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X-ray Gas

“bullet cluster” - NASA
astro-ph/0608247




“pbullet cluster” - NASA
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Dark Matter Ring in Cl 0024+17 (ZwCl 0024+1652) HST+ ACS/WFC

ring of Dark Matter (2007)
Abell 2744 NASA/ESA 2011

: .
NASA, ESA, and M.J. Jee (Johns Hopkins University) STScl-PRCO7-17b

Cluster CLOOZS5+1654
Massey et al, Nature 2007
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2 10° CDM particles, 43 Mpec cubic box




DM particles, 43 Mpc cubic box

£=28.62

Andrey Kravtsov, cosmicweb.uchicago.edu




Aquarius project of the VIRGO coll.:
1.5 10° CDM particles, single galactic halo

T = 0.05 Gyr




2dF: 2.2 10° galaxies

SDSS: 10° galaxies,
& billion lyr

Millennium:
1010 particles,

Of course, you have to 500 h'! Mpc

infer galaxies within the
DM simulation

Springel, Frenk, White, Nature 440 (2006)




LSS matter power spectrum
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T = 2.725°K

L ~107°
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LSS matter power spectrum
CMB spectrum
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Power spectrum in (Mpc/ h)®
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1000 1500 2 107! 1
Multipole ¢ Wavenumber &k in & /Mpc
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, ) (you need DM to gravitationally
(in particular: no DM => no 3™ peak!) “catalyse” structure formation)




Zmy:o ZmV:696V

ACDM - GadgetR - 768 Mpc?

T.Haugboelle, S.Hannestad, Aarhus University




> my, =0 P, —69¢eV

ACDM - GadgetR - 768 Mpc?

T.Haugboelle, S.Hannestad, Aarhus University




MACHO or PBH mass M in solar masses

100 1075 1070 105 1
MACHO 1 T

coll, 2000

EROS-1 + MACHO, 1998
95% excl

window

evaporation today

EROS coll., 2006 95% excl.
95% excluded

fraction f of DM
PBH evaporated by now
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How would the power spectra be in MOND/TeVeS, without DM ?
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(in particular: no DM => no 3 peak!) (here you can make it)




fits rotation curves very well
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Indirect

Detection




From N-body numerical simulations:

NFW - DM halo

NEFW
Einasto : Einasto
EinastoB
Isothermal : —_— Isothermal
Burkert

Ps Moore

(L 47/ro) (1 + (r/rs)?)

Moore : Ps ( °

Burkert :

Angle from the GC [degrees]
10”7 30”1’ 510" 30"1° 2° 5°1020°45°

Moore

At small r: p(r) oc 1/77 10*

103 %

102

6 profiles:
cuspy:
mild:
smooth: y 02h T N

EinastoB = steepened Einasto 10 107 107 1 10 102
(effect of baryons?) r [kpc]
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pom [GeV/em?]
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e primary spectra
DM annihilation channel

Primary spectra %

Mpy = 1000 GeV Jf
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Halo function /(1)
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Electrons or positrons
d Koy [kpe?/Myr]

Antiprotons (and antideuterons)
Veonv [km/s]

6 Ky [kpe?/Myr]

0.55 0.00595
0.70 0.0112
0.46 0.0765

electrons/positrons
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electrons/positrons antiprotons
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Ann DM DM - bb Mpy = 1000 GeV

(a'v):10_260m3/s
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Pogitrons from PAMELA:

- steep e excess
above 10 GeV! | ~ PAMELAO
- very large flux! pe T
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Positron Energy [GeV]




Antiprotons from PAMELA:
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- consistent with
the background
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Electrons + positrons adding FERNMI and HESS:

-no et + e~ excess
- spectrum ~ E 3%
- 8, (smooth) cutoff?
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FERMI 2009
HESS 2008
ATIC 2008

Energy in GeV




posrcron fraction antiprotons electrons + positrons

FERMI 2009
HESS 2008
ATIC 2008
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Positron energy in GeV

Are these signals of Dark Ma,tter‘>

few TeV, leptophilic DM
with huge (ov) ~ 10~ *° cm® /sec




positron fraction antiprotons electrons + positrons

FERMI 2009
HESS 2008
ATIC 2008

Positron fraction

1TeV, DMDM — ptp~
94 cm3
(ov) =~ 107 =—
sec
Einasto, MAX
10 102 103 104

Positron energy in GeV

Are these signals of Dark Matter?

YES: few TeV, leptophilic DM
with huge (ov) ~ 10~ *° cm® /sec

a formidable ‘background’ for future searches




w p~ Channel
— b Channel WTW~- Channel
- - 777 Channel

w
S~
[ve)]
=
il
c
°
-+
O
v
ik
")
")
o
| -
o
o
=

10°
WIMP mass [GeV]




Reg3 (ULTRACLEAN), E, =129.6 GeV
Reg3
Ei t Signal counts: 53.4 (4.260)
Inasto .| pvalue=0.85, x2 =14.3/21
3]

80.5 - 208.5 GeV

4.60 (3.30 with LEE)

(00) xx—yy
1.3-10"*"cm? /s
(large!)

Counts - Model

Similar excesses found elsewhere (fluctuation?)

Residual map

aa g
Reg3  / A west Reg 2
east i A
£ I I 1 I I I I
30.000 330,000
=

Mmm.... A good fit requires [1] careful bkgd subtraction &
[R] fitting energy spectra + angular spectra + associated signals.




Direct

Detection




Strategy #1: silence the Universe




Strategy #1: silence the Universe

measure two quantities to discriminate Sign & Bkgd,
on event-by-event basis
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Strategy #1: silence the Universe

measure two quantities to discriminate Sign & Bkgd,
on event-by-event basis

E.g. Edelweiss:

heat

Tungsten
i | Transition Edge
Sensor (TES)




Strategy #1: silence the Universe

measure two quantities to discriminate Sign & Bkgd,
on event-by-event basis

E.g. Edelweiss:

Calibration Data

ionization/‘heat’ ratio

40 30 60 70 80
Recoil Energy (keV)




Strategy #1: silence the Universe

measure two quantities to discriminate Sign & Bkgd,
on event-by-event basis

E.g. Edelweiss:

Event 1
Tower 1, ZIP 5 (T125)

\ _/ Sat. Oct 27, 2007
" 8:480m CDT .

Tower 3, ZIP 4 (T3Z4)
Sun. Aug. 5, 2007

ionization/‘heat’ ratio

40 50 60 70 80
Recoil Energy (keV)




Strategy #2: ride the dark wave

collect all events, and detect an annual modulation
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Strategy #2: ride the dark wave

collect all events, and detect an annual modulation
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Recoil spectra

fixed Mpwm fixed Mnuyci

from the dark matter halo . P. Salati (Cargese School of August 2007)

Ar A=40 | 3Ge detector & Maxwellian distribution

Ge A=73 .
Xe A=131 no Earth motion

o3l = 400 zeptobarns
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DAMA /Libra,

Annual modulation seen (80):

24 keV

' f—y—DAMA/Nal (29 tomeyr) ———
: (hl gl mam =813 kg)

» «DAMALIBRA (033 tonxyr}>
(turgtl maﬁs 2}2 8 kg

Residuals (cpd/ikg/ke V)
Lo 1

w0
Time (day)

000 3500
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CoGeNT Coll., 1002.4703

counts / 0.125 keV 0.33 kg 56 days

10 —
ionization energy (keVee)

counts / 30 days

CDMS

2 events seen (0.6 exp’d bkgd)

[data taking: 15 months]

Ge+Si Hdelweiss

=
£

o events seen (3 exp’d bkgd)

-,..,,_.
+

All WIMP search data
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Event 1:
Tower 1, ZIP 5 (T1Z5)
Sat. Oct. 27, 2007
8:48pm CDT

Ionization Yield

lonization yield
-~
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0.4

Event 2
Tower 3, ZIP 4 (T3Z4)
Sun. Aug. 5, 2007
2:41 pm CDT,
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Collider

Searches




Search strategy 1:
look for decay subproducts of particles in the same theory

- well studied (17...)

< - nodel dependent

‘trigger on 4j+41+MET...

Search strategy 2: ‘monojets’
- ‘new’
- more model independent






