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MOTIVATIONSMOTIVATIONS

TeV γ-rays data from
the Galactic Center
(Cangaroo/HESS)
can be interpreted as
(multi-)TeV Dark
Matter annihilation
products (*)

(*)See: D.Hooper et al., astro-ph/0404205, D.Horns, astro-ph/0408192, Y.Mambrini et al, hep-ph/0506204

Fits to the data require:

 Does the MSSM
theoretically allows the
required (m (mχχ,<σ,<σvv>>00))?

1) Large DM particle
masses mχ

2) Large cross
sections <σv>0

 How large can mHow large can mχχ

bebe, for therm. produced
χ’s?
 Is there a theoretical
upper bound on <σ<σvv>>00(m(mχχ))?



STRATEGY & OUTLINESTRATEGY & OUTLINE

ACT preferred
(mχ,<σv>0) range

mSUGRA
mAMSB

minimal ext. (2)
Non-univ Gauginos

minimal ext. (1)
Non-univ Higgs m.

Theoretical upper 
bound on <σ<σvv>>00(m(mχχ))

Gluino
coannihilations

Thermally produced χ’s 
can have mmχχ>>100 TeV>>100 TeV

Non-perturbative
EW effects

EW resonances
in the ACT range



FIT TO A.C.T. DATA: A SNAPSHOTFIT TO A.C.T. DATA: A SNAPSHOT
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FIT TO A.C.T. DATA: A SNAPSHOT   FIT TO A.C.T. DATA: A SNAPSHOT   (cnt’d)
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FIT TO A.C.T. DATA   FIT TO A.C.T. DATA   (cnt(cnt’’d)d)

“HARD SPECTRUMHARD SPECTRUM” (e.g. W+W-)

“SOFT SPECTRUMSOFT SPECTRUM” (e.g. bb)

0.5 < mχ < 2.3 TeV 

8.6 < mχ < 62 TeV

Cangaroo

HESS

0.5 < mχ < 4.2 TeV 

14.6 < mχ < 115 TeV

Cangaroo

HESS

90%C.L.90%C.L.

BEST FITBEST FIT for <σ<σvv>>00

• NFW

• Ad.Contr.

Cangaroo

HESS

<σv>0= 2.7x10-23 cm3s-1

<σv>0= 9.5x10-24 cm3s-1

Cangaroo

HESS

<σv>0= 6.5x10-26 cm3s-1

<σv>0= 2.3x10-26 cm3s-1

(for “HARD SPECTRUM”)



MAXIMAL NEUTRALINO MASS: mSUGRAMAXIMAL NEUTRALINO MASS: mSUGRA

(*)See: J.Ellis et al, hep-ph/0303043

BULKBULK
REGIONREGION

STAUSTAU
COANN.COANN.

STOPSTOP
COANN.COANN.

A-POLEA-POLE
FUNNELFUNNEL

HB/FPHB/FP
REGIONREGION

Low m0,M1/2

Low m0
mχ~mstau

Large A0
Low M1/2
mχ~mstop

mχ~mA/2 Large m0
µ~m1X X

mSUGRA regions giving a low enough Neutralino relic density:

LargestLargest
Neutralino Neutralino 
MassesMasses

Tune 
mχ=mstau

Tune 
mχ=mA/2

Set µ<<m1
large M1/2 +
very large m0



MAXIMAL NEUTRALINO MASS: mSUGRA    MAXIMAL NEUTRALINO MASS: mSUGRA    (cnt(cnt’’d)d)

STAU COANNHILATIONS REGIONSTAU COANNHILATIONS REGION A-POLE FUNNEL REGIONA-POLE FUNNEL REGION



MAXIMAL NEUTRALINO MASS: W-inos & H-iggsinosMAXIMAL NEUTRALINO MASS: W-inos & H-iggsinos

HIGGSINOSHIGGSINOS:

WINOSWINOS:

µ << m1,m2 (mSUGRA HB/FP Region)

m2 << m1, µ (mAMSB model)

including charginos & next-to-lightest neutralino coannihilations...
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HIGGSINOSHIGGSINOS:

WINOSWINOS:

cH ~0.10 γH ~1.89-1.92

0.022 < cW < 0.026 γW ~1.91

Maximal WMAP-compatible Masses:Maximal WMAP-compatible Masses:
mmHH  < 1.2 TeV < 1.2 TeV 

mmWW  < 2.5 TeV < 2.5 TeV 

MAX mSUGRAMAX mSUGRA

MAX mAMSBMAX mAMSB



THE (mTHE (mχχ,<σ,<σvv>>0 0 ) PLANE: mSUGRA & mAMSB) PLANE: mSUGRA & mAMSB



MINIMAL EXTENSIONS (1):MINIMAL EXTENSIONS (1):
NON-UNIVERSAL HIGGS MASSESNON-UNIVERSAL HIGGS MASSES

(*)See: H.Baer et al, hep-ph/0412059, hep-ph/0504001

e.g., in mSUGRA: ...in general, with NUHM,

( )
ud HH

mm , ( )µ,
A
m

2

0

22
, mmm

ud HH
!

for 2/2,1 A
mm !!µ

maximal A-resonance effectmaximal A-resonance effect:

χ

χ

A

Explore NUHM extensions of Explore NUHM extensions of mSUGRAmSUGRA &  & mAMSBmAMSB

hg ZZ !"

Maximal <σ<σvv>>0 0 correspond to resonant neutralino pair-annihilations 



MINIMAL EXTENSIONS (1):MINIMAL EXTENSIONS (1):
NON-UNIVERSAL HIGGS MASSES   NON-UNIVERSAL HIGGS MASSES   (cnt(cnt’’d)d)

NUHM mSUGRA: mNUHM mSUGRA: mχ χ ~ 5 TeV~ 5 TeV NUHM mAMSB: mNUHM mAMSB: mχ χ ~ 12 TeV~ 12 TeV



AN UPPER LIMIT ON AN UPPER LIMIT ON <σ<σvv>>00((mmχχ))  

 Only resonant channel
    with s-wave contribution:
    CP-odd A-Higgs

 Largest resonant effect
    at µ ~ m1,2, at tanβ ~7
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mm2 2 < m< m11

mm1 1 < m< m22
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A CAVEAT?: NON-PERTURBATIVE EW EFFECTSA CAVEAT?: NON-PERTURBATIVE EW EFFECTS

(*)See: J.Hisano et al, hep-ph/0412403

n

W

n

m

m
A !!

"

#
$$
%

&
' ()
) 2

...hence, when W
mm !"#

2

a non-perturbative 
resummation is needed!
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Resonances from 
neutralino-chargino bound
states enhance <σv>0

γ,W,Z 



MINIMAL EXTENSIONS (2):MINIMAL EXTENSIONS (2):
NON-UNIVERSAL GAUGINO MASSESNON-UNIVERSAL GAUGINO MASSES

(*)See: H.Baer et al, hep-ph/9806361, S.Profumo et al, hep-ph/0402208

If Gaugino masses are 
not “universal”, GluinosGluinos can be
viable coannihilating partnerscoannihilating partners

At low kinetic energies,
non-perturbative S.I. effects
on σgg(s) can give huge 
enhancements to <σ<σvv>>gggg(T)(T)
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GLUINO COANNIHILATIONS AND ULTRAHEAVY GLUINO COANNIHILATIONS AND ULTRAHEAVY χχ’’ss

(*)See also: S.Profumo et al, hep-ph/0402208



CONCLUSIONSCONCLUSIONS

1.     mSUGRAmSUGRA/mAMSBmAMSB Neutralinos are unift to explain ACT dataunift to explain ACT data

4. Possible caveat: non-perturbative EW enhancementsnon-perturbative EW enhancements
(occurring in the “good” mχ range for ACT data) 

5. Thermally produced NeutralinosNeutralinos can have mmχχ>>100 TeV>>100 TeV
if coannihilatingcoannihilating with (non-perturbatively self-interacting) GluinosGluinos

2. Minimal extensions extensions (non-universal Higgs masses) work wellwork well, and

give
• mmχχ up to 5 TeV5 TeV (mSUGRA) and mmχχ up to 12 TeV12 TeV (mAMSB) 
• superheavy neutralinos detectabledetectable at ton-sized direct det. experiments
• maximal  maximal  <σ<σvv>>00

3.     In the MSSM cm3s-1
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BACKUPS



TT

the   ΩΩχχhh2  2  constraintconstraint

*See:



GLUINO CO-ANNIHILATIONS: ROLE OF NP EFFECTSGLUINO CO-ANNIHILATIONS: ROLE OF NP EFFECTS

“mSUGRA” 1 TeV Bino
with gluino coannihilations

( Ωχh2 ~30 )
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Not more “fine-tuned” than
other coan. processes!


