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STRONG CP PROBLEM



WHAT IS AXION？



OUTLINE

• What is Axion and ALP？

• Dark matter and WIMP searching in gamma ray 

data

• Searching ALP in gamma ray data and Our works



DARK MATTER



DARK MATTER CANDIDATES

Many candidates with mass and cross section spanning many orders of magnitude



Fermi gamma-rays can provide good test of the DM models

• Galactic center

• Galactic halo

• Dwarf galaxies

• Clusters

• Extra-galactic diffuse

• Line search

Credit: NASA/DOE/Fermi collaboration



Baltz et al. 2008

The signal depends on the DM 
annihilation channel



THE GAMMA-RAY SKY MAP PRODUCED BY DARK 
MATTER ANNIHILATION IN OUR GALAXY

The J-Factor of different dark

matter profile models.

The Galaxy center is the best

region to detect dark matter.



Subtract the Known components and the Residual 

part might be the signal of DM



THE GEV EXCESS

Daylan et al. 2015 Calore et al. 2015





The template dependence of GEV excess 
signal  



GEV EXCESS IN THE DWARF GALAXIES?

Shang Li et 

al PRD 

2016



Li, S. et al. PRD ( 2016)

GeV Excess in the Dwarf Galaxies?

Tuc III: 25 kpc







SEARCH FOR A GAMMA-RAY LINE FEATURE 
FROM A GROUP OF NEARBY GALAXY 
CLUSTERS

Yun-Feng Liang et al., Phys.Rev. D93 (2016) no.10, 103525



GAMMA RAY LINE DETECTED BY 
DAMPE

Ye Li and Qiang Yuan  PLB(2015)
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EXPLORE AXION AND ALP IN GAMMA RAY DATA



LIGHT SHINING IN BLACK BOX

ADMX



SOLAR AXIONS SEARCHES

CAST



GEOMAGNETIC AXION CONVERSION



LIGHT SHINING THROUGH A WALL

The pioneering experiment based on this technique was performed by the
Brookhaven-Fermilab-Rutherford-Trieste (BFRT) collaboration.



EXPLORE AXION AND 
ALP IN GAMMA RAY DATA



THE SURVIVAL PROBABILITY 

Hooper, Dan et al. Phys.Rev.Lett. 99 (2007) 

231102 arXiv:0706.3203



HOW TO CALCULATION THE THE
SURVIVAL PROBABILITY 



、



REAL MAGNETIC FIELD SITUATION



THE GAMMA RAY DATA IN ALP MODEL



Phys. Rev. Lett. 116, 161101 (2016).





THE RESULT



OUR WORK (I)

• Searching the ALP signal 

from the Fermi LAT data 

in BL Lac object PKS 

2155−304 ( z=0.116)

• Similar method was used  

as in Phys. Rev. Lett.116, 

161101

Cun Zhang, Yun-Feng Liang, Shang Li, Neng-Hui Liao, Lei Feng, Qiang 

Yuan, Yi-Zhong Fan, Zhong-Zhou Ren, Phys.Rev. D97 (2018) no.6, 063009 



OUR WORK (II)



OUR WORK (II)
Zi-Qing Xia, Cun Zhang, Yun-Feng Liang, Lei 

Feng, Qiang Yuan, Yi-Zhong Fan, Jian Wu. 

Phys.Rev. D97 (2018) no.6, 063003



OUR WORK (III)



OUR WORK (III)



OUR WORK (III)



SYSTEMATIC UNCERTAINTIES



CONCLUSIONS  

• No confirm ALP signals was found in gamma ray data

• Lots of tight constrains were obtained 

• Best energy resolution is important and DAMPE is 

helpful.



• Constrains with optical data?

• Constrains with X-ray data?

• Combine the data of different band for one single source?

• Other possible target?

DISCUSSIONS 



THE END

THANK YOU


