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Slepton production and mass measurement at the LHC

• Direct production (Drell-Yan):

Baer at al. ‘93

Low cross-section and large SM bg         detection up to       ~ 200-300 GeV

Difficult to extract information on the slepton masses
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Slepton production and mass measurement at the LHC

• Indirect production (cascade decays):

Paige ’96; Hinchliffe et al. ‘96

Kinematic end-point:

Wino-like      :

Carquin et al. ‘08
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Slepton production and mass measurement at the LHC

Can the measurement of the kinematic edges of the e-e and µ-µ invariant 
mass distributions resolve a mass difference between selectron and 
smuon?
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Slepton production and mass measurement at the LHC

Can the measurement of the kinematic edges of the e-e and µ-µ invariant 
mass distributions resolve a mass difference between selectron and 
smuon?

Allanach et al. ‘08

It can be measured at the LHC with precision below the percent level!



Slepton mass splittings and LFV at the LHC Lorenzo Calibbi (MPP)

Slepton production and mass measurement at the LHC

Can the measurement of the kinematic edges of the e-e and µ-µ invariant 
mass distributions resolve a mass difference between selectron and 
smuon?

• Is a measurable selectron-smuon splitting possible within the CMSSM? 

• If not, such observation could point towards non-minimal effects (e.g. LFV)

• Alternatively, it can be due to non-degeneracy already at the SUSY    
breaking scale in models with alignment Feng et al. ’07, ’09

Allanach et al. ‘08

It can be measured at the LHC with precision below the percent level!
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Lepton flavour conserving case

Slepton mass matrix in absence of flavour mixing:

In the CMSSM, from the RGEs, we approximately have:
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Lepton flavour conserving case

Slepton mass matrix in absence of flavour mixing:
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Lepton flavour conserving case

~ 0.1 %, even for large tanβ

We get for smuons and selectrons:

not measurable at the LHC
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Lepton flavour violating case

If                   induced by LFV → correlation with low-energy LFV,

Masina and Savoy. ’02

• LFV sources in the 1-2 sector:  

Strong constraints from                          ( < 1.2 x 10-11 ) :
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Lepton flavour violating case

If                   induced by LFV → correlation with low-energy LFV,

• LFV sources in the 1-2 sector:  

only in cancellation regime (in the RR sector)
Hisano et al. ’02, ‘08
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Lepton flavour violating case

If                   induced by LFV → correlation with low-energy LFV,

• LFV sources in the 1-2 sector:  

only in cancellation regime (in the RR sector)
Hisano et al. ’02, ‘08

• What about LFV in the 2-3 sector?          (or 1-3, but not at same time) 

splitting

splitting

Clearly splitting is induced also between stau and smuon, but stau masses 
are also affected by possibly large RG effects, LR mixing ... 
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Lepton flavour violating case

If                   induced by LFV → correlation with low-energy LFV,

• LFV sources in the 1-2 sector:  

• What about LFV in the 2-3 sector?          (or 1-3, but not at same time) 

splitting

splitting

Possible hints of (2-3) LFV from flavour conserving processes such:

/

only in cancellation regime (in the RR sector)
Hisano et al. ’02, ‘08
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LFV at low-energy experiments and at the LHC

If δ32 is the origin of a selectron-smuon mass splitting, LFV processes are 
clearly unavoidable.

• Low-energy LFV: 
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LFV at low-energy experiments and at the LHC

If δ32 is the origin of a selectron-smuon mass splitting, LFV processes are 
clearly unavoidable.

• Low-energy LFV: 

Masina and Savoy. ’02
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LFV at low-energy experiments and at the LHC

If δ32 is the origin of a selectron-smuon mass splitting, LFV processes are 
clearly unavoidable.

• High-energy LFV: 
Arkani-Hamed et al. ’96, ’97

Hinchliffe and Paige ’00
Carvalho et al.’02, Carquin et al. ’08

...
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LFV at low-energy experiments and at the LHC

If δ32 is the origin of a selectron-smuon mass splitting, LFV processes are 
clearly unavoidable.

• High-energy LFV: 

Arkani-Hamed et al. ’96

while: 



Slepton mass splittings and LFV at the LHC Lorenzo Calibbi (MPP)

LFV at low-energy experiments and at the LHC

If δ32 is the origin of a selectron-smuon mass splitting, LFV processes are 
clearly unavoidable.

• High-energy LFV: 

Hisano et al. ’02
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Results
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Results
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Results

Enhancement factor in the edge splitting:
• always enhanced (at least ~3) in the LL case
• enhancement or suppression in the RR case
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Results
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Results

Coannihilation
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Results

Coannihilation

• selectrons and smuons produced in cascade decays
• (Super-KEK-B)
• (g-2)µ tension below 2σ
• WMAP bound from neutralino-stau coannihilation

At the same time:
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Results

Splitting of the di-muon and di-electron distributions edges:

Coannihilation
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Results
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Results

Carvalho et al.’02, Carquin et al. ’08

Good prospects at the LHC if:
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Conclusions

• We considered a mSUGRA SUSY breaking scenario, in which selectrons   
and smuons are predicted to be highly degenerate (in absence of LFV)

• Any evidence of a sizeable splitting between selectron and smuon masses 
points towards either a different SUSY breaking mechanism or different 
realizations of mSUGRA: we considered the case of LFV-induced splitting

• Mixing between second and third generation sleptons can induce sizeable 
(and measurable at the LHC) mass-splittings between first and second 
generation sleptons 

• Processes such as                  and                         can be detectable and 
help to shed light on the origin of the mass-splitting

nice example of the inteplay between high-energy and       
high-intensity (low-energy) frontier experiments
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Additional transparencies
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Signals and backgrounds estimates
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Signals and backgrounds estimates
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