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1. the quest for wimps

direct searches indirect searches

collider searches

wimp scattering o� nuclei underground yields of wimp annihilation or decay

wimp production in the lab

long-awaited data are being collected as we speak...

complementarity and uncertainty are key for wimp identi�cation
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1. the quest for wimps

the paradigmatic case of gamma rays

100 MeV { 100 GeV 100 GeV { 100 TeV

widely-used data but not fully explored yet

need to make the best of the available data
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2. indirect searches via gamma rays
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2. indirect searches via gamma rays
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2. indirect searches via gamma rays
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anything harder than E�2

 and at high energies will stick out

and can be cleanly looked for
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2. gamma-ray spectral features

1 lines [Srednicki+ '86, Rudaz+ '86, Bergstr�om & Snellman '88]
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2. box phenomenology

1-step cascades
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2. box phenomenology

boxes are realised in nature!p

p

p ...

�����
�����
�����
�����

�����
�����
�����
�����

E
 = E 0


�(1 + �� cos �

0)

dN


dE

=

Z
dE�

dN�

dE�

2

2��
�m�=2
Fbox [m�
�(1� ��)=2;m�
�(1 + ��)=2]

/
�

E p

 if E
 � m�=2

E�p

 if E
 � m�=2

dN�=dE� / E
�p
�

dN
=dE
0

 = 2�(E

0

 � m�=2)

miguel pato (tu munich)



2. box phenomenology

boxes are realised in nature!p

p

p ...

�����
�����
�����
�����

�����
�����
�����
�����

E
 = E 0


�(1 + �� cos �

0)

dN


dE

=

Z
dE�

dN�

dE�

2

2��
�m�=2
Fbox [m�
�(1� ��)=2;m�
�(1 + ��)=2]

/
�

E p

 if E
 � m�=2

E�p

 if E
 � m�=2

dN�=dE� / E
�p
�

dN
=dE
0

 = 2�(E

0

 � m�=2)

miguel pato (tu munich)



2. box phenomenology

boxes are realised in nature!p

Hp
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2. box phenomenology

wimpy boxesp [Nomura & Thaler '08, Mardon+ '09 x2]
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2. box phenomenology

gamma-ray boxesp [Ibarra, Gehler & MP '12; Ibarra, Lee, Gehler, Park & MP '13]
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2. box phenomenology

gamma-ray boxesp [Ibarra, Gehler & MP '12; Ibarra, Lee, Gehler, Park & MP '13]
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3. methodology


uxes at the Earth [Ibarra, Gehler & MP '12; Ibarra, Lee, Gehler, Park & MP '13]
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3. methodology
[Ibarra, Gehler & MP '12; Ibarra, Lee, Gehler, Park & MP '13]
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3. methodology
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4. results: constraints
target: jlj 2 [0; 36]�, jbj 2 [5; 36]�; jlj 2 [0; 7]�, jbj 2 [0; 5]�

(Fermi-LAT centre region; Vertongen & Weniger '11)
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[Ibarra, Gehler & MP '12]

.. saturation of constraints as m� ! 0

.. constraints across parameter space, not only in �ne-tuned regions

.. background modelling important at small m�

.. no direct comparison to usual lines, but similar results
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4. results: constraints
target: Region 3 (Fermi-LAT; Weniger '12)

jlj < 0:8�, jbj < 0:3� (H.E.S.S. '06)
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[Ibarra, Lee, Gehler, Park & MP '13]

.. H.E.S.S. meets Fermi-LAT and extends to multi-TeV

.. �rst ever gamma-ray box constraints at TeV energies

.. thermal x-sec probed for m� ' 10 GeV� few TeV

future ACTs can probe boxes from thermal x-sec above 10 TeV,
a region hardly accessible to direct, collider and other indirect searches
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.. �rst ever gamma-ray box constraints at TeV energies

.. thermal x-sec probed for m� ' 10 GeV� few TeV

future ACTs can probe boxes from thermal x-sec above 10 TeV,
a region hardly accessible to direct, collider and other indirect searches
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4. results: constraints
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[Ibarra, Lee, Gehler, Park & MP '13]

BR(���! aa ! 4
) . 0:02� 1 for m� = O(10) GeV� few TeV (wrt thermal)

BR(���! aa ! 4
) . 10�3 for m� � TeV (wrt PAMELA/AMS-02/Fermi-LAT)

if the e� excess is due to cascade annihilations, we should either see a
gamma-ray box or else the decay to photons must be heavily suppressed
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4. results: constraints
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[Ibarra, Lee, Gehler, Park & MP '13]

BR(���! aa ! 4
) . 0:02� 1 for m� = O(10) GeV� few TeV (wrt thermal)

BR(���! aa ! 4
) . 10�2 for m� � TeV (wrt PAMELA/AMS-02/Fermi-LAT)

if the e� excess is due to cascade annihilations, we should either see a
gamma-ray box or else the decay to photons must be heavily suppressed
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4. results: signatures

on the observability of gamma-ray boxes
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5. conclusions

gamma-ray boxes

.. alternative feature with unique phenomenology

.. strong constraints across GeV{TeV with present observations

.. no �ne-tuning required to exclude particle physics models
E− E+Ec

d
N
g
/
d
E
g

Eg

Eg
−2.x

the way forward in dark matter searches

interplay direct+indirect+collider searches

accurate description of dark matter distribution

{ fully explore all available data {
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BACKUP SLIDES
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2. indirect searches via gamma rays
rate �annn� = h�vi

�
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�
m�

���! SM ...! ... 
 �! SM ...! ... 


gamma-ray \propagation" 

bkg ! e+e� 
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e� ! 
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open window for . 10 Mpc sources of < 100 TeV or > 1020 eV photons
! no attenuation, no shift in energy nor direction
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X
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dE
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Z
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d
 Jann

astrophysical backgrounds
IC, synchrotron, bremsstrahlung, pion decay...

1 look at overdensities 2 look at low-background
maximise S=Bmiguel pato (tu munich)



2. indirect searches via gamma rays

dwarf galaxies galaxy clusters clumps galactic centre

extragalactic halo anisotropies

miguel pato (tu munich)



2. box phenomenology

gamma-ray boxesp [Ibarra, Gehler & MP '12; Ibarra, Lee, Gehler, Park & MP '13]
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2. box phenomenology

gamma-ray boxesp [Ibarra, Gehler & MP '12; Ibarra, Lee, Gehler, Park & MP '13]

a

s

�����
�����
�����
�����

�����
�����
�����
�����

E− E+Ec

d
N
g
/
d
E
g

Eg

E
 = E 0


a(1 + �a cos �

0)

dN


dE

=

2

�E
Fbox [E�;E+]

dNa=dEa = �(Ea � m�(1 + (m
2
a � m

2
s )=(4m

2
�)))

dN
=dE
0

 = 2�(E

0

 � ma=2)

E� =
m�

2

�
1 +

m2
a �m2

s

4m2
�

�0@1�
s
1� m2

a

m2
�

�
1 +

m2
a �m2

s

4m2
�

��21A

Ec =
m�

2

�
1 +

m2
a �m2

s

4m2
�

�
miguel pato (tu munich)



2. box phenomenology

gamma-ray boxesp [Ibarra, Gehler & MP '12; Ibarra, Lee, Gehler, Park & MP '13]
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4. results: constraints
target: jlj 2 [0; 36]�, jbj 2 [5; 36]�; jlj 2 [0; 7]�, jbj 2 [0; 5]�

(Fermi-LAT centre region; Vertongen & Weniger '11)
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[Ibarra, Gehler & MP '12]

exclusion of thermal x-sec m� = 5� 600 GeV with �m=m� � 5%
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4. results: constraints

target: jbj � 10� (Fermi-LAT halo region; Vertongen & Weniger '11)

�! ��! 4
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[Ibarra, Gehler & MP '12]

2{3 o.o.m. stronger than ��1 ' 1026 s
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4. results: signatures
target: Region 3 (Fermi-LAT; Weniger '12)
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[Ibarra, Lee, Gehler, Park & MP '13]

boxes from thermal wimps easily produce observable 
uxes without �ne-tuning
and are at the verge of being excluded
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