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High-Scale SUSY Scenario  ← Phenomenological viewpoint 
  

• Higgs mass of 125 GeV 
• SUSY Flavor/CP problems 
• Dark matter candidates 
• No SUSY signals at LHC 
• No gravitino problem 
• Compatible w/ leptogenesis 

← Theoretical viewpoint 

Because of the anomaly mediation, the neutral wino is the LSP! 

MSSM SUSY 
SUGRA interaction 

No-singlets → 

Pure Gravity Mediation Model 
[Ibe, Moroi., Yanagida, PRB644, 2006] 
  

Minimal Split-SUSY Model 
[N. Arkani-Hamed, et. al., 1212.6971] 

Motivation of the Wino Dark Matter 



Wino DM is attractive from the viewpoint of its stability! 

Motivation of the Wino Dark Matter 
Wino DM [SU(2)L-triplet fermion DM] is attractive even without SUSY! 

These two discussions can also be compatible with a SUSY framework. 

・ Let us assume that physics below O(1)TeV is described by a simple SM + DM sys. 
      (The assumption seems supported by current collider and DM experiments) 

Singlet S   Singlet F   Doublet S   Doublet F   Triplet S   Triplet F 

Field’s d.o.f.   1 scalar     1 Wyle      4 scalar      4 Wyle     3 scalar     3 Wyle  
 

# of param.        3           No int.       4 + a        1 + a           4             1  

・ Stability of a fermionic dark matter (which does not have B-L charge) can be      
  guaranteed by a residual discrete Z2 symmetry of the U(1)B-L gauge symmetry 

Wino DM is attractive from the viewpoint of minimality! 

Gauged U(1)B–L exits and it is spontaneously broken at some high scale. 
                 3 right-handed neutrinos must be introduced to cancel anomaly.  
                 Neutrino masses/mixings and baryon asymmetry of U. explained. 
                 U(1)B-L can be broken by a VEV having B-L charge two. 
                 Residual discrete symmetry (-1)B – L remains, stabilizing the DM. 
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Motivation of the Wino Dark Matter 

Present limits on Wino DM. (New physics parameter = only wino mass) 

Mono-jet + ET + Disappearing track search @ LHC         [m > 0.27 TeV] 
  

Limit from cosmology (DM abundance limit @ PLANCK)     [m < 2.90 TeV] 
  

Indirect detection @ Fermi-LAT (4yrs) (Classical dSphs)  
                                      [0.32 TeV < m < 2.25 TeV and m > 2.44 TeV] 
  

Indirect detection @ Fermi-LAT (4yrs) (Classical & Ultra-faint dSphs)  
                                      [0.40 TeV < m < 2.14 TeV and m > 2.54 TeV] 
  

Indirect detection @ AMS-02 (Anti-proton) 
                                      [0.50 TeV < m < 2.21 TeV and m > 2.46 TeV] 
Indirect detection @ H.E.S.S. (G.C.)         [m < 500 GeV and m > 3.00 TeV] 

mwino 
0.1TeV 0.5TeV 1TeV 5TeV 

( Ichikawa’s talk) 

( Ichikawa’s talk) 
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Wino dark matter under siege? 
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Line g signal from G.C. 

≡ J(dW) dW 

Galactic Plane 
G.C. 

1° 
±0.3° 

SR @ H.E.S.S. 

・ J-factor has large ambiguities due to limited knowledge of DM profile at G.C.  
 

・ N-body simulations (DM only) suggest a cusped structure, r(r) = 1/r (r  0). 

  (There is no reliable result on N-body simulations involving both dark matter 
   and baryons. Baryonic effects can lead to either cusped or cored structure.) 
  

・ Observations (spiral galaxies)  suggest a cored structure, r(r) = const. (r  0). 

   (There are systematic excesses of circular velocities at central regions of   
    spiral galaxies, though both cusped and cored ones can fit data in each case.) 
 
   It is very important to compare observational data of our Milky-way galaxy    
   and its mass model in order to estimate the J-factor (and its uncertainty). 
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○ Mass-Model of Milky-Way: 
 

・ MB [Bulge, Point mass @ G.C.] 
 

・ sD(rs) = MD Exp(–rs/RD)/(2pRD
2) 

  

  [Disk, Freeman’s disk, thin disk profile] 
 

・ r(r) = rH [e2 + (r/rH)
2]–a–½ (1 + r/rH)

2g–2 
  

  [DM, Cusped and cored ones covered.] 
 

Model parameters = above 9 + nuisances 

○ Milky-Way observables: 
 

・ Terminal velocities of HI (2-8kpc) 
  [Doppler shift of 21cm line, etc.] 
 

・ Astrophysical Masers (5-15kpc) 
  [Full-3D information of r and v] 
 

・ Motions of tracers (20-80kpc) 
  [Velocity dispersions of tracers] 
  

・ Others (R0 & MB measurements) 

Galactocentric Distance [kpc] 

C
ir

cu
la

r 
v
el

o
ci

ty
 [

k
m

/s
] 

Bulge 
Disk 

DM 

HI 

Maser 

Tracer 



Wino dark matter under siege? 
6/7 

Estimating the J-factor & its error 
 

By comparing the Milky Way mass model 
with observational data (which is shown 
in previous slide), we obtain the profile 
likelihood of the J-factor and its error. 
                           ↓ 
MCMC: 300 million generated (1% used). 
 

Maximize Likelihood function w/ J fixed. 

Profile Likelihood of J 

0              1              2              3             4 

Log 10 [J] , (0.4GeV/cm3)2 8.3kpc unit   

Burkert NFW 

As expected, because of large error on 
J-factor, the limit on m is weakened as 
  

        m < 0.5 GeV and m > 3 TeV  
                          ↓ 
        m < 2.21TeV and m > 2.46 TeV 
  

・ Even if we include error on J-factor, 
   some region on m can be ruled out. 
 

・ In future, line gamma-ray observation 
  from galactic center will be important 
  to detect or exclude wino dark matter. 

Our result 

arXiv:1307.4082 



Summary & Discussions 

• Wino dark matter is now being an attractive candidate among 
various WIMP dark matters. It is predicted by so-called High-
scale SUSY scenario, and is also supported by general (model-
independent) consideration on WIMP candidates. 
 

• It was recently pointed out that the indirect detection of the 
dark matter utilizing the line gamma-ray signal from G.C. has 
excluded the region 0.5 TeV < m < 3 TeV using H.E.S.S. data. It 
is, however, based on the cusped dark matter profile (NFW). 
 

• We have thus considered a dark matter profile based on Milky 
Way observations and estimated the J-factor and its error. 
When we apply the results, the limit is weakened as expected, 
but still the region 2.21 TeV < m < 2.46 TeV turns out to be 
excluded. In future, the CTA experiment will be important to 
detect the wino dark matter with 1-3 TeV mass region. 
 

• From the viewpoint of High-scale SUSY scenario, there is other 
interesting parameter regions (gaugino co-annihilation regions), 
which predict non-Wino dark matter. See Harigaya’s talk. 
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