Why the EGRET excess points to heavy scalars

e What is the EGRET excess?

Excess of diffuse gamma rays above - & e
1 GeV compared with background Lo e
(mainly pp-> =) DL T .

- Can DM Annihilation (DMA) explain it? - -

DMA into quark pairs-> n® decays->
Excess in galactic Gammarays in
ALL sky directions with SAME shape

Halo-profile from all sky directions->
RECONSTRUCT ROTATION CURVE

e EGRET excess consistent with mSUGRA + ALL constraints
If scalars are in TeV range
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The EGRET excess of diffuse galactic gamma rays
without and with DM annihilation
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Fit only KNOWN shapes of BG + DMA, i.e. 1 or 2 parameter fit
NO GALACTIC models needed. Propagation of gammas straightforward

Gamma ray flux measured towards Galactic center
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How to obtain background
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Background from nuclear interactions (mainly p+p-> w0 + X ->y + X
inverse Compton scattering (e-+ y -> e- + 7)
Bremsstrahlung (e- + N -> e- + y + N)

Shape of background KNOWN if Cosmic Ray spectra of p and e- known
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What about signal shape?
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Dominant B-Fragmentation known ->
v + x = A = b bbar quark pair Spectra of Positrons,

Gammas and Antiprotons known!

Galaxy = Super B-Factory with rate 104° x B-Factory
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Momentum dependence of contributions to DM annihilation
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Z-exchange o N; ,2 with both s- and p-wave
A-exchange « N;N,; , only s-wave (p-independent)
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Gamma Spectra from WIMP Annihilation
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Gamma Spectra
for different
decay channels
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Conventional Model without DMA in 6 sky regions
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v of optimized model:663/42 = Prob. = 0
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Conventional Model with DMA in 6 sky regions
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“Executive Summary”

Expected Observed | 1+ CO — total — dm
s H luminous disk halo

Profile Profile
HI, HIl === bulge == inner ring
outer ring

Rotation Curve
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Allowed WIMP mass

Dark Matter * EGRET

Pion decay background ]
Inverse Compton M signal 90 7
Bremsstrahlung 0 ]

70
50
50 3
40 -
30- :
2|:]?exclud. allowed | allowed ;U-E
10 4LEP EGRE'E EGRET = 0.1

JWMAP [(CM) | (CM+OM)

- N
U IIII|IIII IIIIE|IIII FTTrprrrrpreTT )

0 40 50 60 70 80 90 100
My plGeV]

Aljigeqoud

=
Ll b

rl'!—-
7
)
o
E
)
>
o)
9,
-
=
[ra—
¥
(4]
L

WIMP Mass from EGRET: 50-70 GeV in CM
50-100 GeV in CM+OM
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Allowed mMSUGRA region
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What about WMAP? Not used sofar.
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tanp dependence of relic density

EGRET Point:
BULK region

NO Coannilation

Dominant: A-exchange
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Relic density extremely sensitive to tb at large tb.
Determining relic density at colliders -> Atb = 0.1

AL

,=0.118. m, (m }=4.2 GeV, m=178 GeV |
121, m(m, )=4.4 GeV, m=174 Gelf

,=0.115. m, (m, }=4.0 GeV, m=152 GeV/ i i mqaz
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tan p log,,(Q/GeV)

Sensitivity from fast running of Higgs mass terms: m,?=m,2+m,?
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http://kraml.home.cern.ch/kraml/cgi-bin/micromegas_slha.cgi
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http://kraml.home.cern.ch/kraml/cgi-bin/micromegas_slha.cgi
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Parameter scan confirms large tb and large mO

All points have correct relic density
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Why large tanp preferred?

Answer: pseudoscalar Higgs exchange is s-wave contribution,
I.e. Independent of momentum ->
large self-annihilation in present universe!
BUT ONLY DOMINANT AT LARGE TANB!

Note: Z-exchange = largely p wave ->
If dominant, than almost
no indirect DM detection possible
(unless extreme clustering of DM allowed)

WW, ZZ kinematically suppressed by light LSP
sfermion t-channel suppressed by heavy scalars
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Annthilation cross sections
In my-my,, plane (pu > 0, A;=0)
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For WMAP x-section of <ov>=2.10-%6 cm3/s one needs large tanp
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Gauge unification perfect with SUSY spectrum from EGRET
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With SUSY spectrum from EGRET + WMAP data and start values
of couplings from final LEP data perfect gauge coupling unification!

Also b->sy and g-2 perfectly fitted with SUSY spectrum from EGRET
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Summary on evidence for DMA

Interpretation of EGRET excess as DM Annihilation can:
1) explain all features of EGRET excess

2) determine WIMP mass (50-100 GeV)
3) determine the DM halo profile

4) explain peculiar shape of rotation curve
5) statistical significance > 10 o

Reconstruction of rotation curve from GAMMA RAYS->
EGRET excess = Tracer of Dark Matter!

Results practical model independent, since only KNOWN
spectral shapes of signal and background are used, NOT
model dependent calculations of absolute fluxes.
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Conclusion for SUSY spectrum

EGRET excess:

LSP light (50-70 GeV preferred, 50-100 GeV possible)

Higgs limit requires then: squarks and sleptons above ® TeV
EWSB (and g-2) require: squarks and sleptons ¢ 2 TeV
tanp = 50-55 preferred

LSP:

mostly binolike (98%) (->DM is SUSY partner of CMB)

no coannihilation
bulk annihilation with A-exchange dominant, but not on A-resonance
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