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Flavor changing top decayt—cw or v—tc in the MSSM without R parity
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Widths for the new flavor-changing top quark dedayc? or for the reversed sneutrino decay-tc are
calculated in the minimal supersymmetric standard model witRepairity conservation. For large t#h e.g.,
tan 8~m,/m,~40, Br(t—c%)>10 % or Br(?—tc)>10 ° in a relatively wide range of the supersymmetric
parameter space as long as there is more than one ndRgmmnty violating coupling. In the best cases, with
a typical squark mass around 100 GeV, we find that-Br?)~10 *—10 2 or Br(7—tc)~10 °—10 “.
For tanB~O(1) the corresponding branching ratios for both top or sneutrino decays are too small to be
measured at the CERN Large Hadron CollideHC). Therefore, the decays—cv or 7—tc appear to be
sensitive to tapB and may be detected at the LHC. The branching ratios of the corresponding decays to an up
quark instead of a charm quark, e.g= u? or v—tu, may also be similaf.S0556-282199)04911-3

PACS numbgs): 14.65.Ha, 12.60.Jv, 14.80.Ly

. INTRODUCTION have a nonvanishing tree-level coupling td@pair, Bri(t

—cH° around 102 is not ruled ouf7].

Flavor changing decays of heavy quarks which have been |n this paper we explore the new flavor-changing top

the subject of intense theoretical activity for a long time Areacays t—CP, t—Cp (P=Sneutrino, = anti-sneutrino)

especially significant as they provide important tests of therpase decays require the lepton number to be violated and,
standard mode{SM). The extraordinary large mass of the yherefore, cannot occur within supersymmetry in its minimal

top quark renders the Glashow-ftioulos-Maiani (GIM) . . - e e =
mechanism very effective in the SM, so that the fIavor-VerSlon'.We' therefore, consider.c, ¢ or'v, rote, te

. . ’ X (depending on whethen,>n;, or m;<n;, respectivelyin
changing top decays are highly suppregsgddExperimental the MSSM withR-paritv violati

. parity violation [Rp) [8].

searches for the flavor-changing dgcays .of the top are there- The Rp interaction of interest to us is the’ type—lepton
fore very good probes of new physics. !t is expected that th‘?\umber violating—operatdg],
CERN Large Hadron CollideLHC) will produce about
10— 10P tt pairs, therefore rare top decays with branching W, =\, LiQ;D§, (1)
ratios around 10° should be accessible at the LHC. ) N )

In the SM, the decays—cV (V=y, Z or g) andt and the corresponding trilinear soft breaking operator:
—cH?Y, have branching ratiogBr) much smaller than 10
[1,2] and should therefore be very useful in searching for
new physics at the LHC. In some extensions of the SM such . N A
as multi-Higgs doublet mode(4,3] and the minimal super- where in Eq.{l), L andQ a.re the §l(12)—doublet Ieptor.1 and
symmetric standard modéMSSM) [4], Br(t—cV) can be quark superfields, resgectlvely a~ﬁh° are the quark singlet
several orders of magnitude larger than their SM valuesuperfields. In Eq(2) |, G, andd are the sleptons, left-
However, although in the MSSM Br{-cg)~10 °> may be  handed squarks, and right-handed down squarks correspond-
possible, fort—cy and t—cZ, typically, Br(t—cy,cZ) ing to the superfields, O, andD, respectively. Also, for
=10 °[1,3,4. simplicity, the trilinear soft breaking couplings in E®)

The most optimistic results for Br{~cV) were reported have been defined to include the Yukawa-tygdecouplings.
in [5], where it was shown that, in the MSSM withoRt  Notice thatA’ has a mass dimension and should naturally
parity, these branching ratios can be as large as-BoQ) attain values of the order of the typical squark mass or
~1073, Br(t—cZ)~10 4, and Brt—cy)~10 ° if the equivalently the typical supersymmettUSY) mass scale
squarks have masses not much larger than 100 GeV. (see, e.g.[9], and references thergin

For the decayt—cHO the theoretical predictions for the It is important to note that, on a purely phenomenological
branching ratio span several orders of magnitude as one cotevel, since there is no good theoretical reason which forbids
siders beyond the SM scenarios. While in the MSSMtBr( Rp SUSY models, the.’ couplings in Egs(1) and(2) area
—cH?Y) can reach~10 ° at the mos{6], in a class of multi-  priori expected to be of)(1) (see[10]). Existing bounds on
Higgs doublets models in which the neutral Higgs boson cathe A’ couplings from low-energy processes suggest that,

LP"= N ATa;dE, )
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typically, )\i’jk<0.5 for squark and slepton masses of 100 W H

GeV. We wish to emphasize that these bounds are usuallyt W c t T / ¢
based on the assumption that Rp coupling, e.g.,)\i’jk is d d d d

nonzero only for one combination of the indicigs [8]. In-

deed, if this assumption is relaxed, then in most casgs v v
~(O(1) cannot be ruled out. 1) (2)
Another useful observation is that in the presencéRpf .
interactions, existing limits on the SUSY spectrum which are - v,
obtained from high-energy collider experiments become less X % |
restrictive, since in this model the lightest supersymmetric t _‘ffw"’%— C t — W
particle (LSP) is no longer stable. That is, the distinct miss- A gt Sl
ing energy signal associated with the LSP in the MSSM with de ! dL d
R-parity conservation is lost. Thus, for example, squark v R
masses of the order 6100 GeV are still allowed by present (3) @)
data[8].
With that in mind, in this work we show that if, ~ ~
>m,, then Brt—c7?)>10° is attainable within a rela- Vi o Vi
tively wide range of the relevant SUSY parameter space and W, H, [
may reach 10%— 102 for tang~m/m,~40 (recall that ° \ . c ¢t ) ] ¢
tang is the ratio between the vacuum expectation values of
the two Higgs fields in the modeland with the typical d d
squark mass around 100 GeV. Similarly, in the case (5) (6)
<m,, we find that Brg—tc)>10"° is possible and can
reach 10°—10 4 if, again, M~ 100 GeV (where M de- FIG. 1. The one-loop Feynman diagrams for the decayc,

notes the squark masand tan3~m,/m,~40. In fact, if in-  induced by an insertion of one lepton number violatirigcoupling.
deed some of tha&’ couplings are saturated to be of order The heavy dot denotes the lepton number violating vertex. See also
one, then the LHC can effectively serve as a sneutrino fac-12].

tory having about 19-10° sneutrinos with a mass of 200—

300 GeV produced inclusivelyl1]. Therefore, ifm,<nm, mg,

the above flavor-changing sneutrino decays tc, appears = )\I ViV (4)

to be as useful as the top decky:-cv, which is of course 8msy My !

relevant only for the corresponding mass range-n; .

We also note that, for an up quark instead of a charm
quark, the branching ratios remain practically the same, i. eAIS0 Sw is the sine of the weak mixing angle am;!, is the
Br(t—uv)=Br(t—c¥) or Br(v—tu) =Br(7—tc) if the Rp mass of the down quark of tHeth generationK=1, 2 or 3.
couplings relevant for the two cases are the same. The form factorsA}, and B; corresponding to diagrams

The paper is organized as follows: in Sec. Il we present ar1—6 in Fig. 1 are given bykeeping all the massgs
analytical derivation and the numerical results for the
branching ratio of —c7, ¢ in the MSSM withRp . In Sec.

[l we evaluate the sneutrino and anti-sneutrino decays Al mt(c21+ sz 2C23) me(Co+C 2)

tc, tc in the casem <m;, and in Sec. IV we summa-
;}iz_ei- t —miCh,+2C3,—Chy, (5

_ 2 2 28 22
Il. THE CASE mg>m; =mi(1+cof B)(Ci,— Ciy) —meCl,

AND THE TOP DECAYS t—c7, t—cC¥ =
T e —mj tarf BCT,—C5, (6)

The relevant Feynman diagrams responsible for the decay
t—c7v at the one-loop level and with insertion of only one
Rp coupling are depicted in Fig. 1. Those penguin-like dia- - Zom | Zom 3
grams give rise to an effective amplitude for the detay Az=—A > cosB | sing MymCo+V2Zi o MuC3, ),

~ m=1,2
—Cp of the form 7

—iM'=C

m ~
U, (—°)2 AL+
My/ &

mt 7)
m—W) > B'R

a

~ s Z_*
u, @ ﬂ( 2 Zom .
A4 mIEl,Z COSB 'COSﬁ ‘/_ZlmmW m(CO

whereL(R)=(1—(+)vs)/2 and +c‘1‘2)), (8
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A= (mf —mZ)(C3,— C59) —m? (Co,+ C3a) + miy(CY, CO=COo(mf,mg i memime). (22
+208)—2C 24— Clz, 9 Note that since the arguments are the same for allCtfis
B belonging to diagrana, we have omitted their subscripts and
Ag=(mg, sin 28— m¢ tanB)tanBCS,, (10) tildes. Mg, andmyg  are the masses of the right-handed and
' left- handed squarks of the and k generation(set by the
and: second and third index in’), respectively. Alson  is the
mass of the left-handed slepton of flavotorresponding to
=(mt2—m§i)(2C§3— C31—C3,)—2mg(Cy,—C1y) the first index in\’, andmy,+ is the charged Higgs boson
mass.
+mZ(C3,—C3)+Ci,—Cl, (17 Notice thatCy, Cy;, Cyp, and C,, contain ultraviolet
~ divergences which, in dimensional regularization, appear as
By=mj3 tarf B(C2,—C2,—C3)—mj3 C3—m2(C3+C3) 1/e where e=4—D in D dimensions. Of course&®_, A,
“ “ and=°_, B, should be free of those infinities; indeed, as can
—mZcof B(C3+C2,), (12 be checked analytically from Eqé5)—(16), those infinities
cancel out.
ZonZim 4 The width fort—cv; is then given by
By=vaA'my, 21’2 cosp (Clz c3), (13

~ 2 22 A2
|c¥|2 @(ME,mg, M) m2Zm?

C
327 m; My

T(t—C¥)=

2 2 2
‘(mt +mc_m7;i)

Bi= >,

(lemmwm~ (Cg+CH)

leCOS,B rn\zlv_‘2 m\ZN—“z ) o
_ X| — |A"*+ — | B"|* | + 4miy R A"(B")*] (23
o ) m; me
- m —=ct| (14
! cosﬁ 1 where we have defined

- 6 6
Bg=(m{—m)(C3,— C39)+m;, (Co+ Co) —mi(Cl, T=S 4. F=S 5 (24
=1 =1«

+2C3)+2C5,+C3,, (15)
and

T (m2 ein 2R — m2 6 , ~6
Bg= — (myy sin 28— mj tanp)(tanB(Cy;+ Co) o(a2.0%.c?) =@ (b o) f[a?—(b—0)F]. (25

6
+cot5Co), (16) For the top decay to an antisneutririe; cv, the ampli-

. tude can be similarly written as
where the lepton flavorl() as well as the sneutrino flavor y

(7)), i=1, 2, or 3, are set by the choice of the first index in
the Rp coupling iy . Also, my, m=1,2, are the chargino —iMP=C"T, )E APL+ )E BiR|uy,
masses and™ are the 22 matrices that diagonalize the W (26)
charginos X2 mass matrixsee, e.g., Ref.13]). The Cg,
Cg. Cqy, andCs,, p=1,2 andg=1—4, in Egs.(5)—(16)  Where now
are the three-point loop from factors associated with the loop
integrals of diagram&=1-6 in Fig. 1. Using the notation o= @ mdk)\ Vo v* 2
in [13], they are given by ~ 8mrsy, My K tj Yeke 7
ClECl(m\ZN,mgj,mﬁk,mtz,m%i,mg), (17 and the form factorsA” B”, for a=1-6, are related to
AZ,BZ, as follows
C2=C¥m%.,m3,m2 ,m?m2,md), (18 ..
T AL=[BY(me—mo)]*, (28)
3_ ~3(m?2 2 2 2 2 2 - ~
Co=Came Mg Mg e ME M, Me), B.=[A’(M>m)]*. (29)
(19
The width F(t—>CV) is then glven by Eq(23) with the
cl=cY(m? ms_m?,m2mZmd), (200  replacements’—C’, A’— A’ and B’— B’, where
m Ri i Vi
J ) 6 ) 6 )
CO=CS(miy,mg m; mf,mg,m?), (21) A=2 A, B'=2 By, (30)
Li l a= a=
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andAi andBi are given in Egs(28) and(29), respectively.

We are now interested in calculating the branching ratio {t— @------ c
for a top quark to decay tor; and toc#;. In what follows
we will assume thatn,+>m,, therefore, the branching ratio d d

in question is given by

_ T(t—cw)+T(t—ch)

y
Bl = T bW (31)

FIG. 2. The one-loop Feynman diagram for the detaycv,
It is clear from Eq(4) thatI'(t—c7%,) is largest forj=2 and  induced by an insertion of three lepton number violatdgcou-
k=3, i.e., for\/,;, in which case it is proportional to the plings. The heavy dots denote the lepton number violating vertices.
diagonal Cabibbo-Kobayashi-MaskawdCKM) elements
Vi, VE~ 1. Similarly, from Eq.(27) we see thaF (t—c#;) is = NNk, M, .
largest forj=3 and k=2, being suppressed by the small == 62 )\iikm_wvtpvcn' (33
off-diagonal CKM elements ik ;, # \/3,. Therefore, taking _
N,5#0 for i=1, 2 or 3, one finds thaf'(t—c7)>I(t  and with the form factors
—cp;), leading to By~I'(t—c7;)/T (t—bW™"). In fact, for

T 2
a given sneutrino flavor;, even if one allowsg\{,g =|\"i4 A'=mMyCea, (34
#0, in which case the leading contribution to bokH{t S5 9 _
—C%;) andI'(t—c#;) is proportional toV,VE, one still B'=mip(Cot Cra=Coa), (35)
finds thatl (t— c#)/T (t—c5;) ~(C"/C)?=mZ/mZ>1. where
In the one-coupling scheme, i.e., only oxkis nonzero, 5
. L . . . _ 2 2 2 2 2
and if the relative mixing in the quark sector is solely due to C=C(mTL Mg, Mg, M, M, Me). (36)
|

absolute mixing in the up-quark sector, the existing 1

bounds are\{,;<0.2 for sleptons and squarks masses of 10Qcor t—c# we get

GeV [8]. These bounds are obtained from datalh- D°

mixing [14] andD decayq15]. However, if the one-coupling PR SR NS

scheme assumption is relaxed, then these bounds no longer T 1672 xiikm_wvtp

apply due to possible cancelations between Xh& with ) i

different indices(for details, seg14]). and, again, the corresponding form factot$ and B” are
In fact, the branching ratio stays practically the same if,extracted from4” andB” using the relations in Eq$28) and

for example, some othex;, with j#2 andk#3 are also (29).

nonzero, since their contribution f(t—c7;) is suppressed From Eqgs.(33) and(37) we see that the amplitude of the

by off-diagonal CKM elements. Therefore, for our purpose itdiagram in Fig. 2 is largest wheji=3 (mdj= my) and for

is sufficient to assume that there are only three nonzero COl—3 n=2 (thVznZthV:s)- This will require both cou-

plings: Ajp3#0 fori=1,2, 3. The decays to a®sneutrino, plings of the typeh/y, and Ajz, to be nonzero. However,
p-sneutrino, and to a-sneutrino occur with the same rate if gyen within such a coupling scenario, we find that the con-
the three sneutrinos are degenerate with a masg and it yipytion of the pureRp diagram, in the best cases and for
IN12d =[N22d =|A3d. In that case, BeBr,=Br,=Brs and  pigh tang values where—as will be demonstrated below—
the branching ratio for a top quark to decay to all sneutrinogt can pecome as much asl0 4, is typically one-order of
flavors is simply the Suniii; Bri=3Br. For definiteness, magnitude smaller than that of the diagrams in Fig. 1. We
and without loss of generality, throughout our analysis wej||, therefore, assume for simplicity that,, =0, thus ne-
present results for a given sneutrino flavor, say theyjecting the contribution from the puls diagram for both
7-sneutrino {=3), and we drop the sneutrino indéexWe  1({_,c3) and['(t—c#).

take[N3,d=N"=1 (which, as mentioned above, is not ruled The free parameters of the low-energy SUSY relevant for

out once the one coupling scheme approach is not realizedhe decays in question are;, MG MG, M, Mys, My

. . . . X
thus scallng_ out théRp coupling from the branching ratio A’, and tang. To simplify our analysis below we wisrtq to
and presenting results for ¥

reduce the number of free parameters by making some plau-

Ven (37)

B'=Br/[\'|?, (32) sible simplifying assumptions on the low-energy SUSY
spectrum. In particular, we find that some of the above pa-
where Br is defined in Eq31). rameters have very little effect ddt. We fix the values of
Before we continue we note that, to one-loop order, theréhese parameters and vary the rest.
is one additional diagram contributing te>c% and similarly (1) We find thatl'(t—c7) is practically insensitive to the

to t—c#. This diagram is shown in Fig. 2 and is purd®y slepton and charged Higgs boson masses. We, therefore, set
since it involves insertion of threRp couplings. The ampli- My+=200GeV and =m;.

tude corresponding to this diagram has the same structure as (2) Since a possible mass splitting between the left- and
in Eqg. (3), with the replacement right-handed down squarks has no effect on our scaled
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FIG. 4. The scaled branching rat®' as a function of the
sneutrino massn,, for u=150 GeV (solid line, u=200 GeV
(dashed ling and u=250 GeV(dashed-dotted line See also cap-
tion to Fig. 3.

FIG. 3. The scaled branching rai®), defined in Eq(32), for a
single neutrino flavor, as a function @f for m;=50 GeV (solid
line), m;=100 GeV (dashed ling and m;=150 GeV (dashed-
dotted ling. Also, tanB=35, M;=100 GeV,m,+=200 GeV,

m, =m;, andA’=M, are used. See al§d6] and[17]. In Fig. 3 we plot the scaled branching raBb, as a func-

branching raticB!, we setmyg_ =g, =M for all squark fla- tion of u, for _tanﬁ=35, M¢=100 GeV, and for three values
vors. Therefore, sinchklg is our typical SUSY mass scale, it g{,éheeSr%i?gg%??ﬁ,%};:hio'tl?r?élfgs?i\]{. tﬁ‘éso’aaiftateedset
is only natural to sef\’—the R, trilinear soft breaking term Ve, ughou ne paper w
in Eq. (2)—to be A’ =M. my+=200 GeV andm”|L=rm. We vary p in the range

(3) The two physical chargino masseg,_(m=1,2) and ~—400GeV<u<400GeV subject tomy, >50GeV for m

the mixing matricesZ™ are extracted by diagonalizing the =1 or 2 (see also[16]). Evidently, in the range
chargino mass matrix which depends on the low-energy val=— 400 Ge\V< <400 GeV, forn,=50(100) GeV there is a
ues of the Higgs mass paramejerthe gaugino masg,, ~290(360 GeV range ofu in whichB'>10"°. Note thatB'
and tan3 (for more details, segl3)). It is, however, suffi- is largest form: =100 GeV[17], reachingB'>10"* in the
cient to vary only one of the two mass parameferandm, rather narrowu mass ranges— 185 Ge\=u<-165GeV
in order to investigate the dependenceBdfon the chargino and 200 GeVs <210 GeV.

masses. We, therefore, s@&b=85GeV. In the traditional Figure 4 shows the dependence BIf on the sneutrino
grand unified theoryGUT) assumption, i.e., that there is an mass, foru=150, 200, and 250 GeV. Here also, &35
underlying grand unificatiorih,= 85 GeV corresponds to a and M,=100GeV. We see thatB'>10"° for
gluino mass of~300 GeV since, in that case, the gaugino=<110-125 GeV depending on the valueofAgain, B! can
masses are unified at the GUT scale leading to the relatiomeach above 10* in some small sneutrino mass ranges

My I Mgjyino= alshag, at the electroweak scalesee, e.g., around~85 and~100 GeV(see alsd17]).

[13]). Finally, in Fig. 5 we show the dependenceBfon tang,
(4) Since we are not interested here@® violation, we  for m;=50, 100, and 150 GeV and fqe=200GeV. The
take u, M,, and\’ to be real. rest of the parameters are fixed to the same values as in Figs.

As it turns out, with a low tam, i.e., tan3<10, the 3 and 4. As mentioned beforB!< 10~ ® for small tang val-
branching ratioB! is typically =10 °. Therefore, in Figs. 3 ues of O(1) and it increases with ta8 It is interesting to
and 4 we focus on the high value t@r35. The dependence note that, fom; =100 GeV and with tag~m,/m,~40, B is
of B! on tangB is shown in Fig. 5. Also, we find thdf (t well above 104 reaching almost 10° (see alsd17]).

—Cp) drops as the squark mass scilgis increased, and in To conclude this section, noting that at the LHC about
what follows, we present results for =100 GeV. How- 10'—10% top quarks will be produced, the observability of
ever, it is important to note th&'>10° is still possible for  this flavor changing top quark decay will require at leB5t
squark masses190 GeV. =10 6. Therefore, the decay—c? may be a very good
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107 . i . i versed” flavor-changing sneutrino decays

— 50 GeV AR 7,—tc,tc, p—tc,tc, (39
---- 100 GeV /
—-— 150 GeV e at the LHC.

The calculation of the widths for the sneutrino decays in
Eqg.(38) is straightforward using our formulas forc7; and
t—cp; in the previous section. F&r—tc(5;—tc) the am-
plitude is the same as the amplitude fes cv;(t—c7;) with
the top spinoru; replaced by the antitop spinar,. We,
therefore, have

= 2 2 2
F 3ty = G T ) memg
_to)=

°16m me My

1
2 2
m . my .
2 2 2 W W
X[(mii_mt_mc)<m_t2|-'4v|2+m_(2:|BV|2

—4m@RqZﬁE%ﬂ], (39

0 10 20 30 40 50 whereN.=3 is the number of colorgy(mZ,m?,m?) is de-
tan fined in Eq.(25), and A”, B” are defined in Eq(30).

FIG. 5. The scaled branching raf® as a function of tags, for For 77i—>ﬁ37 the width is given by Eq(39) with the re-
u=200 GeV and form,=50 GeV (solid ling, m,=100 GeV  placementsC’—C” and A"— A", B"—B", where A” and
(dashed ling andm,=150 GeV(dashed-dotted line The rest of 75 . .
the parameters are held fixed to their values in Figs. 3 and 4. Selg are defined in Eq(24).

also the caption to Fig, 3. In addition, if CP is a good symmetryas is in our case

since we have assumed that thes, u, andm, are all rea),

then
venue to determine tgh in Rp SUSY models, since its
branching ratio does not reach this limit if t@ns smaller F(7/i—>t55=r(17i—>t_0), (40)
than about 10. However, for a high t@rscenario, e.g., with
tanB~m,/m,, the decayt— cv may have a branching ratio F(ﬁi—>tE)=F(T/i—>t_c). (41)

well above 10° in some wide ranges of the SUSY param-

eters, provided thatr, =120 GeV and that the squark massesyye are now interested in the branching ratio of a sneutrino,
are of O(100 GeV. Although not explicitly shown above, say again the~sneutrino {=3) and dropping the indeix to

we find thatB'=10 © is possible as long as the squarkd to &€ andic pairs:

masses ares190 GeV. Moreover, in some small ranges of ecay o dc andtc pairs.
the SUSY parameter spade; Cv can have a branching ratio - - =
above 104 reaching even 10°. It is interesting to note that, BS— LG-10+TF—tc) _
since the leading contribution to Br-c?) is independent I ot

of m, [see the term proportional {#”|? in Eq. (23)], Br(t
—UD)=Br(t—c?) if N{13~ N3~ O(1).

It is also useful to note that, withhg,;~O(1), the
7-sneutrino will decay predominantly to a pair lo§ with a
branching ratio of9(1) (see Sec. I)l. Therefore, a good way _
for experimentally searching for this rare flavor changing top—t€)>T'(?—tc) andB*~I'(v—tc)/T'i.
decay, i.e.}—c%, may be to look for the three jets signature ~ For our purpose we define thesneutrino total width as
t—cbs, where the invariantbs mass reconstructs the

(42)

Due to CP invariance the corresponding branching ratio for
7 equals that ofy, i.e., B® defined above. It is also worth
noting that, similar to the arguments given in the previous
section, in our scenario with\{3,=0 and \{,3#0, I'(¥

sheutrino mass. =T (@—bs)+I(T—=X7)+T(T—=X,). (43
This should serve as an approximate expression forithe
lll. THE CASE ms;>m; AND THE SNEUTRINO DECAYS total width since, as assumed in this analysis, witf)
v—tc,tc AND p—tc,te = and when the three sneutrino flavors are degenerate,

In this section we discuss the opposite mass case, i.ehe decay&;—W*'T ; ,HT ,ZOTJI- ,HOT/J- are kinematically
m;,>m;, and thus the prospects for observing the “re-forbidden.
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The width of theRp sneutrino decay to ks pair is given
by

N¢

o, (44)

T(3—b8)=(\}p9)?

and the widths of th&-parity conserving decays in EGJ)
to a chargino §) and to a neutralino}®) are[18]

2
L(7—%7; [(G—%v,) 261%_77 X [(1—me/m?);

(1—mg/m?)?], (45)

where C<1, since it is proportional to the square of the

charginos or neutralinos mixing matricé$8]. Therefore,
I'(v—%7);I'(7—%"P,) <10 2m; and, for simplicity, in our

numerical results we conservatively ignore the additional

phase-space factors in E@5), by settingl’(v—x7)=T(?
—X%,)=10"2m*. Evidently, with \j~O(1), I't,, is
dominated by the width of thdRp decay I'(?—bs)~6
X102, .

Let us now discuss our numerical results for the branch-
ing ratio B®, defined in Eq(42). As in the previous section,

we fix my+=200GeV, nmj =m; (B® is also found to be

practically insensitive to these two parametersn,
=85 GeV, and we study the dependenc®&®bn the param-
etersm;, M (again settingA’ =My), w, and tans.

In Fig. 6 we plot the branching rati®® as a function ofu

for N\{,3=1, tanB=35, Ms=100GeV, and for three values
of the sneutrino massy; =200, 250, and 300 GeV. We see

that for m;=200-300GeV, BS>10"° as long as|u|
=300GeV. Moreover, BS>10"° in the ranges
—205Ge\=u=<-160GeV and 185 Ge¥u=<240 GeV.
Although, as in the case of the top dedaycv, we find
that in generaB® decreases as the squark miksincreases,

for 7—tc, tc the dependence is not as trivial astirCv.

We, therefore, plot in Fig. BS as a function of the squarks

massMg, for tanB=35, u=200 GeV, andm,= 200, 250 or
300 GeV. Evidently, while fomt, =200 GeV the branching
ratio BS is above 107 only if M¢=130GeV, for m;
=250 GeV, andm,=300 GeV,BS can be>10"' for larger
M, values:M =180 GeV andV ;<160 GeV respectively.
In Fig. 8 we show the dependence®f, on tang, for the

three sneutrino masses,= 200, 250, and 300 GeV and with
Ni25=1, Mg=100 GeV andu=200GeV. The same behav-

ior as in the case of—c7v is found. In particular,B®
<10 7 for tanB~O(1) and it increases with tg®such that
BS>10 ' for tanB=10. For m;=200GeV and tap=30,
BS>107°,

PHYSICAL REVIEW D 60 035007

10 T L} L)
— 200 GeV
---- 250 GeV
—-— 300 GeV
107 :
£ 10°
-6
0_7 1 1 1
-400 -200 0 200 400
1 (GeV)

FIG. 6. The branching ratiB®, defined in Eq(42), as a function
of u, for: m;=200 GeV(solid ling), m;=250 GeV(dashed ling
andm,=300 GeV(dashed-dotted line Also, \{,3=1 for a given
seutrino flavori and the rest of the parameters are set toBtan
=35, M;=100 GeV,m,;+ =200 GeV,m, =m;, andA’ =M. See
also[16].

the corresponding reversed sneutrino deGaystc, tc, and
p—tc, tc whenm;>m;,, in the MSSM withR-parity viola-

tion. In this model, these decays can occur at the one-loop
level and they depend predominantly on the squark masses,
the Higgs mass parametgr tang and for a sneutrino flavor
i=e, por 7, ontheRp couplings\;,s.

We have considered the value$;~O(1), which are not
ruled out if one allows more than o, coupling to be
nonzero, and showed that these rare decays are sensitive
probes of the parameter t@n since their branching ratios
become experimentally accessiliiee., at the LHQ, since
typically, Br(t—c%)=10 ° and Brg—tc)=10"’ only for
tanB=10.

For the top decays in the case;<m,, we found that
I'(t—cpv)>I'(t—cp) and that Br{—cv) can be well
within the reach of the LHC with 10-10° tt pairs pro-
duced. In particular, it was shown that B¢ c7)> 10" ° for
tanB=30 in a=300 GeV range of the Higgs mass parameter

Note that, as in the case of the top decays and for thé s long as the squark masses are not much larger than 100

same reasons, the results above apply also t@-Bt{) if
instead\ {5~ O(1).

Ill. SUMMARY AND CONCLUSIONS

GeV. In some cases, with t#m,/m,~40, we found that
Br(t—c%)>10"* reaching almost 10°.

For the reversed sneutrino decays in the case m;, we
found that similar to the above-mentionéddecays,I’ (7

—tc)>T (¥—tc). Furthermore, Bi—tc)=10"° for | u|

We have calculated the branching ratios for the flavor-=300 GeV, tan3=30, again, as long as the squarks have

changing top quark decays-c7v, c¥ whenm;<m,, and for

masses around 100 GeV. Here also the branching ratio can
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FIG. 7. The branching ratiB®, as a function of the squark mass
M, for ©=200 GeV and fom,=200 GeV(solid line), m,=250
GeV (dashed ling and m,=300 GeV (dashed-dotted line See
also caption to Fig. 6.

FIG. 8. The branching rati®® as a funciton of tag, for u
=200 GeV and form;,=200 GeV (solid ling), m,=250 GeV

(dashed ling andm;,=300GeV(dashed-dotted lineSee also cap-
tion to Fig. 6.

be more than an order of magnitude larger, e.g., forgtan Py assumption, the couplings are flavor independent. There-
~m/m,~40 and squark masses around 100 GeV,7Br( fore, if in addition toX /3~ O(1) also\;53~O(1), then the
—1c)~10"5-10* is possible. As mentioned in the intro- Same results are obtained for the dectysuv, uv andv
duction, the LHC will be able to produce 401 sneutrinos —tu,tu.

with a mass of 200-300 GeV, if indeed some of Rg

couplings of the\’ type are saturated to be 6%(1). There- ACKNOWLEDGMENTS
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