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Outline (see astro-ph/0408272, hep-ph/0408166)

* EGRET Data on diffuse Gamma Rays
shows excess in all sky directions with = -~ ...
the SAME spectrum | o

* Halo parameters from sky map
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Physics Problems

* Cosmologists:

What is CDM and Dark Energy made of?
* Particle physicists:

Where are the Supersymmetric Particles?
* Astrophysicists:

What is the origin of excess of diffuse Galactic
Gamma Rays?

* Astronomers:

Why a change of slope in the galactic rotation curve
at 1.1 R,?

Whvring of starsmatd%kpc 'so stablePalsuhe 2



°DM made of WIMPS annihilating into quarks, which yield

hard gammas from 1, decays

*Annihilation cross section given by HUBBLE constant!

*Gamma excess correlated with ring of stars at 14-18 kpc
thought to originate from infall of a dwarf galaxy

and ring of DM at 4 kpc stabilizes ring of hydrogen

‘From SPECTRUM of excess of gamma rays DM:
WIMP mass 50-100 GeV
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Executive Summary

Expectedil Observ 1+ CO — total o dm
s H| luminous disk halo

HI, HII = pulge = jnner ring
outer ring
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Thermal equilibrium abundance
Actual apundance

Boltzmann equation:

& F ‘ H-Term takes care of decrease in density

& :Lr> Ll by expansion. Right-hand side:
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Neutralino Annihilation Final States
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Dominant Diagram for WMAP B-fragmentation well studied at LEP!

Cross section: Yield and spectra of positrons,
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Annihilation cross sections

in m,-m, , plane (u >0, 4,=0)

oy 8 800
1/2 I(;evj 8001000 \ b ”2 I(:e‘/]
sigv_bb sigv_bb

—
=

3 .
<ov>[em™ s l]
=

—
=

200 "0 g 200 iy 200

m, I( oy ’ My G 16 i e
2 'QV] 2 :QV] & /2 QV] (Q J’/z 19‘/]
sigv_tau sigv_WW sigv_tau sigv_WW

For WMAP x-section of <ov>[2.102%cm3/s one needs lar

Sept, 2. 2004 Durham, 1LC Workshop, W. de Boer, Univ. Karlsruhe



EGRET excess interpreted as DM consistent
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Excess of Diffuse Gamma Rays above 1 GeV
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Local electron and proton spectra

determine shape of gamma backaround
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CAPRICE94 , SN GalProp (IS)
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GalProp (SM)
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Electrons Protons

10

Solar modulation (SM) important below 10 GeV
Proton and electron spectra above 10 GeV well measured [

Gamma spectrum well known, unless one assumes “ local
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o * EGRET
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Important: if experiment measures gamma rays down to 0.1 GeV, then

normalizations of DM annihihilation and background can both be left free, so
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Why LIGHT traces DM in disc

Reasons for enhanced DM in plane of galaxy:

3) Adiabatic compression of halo by gravity from disc
(Blumenthal, Kalnajs, Wilkinson,.....)
(halo distribution may be modified by resonant interactio

between bar and halo, Athanassoula, Weinberg,..)
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Fit results of halo parameters
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2 rings with maximum

Intensity at 4 and 14

A Ring around the Milky Way

B > 205

14 kpc coincides with ri
of stars at 14-18 kpc du
to infall of dwarf galaxy

(Yanny, Ibata,
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Halo profiles

Isothermal cored profile NFW cuspy profile

WITHOUT rings WITH rings WITHOUT rings WITH rings
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Latitude fits for isoth. Profile with |[long|<30°

0.1 <Ey<0.5GeV Ey> 0.5 GeV

» EGRET
L. 454144 background
" (bg only): 275.8/45

» EGRET
background
----- gignal

— bg + sig — bg + =ig

flux fer™ s7'sr ]

flux fem™ s7'sr )

", E<05 GeV 'E =05 GeV
-Bﬂfc_:lnngn a0*

-30° < long =< 30°
g ...".-.. I T T T S Y T S S T T R B ...-i...,
4 : { &0 B(

Lafitude Latituds

ILC Workshop, W. de Boer, Univ. Karlsruhe

Sept, 2. 2004 Durham,



(a,B,y) —definethe slope
P, - local density 0.3-0.7 GeV/em®
a -scale parameter (depends on Q)
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Rotation curve of our galaxy

— total — dm
luminous disk halo
- inner ring
outer ring

rot. velocity [km s
N
Q
o

3]
o
o

A Ring around the Milky Way

____Ti'll:: Sun

>

Outer Ring

-

125 15 175 20 225 23

Ghostly Ring

Sept, 2. 2004 Durham, ILC Workshop, W. de Boer, Univ. Karlsruhe 1



Local surface density ?

Height distribution and velocity dispersion o of local stars determine
local gravitational potential (just like decrease in atmospheric density

Is determined by gravity of earth).

Decrease in rotation curve suggests little Dark Matter.

LBVt lEi](‘nz‘E‘)SHr%‘.’bB.n?tg:’?pdz =716 Mp/pc? for z_ ., =1.1 kpc
B R AEN BRg R4 08T LR L Fid §REIPLY S B Yensity and very

2001: Olling +Merrifield: consensus value of ? from visible matter: 35£10
2002: Bienayme et al.: ? =85£? Error strongly dependent on assumptions
of DM distributions.
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Positron fraction and antiprotons

from DM annihilation
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SUSY Mass spectrain mSUGRA
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Supersymmetry at proton collider

Typical cross-sections (pb)
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Summary

1.Significant Excess (>100) of EGRET diffuse gamma

2.Excess outside disk follows cored (isothermal) halo

3.Independent evidence that EGRET excess indeed
originates from
DM annihilation follows from:

c) Strong signal from region with ring of stars at 14-18

kKpc,

4. Alternative “conventional” models cannot explain stabi

ring of stars at 14 kpc and H, ring of molecular gas at 4
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Summary of summary

EGRET galactic gamma ray data provides intriguing hin

-since WIMP has properties of a spin %2 photon -

This conclusion iIs INDEPENDENT of the absolute nor
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