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SUSY QCD effect on top-charm associated production at linear colliders
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We evaluate the contribution of SUSY-QCD to top-charm associated production at next generation linear
colliders. Our results show that the production cross section of the preée§s—>t€ or tc could be as large
as 0.1 fb, which is larger than the prediction of the standard model by a factof of 10
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PACS numbsefs): 14.65.Ha, 11.30.Pb, 12.60.Jv

One of the most important aspects of physics in the top Lro=— \/Eg T2KGP qq, + H.c. (1)
quark sector is to probe anomalous flavor changing neutral s
current (FCNC) couplings. In the standard modéEMm), In Eg. (1), K is the supersymmetric version of the

FCNC couplings are forbidden at the tree level and highlykobayashi-Maskawa matrix, which is explicitly expressed as
suppressed in loops by the Glashow-lliopoulos-Maiani

mechanism. Any signals on FCNC couplings in the pro- 1 e g2
cesses of top quark decay and production or indirectly in e 1 s
loops will indicate the existence of new physics beyond the Kij= , : 2
SM. Recently in the framework of the effective Lagrangian, —&° —e 1

Han and Hewet{1] examined carefully the possibility of

exploring the FCNC couplingscZ/tcy in the production  \yheree parametrizes the strength of the flavor mixing and is
vertex for the reactioe*e™—tc+tc and concluded that at shown to be as large as 1/2 without contradicting the low-
higher-energy colliders with 0.5—1 TeV center-of-mass en€nergy experimental daf&].

ergy, the resulting sensitivity to FCNC couplings will be  In Fig. 1 we give the Feynman diagrams for the process
better than the present constraifid. In this paper, in the e*(p;)e (p,)—t(k;)c(ky). In calculations, we have ne-
minimal supersymmetric standard modMSSM) we study  glected the scalar-quark contribution since it is highly sup-
the procese*e” —tc+tc and perform a detailed calcula- pressed byK;,K,3; and we use the dimensional regulariza-
tion of the contribution from the FCNC couplings in the tion to control the ultraviolet divergence. We have checked
vertex of gluino-squark-quark to the production cross secthat all divergences cancel out in the final result with the
tion. We will point out that at higher-energy e~ colliders  summing up of all of the diagrams. The calculations are car-
the cross section could be as large as 0.1 fb, which is at leaged out in the frame of the center of mass system and Man-
eight orders of magnitude larger than the prediction of thedelstam variables have been employed:

SM, ~10%0-10"° b [3].

The MSSM is arguably the most promising candidate for s=(p1tp)’=(kitkp)? t=(p1—ky)?,
physics beyond the SM. In addition to the many attractive
features of supersymmetr¢gSUSY) in understanding the u=(p;—ky)2 3

mass hierarchy, gauge coupling unification, the weak scale
SUSY models in general lead to a rich flavor physics. In fact,
SUSY models often have arbitrary flavor mixings and mass
parameters in the squark and slepton sectors and these ma
matrices after diagonalization induced FCNC couplings at
tree level in the vertex of gluino-squark-quark, etc. Phenom-
enologically one would have to assume certain symmetries
or dynamical mechanisms to prevent large FCNC among the
first and second generations. On the other hand, the flavo
structure, especially among the second and third generation
in the SUSY sector, motivates us to seek for new physics anc
any experimental observation on the FCNC processes be
yond the SM would undoubtedly shed light on our under-

standing of flavor physics. In this paper we take the model of ©
Refs.[4,5] where the FCNC couplings relevant to our calcu- -
lation are given by FIG. 1. The Feynman diagrams for the proce$e™ —tc.
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p“tﬁ:‘jtgg straightforward calculations, one obtains for the am- E (F1)egg? S|n2(¢9w)cos( 67)sin( 67)
=0t 12m; cod 6,,) >
e __ J—
M = gv(P) v,u(P2)u(ky) V(e y)v (ky) X[Bo(Omg, me ) =~ Bo(mf,me m: )]+ R.R,
g _ 5 .
+ V(P1)¥,(9%—gavs) (+1)eggs sir(6) .
2 coSby(S— |v|2) " —3+4sir(6
" :ZCI 96m? coq 6,,) 72 i (6]

XU(p2)u(ky) VA(tc2)v(ky), (4) ) (2 By O . ) — (M + )
9 qp g, g g Ot

where gS=1/2—2sirf6,, ga=1/2, and V#(tcy) and s 2 2 ) _
VX(tcZ) are the on-shell quarks effective vertices given by X Bo(mg,mg,mg )]+ 4mi[ -3 Sirf( ;)
VH(tcy;Z) =117y, Pr+ 3%y, PL+ 1%k, Pr +4 sir?(6,,)1Coo— 12m? cog(65)Cogt + R.R.,

+ 115Ky, P+ T %Ko, PR+ F L7k, P
P TR Tt s (*1)egs sinf)cos b5 mg

5 Z_ 4 sirf(6
© a=ci 48 cos 6,,) m° ) (6w)
vz ~ ~
The form factors " are — 3 sirf(03)}(Co+2Cy) + 3 sirf( ) (Co+ 2C1)]
s (=1)eed cod b5)sin ;) my +R.R.,
a;ci 12m 72 ,
+1)eggs sin ) cos ) my
X[Bo(0,mE,ms ) —Bo(m?,m2,m2 )]+R.R., = 4 sir?( 6
[Bo(O.mg . )~ Bo(mf,m,m? )] Zt 180080,y 72 [{4 sir?(6,)
S (+1)eesif(6;) —3sird(63) H(Co+2C) + 3 sirf(65) (Co+2C,) ]
fY=
2 S 24mt2772 9 +R.R.,
2 2 2 2 2
—m: )By(O,m= ,m= ) —(m=— .
q2) of g qz) ( 9 a2 2 Il)eggg S|n2(63)mt[{4 I"F(H )
Si
+mt2)Bo(mt2,mg,rr‘%z)+4mtzcoo]+R.R., 57 48c0$0,) 7 v
p — 3 sirf(63)}(Co+2C19) — 3 cog(63)(Cy
F1)eegs sin( 6;)cog b)) .
ZM ———[Cy+2C4] +28,)]+RR,,
g=c,t 127T
+R.R. 2 i
’ +1)egg? sirf( ;) m
2~ 48993 ; L [{45sirf(6,)
+ ) A~
et 1272 oo —3sif(63)}(Co+2C 1) — 3 c08( ) (Co
+R.R., +2C1)]+R.R., 7
(*1)eed? SinP( 6g)m whereR.R. represents the replacementéyf— w/2+ ¢ and
f1=2_ 1272 [Co+2C1]+R.R,, mg, < mg,. The variables of three-point functio ,C;; [6]
=¢t 0 A
e and C;,C; are (mtz,S,O,mg,m% ,mﬁ) and (Mm?,S,0,
(F1)eed sir(f;)m me,me mg) respectively C
-+ € ’ 1 ] .
fr=> 9 Co+2C,]+RR; 97 2 _ -
d=ci 1272 In the MSSM the mass eigenstates of the squgkkand
(6) T, are related to the weak eigenstatgsand gy by [7]
ql ~ a . ~ costy  sindyg
For simplicity, we only give the results in the limit @fi,=0. =R with R%= . . (8
However in our numerical calculations, we use the full formulas. [*P TR —sind  costg
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FIG. 2. The cross section for the proca*se‘at?as a func-
tion of mg, where 'S=500 GeV, tanB=2, e2=1/4, andu=

—100 GeV. The solid and dashed lines represegt100 GeV
and 500 GeV, respectively.

For the squarks, the mixing anglg and the massest;
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FIG. 4. The cross section for the process™—tc as a func-
tion of /S, where mz=100 GeV, tarB=2, e?=1/4, and u=
—100 GeV. The solid and dashed lines represagt 300 GeV
and 100 GeV, respectively.

2 _ 2 2 2 3L H
MEL=mg+mg+m; cos 28(1 " — ey Sir 6,,),

can be calculated by diagonalizing the following mass ma-

trices:
2
2 ML  mgMg
Ma= 5 ,
mMgMgL  Mggr
-1
3 10 F T T T T 3
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FIG. 3. The cross section for the process™ —tc as a func-
tion of my, where yS=500 GeV, tarB=2, €?=1/4, and u=
—100 GeV. The solid and dashed lines represagt 300 GeV
and 100 GeV, respectively.

2 _ 2 2 2 :
MR&gr=mMmg 5+ mg+m; cos 28e, sin’6,,,
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FIG. 5. The cross section for the process™ —tc as a func-
tion of tang, Where\/§= 500 GeV,mg=100 GeV, e2=1/4, and
pu=—100 GeV. The solid and dashed lines represeng
=300 GeV and 100 GeV, respectively.
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Wheremé, m% 5 are soft SUSY breaking mass terms of the Cross section increases as squarks and gluino masses de-
left- and right-handed squark, respectively;is the coeffi- ~ crease, and it could reach 0.1 fb for favorable parameters.
cient of theH,H,, term in the superpotentiah, andA, are  This is an enhancement by a factor of‘l@latu_/e to the SM

the coefficient of the dimension-three trilinear soft SUSY-Prediction. Such enhancement could be easily understood as

breaking terms;li- e, are the weak isospin and electric following:
C 2
charge of the squarg. From Eqs.(8) and(9), we have revey asAmz
1 =1, (12)
2 TsM am?

my = §[MEL+ M&rT V(M{L—M&R)?+4miM{g],
whereAmé represents the possible mass square difference
2

m;, ~ MEL among squarks. IfAmé varies from 108—20 Ge?,
tanfy= ————. 10 ggysvosy=10"—1C. At the same time, this kind of en-
mM g .
hancement could also be observed in the FCNC decay pro-
Now we present the numerical results. For the SM parameess of the top quari8]. Due to the rather clean experimen-

eters, we take tal environment and well-constrained kinematics, the signal
of tc or tc would be spectaculdi]. We expect the SUSY-
QCD effects studied in this paper to be observed at higher-
energyee” colliders.

m;=91.187 GeV, my=280.33 GeV,

m,=176.0 GeV, m.=1.4 GeV,
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