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The axion – strong CP & dark matter solver?

Courtesy of G. Raffelt



WIN2002 Lars Bergstrom, lbe@physto.se



WIN2002 Lars Bergstrom, lbe@physto.se



WIN2002 Lars Bergstrom, lbe@physto.se

The Universe is flat! (Ωtot = 1)

Boomerang, Maxima, 
DASI,.. – and soon MAP

Boomerang

Boomerang

DASI
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Cosmological parameters from Boomerang data

Boomerang collaboration
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Pictures by Boomerang collaboration
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DASI

Pictures by DASI collaboration, J. Carlstrom et al.
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MAP – Microwave 
Anisotropy Probe

January 2002: Taking data!
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M. Spiro

Stars and planets 
(”Jupiters”) cannot be a 
large fraction of Milky 
Way halo dark matter!

(Stellar-mass objects 
excluded from chemical 
evolution & detection of 
extragalactic TeV gamma-
rays)
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SNAP –
supernova/acceleration 
probe
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Dark matter needed on all scales!
(⇒ MOND and other attemps to modify gravity very unlikely)

Galaxy rotation curves X-ray emitting clusters

Cluster 3C295 (Chandra)NED/STScI; E. Corbelli & P. Salucci (1999)
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Chandra

Mass estimates from X-ray & gravitational lensing agree

Abell 2390

MS2137.3-2353
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Large-scale structure in 
striking agreement with the 
”standard cosmology”, ΛCDM 
(ΩM = 0.3, ΩΛ = 0.7)

P. Norberg & S. Cole, 2000
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2dF Collaboration
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The 2-degree Field Galaxy Redshift Survey (cf. SDDS)

Result:
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Cold Dark Matter
• Part of the “Concordance Model”
• Gives excellent description of large scale 

structure, Ly-α forest, gravitational lensing
• If consisting of particles, may be related to 

electroweak mass scale: weak cross section, 
non-dissipative “WIMPs” (Weakly Interacting 
Massive Particles)

• Potentially detectable directly or indirectly
• May or may not describe small-scale structure 

in galaxies: Controversial issue, but 
alternatives (self-interacting DM, warm DM, 
self-annihilating DM) seem worse
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Supersymmetry
• Invented in the 1970’s
• Necessary in most string theories
• Restores unification of couplings
• Solves hierarchy problem
• Gives right scale for neutrino masses
• Predicts light Higgs ( < 130 GeV)
• May be detected at Fermilab/LHC
• Gives an excellent dark matter candidate (If R-parity is 

conserved)
• Useful as a template for generic “WIMP” (Weakly 

Interacting Massive Particle)
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Work done in collaboration with

• P. Gondolo (Munich/Case Western)

• J. Edsjö (Stockholm)

• P. Ullio (Caltech/SISSA)
and also

• E. Baltz (UC Berkeley/Columbia)

• T. Damour (Paris)

• L. Krauss (Case Western) 

For a review, see L. Bergström, Rep. Prog. Phys. 
63 (2000) 793 [hep-ph/0002126].
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Will only consider MSSM χ, thermally produced in the 
early Universe 

There are other possibilities for Dark Matter related to 
supersymmetry:

• ν, sneutrinos (Hall & Murayama) 

• a, axinos (Kim & Roszkowski)

• Wimpzillas (Kolb & al)

• Cryptons (J. Ellis & al)

• Q-balls (Kusenko & al)

• Self-interacting DM (Farrar & al)

χ DM useful template for generic Weakly Interacting Massive 
Particle (WIMP) – also non-supersymmetric ones
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Paolo Gondolo, Joakim Edsjö, Lars Bergström,
Piero Ullio and Edward A. Baltz
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Release / download
• Major code reorganization to make it user-friendly.
• Tested on RedHat Linux 7.2, LinuxPPC and Alphas.
• Released now as a fully working beta-version.
• Full release later 2002 with manual and long paper.
• Download at

http://www.physto.se/~edsjo/darksusy/

• If you use it, please sign up on the DarkSUSY mailing 
list on that page!
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CDMS Collaboration
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New generation of detectors (both nuclear recoil 
and ionization detection) – CDMS, Edelweiss, 

ZEPLIN, GENIUS, …

Note sensitivity aquired 
with a 320 g detector – cf. 
DAMA 100 kg



WIN2002 Lars Bergstrom, lbe@physto.se

Spin-dependent limits:
M. Altmann et al., astro-ph/0106314

Future projects:
CRESST

F. Mayet et al (MACHe3)

MACHe3 vs CDMS-II
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New approach: use small number of ”well-motivated” points 
in SUSY parameter space

CRESST & CDMS II 
projected limits GENIUS

Direct detection
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First AMANDA (B-10) limits on WIMPs
(X. Bai et al. IDM2000, York, England, 18-22 Sep 2000,  
astro-ph/0012285)
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Neutrinos from 
the Sun more 
difficult to 
detect with 
IceCube at low 
masses. 
(Antares may 
have better 
sensitivity.)
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Super-K limits on WIMP 
cross section (A. Habig et 
al., hep-ex/0106024)

Simplified analysis based 
on correlation between 
capture rate in Earth and 
scattering rate in NaI 
through spin-independent 
interaction.

W threshold

Iron resonance
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L. Bergstrom, 2000 L. Bergstrom, 2000
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EGRET discovery of gamma-ray halo of Milky Way (D. Dixon et al., 1997)
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CDM simulation of 
SUSY gamma-ray sky

(Calcaneo-Roldan & 
Moore, 2000)

L. Bergström, J. Edsjö & C. Gunnarsson, PRD 2000
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Idea: Redshifted gamma-ray line gives 
peculiar energy feature – may be observable 
for CDM-type cuspy halos and substructure

Enhancement factor due to 
substructure

Cosmology

Absorption on IR and 
optical background 
radiation

Redshift factor

PRL, Dec. 2001
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No data in this region 
(GLAST will cover it)
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USA-France-Italy-Sweden-Japan 
collaboration, launch 2006
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Positrons from neutralino annihilations
E. Baltz, J. Edsjö, K. Freese and P. Gondolo, 2001 (cf Kane, Wang & Wells, 2001)
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Antiprotons from neutralino annihilation
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CAPRICE M. Boezio et al., 2001
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Conclusions

• Existence of dark matter more certain 
than ever

• CDM seems favoured
• Maybe only gravitational interactions –

horror scenario
• If related to electroweak scale (WIMPs) 

then prospects for detection are good!


