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Dark Matter evidence 

It will be difficult to explain the universe without 
dark matter assumption.



Dark Matter search

Signals at Experiments DM Hints

Coillders LHC, LEP, Tevatron, ... None

Direct detection XENON100, CDMS, LUX ... DAMA, CoGeNT, CRESST at low DM 
mass region. 

Cosmic rays
1. Positrons

2. antiprotons
3. neutrinos

1. PAMELA, Fermi-LAT, AMS02...
2. PAMELA...
3. IceCube...

1. High energy positron excess
2. None
3. PeV neutrinos 

Gamma rays Fermi-LAT, ... FERMI bubbles, Fermi Gamma ray 
line at 130 GeV...

Radio WMAP, Planck WMAP (Planck) haze



Outline

1. MSSM neutralino dark matter

2. SUSY Dark Matter search at the LHC

3. Impact of the XENON100 (2012) result 

4. Neutralino indirect detection 
 

5. Summary



Neutralino Dark Matter



Supersymmetry



Supersymmetry

No DM candidate !!



Some popular supersymmetric models:
Minimal and Next Minimal Supersymmetric Standard Model

G. L. Kane, C. F. Kolda, L. Roszkowski and J. 
D. Wells, Phys. Rev. D 49 (1994) 6173

Models Input parameters Boundary conditions 

CMSSM m_0, m_{1/2}, tanb, A_0, 
sgn(mu)

GUT (Q/GeV ~2 X 10^16)

CMSSM
+non-universal Higgs mass

CMSSM+(m_Hu,m_Hd) GUT (Q/GeV ~2 X 10^16)

MSSM all trilinear couplings, masses, and 
Higgs parameters

SUSY (Q~stop mass )

CNMSSM CMSSM+ Singlet higgs mass GUT  (Q/GeV ~2 X 10^16)

NMSSM all trilinear couplings, masses, and 
Higgs parameters

SUSY (Q~stop mass )



Bino DM candidate 
(Fit relic density and ID)



Bino DM candidate 
(Fit relic density and ID)

SMUON light 
(Fit g-2)

1st 2nd gen squarks heavy
(LHC disfavored)





       Constraints in Likelihood

NEW!!! XENON100 (2012) 
included.



       Constraints in Likelihood

Basic set



Likelihood types

Gaussian Likelihood distribution Lower-limit  Likelihood distribution 

Poisson  Likelihood distribution will be shown later... 





High probability region 
can be grouped by their 
main contribution to relic 
density reduction.  

Taken from Fowlie’s PhD thesis
(2013)



SUSY Dark Matter search 
at the LHC



Collision

Dark Matter production at the LHC

 Proton

Dark Matter studies at the LHC are highly model-
dependent: one can identify DM candidate.

This will need a confirmation from DM DD and ID search. 

Leptons
Jets

missing 
energy

 Proton



That was reported 10 
years ago about 
Tevatron...

What has been 
changed since then?



Increasing energy, 
luminosity and number 
of physicist failed to 
find SUSY have 
increased by factor of 
10... 



Let's look at the 
situation in the MSSM.





chargino-neutralino pair
production (EW production)



The impact of 125 GeV Higgs mass 

04th July 2012, CMS and 
ATLAS 
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The impact of 125 GeV Higgs mass 

04th July 2012, CMS and 
ATLAS 

Time to celebrate? 
Hold on a moment, is Higgs Standard Model like?



The impact of 126 GeV Higgs mass 

No difficulty to fit Higgs mass at 
126 GeV!!!

input parameters

M_SUSY Scale



The impact of 126 GeV Higgs mass 

Agree with SM ! 



Dark matter direct detection  



Dark matter direct detection  

LUX 2013 

"We find that the LUX data are in 
strong disagreement with low-mass 
WIMP signal interpretations of the 
results from several recent direct 

detection experiments"



Detect Dark Matter elastic scattering 

Undetermined direct 
detection parameters:

● Local dark matter density
● Dark matter velocity distribution 
● Dark matter mass
● Form Factor
● effective couplings of DM to protons 

and neutrons.

Large theoretical 
uncertainties from lattice 

physics 

Astrophysical uncertainties ~2 (1111.0292, 1012.3458)
Form Factor uncertainties ~1.2 (hep-ph/0608035v2)



Kingman Cheung, Yue-Lin Sming Tsai, 
Po-Yan Tseng, Tzu-Chiang Yuan, A. Zee 
Published in JCAP 1210 (2012) 042 
e-Print: arXiv:1207.4930



Large theoretical error from lattice 
calculations

Varying sigma-term between two scenarios (30 MeV and 80 MeV), 
spin-independent cross-section can vary by ~one order of magnitude .

From quark level to parton level 
micrOMEGAs3



The effect of theoretical error



Impact of the XENON100



200 GeV <mx< 500 GeV



Neutralino indirect detection



Detect Dark Matter annihilation 

 E. A. Baltz et. al., JCAP 0807 (2008) 013, [arXiv:0806.2911]

Undetermined indirection detection inputs:

● Astrophysics background
● Halo model
● Dark matter mass
● annihilation cross-sections 



Fermi DM gamma ray search  

Source Advantage Disadvantage

Galactic Center Strong DM signal, 
good statistics

High astrophysics  
background,
unclear source

Milky Way Halo Large statistics High astrophysics  
background

dSphs Low astrophysics background Low statistics

Gamma-ray line No similar astrophysical signal Low statistics

Extragalactic gamma-ray 
background 

Large statistics Huge astrophysical 
uncertainties 

Galaxy Clusters Low astrophysics background Low statistics and 
astrophysical uncertainties
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neutralino DM gamma ray search  

MSSM neutralino flux has O(1~2) lower than Fermi data.
NMSSM: one can have larger fluxes. 
See: Guillaume Chalons (1204.4591) and 
Das, Ellwanger, Mitropoulos (1206.2639)

Fermi dSphs data can provide sensitive bound for 
CMSSM. 
See: Roszkowski, Sessolo, Tsai (1202.1503)



DM gamma rays from dSphs  

Fermi -LAT put the upper limit on WIMP annihilation cross section. 

Fermi-LAT group (1108.3546)



DM gamma rays from dSphs  

Fermi-dSphs data is more sensitive to low neutralino mass region.

Fermi LAT data taken from 4 August 2008 to 2 
August 2012 with the pass 7 photon selection, 
and energy from 200 MeV to 500 GeV.



Taken from 
1305.2124

Uncertainties of DM annihilation to 
gamma rays  

Can be more than one order of magnitude 



DM gamma rays from GC  

SUSY can be also testable in 
Fermi-GC search.  

1. Dark matter pi^0-decay
2. Inverse Compton 
3. bremsstrahlung



Positron signatures of neutralino DM

SUSY does not reproduce AMS-
02 e+ fluxes (pulsars).





How about the experimental constraints?

Slide taken from MadGraph School 2013 Taipei, 
Neil Christensen

(micromegas)



LikeDM code
in Collaboration with Q. Yuan and X. Huang

DM indirect detection and direct detection  

including theoretical uncertainties 

particle model-independent likelihood

LikeDM

DLHA

● We can more confidently and efficiently check 
every dark matter model.

● Can be extend to cosmology constraints. 
● Similar to “DMFIT“ but starting from data level

(Tesla E. Jeltema, Stefano Profumo)



Fitting DM gamma rays 
by using FermiTools  

FermiTools

1. Halo models
2. DM model information
3. Astrophysics sources
4. Source locations
5. Background

Likelihoods

Too much CPU time consuming to do particle model fitting 



Fitting DM gamma rays 
by using LikeDM  

FermiTools

1. Halo models
2. Astrophysics sources
3. Source locations
4. Background

Likelihoods

Energy-Residual 
 likelihood map

Y-L Sming Tsai, Qiang Yuan, Xiaoyuan Huang 
Published in JCAP 1303 (2013) 018 

e-Print: arXiv:1212.3990 

DM particle model informationMuch fast to do particle model fitting 



Summary
1. A global Statistical Analysis of the MSSM with a 

minimum set of 9 parameters.
2. Better numerical simulation of LHC, XENON100, and 

Fermi gamma-ray likelihoods.
3. Theoretical error strongly limits power of 

XENON100 on MSSM (Not so for XENON1T) 
4. With all the constraints, especial g-2 and LHC, 

the limit 200 GeV < mx < 500 GeV.
5. Interesting prospects for indirect detection
6. Our method is completely general. It can be applied to 

other models (SUSY or not).      



Thank you very much 
for your attention.



Backup

Boltzmann distribution  


