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Fermi Bubbles
 The Fermi bubbles (M. Su et al , arXiv:1005.5480.) refer to a 

pair of large gamma-ray lumps extending  50o both north 
and south of the Galactic Center.

 There exists a fairly flat energy spectrum and almost 
constant as a function of the latitude b for the regions of 
|b| > 30o .

 For lower latitudes, the energy spectrum of the Fermi 
Bubbles peaks between 1 to 4 GeV. (D. Hooper et al, 
arXiv:1302.6589)



WMAP haze and Fermi bubbles
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WMAP haze and Fermi bubbles

 Due to the spatial correlation, a population of GeV-TeV

electrons with an approximately power-law spectrum can   

explain the WMAP haze via the microwave synchrotron   

radiation in the presence of microgauss-scale magnetic fields 

(arXiv:1302.6589).

 The same electron population scattering off Cosmic Microwave  

Background (CMB), infrared, and starlight photons  can also      

account for Fermi bubbles for high latitudes with flat  energy 

spectrum.

 For  low latitudes, there still exists the residue excess after 

subtracting the ICS component in the Fermi bubbles.



ICS photons
 Assume a population of GeV – TeV electrons with a power-

law energy spectrum

 The electrons scatter off InterStellar Radiation Field (ISRF), 
including CMB, infrared, and starlight photons

arXiv:0904.3830



DM annihilation FSR 



ICS +DM(b) FSR



ICS +DM(b) FSR



ICS +DM FSR
 Annihilating DM is preferred due to concentration of 

the gamma ray excess toward the Galactic center



DM signal after ICS removal



DM signal after ICS removal

If the annihilation cross section is 

dominated by the s-wave component, 

only b channel can simultaneously 

explain the bubbles and yield the 

correct relic density

We shall see one counterexample.  



DM explanation in EFT
 We look for  operators that simultaneously account for the 

bubbles and generate the correct relic density.

 Any operators suffering from velocity suppression can not 
explain the bubbles due to the current low DM velocity. 

 Any operators with the suppression of the final state mass 
will disfavor the light final states, such as u- and d-quark.  

 We include direct search bounds, especially XENON 100 SI 
bounds.

 The validity of the EFT approach is also taken into account.



Effective operators (Fermionic DM)
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Effective operators (Scalar DM)
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Effective operators (Scalar DM)



Scalar Higgs Portal
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Z’ exchange with Fermionic DM
In order to avoid direct 

search bounds, we simply 

assume: 

the pseudovector-type 

coupling between DM and Z’

leptophilic Z’

In addition, couplings of the Z’ 

and SM leptons are 

proportional to those of Z to 

SM leptons.  



Conclusions
 The residue after subtracting the diffuse background features a 

peak around 4 GeV in low latitudes, that can be explained by 
DM annihilation, and a flat spectrum in high latitudes, that can 
be accounted for by the additional GeV-TeV electron population.

 In the context of the EFT, the peak feature can be realized with 
fermionic DM annihilating into b-quark via the vector operator 
and into τ via the pseudovector operator. 

 In addition, we provide two models , i.e., the Higgs portal with 
scalar DM and the Z’ exchange with fermionic DM.

 These two models exhibit the resonance enhancement and fall 
outside the territory of EFT. 


