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Is there something beyond the Standard Model
Yes, and dark matter is the best proof!
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Proof that dark matter exists: the bullet cluster

1E 065756 A Picture of two galaxy
| clusters hitting each
other

A What collides is the
Inter-galactic material

(9as)
A It heats up to 160x10°C
then emits Xrays

A What we see here is the

Exposition time: 140 hours! intensity of Xrays
Picture is 1.6 lighyear wide emission

Chandra 0.5 Msec image




Dark Matter is seen by Weak
GrawtatlonaILensmg

A Same event seen by
the Hubble telescope
through gravitational
lensing

A Dark matter from
each cluster passed
over each other
without interacting

| A Shows the contours o
gravitationalfield
caused by dark matte




So dark matter i1s there but interacts
very weakly

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 Low enerqy anomalies

PAMELA/HEAT 1. INTEGRAL
ATIC 2. DAMA/LIBRA
WMAP haze

EGRET



1. The PAMELA/HEAT
anomaly:

'? 0.3
(PAMELAPayload for Antimatter =
Exploration and Lightuclei Foa
Astrophysics) %
- observed positron flux fron g

cosmicrays +/ (- o+ o) §
larger than expected; g
-first seen by HEAT; =

confirmed by PAMELA
- no such excess seen for o PAMELA
0-01 | | | | | | A A | l 1 1 | 1 | Ll l
protons 1 10 e
. nergy e
- could come from high
energy cosmic ray e g " | |
fraction compared with theoretical model. The solid line shows a calculation by Moskalenko &
I nte raCtI O n S Wlth I nte rSte I I a_r Strong[39] for pure secondary production of positrons during the propagation of cosmic-rays in the
. . galaxy. One standard deviation error bars are shown. If not visible, they lie inside the data points.
medium; or could be due to

nearby mature pulsars

FIG. 4 PAMELA positron fraction with theoretical models. The PAMELA positron



Pulsar or Dark Matter?
Fermi may tell

A Flux from pulsar

o 200 = | characterized by
T ' | steps

e 11 A DM would give a

3 power law spectrum

||| A MalysheyCholis&

% 5 Broken power law fit
~ 100 w1y FGST projected Gelfandsuggest
100 150 200 300 500 700 1000 Fermi could resolve
RS this with one year of
data

ATNF: catalog of all known pulsars (arXiv:0903.1310)



@ ATIC % AMSA  HEAT

2_ The ATIC O BETS X PBBTSO emulsion chambers

—— power-law spectrum----  with solar modulation

anomaly:

(ATIC Advanced Thin
lonization Calorimeter;
balloon experiment above
Antarctica)

excess in cosmh:,,mo_

r-1GeV?)

ray electron flux £

at 300800 GeV =

FERMI will soor "%  Two
release its data ey el

on this Nature 456, 362365 (2008)
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3. EGRET:

A 1 -ray measurements in
galactic center shows
excess at 160 GeV

A Same amount of data
will be collected by
FERMI in one year of
data

A FERMI will reach 25
times EGRET sensitivit

A FERMI launched June
2008 first data
reported inMoriond
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First results from Fermi:
EGRET excess not confirmed

Fermi-LAT #~
- - e ¢
: The Fermi LAT View el
e “)7—2 C T T LI SR R 5355 B T T SR, (R PR 87 57 5
L L 0° <1< 360° 10° < |b| < 20° ’ J
—J’. E i -
| ]
o I W e
oo . £
= e EGRET
Zh i e LAT
<3] J
= — Model (7' + IC + Bréfh) fEGH Ghstile
2_1_‘ 10 3 1 1 [ e G G B 1 A NN

E, (MeV) _ _
* Spectra shown formid-latitude range -> GeV excess in this

region is not confirmed.

* LAT errors are dominated by systematic uncertainties and are
currently estimated to be ~10% - this is preliminary.

 EGRET data is prepared as in Strong, et al. 2004 with a 15%
systematic error assumed to dominate (Esposito, et al. 1996).

Gudlaugur Johannesson for the Fermi LAT collaboration XLIVth Rencontres de Moriond — La Thuile, Italy, February 2009 14
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Fermi and EGRET ageddargelatitudes

v/ dof = 0.27

A_Aareeon diffuse’ -ray
background radiation =
(GBR) at large latitudes

A GBR spectrum follows a
simple power law

;03
Energy (MeV)
arXiv:0903.0165v1
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Dado and Dar argue ATIC is also wrol
arxiv:0903.0165v1

A ATIC sees electron flu:
excess at 50800 Gev ¢
coming from no

particular direction 5 :

A This should create
diffuse’ -ray
background radiation - «* -
(GBR) at 02 GeV £ 5

L% dof=14.6

A This does not fit in witt <"
the EGRET GBR data .+

10° 10° 10* 10°

Energy (MeV)



4. WMAP hazet the Galactic Center
(Wilkinson Microwave Anisotropy Probe)

A a diffuse microwave excess observed by WMAP from tf
core of our galaxy but not coming from a particular
source point

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

A high energy gamma ray could be due to synchrotron
radiation coming from dark matter annihilation into e+
and e



S. SPI/INTEGRAL:

Do o To  I»

International Gamma
Ray Astrophysics
Laboratory, Ge detector
array

Observation of a 51keV
line fromthe galactic
center¢nothing from
the galactic disk

First seen in 1970 at 473
+ 30keV

Means large e+e
annihilation rate

Origin of galactic
positrons unknown

Astrophysical sources
could be neutrorstars or
blackholes, radioactive
nuclel fromsupernovae,
cosmicray interactions
with the interstellar
medium, pulsars etc.

arXiv:astroph/0309442
arXiv:astreph/0309484

Not a symmetric
source



