
Origin of Dark Matter
Manuel Drees

Bonn University & Bethe Center for Theoretical Physics

Dark Matter – p. 1/15



Contents

1 External Developments

Dark Matter – p. 2/15



Contents

1 External Developments

2 Statistics of Network Activities

Dark Matter – p. 2/15



Contents

1 External Developments

2 Statistics of Network Activities

3 PAMELA etc.

Dark Matter – p. 2/15



Contents

1 External Developments

2 Statistics of Network Activities

3 PAMELA etc.

4 Other Network Activities

Dark Matter – p. 2/15



Contents

1 External Developments

2 Statistics of Network Activities

3 PAMELA etc.

4 Other Network Activities

5 Summary

Dark Matter – p. 2/15



External developments: Experiment

Xenon–100 did not deliver as promised

Dark Matter – p. 3/15



External developments: Experiment

Xenon–100 did not deliver as promised

LHC still isn’t here yet, but hopefully coming!!!

Dark Matter – p. 3/15



External developments: Experiment

Xenon–100 did not deliver as promised

LHC still isn’t here yet, but hopefully coming!!!

PAMELA, ATIC, Fermi/LAT “excesses” caused great
deal of excitement!
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Statistics of Network Activities

57 publications, incl. 13 inter–node:

PAMELA etc: 20 (5 on astrophysics)

Other DM detection: 13

New DM models: 17

νR: 4

DM and stars: 4

Non–standard cosmology and DM: 3

Non–standard gravity and DM: 5
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To explain this through WIMP annihilation, need:

E.g. Cirelli, Kadastik, Raidal, Strumia: arXiv:0809.2409

mχ >
∼

1 TeV (Fermi/LAT syst. error?)
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To explain this through WIMP annihilation, need:

E.g. Cirelli, Kadastik, Raidal, Strumia: arXiv:0809.2409

mχ >
∼

1 TeV (Fermi/LAT syst. error?)

χχ annihilation cross section >
∼

100× expectation (for χ

to be thermal relic)

Annihilation into hadrons suppressed (PAMELA p data;
but: uncertainties?)

Examples:
Kohri, Mazumdar, Sahu, Stephens: arXiv:0907.0622;
Fairbairn, Zupan: arXiv:0810.4147;
Kohri, McDonald, Sahu: arXiv:0905.1312
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Other constraints on PAMELA explanations

γ’s: From direct emission in annihilation or decay; from
τ → π0 → γ decays; from “inverse Compton” scattering
(e± + γbckg → γhigh E + e±). Bertone, Cirelli, Strumia, Taoso:

arXiv:0811.3744; Kawasaki, Kohri, Nakayama: arXiv:0904.3626; Regis, Ullio:

arXiv:0904.4645
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τ → π0 → γ decays; from “inverse Compton” scattering
(e± + γbckg → γhigh E + e±). Bertone, Cirelli, Strumia, Taoso:

arXiv:0811.3744; Kawasaki, Kohri, Nakayama: arXiv:0904.3626; Regis, Ullio:

arXiv:0904.4645

Early re–ionization, heating of medium Cirelli, Iocco, Panci:

arXiv:0907.0719

BBN Hisano, Kawasaki, Kohri, Nakayama: arXiv:0810.1892;

CMB Galli, Iocco, Bertone, Melchiorri: arXiv:0905.0003

ν bounds Hisano, Kawasaki, Kohri, Nakayama: arXiv:0812.0219
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(Partly) Astrophysical Explanations

Uncertainties in “standard” background: Seems a bit
unlikely. Delahaye et al.: arXiv:0809.5268 and arXiv:0905.2144

Dark Matter – p. 9/15



(Partly) Astrophysical Explanations

Uncertainties in “standard” background: Seems a bit
unlikely. Delahaye et al.: arXiv:0809.5268 and arXiv:0905.2144

Usual WIMPs annihilating in nearby clump: Unlikely.
Brun, Delahaye, Diemand, Profumo, Salati: arXiv:0904.0812

Dark Matter – p. 9/15



(Partly) Astrophysical Explanations

Uncertainties in “standard” background: Seems a bit
unlikely. Delahaye et al.: arXiv:0809.5268 and arXiv:0905.2144

Usual WIMPs annihilating in nearby clump: Unlikely.
Brun, Delahaye, Diemand, Profumo, Salati: arXiv:0904.0812

Usual WIMPs annihilating around nearby black hole:
Unlikely. Bringmann, Lavalle, Salati: arXiv:0902.3665

Dark Matter – p. 9/15



(Partly) Astrophysical Explanations

Uncertainties in “standard” background: Seems a bit
unlikely. Delahaye et al.: arXiv:0809.5268 and arXiv:0905.2144

Usual WIMPs annihilating in nearby clump: Unlikely.
Brun, Delahaye, Diemand, Profumo, Salati: arXiv:0904.0812

Usual WIMPs annihilating around nearby black hole:
Unlikely. Bringmann, Lavalle, Salati: arXiv:0902.3665

Nearby Supernova Fujita, Kohri, Yamazaki, Ioka: arXiv:0903.5298

Dark Matter – p. 9/15
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Uncertainties in “standard” background: Seems a bit
unlikely. Delahaye et al.: arXiv:0809.5268 and arXiv:0905.2144

Usual WIMPs annihilating in nearby clump: Unlikely.
Brun, Delahaye, Diemand, Profumo, Salati: arXiv:0904.0812

Usual WIMPs annihilating around nearby black hole:
Unlikely. Bringmann, Lavalle, Salati: arXiv:0902.3665

Nearby Supernova Fujita, Kohri, Yamazaki, Ioka: arXiv:0903.5298

Pion production in nearby CR source: Mertsch, Sarkar:

arXiv:0905.3152

Dark Matter – p. 9/15



Other network activities

Effect of WIMP annihilation in stars: Significant only for
S−wave annihilation!

Dark Matter – p. 10/15



Other network activities

Effect of WIMP annihilation in stars: Significant only for
S−wave annihilation!

Pop–III stars: effect small? Ripamonti, Iocco, Bressan, Schneider,

Ferrara, Marigo: arXiv:0903.0346

Dark Matter – p. 10/15



Other network activities

Effect of WIMP annihilation in stars: Significant only for
S−wave annihilation!

Pop–III stars: effect small? Ripamonti, Iocco, Bressan, Schneider,

Ferrara, Marigo: arXiv:0903.0346

Current stars near galactic center: effect could be
big. Scott, Edsjö, Fairbairn: arXiv:0904.2395; Scott, Fairbairn, Edsjö:

arXiv:0810.5560; Iocco: arXiv:0906.4106

Dark Matter – p. 10/15



Other network activities

Effect of WIMP annihilation in stars: Significant only for
S−wave annihilation!

Pop–III stars: effect small? Ripamonti, Iocco, Bressan, Schneider,

Ferrara, Marigo: arXiv:0903.0346

Current stars near galactic center: effect could be
big. Scott, Edsjö, Fairbairn: arXiv:0904.2395; Scott, Fairbairn, Edsjö:

arXiv:0810.5560; Iocco: arXiv:0906.4106

New estimates of local DM density:

Dark Matter – p. 10/15



Other network activities

Effect of WIMP annihilation in stars: Significant only for
S−wave annihilation!

Pop–III stars: effect small? Ripamonti, Iocco, Bressan, Schneider,

Ferrara, Marigo: arXiv:0903.0346

Current stars near galactic center: effect could be
big. Scott, Edsjö, Fairbairn: arXiv:0904.2395; Scott, Fairbairn, Edsjö:

arXiv:0810.5560; Iocco: arXiv:0906.4106

New estimates of local DM density:
Using stars from SDSS only: 20% error! Strigari, Trotta:

arXiv:0906.5361

Dark Matter – p. 10/15



Other network activities

Effect of WIMP annihilation in stars: Significant only for
S−wave annihilation!

Pop–III stars: effect small? Ripamonti, Iocco, Bressan, Schneider,

Ferrara, Marigo: arXiv:0903.0346

Current stars near galactic center: effect could be
big. Scott, Edsjö, Fairbairn: arXiv:0904.2395; Scott, Fairbairn, Edsjö:

arXiv:0810.5560; Iocco: arXiv:0906.4106

New estimates of local DM density:
Using stars from SDSS only: 20% error! Strigari, Trotta:

arXiv:0906.5361

With additional input: 8% error!! Catena, Ullio: arXiv:0907.0018
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Other network activities: DM candidates

Resonantly produced sterile ν with mν ≥ 2 keV: needs
very large lepton asymmetry Boyarsky, Lesgourgues, Ruchayskiy, Viel:

arXiv:0812.3256 and arXiv:0812.0010; Acero, Lesgourgues: arXiv:0812.2249
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ν̃R in the NMSSM: Cerdeño, Seto: arXiv:0903.4677

“Scalar photon” stabilized by 6d Lorentz invariance:
Cacciapaglia, Deandrea, Llodra-Perez: arXiv:0907.4993

Inert Higgs in 3 Higgs doublet model: connected to CP
violation. Grzadkowski, Ogreid, Osland: arXiv:0904.2173

Light axions plus neutralino, in model with anomalous
U(1): Coriano, Guzzi, Mariano, Morelli: arXiv:0811.3675
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Other network activities: DM detection

d̄ from heavy WIMP annihilation: only for direct ann.
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Dark Matter – p. 12/15



Other network activities: DM detection

d̄ from heavy WIMP annihilation: only for direct ann.
into qq̄. Braeuninger, Cirelli: arXiv:0904.1165

Testing CMSSM with IceCube: “Unlikely”. Trotta, Ruiz de

Austri, Perez de los Heros: arXiv:0906.0366

Dark Matter – p. 12/15



Other network activities: DM detection

d̄ from heavy WIMP annihilation: only for direct ann.
into qq̄. Braeuninger, Cirelli: arXiv:0904.1165

Testing CMSSM with IceCube: “Unlikely”. Trotta, Ruiz de

Austri, Perez de los Heros: arXiv:0906.0366

Long–lived τ̃ in ν telescopes: <
∼

1 event/yr. Canadas, Cerdeño,

Muñoz, Panda: arXiv:0812.1067

Dark Matter – p. 12/15



Other network activities: DM detection

d̄ from heavy WIMP annihilation: only for direct ann.
into qq̄. Braeuninger, Cirelli: arXiv:0904.1165

Testing CMSSM with IceCube: “Unlikely”. Trotta, Ruiz de

Austri, Perez de los Heros: arXiv:0906.0366

Long–lived τ̃ in ν telescopes: <
∼

1 event/yr. Canadas, Cerdeño,

Muñoz, Panda: arXiv:0812.1067

Direct detection vs. LHC: former may have bigger reach
in “focus point” SUSY. Baer, Park, Tata: arXiv:0903.0555
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Electron (!) recoil in models with light boson coupling to
DM: Dedes, Giomataris, Suxho, Vergados: arXiv:0907.0758

G̃ → νγ in νµSSM: data require m
G̃
≤ 20 GeV. Choi,

Lopez-Fogliani, Muñoz, Ruiz de Austri: arXiv:0906.3681

Proposal for satellite to look for X−rays from νR decay:
den Herder et al.: arXiv:0906.1788
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Other network activities: no alternatives

TeVeS (modified theory of Newtonian gravity) cannot
simultaneously explain galactic rotation curves and lensing
data! Ferreras, Mavromatos, Sakellariadou, Yusaf: arXiv:0901.3932 and arXiv:0907.1463
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Summary and Conclusions

We’re still pretty sure that non–baryonic Dark Matter
exists

Its contribution to recent “e± excesses” is probably
insignificant

We still don’t know what it’s made of

Experiment may give clues soon: LHC, Xenon–100, . . .

Dark Matter – p. 15/15


	�lue underline {Contents}
	�lue underline {Contents}
	�lue underline {Contents}
	�lue underline {Contents}
	�lue underline {Contents}

	External developments: Experiment
	External developments: Experiment
	External developments: Experiment

	Statistics of Network Activities
	Statistics of Network Activities
	Statistics of Network Activities
	Statistics of Network Activities
	Statistics of Network Activities
	Statistics of Network Activities
	Statistics of Network Activities

	$e^pm $ ``Excesses''
	$e^pm $ ``Excesses''

	
ormalsize To explain this through WIMP annihilation, need:
	
ormalsize To explain this through WIMP annihilation, need:
	
ormalsize To explain this through WIMP annihilation, need:
	
ormalsize To explain this through WIMP annihilation, need:

	
ormalsize To explain this through WIMP decay, need:
	
ormalsize To explain this through WIMP decay, need:
	
ormalsize To explain this through WIMP decay, need:

	Other constraints on PAMELA explanations
	Other constraints on PAMELA explanations
	Other constraints on PAMELA explanations
	Other constraints on PAMELA explanations
	Other constraints on PAMELA explanations

	(Partly) Astrophysical Explanations
	(Partly) Astrophysical Explanations
	(Partly) Astrophysical Explanations
	(Partly) Astrophysical Explanations
	(Partly) Astrophysical Explanations

	Other network activities
	Other network activities
	Other network activities
	Other network activities
	Other network activities
	Other network activities

	
ormalsize Other network activities: DM candidates
	
ormalsize Other network activities: DM candidates
	
ormalsize Other network activities: DM candidates
	
ormalsize Other network activities: DM candidates
	
ormalsize Other network activities: DM candidates

	
ormalsize Other network activities: DM detection
	
ormalsize Other network activities: DM detection
	
ormalsize Other network activities: DM detection
	
ormalsize Other network activities: DM detection

	
ormalsize Other network activities: DM detection
	
ormalsize Other network activities: DM detection
	
ormalsize Other network activities: DM detection

	
ormalsize Other network activities: no alternatives
	Summary and Conclusions
	Summary and Conclusions
	Summary and Conclusions
	Summary and Conclusions


