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1. Introduction

Quark flavour conserving (QFC) fermionic squark decays, such as
t,, — t z° areusually assumed in the squark search analyss.

Here we study quark flavour violating (QFV) bosonic squark decays, such as

U, — U, h°/Z°, where the mass eigenstates U, , are mixtures of scharm
and stop quarks.

We point out that the branchlng ratios of such QFV bosonic squark decays
can be very large due to the c tR/L and i; — fL mixing effects despite

the very strong constraints on the QFV parameters from B meson data.

We show that such QFV bosonic squark decays t, — U, h® /Z° can play

a very important role in the squark and gluino searches at LHC(14 TeV) and
the squark searches at Lepton Colliders with Esy, = 1.5 TeV -2 TeV.




2. MSSM with QFV
The basic parameters of the MSSM with

{tanﬂa mA’M]_aMZaMs’)u) 9 9 ) ) }
( scale (SPA convention)) (a,f=1,23=u,c,t or d,s,b)

/tanﬂ: ratio of VEV of the two Higgs doublets <H® ,>/<H? >

mA : CP odd Higgs boson mass (pole mass)

M; M, ,M;:  U(1), SU(2),SU(3) gaugino masses
u: higgsino mass parameter
. left squark soft mass matrix
right up-type squark soft mass matrix
right down-type squark soft mass matrix
trilinear coupling matrix of up-type squark and Higgs boson
trilinear coupling matrix of down-type squark and Higgs boson




QFV parameters in our study are:

M, C.—t. mixing term

Cr—1r mixingterm
C.—t . mixing term

Cr—1 . mixing term

(Note) We work in the super-CKM basis of squarks.




3. Constraints on the MSSM

We respect the following constraints:

(1) the recent LHC limits on the masses of squarks, gluino, charginos and
neutralinos.

(2) the constraint on (m, tang) from the recent MSSM Higgs boson search at LHC
[arXiv:1202.4083].

Blb—>sy) AMg BB, —»u'yw) BB;—>7'V)

(allowing for theoretical uncertainty): 123 GeV <m_h% < 129 GeV.

(5) theoretical constraints from the vacuum stability conditions for the
trilinear coupling matrices.



4. QFV bosonic squark decays
4.1

We take the following scenario as

These weak scale parameters are defined at Q = 1 TeV scale (SPA convention).

(My M, ,M;) = (400, 800, 1000) GeV
1= 2640 GeV, @npg =20, m,(pole) = 1500 GeV

(M2, M2y, M2y55) = (240072, 236072, 1450°2) GeV/2

(M2,11, M2, M255) = (238072, 78072, 75072) GeV/2

(M2, M2y, M25,,) = (238072, 234072, 230012) GeVA2

All of T, and Ty, are zero, except {33 = -2160 GeV.
QFV parameters: @ "2\ large t — t_mixing scenario

(large top-trilinear-coupling scenario)

large C, — f;_ mixing large C, — t., mixing



Main features of the benchmark scenario

» large QFC/QFV trilinear couplings of

T _§ ~ T 0

t.—t —H) [ Ck—t —H,
. S|zable scharm-stop mlxmg (Cq —t mixing)
 large mass of either t or t

 large mass of the CP-odd neutral Higgs boson
My (= 1500 GeV) and large tan S (= 20).

The lightest Higgs boson h°is SM-like!

Decoupling-Higgs scenarios with M >>Me




Physical masses in the benchmark QFV scenario

M, = 124GeV
m,=m. . =m, =1500GeV

HO— H+:

mEe* =1141GeV
m; =605GeV
m; =861GeV

. =1477GeV

- CP-even lighter Higgs boson h° is SM-like!

- Its mass mne = 124 GeV is in the LHC “Higgs signal” range ! :
123 < Mnhe < 129GeV.




Benchmark OFV scenario

< up-squark sector > < down-squark sector >

~1.45TeV

M5 ~1.14TeV

mass-splitting due to large
Ci—tr mixing

.
large mass splitting between Mz and Mg !
B(d, - n°) could be sizable!

B(U, — 0;h°) could be sizable!



In this large Ci—tr &t —t: & Ca—t. mixing scenario;

U1~ t, +Cq +1,
Uz-C,+t, +1
h® - H)

In our scenario "top trilinear coupling* ( t, — ;fR = Hg coupling) = T35 Is large!

—~ —~

U, —U, —h° coupling is large!

QFV branching ratio B(i, — U;h°) can be large!




Ca—t< Mixing parameter

Cr—t. Mixing parameter
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In this large Ci—tr&t.—t: & Ca—t. mixing scenario;

Ui~ t, +Cy 4+t

QFV BR B(u, —>@ °) can be large!

e

QFV BR B(l, - U;h® —>€/?) h® ;) can be large!




4.2 Impact of squark generation mixin

Squark & gluino decay branching ratio in our QFV benchmark scenario

Table 4 Two-body decay branching ratios of 2, @1 and
gluino in scenario A of Table 1. The charge conjugated pro-
cesses have the same branching ratios and are not shown ex-

plicitly.
}\E(ﬁz\—:'ﬂihﬂ@

| B(tiz — @1Z°%) | 0.01 |
| B(az = cx?) | 0.43 |
| B(iiz — tx3) | 0.09 |

B(i; — cxy) | 0.36
B(i1 — tx?) | 0.64

| B(g— @=28) | 0.12 |
B(g — dizf) | 0.01 |

|
| B(g — @& | 0.09 |
| B(g— aat) | 0.27 |

. <

QFV squark decay BR B(U, — U,h®) can be very large (~50%) !

QFV squark decay BR B(U, — ¢/t ¥,) can be very large simultaneously!




5. Impact on squark signals at LHC

Example of QFV squark signal at LHC

Gluino pair production and the QFV squark bosonic decay can lead to
QFV squark signature at LHC :
pp = ggXxX — (Ut)(U,C) X — (Jlt)(a1h0c_:) X

- EZEEN)X (ETEFX) D

‘ top-quark + 3 jets + h® + missing-E; + beam-jets ¢




‘ top-quark + 3 jets + h% + missing-E; + beam-jets ¢




In our scenario;
- gluino prod. cross section is significant:

o(pp — ggXx) ~ 150 fb at LHC(14 TeV)!

c/t) can be large (~ 25 %)!

e

We can expect copious production of @
from gluino prod. and decays at LHC(14 TeV)!

QFV bosonic squark decay signal rates can
be significant at LHC(14 TeV)!




QFV bosonic squark decay signal rates can be significant
at LHC(14 TeV) in our QFV benchmark scenario !:

o(pp — ggX »@c‘:@@%{“‘SX) =41b
o(pp — ggX —>®E CC@ET”“SX) =41fb
o(pp — GGX —{WeshlEMX) =21

o(pp — GGX (et X) =21

For LT=300 fb-t we expect 1200, 1200, 600, 600 events for these
QFV signal rates.
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In Fig. 7(a) we show the cross sections for pp —
34X =5 3j+t+h"+ Er+ X and pp — 43X — 2j +
2t+h"+ Pr+X in scenario A as a function of 634, The
red solid line corresponds to the pure QFV final state
34+t + A"+ Er + X. The green solid line corresponds
to the pure QFV final state t/tf + 2j + h' + EFr+ X
plus the final state tf + 2j + h” + Er + X coming from
the QFV gluino decays. Note that the number of the
tt/tt final state events is exactly equal to the number
of the tf final state events coming from the QFV gluino
decays due to the Majorana nature of the gluino. The
blue solid line corresponds to the QFC events ¢ + ¢ +
27+ h" + Er+ X coming from the QFC gluino decays.

Cr—t . mixing parameter




m; =1477GeV

 The strongly interacting sparticles produced at LHC (14 TeV)
are practically only Ui2 and g in this scenario.

* In case the QFV squark ( U1z ) decay signals could not be
observed due to significant BG at LHC(14 TeV), then we need
LC(1.5-2.0 TeV) for the discovery of such squarks




6. QFV squark signals at LC

Example of QFV fermionic squark decay signal at LC

0, > (tZ)CH)(ETE™)

‘top-quark + charm-jet + missing-E+*



Example of OFV fermionic squark decay signal at LC

Ol

‘ top-quark + charm-jet + missing-E+ ¢




Example of QFV bosonic squark decay signal at LC

e*e” -0, 0, — (0,h°)(T;h°)

»(tth“xc 7:h°) (£XTh’h’E™)

‘ top-quark + charm-jet + 2h° + missing-E+*




Example of

Ol

‘ top-quark + charm-jet + 2h%+ missing-E; ¢




/. Conclusion

« We have shown that QFV bosonic squark decay branching ratios such as
B(, — ;h°) can be very large (up to ~50%) due to the ER — :[;,I_ and T
mixings despite the very strong constraints from B meson data.
This can result in remarkable QFV squark signal events, such as
pp — §gX —>tccch® + EM™ + beam-jets
with a significant rate at LHC(14 TeV).
Our analysis suggests that one should take into account the possibility of
important contributions from QFV bosonic squark decays U, — U,h° in

the search for squarks and gluinos and in the determination of the MSSM

parameters at LHC(14 TeV).




* In case the QFV squark ( us12 ) decay signals could not be

observed due to significant BG at LHC(14 TeV), then we need
LC(1.5-2.0 TeV) for the discovery of such squarks U1 !

=\ID,
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Possible signatures from the decays of U2 into h®and Z° at LHC

Table 9: Possible final states containing at least one Higgs boson h” expected from the
decays of i3 into A” and Z°. t denotes top-quark or anti-top-quark; j denotes a ¢/&quark
jet; Hy is missing transverse energy due to the two LSP neutralinos 19 in the final state;
X contains only the beam jets. Note that in general the states with A° replaced by Z° are
also possible. We also give the corresponding cross sections in scenario A, in case they
excead 1 fb. We indicate by "QFV" the final states which are explicitely QFV.

processes final states containing h”

pp — Gstia X | 2+ A"+ Er+ X (1.5 fh)
i+ R+ Br+ X (28 M);
2A+h"+ Br+ X
2j + 20" + Br + X
FHt4+ 20 £ Br+ X (1 fh);
9% + 90 + By + X
2+ + 20+ Br+ X
jHt+h"+ 20 Br 4 X
U+ h + 2%+ Br + X

processes final states containing A"

pp — 99X 4j + k" + Br + X (2 fb)
3j+t+h"+ Er + X (8 fb); QFV
2j4+ 2+ k" + Br + X (13fb); &fb QFV
1+ 200 + Br + X

3j+1+20° + By + X; QFV

2j+2t+ 20" + Br+ X

L+ + 2+ Br+ X
3j+t+h"+ 2"+ Br + X; QFV
j_li: T TR L I{J_",I. X




