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1. Introduction
(1) Motivation;

*  Discovery of all SUSY partners and study of their properties are essential for testing the MSSM.
* Herewe focus on SUSY partners of quraks and gluons (i.e. and ;).

»  With the start of the Large Hadron Collider (LHC) at CERN a new era of particle
physics has begun.

* Ifweak scale SUSY is realized in nature, squarks and gluinos will have high production rates for
masses up to O(1) TeV at LHC.

* The main decay modes of squarks and gluinos are usually assumed to be
quark-flavor conserving (QFC).

*» However, the squarks are not necessarily quark-flavor eigenstates.

The flavor mixing in the squark sector may be stronger than that in the quark sector. In
this case decays of squarks and gluinos could occur with
a significant rate.



(2) Purpose of this work;

* In this work we study the effect of on
the squark and gluino decays at LHC in the

* We show that due to the mixing effect the branching ratios of

can be ina
significant region of the parameters despite the very strong
experimental constraints on from B meson observables.
* This could have an important for

squarks and gluinos and the MSSM
at LHC.



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

{fﬂﬂﬁ, My, MI » ME » mg!uina » M, ) » » » }

(at weak scale) (e, fp=123=u,c,t or d,s, b)

tanp: ratio of VEV of the two Higgs doublets <H" ,>/<H’,>

My . CP odd Higgs boson mass

M; M,: U(l), SU(2) gaugino mass
Mejying < gluino mass
M higgsino mass parameter
. left squark soft mass matrix
right up-type squark soft mass matrix
right down-type squark softf mass matrix
trilinear coupling matrix of up-type squark and Higgs boson

trilinear coupling matrix of down-type squark and Higgs boson



- Here we study ¢ —{ mixing effect.

OFV parameters in our study are:

Moz @ (,— ?L mixing term ( §, — }), mixing term)
Myss : Ca—1r mixingterm
Tyss = o, — ?R mixing term

o et - -
Tysa © (,—{, Mmixingterm
—
(Note) We work in the super-CKM basis of squarks:

(@ € e, T sl 0, €0y T2), (A5 0D ed 52,0 2)
In this basis we have Méu :K-Mé K" dueto the SU(2) symmetry,
where M;ﬂ is the soft mass matrix of left up-type squarks
Mé is the soft mass matrix of left down-lype squarks and
K is the CKM matrix.
(Note) We have Mi EMé as K =1.

T




3. Constraints on the MSSM

The following constraints are imposed in our analysis in order fo
respect experimental and theoretical constrainis:

{a) Constraints from the B-physics experiments :

(b) LEP and Tevatron limits on sparticle masses

> 103 GeF, m . > 308 Gel et

(c) The experimental limit on SUSY contributions to the electroweak pparameter:

Ap(SUSY ) < 0.0012

(d) Vacuum stability conditions on trilinear couplings
(zee J_4 Casazand 5. Dimopoulss, Phys Lest B 387 (1996) 107 [hep-phR60623 77)




(Note) These constraints are very important:

B(b—>sy) and AM; data => strongly constrain the QF V squark parameters

Vacuum stability conditions => strongly constrain QFV trilinear couplings Ty ,g

B(B, » 7 v) data => strongly constrain (m ;..tan F)

(Note) We use the public code SPheno v3.0 in the calculation of the B-physics observables.




4. OFV Benchmark Scenario

We take the following as a

Table 1: The basiec MSSM parameters in our reference scenario with QFV. All of Ty .4

and Thp.a are set to zero. All mass parameters are gil':*jl in GeV,




OFV Benchmark Scenario

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

>|Strong Cc:—t » _mixing

In this scenario, gluino can decay only into strong mixtures of
Cr and 1 zr!




i ~0.73¢, — 0.69z, i, ~ —0.69¢, —0.731,

Table 2: Sparticles and corresponding masses (in GeV) in the scenario of Table 1.

Our scenario is within the reach of LHC.




5. Impact of squark generation mixing on
squark and gluino decays

We study the effect of squark generation mixing on the squark and gluino
decays at LHC.

* In case of ER _};a mixing, squarks and gluino could decay as follows:

g — U C %@{T and g — u; 1 %E’{,]




» Gluino decay branching ratios in our scenario:

In our scenario we have:

;:}_: B(g — u;c)B(ii; = ty)) + Blg — u;t) B(u; — rf,']|
=12

B(§ — cex) =) | B(§ — tizc) B(ii; - ex)| = 0.380,

(==

=12

B(g — tty)) =% | B(g — 1iit) B(ii; — 11'1']]_I+.IE[J.
=12

(Note) i, ~ 0.73¢, —0.69¢, , 11, ~—0.69¢, —0.73¢,

3

We have very large QFV gluino decay branching ratio!




Contour plots of BR in our scenario
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Ci—1t: mixing parameter

The QFV decay branching ratio B(g 4@?-_”) can be very large in a significant part of

ull uRR .
the 5,, - 3&,, plane allowed by all of the constraints.

This can lead to large QFV effectsat LHC!




Contour plots of

B(g —(cz) contours

BR in our scenario

e

excluded by B(b —s ) data

Cz— I z mixing parameter

e

Ci—1t: mixing parameter

The QFV decay branching ratio B(g 4@-_”) can be very large in a significant part of

ull uRR .
the 5,, - 3J,, plane allowed by all of the constraints.

This can lead to large QFV effectsat LHC!




5, dependences of gluino decay BR’s in our scenario
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Yy Crz— [ 1 mixing parameter

The QFV decay branching ratio (B ( g — Effl can be very large (~30-50%) in a

uRL
wide allowed range of {:' R— I . mixing parameter O 73




uRR L] L]
S . dependences of squark decay BR’s in our scenario

BBt = Mias//MoaMiss

Cz—1 z mixing parameter

The QFV decay branching ratios B(ii, , —c7,) and B(ii;, — t7.) can be very large
uRR

simultaneously in a wide allowed range of the ER—?R mixing parameter & .

¥

This can lead to large QFV effectsat LHC!




6. Impact on gluino signatures at LHC

Large Cx—1z mixing

Large QFVBR B(g —>€7’)

The signature of the QFV gluino decay g —> (¢ y, at LHC:

"fop-quark + jet + nussing-energy'




Example of OFV _gluino signature at LHC

Example of QFV gluino decay signature at LHC :

P I ]

= =)

pp—>gnX —tcy X

‘top-quark + jet + missing-E + beam-jets




beam — jet

‘top-quark + jet + missing-E + beam-jets'




‘top-quark + jet + missing-Er + beam-jets*

(Note) Single top—quark production pp —"W ""Z "X — tb vVX could be a SM BG.
However the cross section of this process would be very small because it is a weak process.




Invariant mass distribution of @ from gluino decay

in our benchmark scenario
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We have remarkable ﬁﬂ:lﬁ-&;dge Structures in the¢ invariant mass

distribution of Charm and top quarks!

This edge structure is due to tke@tﬁﬂfﬂ squark effect.




7. Impact on squark signatures at LHC

Large Cx— 1l & mixing

Large QFV BR’s B(ii,, —>€%°) » B, , —07°)

Large rate of QFV squark signature at LHC :

pp — f?l_g_}hl_j’ N 1D ) ':@ZD )X

‘top-quark + jet + missing-E + beam-jets'




OQFV squark signature at LHC

Single top-quark production

2]

OQFV squark decay

‘top-quark + jet + missing-E; + beam-jets‘




FV squark signature at LHC

Single top-quark production

9]

‘top-quark + jet + missing-E + beam-jets*

(Note) Single top—quark production pp —"W ""Z "X — tb vVX could be a SM BG.
However the cross section of this process would be very small because it is a weak process.




dependences of QFV cross sections at LHC
in our benchmark scenario
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Figure 4: 3™ clijuuch nees of Tarell=o(pp = iy X), ol ane “1\\‘ -'F“ = alpp —

Jrgrr-_r."'. ), a5 at E., =T and 14 TeV,

cr—1 ¢ Mixing parameter

The QFV cross sections can be very large in a wide allowed range of
—_— — . uRR
the & __ f . mixing parameter s ; .

(Note) We have obtained similar results for the QFV cross sections in a
QFYV scenario based on the mSUGRA scenario SPS1a’.




Impact on squark and gluino search at LHC

Our analyses suggest the following:

* One should take intfo account the possibility of significant contributions

Jfrom QFV decays in the squark and gluino search at LHC.

Moreover one should also include QFV squark parameters (i.e. squark generation
mixing parameters) in the determination of the basic SUSY parameters at LHC.

Detailed Monte Carlo studies including background processes and detector
effects are necessary to identify the parameter region where the proposed QFV

squark and gluino signals are observable with sufficient significance, e.g. the so-

called "5 odiscovery region".




8. Conclusion

We have studied production and decays of squarks and gluinos in the MSSM with

——— B

squark generation mixing, especially Cj,, — I, , mixing.
We have shown that QF V squark and gluino decay branching ratios such as

B(g »>ct?), By, —»cz)) , B, —>1t7) can bevery large (up to ~50%) due to the
C »— ?R mixing in a significant region of the QFV parameters despite the very strong
constraints on QFV from experimental data on B mesons .

This can result in remarkable QFV squark and glitino signal events such as

‘pp —>Ic +E}m + beam-jets' with a significant rate at LHC.

We have also studied the effect of the squark generation mixing on the invariant mass
distributions of the two quarks from the gluino decay at LHC. We have found that it

can result in novel and characteristic edge structures in the distributions. In particular,
mitltiple-edge (3- or 4-edge) structiires can appear in the charm-top quark mass

distribiition.




* These could have an important impact on
the search for squarks and gluinos
and

the MSSM parameter determination at LHC.
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5. Impact of squark generation mixing on
squark and gluino decays

»  We study the effect of squark generation mixing on the squark and gluino
decays at LHC.

* In case of ’ER —}; mixing, gluino and squarks could decay as follows:

g—=uc—cet j;? and g—u;t—ct ‘i{i]

* Possible two-body decays of the gluino and squarks are:

g — Uy g, d;dg,,,
~ ~{) ] =t ; W+, i ;fl:l ~ }I] i
Uy = Ug Xpo O X O , Uy 4, Uy U R

up = (u,e,t) and dp = (d, s,b).




uRR . . .
s, dependences of gluino decay BR’s in our scenario
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The QFV decay branching ratio B(g — Cfflﬂ ) increases quickly with increase of the

~ o~ uRR
Cr— [ mixing parameler J .
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and can be very large in a wide allowed range




uRR

S ), dependences of gluino and squark two-body decay BR’s

Gluino two-body decay BR’s
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6. Impact on gluino signatures at LHC

Gluino pair production and the QFV gluino decay o — ijf'lD lead to

OFV gluino signature at LHC :

B

pp —> geX — (fey e y)HX

‘top-quark + top-quark + 2 jets + missing-E + beam-jets*

t—>bW~™ >bl"v

‘isolated same sign dilepton + 4 jets + missing-E + beam-jets




isolated same sign dilepton

.___.-' "-\.,\__\ --_____.-"
(17 F
R

| QFV gluino decay

beam — jet beam — jet

‘isolated same sign dilepton + 4 jets + missing-E 1 + beam-jets*




Example of OFV gluino signature at LHC

isolated same sign dilepton

‘isolated same sign dilepton + 4 jets + missing-E + beam-jets*




o(pp = Wi, X = cH(t7) I X)

= o(pp = ;X — ct IV X) + o(pp = wu; X — tex{x1X)

B:: i = cX) - B(i; = tX}) + B(i; = tx}) - B(i; = &x1)]. (15)

We calculate the relevant/squark-squark and squark-antisquark pair production cross-
sections‘at leading order using the WHIZARD/O'MEGA packages [24, 25| where we
have implemented the model described in Section 2 with squark generation mixing
in its most general form. We use the CTEQG6L global parton density fit [26] for the
parton distribution functions and take () = mg, +m;; for the factorization scale, where
u; and wu; are the squark pair produced. The QCD coupling a,(€)) is also evaluated

(at the two-loop level) at this scale Q. We have cross-checked our implementation of

QFV by comparing with the results obtained using the public packages FeynArts [27]

and FormCale [28].




