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The Yukawa corrections of ord€d( aeym)/Ma), O(aewMyp)/My), andO(aeuMy,/my,) to the width of
bottom squark decay into a lighter top squark plus a charged Higgs boson are calculated in the minimal
supersymmetric standard model. These corrections depend on the masses of the charged Higgs boson and
lighter top squark and the parameters gaand u.. For favorable parameter values, the corrections decrease or
increase the decay widths significantly. In particular, for high values g8 {an30) the corrections exceed 10%
for bothb, andb, decay. But for low values of taf (=4,10 the corrections are small and the magnitudes are
less than 10%. The numerical calculations also show that using the running bottom quark mass, which includes
the QCD effects and resums all high order (Brenhanced effects can vastly improve the convergence of the
perturbation expansion.
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[. INTRODUCTION tom squark decay into a lighter top squark plus a charged
N _ Higgs boson, i.e., the decdy—1t,+H ", wheret, is the
The minimal supersymmetric standard modBISSM)  Jighter top squark. These corrections are mainly induced by

[1,2] is an attractive extension of the standard ma@M).  Yukawa couplings from Higgs boson—quark—quark cou-

In this model every quark has two spin zero partners calleglings, Higgs boson—squark—squark couplings, Higgs

squarks@, andfg, one for each chirality eigenstate. These boson—Higgs boson—squark—squark couplings, chargino-

current eigenstates mix to form the mass eigensiieand  (neutralinoy quark-squark couplings, and squark-squark-

T,. The third generation squarks are of special interest. Thi§quark-squark couplings.

is mainly for the following reasons: Large Yukawa couplings ~ Our results can be generalized straightforwardly to the

lead to strong mixing which induces large mass differenceslecayt,—t;+(h°% A%. As for the heavier squark decays

between the lighter mass eigenstate and the heavier one. Thigo lighter squarks plus vector bosons, the electroweak ra-

implies in general a very complex decay pattern of thediative corrections are simple because of the smaller number

heavier states. The dominant decay modes of the heavi@f renormalization parameters involved.

squarks are the decays into quarks plus charginos or neutrali-

nos, decays into lighter squarks plus vector bosons, and de- Il. NOTATION AND TREE-LEVEL RESULT

cays into lighter squarks plus Higgs bosons. All these squark ) ) )

decays have been extensively discussed at the tree level In order to make this paper self-contained, we first sum-

[3-5]. The next generation of colliders, for example, themMarize our notation and present the relevant interaction

CERN Large Hadron CollidefLHC), will be able to produce ~Lagrangians of the MSSM and the tree-level decay rates for

such kinds of particles with masses upto 2.5 76}y anda b;—t;+H™.

e’ e linear collider[7] will be able to make precise mea-  The current eigenstat& and@r are related to the mass

surements of their properties. Thus a more accurate calcul@igenstate$j; andq, by

tion of the decay mechanisms beyond the tree level is nec-

essary in order to provide a solid basis for experimental T (T ~ cosé-  siné
. . 1| _ L _ q q

analysis to observe these decays at the next generation of (~ )—Rq( ) Rq—( , ) 1)

colliders. Up to now, one-loop QCD and supersymmetric t2 —sintg  costg

(SUSY) QCD corrections to the squark decays have been . . ]

calculated[4,8], and the Yukawa corrections to the squark With 0= @< by convention. Correspondingly, the mass

decays into quarks plus charginos or neutralinos were alsgigenvaluesng andmg, (with mg <mg ) are given by

given in Ref.[9]. Very recently, a complete one-loop com-

putation of the electroweak radiative corrections to the above [ mZ g m2

S A - - G 9qMq
processes has been presented by Guasch, Hollik, and Sola 5 =RIMZRYT, M2Z= )
[10]. But the electroweak radiative corrections to the heavier 0 Mg a d agmg Mg,
squark decays into lighter squarks plus vector bosons and 2)

decays into lighter squarks plus Higgs bosons have not been
calculated yet, including the Yukawa corrections to theseyin
processes. In this paper, we present calculations of the
Yukawa  corrections  of  order O(aewMip)/Mi), 2 M2kt 2 19 _e si? 3
O(@eny/ M), andO(ag,miy /) 1o the width of bot- Mg, =Mg+my+mzcos2B(lz —€sit bw),  (3)
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ma M{D -|5}+m2+m§cos2,6’eqsin2 O, (4) +gE(|EkpR+k POT T,
aq=Aq— n{cotg,tang} (5) +(GE)i H HG G+ Hee., (6)

for {up,dowr} type squarks. HereM% is the squark mass With
matrix. Mg andA;, are soft supersymmetric breaking ~
parameters angl is the Higgs boson mixing parameter inthe (G k)u [RaGk(R'B)T]lj ) (GSk)lj [RAGE( RA)TY;
superpotential. 13, and ey are the third component of the
weak isospin and the electric charge of the qugrkespec- (k=1,....,6), (7)
tively.

Defining H,=(h°H® A% G° H* G*) (k=1,...,6),
one can write the relevant Lagrangian density in g §»)
basis in the following form(i,j=1,2; « and B8 are flavor

whereG{* and Gg, are the couplings in thegj( ,gg) basis,
and their explicit forms are shown in Appendix A. The nota-

indices: tions ay by (k=1,...,6) andaj,bj} (k=1,...,4), and
Ik kik (k=1,2) used in Eq(6) are also defined in Appendix
Lretevant= Hi@ (@ PL+ DEPRIG+ (G HiTFTf A,

— R The tree-level amplitude df;—t,H~, as shown in Fig.
+galagPr+ bl)X{G + gt(1}Pr+KiPLX By 1(a), is given by

o_ 19 | m? tanB+m? cot3—ma,sin28 my(A, cotB+ u) . .
i _f2mW my(Ap tanB+ u) 2mmy /sin 28 (RY " ®
|
and the decay width is Oz0= 0+ 505, tanBy=(1+dZp)tans,
2 2
|Mi(0)|2)\1/2(m5,1m¥ ,m|2_|7)
o= — )
' 16mm: Tio=(1+ 622+ 6207, ,

with N (X,y,2) = (x—y—2)?>—4yz
Ho =(146Zy-)YH ™+ 6Z,6G ",

IIl. YUKAWA CORRECTIONS

The Fexnmgn diagrams contributing to the Yukawa cor- Gy =(1+ 676 )2G™+ 6ZguH™
rections tob;—t,;H™ are shown in Figs. (b)-1(f) and Fig.
2. We carried out the calculation in the 't Hooft—Feynman
gauge and used dimensional reduction, which preserves su- . .

persymmetry, for regularization of the ultraviolet diver- ,/tl H, ’,/tl @ ,/tl
gences in the virtual loop corrections using the on-mass-shel, < oo b <[t
renormalization schenjd1], in which the fine-structure con- P ’ ;
stanta,,, and physical masses are chosen to be the renormal “H- oo - - -
ized parameters, and the finite parts of the counterterms ar {a) (b) (c)

fixed by the renormalization conditions. The coupling con-
stantg is related to the input parametexsm,,, andm; via . . :

L ot 1 f
g?=e?/sZ ands3=1—mg/m3. As for the renormalization Hk,"‘(]' ' ;A ) S
of the parameters in the Higgs boson sector and the squarb----- NG biy X b 7
sector, it will be described in detail below. N B
The relevant renormalization constants are defined as @ H™ © H” o H”
€
mae=ma,+ 6ma, miy=m3+ sm2, (10

FIG. 1. Feynman diagrams contributing to supersymmetric elec-

r k corrections t@,—t;H": ree-level diagram(b)—(f
Mgo= Mg+ Mg, m2 m~+5m~ troweak corrections t;—t; (a) tree-level diagram(b)—(f)

90~ one-loop vertex corrections. Ifb) the subscripk of H, can take
values from 1 to 4. In(d) g=t for k=1,...,4 andg=b for k
Agp=Aqt+ Ay, mo=p+ou, =5,6.In(e) g=b for k=1, ...,4 andg=t for k=5,6.
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with g=t,b. Here we introduce the mixing di~ and G~ inserted between two on-shell fermions, and turned into the
[12], instead of the mixing oH ™ andW™ [13], fermion masses by Dirac equations, which is therefore simi-
lar to the structure of the Yukawa coupling
W, 0= (14 6Zy )" W, +iZypd, H ™, H ~-fermion-fermion.

Taking into account the Yukawa corrections, the renor-
malized amplitude fob;—t,H~ is given by
for the following reason: the former can successfully cancel MP=M O+ sM©) 4 sM(©) (12)
the divergences for the case we are considering, but the latter ' ' ' '
is right only for the renormalization of the paramet@and  where M i(”) and 6M i(c) are the vertex corrections and the
a, and in the case that the particles interacting with thecounterterm, respectively.

charged Higgs boson are the on-shell fermigwbere ap The calculations of the vertex corrections from Figs.
arising fromd, H™ and the vertexW -fermion-fermion is  1(b)—1(f) result in

Ho =(1+6Zy-)YH ", (12)

. 6
i ~ [ - -
b b _ b b 3
M= 6.2 kgl ; (Gswij (Gi)j1Bo( Pty M, Mg, ) + 16,2 gl 2 (Gij (Gsk)j1Bo( Pb;s M, Mg, )

P4
1672 Z

4 k)IJ(G ,|(G )11Co( = Ph,,PH- /My, M, fTr)+8 22 {[mtmbaSJ’_(m Pb, - PH- )b?]

X m”obbkatﬁi Cot blk[mba blk(pb Py-)+ mtbbblk Pb, — m}obgatﬁi(z%i —Pu-)]u(— pf;iclﬁ ph-C1o)

(mba5bt +mb bb m”Obb tﬂi)b (VW C21+mH—C22 2ph, - Pr-Cast9),Cos) +(ab)}

X(_pﬁi,pH--”&E'mmmt)—W; (thFzRibz 1+h RlblR RtlzR 2)(Gg)|j50(pH—,mBl-”ﬂj)a (13

whereB, and C;(;, are two- and three-point Feynman inte-

. : . 5 9 [[sg 1 5mw om
grals [14], respectively, andhy, is the Yukawa coupling (56Gg)q,= > mt(At cotB+u)
defined by v2myl\ 9 mg, - me
m,
ht=g—mt_, hb:L. (14 +m,(SA;cotB+A;scotB+Su) |, 17
v2my, sinB v2my, cosp
In the first term oféSM(®) | q=t for k=1,...,4 andq=b for
k=5,6, while in the second terng=b for k=1,...,4 an A7 59 16ms Sm
ke " T (06D || B T, ) aytang )
t for k 5,6 5 Vvam g 2 mW my
The counterterm can be expressed as w
SM{®=i(805+ 522,)(GR)3-i 1+1 (807 + 6Z5,) (G +my( SAptang+ ApStang+ du) |, (18)
HI[R(6G)(R) Nia+ 5 (827 + 6Z{+ 6Zp1-)
~F 2gmym; 5g 1 5mW om, om
By L b (6Gg)pp=——— |\~~~ 57 T —+—
X(Gsg)i1T16Zg1(Gg)ix (15 v2my, sin 283 2my my  omy
with
(56D) g |[d9 16m W) (2 tang - m? cot) _COSZB5ZB>- (19
= —— = —|(m2tanB+m?co
5/11 \/imw g 2 mW b t

Here we consider only the corrections to the Yukawa cou-
plings. The explicit expressions for some renormalization
constants calculated from the self-energy diagrams in Fig. 2

(16) are given in Appendix B, and other renormalization constants
are fixed as follows.

+2m, tanBém,+ 2m, cotBém,+ mzstanB

+m? cotg|,
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£(b) t t perturbation theory. However, by introducing the mixing of
W\Q\M MAOVW O H~ andG~ instead ofH~ andW~, the expression fobZ,
z° z° w- w- H~ H7(G7) is changed to
#(b) b b
(@) (®) © 16mg 16ms 16mi—omi 1
= — —_— + — —
. P2 md, 2 m: 2 mi-mg 2°°H7
i ti, b Hy
) o Yo .',“\\p ____","—“\*____ + COt,85ZGH . (23)
H- N HY(G) et () L §() . :
b H- H™(G7) ®) a ™ For the counterterm of the squark mixing angig using
d e the same renormalization scheme as Ref. one has
(d) (e) ()
G (2 G (m2
2 P Hp, t;, b . qu 12( mﬁl) +X 12( rnaz)]
805= = ~ . (24
O i g @ 2mE —n)
£i(b) b)) b)) £(b;) t”l(if)m:*’""t:-_(é-) ! ?
b o) ]] For the renormalization of soft SUSY breaking parameter
(9) ») @) A,, we fixed its counterterm by keeping the tree-level rela-
) tion of Ay, mg, and 6; [15], and obtained the following
A ta(bs) bi(t) expression:
) ¢ b ) ) )zt m2 —m?
a9 . omg
) 6Aq=——F——| 2 cos B3665—sin 26—
@ (%) 4] 2my, My
o B b sin26; 5
B () Q OO t 5 (omg — 5maz)+{cot,8,tanﬂ}5u
; N N - ’ q
b O ) L HR P HO R + 8{cotB,tanB} . (25)
(m) (n) (0) As for the parameteru, there are several schemes

. I o [10,16,17 to fix its counterterm, and here we use the on-
FIG. 2. Feynman diagrams contributing to renormalization con-Shell renormalization scheme of REL7], which gives
stants. In(i) g=t(b) for k=1, ...,4 andg=b(t) for k=5,6. ! 9

2
For 6Zgy, using the approach discussed in the two- 5M=E [My+(8U Vg + Uy 8Vip) + 8ms +Uyo Vo],
Higgs-doublet model if12], we derive below its expression k=1 k k
in the MSSM, where the version of the Higgs potential is (26)
different from that of Ref{12]. First, the one-loop renormal-

ized two-point function is given by where U,V) are the two 22 matrices diagonalizing the

chargino mass matrix, and their counterternat) (6V) are

iTan(p?)=i(p?— M) 6Zue+ip26Zan—iTan given by
+iZgp(p?), (20) 8U=3(6Zg— 6ZR)U, 27)
_ T
where Ty is the tadpole function, which is given by SV=3(6Z — 6Z|)V. (28)

9 The mass shifts&m;(: and the off-diagonal wave function
TGH=m[THZSin(a—,3)+TH1COS{a—B)]- (21)  renormalization constani8Zg,, can be written as

_1 L2 R, .2 SL, 2
Next, from the on-shell renormalization condition, we obtain oMy =2 Re{m}ﬁ[nkk(%;)jLHkk( m)?,f)]Jerk (m)—(;)

1 2 +ITER(mE )} (29)
5ZGH:mT[TGH_EGH(mH*)]- (22 k
) (6Z )-<=#RG[H-R-(mg yme
The explicit expressions fokgy and the tadpole counter- R 2, —m. YT
termsTy, (k=1,2) are given in Appendix B. XK
For renormalization of the paramet@; following the +Hh(rng+)rn;(_+m;(_++Hﬁ'R(nf+)rn;(_+
analysis of Ref[13], we fixed the renormalization constant i bl Xj :
by the requirement that the on-mass-sh¢li7v_ coupling TS (m2 30
retain the same form as in E@) of Ref.[13] to all orders of g (m}f)m;‘f]’ (30
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FIG. 3. The tree-level decay widtta) of b,—1t;H~ and its
Yukawa correctiongb) as functions ofrr[1 for tanB=4, 10, and 30,
assumingmuo= 150 GeV, u=M,=400 GeV,A;=A,=1 TeV, and
Mg=Mg=Mg5.

FIG. 4. The tree-level decay widtte) of b,—1t,H~ and its
Yukawa correctiongb) as functions ofrrtl for tanB=4, 10, and 30,

assumingmao= 150 GeV, u=M,=400 GeV,A;=A,=1 TeV, and
Mg=Mg=M5.
(020);j=(0Zg)ij  (L=R). (31) perturbation expansion, especially for large garwe take
The explicit expressions for the chargino self-energy matri-th(e;I rufnnmgl magssmb(Q) evaluated by the next-to-leading
cesIT-(® andIISL( are given in Appendix B. order formula[19]

Finally, the renormalized decay width is then given by mu(Q) = U(Q.my) Us(My .My MMy 34

=10 (v) (c)
[i=Ti7+ 60"+ ol (32 where we have assumed that there are no other colored par-
with ticles with masses between the sca@sand m;, and
m,(my) =4.25 GeV[20]. The evolution factotJ; is

R TR (Qx) " (Q1) - as(Qy)
Mg MM} (@=v.0). uf<Q2,Q1>=(“S 2) g4 SRR )|
& b; ag(Qq) 4w

(33
412 30— 8982-504f + 40f
IV. NUMERICAL RESULTS AND CONCLUSION 33-2f1’ 3(33-2f)%

(39
In the following we present some numerical results for the

Yukawa corrections to bottom squark decay into a lighter topvherea¢(Q) is given by the solutions of the two-loop renor-
squark plus a charged Higgs boson. In our numerical calcumalization group equationg21]. When Q=400 GeV, the
lations the SM parameters were taken to heg,(my) running massm,(Q)~2.5GeV. In addition, we also im-
=1/128.8, m,,=80.375 GeV,my;=91.1867 GeV[18], and proved the perturbation calculations by the following re-
m,=175.6 GeV. In order to improve the convergence of theplacement in the tree-level couplinfs9]:
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FIG. 5. The tree-level decay widtta) of b,—1t;H~ and its

Yukawa correctiongb) as functions ofm,,- for tang=4, 10, and

30, assumingri;, =170 GeV, u=M,=400 GeV,A;=A,=1TeV,
andMg=Mg=Mgp.

m,(Q)

Mp( Q)= 1+Amy(Mgysy)’

(36)

where

as

AmeE

Mgu tangl(mp, ,mp,, M3)

hf
+ g2 ACan Bl (T, M, )

2

- WﬂMztanﬁ[COSz Gl (g, Mo, )

+sin? 671 (N ,M, ) + 5 €O’ G5l (M, M, 1)

+3 sir’ 51 (M, M, )] (37)

with

PHYSICAL REVIEW D65 035007

2.8 ] 1 T T T T 1 1 1 M 1

2.6 - ]

2.4 @
1 T~ tanp=4 ]

2.2 o N tanp=10 .

2.0 4 tanp=30 —

T, (GeV)

————————
100 120 140 160 180 200 220 240 260 280 300
m,, (GeV)

tanp=30

3rir, (%)

—t T - r 1 -t 1 T T 17
100 120 140 160 180 200 220 240 260 280 300
m,, (GeV)

FIG. 6. The tree-level decay widtte) of b,—1t,H™ and its
Yukawa correctiongb) as functions ofmy- for tang=4, 10, and
30, assumingm1= 170 GeV, u=M,=400 GeV,A;=A,=1TeV,
andMg=My=Mg.

2

1 a
a’b? logi>

(a27b2)(b27c2)(a27c2)

I(a,b,c)=

b? c?
+b?c?log =27 c?a?log az) . (38)

The two-loop leading-logarithm relatiof22] of the neu-
tral Higgs boson masses and mixing angles in the MSSM
were used. Fomy+ the tree-level formula was used. Other
MSSM parameters were determined as follows.

(i) For the parametengl;, M,, andw in the chargino and
neutralino matrix, we tak®, andu as the input parameters,
and then use the relatioM,=(5/3)(g'%/g>)M,=0.5M,
[2,23] to determineM; . The gluino mas#lg in Eq. (37) was
related toM, by Mg=(as(Mg)/az)M, [5].

(i) For the parameterméyaa and A, , in squark mass
matrices, we assumello=Mg=Mp and A=A, to sim-
plify the calculations.

Some typical numerical results of the tree-level decay
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0.8 4
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FIG. 7. The tree-level decay widtta) of b,—1t;H~ and its
Yukawa correctiongb) as functions ofu for tang=4, 10, and 30,
assuming nf;, =170 GeV, M,=400GeV, A;=A,=1TeV, mpo
=150GeV, andMg=Mg=Mp.

FIG. 8. The tree-level decay widtte) of b,—1t,H~ and its
Yukawa correctiongb) as functions ofu for tang=4, 10, and 30,
assuming i, = 170 GeV, M,=400GeV, A;=A,=1TeV, muo
=150 GeV, andMgz=Mg=M5.

idth the Yuk ti [ in Figs. 3-9_.
\kl)vé?ovxl/; and the Yukawa corrections are given in Figs. 3 9F|g. 3@). In the case of=2, for tanB=4, 10, and 30 the two

Figures 3 and 4 show the; dependence of the results of €rms in Eq(39) have the same sign, 3 is larger than for

1 i=1. From Figs. &) and 4b) one can see that the relative
corrections are sensitive to the value of @nFor tang
=30, the magnitudes of the corrections can exceed 10%

whennt; >160 GeV forb,; decay and; >260 GeV forb,
decay. In particular, in the case bf decay, the correction

b, and b, decays, respectively. Here we takeso
=150GeV, u=M,=400GeV, andA;=A,=1TeV. The
leading terms of the tree-level amplitude are given by

0 ig o can even reach 40%, because the corresponding tree-level
(0~ ﬁ—[mt(At cotB+u)RiiRy, decay width has already become very small. There are dips
My at m”tl=311 and 390 GeV on the solid line in Fig(b4,
+my(Ap tanBﬁLM)R?thlﬂ, (39) which come from the singularities at the threshold points

M, = My - +m, and mp, =M+ +m,. However, for tarB=4

and 10, the corrections to the two bottom squark decays are
where cos}~(0.54,0.67,0.70) and cag~(—0.71-0.71, always small and range from5% to 5%. In general, for low
—0.71) for tanB3=(4,10,30), respectively. In the case iof tang the top quark contribution is enhanced while for high
=1, the two terms in Eq39) have opposite signs, and their tang the bottom quark contribution becomes large, and for
magnitudes get close with increasing faand thus cancel to medium tarB there are no enhanced effects from Yukawa
a large extent for large tg® Therefore, the tree-level decay couplings. So the corrections for t8x4 are generally
widths have the featurel'o(tanB=4)>I"y(tanB=10) larger than those for tg8=10, as shown in Figs.(B) and
>To(tanB=30) in most of the parameter range, as shown ind(b).
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T the off-diagonal elements dm% in Eq. (2) approaching zero.
1 Figures Tb) and 8b) show that the Yukawa corrections de-
pend strongly onu. In particular, whenl'y becomes very
small, the corrections have rapid variations between positive
and negative values with changes in the sign of the tree-level
amplitude. In general, when the tree-level decay widths for
tanB=4 and 10 are not close to zero, the corrections are
always small. Comparing Fig.(B) with Fig. 8(b), we find
that the Yukawa corrections for t#h=30 are more signifi-
cant forb, decay than fob, decay.
\ Finally, in Fig. 9 we show the Yukawa corrections as a
-50 . function of tang from three methods of perturbative expan-
————— sion: (i) the strict on-shell schemg@he dashed ling where
3 oo 2°t B 8% % 4 the bottom quark pole mass 4.7 GeV was usifithe QCD-
anp improved scheméthe dotted ling in which only the QCD
FIG. 9. The Yukawa corrections &,—t,H~ as a function of ~funning bottom quark mass,(Q) in Eq. (34) was used, and
tang, assuming n; =170GeV, u=M,=400GeV, A=A, (iii) the improved scheméhe solid ling, in which the re-
=1TeV, my=150GeV, andMg=My=Mg. The dashed line placement Eq.(36) was used. Here we assumety
corresponds to the corrections using the on-shell bottom quark-170 GeV, u=M,=400GeV, A;=A,=1 TeV, andmuo
mass, the dotted line to the imprpve_d result usi_ng only the QCD= 150 GeV. One can see that the three methods all give
running massm,(Q), and the solid line to the improved result ¢ ~orrections |6T/T 4| <5%) for tanB<15. However,
using the replacement E(B6). the magnitude of the corrections in cageincreases rapidly
for tanB>15, and when ta>33 the corrections result in a
physically meaningless negative width. But the convergences
Figure 5(Fig. 6) gives the tree-level decay width and the jn the casegii) and (iii) are much better, and especially in
Yukawa corrections as functions afy- in the case ob;  the casdiii) the magnitude of the corrections is still less than
decay (b, decay. We assumedn; =170GeV, u=M,  40% for high values of tag (=40). _
—400GeV, andA,=A,=1TeV. The features of the tree- In con_clusmn, we have calculated the Yl_Jkawa c_orrectlons
level decay widths in Figs.(8) and Ga) are similar to those (© the width of the bottom squark decay into a lighter top
of Figs. 3a) and 4a), respectively. From Figs.(b) and &b) squark. plus a charged Higgs boson in the MSSM._ These
we can see that the corrections decrease or increase the de@gjrections depend on the masses of the charged Higgs bo-
widths depending on taB Figure 5b) shows that the cor- son and the lighter top squark and the parameters tnd
rections for tarB=4 are always positive and range betweenx. For favorable parameter values, the corrections decrease
6% and 3%. For tag=10 the corrections are negligibly Or increase the decay widths significantly. In particular, for
small. For high tar8 (=30) the corrections exceed 10% high values of tai (=30) the corrections exceed 10% for
whenmy,-<180 GeV. There is a dip ah,-~178GeV on  hothb, andb, decay. But for low values of taf (=4,10)
the solid curve due to the singularity of the charged Higgshe corrections are small and the magnitudes are less than
boson wave function renormalization constant at the thresht0%. The numerical calculations also show that using the
old pointmy-=m;+m,. Figure b) shows that the correc- running bottom quark mass, which includes the QCD effects
tions are a few percent for t@=4, 10, and 30. There are a and resumes all high order (t@)+enhanced effects, as given
dip and a peak on the solid curve, which arise from thein Ref. [19], can greatly improve the convergence of the
singularities at the threshold poinmg2=m51+ mao and  perturbation expansion.
my-=m;+my,, respectively.
In Figs. 7 and 8 we present the tree-level decay widths

0

SO/T (%)

and the Yukawa corrections as functionswoin the cases of ACKNOWLEDGMENTS
by—t;+H™ andb,—1;+H", respectively, assumingr;
=170GeV, M,=400GeV, A=A,=1TeV, and muo We thank Ya Sheng Yang for giving help in the numerical

=150 GeV. Whenu takes certain values, the tree-level de- calculations. This work was supported in part by the National
cay widths become very smalk(10 3 GeV), as shown in Natural Science Foundation of China, the Doctoral Program
Figs. 78 and §a), and the corrections near these values dd-oundation of Higher Education of China, and a grant from
not have a physical meaning. So we cut off the correctionsthe State Commission of Science and Technology of China.
since perturbation theory breaks down there. From Fig\. 7

[Fig. 8@a)] we can see that there is a high pdakdeep dip

for tanB=30 andu~30GeV. This is because when tan APPENDIX A
=30 andu~ 30 GeV the second term in E(R9) is enhanced
(suppressedgreatly for sinf;~1 (cos#,~0) as a result of The following couplings are given to ordéi(h;,hy).
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1. Squark—squark—Higgs boson
(a) Squark-squark?®:

C, 1
—\/quhq —s, - E
Ca

~Lofad % J-uf2))

for {4obt type squarks, respectively. We use the abbreviat®nssine, ¢, =cosa. a is the mixing angle in theCP-even
neutral Higgs boson sector.
(b) Squark-squarkd®:

i Sl

—xfzmqhq[ _Cg }

(ol
al
Il

(A1)

S, 1 Sy Cq
N —vamghg = Adl || o
Gi= (A2)
1 Sa’ Ca o
srdalsloalsl) a2
(c) Squark-squark”:
0 [cotﬂ]
L “Maltanp| " H
nglﬂ (A3)
My cotg 0
1| tang| T
(d) Squark-squarlkz®:
cotg
ag_; 9y ° _Aq+“[ta”/3]
G4 2my cotB 0 (A4)
a” M tang
(e) Squark-squarkd =:
- - mZtanB+mZcotB my(A,cotB+u)
8= (E)T=——| " t . (A5)
v2my, \ Mp(AptanB+ u) 2mymy/sin 28
(f) Squark-squarlG=:
RPC I mi—mg  m(A—pcotp)
Ge=(G§)T=—— : (AB)
V2my, | Mp(u tang—Ay) 0
2. Quark—quark —Higgs boson
1 -c, 1 S, i cosB| ig [—my| [hysing g [—my
a—| — R N - =
A (ﬁhq{ S, } ‘fth[ca]’ ‘/th[sinﬁ]’ZmW{ my, ]'[htcosﬂ Vamy L M ) ) (A7)
1 —-c, 1 S, i cosB] ig [ m, } { 003,8] g [ m, ]
a_| — _ = - ) 2 _ 2
N Py o B K vt B R
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3. Quark-squark-neutralino

q Nia| g Nic
aj=— R.zY Nk3 bji = — R.lY N, (A9)
HereN is the 4x4 unitary matrix diagonalizing the neutral
gaugino-Higgsino mass matrj®,23], and the Yukawa factor
Yq=hq/g.

4. Quark-squark-chargino

YpU kz]

Y (A10)

i _oiv | Vke
|?k=R?2Yq{Uk2], k9,=R%

HereU andV are the %2 unitary matrices diagonalizing
the charged gaugino-Higgsino mass maf&23].

5. Squark—squark—Higgs bosor-Higgs boson
(&) Squark-squarld™-H, (k=1,...,4):

oA G2 [MEScHmET 0
Gg=(Gsy) = > .
2v2my, 0 2m;m,, /sin 28 Vy
(A11)
with
S= (cosa cosp/sir? B,sina cosp/sir? B,
—i cof B,i cotp), (A12)
|
5mW 92
my  16m°mg,

g’=qfork=1,.

PHYSICAL REVIEW D65 035007

Ty=(—sina sinB/cos B,cosa sinB/cos s,

Xi tarf B,i tang), (A13)
Vi =(sin(B—a),co§ B—a),0)). (A14)
(b) Squark-squarkd —-H™*:
h2 sir? B 0
G | h?cog B
Ggs= cod 8 (A15)
0 B hf‘[ sin2,8]
(c) Squark-squarkd ~-G™:
—mitanB 0
i g2 m? cot3
Gdo= 2
2my, 0 ,| cotp
Mq —tang
(A16)
APPENDIX B

We defineq=t andb, q' the SU(2) partner ofg, and
,4 andy”"=q’ for k=5, 6. Then we have

o [Mg+mZ— Ag(m?) — Ag(mp) —mBo— (mf—m?) B, 1(mG,my,my),

— e Sir? Oy)?+ €F sin Oy ][ 2mG — 2Aq(mg) — m2B, ] — 2mieg sir? by,

5mz
mZ 8 m2 2 { [(I
X (19, —eq Sir? y)Bo}(mZ,my,my),
3 2 2 t by ptpb 2
8Zy-= 1672 2[ (alb2+ b a5)(mH+G1+Bl+mbG0)+mtmb(a535+b5b5)G0](mH+,mb,mt)
=2 (G2);(G5)y Gol My, %)
3 a4 pd 2 q 2
T~ 1622 20, 2(ak+bk)quo(mq)—; (GDjiA(ME) |
3 t b
EGH:_W 2{(a5b6+

biad)[ M7+ By + Ag(m?) + m2Bo]l + mmy(akal+bib2) Bo}(mZ ., m,,my)

=3 (GG Bo(mfy i)+ 3 X (G?ge)j,-Ao(rr%j)),
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6

sm 1 Mg 1 e 1

—= ey —afafl’ b p K a8 e 2

mq 167 [kZl |: mq I B 2( b +bka )Bl}(mq,mq My )+g 21 2 |: mq ajkbj (la |
2

+1bjl1%)By (mﬁ,mg,nﬁj)wtgzk}:l 21: { BO—— || +|k %)By [(m5,my, ma.')]’
= j
1
5m§i: 16772(;1 ; (GE)IJ(Gq )JlBO(m' rn” My ) 2922 {(|a |2+|b 2)[ﬁ%iBl+Ao(m§E)+m§Bo]

+2mqm~0Re(a,qkb )BO}( Mg, m50) — 2g22 {192+ kG2 [m Bl+A0(m~+)+m ,Bo]

+2mg .+ Re( k) Bo}(me g, ,my) |,

6 4
86Z5,= -2 2 (G (G )jiGo(m? g, myy ) +29% X [(|ail+|by|*)(By-+mf Gy +miGo)

G k=1

+2mymo Re(al b ) Gol (2 my o>+2922 L2+ KU (By+mE G+ m2,Gp)

+2mg/my s Re(lﬁkkgk*)eo](n%i,mq, My

6 4
2(p2)— 1672 Z EJ: k)l](Gk szo(p Mgy My, ) — 2922 {(a :+b?kbg:)[szl+Ao(m§(g)+mgBo]

+mgmyo(albs +adk bl Bo}(p2,mg,m 2922 K(EREREEN S

, o - -
X (7B Ao ML) + Mg Bo) + Mgy (1555 + 134 kil Bol (P2 mg i) |,
g 1
W+ 2 gy A ~ ST )
2 - -
Hh(pz):_mz [|&i|thl(p21mb!rnfk)+kEikEjBl(pz’mt'mBk)]’

2
n5<p2>=—m2[ Ba(p%,my, ) + 15128, (p2 me g, )],

3 T iR (p? b (bR (2
1672 kzl [Mpl ik Bo(P?, My, My, ) + MeKieil i Bo(p,me,mi, ) ]

HS R( pZ) —

HereA, andB; are one- and two-point Feynman integrfd], respectively, and; = 9B, / Jp>.
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