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jatter/Energy Budget of Universe

Stars and gc
m Neutrinos are ~(%

m Rest of ordinary mat(®
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dark energy

m Dark Energy ~65%
= Anti-Matter 0%




Dark Matter: Observational
Blidence

1933): Dispersion speed of
oma Cluster foo high =>
B ~400 times larger than

aservation in

Qss, can
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&alactic rotation

(1970): Measured rotation of spiral
overed stars on the periphery
aground the galaxy center=> an




Gravitational lensing: 3D map of
observable Universe from
filbble telescope

Nature 445, 286 (2007):
Reveal Cosmic Scaffolding




Chandra X-ray observatory
)Aata’06 (see chandra.harward.edu)




More dark matter evidence

Dark Matter Ring in Cl 0024+17 (ZwCl 0024+1652) HST+ACS/WFC

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




at Is Dark Matter?

elementary particle that only
ts with ordinary matter

B3 eV) “axion” (or axion-like

“WIMP™
DAMA Collab.,
electromagnetic

OVE.htm




os at the GeV-scale
h, 2009

- PUER e
gatter have proposed that there are long-range
vith masses in the MeV to GeV range and very
imental constraints on the existence of
yorkshop will bring together theorists
hing for these "dark forces" in three

ators such as JLab, SLAC,

, CLEO-c, KLOE,




of Data

K arguments of several speakers of SLAC
As Workshop (2009) on Dark-Matter
Of recently observed astrophysics

Ferm| ATIC, HESS,




a of Anomalies
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PAMELA positron fraction with other
perimental data and with secondary production
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RAMELA an antiprotons
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osmic ray electrons at energies of 300.800
Nature 456:362-365, 2008.

pization Calorimeter is a balloon-borne
studies electrons and positrons (as

A {0 ~ TeV energies, but cannot
0s. The primary astrophysical
e expected to be
g fO relativistic speeds
tward. The ATIC-2
simple power




energy and with Assuming an annihilation signature of
RPB-BETS at Kaluza—Klein dark matter, all the data
can be reproduced.
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k0 On electons+positrons combined

Fermi, HESS, ATIC, PPB-BETS

Bergtram, Bdjd & Faharijas 2003
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= Batkground, Strong et al 2004
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@ Harder spectrum than expected - no break
until = TeV




Semmerfeld enhancement

grticle X (100s GeV) could annihilate into GeV
ecay preferentially into light SM particles
QCss. The necessary large enhancement
s section (heeded in all such
2d for by the Sommerfeld
lon of the wave functions at
change

X
XX - 28" — llgh‘ll =M E
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DAMA experiment

Bernabei et al . Bur Phys..C56:333-355, 2008
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o 8.3 sigma signal for modulation
@ only in "single hit” events

@ proper phase

Dark matter?

Chots-saction [ Y] (nomm stisad 1o pucdem)




I AP (Wilkinson Microwave Anisotropy Probe)

the WMAP microwave emission from the galactic
a hard component not spatially correlated with
NCTIC emission mechanism.

, Astrophys.J.614:186-193,2004 )

chrotfron radiation from electrons
om dark matter annihilation in the
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AN AP haze

| WMAP Haze (rinkbeiner 2004;

Dobler&Finkbeiner 2008)
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Natural interpretation is of new source of
10+ GeV e+e-in galactic center, but with larger
< 4. amplitude than locally
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dark

good fit for DM explanation matter
plots courtesy G. Dobler

pulsars




"INTEGRAL

5 . 5 ‘:
INTEGRAL/-SPI: (spectrometer)
Energy rande; 20 keV - 8 MeV
Field of view: 16 ﬂeg

~_Angular resolution: 2.5 deg FWHM
Laum:heﬂ 2002 II;'[:HT
Still uperahng




Ibution of the INTEGRAL 511 keV line

*Shows ~3x10%2 e*/s
annihilating in the galactic

center; far more than expected
from supernovae

*Positrons must be injected with
low energies to give narrow line
shape
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e ot e clint i i ok Fig. 2 A fit of the SPI result for the diffuse emission from the GC re-

de-coy of tha inorbopes A1 k N X - o
gion (i), |5] = 16} obtained with a spatial model consisting of an 8°

FWHM Gaussian bulge and a CO dizsk. In the fit a diagonal responss
was assumed. The spectral components are: 311 keV line (dotted),
Pz continuum {dashes), and power-law continuum {dash-dots), The
summed models are indicated by the solid line. Dietails of the Atting
proce dure are given in the text.
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S INg Dark Matter (XDM)

Phys Rev. DTa:083510 2007

@ Suppose TeV mass dark matter has an
excited state = MeV above the ground state,
and a new force @ with mass ~ GeV through
which DM can scatter into the excited state,
then decay back by emitting et+e-

. low energy




iativating Dark Forces

gnomalies can be explained by the
ow, dark force

2w dark force at ~ GeV

tion for INTEGRAL
or PAMELA/Fermi




Searching for Dark Forces in
Electron Fixed-Target Experiments

Natalia Toro

with J. D. Bjorken, R. Essig, and P. Schuster (0906.0580)
to appear in PRD

. Rev.D80:075018,2009

Fixed-Target
A’

® Dark gauge boson A" mixing with photon,
Mass ma- =1 MeV — few GeV

e~ * A e\ A F ' Ly
r},r / / -
&V - b Ei(1—2x)
® This vertex allows A~ production in any Nucleus
charged-particle scattering.
® Assume A’ decays (only) through photon mi o
1.e. to ete-, u+u-, wir, etc. depending on mas a’Z2e
< PR, JUIL, E1C. depending 0~ ——5—~ O(10 pb)

eT ~ (mare?)™ m



stfraints on mass vs coupling for A’

BIORKEN er al. PHY SICAL REVIEW D 80, 075018 (2009)
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FIG. 1 (color online). Lefi: Existing constraints on an A'. Shown are constraints from electron and muon anomalous magnetic
moment measurements, a, and a o the BABAR search for Y(35) — yue " ™, three beam-dump experiments, E137, E141, and E774,
and supernova cooling ( SN). These constraints are discussed further in Sec. 111, Righr: Existing constraints are shown in gray, while the
various lines—Ilight green (upper) solid, red short-dashed, purple dotted, blue long-dashed, and dark green (lower) solid—show
estimates of the regions that can be explored with the experimental scenanos discussed in Secs. IVA, IVEB, IVC, IVD, and IV L,
respectively. The discussion in Sec. IV focuses on the five points labeled “A” through “E.” The orange stripe denotes the **D-term”
region introduced in Sec. IT A, in which simple models of dark matter interacting with the A' can explain the annual modulation signal

reported by DAMA/LIBRA. Along the thin black line, the A" proper lifetime ¢r = 80 pum, which is approximately the 7 proper
lifetime—see Eq. (11).




Searching in Dumps
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(dump experiments also constrain

| longer-lived decay modes,
mA'/GeV see Schuster, NT, Yavin to appear)
*ET774: 20cm, 3 mC



IR e xperiments (to be proposed)

s et al (Hall B photon dump)
b Hall A); also use positron

ey, MIT, JLAB):
EL beam







BDiscovery potential of fixed-
ii@iget experiments

experiments well suited to search
igh intensity

requires mulfiple search

experiments
ngle spectrometers




