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Gamma-ray sharp spectral features

Some dark matter scenarios predict the existence of sharp spectral features in

the gamma-ray sky.
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Important question: what are the prospects to observe gamma-ray spectral features
in view of present limits from other indirect detection, direct detection and collider

experiments?



Gamma-ray sharp spectral features

Some dark matter scenarios predict the existence of sharp spectral features in
the gamma-ray sky.
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in view of present limits from other indirect detection, direct detection and collider

experiments?




Simplified models with large internal Bremsstrahlung

Consider a toy model consisting on a Majorana dark matter particle, y, an
intermediate charged scalar particle, r7, and a light SM fermion, f,.

Interaction Lagrangian: Line = —yX.fr7 + h.c.

Indirect detection a priori challenging: the annihilation process
DM DM — f/ has a very small rate today




e Consider the annihilation DM DM — f ]7

Ir

- - <
&

In the limit v — 0,
no preferred direction

J =0




e Consider the annihilation DM DM — f ]7

Jr -
— - - > J =1
& &
In the limit v — 0, —
no preferred direction Lo Jg ,, Ir
J =0 ¢ > J =0
zZ — & —

Rate of DM DM — f ]7 suppressed by (m,/mp,,)* if v=0. Otherwise by v*.



e Consider the annihilation DM DM — f ]7

Jr Tz
—> - - £ > J =1
— | —
In the limit v — 0, —
no preferred direction I Ir Ir
J.=0 - > .3 > J,=0
zZ — &~ —

Rate of DM DM — f ]7 suppressed by (m,/mp,,)* if v=0. Otherwise by v*.

e Decomposing the velocity weighted annihilation cross section as
<O"U> — a -+ bv?, the relative contributions of the two terms are:

5 106 for electrons

For m=300 GeV, — ~ 5
bv?  mi,v?

~ ¢ (0.1 for muons

107 for up-type quarks

\

) (0V)gc ~ 3 X 107%(ov)to. ~ 1077 cm’s™

Indirect detection hopeless?? Not really... higher order effects become important.



e Consider the annihilation DM DM — £/ V, with V a vector
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e Consider the annihilation DM DM — £/ V, with V a vector

—
< |
In the limit v — 0, J =0 =
V4

no preferred direction No suppression by mass insertion. Suppressed,

J Z=0 however, by the extra coupling constant,
by the 3-body phase space and by (mDM/mn)8
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In the degenerate scenario, the dominant annihilation channel today
can be DM DM — ffV, while at the time of freeze-out, DM DM — f'f




Bonus: if n 1s sufficiently degenerate in mass with the dark matter particle,
the gamma-ray spectrum displays a characteristic spectral feature
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Bonus: if n 1s sufficiently degenerate in mass with the dark matter particle,
the gamma-ray spectrum displays a characteristic spectral feature
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Bonus: if n 1s sufficiently degenerate in mass with the dark matter particle,
the gamma-ray spectrum displays a characteristic spectral feature
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Bonus: if n 1s sufficiently degenerate in mass with the dark matter particle,
the gamma-ray spectrum displays a characteristic spectral feature
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Bonus: if n 1s sufficiently degenerate in mass with the dark matter particle,
the gamma-ray spectrum displays a characteristic spectral feature

Prompt gamma-ray spectrum from dark matter annihilations
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Message to take home:

In scenarios where the dark matter is a Majorana fermion that couples
to a light fermion and a scalar, when m, ,~ m,,

wt

1) The annihilation channel DM DM — ff %,
can have a sizable cross section (and can even
be the dominant annihilation channel today)

w23 (2-2)

2) The energy spectrum of photons presents
a sharp gamma ray feature that resembles

a “distorted line”
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1- Search for signatures of DM DM — f f_ y with the Fermi-LAT
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1- Search for signatures of DM DM — f f_ y with the Fermi-LAT
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2- Antiproton limits on 2 — 3 processes
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Outline (cont.)

3- Interplay indirect detection - direct detection
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3- Interplay indirect detection - direct detection
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3- Interplay indirect detection - direct detection
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Outline (cont.)

3- Interplay indirect detection - direct detection

I
Very suppressed!
(ovyec (my, ;/mp\)

4- Collider limits

Invisible final state!



1- Search for signatures of internal bremsstrahlung
with the Fermi-LAT

Traditional approach: select a fixed region of the sky and search for features.

e.g region |b>10° plus a 20°x20°
square centered at the Galactic Center
(Fermi coll.)

Disadvantage: in the chosen region the background could be too large
and bury the signal

Our approach: choose regions where,
for a given dark matter profile, the
signal-to-background ratio is maximized

Counts | 2,26 <




1- Search for signatures of internal bremsstrahlung

with the Fermi-LAT
Consider a generalized NFW profile
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1- Search for signatures of internal bremsstrahlung

with the Fermi-LAT

Upper limits on yy — u 'y~
—— - .

L L 1 w
&3 £
g g
153 Ly
L L
s By
) 2 our VIB limits )
~ 10 =
- therm. prod. —

L wr--——-"""""""="="="=—"=—"=-"=-"=-—=--= N
| NF
10 - '
107
A T
m, [GeV]|

Upper limits on yy —+ by

: —
104 L — u=1.1

f — — u=Ll3
104

10 i

10

10+

oy et — — — — — — — — — — —

m, [GeV]
Bringmann, Huang,
Al, Vogl, Weniger
arXiv:1203.1312



1- Search for signatures of internal bremsstrahlung

with the Fermi-LAT
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1- Search for signatures of internal bremsstrahlung
with the Fermi-LAT

A possible hint of dark matter annihilations?
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1- Search for signatures of internal bremsstrahlung
with the Fermi-LAT

A possible hint of dark matter annihilations?
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The excess can also be fitted by a line
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Extending the search for internal Bremsstrahlung to larger DM masses

95% CL flux upper limits on spectral features
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ov(2 —3)/ov(2 — 2)

2- Antiproton limits on 2 — 3 processes

e In our toy model, the intermediate scalar n necessarily carries color charge
and/or hypercharge. Antiproton production guaranteed.

e Furthermore, the 2 — 3 processes producing antiprotons can have a sizeable
Cross section.
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2- Antiproton limits on 2 — 3 processes

Limits from the PAMELA p/p measurements
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3- Interplay direct detection — indirect detection




3- Interplay direct detection — indirect detection
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e Indirect detection limits become more stringent when 1 and y are degenerate
in mass, due to the larger 2 — 3 cross section.

avlyy — vqeqr )/ evixy — qrdr)

i ov(yy — gurig)/ov(xy — urtg) - ov(yx — 9qLqL)/ovixx — qidL)

106 b ov(xx — Zupig)/ov(xx — uripr) ] I U S ovixy — Zquge)/evixx — quqe)
P ] 1 PN oulxx — Warge)/evixx — qde)

102 b ~o T : 0% ¢

10t [ ov(xx — Turig)/ov(xx — upig) ] 0t L

1t | .

ot [ ~ -

3 e 2
3) Sl 2
/,-"

ﬁ__: 1@ _ _____________________________ . '_'_':_,._: _______ -_-:_.'_'I'_:-_-ﬂ_________.__.__ __________ _ n_—: 1 — --------------------------------------- . ::-:1':'5?--:_;:_::'3';'-—;;_ --------------- —
& 5 ——] B : e

-t [ e o1 |

[ SU/(2)z, singlet DM coupling to up, mpyr = 300GeV ] b SU(2)g, singlet DM coupling to gr, mpy = 300GeV

10-2 102

Mg/ T g Mg, T



3- Interplay direct detection — indirect detection

| “-.,Z..Q'

DM i, d

e Indirect detection limits become more stringent when 1 and y are degenerate
in mass, due to the larger 2 — 3 cross section.

e Also the direct detection limits, due to an enhancement of the effective
WIMP couplings in the degenerate limit.
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3- Interplay direct detection — indirect detection

Limits on the Yukawa coupling from PAMELA and XENON-100
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3- Interplay direct detection — indirect detection

Limits on the Yukawa coupling from PAMELA and XENON-100
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3- Interplay direct detection — indirect detection

Limits on the Yukawa coupling from PAMELA and XENON-100
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3- Interplay direct detection — indirect detection
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4- Collider limits
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S - Gamma-ray spectral features in light of direct
detection and colliders
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S - Gamma-ray spectral features in light of direct
detection and colliders
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Conclusions

e In scenarios with Majorana dark matter particles which couple to light
fermions, the higher order annihilation process DM DM — ff ' can be
important (even dominant).

e The annihilation DM DM — f /'y produces a sharp spectral feature that
could be observed in gamma-ray telescopes. The Fermi-LAT and H.E.S.S.
already impose strong limits on the annihilation cross section, which lie

a factor of a few above the expected values from thermal production.

An intriguing excess at ~130 GeV was found in the Fermi-LAT data which

could be attributed to DM DM — ffy with m,~149 GeV.

e Limits on these scenarios also follow from direct detection experiments,
antiproton measurements and collider experiments, which are complementary
to the gamma-ray limits.
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Thank you ][01/' your attention!
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