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Abstract

We analyse the top flavour violating decays in general syparetric model using the mass insertion approximation. In
particular, we discuss the impact of a light right-handed top-squark and large mixing between the first or second and third
generation of up-squarks on processes as gy, g. We also take into account the relevant experimental constraints from
B-physics and the requirements for a successfull electrovaafogenesis on squark mixings. We show that for general large
mixings in squarks mass matrix, the branching ratio oftthe gy, g (¢ = u, ¢) can be as large as 18.
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1. Introduction

The standard model of electroweak and strong interactions (SM) has had an impressive success when confrontec
with experiment. However, it has been established that the strength of CP violation in the standard model is not
sufficient to account for the cosmological baryon asymmetry of the Universe (BAUPne of the most attractive
mechanisms to generate the observed BAU is that of electroweak baryogenesis in supersymmetric (SUSY) exten-
sions of the SM. It was shown that supersymmetric extensions of the SM have all the necessary requirements to
generate enough BAU. In particular, SUSY models offer seurces of CP violation, and in the presence of a light
stop the phase transition becomes much strofJeHowever, the bound of the neutron electric dipole moment
(EDM) imposes severe constraints on the flavour diagonal plfiglsasd may possibly rule out scenarios of SUSY
electroweak baryogenesis based on CP-violating chargino currents. A possible way to overcome this problem, and
to generate enough BAU while satisfying the EDM constraints, is to assume that SUSY CP violation has a flavour
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character as in the S§4—6]. These models share the common features of requiring the presence of a light top-
squark and predicting a large mixing between the thidifast or second generations of up squarks. Since both the
latter requirements play an important role in top-quark physics, one is likely to expect an enhancement in flavour
changing top decays.

In SM, processes like— u, cy, g are absent at the tree level, and are highly suppressed by the GIM mechanism
at the one-loop level. Within the SM, the predictiam the branching ratio (Br) of these decays is of order'£(7].
Therefore, the observation of> u, cy decays, either at the LHC or at a future linede~ collider, will constitute
a sign of new physics. In supersymmetric models, new channels (mainly through chargino and gluino exchange)
emerge to compete with those of the SM.

In this Letter, we study flavour changing top decays as u, ¢y, g in the minimal supersymmetric standard
model (MSSM) with a light right-handed top-squark. In erdo obtain a model-independent analysis of the low-
energy MSSM, we will use the generalised mass inseripproximation (MIA). In this framework, a basis for
fermions and sfermions is adopted in such a way that the couplings of these particles to neutral gauginos are
flavour diagonal, while flavour-violating effects are eded in the non-diagonality of the sfermion propagators.

In addition, it is assumed that one of the eigenvalues of the up-squark mass matrix is much lighter than the other
(degenerate) eigenvalues. We take into account the constraints that the relevant mass insertions in the up secto
must fulfill in order to generate a successful baryogenesis at the electroweak scale and we consider the bounds
on the squark mass insertions derived from experimental measuremeBitdaafays. In view of the above, we
investigate the possibility of observing flavour violating top decays at the LHC or at a forthcoming linear collider.

These flavour violating top decays have been previously studied in the litef8&I8]. In these papers, the
top decay has been computed within the physical basislfasupersymmetric parties. Our results are fully
compatible with Refs[10-14] In Ref.[11], the gluino contributions have been considered and in [28].they
took into account only the chargino and neutralino SUSY contributions in both case for the flavor universal and
non-universal soft SUSY breaking terms framework. All previous wfsks] to these papers have been working
within the framework of minimal supersymmetric standard model with flavor-universal soft SUSY breaking terms.
Although, it is possible to make within the MSSM the full computation of FCNC processes as it has been done in
all previous work on FCNC in top decays. However, giviea variety of extensions of the MSSM, it is important
to have a way to extract readily from all FCNC processsstaf upper limits on quantities easily computed in any
SUSY framg16]. One parametrization of FCNC which answersttis fjuestion is the so-called generalised mass
insertion. In this framework, one works in a basis for the fermions and sfermions where all the couplings of these
particles to neutral gauginos are flavour diagonal, witigeflavour changing appears in the non-diagonality of the
sfermions propagators. Denoting MB, with A, B =L, R and withg = u, d for, respectively, the up (down)
sfermions, the off-diagonal terms of the sfermions masiogs, the sfermion propagators are expanded in series
in terms ofs"4 = A%4 /im? wherem? is the average sfermion mass. This approach is well defined as lafify,as
is significantly smaller tham?.

In this Letter, in order to be able to apply easily our approach to any supersymmetric models, we shall use
this generalised mass insertion approximation. This@ggr presents two main advantages compared to previous
work. First, it does not require a lot of computation to apply our results to any SUSY models. It is enough to get
the predictions for thé’s to get a prediction for Br — ¢y, g).1 Secondly, it is straightforward to use the limits on
the§’s coming from other FCNC processesBnor K physics.

The Letter is organised as follows. In Sectwe provide analytical results of the SUSY contributions the am-
plitudes ofr — ¢y, g decays, using the generalised MIA. Sect®is devoted to the presentation of the numerical
results, analysing the constraints from BAU and FCNC processes and how they affect the branching ratio of these

litisa great advantages compared to the full SUSY computasaioae in the previous work where for each SUSY models, one has to
diagonalize all sfermion and gaugino mass matrices tohgemixing and then to compute the branching ratio.
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Fig. 1. Feynman diagrams for the deaay> ¢y : (a) gluino mediated, (b) chargino mediateadd (c) neutralino exchange. On diagram (b) the
photon line can be also coupled to the internal down-squark line.

@

decays. We also comment on the prospects of observing-thgy, g process in the upcoming experiments. Our
conclusions are summarised in Sectbn

2. t — qy inthe MSSM with alight stop

The total amplitude for the— gy decay can be written as

Avotal(t = qv, 8) = Z(A,-nggoﬂf + Ag/llgogie)’ (1)

]

wherei denotes the mediator in the loop, and
OZ’;’ =e€,qioc"" p, Ppt, O%’f =€, qictp, Prt, 2)

with o*¥ = %[y“, y"1], and p, the momentum of the outgoing photon (gluon).

In the SM, ther — ¢y decay is mediated by chargél bosons, so thatg,, = A}, In the framework of
the MSSM, one finds four new sets of diagrams inducing the effe@¥eperators, namely via the exchange
of charged Higgs bosons, gluinos, charginos and neutralinos, as illustrafégl ih Thus the amplitude for the
t — gy decay can be parametrised 4§ = {A%,,, A .. Ag, A;i, A;O}.

Both the SM and charged Higgs contributions rely on the Cabibbo—Kobayashi—Maskawa gty @s the
sole source of flavour violation. In what follows, we wstiudy each of the above contributions. In particular, we will
compute the sfermion mediated decaylsiino, chargino and neutralino)ing the mass insertion approximation.

2.1. W and H* contributions

For completeness we include here the SM contribution as well as the one associated with charged Higgs ex-
change. These contributions are giver{by]

ay /o 3my
47 m%v
N awﬁ ny

AV L= —~(Vekm) b (VExm) b Xbh
Hi,R 4ﬁ m%y q CKM/t

Ay g = (Verkm)gb (Vmiwxow [ep F1(xpw) + F2(xpw) ], ®)

x {tarf B[ep F1(xpn) + F2(xpn) ] + [ep Fa(xpn) + FaCxpn)]}- (4)

In the aboverp is the charge of the down-type quarks running in the lagp£ —1/3), andF1 2 3 4 the associated
loop functions, given ilAppendix A with x;w, 5 defined as the mass ratiogy , = mﬁ/m%v = respectivelyo is

the fine-structure constant ang, = gi/(4n) whereg,, is the weak coupling constant. Due to the smallness of
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the associated Yukawa couplings, the contributiod@ @nds quarks are negligible, and hence we consider only
the dominant bottom-quark terms. We also neglect the contribution of the partial ampmﬁqgg) ;, Which are

suppressed by a factor o, /m, when compared Witbﬁl’v’v(Hi - Sincemp, < mpy, my, one can easily obtain an

estimate of the charged Higgs aidboson contributions to the— ¢y decays. One finds

ng % Y |2
F(l—>qy)=ET|AW,R+AH,R| . ®)

Regarding the assoce&t branching ratio, Br — qy)I"'(t — qy)/Iotal l€t us recall that the total decay width of
the top-quark is dominated by the~ bW channel, which is given by

Gr 2 3( my, ) ( m, mév)
Li~T'(t—bW)= Viplm (11— — )1+ —F5 —2— ). 6
1 ( ) 8«/21' tb|“m; - - i (6)
Thus, theW and charged Higgs contributions to the(B#> ¢y ) are given, to a very approximation, by
3
m 2 1
Br ~ LAY p AL R 7
=)™ ge | wr + Anrl T =W, )
Numerically n, = 174 GeV,m, =5 GeV, tang = 10,my+ ~ 100 GeV), one has
W:  Br(t — uy)=75x10"1, Br(t — cy) =6.3x 10713,
HY Br(t — uy)=4.6x 102, Br(t — cy) = 3.8 x 1071°. (8)

Mostly due to CKM suppression, botlif and charged Higgs contributions are indeed very small, and we shall
neglect them in our numerical analysis.

2.2. Gluino contribution

In the super-CKM basis, the quark—squark—gluino interaction is given by
Luzz =~ 28T (" PLg % — i’ Prg"i§ + H.c.), (9)

whereT* are theSU(3). generators, and, ¢ are colour indices. As aforementioned, we will use the MIA to
express the gluino contribution to the> ¢y amplitude. We begin by considering tgeneralised MIA scenario,

in which one of the scalars in the loop (typically the right-handed top-squark), is considerably lighter than the other
squarksmt?R < mgL . In this case, the amplitude for the gluino mediated ¢y decays reads:

o= e <ﬂz2>{ﬂ(3u ) (Fz(Zqu/J—Fz(ZuZ;L))
&R 3 ﬁ mg mg LL/q3 25, —Zf,
1 Fa(zs,25,) — Fa(zs, 25
T e ]! (10)
mg q Zqp — L
A Z_ilas\/an th){ﬂ((ﬁm) (FZ(Zt,ZqR)_FZ(Zt,Z[R)>
8.L 3 Jr mg mg q3 Zgr — g
1 F s Lqg _F s Lf
~ L) 3( 4(21, 255) — Fa(z:s Z,L))}. (11)
mg a Zqr — 4

In the aboveey is the charge of the up-type quarks (= 2/3), z; ; are, respectively, defined as the mass ratio
(mt’é/mg)z =1/x, 5, and the loop functions? 4(x, y) can be found irAppendix A (m?) is the mean value of the
squark mass matrix. We have also neglectedgfk (AE’L) terms associated @}, , (67, ), since these would be
suppressed by, ..
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In a scenario where one can approxmaﬁe ~ th ~ mgL, mg > my, the finite differences would tend to the
usual MIA derivatives.
Regarding the — cg amplitude, one has

¢ osa . Fa(zi.25,) — Fa(z1. 27,)
Ag,R = JT mz m2 (‘SLL)qs 75 — 277
g Mg T
1 Fa(zr.25,) — Fazs. 27,)
—m—(SLR)qs( . ) : (12)
8 qL IR
s Aaa <m2>{m, (5.2) (FZ(Zt,ZgR)—FZ(Zt,Z;R)>
s L= a3 — RR
8.L 3 7 mg mg 93 ZGr — Zig
1 Fa(zi.2,) — Falzr. 27,)
—;(57@%3( Z’j — ) : (13)
8 4R 1

where the functione?g 4 are defined as

4 C(G)

- G
Foa(x,y)= [— - —]Fz a(x,y) — @)

3 5 F13(x/y,1/y)

with C(G) the quadratic Casimir operator of the adjoint representati@Uag8)c.
2.3. Chargino contributions

The relevant Lagrangian terms for the chargino—quark—squark interaction are given by

MW—Z Z (Vi (Ve Verm) ;13 d] — il [gUar(Vorm)i |5 d]
A=1i,j=1
+ ML[UAZ(VCKMY Q)” XA } +H.c, (14)

where the indices j label fermion and sfermion flavour eigenstates whileefers to chargino mass eigenstates.
Yd'ag are the diagonal up- and down-quark Yukawa couplings,¥ant are the usual chargino rotation matrices
deflned byU*M,+V ™~ 1 dlag(mxf, mX2+). Keeping the terms whose flavour violation stems fromWitey, and
neglecting those proportional i@, /m,, the chargino contribution now reads

awf

Azsr=— Z {g2|UA1|2[(VCKM)q,- (V) a0 [FiCxr, x) + e Fa(zi, 24)]

+ (Vekm)gi (8LL),‘./' (VCKM)j3[G1(xt» xa) +epGa(zr, xa)]]

+ U2 [ (Vermgi (Y9292 (Vi) sl F1Girs x4) + ep Fa(zr, 24)]

+ (Vermgi (Y5 %) (68015 (Y429 1 (V) 1a[G10x1, x4) + e Gz, x)]]

— gUarU o] (Verai (Y™, (67 ), (V4™ ; (Vi) [ G2, x0) + €0 Gater. xa)]]
— Uk Unal (Vermgi (YS9, (55.),; (Viiow) ;3[ G, x4) + epGa(zr, x4)]]

- (mXA ) {—8Ua1Va2[(Vekm)qidij (VgKM)ﬁ(Yfiag)%[Fs(xt, xa) +epFazi,za)]

ng
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+ (Vermgi (591),; (Vaw) 1o (Y69 33[Gatxr, xa) + enGazr, x)]]
+ UnaVaz] (Varmgi (Y579, (5%1) ; (Vaw) 1o (V629 33[ Gatar, xa) + enGazr x)] ]} } (15)

wherexa,, = (m Jmy)? m)zzi [/mgL, = (m,/mﬁ)2 and the additional loop functior®; can be also found
) =
in Appendix A For the chargino contributions, one hds« ; = O(my) (¢ #1).
To get the chargino contribution to— ¢g, one should only keep the terms proportional to the functions

F24(x,y) andG2 4(x, y) and clearly changing/aep by /o
2.4. Neutralino contributions

In this case, the relevant Lagrangian terms are

4y ; diag0 ~i
EuﬁXOZZZ{MRthl?:\/Etan@WXAM — g Nog Y Ry
a=1i=1
_a S (N +1N tané 0l — i Nuay 2950 (16)
Lo\ Nzt ghartandy Xatty, =ty NaaYu "X allg

whereN is the 4x 4 rotation matrix which diagonalises the neutralino mass matx N*MyN 1 = diag(mxg).
Using £,; ;0 one derives the neutralino contriimns to the flavour changing top decay> ¢y, which are given
by

o/ (m 1 1 (Fazizg,) — Falzi,z,)
AV, =Y Na2 + = tanfy Na1 | — L Z
PORT 27 mZg ;{[znwsmﬁ “4( a2+ 3 ta0w “1> (

mgo gL — <,

(Na2 + 3 taneW]Val)2 m; Fo(zs, Z‘iL) — Fo(z, ZfL) u
+ ((SLL)qB

2 . e
2 m)zg ZqL ZZ’L

2 1 1 F Zt, 25, ) — F 2ty 25
+ |:§tan0WNal(N02+ étanGWNal)_( 4(zr, 2q,) — Falz ,R)>
0

mz9 2qL — Zig
m; . 1 ) m; (Fz(zt,ZgL)—Fz(zt,z;R)ﬂ " }
— —————N_4| Nao2 + - tanby N, 1) , 17
2my Sing "4( @tz még G, — 2y (9% 1) 3 17)
L /@ (i) § ” L *i(ﬁ4<z,,zéR)—ﬁ4<z,,z;R))
70.L 27 m)2~((9 = mwsmﬂ 3 Zgr — Zip

my
8 me [(F2(ze, 255) — F2(21, 27,)
+ —tarfOw|N, 2—( R ) Y
9 w[Nail - 2in — % ( RR)qg

2 1 1 [ Fa(zzg,) — Fatz, 2
+ |:—tan9WN;1<N;2+ étanGWN;kl)—< (21, 2g¢) (z tL)>

m)ﬁ? ZqR _ZfL
2 m my ((F2(z1, 25,) — F2(2s, 77, ))j| }
~ NN tand L 5% . 18
" Bmysing 4TIV 2 )2(0 ( PE—— (6%L)ya (18)

The fourth contributions for each amplitudes are usually neglected for processes involving light quarks or leptons
asb — sy or u — ey. But clearly, for the top-quark, they cannot be neglected. As for the chargino case, to get
their contribution tar — cg, one should just replaceby ;.
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3. Numerical results

In this section we will explore the parameter space of the general MSSM in order to find the maximum allowed
values of Bfr — cy) in the presence of a light stop, while observing the constraints on squark mixing imposed
by B-physics and by generating the correct BAU. In oualgeis we take into account experimental bounds on the
masses of the SUSY particlfl3] and all available constraints from FCNC and rare de¢2¥s28]

As shown in Ref[5], the observed ratio of the baryon number to photon number in the Uni{z3s]

n= Z—B — (6.3+0.3) x 10710 (19)
Y

can be accommodated in the framework of flavour-deperelgrgrsymmetric electroweak baryogenesis. In this
scenario, complying with the value gfequires two key ingredients: a very light stop, 105 GeW;, < 165 GeV,
and a sizable mixing in the R up-squark sectdrin fact, in this framework, the BAU can be written as
(m2)
~ 10 g Y2 —L Im(84 )% 20

n RRILL; m, ( LR)3, (20)
wherelgg is given in[5], andY; = (Yfiag)gg. The requisite ofL R up-squark mixing depends on the other para-
meters involved in the computationof /n, , namely onm; and on the value of the bilinear-term. In particular,
for mz; ~ 1 TeV andu ~ 700 GeV, complying with the observed BAU imposes

Im(8} z)5 = 0.15, (21)
which in turn implies

|(82R)3i] >0.15. (22)
It is important to notice that sind@. z);; = (SRL)jf,., thus the BAU constraint can be written as

|(8%.);3] 2 0-15. (23)

Regardingn;, , in agreement with collider bounds on the mass of the lightest top-sfi@y20}, and unless
otherwise stated, throughout the analysis we will always consiges 110 GeV.

After these considerations, we turn again our attentiothe SUSY contributions to the inclusive width of the
t — qy decay. These are given by

3 2 2
F(t—>q}/)=%{ IZAi,R(tﬁqy) + lZ-Ai,L(I—)CIV) } (24)
m3 2 2
r(t—>qg>=c<R>E”ZA,~,R<r—>qg> +> ALt —qg) } (25)

whereC(R) =4/3.

Wherei = g, 3%, 0. As we usual in the framework of the MIA, we analyse each contribution separately, so
that the branching ratio associated with each of the above terms is defined as
' Iit—>qy. 8)
Br(r — ,g) = ———12°0 26
(t=ar-8)=—r=pw) (26)

2 We note here that in these scenarios, the strength of the EWRpidsilty too small. Nevertheless, this problem can be overcome by the
introduction of new degrees of freedom, as is the casatehsions of the MSSM with additional Higgs scalf25-27]
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Fig. 2. Gluino contributions to Br — cy) as a function of(§7 )23l for different pairs of f15, m): (300 GeV, 1 TeV), (300 GeV, 500 GeV)
and (500 GeV, 1 TeV), corresponding to solid, dashed and dot-dashed lines, respectively.

with I'(t - bW) >~ 1.52 GeV and

m3 2 2
Ii(t—qy)= EHALRU = g)| + ALt =gy}

3
[t = q8) = CR 7| At = q8)[* + [t > q9) ).
with i = g, 3%, x°.

We start our analysis by considering gluin@ediated top decays. As it can be seen from E#8), (11) the
gluino contributionto Bt — ¢y ) essentially depends on three parameters: the gluinomgagske average squark
massm; and the mass of the light top-squank, . Regarding the flavour structure, the gluino mediated cy
decay is a function of thés} , )23 and (67 ;)23 mass insertions. An illustrative example of the dependence of the
Br(t — cy) on the relevant mass insertions can be drawn byideriag a representag point in the parameter
space, which complies with the BAU requirements. figr= 300 GeV andn; ~ 1 TeV, the branching ratio reads:

Br(r £ cy) =2.6x 10*10(5&);3 —5x 1078(8% ) ,5(84 g) o5+ 2.4 x 10*6(52,?);3 +16x 10*8(5';“)33
— 7.1 x 1078(8%, ) 5(8k k) 5+ 7.7 X 1078(3lk )5 27)

The leading gluino contributions to the Br always stems from the terms proportio#4l1i%,, with an associ-
ated coefficient of orde®(10-%). Therefore, the bound from E¢R2) will not affect the dominan(tSZR)§3 termin
the branching ratio contrary to naive expectations thatalge mixing between first/second and the third up-squark
generation required for a successfull electrowealydgenesis implies enhancement in top flavour violating de-
cays branching ratio. It is worth mentioning that in the class of SUSY models with Hermitian or symmetric trilinear
couplings, the magnitude M&ZR)§3| is of the same ordQ(azR)gzL hence the BAU leads to a lower bound on the
branching ratio Bif — cy) of order 107 as it can be seen froffig. 2

In Fig. 2we plot the Brt & cy) as a function of (67 )23l, for several values ofx{z, m;), fixing all the other
mass insertions to be zero. As can be seen from this figure, larger values of the average squark mass strongly
enhance the gluino contributions to the branchiatip. This can be easily understood by inspection of (£Q)
as in such a case, thg, ~ x;, — 0 and the dominant terms only comes from the light right-handed top-squark
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Fig. 3. Gluino contributions to Br — cy) as a function oﬁn;R for different pairs of {1, (87 g)23): (300 GeV, 0.75), (500 GeV, 0.75) and

(300 GeV, 0.25), (500 GeV, 0.25) correspanglirespectively, to solid, dashed, dot-dashed and double-dot-dasheddjness is fixed as 0.1
andmg; =1 TeV.
q

contributions. In fact, it can be verified that the 8R> cy) monotically increases with:;, saturating at BR-
10> formg ~ O (4 TeV).

In Fig. 3we present a plot for the branching ratioBr> cy) as a function ofr;, which is a crucial parameter
for enhancing the BAU and also the branching ratio of top decay. As can be seen from this figure, in case of large
mixing between the third and the first or the second generation of qu@iks)(s ~ 0.1 or bigger), imposing the
right-handed stop masses to be within the range needed for electroweak baryogenesis imposes:testlae’ Br
to be bigger than 10'.

For completeness, let us get the value of the gluino contributions in case of a no-BAU inspired models. In that
case, we shall use; = 300 GeV,m;, =100 GeV andn; =500 GeV. One gets

Br(t % cy) =19 x 1079(6% )2, — 1.2 x 1077(5% ) 15(6% g) g + 1.97 x 1078(5% )2,
+ 8.4 1078(8%, )55 — 1.5 x 1077(8% ) )5(8k ) g + 6.98 x 1078(8% )2 (28)

Finally, we address the additional phenomenologicaltraimgs that should be applied to the computation of the
Br(r — cy). First, we point out that the main constraint on the mass inser{it§}}9 23 is associated with having
the latter involved in the chargino contribution to the> sy decay. From the analysis conducted in R21], one
finds that the current measurements of the Be(lsy) = (3.21+ 0.43+ 0.27) x 10~4 [22], can only constrain
the (37 ; )23 at large targ, while the relevant mass insertiotwsthe gluino mediated top decayy  ; )23, remain
unconstrained.

Regarding the chargino contributions, their conttibn is always very suppressed compared to gluino contri-
butions but it is important to emphasize to the fact that their contributions are proporti@‘[jgl.tbet us recall that
BY — B2 mixing constraings? , )13 to be of©(0.1) [28]. Nevertheless, the mass inserti@ , )23 is essentially
unconstrained since nér— sy limits nor BS — Bso mixing impose any bound on this paramef2®], so that
(8ZL)23 could be of order one. Even so, chargino contributions t@ Bf cy) can be at most of order 18, and
play a secondary role when compared to those of the gluino.

Respect the neutralino contributions, it can be seen from H). that as in the case of the gluinos, these
contributions depend o ;)23. However, their associated coefficients are comparatively more suppressed. For
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m .
instance, the coefficient of the dominaif )23 term is suppressed by a fact%%ﬁm—xgtanewNal(Naz +
14

1/3tardy N,1) which is of order 103-10-4, implying that neutralino contributions will be clearly subdominant
when compared to those of the gluino and chargino.

To conclude our analysis, we briefly comment on the experimental prospects for the observation of the SUSY
mediated — ¢y, g decays here discussed. First, let us notice timptesent CDF limit on these processes is very
weak[18,30]

Br(r — yq) <0.032. (29)

However, significant progresses are likely to occur inribar future, with new data from Tevatron Run Il, which
should be able to improve these limits by a factor[20]. At longer terms, the next generation of colliders as
LHC or a linear collider like TESLA, is expected to ameliorate the current bound2).by a few orders of
magnitudd32]. In particular, after one year of operation, it shibbk possible to reach the following limits at LHC
and TESLA, respectively33,34}

Br(t — cy) <7.7x 10°® (LHC), (30)
Br(t — cy) <3.7x 10°% (TESLA), (31)
Br(t — cg) <1.0x 107° (LHC). (32)

From the comparison of these values to the results of the analysis conducted in this section, one can conclude
that in the presence of a light top-squark and provided large mixing between the first/second and third up squark
generations, the observation of processas-ascy will soon be within experimental reach.

4. Conclusions

In this Letter we have studied in a completely modelépendent way top flavour violating decays in general
supersymmetric models using the generalised MIA.hW&fee computed in a model-independent way the gluino,
chargino and neutralino contributions to the branching ratio-ef gy . We have shown that in a lighg scenario,
gluino mediated decays prige the leading contributioto the branching ratio of — ¢y, g for a gluino mass
between 300 and 500 GeV.

We have verified that the present experimental constrainB phnysics did not prevent us to get Br# gy) =
1078 and Br(r— ¢gg) > 107°. These results are particularly interesting, since such a sensitivity could be reached
by the LHC or by a linear collider like TESLA. In particulafter a few years of opetian, one should be able to
observe the — gy, g decays.

As a corollary of our approach, we have shown that contrary to the naive expectations, the large mixing between
up-squarks needed to generate the BAU at electrowealle sloes not affect top flavour violating decay, except
in particular SUSY models wher@} )23 is related to(s} )32 (see for instance SUSY models with Hermitian
texture for the trilinear terms).

Note added

In Ref.[15] working in the physical basis for all supersymmetric particles, they claimed to be able to reach for
Br(r — cy, g), respectively, 10%, 10~4. We want to emphasize that these results are consistent with the one we
have for BXr — cy). As we said in this Letter, it is possible to get(Bf> cy) close to 10° (which correspond
to Br(r — cg) ~ 10~* if m; ~ a few TeV andn;, around 110 GeV. But we should stress that a such spectrum is
quite unprobable and difficult to justify.
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Appendix A. Loop functions

1
Ty 1—x) x+yd—x)—z(Q1—x)x
Fi(z,y) = > b/dx ; In( R — ), (A1)
1
__} 1-x) x+y(dl—x)—z(1—x)x
Fa(z, y) = ZO/dx - In< T — ) (A.2)
1
_ 1—x) x+yd—x)—z(Q1—x)x
F3(z,y) = yb/dx e In( T tyd—x) ), (A.3)
o1 (1-x)—zd-v)
_ 1 x+yl—x)—z(L—x)x
Fa(z,y) = b/dxz In( R — ) (A.4)
In the limit z — O, one recovers the usual loop functions:
x3 —6x2 4 3x + 2+ 6xlog(x)
F1(0, x) =x( G- 1f ) =xF1(x), (A.5)
2x3 + 3x%2 — 6x + 1 — 6x2log(x)
F>(0, 1/x)=x( 2617 ) =xFa(x), (A.6)
2 4x+3+21
F3(O,x) ZX(X ;()C _ 1)3 Og(X)> ZXF3(-X)7 (A7)
21— 2l
F4(0,1/x) = X<x 20— 1)29(X)) = x Fy(x), (A.8)

where theF1 2 3 4(x) functions are defined in RefL7].

0F1(x,y) 0F1(x,y)
+x ,

Gi(x,y)=—y (A.9)
dy ax
dF3(x, I F3(x,
Ga(x, y) = —y 1302 | AFCY) (A.10)
dy ax
10F(x,z2)
Golx,y)==222) (A.11)
y o9z fmyy
10F4(x,z2)
Galx,y) = - 202 . (A.12)
y 9z 7=1/y
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It is easy to check that in the limit — 0, one recovers the usual MIA loop functions:

—1—9x 4+ 92+ x3 — 6x(1+ x) log(x)

0,x)=—
Gol0.5) = — —1+9x 4+ 9x?% — 1723 + 6x2(3+ x) log(x)
2= 12(x— 1S ’
—5+4 4x 4+ x2 — 2(1+ 2x) log(x)
14 4x — 5x2 + 2x(2 + x) log(x)
G4(0,x)=—x 2617 .
o(x Fo(x
oy = - 252
X
_ 1-9x —9x?+17x% - 182%Inx — 6x°Inx
N 12(x—1)5 ’
0(x Fa(x
fal) = — ( a4( )
X
_ —1—4x45x%—4xInx — 2x%Inx
N 2(x — 14 '
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