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Motivation
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A 40-year mystery (almost) solved, 
another of similar age awaits.
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• A successful establishment of 
particle dark matter requires 
consistency between all 
aspects.

• To verify the consistency, one 
need to specify the model. 

• Effective operator approaches 
not applicable in many cases.

Many faces of 
Dark Matter

Probably, we also need a bit of 
luck…



Motivation
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We are probing DM from all aspects 
with unprecedented and yet 
constantly growing sensitivities!
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Relic

Direct
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For the MSSM



DM Candidate
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Neutralino Lightest 
Supersymmetirc Particle 
(LSP)

DM has Bino, Wino, Higgsino
components, and couples 
similarly to their SM super 
partners. 



Framework:
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(a) Higgs discovery and other collider searches; 
(b) B physics; 
(c) The thermal relic density;
(d) DM direct detection. 

Decouple other physics not in concern, consider 
the following parameters and ranges:
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Blue, excluded by XENON-100
Green, Z-funnel, h-funnel, H/A-funnel
Yellow, neutralino/chargino coannihilation
Magenta, stermion assistance

—sfermion coannihilation, t-channel exchange
Gray, “blind spots”

Direct
Detection
Spin-Independent
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Green, Z-funnel, h-funnel, H/A-funnel

Direct
Detection
Spin-Independent

SM

DMDM

SM

Resonance

Hitting the resonance when 
DM annihilate:
Only need small coupling to 
mediators still annihilate 
efficiently to avoid overclosing
the universe, but direct 
detection rate will be low

The available mediators are Z/h/H/A, 
and the mass of the DM will be close to 
half the mediator mass.

There will be a lower bound of the direct 
detection for funnel regions (if not “blind spot”—
talk later), as the resonance kinematic 
enhancement is finite, so at least the direct 
detection will receive contributions from the 
annihilation mediator. 
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Yellow, neutralino/chargino coannihilation
Magenta, stermion assistance

—sfermion coannihilation, t-channel exchange

Direct
Detection
Spin-Independent

SM

DMCoannihilator

SM

DM

DM only need to couple to the coannihiltor, 
the effective couplings between DM and SM 
could be extremely small, thus low direct 
detection is predicted.

Stau, sbottom are 
required to be 
greater than 80 
GeV, and 
chargino greater 
than 100 GeV.



6/3/2015

P. Huang and C. Wagner

Direct
Detection
Spin-Independent

DM annihilate 
through its sizable 
couplings to the 
SM sector.

The direct 
detection rate 
mediated by the 
light and heavy 
Higgs are both 
sizable, but 
interfere 
destructively.
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Gaugino and Higgsino Fractions
Left: with right amount of relic density
Right: in addition satisfy XENON-100

Black, Bino fraction
Red, Wino fraction
Green, Higgsino 1 (Hd)fraction
Blue, Higgsino 2 (Hu) fraction

Comparing the valid DM components
a) Direct detection prohibits large 

Wino/Higgsino components;
b) Resonance (funnel) solutions only need 

small component;
c) Blind-spots could still allow sizable 

Wino/Higgsino components. 
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Indirect Search
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Higgs Invisible Decays

Higgs as portal to DM

SM-like Higgs could 
have sizable Br to both 
Z-funnel and h-funnel 
DMs
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Heavy Higgs Decays
New production mechanism for 
electroweakinos

Co-annihilation, “blind-spot” is 
hard to test in other DM probes 
such as direct detection.

Heavy Higgs could be the direct 
probe for the “coannihilators” 
such as stau and Higgsino/Wino;
Also have sizable Br to DM (if 
kinematically allowed) 



6/3/2015

We performed a study on MSSM with a 
neutralino LSP as the full Dark Matter.
(1) DM Largely Bino-like;
(2) Low Mass (<30 GeV)DM disfavored; 
(3) Funnels and Coannihilation; 
(4) Lower bound on sigma_SI for funnels
(5) Indirect search will hit A-funnel soon;
(6) Higgs decays to neutralino, chargino pairs.

MSSM DM 
Conclusion



What about 𝐵𝑠 → 𝜇𝜇?
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Experimental Results
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By combining LHCb and CMS, we observed (more than 5-sigma) 
such rare leptonic decay mode of the B meson for the first time.

arxiv:1411.4413

How to understand? and what are the implications?

http://arxiv.org/abs/1411.4413
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arXiv:1303.3820

Standard Model

There is B-Bbar mixing and difference in life-time
The SM theory calculation is at t=0 and CP averaged
The Experiment is time-integrated

Rare leptonic decay of 𝐵𝑑 is 
further CKM suppressed and 
roughly 1/30 of 𝐵𝑠

http://arxiv.org/abs/1303.3820
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Beyond the Standard Model
Example BSM 
contribution

In SUSY, many sources of this effective 
flavor violating coupling 𝑋𝑅𝐿

32

From M. Carena’s talk



In MSSM benchmarks
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Red: Present EXCLUDED
regions for different scenarios

Green: Future ALLOWED 
regions for different scenarios

arXiv:1211.1976

http://arxiv.org/abs/arXiv:1211.1976


Now back to 
the result
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Note: 
shaded peaks are the best fit, 
instead of SM prediction. 



Future
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ATLAS will add more; great improvement 
expected from FTK?



Conclusion

It is a spectacular measurement!

Many theories could give raise to altered 
𝐵𝑠 → 𝜇𝜇 rate (both ways). SUSY 
modification especially enhanced by tan6 𝛽.

We will be much amazed if the future 
measurement establishes/confirms 
deviations from the SM.
Though it would be impossible for us to pin down the source of deviation, but 
it could point us to a particular (range) of scales that will guide our search.
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