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Scales of dark matter
» DM tested in wide variety of arenas
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Most of the universe is beyond the standard
model

« DM is collisionless,
not part of the
standard model

74% Dark Energy

2 .
Baryon-to-photon ratio 1) = 10710




The thermal WIMP story

@ Dark matter in thermal equilibrium
early

XX < ff

@ Gradually depletes until it decouples

x=m/T (time -)
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How to see dark matter

@ Make it (at the LHC)
@ Break it (annihilations in the halo)

@ Wait for it (in direct detection experiments)







Anomalies and anomalies

@ High Energy Electrons/Positrons: PAMELA
(HEAT,AMS-0L), ATIC, EGRET, WMAP

@ Low energy positrons: INTEGRAL

@ Direct detection: DAMA/LIBRA




seasonal variation

in the summer,
WIMP“wind” moving against wind

. expectian annual
modulation in signal!

in the winter,
moving against wind

Drukier, Freese, Spergel Phys.Rev.D33:3495-3508,1986




DAMA/Nal (0,29 tonxyr) ——— > = | <DAMA/LIBRA (0.53 tonxyr)>
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* Distinguish events by ratio of scintillation
light compared with ionization




10 15 20 25 30 35 40
Nuclear Recoil Equivalent Energy (keV)

Angle et al, Phys.Rev.Lett.100:021303,2008

» Distinguish events by ratio of scintillation
light compared with ionization
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Can the DAMA signal for WIMPs be real, while staying consistent
with null results of the other experiments?




INTEGRAL/'SF’If (spectrorﬁeter)

Energy rarige; 20,keV - 8 MeV

Field of view: 16 deg ;

_Angular resolution: 2'_.5 deg FWHM
Launched: 2002'Qct. 17

Still operating... -

s X .



Weidenspointner (2006)
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Fig. 2. A fit of the SPI result for the diffuse emission from the GC re-
gion (|/],]p| £ 16°) obtained with a spatial model consisting of an 8°
FWHM Gaussian bulge and a CO disk. In the fit a diagonal response
was assumed. The spectral components are: 511 keV line (dotted),
Ps continuum (dashes), and power-law continuum (dash-dots). The
summed models are indicated by the solid line. Details of the fitting
procedure are given in the text.







If the INTEGRAL signal has something to do with WIMPs,
Where the heck is this physics at the MeV scale coming

from?




WMAP “Haze"

Finkbeiner, ‘99

@ "Hard” spectrum of microwave radiation

@ Consistent with high energy (10-100 GeV)
electrons and positrons synchrotron radiating
in galactic magnetic field

@ PLANCK will extend the frequency range and
definitively fest this interpretation







Microwave Foregrounds
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Inner Galaxy

galdef_42.2p_900207
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Inner Galaxy

* galdef_42.2p 900280
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® Fermi/GLAST flying now; will report soon




To my mind there is no “Haze Conundrum”:
It is perfectly reasonably consistent with
a variety of natural WIMP candidates. Compelling!

If real, should get much stronger evidence from
Planck, Fermi/GLAST.
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Mirko Boezio, IDM2008, 2008/08/20




Antiproton to proton ratio

sesss-- Bengstrom & Ulko 1999
——— Maoinar & Simon 2001 (0=550)
- = = - Moskalenko 2002 (A<D, a=15")




How High Does it Go?

ATIC = Advanced Thin lonization Calorimeter
Preliminary data from 2005:
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3000
DM mass in GeV

PAMELA positron only: Cirelli, Strumia




pulsar with
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PAMELA postrion +ATIC: Cirelli, Strumia
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PAMELA positron + PAMELA pbar: Cirelli, Strumia




What does this say
about DM

® Take ATIC seriously => 500-900 GeV WIMP

@ (Could be a lower bump from a multi-TeV

WIMP)
® Take PAMELA+ATIC seriously
@ Big cross sections (boost 200-400)

@ Big cross sections into hard leptons

® Low cross sections into hadrons




- THE PAMELA/ATICCONUNDRUMS

If the annihilation cross-section is 100-1000 times bigger
than usual, why was the Dark Matter not depleted in the

early universe?

Why are the annihilations dominantly into leptons?
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Background
=50 GeV, p,<olvl>=0.48 x 102 GevVZP cm™® s ———

I __100 GeV, Po, <olvl>_160x1026GeV20m351 —————— ]
I m,= 250 GeV. o 2<olvl> = 8.26 x 102° GeV® cm™ 51 ]
= 500 GeV, Po, “<olvl>=31.25 x 10”°° GeV” cm* § 1o

:_ 800 GeV, py<olvl>= 77.44 x 102 GeVZem s — -
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Background fitted to ATIC prelim. data
m,= 600 GeV, B.F. = 85

m,= 700 GeV, B.F. = 103

m.= 800 GeV, B.F. = 134

Preliminary PAMELA Results m,= 900 GeV, B.F. = 167 o 1

m 600 to 900 GeV Preliminary Pamela Data 3 +~ —--+
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m, = 600 GeV, B.F. =85
m, = 700 GeV, B.F. =103
m, = 800 GeV, B.F. = 134
m, =900 GeV, B.F. = 167

ATIC Experimental Data & ——-4 |

E‘_2 * Electron Differential Flux for ATIC exper. prelim. data
Direct Channel, Backgr. model 187
m,,:600-900, Merritt Profile (a= 0.17), normalization=0.330 x
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must have enough kinetic energy to scatter

favors heavier targets of light targets

visible to DAMA

visible to DAMA
and CDMS

FWIME
600

Modulation is also
significantly enhanced




Spectrum is dramatically modified

e Standard WIMPs have a spectrum that
peaks at low energies
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XENONI0 data adjusted for efficiencies (taking unpublished

acceptance x efficiency = 0.3, error bars estimated)

0015

(010

0,005

0.000

M, =100 GeV, 3= 0 keV, M, =100 GeV, 8 = 120 keV,
normalized to inelastic normalized to DAMA 2-6 keV
XENONI10 signal




Consequences for
direct detection

® Three factors
® Heavy targets favored
® Enhanced Modulation

® Modified spectrum

® Allows DAMA positive result with other
negative results
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PositronFraction %

50

Meade, Papucci and Volansky, in Progress

Mpy=1TeV, BR, =1, M,=200MeV, BR(v—>e*e )=1




Mpy=500GeV, BR,..=1, M,=200MeV, BR(v—>¢ ¢ )=1
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I Photon Flux in Q=10 sr. I

NFW, Mpy=0.5,1,2.5TeV, BR,,;,=1,0.14, M,=200MeV, BR(v—>¢* e )=1
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LHC?

® How can we see these states at the LHC?

SUSY breaking SUSY breaking

Cf “Hidden Valley” Models; Strassler, Zurek et. al.




LHC!

L= ESM =+ EDa,’rk: an ‘sz.:v

LSPsm is weakly mixed with LSPgark




wspartners
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LS5Psu %

SM leptons
® Vectors will decay in detector; scalars decaying off-
shell may or may not

® Displaced vertices possible

® Expect jets (from e.g., squark decay), MET (from

LSP4.rk or gravitino), and lepton jets (collections of
leptons with invariant mass ~ | GeV)




® |Lepton jets
striking

e Fail lepton

isolation cuts

e MET often
aligned




If there are also link fields: new colored particles, likely long-lived!
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Superpartner diagram gives lepton jets as well
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Whether or-not these anomalies are real, we are

getting a taste of how exciting fundamental physics
IS becoming as we enter a new epoch dominated by

fresh data from new experiments in High-Energy
Physics, Astrophysics and Cosmology.




