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Introduction

@ The LHC has started its operation aiming at a direct verification of the
predictions of the different theories of particle physics

@ In particular, it was built with the main purposes
* to prove or disprove the existence of the SM Higgs boson

* to prove or disprove the existence the numerous new particles predicted by
supersymmetric theories

o If weak scale SUSY is realized in Nature, gluinos and squarks will be
observed @ the LHC with high statistical significance for masses up to
O(1) TeVv

@ The decays of gluinos and squarks are ussually assumed to be
quark-flavour conserving (QFC)

@ The squark are, however, not necessarily quark-flavour eigenstates.
Flavour mixing in the squark sector may be stronger than in the quark
sector. QFV decays can then occur with significant rates
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@ In the SM: all QFV terms are proportional to the CKM matrix
Vo = Vil V
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@ In the SM: all QFV terms are proportional to the CKM matrix
Voxu = Vi Va
@ In the general MSSM - two concepts

* Minimal flavour violation (MFV)
no new sources of QFV; in the super CKM-basis the squarks undergo the
same rotations as the quarks all flavour-violating entries related to the

CKM matrix (e.g. )th(jj(fk ~ Vg;qp.)
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@ In the SM: all QFV terms are proportional to the CKM matrix
Vorn = Vil Vi

@ In the general MSSM - two concepts

* Minimal flavour violation (MFV)
no new sources of QFV; in the super CKM-basis the squarks undergo the
same rotations as the quarks all flavour-violating entries related to the
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@ In the SM: all QFV terms are proportional to the CKM matrix
Vorn = Vil Vi

@ In the general MSSM - two concepts

* Minimal flavour violation (MFV)
no new sources of QFV; in the super CKM-basis the squarks undergo the
same rotations as the quarks all flavour-violating entries related to the
CKM matrix (e.g. Xiq;dk ~ Vajqy,)

* Non-minimal flavour violation (NMFV)
new sources of flavour violation appear; corresponding flavour-violating
entries not connected to the CKM matrix; considered as free parameters
in the theory

@ In the following we assume NMFV
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NMFV in the MSSM

@ The flavour-violating terms are contained in the mass matrices of the squarks at
the electroweak scale

M MZrp)t
Mg_ _ ;ILL ( q2RL) ,g=u, d.
MqRL MqRR

@ The 3 x 3 soft-breaking matrices can introduce flavour violating (off-diagonal)
terms, e.g. in the up-squark sector

1 2
(M%LL)aB — ]\,](22““5 + {(5 -3 sin? Ow ) cos 23 m% + mia} 0ap
(Minnlos = Mo+ | sin® o) cos2 s + i, |0
(Mu rL)as = (02/V2)Tuga —muyp* cot B dag

@ After diagonalization with a 6 x 6 rotation matrix R, the mass eigenstates are
obtained %; = RY oo, where R*MZR"" = diag(ma,, ..., Mag ),

with mg, < Ma; fori<j
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NMFV in the MSSM

@ Dimentionless QFV parameters are introduced, in the up-type squark

sector (a # f3)
LL _ 2
SLE = M.,/ \/m
6ZI§R = M(%ag/ MgaonFJﬁﬁ
53?[/ = (/UQ/\/i)TU@a/ M[%Oé&MéﬁB

@ Analogously in the down-type squark sector

5ggR = ME)Q[—}/ M%OLQM%BB
55[}51 = (UQ/ﬁ)TDga/ M%)aaMC%BB
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Constraints on the MSSM parameters
Theoretical constraints

@ From the vacuum stability conditions, the trilinear coupling matrices are
constrained as follows

Tvaal®> < 3 Y (Moo + My +m3)
Toaal® < 3Ype (Mdaa + Mpae +mi) ,
Tuasl® < Y3, (Moo + Migs+m3)
Tpasl® < YLQJW (Mggaa + Mf%gﬁ +m3) ,

where o, 6 =1,2,3, a # f; v = Max(a, 3) and
) 2 2 .. 2 .2 1 2
mi = (my= +mysin” Oy ) sin” § — §mZ’
1
m% = (méi + mQZ sin? Ow) cos? g — imQZ'

Yua and Yp,, are the Yukawa couplings of the up-type and down-type quarks.
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Constraints on the MSSM parameters
Experimental constraints

@ Strong constraints on mixing involving the first generation from precision
measurements of K and B meson decays

@ Only mixing between second and third generation squarks considered.
Despite the constraints from B physics still allows appreciable mixing

@ SUSY mass limits from direct collider searches

@ Electroweak precision and low-energy measurements

B(b— sv) = (3.37£0.23).1074
AMp, = (17.725 £ 0.049) ps~*

Ap (SUSY) < 0.0012

B(b— sputp~) = (1.60 £ 0.50).107°
B(Bs — ptu~) < 4.2.107°
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QVF three-body decays of gluino

@ We consider the case:
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QVF three-body decays of gluino

@ We consider the case:

* All squarks are heavier than the gluino = only three-body decays to
quark pairs + chargino/neutralino possible
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QVF three-body decays of gluino

@ We consider the case:

* All squarks are heavier than the gluino = only three-body decays to
quark pairs + chargino/neutralino possible

* Squark generation mixing occurs only between the 24 and 34 generation
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QVF three-body decays of gluino

We consider the case:

All squarks are heavier than the gluino = only three-body decays to
quark pairs + chargino/neutralino possible

* @

*

Squark generation mixing occurs only between the 2° and 3'¢ generation

@ = One has the following QFV three-body decays into quarks and
neutralino

gt etd, g—sbx?, 56

~ - ~

~ v\ ~ A ~

Uj U
<0 0
Xi Xi

e We will mainly focus on decays into the lightest neutralino, X!
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QVF three-body decays of gluino
Reference scenario

e Basic MSSM input parameters (at the weak scale and real)
{tan B, mao, My, My, Ms, 11, M3og, Mpoaz: Mbag: Tvas: Tpas}
@ Quark-flavour violating parameters
Mag: Mt Mpag, Tuap, Tpap, a # 3

@ Reference scenario
l M, [ Mo [ M3 [ n [ tan 8 [ m 40 ‘
[ 139 GeV [ 264 GeV [ 800 GeV | 1000 GeV | 10 [ 800 GeV |

| | a=p=1 | a=8=2 [ a==3 |
Mp.5 | (3150)° GeV? | (3100)* GeV? | (3050)° GeV?”
Mg.s | (3000)% GeV® | (2200)” GeV? | (2150)* GeV?
Mp.5 | (3000)% GeV? | (2990)7 GeV? | (2980)7 GeV?

@ All constraints are satisfied, Ty pjaa =0
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QVF three-body decays of gluino
Physical output

@ The numerical calculations of the decay BRs and physical masses are performed with
Spheno v3.0

@ Physical masses of the SUSY particles in the reference scenario chosen
(Fairly insensitive to the QFV parameters)

’ Particle ‘ ‘ mg9 ‘ mgo ‘ mgo ‘mif ‘ M+ ‘mg ‘
| Ph. mass [ GeV] | | 281.3 [ 1017.9 | 1021.7 | 281.5 [ 1022.7 [ 975 |
| Particle [ mpo [ M 570 [ m 40 [ Mg+ ‘

|

[ Ph. mass [ GeV] | 121.1 [ 800.3 | 800 | 804 |

up-squark sector down-squark sector

—_—  mg,

— ~ 3 TeV

—_—m

= ma,

I - \ ”
men mass_splitting due to

I ""h./ Cgr - tgp mixing

mg  ~ 1 TeV

mg,
ms,
U,
Mg,

M3y
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QVF three-body decays of gluino
Relevant QFV parameters

@ QFV left-right mixing is not relevant for our study

* We show this for the left-right mixing parameter 5%%

Due to the vacuum stability condition we have
Tusel” S Yl%:;(Mé:sg + Mgy +m2) = M¢2233 + Mgy = O(10TeV?),
because Yy3 ~ 1 and mg < M2233 + M(2]22.

1Tty M0 +MBss
— 5uRL — V2 32 < V2 @33 ~ (.1
| 2 ‘ V2 M(2122M533 ~ V2 MTQJQQM%%

Analogously, the parameters 54l §4BRL §ILR e 5150 constrained to be
g M p 23 »023 1023
very small

@ Relevant QFV parameters for~our study are 654{4 (¢r — fL),
053 (¢r — tr), 055" (53R — bR)
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QVF three-body decays of gluino

Numerical results

@ Squark and guino masses

up-squark sector down-squark sector

myg,

ma, ma,
me m;
e ~ 3 TeV b
mg, mg
M man

M, m,,
\ mass splitting due to

My

I "un/ Cr-1tr mixing

ma,

—_— M5 ~1TeV

o All squarks but 7 are heavy = gluino decay is dominated by virtual @
exchange

@ iy is a strong mixture of ég and g => QFV branching ratio
B(§ — ctx?) can be large
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QVF three-body decays of gluino
Numerical results

@ Due to the effective & — t mixing

U ~ cosf ér+sinf tp

Gy ~ —sinf ép+cos tp

there can be a strong destructive interferience between u; and o if their
masses are similar

Cc c
g——C t + g—< t

S < . <
U1 U2
~0 ~
X1 X

N+cos€sin9 ~ _ CosOsind
2_ 2 2_ 2
prmma, pr—mg

=o

2

@ In order to suppress such cancelations large mass splitting is required and
hence large values of the mixing term Mp,, ( ~ §44tf)
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QVF three-body decays of gluino

Numerical results

@ Up-type squark masses and flavour decomposition of % as a function of
SultR(ép — tg), all other QFV parameters are zero

3500 o

s 5= |
8§ & S i
= -t
[ R
£ d000F=. 08 :
R
2500~ [ [
r -0, 0.6~
2000 i | hemmemememememem T e
L G
- g 0.4
1500— 9
1000! 0.2)
5001 I I I | I I I I okt | I L L L L |
-08 -06 -04 -02 0 02 04 06 08 -08 -06 -04 -02 0 02 04 06 08
SRR SRR
23

23
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QVF three-body decays of gluino
Numerical results

o QFV decay branching ratio B(§ — ctx{) { B(§ — bx?)} in the
SEERO40) - oL plane

0BT

———FosI—a& —+ 08— —— g —————
\:\—__1_4_4-.'—/ _—T\——o.z—e‘———
—
08 02 H 7| 06 [~ 01 —]
: : (T " :
0.1 v 05—
j\x '/ oal ! R
04 005 —— = -
§

~ & ] 001 »—
" 02 ﬂm__i,__/, . 021 3
g ! « 0001 ——— 1
538 0wy ———m——— | Sr oor-% _ T T
B3 i v = :
H "
02} 001 i 0z P4
2 ——:\ﬂ N oo
04— 0.05 H i 041" |
//_’m ﬁ\N | s
T
ns:‘//_- _\\T ] i — il
T T [ —————
08— 085 —— Ty 7| 08l ——p———1 08—
06 04 02 00 0.2 04 06 0.6 0.4 0.2 0.0 0.2
LL
5;’;‘{“ 033

B(§ — ctX1) = B(§ — cixi) + B(§ — ctxy)
B(§ — sbX1) = B(§ — sbX1) + B(§ — 5bxY)
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QVF three-body decays of gluino

Numerical results

@ Branching ratios of the decays § — ctx!, § — cex{ and § — ttx) as

uRR

functions of d35*", the other QFV parameters are zero

BR(g— 3-body)

Elena Ginina

0.6

05 —Rct+7 1T

ifc?
0.4
0.3

0.2

| I I L P I N
-08 -06 -04 -02 0 02 04 06 08 1

uRR
o
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QVF three-body decays of gluino

Influence of the neutralino/chargino parameters on the QFV three-body decays of gluino

@ Squark generation mixing enters also the squark-quark-neutralino couplings
@ The neutralino/chargino parameters can also influence the QFV gluino
three-body decays

@ Contour plot for B(g — ctx?) in the u — My plane for 648*F = 0.8, the other
QFV parameters being zero, Region A: bino-like LSP, Region B: wino-like LSP,

Region C: higgsino-like LSP

1000 —

800 —

.."1’[2 (GF‘V)

0 200 400 600 800 1000
# (GeV)
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QVF three-body decays of gluino

Influence of the neutralino/chargino parameters on the QFV three-body decays of gluino

@ ;i dependence of the QFV and QFC gluino decay branching ratios for 6347 = 0.8, the
other QFV parameters being zero

5 04r = 04
0 2 i
a2 [ — et 7Tt 2 --- ol E7* + 0 BT
@ N ; : £ 50,3, =0,
1 03— — Fct+ 70t T 03 — et + 7T
= o © S0
@ - Tt Tt &
0.2 Tretret

T P o - L L L
200 400 600 800 1000 200 400 600 800 1000
1 (GeV) u (GeV)

@ The M, dependence of the QFV gluino decay branching ratios for
M, =264 GeV, p =600 GeV, 64FF = (0.8, the other QFV parameters being zero

5 040 S0
3 2
g ]
2 H
& [ B
T 1 0.15]
) )
@ @
— ettt _
e o ---X,eb+ bT
F - Footet )
[ Tt —X,cba6e
r TLetAot 0.051-
L . | , R | |
0 600 800 1000 1200 200 400 600 —, 800 1000 1200

M, (GeV) M, (GeV)
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QVF three-body decays of gluino

Influence of the neutralino/chargino parameters on the QFV three-body decays of gluino

@ Weak scale parameters , the corresponding neutralino and chargino masses and some
important branching ratios for a scenario with a higgsino-like LSP (u < M1, M>2)

L [ M [ M [ p  [tnf[ my |
[ 1390 GeV [ 264 GeV [ 800 GeV [ 120 GeV [ 10 [ 800 GeV |

m..o m.o m-o mc-o m .. m .
’ X1 ‘ X2 ‘ X3 ‘ X4 ‘ X ‘ X3 ‘

[ 87.0 GeV [ 133.1 GeV [ 158.3 GeV [ 310.1 GeV [ 109.3 GeV [ 310.1 GeV |

[ B~ ctx)) [ B(g —ctxd) [ B(g —bex;) [ B = x0vp) [ B(x] — pfvux?) |
[ 34% | 61% | 112% | 18.4 % [ 11.2 % ]

0ufR — (.8, the other QFV parameters being zero

@ Signature from § — T + be(be) + put () + EFS with &~ 5% probability
(from MFV =~ 10™%)
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QVF three-body decays of gluino

Influence of the neutralino/chargino parameters on the QFV three-body decays of gluino

@ Weak scale parameters , the corresponding neutralino and chargino masses and some
important branching ratios for a scenario with a wino-like LSP (M < M1, u)

L M [ M | Ms | p [Jtnf[] my |
[[400 GeV | 300 GeV | 800 GeV | 350 GeV | 10 | 800 GeV |

m-o m.-o m.-o m.-o m - m -
’ Xi ‘ X2 ‘ X3 ‘ X4 ‘ X ‘ X ‘

[ 275.5 GeV [ 362.6 GeV | 376.4 GeV | 433.1 GeV | 280.0 GeV | 407.1 GeV |

[B@G—cixy) [ B(g—cix3) [ Bz —bexy) [ BRI — x9vp) [ BGT = nFvuxd) |
[ 25% | 63% | 5.8 % [ 41% [ 132 % ]

OYPR = (0.8, the other QFV parameters being zero

@ Signature from § — T + be(be) + pt (eT) + EX with ~ 3% probability
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QVF three-body decays of gluino

Measurability

@ Production cross section calculated at leading order with WHIZARD/O'MEGA
packages, CTEQGL parton density fit with PDFs factorization scale Q = ms, +5,,
as(Q) evaluated at two-loop level

@ Dominant production process pp — ggX, with X containing beam jets only

@ In our scenario gluino production cross section practically independent on §47F, at the
reference point ~ 170fb (3 fb) for /s =14 TeV (7 TeV)

@ Signal rates for pp — §gX at /s = 14 TeV where at least one of the gluinos decays as

g — ct(ct)x?, as a function of 5457

— cctt

— cctt

- -~ cctt (QFC)
- cfft

— ccct

o(pp — §§ X — aqaq+Ey" X) [fb]

uRR
o
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QVF three-body decays of gluino
Measurability

@ Invariant mass distributions of two up-type quarks from the decay g — ujﬂkf((f,
dI(§ — wjurX?)/(Tiot(g) dMy,q, ), where M, g, is the invariant mass of the

r 2 _ )2 uRR __

two-quark system w;tg, M 5, = (Pu; + Pay)?, 655 = 0.8

- 08

E

8 o i

o= — ct+ct

e ™

3§ . g = \

SE 02 "/tf 5

103 x
s

M5, [GeV]

@ Endpoint at (mg — mﬁ)), thresholds at 2m., m. + m; and 2m;

@ No edge structure, in contrast to two-body gluino decays, where the gluino first
decays into real squark

@ Measuring can help distinguishing QFV from QFC decays
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QVF three-body decays of gluino
Measurability

A typical gg production even contains at least 4 large-pr jets + large

E%niss

@ An event with a QFV gluino decay § — ctx?(¢tx!) should contain at least
1 top (anti-top) in the final state to be identified, possibe with ¢ — bW+
or c-tagging

e Typical signatures of QFV g pair events are: t(or ¢) + 3 jets + Efrms + X,
t+t (or t+¢) + 2 jets + BT + X and
t+t+t(ort+t+1t)+1jet+ ETS + X , where X contains beam-jets
only

o t+1t (or t+1t)+ 2jets + EF*S + X can only be produced in the MSSM

with QFV

@ Small background
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QVF three-body decays of gluino
Comment

@ At the reference point myo = 121.1 GeV

@ In order to get myo = 125 GeV we have to switch on
Tysz = ht Ay = —2350

@ The new elements in the 6 x 6 up-squark mass matrix are small in
comparison with the diagonal ones = small effect on the flavour
decomposition of up-type squarks

@ Small influence on the theoretical predictions of B-physics observables

@ Small influence on the predictions for the QFV gluino three-body decay
BRs
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QVF bosonic squark decays

o If kinematically allowed, the following QFV bosonic squark decays are
possible
G — g; +h°, H°, A°
G — q;+H
Gi — G + 2°
G — q;+ W+

with 4,5 = 1,...,6
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QVF bosonic squark decays

o If kinematically allowed, the following QFV bosonic squark decays are
possible

G — q; +h°, H° A®

G — q;+H

G — G + 2"

G — q;+ W+
with i,j = 1,...,6

@ We will concentrate on up-type squark decays
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QVF bosonic squark decays

o If kinematically allowed, the following QFV bosonic squark decays are
possible

G — q; +h°,H°, A°
G — q;+H
Gi — 4+ 2°
G — q;+ W+

with 4,5 = 1,...,6
@ We will concentrate on up-type squark decays

@ In particular, we consider 1 2 3 decays in scenarios where their decays into
charged bosons W*, H* and those into the heavier Higgs bosons H° and
AV are kinematically forbidden
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QVF bosonic squark decays

o If kinematically allowed, the following QFV bosonic squark decays are
possible

G — q; +h°, H° A®
G — q;+H
G — G + 2"
G — q;+ W+

with 4,5 = 1,...,6
@ We will concentrate on up-type squark decays

@ In particular, we consider 1 2 3 decays in scenarios where their decays into
charged bosons W*, H* and those into the heavier Higgs bosons H° and
AV are kinematically forbidden

o Furthermore, we will focus on decays into h°, §; — qjho, as they offer the
best possibility to determine the MSSM trillinear coupling ¢; — G; — h0
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QVF bosonic squark decays

@ In the super-CKM basis, the Lagrangian including the coupling of up-type
squarks to h? contains the trilinear couplings (Tr7)ij which are explicitly
flavour-breaking terms that couple left-handed to right-handed squarks

sin av cosa v
L > |: 1R“_}L( *,—mu,i&j + —— 2 (T( ) ) —|—h.C.:|

sin 8 sin 8 \f

@ Our QFV parameters are those ones related to the up-type sector

LL _ g2 /
0o = MQaﬁ/ MéaaM%/w

Qmw

RR _ 2
L Ve MIQJaaMlzfﬁﬂ
5253 _ 5uRL*

fora,6=2,3, a#

Elena Ginina University of Vienna Flavour violating gluino and squark decays @ LHC



QVF bosonic squark decays

@ Numerical calculations performed with SPheno v3.1, we also use SSP
package
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QVF bosonic squark decays

@ Numerical calculations performed with SPheno v3.1, we also use SSP
package

@ Results presented for three scenarios, A, B, and C
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QVF bosonic squark decays

@ Numerical calculations performed with SPheno v3.1, we also use SSP
package
@ Results presented for three scenarios, A, B, and C

@ All corresponding theoretical and experimental constraints are satisfied

Elena Ginina University of Vienna Flavour violating gluino and squark decays @ LHC



QVF bosonic squark decays

Numerical calculations performed with SPheno v3.1, we also use SSP

°
package

@ Results presented for three scenarios, A, B, and C

@ All corresponding theoretical and experimental constraints are satisfied

Relatively large 1, M7, My in order to avoid dominance of the fermionic
squark decays
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QVF bosonic squark decays

Numerical calculations performed with SPheno v3.1, we also use SSP
package
Results presented for three scenarios, A, B, and C

All corresponding theoretical and experimental constraints are satisfied

Relatively large 1, M7, My in order to avoid dominance of the fermionic
squark decays
M3 is chosen so that the guino is within the reach of the LHC
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QVF bosonic squark decays

@ Numerical calculations performed with SPheno v3.1, we also use SSP
package

@ Results presented for three scenarios, A, B, and C

@ All corresponding theoretical and experimental constraints are satisfied

o Relatively large p, My, M5 in order to avoid dominance of the fermionic
squark decays

@ Ms is chosen so that the guino is within the reach of the LHC

@ My, Ms and M3 do not fulfull gaugino mass unification at the GUT scale,
except for scenario B
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QVF bosonic squark decays

@ Numerical calculations performed with SPheno v3.1, we also use SSP
package

@ Results presented for three scenarios, A, B, and C

@ All corresponding theoretical and experimental constraints are satisfied

o Relatively large p, My, M5 in order to avoid dominance of the fermionic
squark decays

@ Ms is chosen so that the guino is within the reach of the LHC

@ My, Ms and M3 do not fulfull gaugino mass unification at the GUT scale,
except for scenario B

o For our scenarios the mass of the lightest Higgs h® = 126 GeV and hence
it is SM-like
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QVF bosonic squark decays

Scenario A

@ Weak scale basic MSSM parameters at Q = 1 TeV and physical masses in GeV of the
SUSY particles for Scenario A

T{v,pyaa = 0, except for Tyss = —2100 (547" = —0.34)
[ My | My | Mz ] W [tanB [ ma0 |
[400 GoV_| 800 GeV | 1000 GeV | 2640 GeV | 20 | 1500 GeV |

l

[

a=1
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[ a =2 [ a=3 ]
MQM (2400)% GeVZ | (2360)% GeV? | (1450)% GeV?
MUM (2380)% GeV?2 (780)2 GeV? (750)2 GeV?
M7 | (2380)% GeVZ [ (2340)% GeV? [ (2300)% GeV?
[0024 [ 03 [ ©007 [ 0 |
Lmxg [ mxg [mxg [ 7sg [ [ st
[(397 | 824 | 2623 | 2625 | 825 | 2625 |
[ mp0 [ myo [ ma0 [ myy |
[[126.0 | 1496 | 1500 | 1510 |
mg | may | May | Mag | May | Mag | Mag |
[[1141 ] 605 [ 861 | 1477 [ 2387 [ 2401 [- 2427 ]

Flavour violating gluino and squark decays @ LHC



QVF bosonic squark decays

Numerical results, Scenario A

@ Dependence of the masses of @1 and iz on 6471 and §%LF
m, [GeV] m,[GeV]
/ [ mp<128GeV 1123 Gev
0.10 o0 wehs 0.10 w<~\1
- / 14jmg| bound ] oo |Amg,| bound \“
: o gy e O Lo % 0 gy |
in 00 ‘\ X [ ELI x| ado
~005 | ‘ ~005 ‘
~010 \ \\ ~010 “
\ |
-010 -005 0.00 0.05 0.10 -010 -005 0.00 0.05 0.10
o o
° function of T, d d function of 054" and 535"
mypo, as a unction o U33 and [ and as a unction of 023 an 23
My [GeV]
== =123 Gev
0.10
|Amg, | bout
0.05 /h\
—_ s / DN \
§ % ooof |
= \
-005F\
-0.10
I T T R ~010 005 000 005 010
Tu (Gev] "
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QVF bosonic squark decays

Numerical results, Scenario A

@ In the following we concentrate on iy — a1 h°
@ The coupling |c(fia@1h°)|? as a function of 53¢

and 84
\o(ﬂznlh")\z/mf’ [Gev?]

and §%LF

and as a function of 84X

o(@ptsh)/10° [Gev?]

o< 128 Ge\/

A -015
1 Am bour}/
005 12 / -020

1 0 o 0s
005 \
010

-025

"
°
8

wRL
o

mp< 123Gev

-010 -0.05 000 005 0.10

o5

~0.40 5 N,
-015 -010 -005 000 005 010 0.5

R
0%

@ B(iiz — ©1h°) as a function of 654*% and 641" and as a function of §%5°" and §34°"
B(l, - 0y h°) B(l, - Uy h°)
o 055 s /. me<123G ois T
|&meg,| Bound
005 05 ods o, o 01 020
%2 000 | { 03 T gy 025
= = 01
-0.05 /\
0.2
—0.10 B 504 % \
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QVF bosonic squark decays

Numerical results, Scenario A

@ At the reference point B(a3 — 11h")=22%, can go up to 30%,
B(iiz — 12h°)=10%. The branching ratios of i3 — @1 Z° and 13 — @2 Z° at the
reference point are about 28% and 14%, respectively

@ B(§ — 2¢)+B(§ — @izc) and B(g§ — iat)+B(§ — @at) as functions of 54
and §yiL

B(@ - U) + B~ Uot) B(@ - 020) + B(g - 0z0)

0.0F 0.0F

< - -
WQ@ m< 123 GeV
o1 /\ 007 ] 01} ]
006 - 016
g3 -02f \ 2z o2} ]
~© 0.05 ©
0.18
/—/_/\
0.04
_o03l \ -03f 0.2 h
X——0.03 o.2§ 0.22
N 024 \
-04h . . . . . J -04h NN ) 4
-015 -010 -005 000 005 010 015 015 -010 -005 000 005 010 015
oft oft
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QVF bosonic squark decays
Numerical results, Scenario B

@ Scenario B, GUT-inspired: M; ~ 0.5 My, Ms3/Msy = gg/gg, where g9 and
g3 are the SU(2) and SU(3) gauge coupling constants, respectively

@ Only My, Ms and M3 are changed with respect to scenario A,
My = 250 GeV, My = 500 GeV and M3 = 1500 GeV

@ Large mgz = 1626 GeV == small production cross section

@ The dependences of the QFV parameters are similar like in scenario A
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QVF bosonic squark decays

Numerical results, Scenario C

@ Scenario C, parameters changed with respect to scenario A
Mgy = (650 GeV)?,  M{gy = (1600 GeV)?, Mgz = (780 GeV)?,
syt =0, 635 =0, o5t =—-017, syt =-03

5%§L(~ Tys2) much larger than that in S
Physical masses and branching ratios

cenario A

mg = 1134 GeV, mgz, = 651 GeV, mgz, = 800 GeV, mgz, = 1580 GeV,mjo0 = 125.3 GeV

B(as — @1 h®) = 43%, B(ta — @1 Z
B(g — di2t) + B(§ — dat) = 15%,

9) = 34%, B(§ — @2¢) + B(§ — tizc) = 8%,

B(a1 — XV¢) = 96%, B(i1 — xJt) = 4%

@ Both B(u2 — ﬂlho) and B(ud2 — 11 Z9) are very large, leading to the dominance of the QFV

bosonic decays of ag.

@ §uRL dependence of the branching ratios B(iiz — %1h%) and B(@z — i12°)
05 X =20 i
04

3 X =h?
= 03
T
S 02
o
01
0.0
-0.25 -0.20 -0.15 -0.10

ot
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QVF bosonic squark decays

Signatures

@ Lighter squark states can be produced directly, pp — @171 X, pp — G2t2X, or via
gluino production, pp — ggX, where at least one of the gluino decays into @ or s,
g — U1,2 u;U1,2 ¢;U1,2 t, with ¢ being a light quark

@ We assume that the t-quark can be identified, but the c-quark not

@ Possible signatures expected from the QFV decays of 2 into the lightest Higgs boson

h°, t denotes top or anti-top, j denotes a c-quark jet
[ processes |

final states containing h¥ |

final states containing h° v
4j + 1O + ES 4 X (2 fb)

3+t 4 k0 + BB 4 X (8 fb)
27+ 2t + ho + Er)"i" +X (4 fb)

| pp — §gXxX

processes

pp = Gotie X | 2§+ hY + ERSS 4+ X (1.4 fb)

j4+t+hY + ERs 4 X (2.8 fb)
JHt+2r0 + ERiss 4 X (1 fb)
2j + 2%+ hO + B 4 X
2j 4 2h° + Episs 4 X
2t + B0 + Episs 4 X
26+ 200 + BFS + X

45+ 20 + hO + Epis 4 X
45 4 2h° 4+ Epis 4+ X
3j+t+2h0 + ERSS 4 X
2j + 2t + 20 + ERiss 4 X
3j+t+2°+ 00 + Eps + X
2+ 26+ 20 + b0 + Ep 4 X
4t + h0/Z°(+h°/Z0) + B + X

@ In scenario A, summing up the cross sections for all QFV final states with at least one
h° one gets 19 fb = one could expect about 1900 of such events assuming an

integrated luminosity of 100 fb.
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VF bosonic squark decays
Signatures

@ Signal rates for the QFV bosonic squark decay signatures from gluino pair production in
Scenario A and in Scenario C as functions of 633°" The red solid (dashed) line
corresponds to the pure QFV one ¢ final state 35 +t + h° (Z°) + E¥' + X. The green
solid (dashed) line corresponds to the QFV signal events with 2¢ coming from
tt/tt/tt + 25 + h° (Z°) + EF*° + X. The blue solid line corresponds to the QFC signal
events t +t + 2j + h® + EX% 4 X The violet dashed line corresponds to the pure
QFV one t final state 35 +t + h® 4+ Z° + EXRis 4 X

10} 100F
sl 50l <20
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= =10 ) \
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= th : v
&5 4t s, 10p \
2] (2] B . 1tz
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QVF bosonic squark decays
Summary

@ We have studied QFV in the decays of
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QVF bosonic squark decays

Summary

@ We have studied QFV in the decays of

* Gluino in the case that all squarks are heavier than the gluino and the gluino
dominantly decays into three particles, § — qGx%, q(j’)zli
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QVF bosonic squark decays

Summary

@ We have studied QFV in the decays of

* Gluino in the case that all squarks are heavier than the gluino and the gluino
dominantly decays into three particles, § — qGx%, q(j’)zli

* Bosonic squark decays @2 — #1h°/Z° and @3 — 11,2h°/Z°
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QVF bosonic squark decays

Summary

@ We have studied QFV in the decays of

* Gluino in the case that all squarks are heavier than the gluino and the gluino
dominantly decays into three particles, § — qGx%, q(j’)zli

* Bosonic squark decays @2 — #1h°/Z° and @3 — 11,2h°/Z°

@ All constraints from theory and experiments on SUSY particle searches, Higgs searches
and precision data in the B meson sector are taken into account

Elena Ginina University of Vienna Flavour violating gluino and squark decays @ LHC



QVF bosonic squark decays

Summary

@ We have studied QFV in the decays of

* Gluino in the case that all squarks are heavier than the gluino and the gluino
dominantly decays into three particles, § — qGx%, q(j’)zli

* Bosonic squark decays @2 — #1h°/Z° and @3 — 11,2h°/Z°

@ All constraints from theory and experiments on SUSY particle searches, Higgs searches
and precision data in the B meson sector are taken into account

@ Mixing is considered only between second and third generations of squarks
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QVF bosonic squark decays

Summary

@ We have studied QFV in the decays of

* Gluino in the case that all squarks are heavier than the gluino and the gluino
dominantly decays into three particles, § — qGx%, q(j’)zli

* Bosonic squark decays @2 — #1h°/Z° and @3 — 11,2h°/Z°

@ All constraints from theory and experiments on SUSY particle searches, Higgs searches
and precision data in the B meson sector are taken into account

@ Mixing is considered only between second and third generations of squarks

@ In the case of gluino decays the QFV parameters 8347 5451 and 65F are important

@ We have focused on § — ct(@t)x} and § — sb(ct)x? decays, their QFV decay BRs can
reach 40% and 35%, respectively

@ We have shown that the parameter of the neutralino/chargino sector can have also
important influence on the decays studied

@ The dominant production process is pp — ggX and the QFV signatures
pp — teccEp* X and pp — ttecET*° X can be significant at the LHC
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QVF bosonic squark decays
Summary

@ In the case of @is — @1h°/Z° the branching ratio B(iiz — @1h°) can be larger than in
the QFC case, and can go up to 60%, and, hence, this decay gives access to the QFV
trilinear couplings Ty32 and Tyo3

@ We have studied the signatures expected from the QFV decay i — t1h? at LHC with
v/s = 14 TeV in three different scenarios

@ We have considered direct @2 production pp — 22X as well as @iz production in §
decays via pp — GgX

@ The most pronounced QFV signature is 35 + t + h° + ERis 4+ X, for example coming
from pp = §GgX — @1 2tii2cX — @1 2t h°EX — cteeh®’ B X | which can have a
cross section up to 8 fb in Scenario A. A further interesting QFV signature coming from
gluino pair production is 2 + 2t + h° + EXI55 1 X with a cross section in Scenario A of
about 4 fb.
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QVF bosonic squark decays
Summary

@ In the case of @is — @1h°/Z° the branching ratio B(iiz — @1h°) can be larger than in
the QFC case, and can go up to 60%, and, hence, this decay gives access to the QFV
trilinear couplings Ty32 and Tyo3

@ We have studied the signatures expected from the QFV decay i — t1h? at LHC with
v/s = 14 TeV in three different scenarios

@ We have considered direct @2 production pp — 22X as well as @iz production in §
decays via pp — GgX

@ The most pronounced QFV signature is 35 + t + h° + ERis 4+ X, for example coming
from pp = §GgX — @1 2tii2cX — @1 2t h°EX — cteeh®’ B X | which can have a
cross section up to 8 fb in Scenario A. A further interesting QFV signature coming from
gluino pair production is 2 + 2t + h° + EXI55 1 X with a cross section in Scenario A of
about 4 fb.

@ Our analyses suggest that QFV decays shall be taken into account as they can have an
important influence on the search of squarks and gluinos at the LHC as well as on the
determination of the MSSM parameters

Elena Ginina University of Vienna Flavour violating gluino and squark decays @ LHC



Thank you for your attention!!!
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