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When can the DM line be
prominent spectral feature!

® Cross section into a gamma-ray line is large
(but neutral DM = loop suppressed)

® The continuum is low
(but low absolute flux = boost needed)

® FSR/Internal Bremsstrahlung
(Can mimic a line feature)

® Decaying DM
(from symmetry breaking operator)



Specific DM models

Extra dimensions
Supersymmetry

Inert doublet model

Z’ models, e.g. Higgs in space

Decaying dark matter
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6D UED with a chiral square

<o v> (ecm?® s™")

e T°/Z4 compatification of the 2 ED

G. Burdman, B. A. Dobrescub and E. Ponton JHEP02(2006)033
(see also JHEP 03 (2004) 071)
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» Example: Gaugino
s GeV mass
s high 777 b.r.
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Explosive annihilation/
Sommerfeld enhancement
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Inert scalar doublet
model



Standard mode

Bosons

Scalar doublet



Standard model

Fermions Bosons

! .

2HDM

sJouied 82104

Scalar doublets

= Two Higgs
doublet model

Inert Doublet model (IDM)

Deshpande & Ma 1978 , Barbieri et al. 2006
2HDM with an imposed

Z,-symmetry: P2 —> — P2
and even Z,-parity for all SM fields.

Implications for (bz :
- No direct couplings to fermions,
i.e. inert

- Allows for a heavy SM Higgs,
up to about 500 GeV

- Provide a dark matter candidate

H° with a mass ~ 50 - 80 GeV

(without fine tuning)




IDM gamma-ray spectrum

Tnert Doublet Model

d]\]"7 - d N S€€ I dNIB __I_ Nl’l,’n,e

dE, — dE, ' dE,
W—/
F(7*)
O™~ 2480
" HO f(vy)

Three-level annihilation are typically very weak
for this dark matter candidate in the halo.

= Low continuum spectra
(especially for heavy SM Higgs)



IDM gamma-ray spectrum
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Inert Doublet Model
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Z’ models



I I [ [
C. B. Jackson, G. Servant, G. Shaughnessy, T. Taita, and M. Taoso,

JCAP 1004:004,2010 arXiv:0912.0004v2

[See e.g. also: (In)visible Z" and dark matter byE. Dudas1,2, Y. Mambrini2, S.
Pokorski3 and A. Romagnoni JHEP 0908:014,2009 arXiv:0904.1745v2]

New Z’ gauge boson, U(1)’
DM Dirac fermion couples only to Z’
Z’ couples to SM right handed top quark

plus kinetic mixing Z-Z’, %FL,,F#V


http://arxiv.org/abs/0912.0004v2
http://arxiv.org/abs/0912.0004v2
http://arxiv.org/abs/0904.1745v2
http://arxiv.org/abs/0904.1745v2

® Tree level (low up to top mass) .22

® | oop level (strong via top-loop)

Excluded by Fermi
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Einasto, NFW and Adiabatic contracted ~ boost 1E4, AQ = 1E-5



Limits on gamma-ray
lines from Fermi



- Energy dispersion is therefore energy

EMIRRMSONDOI Pt vZ sowrce for normal Incldence

Fermi-LAT performance

E.A. Baltz, et al., JCAP, 07 (2008) 013, arXiv:0806.2911v2 [astro-ph]

- Energy resolution of the LAT varies

dependent
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Likelihood analysis
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Likelihood analysis

Nitot

L(EIAT) = 1T 7-S(B) + (1 - £) - B(ELT)

- The minimized and evaluated -In (L) can be used for both upper limits
(non-detection) on f and for detection

upper limit

detection

‘In L _In L

- i2-0.5

i best
> interval

interval

f=01S included in interval f=01S NOT included in interval

Figures from Tomi Ylinen



Line-fluxes upper limits

Fermi-LAT Collaboration: Phys.Rev.Lett.104:091302,2010
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http://arxiv4.library.cornell.edu/find/astro-ph/1/au:+Collaboration_Fermi_LAT/0/1/0/all/0/1
http://people.roma2.infn.it/~glast/A225.Fermi.Lines.PRL.pdf
http://people.roma2.infn.it/~glast/A225.Fermi.Lines.PRL.pdf

Cross-section upper limits

Fermi-LAT Collaboration: Phys.Rev.Lett.104:091302,2010
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Cosmological
dark matter line



Cosmological/isotropic
gamma-ray measurement
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Cosmological
diffuse sources

Blazars: 16 +1.8+10 % of the GeV

isotropic diffuse background.

Fermi-LAT Collaboration: The Fermi-LAT high-latitude Survey:

Source Counts Distributions and the Origin of the Diffuse Background
arXiv:1003.0895v1
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Cosmological DM line
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Cosmological DM line
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Cosmological DM line
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Cosmological DM line
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Cosmological DM line
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Cosmological DM line
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Cosmological DM line
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Cosmological DM line
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Cosmological DM line
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Cosmological DM line
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Cosmological DM line
x-section limits
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Cosmological DM line
x-section limits
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If gamma + X: (0v) )R} = 2m‘;§)‘;{ X (ov)TPy ., where mpy = (1 + \/ 1+ mw).
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