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• Helicity Suppressed
• Pseudoscalar – Lepton pair spin flip
• Standard Model amplitude is small
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• The SM prediction is very clean
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• Current Experimental Upper Limits
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• Suppressed SM = Excellent probe of New Physics
• Additional final state particle lifts the suppression.

• Can carry away angular momentum

• SM contributions from soft photons may be a large source of 
systematic uncertainty
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• Suppressed SM = Excellent probe of New Physics
• Additional final state particle lifts the suppression.

• Can carry away angular momentum

• SM contributions from soft photons may be a large source of 
systematic uncertainty

• Previous work on 

• Model dependent form factors
• Photon Energy Cuts

• Near our region of interest

• Our calculation:
• Focus on soft region
• Model independent (where we can)
• Expand in powers of 1/M + Chiral
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Final Di-Muon Signal Windows



CHIRAL + 1/M EXPANSION
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EFFECTIVE WEAK B-S TRANSITION

The (bs) FCNC is at 1-loop in SM (penguin + box)
• Weak transition can be expanded in terms of effecti ve operators:

+
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Heavy Meson Chiral Perturbation Theory 
to parameterize the (bs) quark bilinears:
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Light  Pseudoscalar MesonsHeavy MesonsHMXpT

Heavy Meson Chiral Perturbation Theory 
to parameterize the (bs) quark bilinears:



Expansion (Leading Order):

HEAVY VECTOR RESONANCE
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Matrix Element : Transition Magnetic Moment

HEAVY VECTOR RESONANCE
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Expansion (Leading Order):



Parameterized in terms of the decay constant

Described by the effective b-s Weak Transition:

HEAVY VECTOR RESONANCE
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Matrix Element : Transition Magnetic Moment

Expansion (Leading Order):



HEAVY VECTOR RESONANCE
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Expansion (Leading Order):



Coupling to the Heavy Quark

HEAVY VECTOR RESONANCE
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• Note on 1/M
• Don’t know the 1/M behavior of 

Heavy quark contribution:



Coupling to the Light Quark

HEAVY VECTOR RESONANCE
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Light DOF Contribution :



Chiral Loop Contributions

Leading Contribution :

HEAVY VECTOR RESONANCE

Light DOF : Chiral 1- Loop: 
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HEAVY VECTOR RESONANCE

HMxPT coupling constants:

• Use experimental D decays.
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Light Vector Resonance Pole Diagrams : ϕ(1020)

Leading Contribution

LIGHT VECTOR RESONANCE

Subleading Contribution (1/M)
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LIGHT VECTOR RESONANCE

Light Vector Resonance Pole Diagrams : ϕ(1020)

Subleading Contribution (1/M)

Couple HMxPT to Light 
Vector Resonances

Leading Contribution

Next Step : Bremsstrahlung

First order in 1/M and derivitaves.
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BREMSSTRAHLUNG

Bremsstrahlung 

• Photon is emitted from final state leptons

• Creates an IR divergence
• Interferes with our region of interest

• IR divergence cancelled by 1-Loop QED Corrections to

+
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BREMSSTRAHLUNG
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Bremsstrahlung 

• Photon is emitted from final state leptons

• Creates an IR divergence
• Interferes with our region of interest

• IR divergence cancelled by 1-Loop QED Corrections to



Preliminary Results (Without 1-Loop QED Corrections )

• Use Lower Energy cut of 10 MeV

RESULTS

Upper & Lower
limits on
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CDFII, CMS, LHCb D0

Upper & Lower
limits on

8%

ATLAS

16%



CONCLUSIONS

Thank You.
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• Soft photons that are not discernable by detectors can amplify SM 
contributions to the decay width

• Depending on experimental photon cuts the contribution        can be large.
• CDFII, CMS, LHCb ~ 8% 
• ATLAS, D0 > 15%


