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Is there something beyond the Standard Model ? 
Yes, and dark matter is the best proof!
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Slide from John Ellis



What is this dark matter?

Could it explain many observed 
astrophysics anomalies?
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Six observed, unexplained anomalies 
from astrophysics

High energy anomalies

1. PAMELA/HEAT

2. ATIC

3. WMAP haze

4. EGRET 

Low energy anomalies

1. INTEGRAL

2. DAMA/LIBRA
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1. The PAMELA/HEAT 
anomaly: 
(PAMELA: Payload for Antimatter 
Exploration and Light-nuclei 
Astrophysics)

- observed positron flux from 
cosmic rays ˒e+ / (˒ e+ + ˒  e-) 
larger than expected; 

-first seen by HEAT; 

confirmed by PAMELA
- no such excess seen for 
protons
- could come from high 
energy cosmic ray 
interactions with interstellar 
medium; or could be due to 
nearby  mature pulsars
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2. The ATIC 
anomaly: 
(ATIC: Advanced Thin Ionization 
Calorimeter; balloon 
experiment above Antarctica)

excess in cosmic 
ray electron flux 
at 300-800 GeV

Nature 456, 362-365 (2008)
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ATIC           AMS          HEAT    
BETS          PPB-BETS       emulsion chambers
power-law spectrum          with solar modulation

FERMI will soon release its 
data on high energy electron 
Ҧ ǿƛƭƭ ŎƻƴŦƛǊƳ ƻǊ ŘƛǎƳƛǎǎ !¢L/ 

result
(paper submitted March 20th)



3. EGRET:

Å -ɹray measurements in 
galactic center shows 
excess at 10-50 GeV

ÅSame amount of data 
will be collected by 
FERMI in one year of 
data

ÅFERMI will reach 25 
times EGRET sensitivity

ÅFERMI launched June 
2008 ςfirst data 
reported in Moriond
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First results from Fermi: 
EGRET excess not confirmed
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4. WMAP haze at the Galactic Center:
(Wilkinson Microwave Anisotropy Probe)

ÅWMAP sees a diffuse microwave excess coming from 
the core of our galaxy but not from a particular source 
point

Åseveral distinct bands of diffuse radiation from the core 
of the galaxy spanning over 12 orders of magnitude in 
frequency.

Åhigh energy gamma ray could be due to synchrotron 
radiation coming from dark matter annihilation into e+ 
and e-
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5. SPI/INTEGRAL:
International Gamma-
Ray Astrophysics 
Laboratory, Ge detector 
array

Å Observation of a 511 keV 
line from the galactic 
center ςnothing from 
the galactic disk

Å First seen in 1983
Å Means large e+e-

annihilation rate
Å Origin of galactic 

positrons unknown
Å Astrophysical sources 

could be neutron stars or 
black holes, radioactive 
nuclei from supernovae, 
cosmic ray interactions 
with the interstellar 
medium, pulsars etc.

arXiv:astro-ph/0309442
arXiv:astro-ph/0309484
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Not a symmetric 
source



6. DAMA/LIBRA
ÅNaI scintillator experiment 

in Gran Sasso
Å1st exp: DAMA: claims 

presence of Dark Matter 
particles in the galactic 
halo (7 yrs of data:        
0.29 ton-year) 

Å2nd exp: DAMA/LIBRA:  
0.53 ton-year

Å8.2̀ deviation for the 
cumulative exposure

ÅNo other source of 
modulation found

ÅOther similar experiments 
have null results 
(EDELWEISS and others) arXiv:0804.2741
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Could these anomalies have 
something in common?

ÅEach anomaly has various alternative astrophysical 
explanations but they could also all have something to do 
with dark matter

ÅWMAP, (EGRET): high energy gamma ray could be due to 
synchrotron radiation coming from dark matter annihilation 
into e+ and e-

ÅThis picture also gives rise to high energy e+ and e- to 
explain PAMELA and ATIC

ÅFor DAMA to be compatible with other experiments null 
results,  we need inelastic dark matter model (IDM)

ÅFor INTEGRAL, exciting dark matter is needed (XDM)
ÅBoth XDM and IDM require dark matter mass splittings
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But could one model explain them all?

Å¢ƘŀǘΩǎ ǘƘŜ Ǝƻŀƭ ƻŦ ά! ǘƘŜƻǊȅ ƻŦ 5ŀǊƪ aŀǘǘŜǊέ
Arkani-Hamed, Finkbeiner, Slatyer, Weiner arXiv:0810.0713v2

ÅHow to solve simultaneously high energy 
problems and low energy phenomena?

ÅOne way is to come up with two new particles:

ïOne dark matter particle with a high mass to solve 
high energy anomalies

ïOne low mass gauge boson to address low energy 
phenomena
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Explains both high energy and low 
energy anomalies

High energy:
Å A Weakly Interacting Massive 

Particle (WIMP) ̝ with m ~̝ 500-
800  GeV to explain high energy 
data

Å Dark matter ̝ could annihilate 
into a light boson ˒ :

˔ Ҧ̝˒˒
˒Ҧe+e- or ˃ + -˃

Å Provides a source of high energy 
positrons and electrons (ATIC, 
PAMELA

Å These can also generate high 
energy photons by synchrotron 
radiation (WMAP, EGRET)

Low energy:
Å ˒is a new force carrier with m˒~

100 MeV-1 GeV
Å To explain INTEGRAL, need exciting 

dark matter (XDM)
Å For DAMA data to be consistent 

with other null results, need 
inelastic dark matter (IDM)

Å Both XDM and IDM can be satisfied 
with small mass splitting for ̝

Å c˒ould be so light that it can only 
decay into leptons
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A Theory of Dark Matter

Å¢ƘŜȅ ǎǘŀǊǘ ŦǊƻƳ ǿƘŀǘΩǎ ƴŜŜŘŜŘ ǘƻ ŜȄǇƭŀƛƴ t!a9[! ŀƴŘ 
ATIC data and impose constraints such as satisfying the 
PAMELA rate and observed amounts of dark matter 
seen today

ÅThey argue that a dark matter particle ,̝ m =̝ 500-800 
cannot be the lightest supersymmetric particle (LSP)

ÅNaturalness arguments bring in the need for a low 
mass new gauge boson: ˒, m ~˒ 1GeV

ÅThis allows them to get a Sommerfeld enhancement of 
the annihilation cross-section for ̝  Ҧ̝˒ n˒eeded to 
explain the relic abundance i.e. what is seen today
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Sommerfeld enhancement: 

ÅQuantum mechanism needed to provide an 
enhancement   (~ 100 times larger) for the dark matter 
annihilation rate. The usual WIMP cross-section is too 
weak to explain the current observations.

ÅClassical analogy: cross-section for an object to hit a star 
of radius r is ̄r2 but this cross-section will increase if 
gravity is present to be ̄b2, where b is the distance-of-
closest approach for capture.

ÅSommerfeld enhancement: arises when a particle has an 
attractive force carrier with a Compton wavelength > (ʰ
MDM)-1, h : Dark Matter coupling.
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New picture
Å Two parallel worlds:

ï SM + SUSY
ï Dark sector also with SUSYdark

Å Many ̝ states
Å The dark matter particle ̝ is not 

the LSP (lightest supersymmetric 
particle)

Å i˒s the lightest state
Å At LHC, we can produce the highest 

SUSY states in SM sector
Å These will cascade down to LSPSM  

but this is not the real LSP
Å The LSPSM is a messenger that can 

cross-over to the dark sector then 
decay  into the true LSP, the LSPdark

Å LSPdark will decay into ˒ which will 
decay into SM particles
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SM sectordark sector

Only the LHC can produce the highest 
SUSY states, giving us an entry point 
to the dark sector through cascading 

and crossing-over

arXiv:0810.0713v2
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But why has ˒ not been observed yet?

If ˒ Ҧe+e- , then e+e-Ҧ i˒s also possible

and so is e+e-Ҧ˒ɹ
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ÅA new analysis is in progress in 
BaBar
ÅResonance too narrow to be 
seen in a scan at low energy
ÅBetter look for single photon
Åbut this reduces ̀ by ʁ eff

2

ÅA low cross-section would have 
prevented a discovery in earlier 
experiments with low energy and 
low luminosity



Cross-section in hadron collider:
could be of order 1 pb for ~ʁ 10-3
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arXiv:0901.0283v1


