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3.5 keV X-ray line signal
Unidentified 3.5 keV X-ray line was reported ~3σ 

i) from the stacked analysis of 73 galaxy clusters 
E. Bulbul, et.al,1402.2301 
ii) from Andromeda galaxy and Perseus cluster

3

A. Boyarsky, et.al, 1402.4119



3.5 keV X-ray line signal
A. Boyarsky, et.al, 1402.4119
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3.5 keV X-ray line signal
• There are some debates on the existence of the signal M. Anderson, et.al., 

1408.4115 

• Suzaku X-ray search did not see the signal in the Perseus cluster     
T. Tamura (2014) 

• Signal from the center of the Milky Way?  

• Chandra X-ray observation: rules out the signal @95% CL S. Riemer-
Sorensen:1405.7943 

• XMM-Newton data: consistent with the signal A. Boyarsky et.al., 1408.2503 

• No signal in the dwarf galaxies. D. Malyshev et.al.,1408.3531 

• A Particular form of DM? J. Cline and A. Frey, 1410.7766



Decay of sterile neutrino

⌧s = 1.6⇥ 1027 � 2.8⇥ 1028 sec

E. Bulbul, et.al,1402.2301; 
A. Boyarsky, et.al, 1402.4119

⌫s ! ⌫ + �

ms = 7.06± 0.5keV

sin2 2✓ = (2� 20)⇥ 10�11
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Exciting DM
Frandsen, et.al., 1403.1570
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Annihilating DM
Annihilating DM with mass 3.5 keV

Frandsen, et.al., 1403.1570 
SB, Ko, Park, 1405.3730
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Generalized Decaying DM
• Unstable χ*, but τ(χ*)≫age of universe, decays into 

stable χ: χ*→χ+γ

9

H. M. Lee, 1404.5446; G. Faisel, S. Ho, J. Tandean, 1408.5887; SB, 1410.1992



Generalized Decaying DM
• The decay can be described by transition dipole 

moment operator
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⇤
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� =
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⇣ mg

GeV

⌘

Frandsen, et.al., 1403.1570

�m = 3.5 keV



Generalized Decaying DM
• Decaying DM for X-ray line signal can be realized in a 

specific model for neutrino masses: Zee-Babu model      
Babu, PLB(1988) 

• Zee-Babu model for Majorana neutrinos: two charged scalars  
h+, k++  with L=-2  are introduced in addition to the SM 

• The model can be extended to incorporate DM
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L-violating soft term



Local U(1)B-L symmetry
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NR (Majorana) cancel gauge anomaly

 (Dirac DM) generate transition MD op. 

' U(1)B-L breaking scalar

⌘ Light scalar for relic density & small scale problems

i = 1, 2, 3



Local U(1)B-L symmetry
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LHNR forbidden by Z2

LH forbidden by B-L charge assignment



Local U(1)B-L symmetry
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NR’s do not have flavor changing Z’/φ interaction:  
cannot explain X-ray line through TDO

ψ’s have “flavor" changing Z’ and φ interaction 
<φ>: U(1)B-L → Z6: guarantees absolute stability of DM

dynamically generates LV μ term

µk++h�h�



Decaying DM in Z-B model
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•  Through two-loop Barr-Zee 
diagram

is generated



Decaying DM in Z-B model
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• To explain 3.5 keV X-ray line, we need 

• In our case it is obtained not by heavy particle but by 
loop suppression 

• Benchmark point 

• Constraints: LUX DM direct search, perturbativity, DM 
relic abundance, 

m⌘ = 1MeV



Decaying DM in Z-B model
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X-ray
relic density

XENON1T

LUX

yi = 1 yi = 2

too short 
lifetime



Decaying DM in Z-B model
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• X-ray signal can be mainly controlled by M3-M1 mass 

difference.  

• Direct detection is suppressed by large MZ’ 

• Although Z2 protects NR’s from decaying, the discrete 

symmetry can be broken by quantum gravity  

• Light mη (1—10 MeV) can enhance                                   and 

can explain small scale structure problems, core-vs-cusp 

and too-big-to-fail problems, if



Decaying DM in Z-B model
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• For                  , the self-interaction occurs in the non-

perturbative                                                       and 

classical                               regime 

S. Tulin, et.al., 1302.3898



Decaying DM in Z-B model
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yi = 1

yi = 2



Conclusions
• 3.5 keV X-ray line signal can be explained by generalized 

decaying dark matter scenario in an extended Zee-Babu 
model 

• Some parameter region is sensitive to the next 
generation DM direct search 

• Light η achieves the correct relic abundance and also 
solves the small scale structure problems, core-vs-cusp 
and too-big-to-fail problem 

• Discovery of h+, k++ at LHC will support our scenario

21



Backups



Tulin (2013)



Tulin (2013)



Tulin (2013)



Tulin (2013)








