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Gamma-ray spectral features

Smoking gun signature for dark matter : no astrophysical process is
known to produce a sharp feature in the gamma-ray spectrum
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Gamma-ray spectral features

Smoking gun signature for dark matter : no astrophysical process is
known to produce a sharp feature in the gamma-ray spectium
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Gamma-ray spectral features

Smoking gun signature for dark matter : no astrophysical process is
known to produce a sharp feature in the gamma-ray spectrum
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Box-shaped spectra
from Intermediary scalars
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The same applies to neutrinos
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The same applies to neutrinos
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The same applies to neutrinos
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The case of
gauge bosons
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The case of gauge bosons
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The case of gauge bosons
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Gauge bosons produced in DM annihilations are typically polarized

Above the electroweak scale, Majorana DM with SU(2) quantum numbers produce gauge bosons that are mostly
transverse.

Scalar DM, also singlet under SU(2)r, produces gauge bosons that are mostly longitudinally polarized.
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General case

bo(m’, S|m, S) = (m/, S|R(0y)|m,S) = d> . (6)
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General case I

DM

Almost everything fixed by
angular momentum.

The dependence on the
DM Model is encoded in two

quantities
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General case I

DM

Almost everything fixed by
angular momentum.

The dependence on the
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General case

Fixed by the

DM model.

It determines the
degree of polarization
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Example with
particles of Spin-2
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Are spin-2 particles arising in DM annihilations polarized ?

Are they coupled to the
energy-momentum tensor?



Are spin-2 particles arising in DM annihilations polarized ?

Boosted regime M2 < p?
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The spin-2 particles are
mostly polarized with m =0
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Are spin-2 particles arising in DM annihilations polarized ?

Boosted regime M2 < p?

et (£2) = et ()" (L),

e (£1) = 5 [p7et () +pMe” ()]

y nH pHp”
e <O>2\/6+\/5M%'

Are they coupled to the

energy-momentum tensor?
Yes

States with m = %1
naturally decouple.
Is there a selection rule
forbidding m =0 ?

No

No Yes

The spin-2 particles are

The spin-2 particles are
y ’ mostly polarized with m = £2

mostly polarized with m =0

Bl‘o’o =1 Bl'z,z = Bl'_z,_z = 1/2



5.0

2.0¢

DM DM = TT, T = yy with M7/Mpy = 0.01

Bl'(),() =1
-
hee "_.— ~..~\
...... P ~
Sea, - b Y
x| Ty - ~
T 1.0 e ANPCEIN
~ . g3 < .
}\ ~y l - “
=~ e .. unpolarized “
' S .
O ’¢’ '~,~ R Y
— e h 0l
I 0-5 [ /, .’o.. o
& o :
’
e
2

0.2¢

-m"

Bl'z,z = Bl'_z’_z = 1/2

A
\
\
\
\
\
\
\

-
ammnm

5.0

1.0-

0.5+

0.2

1 .
\“ [
0.10 0.15 0.20 0.30 050 0.70 1.00

x = E,/Mpwm

1.50

[
: ,"
0.10 0.15 0.20

0.30

DM DM - TT, T - yy with My/Mpy = 0.75
Bl'u,o =1
"'Og‘ "'-....~ "— _-"s\
2 .0 [ 'o' "\ ’l” \\\
hS ’I \
TN . .
/# unpolarized NN

X = E,/Mpm

1.50



DM DM - TT, T - yy with My/Mpy, = 0.01 DM DM - TT, T - yy with My/Mpyy = 0.75
5.0 ‘ ‘ ‘ 5.0 : : :
Bl'u,o =1
Bl'(),() =1 ’o—""-,\
200 R 1 2.0¢ /’ “
| T ,/'/ \\ '/’. Junpolarized N\ "™,
B 1.0r T U 1 1.0¢
X iy . unpolarized v\ L
© a', ~"~, K Y o= ‘\ K
T~ 0.5 ~ .. o % 1+ 0.5 Bro,=Brp ,=1/2
s o ' \
1’, ‘\ “‘ H
. Bry,=Br, ,=1/2 Vol VR
0.2+ ‘\‘ 1 0.2+ Vs
VoAl [t
‘ ‘ ‘ ‘ ‘ i\l . ‘ Rk
0.10 0.15 0.20 0.30 0.50 0.70 1.00 1.50 0.10 0. 15 0. 20 0.30 0. 50 0. 70 1.00 1.50
X = Ey/MDM X = Ey/MDM
DM DM - TT, T - vv with M+/Mpy = 0.01 DM DM - TT, T - vv with M7/Mpy = 0.75
5.0 ' 5.0 '
Bryy =1
2007 20| oD = Braa =172 |
h...."“s Bl‘zz = Bl‘_z 2= 1/2 -
> unpolarized __....--- Saqpaemeenmmememssa RN
'QS 1.0— === > | |
e il-‘.
©
‘Te; 0.5} . -
0.2t |
0.10 0.15 0.20 0.30 0.50 0.70 1 00
X =

E./Mpm

1.50

0.30 0.50

070 1.00 1.50
X = E,/Mpy



Example with a hypothetical
diphoton resonance
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Example with a hypothetical
diphoton resonance

H.E.S.S. Limits on spectral features
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Example with a hypothetical
diphoton resonance

H.E.S.S. Limits on spectral features
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Conclusions

DM annihilations into arbitrary particles that
subsequently decay into photons or neutrinos lead to
polynomial spectral features.

Such features are generic and can be studied using a
model-independent approach.

Using this, high resolution of gamma-ray or neutrinos
telescopes could tell the spin of the decaying particle.

We calculate the annihilation spectrum that the
asociated to a diphoton resonance if DM annihilates
or decays into It.



