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AstroparticleAstroparticleAstroparticle PhysicsPhysicsPhysics

1. High Energy Particles from the Cosmos

2. The new Astronomy

3.3. The Cosmic Microwave Background RadiationThe Cosmic Microwave Background Radiation

4. Search for Dark Matter (DM)



A. Lindner DESY Summer Student Lectures 2008 Astroparticle Physics

CMBR and the history of the universeCMBR and the history of the universeCMBR and the history of the universe

Short History of Cosmological 
Ideas:
http://www.physics.fsu.edu/cour
ses/spring99/ast1002h/cosmolog
y/cosmol.htm
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Expansion of the UniverseExpansion of the UniverseExpansion of the Universe

The universe expands and thus “cools” down

Hubble 1928: the universe expands!

Photons are shifted to larger wavelengths
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Introduction to the CMBR (1)Introduction to the CMBR (1)Introduction to the CMBR (1)

Do we understand the cosmos?
What teaches the cosmos on HEP?
Analyze the oldest radiation!

Wayne Hu:
http://background.uchicago.edu/~whu/
Max Tegmark:
http://www.hep.upenn.edu/~max
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IntroductionIntroductionIntroduction tototo the CMBR (2)the CMBR (2)the CMBR (2)

380.000 years after Big Bang 
(at z=1089) the universe
becomes transparent. 
The first unscattered photons
are now observed as a 
black body radiation with
T= (2.725 ± 0.001) K

The spectral shape is (nearly) 
unaffected by the later 
development of the cosmos.
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TheTheThe PhysicistPhysicistPhysicist's 's 's Interest in the CMBRInterest in the CMBRInterest in the CMBR

• THE most convincing proof of the Big Bang theory
(predicted by Gamov 17 years before discovery)

Penzias und Wilson
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TheTheThe PhysicistPhysicistPhysicist's 's 's Interest in the CMBRInterest in the CMBRInterest in the CMBR

• THE most convincing proof of the Big Bang theory
(predicted by Gamov 17 years before discovery)

• A CMBR sky map should show tiny temperature
fluctuations (level 10-5)
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TheTheThe PhysicistPhysicistPhysicist's 's 's Interest in the CMBRInterest in the CMBRInterest in the CMBR

• THE most convincing proof of the Big Bang theory
(predicted by Gamov 17 years before discovery)

• A CMBR sky map should show tiny temperature
fluctuations (level 10-5) 
– Quantum fluctuationss of the very early universe 

enlarged by inflation
– Seeds of structures in the universe (amplified by 

gravitation after recombination)

The CMBR provides experimental access to the early and 
probably very early universe and hence
indirect information on extremely high energy physics.
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Fluctuations in the CMBRFluctuations in the CMBRFluctuations in the CMBR
seeds: quantum fluctuations (?) 
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Acoustic Acoustic Acoustic OOOscillationsscillationsscillations ininin the early the early the early UUUniverseniverseniverse

Measure small angle 
temperature anisotropies 
(interacting plasma, "within 
horizon")
over large parts of the sky 
(non interacting regions, 
"beyond horizon")
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Everyone's CMBR detectorEveryone's CMBR detectorEveryone's CMBR detector

About 1% of the TV noise originates from the CMBR
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A more sophisticated CMBR detectorA more sophisticated CMBR detectorA more sophisticated CMBR detector

Wilkinson Microwave Anisotropy Probe (WMAP)
Launched 2001, June 30
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From COBE to WMAPFrom COBE to WMAPFrom COBE to WMAP

2001 launch of the Wilkinson Microwave Anisotropy Probe

Angular resolution of WMAP up to 0.2° (COBE 7°), 
experimental information on higher order temperature fluctuations
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The CMBR The CMBR The CMBR SkymapSkymapSkymap

Scale:
-200 to +200 μK

Perfect black body radiation
T = 2.735 K

Fluctuations: 10-3

Dipole radiation
(v = 600 km/s)

Fluct.: 10-5
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Multipole expansion of the temperature 
fluctuations in spherical harmonics:
δT(φ,θ) = Σl,m· al,m· Yl

m(φ,θ)

TT: only temperature

Plot  cl = Σm |al,m|

TE: temperature and polarization

Analysis of WMAP DataAnalysis of WMAP DataAnalysis of WMAP Data
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Multipole expansion of 
the temperature 
fluctuations:
δT(φ,θ) = 
Σl,m· al,m· Yl

m(φ,θ)

Plot  cl = Σm |al,m|

Analysis of WMAP DataAnalysis of WMAP DataAnalysis of WMAP Data

fundamental wave

2nd overtone1st overtone

WMAP 5-year Paper Figures, Nolta et al. 
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Main Goals of CMBR Analyses Main Goals of CMBR Analyses Main Goals of CMBR Analyses 

• Age of the universe
• Ω : total energy density geometry
• Ωb : baryons
• Ων : dark matter (non baryonic, "hot")
• Ωdm: dark matter (non baryonic, "cold")
• ΩΛ : cosmological constant ("dark energy")

• Spectrum and origin of temperature fluctuations
• Time of first starlight
• On a way to a "standard model of cosmology"?

New form of matter! 
Supersymmetry?

New (scalar) 
field?
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Geometry of the Universe (1)Geometry of the Universe (1)Geometry of the Universe (1)

• Calculate absolute size of the fundamental wave of the 
temperature perturbations in the CMBR:
absolute size ≈ acoustic horizon 

≈ f(sound velocity, recombination time, general relat.)
≈ 149 Mpc

Standard ruler independent of geometry of the universe!

• Measure apparent angular size of fluctuations

• Calculate geometry from apparent and absolute size
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Geometry of the Universe (2)Geometry of the Universe (2)Geometry of the Universe (2)

Θ1= 0.81°·(Ω/Ωc)½

Ω = Ωc: flat universe

Ω > Ωc: closed universe

Ω < Ωc: open universe



A. Lindner DESY Summer Student Lectures 2008 Astroparticle Physics

Geometry of the Universe (3)Geometry of the Universe (3)Geometry of the Universe (3)

The universe is flat!
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Geometry from Geometry from Geometry from MultipoleMultipoleMultipole AnalysisAnalysisAnalysis

Geometry and hence 
total energy density 
given by position of 
the first peak:

Ω = Ωc · (1.01 ± 0.1)
The universe is flat!

closed open
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Total baryonic Matter from Total baryonic Matter from Total baryonic Matter from MultipoleMultipoleMultipole AnalysisAnalysisAnalysis

Baryonic matter:  matter 
(nuclei, electrons) 
coupling to photons

Acoustic wave (1st overtone) 
and gravitation fight each 
other at recombination time

Ωb = Ωc · (0.044 ± 0.003)

less

more
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Dark Matter from Dark Matter from Dark Matter from MultipoleMultipoleMultipole AnalysisAnalysisAnalysis

Dark matter:  matter not
coupling to photons (i.e. 
weakly interacting particles)

Only matter not interacting 
with photons maintains the 
gravitational potential for 
higher order modes.

Ωmatter = Ωc · (0.23 ± 0.03)
less

more
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Main Results of  CMBR AnalysisMain Results of  CMBR AnalysisMain Results of  CMBR Analysis

• Geometry of the Universe: flat
• Age of the Universe: 13.69 ± 0.13 Gyr
• Hubble Constant: 72 ± 3 km s−1 Mpc−1

• Fluctuations compatible with inflation

• Ωb (baryons): 0.044 ± 0.003
• Ωc (dark matter): 0.214 ± 0.027
• ΩΛ (dark energy): 0.742 ± 0.030
• Early star light (reionisation): Ων <<  Ωdm

In very good 
agreement to 
all other data 
(supernova 
search with 
HST, galaxy 
counting, 
Big Bang 
Nucleon-
synthesis, ...)

http://lambda.gsfc.nasa.gov/
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Dark Engery
Cold Dark Matter
Warm Dark Matter?
Dark Baryons
Luminous Matter

CMBR: CMBR: CMBR: Mass Mass Mass ––– Energy Budget of the UniverseEnergy Budget of the UniverseEnergy Budget of the Universe

• 96% of the mass-energy budget are of unknown constituents
• 80% of the mass are made of unknown particles

There is (much) more physics than in the HEP standard model!

starsNeutrinos?



A. Lindner DESY Summer Student Lectures 2008 Astroparticle Physics

Dark Engery
Cold Dark Matter
Warm Dark Matter?
Dark Baryons
Luminous Matter

A new ingredient: dark energyA new ingredient: dark energyA new ingredient: dark energy

Dark energy: “anti gravitation”:
a motor of expansion of the universe?

starsNeutrinos?
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Expansion of the UniverseExpansion of the UniverseExpansion of the Universe
Hubble: the universe expands!

Hubble Space Telescope:
expand “Hubble plot” to larger 
distances by observing 
supernova explosions
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Expansion of the Universe: Expansion of the Universe: Expansion of the Universe: DarkDarkDark Energy: Energy: Energy: 

Measurements of
Supernovae Ia by the 
Hubble Space Telescope:

• The dark energy has a 
repulsive force ("anti-
gravitation")

• The universe expands
currently with increasing 
speed!
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Cosmology from CMBR and other dataCosmology from CMBR and other dataCosmology from CMBR and other data
Summary:
• On the way to an experimental "precision" cosmology?

– Surprising agreement of many different data
• Many open questions to particle physics:

– Where are the dark baryons?
– What is Dark Matter?
– What is Dark Energy? Why is it not exactly zero?
– Why is the universe exactly flat ("fine tuning problem")?
– Why is the amount of energy and matter nearly the same?
– ....

Or do we have too many strange hypotheses 
(i.e. inflation, accelerated expansion, “multiverses”)?

Do we need a new physics revolution?
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Hitchhiker’s Guide to the GalaxyHitchhiker’s Guide to the GalaxyHitchhiker’s Guide to the Galaxy

There is a theory which states that if ever anybody 
discovers exactly what the Universe is for and why it 
is here, it will instantly disappear and be replaced by 
something even more bizarre and inexplicable. 

There is another theory which states that this has 
already happened.

Douglas Adams
English humorist & science fiction novelist (1952 – 2001)
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Most  challenging: Dark EnergyMost  challenging: Dark EnergyMost  challenging: Dark Energy

10 years after discovery no significant progress in understanding
(in spite of numerous theoretical ideas)

• Vacuum energy: 
theoretical predictions from Standard Model ≈10120 too large,
with supersymmetry expectation exactly zero!

• Fifth force? New scalar field (like needed for inflation).
new particles with mass <≈ (ρ h3/c3)1/4 = 0.001 eV

• Is gravitation to be modified for very large distances or 
very weak fields ?

• Are basic assumptions wrong?
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Basic Assumptions in CosmologyBasic Assumptions in CosmologyBasic Assumptions in Cosmology

Copernican principle: The Universe in our neighborhood is not special.

• Homogeneity  (similarity in all regions of space)
• Isotropy          (similarity in all directions).

This principle is 
• compatible with observations (if you accept “Dark Energy”!),
• but fundamentally untested! 
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Basic Assumptions in CosmologyBasic Assumptions in CosmologyBasic Assumptions in Cosmology
Example:
Which is the relevant scale for homogeneity of the Universe?

• Does one has to take into account in-homogeneities when calculating 
cosmological parameters?  

http://www.nature.com/nature/journal/v452/n7184/pdf/452158a.pdf
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A Way out?A Way out?A Way out?

• A primordial epoch of inflation generated cosmological perturbations 
of wavelengths much larger than the Hubble radius.

• The perturbations evolve coherently with time and influence the time 
evolution of the local expansion.

1. We observe only a small part of the universe which accidentally 
expands.

2. Dark energy does not exist.
3. The universe is composed of baryonic and dark matter.

Experimental test: luminosity-distance–redshift correlation.

see e.g. E.W. Kolb et al., hep-th/0503117
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Future DataFuture DataFuture Data

Planck (launch 2009) 
with higher spatial 
resolution, much 
improved polarization 
measurements.

SDSS-II
(up to 2008)

Large Synoptic Survey Telescope (LSST) 

2015?
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CMBR: topics for discussionCMBR: topics for discussionCMBR: topics for discussion

• Which observations / experiments in addition to CMBR 
analyses might help to understand the very early cosmos?

• In which way might other research fields profit from 
detailed cosmology studies?

• What do you expect for the future of the universe?
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AstroparticleAstroparticleAstroparticle PhysicsPhysicsPhysics

1. High Energy Particles from the Cosmos

2. The new Astronomy

3. The Cosmic Microwave Background Radiation

4.4. Search for Dark MatterSearch for Dark Matter (DM)(DM)
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Observational Evidence for DM (1)Observational Evidence for DM (1)Observational Evidence for DM (1)

Rotation of galactic disks:

NGC 3198

Dark Matter  ≈ 10 · Luminous Matter

(besides analysis of the CMBR)

No interaction with light

Dark Matter and experiments:
http://cdms.berkeley.edu/experiment.html
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Observational Evidence for DM (2)Observational Evidence for DM (2)Observational Evidence for DM (2)

Motions of galaxies in  clusters:
Clusters do not diffuse in spite of 
high speed of galaxies.

(Dark component first proposed 
1933 by F. Zwicky after analysis 
of the Coma cluster) 

Dark Matter  ≈ 30 · Luminous Matter
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Observational Evidence for DM (3)Observational Evidence for DM (3)Observational Evidence for DM (3)

Hot gas in galaxy clusters:
Hot gas (measured by X-ray 
emission due to e--
bremsstrahlung) contains too 
much kinectic energy to be bound 
by luminous matter in the cluster.

Mass (hot gas) ≈
5 · Luminous Matter

Dark Matter  ≈ 30 · Luminous Matter
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How to find Dark Matter in the Universe?How to find Dark Matter in the Universe?How to find Dark Matter in the Universe?

Search for Dark Matter via gravitational effects:

• bound systems (galaxies, clusters of galaxies, hot gas)

• distortion of images due to gravitational force on light

“gravitational lensing”
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Gravitation distorts imagesGravitation distorts imagesGravitation distorts images

http://astronomyonline.org/Cosmology/GravitationalLensing.asp
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Gravitation distorts imagesGravitation distorts imagesGravitation distorts images

Gravitational lensing:
Derive mass of  “lens” from 
properties of image .

http://www.iam.ubc.ca/~newbury/lenses/research.html
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Observational Evidence for DM (4)Observational Evidence for DM (4)Observational Evidence for DM (4)

Dark Matter  ≈ 30 · Luminous Matter

HST: Galaxy Cluster CL0024+17
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The Smoking Gun ObservationThe Smoking Gun ObservationThe Smoking Gun Observation

Bullet cluster 1E 0657-56: merging of two galaxy clusters
(Clowe et al., astro-ph/0608407v1)

Contours from gravitational lensing hot gas from X-rays
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The Smoking Gun ObservationThe Smoking Gun ObservationThe Smoking Gun Observation

Bullet cluster 1E 0657-56

from gravitational lensing

hot gas (X-ray)
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The Smoking Gun ObservationThe Smoking Gun ObservationThe Smoking Gun Observation

http://chandra.harvard.edu/photo/2006/1e0657/animations.html#1e0657_zoom
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Model: galaxies “swim“ within a halo of dark matter Model: galaxies “swim“ within a halo of dark matter Model: galaxies “swim“ within a halo of dark matter 

Are there also galaxies purely made of dark matter?
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What is happening with  NGC 4254?What is happening with  NGC 4254?What is happening with  NGC 4254?

something is pulling one spiral arm of  NGC 4254 apart

Observation:
weak radio emission (H 
gas) out of an empty 
area!
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What is happening with  NGC 4254?What is happening with  NGC 4254?What is happening with  NGC 4254?

something is pulling one spiral arm of  NGC 4254 apart

Observation:
weak radio emission (H 
gas) out of an empty 
area!

no stars visible!



A. Lindner DESY Summer Student Lectures 2008 Astroparticle Physics

The first “dark galaxy”!The first “dark galaxy”!The first “dark galaxy”!

Observation

Expectation

10.000.000.000 M☼
99% DM, 1% gas 

12.01.2006
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However …However …However …
… do we really understand gravity in the weak acceleration regime?

http://www.atlasoftheuniverse.com

Globular clusters should not 
contain Dark Matter:
Analysis of velocity of stars 
probes gravity!

Centauri
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However …However …However …
… do we really understand gravity in the weak acceleration regime?

Scarpa et al., astro-ph/0707.2459

http://www.atlasoftheuniverse.com

Globular clusters should not 
contain Dark Matter:
Analysis of velocity of stars 
probes gravity!

No 1/r2 dependence!
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However …However …However …
… do we really understand gravity in the weak acceleration regime?

Scarpa et al., astro-ph/0707.2459

http://www.atlasoftheuniverse.com

Globular clusters should not 
contain Dark Matter:
Analysis of velocity of stars 
probes gravity!

No 1/r2 dependence!
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However …However …However …
… do we really understand gravity in the weak acceleration regime?

Scarpa et al., astro-ph/0707.2459

http://www.atlasoftheuniverse.com

Globular clusters should not 
contain Dark Matter:
Analysis of velocity of stars 
probes gravity!

No 1/r2 dependence!
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However …However …However …
… do we really understand gravity in the weak acceleration regime?

http://arxiv.org/ftp/arxiv/papers/0807/0807.1088.pdf“Pioneer anomaly”
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However …However …However …
… do we really understand gravity in the weak acceleration regime?

http://arxiv.org/ftp/arxiv/papers/0807/0807.1088.pdf“Pioneer anomaly”
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However …However …However …
… do we really understand gravity in the weak acceleration regime?

Un-modeled acceleration:

• Velocities in globular clusters:
≈ 2·10-10 m/s2

• Pioneer anomaly:
≈ 8·10-10 m/s2

• Rotation of galaxies:
≈ 10-10 m/s2

(gravitational pull of a human in 7 m distance)
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However …However …However …
… do we really understand gravity in the weak acceleration regime?

J.D. Anderson et al., PRL 100, 091102 (2008)“Swing-by anomaly”

velocity differences of few mm/s not understood!
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However …However …However …
Looking into details: 

new interaction between Dark Matter particles and/or modified 
gravity necessary to understand the bullet cluster?

http://arxiv.org/PS_cache/astro-ph/pdf/0701/0701848v2.pdf
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However …However …However …
Looking into details: 

new interaction between Dark Matter particles and/or modified 
gravity necessary to understand the bullet cluster?

http://arxiv.org/PS_cache/astro-ph/pdf/0701/0701848v2.pdf
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For the time being …For the time being …For the time being …
……… let's stick to the general accepted paradigm.let's stick to the general accepted paradigm.let's stick to the general accepted paradigm.

"Shhhh. That's the theoretical physicists' new particle uniform.
If you can't see it, you won't be allowed to graduate."

http://www.softcom.net/users/greebo/laugh.htm
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Further Evidences for Dark MatterFurther Evidences for Dark MatterFurther Evidences for Dark Matter

• CMBR analyses

• Structure formation 
in the universe

non relativistic 
“cold” dark matter!
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Properties of the Dark MatterProperties of the Dark MatterProperties of the Dark Matter

• Dark Matter  ≈ 30 · luminous matter (stars)
– Dark baryons (p, n)  ≈ 5 · luminous matter

(indirect observations (gas), big bang nucleosynthesis, CMBR)
– Unknown "dark" particles  ≈ 6 · baryonic matter

• Only gravitational (and weak) interaction
• Should be non-relativistic ("cold") 
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The prime DM CandidatesThe prime DM CandidatesThe prime DM Candidates

1.1. WWeakly eakly IInteracting nteracting MMassive assive PParticlearticless:: WIMPsWIMPs
Most promising candidate: lightest supersymmetric particle 
(neutralino, a linear combination of photino, zino and
higgsinos, to be found at LHC?),

very heavy (around 1011eV).

2.2. AAxionxion or or AAxionxion LLike ike PParticlearticless: : ALPsALPs
Invented to explain CP conservation in QCD (“why is the electric 
dipole moment of  the neutron zero or extremely small?”).
Non-thermal production in the early universe,
very light (around 10-4eV).
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Direct Detection of Direct Detection of Direct Detection of WIMPsWIMPsWIMPs

Basic Idea: 
• elastic scattering of WIMPS on nuclei
• Measure nuclear recoils

Experimental challenge:
• WIMPS mass: 45 GeV to TeV (≈ mass of nuclei)
• Relative speed (earth - WIMP in galactic halo): 250 km/s

kinetic energy ≈ keV
• Very low cross sections: σχ < 10-40 cm2 = 10-4 pb ≈ 10-14 σpp
• Local density ≈ 0.3 GeV / cm3

Event rate < 0.1 / day / kg (10-6 Hz / kg)
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The "smoking Gun" of WIMP DetectionThe "smoking Gun" of WIMP DetectionThe "smoking Gun" of WIMP Detection

Due to varying speed of earth relative to galactic halo:
7% annual modulation of WIMP detection rate

230 km/s

30 km/s
Speed relative to WIMP halo:
(230 ± 15) km/s

(104 to 106 WIMPs/cm2/s)
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Basic Detector ConsiderationsBasic Detector ConsiderationsBasic Detector Considerations

• Radioactivity from the surrounding: 1 Hz/kg
• Muons from cosmic rays: 0.01 Hz/kg

Shield and / or identify radioactivity induced events
Shield cosmic rays underground laboratory (1.5 km rock)

Expected Rate: 
10-6 Hz / kg
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DAMA/LIBRA: a "classical" ExperimentDAMA/LIBRA: a "classical" ExperimentDAMA/LIBRA: a "classical" Experiment

Detection of scintillating light from recoiled nuclei
• Large mass (240 kg NaI(Tl) detectors), 

careful shielding of radioactivity and cosmic muons
• No event-by-event background / signal identification
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DAMA/LIBRA: Evidence for DAMA/LIBRA: Evidence for DAMA/LIBRA: Evidence for WIMPsWIMPsWIMPs? ? ? 

Annual modulation!
Results (model dependent): Mχ ≈ 15-100 GeV, σχ≈ 10-5 pb

Compatible with results of other experiments?

arXiv:0804.2741v1
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New ExperimentNew ExperimentNew Experimentsss with Background Rejectionwith Background Rejectionwith Background Rejection

If ionisation could be 
measured (charge, 
scintillating light):
Distinguish em. 
radiation and nuclear 
recoils by the ratio
E(phonon)/E(ion.)
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Example: the CDMS ExperimentExample: the CDMS ExperimentExample: the CDMS Experiment

Cryogenic Dark Matter Search in the Soudan underground facilty

Simultaneous measurements of phonons and ionization in silicon and germanium 
crystals at 0.02 K Crystal mass 0.1 and 0.25 kg.

photons (light)

Stray Electrons

Neutrons, which
look just like WIMPs

ionization
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Summary: Direct WIMP DetectionSummary: Direct WIMP DetectionSummary: Direct WIMP Detection
• Evidence from 

DAMA 
incompatible with 
other experimental 
results

• Has DAMA seen an 
“ALP” and not a 
“WIMP”?

• Much progress 
expected by 
upgrades of 
experiments in the 
next years

J. Angle et al. (XENON10),
astro-ph/0706.0039v1
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Outside the mainstreamOutside the mainstreamOutside the mainstream

• Axions or axion-like particles could constitute very light 
but cold dark matter
(originating from phase transition, not from freeze out).

• New particles as predicted by string-theory may be also 
very light (sub-eV):
WISPs (weakly interacting sub-eV particles)

• Dark Energy could be related to WISPs:
WISPs could be scalar or pseudoscalar and hence provide 
indirect information on the scalar field related to DE.

• (non) Absorption of cosmic teV photons could be related 
to these new particles.

• …
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Looking for Looking for Looking for AxionAxionAxion Dark MatterDark MatterDark Matter
Axions (ALPs) convert to photons via coupling to a 
magnetic field.

Look for resonant signal 
in a microwave cavity 

when tuning frequency.

No signal found yet!
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AAAxionxionxion---LLLike ike ike PPParticle article article SSSearch @ DESYearch @ DESYearch @ DESY

The ALPS Project

A light-shining-through-a-wall experiment
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AAAxionxionxion---LLLike ike ike PPParticle article article SSSearch @ DESYearch @ DESYearch @ DESY

The ALPS Project

A light-shining-through-a-wall experiment
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AAAxionxionxion---LLLike ike ike PPParticle article article SSSearch @ DESYearch @ DESYearch @ DESY

The ALPS Project

A light-shining-through-a-wall experiment
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The ALPS ProjectThe ALPS ProjectThe ALPS Project

Axion-Like Particle Search @ DESY

A photon regeneration experiment
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The ALPS ProjectThe ALPS ProjectThe ALPS Project

Axion-Like Particle Search @ DESYReference Signal

A light-shining-through-a-wall experiment
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The ALPS ProjectThe ALPS ProjectThe ALPS Project

Axion-Like Particle Search @ DESY

A light-shining-through-a-wall experiment
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The ALPS ProjectThe ALPS ProjectThe ALPS Project

Axion-Like Particle Search @ DESY
SBIG ST-402 CCD

A light-shining-through-a-wall experiment
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The ALPS ProjectThe ALPS ProjectThe ALPS Project
Searching for potentially revolutionary physics in a small collaboration

DESY, Hamburger Sternwarte, Laser Zentrum Hannover and
Max-Planck-Institute for Gravitational Physics (AEI)

with few people.

http://alps.desy.de

http://axion-wimp.desy.de 
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Dark matter: topics for discussionDark matter: topics for discussionDark matter: topics for discussion
• Why should dark matter be “cold”?

• Could neutrinos or black holes be the dark matter?

• Which other candidates exist for dark matter?

• Does dark matter exist at all? How to identify its constituents?

• Is there any connection between “dark matter” and “dark energy”?

• Why don’t we feel the influence of dark matter on earth?
Why does it not affect the flight path of satellites?

• Could a “dark world” with “dark” intelligent beings made of dark
matter be possible?
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Many open QuestionsMany open QuestionsMany open Questions
• Is there Dark Matter? 

What are the constituents of Dark Matter?

• Do we understand gravity?

• What is Dark Energy?

• Where are the sources of Cosmic Rays?

• What happens in AGNs?

• Will there be more sources in the neutrino sky?
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And even more And even more And even more 

• What are the masses of neutrinos?

• How do they oscillate?

• Do the constants of nature vary with time?
Controversial results for αem obtained by observation of 
very distant quasars and galaxies.

• What does the CMBR teach on the Grand Unification? 
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ApplicationsApplicationsApplications

Climate and 
Cosmic Rays

Svensmark, Friis-Christensen (1997)



A. Lindner DESY Summer Student Lectures 2008 Astroparticle Physics

OutreachOutreachOutreach
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The scientific ProspectsThe scientific ProspectsThe scientific Prospects
All (nearly) questions may be answered by the next generation 
of experiments within the next decade:

• CMBR: Planck mission
• Dark Matter: XENON, CRESST, CDMS, ...
• Cosmic Rays: AUGER
• TeV astronomy: HESS, MAGIC, VERITAS, CTA, ....
• Neutrino astronomy: ICECUBE, KM3NET, …
• Searches for new physics at sub-eV scales
• …

complemented by new particle physics and astronomy projects
(LHC, SNAP, James Webb Space Telescope, …) 

and most likely many unforeseen phenomena will be discovered!and most likely many unforeseen phenomena will be discovered!
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Astroparticle PhysicsAstroparticle PhysicsAstroparticle Physics

Multifaceted ...
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Astroparticle PhysicsAstroparticle PhysicsAstroparticle Physics

... and thrilling!

Fire and ice at the HEGRA experiment on 
the Canary island La Palma
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Astroparticle PhysicsAstroparticle PhysicsAstroparticle Physics
Most fascinating (to me):

If research on smallest 
and largest scales 
complement each other 
in the way most evident 
in astroparticle physics 
we can be confident to 
catch a glimpse of 
reality!
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AstroAstroAstro and Particlesand Particlesand Particles

Particle physics detectors
⇓

Cherenkov Telescopes
⇓

TeV Astronomy with AGNs
⇓

Hints for new elementary 
particles, quantum gravity?

Some results seem to be 
confusing or weird

(Dark Matter, Dark Energy)
⇓

really basic questions are 
being addressed

⇓
hope to understand 

fundamentals!
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Enjoy it!
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Suggestions for further readingSuggestions for further readingSuggestions for further reading

• “Astrophysics” (M. S. Longair), 
Cambridge 1992

• “Cosmic Rays and Particle Physics” (T. K. Gaisser), 
Cambridge 1999

• “Very High Energy Cosmic Gamma Radiation (F. Aharonian), 
World Scientific 2004

• “Astroparticle Physics (Claus Grupen), 
Springer 2005


