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Top quark decay to a 125 GeV Higgs in the BLMSSM
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Abstract:

In this paper, we calculate the rare top quark decay t — ch in a supersymmetric extension of the

Standard Model where baryon and lepton numbers are local gauge symmetries. Adopting reasonable assumptions on

the parameter space, we find that the branching ratios of t—ch can reach 1072, which could be detected in the near

future.
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1 Introduction

The top quark plays a special role in the Standard
Model (SM) and holds great promise in revealing the
secret of new physics beyond the SM. The currently-
running Large Hadron Collider (LHC) is a top-quark
factory, and provides a great opportunity to seek out
rare top-quark decays. Among those rare processes, the
flavor-changing neutral current (FCNC) decays t—ch de-
serve special attention, since the branching ratios (BRs)
of these rare processes are strongly suppressed in the SM.
In addition, ATLAS and CMS have reported significant
excess events which are interpreted to be probably re-
lated to a neutral Higgs with mass my, ~124-126 GeV
[1, 2]. This implies that the Higgs mechanism to break
electroweak symmetry possibly has a solid experimental
cornerstone.

In the framework of the SM, the possibility of de-
tecting FCNC decays t—-ch is essentially hopeless, since
tree level FCNC involving quarks are forbidden by the
gauge symmetries and particle content [3, 4]. In par-
ticular, it has recently been recognized that the BRs
of the processes are much smaller [5, 6] than origi-
nally thought [7], being less than 107**. In extensions
of the SM, the BRs for FCNC top decays can be or-
ders of magnitude larger. For example, the authors
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of Ref.[8] study the t — ch process in the framework
of the minimal supersymmetric extension of the Stan-
dard Model (MSSM), which includes the leading set of
supersymmetric QCD and supersymmetric electroweak
contributions, and get BrSYSY-EW({ — ch) ~ 107% and
Br8USY=QCP(tch)~1075. A new study of this process
in the MSSM is discussed in Ref. [9]; with tan3=1.5 or
35 and the mass of SUSY particles about the 1 or 2 TeV
scale, the authors get a maximum branching ratio for
t —ch of 3x1075, which is much smaller than previous
results obtained before the advent of the LHC.
Physicists have been interested in the MSSM [10-
13] for a long time. However, since there is an asym-
metry between matter and antimatter in the universe,
baryon number (B) should be broken. In addition, since
heavy majorana neutrinos contained in the seesaw mech-
anism can induce tiny neutrino masses [14, 15] to ex-
plain the results obtained in a neutrino oscillation ex-
periment, the lepton number (L) is also expected to be
broken. A minimal supersymmetric extension of the SM
with local gauged B and L (BLMSSM) is therefore more
favoured [16, 17]. Since the new quarks predicted by this
model are vector-like with respect to the strong, weak
and electromagnetic interactions, to cancel anomalies,
one obtains that their masses can be above 500 GeV
without assuming large couplings to the Higgs doublets
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in this model. Therefore, there are no Landau poles for
the Yukawa couplings here.

In the BLMSSM, B and L are spontaneously broken
near the weak scale, proton decay is forbidden, and the
three neutrinos get mass from the extended seesaw mech-
anism at tree level [3, 4, 16, 17]. Therefore, the desert
between the grand unified scale and the electroweak scale
is not necessary, which is the main motivation for the
BLMSSM.

The CMS [18] and ATLAS [19] experiments at the
LHC have searched for many possible MSSM signals and
set very strong bounds on the gluino and squark masses
with R-parity conservation. However, in the BLMSSM,
the predictions and bounds for the collider experiments
should be changed [16, 17, 20]. In addition, lepton num-
ber violation could be detected at the LHC from the
decays of right-handed neutrinos [3, 4, 21], and we can
also look for baryon number violation in the decays of
squarks and gauginos [22]. Since there are some exotic
fields, and there exist couplings between exotic quarks,
exotic scalar quarks and SM quarks in the superpoten-
tial, this will cause flavor changing processes, so the BRs
for FCNC top decays can be orders of magnitude larger
than in the SM.

In this paper we analyze the corrections to the top-
quark decay t—ch in the BLMSSM. This paper is con-
structed as follows. In Section 2, we present the main
ingredients of the BLMSSM. In section 3, we present the
theoretical calculation of the t—ch processes. Section 4
is devoted to the numerical analysis, and our conclusions
are summarized in Section 5.

2 A supersymmtric extension of the SM
where B and L are local gauge sym-
metries

The local gauge B and L is based on the gauge group
SUB)e ® SUR2)L @ U(l)y @ U(1)g @ U(1)r. In the
BLMSSM, to cancel the B and L anomalies, the exotic
superfields should include the new quarks Q4, UZ, DZ,
Ag, U5, ﬁ5, and the new leptons f/4, Ej, Nj, ﬁg, E’5, Ns.
In addition, the new Higgs chiral superfields & and OB
acquire nonzero vacuum expectation values (VEVSs) to
break the baryon number spontaneously, and the super-
fields ¢y, and 1, acquire nonzero VEVs to break the lep-
ton number spontaneously. The model also introduces
the superfields X, X’ to avoid stability for the exotic
quarks. Actually, the lightest superfields could be a can-
didate for dark matter. The properties of these super-
fields in the BLMSSM are summarized in Table 1, where
B, and L, stand for the baryon and lepton number of
exotic quark and lepton superfields. In our case we will

3
take B4:L4:§ [23]

Table 1. Properties of superfields in the BLMSSM.
superfield SU(3) SU((2) U(l)y U(l)p U(l)y,
Q4 3 2 1/6 By 0
U 3 1 —2/3 —Ba 0
Dg 3 1 1/3 —By 0
o) 3 2 -1/6 —(1+By) 0
Us 3 1 2/3 1+By 0
Ds 3 1 -1/3 1+By 0
Ly 1 2 —1/2 0 Ly
ES 1 1 1 0 —La
N 1 1 0 0 S
Lg 1 2 1/2 0 —(34+La4)
Es 1 1 -1 0 3+Ly4
Ns 1 1 0 0 3+Ly
o 1 1 0 1 0
B 1 1 0 -1 0
&1, 1 1 0 0 -2
BL 1 1 0 0 2
X 1 1 0 2/3+ By 0
X/ 1 1 0 —(2/3+Bu) 0

In the BLMSSM, the superpotential is written as
(23, 24]

Wermssm = Wassm+We+WL+Wk, (1)

where Whygsm is the MSSM superpotential, and the con-
crete forms of Wg, Wy, and Wk are
Wa = AoQuQsPs+AuUsUsp+Ap D Dsp
+,UB4%B¢B+Yu4 Q4ﬁuUZ+Yd4Q4ﬁdDZ
+Yu5QgﬁdU5+Yd5Qgﬁuﬁ5a
Wy = Yo, LiH,ES+Y,,, Ly H 05+, LEH, Es
+Yy, L HaDs+Y, LH 0+ N 0° 0" G+ P fr,
WX = )\1QQ;X-’*AgUCU5X,+)\3.[)C.b5X/+/,LxXX/. (2)
We can see that since Wx contains superfields X and Q5
(Us, Ds and X') which couple to all generations of SM
quarks, FCNC processes can be generated.

Correspondingly, the soft breaking terms L, are
generally given as

_ MSSM 2 ~cx ~C 2 AtA
Loote = Lo —(m3e )ty vy—mg, Q1Q4
2 frckyTC 2 7yc* V¢ 2 Act Ac
_mf14U4 (B _mD4D4 D4_mQ5Q5 Qs
—m2 UzUs—m?2 D:Ds—m?2 LiL,—m?2 0 i¢
U555 D555 L4 t4 Va4 Y4
2 ~cx e 2 Jctre 2~ 2 sk
—mg, €y eg—mi L' Ls—mg U;Vs—mg_ésé;
2 * 2 * 2 *
_méBq)B@B_m@B‘PB‘PB_méL@LQL
2
_m(PLgaTthL—(mB/\B)\B—I—mL)\L)\L+h.C.)
2 ~C 2 ~C
+{ A Yo, QuHL U +Aa Yo, QuHa D

+ A4, Yo, QCHaUs + Ay, Ya, QS H, D5
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+ABQ)‘QQ4Q§¢B+ABUAUUEU5QOB
+ABD)‘DﬁZD5SDB+BBMB¢B<pB+h.c.}

{AC4 C4L4HdEC+AV4K/4fJ4HuI;Z
+A, Y., LSH,Es+ A, Y, LS H,i

€5~ es5

+AVYVLHU +Avc )\‘VC % <PL+BL,U/L¢L<PL
—|—h.c.}+{A1/\1QQ§X+A2)\QUCU5X’

+A3A3DCD5X’+BXuXXX’+h.c.}, (3)

with £M3SM representing the soft breaking terms of the
MSSM, and Mg, A1, being gauginos of U(1)g and U(1)y,
respectively.

To break the local gauge symmetry SU(2),QU (1)y®
U(1)g®@U(1)r, down to the electromagnetic symmetry
U(1)e, the SU(2)L, doublets H,, Hyq and the SU(2), sin-
glets &g, g, DL, @1, should have nonzero VEVs v, vy,
v, Up, and vy, Uy, respectively.

H+
(Uu—‘rHS—I—iPl?) ’

H, = 5 (vt HE+PD)
Hy
1

H, =

Sl 5l

)

ng E (’UB—F@%—'—IPQ),
1 /. 0, 550
YB = E(U +‘PB+1PB)a
1
QL % (UL+QS%+1P]‘?)7
o = \/E(UL—HOL—HP ) 4)

The mass matrices of the Higgs, exotic quarks and
exotic scalar quarks were obtained in our previous
work [23]; here, we list some useful results.

In four-component Dirac spinors, the mass matrix for
exotic charge-2/3 quarks is

1 1
— Y, vy, ——=AqU
mass 1 w \/§ ! \/5 o
_Lt” = (t4R7 tSR) 1 1
IRVC o)

v <t4L ) +he. (5)
toL

which can be diagonalized by the unitary transforma-
tions

t/ tll t/ tll
?L = UtT/ ’ //4L ’ ’ WtT/ //4R ’ (6)
9 51 tor tsr

Au’DB ) Yu5 Vq

giving
1 1
_Yu Uy, ——F#= AQ/UB
2 2 .
WJ,. \/_1 1\/_ Uy =diag(ms, ,my, ).
)\u’DB ) Yu5 Vq

V2T R

(7)

Similarly, the concrete expressions for 4 x 4 mass
squared matrices M7, of exotic charge-2/3 scalar quarks
T = (Q}, Us*, Q>*,Us) are given in appendix B of
Ref. [23]; these can be diagonalized by the unitary trans-
formation

=751 (8)

i [N

Using the scalar potential and the soft breaking
terms, the mass squared matrix for X, X’ can be written

as
_Lmass: ( X* X; ) u?(—i_SX _BX/J'X X (9)
* —Bx pix /@(—SX X" ]’

272
where Sx—g2 (3+B4) (v3—7%). Tt can be diagonalized

by the unitary transformation Zx

ZT <N§(+SX _BXMX
X

Zx=diag(m2% ,m%.). (10
— Byix ui—&) X g( X1 X2) ( )

In addition, the four-component Dirac spinor X is

defined as )N(:(wx,d;x/)T, with the mass term Mx)?)?-
The flavor conservative couplings between the light-
est neutral Higgs and charge-2/3 exotic quarks are

Luww = NG Z {{

i,7=1

)i2(Uy) 1, cosa

+Yus (Wc )il (Ut)zj Sina} hOFiPLt;_
+ |:YU4 (Uj)il(Wt)szOSOz
+YU5(UtT)i2(Wt)1jSin06}hOFiPRt;-, (11)

with o defined as

H° cosa sinc HY
= , . (12)
h? —sina cosa H?

The couplings between the lightest neutral Higgs and
exotic scalar quarks are

4
o t/—Z[552.]»cosoz—gi.jsinoz} ROTE S, (13)
i,

with &, and &5, as defined in Appendix C of Ref. [23].

uij
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In the mass basis, we obtain the couplings of quark-
exotic quark and the X as

—)\1 (Wt/)ig(Zx)lejt_;PLu—)\g(U:,)Qi(Zx)Qij’aPLt;—f—h.C.
(14)

and the couplings between up type quarks and the su-
perpartners t', X are

M (Z1) sl P X =M (Z) sl X Pouthoc.  (15)

3 Theoretical calculation of the t — ch
process

In this section, we present one-loop radiative correc-
tions to the rare decay t—ch in the BLMSSM. For this
process, it is convenient to define an effective interaction
vertex [8]:

—iT=—igé(p) (FL P+ FrPr)t(p'), (16)

where p’ is the momentum of the initial top quark, p is
the momentum of the final state charm quark, and the
form factors Fi,, Fr follow from an explicit calculation
of vertices and mixed self-energies, with

BLMSSM | [7MSSM | 77SM
b =F +Fr +ET,

FR:FE]?LMSSM_FFQ/ISSM_’_FFS{M' (17)

Here the analytical expressions of the MSSM FZ5M
can be found in Ref. [8]. Since the SM contribution is
very small, about 107" [7], we ignore the SM form fac-
tors. In the following, we will discuss the contributions
of the BLMSSM FPEMSSM in detail.

The relevant one-loop vertex diagrams of the
BLMSSM are drawn in Fig. 1.

t X, ¢ t X c

—_ e —

(a) b
Yh ® Yu

Fig. 1. Vertex diagrams contributing to the t—ch
decay in the BLMSSM.

We can see that the FCNC transitions of new physics
are mediated by the exotic up type quark t’, the neutral
scalar particle X; and their superpartners t', X. The con-
tribution to the form factors can be obtained by direct
calculation.

In the equations below, my, mx, my, mx denote
the mass of the exotic quarks t’, the mass of the
scalar particle X;, and the mass of their superpart-
ners t', X respectively. B;, C;; are the coeflicients

of the Lorentz-covariant tensors in the standard scalar
Passarino-Veltman integrals (Eq. (4.7) in Ref. [25]), and
can be calculated using ‘LoopTools’.

In Fig. 1(a), when one-loop diagrams are composed
by the neutral scalar particles X; and charge-2/3 new
quarks t’, the contributions to the form factors F?* and
F% are formulated as

i
> (arme(biham,C
1672 =

+bahimy (Co+Ci4-2C5)+3bshamye  Cy))

+a5bs (hlBO—I—(hlmf,i—i-hzmt/imt/j )Co)

Fazbymi (hamy, (Co+Cr+Ca)+hymy  (C1+C5))
+a2b2h1mc202,

1
1672 Z (_a2mc(b1h2mc/i (OO+CI+202)
1,7, 1

+brhame (C1+2C3)+byhym,Cs))

+a,b; (thO—I—(hlmt/imt/j —|—h2mf/i)C’O)

+aybomy (himy, (Co+01+02)+h2mt/j (C1+C))
+a1b homCs, (18)

F =

with the Passarino-Veltman integrals
By = Bo(Pzamf/j,micl)v
Co = Co (1, 20—, (p=p')" s o5, 2, ).
Cra = Ciz ((p—P/ﬂ(217—10/)2719277”3@7"13].amicl)a (19)
and the relevant coefficients

a; = /\T(Wﬁ)zi(ZL)u, a2:)\2(UtT/)2i(ZX)2l7

by = )‘;(Ut’)ﬂ(Z)T()Lza bQZAl(Wt’)j2(ZX)1L7

hy = Yo, (U})is (Wi )ajcosa+ Yy, (US)ia (Wi )y sina,

hy = Yo, (W) i2(Us )y, cosa+ Yo, (W) (Up)qysina.
(20)

In Fig. 1(b), when the one-loop diagrams are com-
posed by the superpartners t' and X, FP and F} are
formulated as

i

F[}f = 1672 Z(a4b4mXCO_a3b4mccl_a’4b3m°02)
2,
x (cosa, —sinaly),
P = ! Z(a4b4m‘co_a3b4m Cr—asbsm,Cy)
B 16m2 £ : ’
2,
x (cosa, —sinaly), (21)
with

/2 2
C10 = C10 (p27p 7(p_p) 7m§§am§~(7m§;>7

C11,2 = C11,2 (pza(p_pl)zapaamf"(vmgéam%;.) ) (22)
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and the relevant coefficients are
az = A;(Zg/)'ﬂa a’4:A1(Zg/)i3a
bs = N (Z)sj,  ba=Ma(Zs)a;. (23)

In Fig. 2 we present the relevant self-energy diagrams
of the rare decay t—ch in the BLMSSM.

@ : ® X
t / \ c t / \ c
AN / AN /
—~ =
X, Y
Fig. 2. Self-energy diagrams contributing to the

t—ch decay in the BLMSSM.

As in Ref. [8], it is convenient to define the following
structure:

Etc(k) = kZL(kQ)PL—f— kZR(k2)PR+mt(ELS(/€2)PL
+ ks (K?) PR). (24)
Here, the factor m, is inserted only to preserve the same
dimensionality for the different X [8]. The effective in-
teraction vertex of the mixed self-energy diagrams can

be taken as the following general form in terms of the
various .

Ty, = — T

e(p){ PL.cosalm? S (m?)

2myysing m2—m?
mem (Zrs(m)+ 2L (me)) +my Zis(mg))]
+Prcosa[L— R] }t(p’),

—igm, my

STy = E(p){PLcosa[mt(ZL(mf)

+ZRS(m$))+mC(ZR(mz)'i'ZLS(m?))]

+PRcosa[L<—>R}}t(p’). (25)

Comparing with Eq. (16), the corresponding contribu-
tion to the form factors Fy, and Fy is transparent.

Using the couplings above, we can get the X' of the
self-energy diagrams in Fig. 2(a) as

i

Su(k?) = 16“2Za1b2(B0(k2,m§(l,mf,)
i, 1
+B1(k*mk,,m?)),
Ir(k?) = 16171 = ashy (Bo(k?m3,,m?)
i, 1
+B1(k*mk,,m?)),
m X (k%) = 161712Zazbzmt/BO(kz,mil,mf,),
i, 1
my Drs(k°) = 1617[2Za1b1mv30(/€2,m§<l,mf/)- (26)
i, 1

where By ; are the two-point functions. Similarly, the X
of the self-energy diagrams in Fig. 2(b) have the form:

Zu(k) = g 2 aba(Bo(k? mif, m3)
B (2 ),
Sa(k?) = 16;22a4b3(30(k2,m§,m?<>
B (203 02,
my Xre(k?) = 1617@ Za4b4mg,Bo(k2,m%,,mf—(),
myXra(k*) = 17_[22&3b3mg/30(k2,m%,,m§~(). (27)

16

4 Numerical analysis

In the general case, the partial widths of the t — ch
process are [8]

2
I'(t—ch) = %)\l/z(mf,mﬁ,mf)[(mf—kmg—mﬁ)
t
% (| B+ | Fr ) +2mem. (FLF;H—FT:‘FR)} ,

(28)

where (22, 3%, 2%) = (2®— (y+2)?)(2? — (y—=2)?) is the
usual Kéllen function, and as mentioned in Eq. (17),
F g =FPRMSSM4 FYRSMA FPY

To compute the branching ratio, we take the SM
charged-current two-body decay t—bW to be the dom-
inant ¢-quark decay mode, which has I'(t — bWT)=
1.466|V;,|*. The branching ratio can be approximated
by

I'(t—ch)
T(t—bW+)’

Br(t—ch)= (29)

To reduce the number of free parameters in our
numerical analysis, the parameters are adopted as in
Ref. [23, 24]. With this choice, it is easy for the 2x2
C P-even Higgs mass squared matrix to predict the light-
est eigenvector with a mass of 125.9 GeV, and the choice
also fits the behavior of h—vyy and h—VV* (V=7 W)
well [23]:

B, = g, vg, =\ VE+03=3 TeV,
tan( = tanfg=2,
mg, = Mg, =mg, =1 TeV,
A,, = A,,=500 GeV,
Agy = 1 TeV, A\,=0.5,
Y,, = 0.76Y;, Y5, =0.TY;,

073101-5
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Y., = 0.7Y,, Y, =0.13Y,,
u = —800 GeV
Bx = 500 GeV, ux=2 TeV, (30)

choosing myz, =1 TeV, ug =500 GeV, Aq = 0.5, and
Apq=1 TeV. We plot in Fig. 3 the BRs of t— ch ver-
sus mgq,, with the solid line, dashed line and dotted line
corresponding to A\; = A\;=0.6, 0.4 and 0.2 respectively.
We can see that the BRs decrease as mg, runs from 700
GeV to 1300 GeV, and increase when A\; =)\, increases,
because mgq, is the mass parameter of the exotic scalar
quarks, and A, A\, are proportional to the coupling co-
efficient. In addition, when mg, > 1100 GeV, the BRs
tend to the results of the MSSM.

10 7 — A=2,=06
- A=A,=0.4
8 1
—]2
£ 67
=
o
£
b4
]
2 4
0 - .
700 800 900 1000 1100 1200 1300
mg [GeV
Fig. 3. Variation of t—ch branching ratio with me,-
12
10 \
IR
2
X —A=2,=0.6
= 67 - =A=04
()
A T A=7,=02
E 44
I
0 T I T | — | T

800 850 900 950 1000 1050 1100
my, /GeV

Fig. 4. The branching ratio of t—ch versus mzg.

In Fig. 4, we plot the variation of Br(t — ch) with
My, adopting mq, =790 GeV, up=>500 GeV, A\q=0.5,
Apq = 1 TeV, and with A\, = Ay = 0.6 (solid line),
A1 = Ay = 0.4 (dashed line), and A\, = A, = 0.2 (dotted
line). We can see that the BRs decrease as mg, runs
from 800 GeV to 1100 GeV, since my, contributes to
the mass matrix of exotic squarks, and increase when

A1 =2, increases. When A\; =X, =0.6 or 0.4, Br(t—ch)
is of the order of 10™*; when A, =X,=0.2, Br(t—ch) is
of the order of 1075.

We assume mgq, =790 GeV, mz, =1 TeV, \q =0.5,
and Apq=1 TeV. We plot in Fig. 5 the BRs of t—ch
versus ug, with the solid line, dashed line and dotted
lines corresponding to A\; = A\,=0.6, 0.4 and 0.2 respec-
tively. We can see that the BRs increase as up runs from
300 GeV to 600 GeV, since ug is inversely proportional
to the mass of the exotic squarks.

10 1~
8 =
T
(=) 6 4
X
= — A=A,=0.6
£ 44 M=2,=0.4
¢ | A=7,0.2
Q]
24
0 — S— S— S S — :
300 350 400 450 500 550 600
1y/GeV
Fig. 5. The branching ratio of t—ch as a function of ug.
10 4
8 _ /”/—\
T
f=l
% 6 — 2=1,=0.6
= 4 == M=2,=0.4
=
? 4 A=2,=02
b4
g
b T
0 T T T T T T
0.1 0.2 0.3 0.4 0.5 0.6
Ao
Fig. 6. Variation of t—ch branching ratio with Aq.

Choosing mg, =790 GeV, my, =1 TeV, ug=>500 GeV
and Apq =1 TeV, we draw the variation of Br(t — ch)
with Ag in Fig. 6 for A\ =2 =0.6,0.4 and 0.2 respec-
tively. We can see that the curve first increases and then
decreases, but not significantly, since Aq contributes both
to the mass of exotic squarks and to the coupling coeffi-
cient.

Taking mg, =790 GeV, mz, =1 TeV, up =500 GeV
and Aq =0.5, we show the variation of Br(t— ch) with
Apq in Fig. 7 for A; =X, =0.6 (solid line), A\; =X, =0.4
(dashed line) and A\; =X,=0.2 (dotted line). We can see
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that the BRs decrease as Apq runs from 1 TeV to 1.8
TeV, since Apq contributes to the mass matrix of exotic
squarks. When \; =X, =0.6 or 0.4, Br(t—ch) is of the
order of 107*; when A\; =)\, =0.2, Br(t— ch) is of the
order of 1075.

10 ~
8 \
,Ig
Z 6 —,=2,=0.6
= ---- =A=04
12 I M=A,=0.2
e !
3
29 e
0 —— S—— SS— S 1
1.0 1.2 1.4 1.6 1.8
Ap/TeV

Fig. 7. The branching ratio of t—ch versus Agpq.

5 Summary

The LHC is a top-quark factory, and provides a great
opportunity to seek out top-quark decays, with earlier
work showing that the channel t— ch could be detectable,

reaching a sensitivity level of Br(t—ch)~5x107° [26, 27].
In the SM, however, the branching ratio of the process
is so small, Br(t—ch)~107** [8], which is too small to
be measurable in the near future.

In this work, we study the rare top decay to a 125
GeV Higgs in the framework of the BLMSSM. Adopt-
ing reasonable assumptions on the parameter space, we
present the radiative correction to the process in the
BLMSSM, and draw some of the relationships between
the BRs and new physics parameters. We find that the
branching ratio of t—ch can reach 1072, so this process
could be detected in the near future at the LHC.

In addition, the author of [28] gives an estimated up-
per limit of Br(t—ch)<2.7% for a Higgs boson mass of
125 GeV, by combining the CMS results from a number
of exclusive three- and four-lepton search channels. AT-
LAS find the limit of Br(t—ch)<0.83% at 95% C.L. by
searching for t — ch, with h—yy, in t events [29, 30].
Our numerical evaluations indicate the BRs are highly
dependent upon the parameters A, », the values of which
can have a sizeable effect on Br(t — ch). Considering
the experiment upper bounds from CMS and ATLAS,
the parameters \;» should not be too large under our
assumptions of the parameter space.

As we can see above, the t— ch process may be found
in the near future, and further constraints on BLMSSM
can be obtained from more precise determinations.

References

CMS collaboration. Phys. Lett. B, 2012, 716: 30

ATLAS collaboration. Phys. Lett. B, 2012, 716: 1

Perez P, Wise M. JHEP, 2011, 08: 068

Perez P, Wise M. Phys. Rev. D, 2010, 82: 011901

Mele B, Petrarca S, Soddu A. Phys. Lett. B, 1998, 435: 401
Eilam G, Hewett J, Soni A. Phys. Rev. D, 1998, 59: 039901
Eilam G, Hewett J, Soni A. Phys. Rev. D, 1991, 44: 1473
Guasch J, Sola J. Nuclear Physics B, 1999, 562: 3

CAO J C, HAN C C, WU Lei et al. Eur. Phys. J. C, 2014, 74:
3058

10 Rosiek J. Phys. Rev. D, 1990, 41: 3464

11 FENG T F, YANG X Y. Nucl. Phys. B, 2009, 814: 101

12 Nilles H. Phys. Rept., 1984, 110: 1

13 Haber H, Kane G. Phys. Rept., 1985, 117: 75

14 Minkoski P. Phys. Lett. B, 1977, 67: 421

15 Mohapatra R, Senjanovic G. Phys. Rev. Lett., 1980, 44: 912
16 Perez P. Phys. Lett. B, 2012, 711: 353

17 Arnold J, Perez P, Fornal B et al. Phys. Rev. D, 2012, 85:

© 00~ U WN

115024

18 http://cms.web.cern.ch/org/cms-papers-and-results

19 https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Supersym-
metryPublicResults

20 Perez P, Spinner S. Phys. Lett. B, 2014, 728C: 489

21 Perez P, Wise M. Phys. Rev. D, 2011, 84: 055015

22 Butterworth J, Ellis J, Raklev A et al. Phys. Rev. Lett., 2009,
103: 241803

23 FENG T F, ZHAO S M, ZHANG H B et al. Nucl. Phys. B,
2013, 871: 223

24 ZHAO S M, FENG T F, YAN B et al. JHEP, 2013, 1310: 020

25 Denner A. Fortschr. Phys., 1993, 41: 307

26 Aguilar-Saavedra J, Branco G. Phys. Lett. B, 2000, 495: 347

27 Eilam G, Gemintern A, HAN T et al. Phys. Lett. B, 2001, 510:
227

28 Craig N, Evans J, Gray R et al. Phys. Rev. D, 2012, 86: 075002

29 ATLAS collaboration. ATLAS-CONF 2013, 081

30 CHEN K F,HOU W S, KAO C et al. Phys. Lett. B, 2013, 725:
378

073101-7



