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SUSY-QCD corrections to top and bottom squark decays into Higgs bosons
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We calculate thé)(ags) SUSY-QCD corrections to the widths of top and bottom squark decays into Higgs
bosons within the minimal supersymmetric standard model. We give the complete analytical formulas, paying
particular attention to the on-shell renormalization of the soft SUSY-breaking parameters. We also perform a
detailed numerical analysis of both top and bottom squark decays into all Higgs bdsdn8, A%, andH™.

We find that the SUSY-QCD corrections are significant, mostly negative, and of the order of a few ten percent.
[S0556-282199)04211-3

PACS numbe(s): 14.80.Ly, 11.30.Pb, 12.60.Jv, 14.80.Cp

[. INTRODUCTION Within recent years SUSY-QCD corrections to a variety
of processes were calculated. For the decays of(Bcthis
Supersymmetry(SUSY) requires the existence of two was done irf5—7], for the decays of Eq2) in [7,8], and for
scalar partners, andqg to each quarkj. In the case of the the decays of Eq3) in [9]. The SUSY-QCD corrections for
scalar partners of the top quark one expects a large mixin§!€ decays into Higgs bosons, &d), were briefly discussed
betweeri, andi due to the large top quark mags,. The in [10]. The QCD corrections to the related Higgs boson
mixing of b, and bg may also be substantial if tgh 9€cays t°,H® A% —0;0; andH*—q;q] were calculated in
=v,/v, is large(wherev, andv, are the vacuum expecta- [11,10. A thorough study of the corrections to the decays of
tion values of the two Higgs doubletsStrong mixing in- Eq. (4)_, n_mlugllng a (_jetalled numerical analysis, is, however,
duces large mass differences between the lighter mass eigeﬂll: mtﬁ'smgt!nl the Iltglrature. he(a) SUSY-0CD
~ : ~ e e L n this article we discuss a - correc-
stateq, and the heavier ong,, q=t, or b. This implies in . ; oS i i
general a very complex decay pattern of the heavier states. H]ons o the decay widths of E) in the on-shell renormal

addition to the “conventional” decays into neutralinos, Ization scheme within the MSSM. We give the complet_e
) S formulas for these corrections and point out some subtleties
charginos, and gluinod j=1,2; k=1, ... ,4),

which occur in the on-shell renormalization scheme.

(1) Whereas a numerical analysis was made only tert,
+(h°,A% in [10], we perform a detailed analysis on top and

- - - bottom squark decays into all Higgs bosdis H°, A°, and
{13, bi—bd, @ e Y 99

Tl_ﬂ’;(E* b}r! B,—>b;{8, t};v

decays into vector bosons and Higgs particles can become
kinematically possiblei(j=1,2): Il. TREE-LEVEL FORMULAS AND NOTATION

We first summarize the tree-level results and our notation.

120 T-bW', b-biZ Bi-tWT, (3) The squark mass matrix in the bastg (qg) is given by[1]

~ ~ ~ ~ 2 2

to— 1, (h%HOA),  t—bH", , [ Mo 3Mg S (Mg 0
M= 2 | =(RYT » |RY, (5

b,—b1(hO,HO,A%), B —TH". (4) agmg Mg, 0 mg,

All these squark decays were first discussed at the tree levaith
in [2] within the minimal supersymmetric standard model

2 _ g2 2 ; 2
(MSSM) [3]. A recent, more complete and systematic analy- my;, =Mg+mgzcos 28(13, —eqsir’ 6w) +mg,  (6)
sis of these decays at the tree-level 4} revealed that the
bosonic decays of Eqé3) and(4) can be dominant in a wide m% = M{ZD 5t m2 cos 28 eq Si? Oy + mg , 7)
range of the MSSM parameters due to the large Yukawa R ’
couplings and mixings ot andb. This could have an im- aq=Aq— u {cotB, tans} 8

portant impact on the search foy andb, and the determi-

nation of the MSSM parameters at future colliders. Therefordor {up, dowr} type squarks.Mggp and A, are soft
it is important to study how SUSY-QCD corrections affect SUSY-breaking parameters apdis the Higgs mixing pa-
this tree-level result. rameter in the superpotentidf] ande, are the third compo-

0556-2821/99/5@.1)/1150079)/$15.00 59 115007-1 ©1999 The American Physical Society



A. BARTL et al.

nents of the weak isospin and the electric charge of the quarl

g. The squark mixing matrisR 9 is

Ri-|

with 0= 6;< 7 by convention. The weak eigenstatgsand
g are related to their mass eigenstatgsand g, (with

mg, <mg,) by
a2 ar
In the (q;,9,) basis the squark interaction with Higgs
bosonsH,={h® H°% A° H*} can be written asi(j=1,2; k

COS@&

sin 65) ©

— sin 4%' cosé@|

(10

=1...4; a andg flavor indiceg
Lian=GhiHial (1D
The couplingsGj, are
:Jk—[Rqu(Rq)T]” (k=1,2,3), (12)
Ij4 [R GA(Rb)T]”a |]4 [Rb(G )T(R )T]ur
(13

with G,, k=1 ...4,being the respective couplings in the
(9. ,Gr) basis as given in the Appendix. Note thaf),
:th4 and G”3 [GY 3lij - The tree-level width of the decay
qf“ﬂqj H,, Fig. 1(a), is thus given by2]

- - G& |2k(m?,m?,m?)
ro(qr—afH) = Gid 1677'm R
i

(14

where m=nmge, mM;=mgs, My= My, and x(x,y,z)=[(x
—y— 2)2—4yz]1’2 For k=1,2,3 we have of course=p
andi=2, j=1. For k=4 we have (qI ,q) (tl,b)or

(b; ,t ). In the following, we will omit flavor indices when
possible(flavor = a if not given otherwisg

lll. SUSY-QCD CORRECTIONS

The O(ag) corrected decay amplitude in the on-shell
renormalization scheme can be expressed as

Gi'=Gijx+ G + oG + G, (15)

where the superscript denotes the vertex correctigfig.

1(b)], w the squark wave-function correctigRig. 1(c)], and
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FIG. 1. Feynman diagrams relevant for t¥«;) SUSY-QCD
corrections to squark decays into Higgs bosons.

(o _ <m0 My mp) @
Sr@=—"T"J U ReGGH}  (a=v,w,0),

17

87 m?

and 6T, the correction due to real gluon emissiffig.

1(e)] which has to be included in order to cancel the infrared
divergences. We use dimensional reducfib®] as the regu-
larization scheme. Analogous calculations were performed
for the crossed channels of Higgs boson decays into squarks
in [11,10.

A. Vertex corrections

The vertex correction due to the gluon-squark-squark loop
in Fig. 1(b) is

(1
5Gf,”k9 3 Gijk[ Bo(m?,0m?) + Bo(mZ,0m?)

c the counterterm due to the shift from the bare to the on-

shell couplings. Th&(«,) corrected decay width is then
given by
[=T% 8T+ sTW+ 6T + 6T o, (16)

with

—Bo(Mg, M7 ,m?) +2XCol, (18)
with X=m?+mf—m . B, and C, are the standard

two- and three-point function$13] for which we fol-
low the conventions of [14]. In this case, C,

115007-2



SUSY-QCD CORRECTIONS TO TOP AND BOTTOM ...

=Co(nf',mf;, M7 N2 ). As usual, we introduce a gluon
mass\ to regularlze the infrared divergence.

The graph with the gluino-quark-quark loop in Figbl
leads to

2 ag o 2 2 2
6G(U 9)__§?mé(;052ﬁasl [Bo(maz,mé,mq)

2 2
+Bo(mg . mg,mg)+(4mG—mi)Col  (19)

for the decays int® andH® (1=1,2),

PHYSICAL REVIEW %8 115007

(w9 £ ¥ carm s 2 2 2
6GY] 3 71_sg{mqsm Zea[Bo(maz,rrE,mq)
_ 2 2 9 2 2
Bo(mg ,mg.mg) +(mg —my )Co]

2 2 2 2 2 2
+m§[Bo(maz,m§,mq)+Bo(mal,m§,mq)

—~m3Col}, (20)

for the decay intcA’, and

66(0'5)—315{[(m Aqr+ MysAo) SE+ (MgaPgyt MysAg) SE1Bo( M2, ,m2,m?)
4 T3 7 qeM\11 qBM22) 94 qa\22 g5 11) 41Bol H+ e

o 2 (o3
+[(MgaA11—MgA21) Sq + (MgaAgy— rrr'6\12)54'8] Bol mi2 My :méa) +[(MgsA2— MgA21) S,

+(MgeAr1— MgA 1) SF 1B m W qu) +[mgs(m

X (ApsS§ +AgsSt) + mg(mpy . —mb,—
with A= R,nR

In Egs.(19)— (21) Co= g

mqﬁ><A21sf:+A12sf>—2n5mqamqﬁ<A12sff+A21s€>]co},

-m; +m~)(A2254+Alls4)+mqa(mq,; m; +m~)

(21)

for the decay into a charged nggs boson.
Co(mI ,mH ,m m m?2 mq,;) sy are the Higgs couplings to quarks:

Lqqu=55nqq+s3H qq+sIA% y*q

+HTt(sbPr+syP )b+H b(siPr+sIP)t,

with
gm
2my, sinB

si=— &cow sh=—
1 2mysing G

s M cin
=7 gna,
1" 2my cospB

Sb_ . gmy
2~ 2mycosp

Sina,

COS«a,

(22

gm
\/Emw

Sb= gmy
‘ \/Emw

9m t_
2mWcot,B’, Sy=

sy=i cotg,

m
Sh=i utanﬁ, tan. (23)

2my,

The vertex correction due to the four-squark interaction inyhere thez?, are the squark wave-function renormalization

Fig. 4b) is
a « 2 2
5G|(]qu)_ - _:T 2 SinSijGnkao(mak -rnaﬁ :maa):
n,m=1,2 m n
(24)
with
Y cos22y; — sin 203\ “
Sin= —sin26; —cos2;/. (25
In
B. Wave-function correction
The wave-function correction is
SG\Y = 3[8Z§i + 621G+ 621, Gl
+ 62, G;: EIEN TS (26)

ij'k?

constants forq®. They stem from the gluon, gluino, and
squark loops of Fig. (t)* and are given by

SZ{H0 =~ Re(SHI(m )},

. Re{z(QQ)(m~ )}
P74 CH I —

CRELH

n#n’,

(27)

with inn(mz)=&2nn(p2)/ap2|pz:mz. The contribution due
to gluon exchange is

The gluon loop due to thgqgg interaction gives no contribution
because it is proportional to? In \—0.

115007-3
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S0 )= 2 “o[By(me omd
+2m; Bo(mg A2 )], (29
and those due to gluino exchange are
@ (me )= = “[y(m2 )
oW 3 9, g’ 4

2_

2 2\ 2 2 2
+(man mq ”G)Bo(man1m§,mq)

. - 2 2
—2mgmg(—1)"sin 20;Bo(m; .mg.mg)],

PHYSICAL REVIEW D 59 115007

The four-squark interaction gives
A/ 2 A/ 2 as . 2 2
2P (m? ) =S 5P ) =5 sin 40 Ao(m? ) — Ao(m )],
(3D

whereAq(m?) is the standard one-point function in the con-
vention of[14].

C. Shift from bare to on-shell parameters

We next fix the shift from the bare to the on-shell cou-
plings 8G{}) in Eq. (15). We follow the procedure that was
first given in[11]. From Egs.(12) and (9) we get for the
squark decays intb® or H® (1=1,2)

(29
S@(m2 )= @(m? ) SGIP=[RISGHR T+ SRIGHR N+ RIGIAR Y 1z
Un Un - - -
4o =08 20;[ 6G|'],1— (G1y — G3y) 665, (32
== —nmm, cos 6;Bo(mE mE,m?).  (30) A . .
37 a4’ 9 with 8G,' obtained by varying EqgA1)—(A3), e.g.,
) 4ms,ém S(MA,)S,— uc, 6m
6Gh=— 50— (5 e o t), (33
wSg\ S(MAL)S, — uc, om 4am;s,ém;
B g 4m,c, My, S(mpAp)C,— uS,0m,
6Gy=— , (34)
2myCg\ 8(mpAp)C,— 1S, My 4myC,omy

with sz=sing, cz=cosp, s,=sina, ¢,=cosa, anda the Higg

S mixing angleé‘éﬁ is obtained from Egqs(33) and (34) by

5GI= (669 with a— a+ m/2). (35)
For the couplings to th&® boson we have explicitly
~ |g
5Gg<1°3>:—2mw[ S(mgAg){cot B, tans} + uomg], (36)
where cofB (tang) is forq=t (b).
For the decayt;—b;H* (k=4) we get
1) _ 1o T A BT it it P#1’
5Gi1‘4 _[R 5GA(R ) ]ij_(_l) Gi'j450f_(_1) Gij'45951 j7&j, (37)
with
5 g [2mpémytang+2m,ém;cotps S(myAp)tanB+ pémy
Ga= 2my S(mA,)cot B+ udm; 2(8mym,+m,dmy)/sin 28/’ 38)

and analogously the expression for—t;H~ according to
Eq. (13).

om, is the shift from the bare to the pole mass of the
quark q and has two contributionfFig. 1(d)]. The gluon
exchange contribution is

2«
3 Mol Bo(M3,0m%) — B (mf ,0mf) —r/2],

m(@ = —
smj| -
(39

and the gluino contribution is

115007-4
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~ o
5mf]g)=—ﬁ{mq[81(m m~ m )+B (m m~ m~ )]
+nrésin26?a[Bo(m§,n}g,nr§1)
~Bo(mg,mg ,mZ )1} (40

The parameter in Eq. (39) exhibits the dependence on the
regularization scheme. Asdoes not cancel in the final re-
sult, we have to use dimensional reductipt?] (r=0)

which preserves supersymmetry at least at two-loop order.

For the renormalization ofn,A, we define the on-shell
parametersViz i p and Ay, in terms of squark pole masses
g, and on-shell mixing anglegy (which will be defined
below) using the tree-level relation&)—(9). We thus get
[11]

5(MgAq) = (M — Sm? )sin 205+ (ME — M. )cos 20556

+ u{cotB,tanB}omg, (41)

where again co8 (tanp) is for q=1(b). 5m§i is given by

omé =R O(mE )+ 3Pl ) +3P(md)], (42
with (i #i")

2a
(9) 2 __=s 2 2 2 2 2
2P (mg) == 5 —mg {2Bo(mg ,0mz ) + By (Mg, 0mg )},

(43
E@(mg)——fE{A 2)+ R S
i g 7 VA(Mg) + mg By(mg ,mg, M)
+[m§+(—)‘mémqsinZea]Bo(méi,mg,mé)},
(49
zi(i?l)(n}g)— {co§26“A0(nr)+5|n226“Ao( Pig
(45

We also have to renormalize the squark mixing angle. This

problem was first solved ifil5]: th_ere the countertermey

was fixed in the process" e~ —0q,q, such that it cancels the
off-diagonal part of the squark wave-function corrections.

86;= 50~q)+ 56~g) is thus given by

(q) as sin4agy
803 = G LA )~ A1, (46)
ql q2
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FIG. 2. Differences indcosé; between[10,16,17 and our
scheme[15] as a function of cos;, for m;, =250 GeV, g,

=600 GeV, andrrr 600 GeV. Forécos&“(QZ) [16] we have
takean—

@ _ MgMq 2 2 o~
50& 37T|q (n_}g _mg)[BO(mazlméamq)vll
q1 7]
2 2 o~
—Bo(ﬁ’ral,mé,mﬁ)vzﬂ, (47)
where v;; comes from the Z qlaj* couplings, vy,
—4(| 9. cog g;—shey), and v,=4(13 sir? g;—she,) with

&= SirGy. We will use this scheme in What follows. There
are also other possibilities of defining the on-shell squark
mixing angle. In[10], for instance,56; was fixed such that
the renormalized self-energy of the squarks remains diagonal
on the g, mass shell. Similar conditions were used in
[16,17. For comparison we list the counterterndg; in
these schemes in terms of the squark self-en&rgy

RE(V1331(M )~ 0255 1, )}
2

a1

665([15]) ==

V11— U22

2
a2

(used in this paper
Re{Elz( )}

2 ’
P

503([10)=——5—

q1
(48)

e{ 1AQ%)}

2 ’

a2

07(Q*)([16])=

q1

Re{zlz(m )"‘Elz(m~ )}

2

a1

5#([17])—

2
a2

The differences between them are ultraviolet finite. In Fig. 2
we comparesd; of [10,16,17 to that of our schemé[15]).
As can be seen, the numerical differences between the vari-
ous schemes are very smat (%).

There is yet another subtlety that has to be taken into

account: At tree-level and in the Dfenormalization scheme
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SU(2). symmetry requires that the paramebd, in the't 8 —m<mv RS
andb mass matrices have the same value. This is, however, [ e
not the case at loop-level in the on-shell scheme due to dif- I i
ferent shiftséM(gg in the't and in theb sectors[11,18. e
In this paper we takeM»zc—g(a)zmtg11 cog Ha+mgzsin265 = 4F ]
—mg cos B(1§ —e, sirf Ay)—n as the on-shell parameter in = 5 -
theq sector G=1,b). This leads to a shift OM% [11]: i ]

M '2@(5) =M ?é(t) + M ?é("f) —5M é(B), (49) ° 300 400 500 600 700 800 900

mg, [GeV}
with
FIG. 3. Tree-level(dashed linesand O(«as) SUSY-QCD cor-
SM2(q)=om? cod 0+ Sme sir? 0 rected(solid line9 decay widths of ,—t;+(h° H° A% as a func-
Q % % tion of my, for m;=250 GeV, co®;=0.26, u=550 GeV,
—(m& —m? )sin26286z—2mom,. (500 tanB=3,ma=150 GeV, andnz=600 GeV. The grey area is ex-
a 9% avra v cluded by the bounch,e>90 GeV.
The underlying SU(2) symmetry is reflected in the fact that
the shift 5MZ(})_ 5MZ(B) is finite. follow [20]. In order to respect the experimental mass
Q Q bounds from the CERN" e~ collider LEP2[21] and Fer-
milab Tevatron [22] we impose myo>90 GeV, g .
>85 GeV, and mzg>300 GeV. Moreover, we require

In order to cancel the infrared divergence we include the_, ~ ~ .
emission of realhard and softgluons[Fig. 1(€)]: 8p(t—b)<0.0012[23] from electroweak precision mea-

surements using the one-loop formulas [@4] and A?

D. Real gluon emission

a 2 2 2 2 .
S (G T )__aS|Gijk|2 bz <3Ma(D+MG+m7 ), AS<3(M5(b)+Mz+my ) with
rea— 1 (Gi — QM) = 3m2m [To+11+miloo mﬁ2=(m§+m§)co§ﬁ—% and mﬁl=(mi+m§)sin2,8
-1 25] from the tree-level vacuum stability.
+m? 13+ X o). (51) o [25] Y

As a reference point we takerrt1=250 GeV, ny,

Again, X=m+m’—m . The phase space integrdjsand =600 GeV, co#=026 (/;=75°), tanB=3, wu
k . . =550 GeV,m,=150 GeV, andng=600 GeV. This leads
Inm have (n;,m;,my ) as arguments and are given([it].

o to mgl=564 GeV? n152=627 GeV, cog=0.99, A,
We have checked explicitly that the corrected decay width _ _, /4 GeV, mp=100 GeV, myo=162 GeV, sim
of Eq. (16) is ultraviolet and infrared finite.

=-0.58, andmy+=164 GeV. Thust, can decay intct,

0 0 A0 M [y -
IV. NUMERICAL RESULTS AND DISCUSSION +(h",H",A7), andb, , can decay intd;H . _
We first discuss the parameter dependence of the widths

Let us now turn to the numerical analysis. As input pa-oft, decays into neutral Higgs bosons by varying one of the
rameters we usew,, N, COsé;, tanB, w, Ma, andmMg.  input parameters of the reference point. We define the
From these we calculate the values of the soft SUSYSUSY-QCD corrections as the difference between the cor-

breaking parameterM é("f), M5(~b), Mg 5, and A, ac- rected widthl" of Eq. (16) and the tree-level width® of Eq.
cording to Egs.(5—(9) together with Eqs(49) and (50),  (14).
takingMazl.lzwé(T) andA, = A, for simplicity to fix the Figure 3 shows the tree-level and the SUSY-QCD cor-

bottom squark sector. Moreover, we take=175 Gev, rected widths of the decayts—t;+(h° H°A") as a func-
my=5 GeV, my=91.2 GeV, siA#,=0.23, a(m,) tion of m; . The relative correction$l'/T%= (T —T°)/T"°

=1/129, andag(m;)=0.12. For the running ofrs we use are about—10% for the decay intoh® and —9% to
as(Q)=12m/[(33-2n()In(QYAZ)] with n; the number of —620% for the decay intoA®. The corrections fort,
quark flavors. We take;= “s(m&i") for theq® decay except —T,H® are —9%, —45%, and+45% for iy, =420, 670,
for the shift in Eqgs.(49) and (50) for which we takeas and 900 GeV, respectively. The spikes in the corrected decay

= ag(Mg(1)). For the radiative corrections to thd andH®  widths formy, =775 GeV are due to the,—tg threshold.
masses and their mixing angte (— w/2<a<w/2 by con-  The different shapes of the decay widths can be understood
vention we use the formulas dfl9];? for those tom,+ we

3Notice that at tree-level one haBBl:560 GeV becausdg

“Notice that[19,20 have the opposite sign convention for the =558 GeV for both the andb mass matrices; &(«s), however,
parameteiu. one getsMp(t) =558 GeV andMg(b)=563 GeV.
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.1 0 rl (;)”I’_I\I\\I i;/}l[) T T (lh) T T T T T T T T |(c)l: 0 ;I 1T ~I LU U U U N DN BN N BN N B B N N B BN N BN R E

/ & - tlho 1

8 - -10 ]

— 1l 1 ' [ 1, A° ]
S | = 20 v ]
<} I ] S 5 ]
S 2. -30 F ]
O 1 = ; ]
a 2 : : © -40 5 E
O i i _50 :u PO N TN T TN TN T N T T T [N T TN W AT T T N N |:

1 400 600 800 1000 1200 1400
cos b; my [GeV]
FIG. 4. Tree-leveldashed linesand O(«s) SUSY-QCD cor- FIG. 6. O(as) SUSY-QCD correctionsin %) to the widths of

rected(solid lineg decay widths of ,—1;+ (h%H%,A% as a func-  t2—t1+(h%H®A% as a function ofmg, for m; =250 GeV,
tion of cos#, for rml:250 GeV, mt~2=600 GeV, u rrr{2=600 GeV, c0%;,=0.26, =550 GeV, tanB=3, and m,
=550 GeV, tarB=3, m,y=150 GeV, andmzg=600 GeV. The =150 GeV.
grey areas are excluded by the constraints given in the text: ~
5p(1-b)>0.0012 in (), <90 GeV in (b), and unstable — 7% for my=100 GeV to 400 GeV. Those td™°(t,
vacuum in(c). —1,H% are—50% to—22% form,=114 GeV, and those
to I'°(t,—1,A% are about—25%.
by the wide range of the parameters entering the Higgs cou- As for the dependence on the gluino mass, as can be seen
plings to top squarks. In the range; =300 GeV to 900 in Fig. 6, the gluino decouples very slowly: in the range
GeV, we haveA;=144 GeV to —889 GeV and sim myz=300 GeV to 1500 GeVsT/T'? varies from 9%,
=-0.52 t0 —0.73 (Mmp=81 GeV to 114 GeV, andanyo —37%, —28%) to (—7%, —16%, —14%) for the de-
=163 GeV to 170 Gey cayst,—t,+(h%HO% A%, apart from thet,—tg threshold
Figure 4 shows the ca% dependence of the tree-level and at m§:425 GeV. As for the dependence on @anwe get
the corrected widths of,—t,+(h° H® A% decays. Again T'(1,T,h%)=2.68, 2.09, 1.42 GeV withST/T%=—10%,
the shapes of the decay widths reflect their dependence on7o,, —59 for tang=3, 10, 30, respectively. Likewise,
the underlying SUSY parameters in a characteristic way. Ijyve get '=0.67, 1.61, 2.45 GeV withs['/T%=—27%,
particular we haveA;=1033, 183,-666 GeV and sim 199, —17% for the decay into H® and T
=—0.748, —0.565, —0.726 for co%=-0.7, 0, 0.7, re- =21 264, 292 GeV with ST'/T°=—22%, —19%,
spectively. Apart from the points where the tree-level decay- 180, for the decay intd\°, respectively.
amplitudes vanish the relative corrections range from | et us now turn to the bottom squark decays. We start
—40% to 20%. again from the reference point given above. For the decay
In Fig. 5 we §how the tree—le_vel and the SUSY-QCD COrp. T,H™ we getl'=3.88 GeV withsT'/T°= —24%, and
rected decay widths as a functionmf . Form,=100, 200, ~ B . 0
300 GeV we havenyo==85, 104, 105 GeVinyo=128, 207, (0" the decab,—1,H "~ we getl'=0.08 GeV withol'/T""
304 GeV, and sia=—0.87, —0.45, —0.37, respectively. =+87%. As in our examplef thcimdth <1fthg latter decay is
usually quite small(becauseb,=bg and t;~tg) we will

The corrections tol'°(t,—1t;h°% range from—15% to -
discuss only the parameter dependence ofothdecay.
Figure 7 shows the tree-level and the SUSY-QCD cor-
rected widths of this decay as a functionrof . The SUSY-

QCD corrections are about 25%. Notice that at the tree-
level we have mg =556 GeV to 566 GeV fornmg,

=85 GeV to 400 GeV, whereas &@@(as) we havem;,l

=561 GeV to 570 GeV. Therefore, the thresholds at the
tree-level and one-loop level are slightly different. The de-
pendence on the top squark mixing angle is shown in Fig. 8
for tanB=3 and 10, and the other parameters as given
above.(For |cos6;|=0.72 the decap; —1t,H " is kinemati-
cally not allowed) In case of tag= 3, the SUSY-QCD cor-
rections range from about 40% to 26%, withsT'/T"°>0
FIG. 5. Tree-leveldashed linesand O(as) SUSY-QCD cor-  for cos#; =—0.6. In case of tag=10 &I/T°is much larger.
rected(solid lines decay widths of ,—t,+(h°,H°,A% as a func- For cos#;=0.5 and tagB=10 we even get a negative cor-
tion of m,, for m; =250 GeV,n;, =600 GeV, cog;=0.26, rected decay width. This is mainly due to a large contribution
=550 GeV, tarB=3, andmz=600 GeV. The grey area is ex- stemming from the ternd(m,Ap) ~ u tanBém, of Eq. (41)
cluded by the boundh,0>90 GeV. and was already mentioned ii1]. The same problem can

T (i) [GeV]
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6 ‘—l-—l-—-l_‘i. T T T T T T T T T i
5 T ;
Z 4t ;
o, X I
= 3F ]
S | ]
= ool I
1k ]
0 -I L L 1 1 i
100 200 300 400
m;, [GeV] cos b;
FIG. 7. Tree-level(dashed ling and O(as) SUSY-QCD cor- FIG. 8. Tree-level(dashed lingsand O(as) SUSY-QCD cor-
rected(solid line) decay widths ob,—T,;H " as a function ofry ,  rected(solid lines decay widths ofb,—t,H" as a function of

cosé;, for mfl=250 GeV, m;2=600 GeV, u=550 GeV, my
=150 GeV,mz=600 GeV, and tajg=3,10. The grey area is ex-
cluded for tarn3=3 by the boundm,,0>90 GeV.

for m;2=600 GeV, co0%;=0.26, u=550 GeV, tarB=3, mp
=150 GeV, andny=600 GeV. The inset zooms on the different
thresholds at the tree- and one-loop level.

V. CONCLUSIONS
occur for the decay®,—b;+(h°H% A% andt,—bH"
which may be important for large tgh (due to the large

e i -~ = 0 140 A0 ~
bottom Yukawa coupling and the largg—b, mass split- 1€ d+eca~y Wwidths  of g;—q,+(h",HAT) and g
ting). —q/H™ (g=t,b) in the on-shell scheme. We have taken

We have also studied the dependencmﬂ In the case into account appropriate shifts for the soft SUSY-breaking
tanB=3 (10) we have found thatsT/T°(b,—T,H") parameters defined in terms of on-shell squark masses and

~—20% (—40%) formy=100 GeV to 285 GeV and the mixing angles. It has turned out that the SUSY-QCD correc-
other parameters as givgn above tions are mostly negative and of the order of a few ten per-

As for the dependence on the gluino mast/ (B, cent and should therefore be taken into account.

—1;H7) ranges from —26% to —14% (—47% to ACKNOWLEDGMENTS
—39%) formgz=300 GeV to 1500 GeV and tg#= 3 (10).
In [10] a numerical analysis for the decayi,—T The work of A.B., H.E., S.K., W.M, and W.P. was sup-

0 O : 2 1 rported by the “Fonds zur Fderung der wissenschaftlichen
F (h~'A ) was made. Whereas we agree with their figure fo Forschung” of Austria, Project No. P10843—PHY. The work
t,— ;A% we find a difference of about 10% in both the of v.y. was supported in part by the Grant-in-aid for Scien-
tree-level and the corrected widthstgf—t,h°. This may be tific Research from the Ministry of Education, Science, and
due to a different treatment of the radiative corrections to theCulture of Japan, No. 10740106, and by Fuuju-kai Founda-
h® mass and mixing angle.* tion.

APPENDIX: SQUARK-SQUARK-HIGGS COUPLINGS

We have calculated th@(«) SUSY-QCD corrections to

(a) squark-squark?®

S, )
Cw o —Cq

&9= (A1)
1 Cy Su gmy
- Dnfad Sl 2

C(l
WCRSMF[;— \/quhq[ _Sa]
for {4 type squarks, respectively. We use the abbreviatigps @sé,, s,=sin«, c,=cosaq, Se+ p=Sin(a+p), C.=13
—€ sir? 6, and Cr=¢q sir? 6. « is the mixing angle in theCP even neutral Higgs boson sectdr, are the Yukawa
couplings:

gmy Ca 1 Ca
=—CSatp— \/quhq{ s } - th(Aq[ s

+u

gm gmy

-t == - A2
©2mysing’ 0 \2mycosB A2)

h

“We thank A. Djouadi and W. Hollik for correspondence on this point.
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(b) squark-squarkd®

PHYSICAL REVIEW 58 115007

gm, Sy 1 S, C,
L N
GI= (A3)
1 Su Co gmy Su
_th(Aq[Ca —M s, ) _WCRCQ‘*ﬁ_ \/quhq[ Ca]
(c) squark-squarka®
cotB
0 _ _
- gm, q{tanﬂ H
ngl 2— (A4)
M cotg 0
_|._
9 tang| " H
(d) squark-squarkd=
m tanB+m?Z cotB—mg,sin28  my(A,tanB+ u)
N g
Gy= 2 (A5)
V2my my(A; cotB+ ) Sir:tzn;;’
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