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1. Introduction 
 

• Quark flavour conserving (QFC) fermionic squark decays, such as  

                               are usually assumed in the squark search analyss.  

 

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

                                   , where the mass eigenstates         are mixtures of scharm 

and stop quarks. 

 

• We point out that the branching ratios of such QFV bosonic squark decays 

can be very large due to the                   and                 mixing effects despite  

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

 

• We  show that such QFV bosonic squark decays                                 can play  

     a very important role in the squark and gluino searches at LHC(14 TeV) and 

the squark searches at Lepton Colliders with            = 1.5 TeV - 2 TeV. 
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2. MSSM with QFV 

• The basic parameters of the MSSM with QFV: 

{tanb, mA , M1 , M2 , M3 , m , M2
Q,ab , M2

U,ab , M2
D,ab , TUab , TDab } 

  (at Q = 1TeV scale (SPA convention))        (a,b = 1,2,3 =  u, c, t  or  d, s, b) 

 

tanb :       ratio of VEV of the two Higgs doublets <H0 2>/<H0
1> 

mA :           CP odd Higgs boson mass (pole mass) 
 

M1, M2 ,M3 :    U(1), SU(2),SU(3)  gaugino masses 

m :        higgsino mass parameter 

M2
Q,ab :  left squark soft mass matrix 

M2
Uab :   right up-type squark soft mass matrix 

M2
Dab :   right down-type squark soft mass matrix 

TUab :     trilinear coupling matrix of up-type squark and  Higgs boson 

TDab :     trilinear coupling matrix of down-type squark and  Higgs boson 



L Lm 
m  

R Rm 

L Rm 

R Lm 

 
   QFV parameters in our study are: 
 
      M2

Q,23  :           mixing term 
 
      M2

U23  :          mixing term 
 
      TU23     :          mixing term 
 
      TU32     :          mixing term 
 
 
        (Note)  We work in the super-CKM basis of squarks.  
             
                                                                                                                                                          
              . 
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We respect the following constraints: 

 

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

neutralinos. 

 

(2)  the constraint on (mA , tanb ) from the recent MSSM Higgs boson search at LHC 

[arXiv:1202.4083]. 

 

(3) the constraints on the QFV parameters from the B physics experiments. 

 

 

 

(4)  the constraints from the observed Higgs boson signal at LHC  

     (allowing for theoretical uncertainty): 123 GeV < m_h0 < 129 GeV. 

 

(5)  theoretical constraints from the vacuum stability conditions for the 

      trilinear coupling matrices.  

 

3. Constraints on the MSSM 

 )  B(B -

s mm  )   B(Bu   
BsM ) s B(b 



We take the following scenario as our QFV benchmark 
scenario: 

4. QFV bosonic squark decays 

4.1 QFV Benchmark Scenario 

These weak scale parameters are defined at Q = 1 TeV scale (SPA convention).  
 
(M1, M2 ,M3) = (400, 800, 1000) GeV 
 
m = 2640 GeV,  tanb = 20,  mA(pole) = 1500 GeV 
 
(M2

Q11, M
2

Q22, M
2

Q33) = (2400^2, 2360^2, 1450^2) GeV^2 
 
(M2

U11, M
2

U22, M
2

U33) = (2380^2,  780^2,  750^2) GeV^2 
 
(M2

D11, M
2

D22, M
2

D33) = (2380^2, 2340^2, 2300^2) GeV^2 
   
All of TUaa and TDaa are zero, except TU33 = -2160 GeV. 
 
QFV parameters:  M2

U23 = 419^2 GeV^2 
 
                               TU32 = -458 GeV. 

decoupling Higgs scenario 

large              mixing scenario  

 (large top-trilinear-coupling scenario) 
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Main features of the benchmark scenario 

• large QFC/QFV trilinear couplings of   

                   /                  
•  sizable scharm-stop mixing (               mixing) 

• large mass of either       or      

• large mass of the CP-odd neutral Higgs boson 

             (= 1500 GeV) and large            (= 20). 
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Physical masses in the benchmark QFV scenario 

        = 124GeV 

  

 - CP-even lighter Higgs boson h0 is SM-like!  

 - its mass mh0 = 124 GeV is in the LHC “Higgs  signal” range ! : 

123 <  mh0  < 129GeV. 
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      < up-squark sector >     < down-squark sector > 
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In this large               &              &               mixing scenario;  

  

 

 

QFV branching ratio                           can be large! 
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In this large               &               &               mixing scenario;  

  

 

 

QFV BR                             can be large! 
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QFV squark decay BR                               can be very large (~50%) ! )~~( 0
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4.2  Impact of squark generation mixing 

Squark & gluino decay branching ratio in our QFV benchmark scenario  
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Gluino pair production and the QFV squark bosonic decay can lead to  

QFV  squark signature at LHC  : 
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   ‘ top-quark + 3 jets + h0 + missing-ET + beam-jets‘  

Example  of  QFV  squark signal at LHC 

5. Impact on squark signals at LHC 



Example  of  squark
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QFV bosonic squark decay signal rates at LHC 

QFV bosonic squark decay signal rates can 

be significant at LHC(14 TeV)! 

In our scenario;  

- gluino prod. cross section is significant:  

                             ~ 150 fb at LHC(14 TeV)! 

-                              can be large (~ 25 %)! 

We can expect copious production of          

from gluino prod. and decays at LHC(14 TeV)! 
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QFV bosonic squark decay signal rates can be significant  

at LHC(14 TeV) in our QFV benchmark scenario !: 

 

 

 

 

 

 

For LT=300 fb-1 we expect 1200, 1200, 600, 600 events for these  

QFV signal  rates.  
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Signal cross sections (fb) 
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• The strongly interacting sparticles produced at LHC (14 TeV)  

   are practically only          and       in this scenario. 

 

• In case the QFV squark (        ) 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          !!! 
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   ‘ top-quark +  charm-jet + missing-ET‘  

Example  of  QFV  fermionic squark decay signal at LC 

6. QFV squark signals at LC 



Example  of  squark
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Example  of  QFV  bosonic squark decay signal at LC 



Example  of  squark
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7. Conclusion 
 

• We have shown that QFV bosonic squark decay branching ratios such as  

                               can be very large (up to ~50%) due to the                      and            

mixings despite the very  strong constraints from B meson data.  

• This can result in remarkable QFV squark signal events, such as 

                                                                                + 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                           in  

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

      parameters at LHC(14 TeV). 
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• In case the QFV squark (        ) 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        !!! 2,1
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