Nig N5 L (D) = Ry (0) AL (1) = ARy (D],
gZI(S) 7Pmy(Co+ Ciat LCo)(— Py, —k,mi,my,mp)— >, 2m,

i=HOn%,GO A0 i=H™,G~
2
(3) m
é: (CO+Cll)+ §|C0 ( pb! kimi!mtlmt)v

\ \
9,9 =05" VeV ),
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9;3/1(5) 29M(Coa+ Coa)(—pp, —kmy My, M)+ X 4EM(Copt Cop)(—pp, —k,my,my,my)
i—HOh0.GO A0 i=rmGm
8mg,
~ 2 2 DRI(D)INGl(Cazt Caa)(— Py, — ke, )+ APRF(D)|Vizl*(Coz+ Ca
e T

X(_pb!_k!m}rimj!mij)}l

9y 19 =gy &M £3) Vo Uty Nig N5 L (D) = Ry (D) AL (1) = MRy (D],
1 _
9,°%= ¥ n.“”[nm[—5+4024+m?(co+2cn+§i<co+cm+czrcu—czg>
i=HO h0 GO0 A0
+ ma—(czz— C29)+S(Cyat+ Cya)

4\2my

T sin2g sin28

+ 7@mymy £ Cya+ (1+ &) Col | (— Py, — Pr-,M; M, Mp)

2 [MRi(b)R;(t)Ni3Nya(—Cyq+ Crp) + m}ELj(t)Ri(b)NESNEACO]Uij

X(_ptv Pu-, OmBnT)

v Y%
922(5): glz(s)( 77(1)H 77(2),|_|(_> R ,Nk|<—>N;|),

92,/2(5)_ 02(; - 7 pOm Co+ Cyy+ {i(Co+ Cro) 1+ 7P EmMyCogt(— Py, — Py-, My, My ,my)
i=HOn0,GO,A

4\/—W

sin ZB 2 R(b)R (t)N 3Nk40-ijC12(_pt!_prvm}gvaivm{j%

\Y \Y
942(5) 9y 2(5)(7](1)<_> n‘z’,L|<—>R|,Nk|<—>NE|),

1 _
9\1/2(0 > 7> (1)[_ 5 T4Cat M2(Co+2C 13+ £i(Co+ Cy1) + Cor— C1p— Coa)+ M2, (Cop— Cyo)
i=HO ho G0 A0
+1(Cyot+ Caa) |+ 7@mym Co+ £i(Co+C1D) ] (= Py, Pr-. My .My, My)
4\2my
525 2 [MoLi( D)L (ONENka(~ Cart Cra) + ML (DR (D)NisNEuColo

X (=P P~ M0, M, M ),
Vo(t Vo(t
02 =g/20 (5D g L R N NE),

Vo(t) _

d3 P pOmy[Co+ Cyt &i(Cot Cro) 1+ 7P EMC ot (— P, Pr-,M; , My, My)

|—H0 n0,G0 A0

4\/—W

sin28

E Ri(D)R;(1)N{aNiaaij Crol = Po P~ M50, MG, 1T ),

Vo(t Vo(t
0, =932 (Vs 7D Lo R N NJy),
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0f%= X mun{=GFo(Pot KMy mp) +[£iFo— 2ME(1+ ) Go+ 2MEGy](mg my my)}
i=H"h",G",A

, 2
m? m

v 2 Zmbl_ﬁgipo(pbij,mi,mt)Jr —2mt2§iG0+mﬁ(gi(l)+§i(3))(G1_§iGo)+(iFFo
2 b

2

X (mp,m, ’mt)] + NI Fo( Pyt k,mgj,m;(io)

m

— M AphiL (DR (b)) VL USFo(pp+ ki ,m~+)+[mb)\b|N,3|2( Go+Gy)
— MyoA, oLi(D)Ri(b)N*Z(2miGo— o)](mb.nm.,m;oH[mb(?\bLj(t)IUiz|2+>\t2Rf(t)|Viz|2)

X (= Go+Gy) =M Nph L (DR (D) V5US(2MGo— Fo) J(m, e m )},

95 = 020 . 7= Fo+Fp)(ppt+k,m;,mp),
i=HOh0 GO A

gg(s): OEO: o o ni(l)[FO_Fl_2m§61+2(1+§i)m§G0](mgamiamb)
i=HOh0,GO A

+ 2 2ED(=Fo+F)(pp+kom,m)—[ED(—Fo+Fy)—24m2Go+ mi(£M+ £3)(G1— §Go)]

i—=H .G~
2 Amiy 2r o2 2 2. 2
X(mb1miamt)}_?i2j {NGLRF(D)[Nis|*(—Fo+F1) +[Nis|*mp(— Go+ Gy)
b il

—2mpmoL;(D)Ri(b)NI5*Gol(mg M, my0) + [NERF (D[ Vial 2 = F o F 1) + Mp(NRF()[ Vil
+NELA(D[ Ui/ 2) (G~ Gg) — 2mpnm;, LR (ONAVE U.zGo](mb,fW M) = A HR?(0)[N;3]2

X(=Fot+Fa)(Potk,mp,m30) = A PRE(D)|Viol*(—Fot+Fy)(py+ K, ,me+)},
959 =g M €3 Vi Uy Nig>Nig L (b) > Rj(0), AL (1) = MRy (1) ],

959 =979 (Nf3—Ni, Vip— Vip, U= Upo),

2

5
2m? -1 +m§+mt2—gm\z,v+m§Fo+(m§—mf—2m\2,\,)Fl

AN
SAM= ST;(l—cotzﬁw)
W

AN,
><(mw’mb m)+ —- COIZGW[ __[ gV)2+(gA)2 (g{/)z"‘(g,tl\)z]m%
3mg,

2
2
(mz,m¢,my)

+ (g + (gA)Z)(th mM +m{Fo—2m3F )-((9%)2—(93\)2)3%2':0

2

+| (g% +(gA>2>(2mb '”M +mFo— 2sz1) ((99)2— (gR)?)3mZF | (M3, my,my)

4N
+ m—zc[(cotz,B— 1)MZF o+ (m2—m2—2m? cofB)F,+(m? cofB+m? tarfB+2m2)m2G,
W

1

—(m? cofB+mZ tarfB)mZ,- G, 1(m? - ,my,mp) + {m2 7 F—Fo—2m2

2
i=H,h%,G0,A° 2M
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X(Go+¢iGo—G)1(ma,my ,my) —mZ [ — (1+24)Fo+ F1+2m2(1+ ) Go— 2mZG, (mZ ,m; ,my)}

+ > miz{mﬁ[fi“)(—Fo+F1>—2m$§ieo+m§(§§1’+§§3>><Gl—§iGo>]<m%,mi,mo
i=H™,6~ My

2 2
—mE| — 2R+ 62— Fot Fy) + 2 Gom (62 + )61~ 61Go) (mf,mi,mm]
t
1 mp
—2NCiEJ ZUijUijGO-I-m—\ZNLi(b)L]-(t) Li(b)L;(t) 025 stp cos28

+Ri(b)R; (1) mmy(tarf 5 — cot'B) ] (M- 1T,

Zm;(io

DINRE —ziEj |A$ - L (DR (DN (Fo—mZGo) + Nig| [ R(1)(— Fo+ F1) —mZ(— Go+Gy) ]

m;

2m; +
X
~ e ML (DR (D) URVE(Fo—miGo) + MpRF(b)|Ujal *(~ FotFa)

x(mf,rrrj,m;(io)Jr

~mLE(D)[Via+ MR (D)| Uizl (= Go+ Gy) (mf,maj,m;;)],

SA[=22 (NTINIBA(RF(b)(~Fo+ Fy) + mi(— Go+ G1)) — 2mymial(b)R; ()N Gol (mi i)
+[ = 2myrmphph (L (DR (HUSVIEGo+ AL (D) [Uig (= Fot+ Fo) + mENRF ()| Vil

ALV~ Got G 1(mE i )},

1
_z{mtz”]i(z)[_ FotF1—2mi(Go+¢{iGo—Gy) (M7 ,my; ,my) —mp 7

AR =
i=HO,h0,G0,A0 2Myy

X[ —Fo+F1—2LFo+2m3(1+£)Go— 2m2G,](m2,m; ,mp)}

1
+ > —2{m?[éf”(—F0+Fl>—2m§§ieo+mf(f§2)+éf‘”)(Gl—zieon(mf,mi,mb>

i=H™,G~ My
2m?
—-m; —m—;ziFo+§$”<—FO+F1>+2m?z:iGO—m§<§$1’+§§3>><el—§ieo> (mﬁ,mi,mo],
b

SAP=6AP(U), SAZ=6A)(L).
HereC,,Cj; are the three-point Feynman integrgl$] andC,,=— 1A +C,,, while

1 —q?y(1-y)+mi(1-y)+mdy
Fo(G,my ;)= Jodywm{ 5 :
"

1 yn+1(1_y)
Gn(g,my,m :—J d ’
n(Q,Myg, M) 0 y_qu(l—y)+mf(l—y)+m§y

and
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1 4 1 1 2 1
9§/=§— §S'n29w, QZZE' gv="- 57 §S'n29w, ga=— 5
which are the SM couplings of the top and bottom quarks taZt@son. The definitions of,,U;; ,V
be found in Ref[2].

ij 1+ Vij !Nij VM anqu can

APPENDIX B
h{)=4m7?(2p,-k—p®- py) —4my nP(p®- pi+ py-k),
h{) = h (Vs @),
h$)=27®)(2p,-kpy: pr—mip-k—2pW- pppy- py) +2mpme 7 D(p,-k—2p0- py),
h§=h{) (5D 5@,
h=242(mfpy-k—2pW- pypy- po) + 2mpmem, n(py-k—2p0- py),
hQ=h{) (5o 5@,
h®=47@ (0. pyp-k—pO-kpy- p—pp-kp®- p—2py- kpy- k) = 4mpm, 7 Hp®-k,
hg)=h{) (7M7),
h§=4mn@py- k(pp-k—pW- py) —4my7Mp0- pypy-k,
hig=he (7D 7)),
h{)=4m @ py-k(p-k—p®- p) —4my7nMp;-kp®-py,
h{}=h{(nDe 5@,

where the index represents the two channasndt, andp®=p,, p=p;,.
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