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Electroweak corrections to the decays of the top squark and gluino
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The electroweak corrections at the order@(a.,m{,/mg,) to the partial widths of thé,—g+t andg
-1, +t_decays(depending on the masses of the particles involaed investigated within the supersymmetric
standard model. The relative corrections can reach the value of 10% in some parameter space, which can be
comparable with the corresponding QCD corrections. Therefore, they should be taken into account for the
precise experimental measurement at future colliders.
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I. INTRODUCTION lated in Ref.[14], whereq denotes quarks except the top
quark. And in Ref[15], the processes;—g+t andg—1;

Over the past few years, much effort has been devoted ta-t are discussed including SUSY QCD corrections.
searching for new physics beyond the standard m¢fslel) Squarks and gluinos not heavier than a few hundred GeV,
[1,2]. The minimal supersymmetric modéMSSM) [3] is  can be produced in significant numbers at high-energy had-
considered one of the most attractive extensions of the SMon colliders, i.e. the Fermilab Tevatrqp collider and the
Generally in the MSSM, two colored scalar quatkguark$ ~ CERN Large Hadron CollideiLHC) in the future[16,17]. In
0, andqgg, which correspond to chiral eigenstates, are re-Ref.[18] it was argued that half of the top quark at Tevatron
quired as partners corresponding to the chiral quarks appeamight come from gluino decays into top and top squayk,
ing in SM, because any realistic model must be extended.,t+7,. So the accurate calculations including quantum cor-
from SM. The physical mass eigenstatesandq, are the rections for these decays are necessary. The largest radiative
mixtures of these chiral eigenstates. Since in general theorrections for the squark-gluino sector in the MSSM are
mixing size is proportional to the mass of the related ordi-associated with the strong interaction, the relative SUSY-
nary quark{4], the mass splitting of the physical top squarksQCD corrections for the proce§szﬁa+t can reach 35%
t, andt, can be quite large. In fact, it is likely that the and that forg—t,+t can reach—10% [15]. However, the
lighter top squark mass eigenstate is the lightest scalar quarkvestigation of the electroweak corrections for these pro-
in supersymmetric theory and the mass, may even be cesses is necessary in precise experimental measurement,
smaller than the top mass, itself [5]. This implies that there ~ Since their electroweak corrections maybe also sizable and
are quite different decay scenarios in the top-squark—topcould not be neglected. In this paper, we present the calcu-
quark sector depending on the mass values of the particlddtions of the Yukawa corrections of the order
involved. Therefore, the study of the scalar top quarks is 0f(ewMiy)/M§) to the width of
particular interest.

If the gluinos are heavy enough, scalar quarks will mainly

decay into quarks plus chargins neutralinog and lighter te— g+t (mg2>mt+ Mg) @)
squarks plus vector bosofer Higgs bosons These decays
have been extensively discussed in the Born approximation §—>t_+T1 and cc. (m§>mt+m£1)- @

[6,7]. The QCD corrections of the reactiap—q+ y has
been discussed in R€ff8], and its inverse processe!s:if

+x° andt—b+ x* have been discussed in Refs]. The These corrections are mainly induced by Yukawa couplings

from Higgs-quark-quark couplings, Higgs-squark-squark

Yukawa corrections and the full one-loop electrow¢BkV) i Hi Hi K K i harai
radiative corrections to the squark decays into quarks pIu%Oup INgs, Higgs-riggs-squark-squark _couplings, chargino
neutraling-quark-squark couplings, and squark-squark-

charginos(or neutralinos also were give in Refg.10,11. ;
The QCD corrections and the Yukawa corrections to thesquark-squark couplings.
heavier squark decays into lighter squarks plus vector bosons

(or nggS boson)shave been calculated in Re[Q.Z,lﬂ 11. NOTATION AND TREE-LEVEL RESULT

If top squarks are heavy enoughr[g>mt+ mg), the de-

~ ~ . . We summarize our notations and present the relevant in-
cay patternt;—t+g will be kinematically allowed. The the- teraction Lagrangian of the MSSM as below in order to

oretical predictions of the supersymmett8JSY) QCD cor- make our paper self-contained.

rections for the decay channelg—g+q (for mg>nty The tree-level top squark squared-mass matrix is written
+mgy), g—q+ag/g+q (for my>mz+m,) have been calcu- as
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M=l gz oz T 2 ' &
RL RR —my(A;+ u cotB) M%+mt2+ §m§cos 28s3,
|
The parameterdly, Mg, w and A; are the soft-SUSY- o ok
breaking masses, SUSY Higgs mass parameter and trilinear To(g—1tty)=— —5[m —mi—m:
coupling, m; and sy, are theZ-boson mass and the weak 8m§ 12
mixing angle, and tag is the ratio of the two vacuum ex- :
pectation values in the Higgs sector. The diagonal entries of +2mymg Sin(26o)] ©
the top squark mass matrix correspond tolttedR squark-
; ) - .. Where
mass terms, and the off-diagonal entries are due to chirality-
flip Yukawa interactions. The chiral statés andt are ro- . - 1/2
tated into the mass eigenstatag andto: K= EI m; _izj mim (10
1o R T Ri_ cosfp  sinby @ The sums run over all particles involved in the decay pro-
o  \Tg)’ ~ | —sing, cosb, cess.

by these Yukawa interactions. The mass eigenvalues and the ll. YUKAWA CORRECTIONS
rotation angle can be calculated from the mass matrix in Eq. .
3): The Feynman diagrams of the one-loop Yukawa correc-

tions to the processd4) and(2) are shown in Figs. (b.1)—
1 1(b.4). In the calculation, we use the 't Hooft gauge and
ms m;z = E{M 2+ Mag adopt the dimensional reducti¢BR) schemd 19], which is
v commonly used in the calculation of the electroweak correc-
FIHM2, — M2 )2+ 4(M2)2 M 5 tion in frame of the MSSM as it preserves s_upersymmetry at
LML R (ML least at one-loop order, to control the ultraviolet divergences

T in the virtual loop corrections. The complete on-mass-shell
LR

Sin(20,) = schemd 20,21 is used in doing renormalization.
0 m.t? _mf ’ The relevant renormalization constants are defined as
1 2
2 2 (6) 1 L 1 R
(MLL_MRR) t0: 1+ EaZtIPL+ E5ZttPR t

coy26p)=————> —,

m, —mg

1 2 ~ ~
tio=(1+6Z))Y%;+ oZ 1, (11

where we assume; to be the lighter top squark state.
We can write the relevant Lagrangian density in the 6o= 0+ 56.
(t_ tr) basis as following form4,j,k are color indices
In the on-mass-shell scheme the renormalization constants
L=— \/EQST?k(g:athkTJL* +tiPrgatk defined in Eq(11) can be fixed by the renormalization con-
ditions[20,21] as

—GaPrETH — P GLTR). )

. ) 0Ziy=—Re[Zq(m?) +m[ g (m) + X (mP)]
Here theqqg Yukawa couplinggs should coincide with the , »
qqg gauge couplingys by supersymmetry. +m S5 (m)+2§R(md)]},

The tree-level partial widths for the top squark and gluino
decaysi; ,—~g+t andg—1, ,+t as shown in Figs. (B.1— SZR=—Re[ZRm) + m =L (M) + 3R (m?)]
1(a.3, are given by[15] (12)
ST (m?)+ 23R (m)])
Loty @) = [~ m2—m?
olt129 m% iy U g where 2’(mt2)=02(p2)/0p2|p2=mtz. Notice that the top-
1'% squark wave-function renormalization involves the mixed
= 2mymg sin(26o)] (8)  scalar field renormalization constants:
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FIG. 1. Feynman diagrams including one-loop Yukawa corrections to the dégayg+t andg—t+1,. (a) Tree-level diagram(b)
Vertex corrections for stop decay&) Top squark quark self-energiggl) Top quark self-energies. In these figurde%z h HO A% G® (m
=1-4) andH,=H"*,G" (n=1,2).

57} =—Res} (m?), (13 Mren=Mo+ oM. (15
1,2 Correspondingly, the renormalized decay width is then
T Ei'(m‘j) C given by
52” = 2 2 (| 5&])
mg —mg,

! Fien=To+dr. (16)
For the counterterm of the top squark mixing angle
using the same renormalization scheme as Rél, we can In the following we present the explicit calculation of the
get decay width oft ,—tg, while the calculation for the decays

= a2 of t,—tg andg— tt; are very similar with that fot ,—tg,
o1 Shmp)+Eim) ' ' h

50— 1 5Z~t 570 — 14 so we will not present them. Now we present the explicit
=5(02127022)=3 me —m? A9 formulas of the calculation of the process—tg.
2 1 We denote this process as

Taking into account the Yukawa corrections, the renor- ~ ~
malized amplitude for these process is given by to(p1,C1)—t(Ky,Co)+09(ky,a) (17)
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wherecy,c,,a are color indices. By substituting E41l)  §C_  are defined in Eq(18), and A, , are the form factors
into the bare Lagrangian, we can obtain its counterterm:  contributed by the diagrams in Fig(.

— — We decompose the form factors, , in the form as
SLx, 5=~ \20sT¢ o, t[ SCLPL+ SCrPRIGE,

i L A= AP+ AB+AZ+ A, (22)
=—\29,T2 _ t[| — 6Z},sin6— = 6Z7* cosh :
V2g; clcj 12 2 whereA{), (i=1,2,3,4) are the form factors contributed by
1 - ~ the diagrams in Fig. (b.1), Fig. 1(b.2), Fig. 1(b.3) and Fig.
— =825 cosf+ 80sing |R_+| 6Z],cosh 1(b.4), respectively. _ _
2 For diagram Fig. (b.1), we introduce the following nota-
1 1 - tions:
— =624 sing— = 625 sinf— 56 cose) Prl. (18
27 2772 R- (18 FO =y My FO=y@rym_ )
gbgb tbﬁxk bth gbgb tbﬁxk btyx,
Then the renormalized one-loop part of the amplitude for
it 0 i (1) _\/(D*\ ,(2) (1) (1) _\/(2)* \ ,(2) (1)
the decayt,—t+g can be written as F{ ng thbek Vbtzx F ng thbek Vbtzx
SM=EMC+ MY, (19 (22)
where SM? and M © are contributed by the vertex correc- FOyWx @D @) F(l) vy @
tions and the counterterm, respectively. They have the ex- © gbgb "ty blox gbgb "ty bioxy
pressions as
R _ . |:(l) V(l)* V(2) V(2) F V(2)* V(z) V(z)
M= —iV295Tg (L[ 9C, PL+ SCRPRIGT g B Pk B0p>" B P2,
(20 The form factorsA ') contributed b
— — y diagram Fig.(fh.1)
5MU:Tglc2t[Al+A275]gt2 are

2

A= 3272 Z {[ma - (FED+FD) + (mé+ mumg) (FD + )+ mmy (D +F ) ]
kB
2
+[ (g —mg s (F D+ F D) + (g —mf) (FO+ F) + (mg—momy(F§H+F) 1CE
2
[ (FE+ B e my(FED+ ) + (mumg + mg ) (FE+ FY) - mmy(F§+ FE)
xCf- (FO+FM)BE),
(23
1 2
A(zl)_32 5 kE {[mas - (FE = FD) + (mf = mumg) (FY = FY) + mmy(FED - F D) 1Y
2
[yt mig) M (F D= FQ) =+ (m = mg) (F = FE) =+ (my+-mg) my (FGH — FEY) 1Y
2
+[m§m;(k+(F§11)—Fgl))+m;(;mb(Fél)—Ffjl))+(mtm§—mgﬁ)(F§1)—Fgl))+mtmb(Fgl)—Ffjl))]
X+ (F- By
with BY=Bo(—pLmys,my), Cildy 1= Coa.14Ke, — P1,Mp .My, m).
For diagram Fig. (b.2), we introduce the following notation:
(2) —\ /(L)% /(1) /(1) (2) —\/(2)%\ /(1) \,(1)_
Fa Vgt tVtt 2X| Vtt x Fi Vgt tVttzx VII X|
(2) — /(L)% ,(2)_ /(1) (2) —\ 2%\ /(2)_ /(1)
Fc Vgt tVttZX Vtt X| ! Fd Vgt tVttZX Vtt X| (24)
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F(z) V(l)* V(l V(~2)~o ,

gttty tt X

(2) /(L)% ,(2)_ \,(2)_
F Vgttvttz)(v 0

The form factorsA {?) contributed by diagram Fig.(8.2) are

4

3271': a=

PHYSICAL REVIEW D 65 075019

(2) (2)%\ /(1) \,(2)_
F _Vgttvttlevtt X

FD=y@ @@

it tiox? tt X

£+ mymg) (P +FE)1CH + [(mg—mmyo(FP+F2)

2
+(my— mt)mt(Fg2)+ FEP)+ (mg—mf) (FP+ FE) 1CH+ [mgmyo(F P+ F{P) + myomy(F{P + F ()

+M2(F@+F@) + (mmg+me ) (FP+F®)1c® - (F@+FP)BE)

4 2

3277 =1 a=1

(25

G —F@)+mAF—F@)+ (mumg—m?) (FP - FP) JCR + [ (mi+ mg) myo(F{2 - FP)

2
+<mt+ma>mt<F$2’—F£2>)+(m$—mg,>(F&2’—F§>>JC‘1%’+[n5m;p<F<h2)—F;2>>+m;9mt<ng>—Fé2>>

R~ @) + (g

with BEY=Bo(—pLm5o,my), C1 17 Conradks,
Py, M50,my).

For d|agram Fig. (b.3), we introduce the following nota-

tion:

1 2
F&=VioVior 1, Vo7 FE= Vi Vg 7,V

A(13) |:(3) |:(3))[m(c(3)+c(3) C(3))
3272
+mzCP1},
27
4
AP= b”)my(CEY+ CtY - Ct3)
32
+mzC)]

with C(O::}J).l,lzz Coa1,14K1, =P, my yMH0, n ).

For diagram Fig. (b.4), we introduce the following nota-
tion:

(1) (4) (2) (1)
\& F _VH thH th gbBb

(4) _ /(1) %
Fa/'=V &,V + gbb,

Hith HYT,b,

4)_ ) * 2 (2) * (2)
Fe VH thH b ng b’ F& VH oV bbb
(28)

The form factorsA ¥} contributed by diagram Fig.(t.4) are

2
m; )(F—FP)IC+ (F-FP)BY)

4
AP =

—my(F{+F)cf?

+ (my—mg) (FEY+ FEY)CEY)

) (29

4
A(z )=

UG

-my(F{-F{) i)
+(my—mg) (F - F{M) (7]

with Cg,?l,lzz Coa114K1,—P1,My va:vrnBB) .

IV. NUMERICAL RESULTS AND CONCLUSION

In the numerical analysis, we take the SM input param-
eters asm,=174.3 GeV,m,=4.3 GeV,m,=91.1882 GeV,
my=80.419 GeV andvgy=1/128[22].

Figure 2 shows the dependencerop of the relative cor-
rection ST'/T, for the decayt,—t+g. For simplicity, we
assumedMy=Mgy=Mp=A;=A,=Mgysy. The ratio of the
vacuum expectation values tgns set to be 4. The mass of
charged Higgs bosomy+ =250 GeV. The physical chargino
massesmy -, M+ and the lightest neutralino mass;0 are

set to be 100 GeV, 300 GeV and 60 GeV, respectively. Then
the fundamental SUSY parametekd, M’ and wu in the
chargino and neutralino matrix can be extracted from these
input chargino masses, lightest neutralino masg and

tanB. The solid curve is forMgysy=400 GeV and the
dashed curve is foMg;5yv=500 GeV. We can see the rela-
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. . -~ ) FIG. 4. The relative correction fcij—>t_+Tl as a function of
FIG. 2. The relative correction for,—g+t as a function of

. .
rocess varies between9% to —2% for >0 and be-

tive Yukawa correction to this process is always negativ ween — 6% to —3% for u<0.

when themy is in the range 80 to 300 GeV. The figure shows Fiqure 4 shows the dependenceran of the relative cor-

that the relative Yukawa correction is not very sensitive to .g e deper o

the value ofm and has the values abotit3%. rection for the decag—t+t,. Here we choose tgh=4,
In Fig. 3 we present the numerical result of the Yukawa@nd My==250 GeV. The physical chargino masses:,

correction for the decay,—t+g in the minimal supergrav- My and the lightest neutralino mass,o are set to be 100
ity (MSUGRA) scenario. The squark masses and mixing paGeV, 300 GeV and 60 GeV, respectively. In Fig. 4 the solid
rameters are calculated from the input MSUGRA parameterssurve is forMg,sy=200 GeV and the dashed curve is for
the common scalar mass,, the common gaugino mass Mg,gy=150 GeV. The relative Yukawa correction to this
m,,, the trilinear couplingA,, the ratio of the vacuum ex- example decreases from 1% t04% with the increasing of
pectation values of the Higgs fields tdnand the sign of the my from 400 to 800 GeV.

Higgsino mass parameter. Here we takem;=800 GeV, In Fig. 5 we present the numerical result of the Yukawa
Ao=200 GeV, and taB=1.75. The solid curve is fop  correction for the decag— t+1, in the MSUGRA scenario.
>0 and the dashed curve is far<0. In the case ox<0 | this example we taken,=400 GeV,A,=200 GeV, and
andmy,>195 GeV, the decay,—t+g cannot be opened tang=1.75. The solid curve and dashed curve are for
kinematically in the MSUGRA model. While in the case of >0 andu<0, respectively. The figure shows that when

wu>0 andm,,,>210 GeV, the decay,—t+g is forbidden. <0 andm,,<237 GeV, the decag—t +1, is not allowed
The figure shows that the relative Yukawa correction to this

0.12
o1 | |
-0.03
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= = 002 |
= 008 w h
o} N\
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FIG. 3. The relative correction for,—g+t as a function of FIG. 5. The relative correction fog—t+1, as a function of
my, in the MSUGRA scenario. my, in the MSUGRA scenario.

075019-6



ELECTROWEAK CORRECTIONS TO THE DECAYS B. .. PHYSICAL REVIEW D 65 075019

kinematically, and whem>0 andm,;,<145 GeV, this de- whereC is the charge conjugation operator.

cay is closed in the MSUGRA scenario. We can see that in Defining H%=(h% H® A% G% (m=1,2,3,4) andH;
the case ofu>0, the relative Yukawa correction is always =(H*,G*) (n=1,2), the couplings betweelﬂom(Hﬁ) and
negative and varies from 5% to—1%. Foru<O0, the rela- quark (squark are denoted as

tive correction decreases from 10% t02% with the in-
creasing ofmy;, from 145 GeV to 400 GeV.

+_ T h- (1) (2)
In summary, we have computed the one-loop electroweak Hy —t—b VH;tbPL+VH;tbPR'
Yukawa corrections to the partial widths of the—t+g and
g—t+t,; decays within the minimal supersymmetric stan- H,T—Ti—Bj' VTS

dard model. We find that the relative corrections can be sig-
nificant and we reach the value of 10% in some parameter
space, which can be comparable with the corresponding HY—H- —T.-T.
QCD corrections. Therefore, the electroweak corrections to n !
these decays of scalar top quark and gluino should be taken
into account in the precise experiment measurements. H°m—t_—t: Vioy (for m=12);
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APPENDIX Hm= 6=t Vidid,
In this appendix, we list the self-energies of top squark 0 0 ~ ~
quark and top quark contributed by Figicland Fig. 1d). Hn=Hn=ti—t0 Vhouoit.
The relevant Feynman rules are presented in R8fd]. We
adopt the notations of the couplings that chargimeu- The couplings between four squarks are denoted as

tralino) coupling with quark and squark in R€f23]. They
are written as below:

t-t-tet Vinig Gotohebi Viigg
b-T—% 1 (ViR PLt Vi PRIC, (A3)
o o And we denote the couplings between gluino, quark and
L (1) (2) squark as
t—=bi—x; 1 Vg +PL+V PR,
=3 . (1) (2)
(Al) g_tl_t VgttPL+Vgt '[PR'
hoT _70. . I
b—b; Xj - VbeOPL+V OPR’ g—b;—b: V;t)bPL‘FV;Zb)bPR- (A4)
t—_"fi_")‘(?: V(l) oP,_+V oPR, The stop quark self-energy contributed by Fig&.D)—

1(c.3) reads

4 2
~ 1 )
2?;(p2)=16772 Em Ea [—2iA0(Mye) Ve o7 7, — Bo(— P, ;M) Vg § Viyos 7 ]

2 2
_ En: % [iAG(ME Vi 37, + Bol— P, My ) Vi 15, Vi 16,

4
= 20 {2V KoVigko+ Vi RoV it o) [ Ao( i) + Bo( — p.me mo)m? + Ba(— p,my i) 7]

ttIX tt; XI tt iX
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2
(2)* /(1) (1)* \/(2) L* /1) (2) (2
+2Bo(— .My, o) myma( Vi oV S+ Vi fo V&;(o)}—Ek [V Vi + Vit kabt.xk)

X[ Ao(M5) + Bo( — P, My, M )M + By (— P, My ,MT5.) p?] + 2Bo( — p, My, M+ ) My«

[V(2) V(l) ++V(l) V(

bty bix, th+)] E (iAo )Vtt St +|A0(mB,8)Vt bﬁbﬁt] (AS5)

The top quark self-energy contributed by Figéd.1) and 1d.2) reads

S (P =i1(pSgPL+PS PR+ I8 PL+ 35 PR), (AB)
where
4
Sh= 1677[ > (Vi) Ba(—pome myo)] = E[(V(z) ) ?B1(—p.mp, )]
2 2 4 2
#2002 (Vi) (Bot Bu) (—pump, M) ]+ 3 3 [(Vip 50)*(Bot Bl)(—p,ﬂra,m;p)]]
_ (2) (1) (2) (1) (2) (1)
SR=3g (Vi Vi Vi~ Vs Vit Vinso) (A7)

4 2
1 2 1
- 16772[ = 2 [(Vig)*miBa(— P, mio) 1+ 2 [V Vi, msBa(—pumy myy )]

4 2

2 2
v y® @7 /)
+zk % tbﬁXkth X+m~+Bo( P.Mp, mN*)]+2 2 [V ;(tht Xom”OBo( P, , Xlo)]]

SLyy(2)* (1) (1)* \,(2) (2)* /(1) (1)* \,(2)_ (2)* /(1) (1)* ,(2)
E =24 (VH thH Ftb VH thH b Vi katb Xy —Vig katb Xy Vi Vtt oXP VttaX|V~ 70)-

In our paper we adopt the definitions of the one-loop integrals in R243. The numerical calculation of the vector and
tensor one-loop integral functions can be traced back to four scalar loop intégr&s,Cy,Do as shown i 25].
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