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1. Review of observed anomalies
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3. Signatures at running or stalled colliders

Pauline Gagnon, Indiana University



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



Proof that dark matter exists: the bullet cluster

ÅPicture of two galaxy 
clusters hitting each 
other

ÅWhat collides is the 
inter-galactic material 
(gas)

ÅIt heats up to 160x106 oC
then emits X-rays

ÅWhat we see here is the 
intensity of X-rays 
emission
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Exposition time: 140 hours!
Picture is 1.6 light-year wide



Dark Matter is seen by Weak 
Gravitational Lensing

12/7/2009 Pauline Gagnon, Indiana University 4

ÅSame event seen by 
the Hubble telescope 
through gravitational 
lensing

ÅDark matter from 
each cluster passed 
over each other 
without interacting

ÅShows the contours of 
gravitationalfield 
caused by dark matter



So dark matter is there but interacts 
very weakly
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Inter-galactic gas 
clouds collided but 
the dark matter kept 
moving on

Center of gravity for 
visible matter and 
dark matter 
different



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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Pulsar or Dark Matter? 
Fermi may tell

ÅFlux from pulsar 
characterized by 
steps

ÅDM would give a 
power law spectrum

ÅMalyshev, Cholis& 
Gelfandsuggest 
Fermi could resolve 
this with one year of 
data 
(arXiv:0903.1310 )
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ATNF: catalog of all known pulsars



2. The ATIC 
anomaly: 
(ATIC: Advanced Thin 
Ionization Calorimeter; 
balloon experiment above 
Antarctica)

excess in cosmic 
ray electron flux 
at 300-800 GeV

FERMI will soon 
release its data 
on this Nature 456, 362-365 (2008)
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ATIC           AMS          HEAT    
BETS          PPB-BETS       emulsion chambers
power-law spectrum          with solar modulation



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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Fermi and EGRET agree at large latitudes
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ÅEGRET and Fermi disagree
on data from galaxycenter 

ÅAgreeon diffuse ɹ -ray 
background radiation 
(GBR) at large latitudes

ÅGBR  spectrum follows a 
simple power law

arXiv:0903.0165v1

ʋ2/ dof = 0.27



Dado and Dar argue ATIC is also wrong!
arXiv:0903.0165v1

ÅATIC sees electron flux 
excess at 500-800 GeV 
coming from no 
particular direction

ÅThis should create 
diffuse ɹ -ray 
background radiation 
(GBR) at 0.8-2 GeV

ÅThis does not fit in with 
the EGRET GBR data
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ʋ2/ dof = 14.6



4. WMAP haze at the Galactic Center:
(Wilkinson Microwave Anisotropy Probe)

Åa diffuse microwave excess observed by WMAP from the 
core of our galaxy but not coming 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 1970 at 473 
± 30 keV

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


