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Beyond Standard Model, e.g. Minimal Supersymmetric Standard Model (MSSM)

Minimal flavour-violation (MFV)

• no new sources of flavour violation

• in super-CKM basis squarks undergo 
   same rotations as quarks

• all flavour-violating entries related
   to CKM-matrix

• Example:               interaction 
   proportional to  Vqjq�
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In the Standard Model, all quark flavour-violating terms are proportional to CKM-matrix

The flavour-violating terms are incorporated in the mass matrices at the electroweak scale
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Soft-breaking matrices can include off-diagonal, i.e. flavour-violating, entries
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Quark Flavour Violation in the MSSM

Introduce dimensionless parametrization for flavour-violating entries
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Quark Flavour Violation in the MSSM

Diagonalization through 6x6 rotation matrix leads to mass eigenstates

RũM2
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ũ1
, m2

ũ2
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QCD factorization theorem

Analytical expressions for squark production cross-sections and decays published in earlier works
Bozzi, Fuks, Herrmann, Klasen (2007);  Fuks, Herrmann, Klasen (2008)
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Branching ratios of squarks depend on masses and mixing matrices
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Branching ratios of squarks depend on masses and mixing matrices
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Branching ratios of lightest squarks into charm- and top-quarks can be simultaneously large
➔ large QFV effects and interesting phenomenology at colliders...
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Branching ratios of squarks depend on masses and mixing matrices
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Branching ratios of lightest squarks into charm- and top-quarks can be simultaneously large
➔ large QFV effects and interesting phenomenology at colliders...

Allowed range w.r.t. experimental constraints: −0.8 � δuRR
23 � 0.8
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Interesting production signatures due to potentially large squark branching ratios
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BR(ũi → tχ̃0
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Interesting production signatures due to potentially large squark branching ratios

Numerical calculation

• SPheno3 for mass spectrum, constraints, and branching ratios [Porod 2003-2010]

• Whizard/O’Mega for production cross-sections [Kilian, Ohl, Reuter 2001-2010]

  (MSSM with QFV implemented!) [Herrmann 2009]

• Verification using FeynArts/FormCalc [Hahn 2001-2010] and XSUSY [Fuks, Herrmann to be published]

• CTEQ6L parton distribution functions [Pumplin et al. (CTEQ)]
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∗
j )

�
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1)BR(ũj → tχ̃0
1) + BR(ũj → cχ̃0
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Charm-top associated production provides interesting signature
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Charm-top associated production provides interesting signature

Expect ~104 events for “jet + top + ETmiss” production at 100 fb-1 integrated luminosity 
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Charm-top associated production provides interesting signature

Expect ~104 events for “jet + top + ETmiss” production at 100 fb-1 integrated luminosity 

Loop corrections for dominant flavour-conserving channels enhance cross-section by about 30%
[Beenakker, Höpker, Spira, Zerwas (1997)]
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Top-quark pair production including missing energy provides another interesting signature
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Top-quark pair production including missing energy provides another interesting signature

Signal “top+top+ETmiss” can practically not be produced in SM or flavour-conserving MSSM
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Cross-sections rather small due to absent gluon contributions,
dominant subprocess is gluino exchange from initial state charm content

Top-quark pair production including missing energy provides another interesting signature

Signal “top+top+ETmiss” can practically not be produced in SM or flavour-conserving MSSM
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Introduce QFV entries into weak-scale soft terms of SPS1a’

Expect up to ~104 events for “jet + top + ETmiss“ production at 100 fb-1 integrated luminosity 
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Introduce QFV entries into weak-scale soft terms of SPS1a’

Allowed range w.r.t. experimental constraints:   −0.5 � δuRR
23 � 0.5

Expect up to ~104 events for “jet + top + ETmiss“ production at 100 fb-1 integrated luminosity 
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Identification of top-quarks crucial:  

p p→ ũ1,2 ũ∗1,2 → c t̄ (t c̄) χ̃0
1 χ̃0

1 p p→ ũ1,2 ũ∗1,2 → t t̄ χ̃0
1 χ̃0

1
???

Efficient charm-tagging useful, otherwise search for 

t→ bW+ → b qq̄

p p→ ũ1,2 ũ∗1,2 → q t̄ (t q̄) χ̃0
1 χ̃0

1

[Hisano et al. (2002+2003)]
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1 → c t̄ (t c̄) χ̃0

1 χ̃0
1

Gluino production channel found to be numerically small
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Standard Model top quark production can be distinguished through jets and/or missing energy
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This clearly calls for detailed Monte-Carlo study (possibly including detector simulation)
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Flavour-violating terms can a priori be present in soft-breaking terms at the electroweak scale

Perspectives and Outlook:

• Study further squark and gluino decays...

• Include higher-order corrections in production and decays...

• Analysis of lepton flavour-violating processes and signatures...

[Bartl, Eberl, Herrmann, Hidaka, Majerotto, Porod et al. (in preparation)]
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