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Evidence for WIMP Dark Matter

Wim de Boer, Marc Herold, Christian Sander, Valery Zhukov
Univ. Karlsruhe

Alex Gladyshev, Dmitri Kazakov
Dubna

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

•  EGRET Data on diffuse Gamma Rays 

shows excess in all sky directions with 

the SAME spectrum

• Halo parameters from sky map

• WIMP mass from spectrum

• Data consistent with Supersymmetry
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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 R0?

  Why ring of stars at 14 kpc so stable?

  Why ring of molecular hydrogen at 4 kpc so stable?   
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• DM made of WIMPS annihilating into quarks, which yield 

hard gammas from π0 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

• From INTENSITY: halo distribution and rotation curve

• WIMP has properties of supersymmetric lightest particle

Proposed Solution
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Executive Summary
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WMAP determines WIMP annihilation x-section

N eu tra lin o  an n ih ila tio n  is  a  

s tro n g  so u rce  o f an tip ro to n s, 

p o s itro n s an d  g am m as b y  

an n ih ila tio n  in to  q u arks .

Thermal equilibrium abundance

Actual abundance
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Boltzmann equation:

H-Term takes care of decrease in density 

by expansion. Right-hand side:

Annihilation and Production.

Present number density (Ωh2=0.113±0.009)requires  

<σv>=2.10-26 cm3/s assuming no coannihilation
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Neutralino Annihilation Final States

Dominant Diagram for WMAP

cross section:

χ + χ ⇒ A ⇒ b bbar quark pair

B-fragmentation well studied at LEP!

Yield and spectra of positrons,

gammas and antiprotons well known!
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Annihilation cross sections
in m0­m1/2 plane (μ  > 0, A0=0)

tan=5 tan=50
bb t t

ττ WW

bb t t

ττ WW

F o r W M A P  x-sectio n  o f < σ v> ≅ 2.10 -26 cm 3/s  o n e  n eed s  la rg e  tan ?

in  b u lk  reg io n  (n o  co an n ih ila tio n , n o  reso n an ces)

10-24
10-27

EGRET
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E G R E T  excess in terp reted  as  D M  co n sis ten t w ith

 W M A P ,  S u p erg rav ity  an d  e lec tro w eak co n stra in ts
M S U G R A  can  fu lfill

a ll co n stra in ts  fro m  

W M A P ,

L E P , b ->s γ, g -2  an d  

E G R E T  

s im u ltan eo u s ly , if D M  
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Excess of Diffuse Gamma Rays above 1 GeV

as measured by EGRET satellite (9 yrs of data) 
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Prel.

A: inner Galaxy (l=±300, |b|

<50)

B: Galactic plane avoiding A

C: Outer Galaxy

D : low latitude (10- 200)

E: intermediate lat. (20- 600)

F: Galactic poles (60- 900)
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     Local electron and proton spectra

determine shape of gamma background

Solar modulation (SM ) important below 10 GeV

Proton and electron spectra above 10 GeV well measured ⇒

Gamma spectrum well known, unless one assumes “ local 

bubble” ,

i.e. spectra in galaxy different from locally measured ones.

No SM
No SM

Electrons Protons
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E xcess  o f D iffu se  G am m a R ays h as  sam e sp ectru m  in  a ll 

d irectio n s  co m p atib le  w ith  W IM P  m ass o f 50-100  G eV

Important: if  experiment measures gamma rays down to 0.1 GeV , then 

normalizations of D M  annihihilation and background can both be left free, so 

one is not sensitive to abso-  lute background estimates, BU T ON LY  TO TH E 

S H AP E, which is much better known.
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 Diffuse Gamma Rays for different sky regions

A B C

D E F

D M A  ∝  B o o stfacto r < ρ 2>  If b o o st facto r, i.e . c lu sterin g , s im ilar

in  a ll d irec tio n s, th en  s ig n al s tren g th  d eterm in es D M  d en s ity  ρ
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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,…..)

   (h a lo  d is trib u tio n  m ay b e  m o d ified  b y  reso n an t in teractio n s

    b etw een  b ar an d  h a lo , A th an asso u la , Weinberg, ..) 

 

2) Anisotropic infall along filaments of DM

     (e.g. ring of stars at 14-18 kpc thought to originate

      from infall of dwarf galaxy (Y an n y e t a l., Ib ata  e t a l., …)
P aram etrize  w ith  a t least 2  r in g s:

In n er r in g  fo r 1 ) O u ter r in g  fo r 2 )
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2 rin g s  w ith  m axim u m

in ten s ity  a t 4  an d  14  

kp c

E n h an cem en t o ver 

iso th erm al

p ro file  3  an d  8 , 

resp ective ly

Sensitive to radius, because

Sun OFF CENTER!

14  kp c  co in c id es  w ith  r in g

o f s tars  a t 14-18  kp c  d u e 

to  in fa ll o f d w arf g a laxy

(Y an n y, Ib ata , …..)

4  kp c  co in c id es  w ith  r in g  o f

n eu tra l h yd ro g en  m o lecu les !

H alo  P aram eters: (assu m in g  b o o st fc t B l

sam e in  a ll d irec tio n s, co m es o u t B > ≅20)

Fit results of halo parameters

(< σ v>  fro m  W M A P )G am m a R ay  F lu x:

H2

H

R [kpc]4
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Halo profiles

Isothermal cored profile NFW cuspy profile
WITHOUT rings WITH rings WITHOUT rings WITH rings

10 100
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Longitude fits for isothermal (cored) profile

WITHOUT rings WITH 2 rings WITHOUT rings WITH 2 rings

DISC DISC

50<b<100 50<b<100

100<b<200

200<b<900 200<b<900

100<b<200

H alo  p aram eters  fro m  fit to  180  sky  d irec tio n s: 4  lo n g . p ro files  fo r

la titu d es  <5 0, 5 0<b <10 0, 10 0<b <20 0, 20 0<b <90 0 (=4x45=180  d irec tio n s)
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Latitude fits for isoth. Profile with |long|<300

0.1 < Eγ < 0.5 GeV  Eγ > 0.5 GeV
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      E G R E T  d ata  co m p atib le  w ith  p ro la te  iso th erm al 

        h a lo  p ro file  w ith  b /a  ≅  0 .9 , c /a  ≅  0 .8

x

z

y

a
b

c

 (α,β,γ)  − define the slope
 ρ0  ­ local density  0.3­0.7 GeV/cm3    

 a ­scale parameter (depends on ρ0) 
Isothermal profile: α,� ,γ,a = 2,2,0,4

Ellipsoid: x2/a2 +y2/b2 + z2/c2 = c

Isothermal core

NFW cusp
W. de Boer et al., astro­ph/0408272

Preferred structure
 (Bailin, Steinmetz,astro­ph/0408163
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Rotation curve of our galaxy

FGFR

Outer Ring

Inner Ring

DM halo

disk
bulge

Rotation curve shows there is  a ring of CDM  with a mass of a few 1010 Mּס
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Local surface density ?

Later: σ(z ) ⇒ E.g. ? = ?ρdz = 71±6 Mּס/pc -  2  for z m a x= .  1 1 kpc  

 by Kuijken+ Gilmore, 1991. They assumed constant DM density and very

little of it. So they were stretching visible matter by brown dwarfs etc.

Height distribution and velocity dispersion σ 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 M atter.

First measurements: 

van Oort in 1932: assuming constant σ: repulsive gravity.

2001: Olling +M errifield: consensus value of ?  from visible matter: 35±10 

2002: Bienayme et al.: ?  = 85±? Error strongly dependent on assumptions

        of DM  distributions.

2004: de Boer et al.: ? DM=60 ? baryonic=30  M?/pc-2 with steeply varying

        DM  density steep function of z (on slope of ring!) 
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Positron fraction and antiprotons
        from DM annihilation

SAME Halo and WIMP parameters as for GAMMA RAYS

but fluxes strong function of propagation models!

Positrons AntiprotonsAntiprotonsPositrons
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SUSY Mass spectra in mSUGRA

LSP largely Bino ⇒ DM may be 

supersymmetric partner of CM B

C h arg in o s, n eu tra lin o s  

an d  g lu in o s lig h t
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Karl Ecklund, Cornell

pb x-section!

Supersymmetry at linear collider
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Supersymmetry at proton collider
Typical cross­sections (pb)

m  [G e V ]

Silke Duensing

pb x-section with very little background!



Sept, 2. 2004 Durham, ILC Workshop, W. de Boer,  Univ. Karlsruhe  25

Summary

1. S ig n ifican t E xcess (>10σ ) o f E G R E T  d iffu se  g am m a 

ray  d ata  h as  S A M E  sh ap e  in  a ll sky  d irectio n s , as  

exp ected  fo r D M .
2. E xcess  o u ts id e  d isk  fo llo w s  co red  (iso th erm al) h a lo  

p ro file , N O  C U S P
3. In d ep en d en t ev id en ce th a t E G R E T  excess  in d eed  

o rig in ates  fro m  

   D M  an n ih ila tio n  fo llo w s fro m :

c) S tro n g  s ig n a l fro m  reg io n  w ith  r in g  o f s tars  a t 14-18  

kp c,

   th o u g h t to  b e  tid a lly  d isru p ted  d w arf g a laxy

b ) S tro n g  s ig n al fro m  reg io n  w ith  r in g  o f m o lecu l. 

h yd ro g en  a t 4  kp c  

c ) G am m a ray  d ata  u sed  to  p red ic t ro ta tio n  cu rve!

d ) O rien tatio n  o f d isc  a lo n g  M IN O R  ax is  o f p ro la te  h a lo  

(as  p red .)

e ) L arg e  lo ca l su rface  d en sity

4. A ltern ative  “ co n ven tio n al”  m o d els  can n o t exp la in  s tab ility  o f 

    r in g  o f s tars  a t 14  kp c  an d  H 2 r in g  o f m o lecu lar g as  a t 4  kp c ,

    n o r ch an g e  o f s lo p e o f ro ta tio n  cu rve , n o r h a lo  sh ap e o f excess,

    n o r h ig h  lo ca l su rface  d en sity
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Summary of summary

E G R E T  g a lactic  g am m a ray  d ata  p ro v id es  in trig u in g  h in t th a t 

- s in ce  W IM P  h as p ro p erties  o f a  sp in  ½  p h o to n  -

T h is  co n clu s io n  is  IN D E P E N D E N T  o f th e  ab so lu te  n o rm aliza tio n , 

o n ly  d ep en d en t o n  th e  S H A P E  o f d iffu se  g am m a ray  sp ectru m ! 


