












σ ∼ λ210−44cm2

(
100 GeV
mDM

)2



Presently DM is non‐relativistic: 

Eγ = MDM

DM + DM ϒϒ 



Recently, an observation of such a line at around 128 GeV is reported: 
Bringman, Huang, Ibarra, Vogl and Weniger; Weniger;  

Subsequent studies suggest a second line with energy of about 111 GeV: 
Rajaraman, Tait and Whiteson; Su, Finkbeiner; Consider DM + DM ϒϒ, ϒZ; 
for DM + DM ϒZ 

It is also reported that both lines show up in unassociated photon sources  
in the Fermi‐LAT catalogue: Su, Finkbeiner  

Eγ = MDM − m2
Z

4mDM
= 111GeV

〈σv〉DM+DM→2γ ∼ 10−27cm3/s



Recently, an observation of such a line at around 128 GeV is reported:  

〈σv〉DM+DM→2γ ∼ 10−27cm3/s

Not easy to explain this line:  
a.  Continuum constraint; (almost rule out MSSM neutralino as an explaination) 

typically) a factor of e4/(8π2) lower, i.e. 〈σv〉 (γγ) ∼ 10−29 cm3/s. So we expect robust
tension between continuum gamma-ray bounds and annihilation through loops of
SM matter.

3. Subdominant wino DM? To illustrate the previous point: computing for winos in the
MSSM with Micromegas [?], we find at 128 GeV:

〈σv〉 (W̃ 0W̃ 0→W+W−) ≈ 3× 10−24 cm3/s (10)
〈σv〉 (W̃ 0W̃ 0→ γZ) ≈ 9× 10−27 cm3/s (11)
〈σv〉 (W̃ 0W̃ 0→ γγ) ≈ 2× 10−27 cm3/s (12)

If we believe Hooper’s results, then even if winos are only about 1/10 of all the dark
matter there is some tension with the galactic center, and the corresponding photon lines
would be at the 10−28 cm3/s level, too small to explain the observation. The suggestion
of Acharya et al. [?] is then ruled out, in an especially decisive way if Hooper’s bound
is correct.

4. Direct detection: Any dark matter that annihilates to γγ or γZ can in principle show up
in direct-detection experiments through either a loop process (exchanging two photons
or a photon and a Z with the nucleus) or the 2 → 3 process χN → χNγ. However,
these will typically be small enough that there is no limit (in fact, they may be small
enough that the neutrino background swamps any possible detection, possibly with the
exception of directional direct detection). Estimates for a particular model appear in [?],
and are several orders of magnitude below the current limits.

I expect that any model consistent with Hooper’s tree-level continuum gamma-ray con-
straints will also be safe, or at worst borderline, from direct detection through Higgs
exchange. Can we make this statement more precise? This is interesting even inde-
pendent of the gamma-ray line, since it suggests that Fermi-LAT is doing roughly as well
as Xenon at constraining models.

5. Neutrinos: Annihilation to Z bosons in the sun lead to a flux of neutrinos that may be
detectable on Earth. What are the numbers? Edit: I think it’s hopeless—but still
should maybe write down some numbers.

⇒

Figure 3: Illustrating the role of charge particles in arguments about the γ-ray line.
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b.  Strong couplings and mass coincidences to boost the cross section 
of the loop process:  
large coupling between DM + charged matter running in the loop (e.g, ~10); 
charged matter running in the loop has to be light with mass ~ 100 GeV. 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nDM ∼ nbaryon, mDM ∼ mbaryon → ρDM ≈ 5ρbaryon
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Figure 4: Topology leading to a box-shaped gamma ray feature
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Figure 5: Decay of π0
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mDM −mπ ≈ 50 MeV, δEγ ≈ 5 GeV
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109 GeV ≤ fa ≤ 1015 GeV

Relic Abundance: 
Allowing late‐time decaying 
particle to dilute the relic 
Kawasaki, Moroi, Yanagida ‘95; 






