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Era of data

® Cosmics: PAMELA, Fermi, ATIC, HESS, AMS,
ACTs, WMAP, Planck...

@ Direct: CDMS, DMTPC, XENON, LUX, CRESST,
COUPP, PICASSO, KIMS...

@ Production: LHC/Tevatron, Fixed Target,
Beam dump
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Era of anomalies

DAMANAL (029 tonxyr) ——y < DAMA/LIBRA (D55 tonxyrp»
(target mass = 87.3 kg) (Larget mass = 2328 kg)
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Era of anomalies

2-6 keV

DAMANAL (029 tonxyr) ——y < DAMA/LIBRA (D55 tonxyrp»
(target mass = 87.3 kg) (Larget mass = 2328 kg)
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Anomalies and anomalies

@ High Energy Electrons/Positrons: PAMELA
(HEAT,AMS-01), ATIC, EGRET, WMAP

@ Low energy positrons: INTEGRAL
@ Direct detection: DAMA/LIBRA
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Anomalies and anomalies

@ High Energy Electrons/Positrons: PAMELA
(HEAT,AMS-01), ATIC, EGRET, WMAP

@ Low energy positrons: INTEGRAL

@ Direct detection: DAMA/LIBRA
multiple indications
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The framework

@ Recently a new framework has emerged, where DM

annihilates not to the SM, but to some new force carrier
(A, b, a, U)

“classic”
WIMP
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The framework

@ Recently a new framework has emerged, where DM

annihilates not to the SM, but to some new force carrier
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Dark Matter
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FKP, defog

Percival et al FKP
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The WIMP “miracle”

assume thermal

equilibrium o, ]? f




The WIMP “miracle”

assume thermal
e ge ° nl.iI"a'ClC ||m1rlk0”
equilibrium

a surprising and welcome event that is not explicable by natural or
scientific laws and is therefore considered to be the work of a divine
agency : the miracle of rising from the grave.

» a highly improbable or extraordinary event, development, or
accomplishment that brings very welcome consequences : if was a
miracle that more people hadn't been killed or injured [as ad). | : a miracle drug.
 an amazing product or achievement, or an outstanding example of
something : @ machine which was a miracle of design.

ORIGIN Middle English : via Old French from Latin miraculum
‘object of wonder,’ from mirari ‘to wonder,’ from mirus
‘wonderful.’
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The WIMP “miracle”

assume thermal

equilibrium o, ]? f




assume thermal

equilibrium XX 7 f /

When T<< Mwimp, number &
density falls as e™/T i Bl

x=m/T (time -)
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assume thermal

equilibrium XX 7 #i

When T<< Mwimp, number
density falls as e™/T

On2 A 3l 22 il
' (ov)

~ 0.1 X (0‘2/(1<(£f>}ev)2>

x=m/T (time =)
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assume thermal

equilibrium XX 7 #i

When T<< Mwimp, number
density falls as e™/T

On2 A 3l 22 il
' (ov)

2 2

N /(100GeV)
(o)

@ Any weak- scale particle naturally freezes

out within a few orders of magnitude of the
correct cross section

x=m/T (time =)
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@ Signals of thermal DM

—-Production (accelerators)

-Cosmic rays/indirect detection (PAMELA/
Fermi/WMAP...)

-Direct detection (DAMA/XENON/CDMS...)
X f

tame

— ttme —
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Signals of thermal dark matter

@ Production (accelerators)

® Cosmic rays/indirect detection (PAMELA/Fermi/
WMARP...)

@ Direct detection (DAMA/XENON/CDMS...)
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The s’rep chlld of dark ma’r‘rer anomalles
iNTEGRAL ;f{ o u

B

INTEGRAL/ SPI (spectrometer)
Energy rar?gfe 20 keV - 8 MeV
Field of view: 16 deg. '
Angular resolu’uon 2.5 deg FWHM
Launched: 2002 Qct.17
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distribution of the INTEGRAL 511 keV line

- spectral signature of the radioactive
. decay of the isotope °A

radioactive decay in th
galactic centre regic

synthesis of new elements by

P R T T StV S X PN TOu 1 TN
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The step-child of dark matter
anomalies: INTEGRAL

Must be
= injected with
% low energies
é to give
5 narrow line
5 shape

Energy [keV]

Fig. 2. A fit of the SPI result for the diffuse emission from the GC re-
gion (|/|, |b| £ 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.
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eXciting DM (XDM)

D.Finkbeiner, NW,
Phys.Rev.D76:083519,2007

@ 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 emitfing e+e-
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| Need cross section near the
geomeftric cross section, i.e.

o
A
o
o

pair intensity [pairs/s/cm?/sr]
o
=
o

O'NI/QQ

L b ——

0 0
Galactocentric angle [deg]

Only possible if new force with mass
my < GeVZis in the theory
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The NKOTB of dark matter
anomalies: PAMELA




The NKOTB of dark matter
anomalies: PAMELA
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The NKOTB of dark matter
anomalies: PAMELA
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Positron to Electro Fraction
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Fermi, HESS, ATIC, PPB-BETS

Bergstrom, Edsjo & Zaharijas 2009

E’ dN/JE (GeV* m? s sr)
A

X PPB-BETS
HESS Kcbayashi
HESS
H ESS LE § HESS. - low-snergy analysis

Backgrourd mode

ATIC I +2+4 KK signature, smeared with

H.E.S.S. energy resolution

PPB- BETS Sum of oa;x.;rwrc mode
———-  Background, Strong et al 2004 ~ and KX igranee
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100
Positron energy, E.. [GeV]

@ Harder spectrum than expected - no break
until = TeV
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Positrons expected from secondary production
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How do electrons

what we

propagate? want to

Know

diffusion ICS and synchrotron

(not well energy losses (fairly well
understood) understood)




Grajek, Kane, Pierce, Phalen, ‘08
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Model A2
% . Model A3

Model A4
Model A5
[ ; Model A6

102 10" 10° 10° 10* 10°
Energy [GeV/nucleon]

Hooper + Simet ‘09
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Astrophysics?

Malyshey, Cholis, Gelfand, ‘09

Total 'pusilmn ratio —+ PAMELA
ATNF pulsars —— Total flux -+ ATIC
Secondary background - ATNF pulsars - Fermi
Backgrounds —4+— HESS 08
—+ HESS 09

Aharonian, Atoyan, Volk ‘95; Hooper,
Blasi, Serpico ‘08;Profumo ‘09...
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DM or Astrophysics?

(look in the inner galaxy)
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Mlcrowave Foregrounds
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Interstellar Dust from IRAS, DIRBE (Finkbeiner et al. 1999)
Map extrapolated from 3 THz (100 micron) with FIRAS.
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lonized Gas from WHAM, SHASSA,VTSS (Finkbeiner 2003)
H-alpha emission measure goes as thermal bremsstrahlung.
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K (23GHz) Ka (33GHz)  Q (41GHz) W (94 GHz)  Template
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Fig. 1.— The WMAP foreground grid; see detailed discussion in §2.7.
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Dobler and Finkbeiner ‘08
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A “Haze”
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A “Haze”

Galactic latitude

-------------------

0
Galactic longitude

Dobler and Finkbeiner ‘08

Charged particle
{proton or electron)

® agnetic
//‘_» Mf‘?eldt
electrons spiraling in

% % % s magnetic field create
microwaves

nrumiano
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90
WMAP Haze (rinkbeiner 2004;

Dobler&Finkbeiner 2008)

2 ’
; . -
:
| Loty -
pulsars St
matter

plots courtesy G. Dobler
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90
WMAP Haze (rinkbeiner 2004;

Dobler&Finkbeiner 2008)

Galactic latitude
o

..................

Natural interpretation is of new source of
10+ GeV e+e-in galactic center, but with larger
amplifude than locally

==

R -
dark

good fit for DM explanation matter
plots courtesy G. Dobler

pulsars
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Fermi ICS

In the inner galaxy, high energy e+e- convert
energy to synchrotron radiation (WMAP haze) and
inverse-compton scattered photons

starlight  gamma ray Same electrons
should
upscatter
starlight into
gamma rays
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Fermi ICS

SFD Dust Haslam 408 MHz

0 -180 180 90 0 -90

Haze template 10 - 20 GeV observed
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10 - 20 GeV synthetic
20
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2 - 5 GeV residual 2 - 5 GeV residual, with template
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Hints of high energy ete
® PAMELA fells us that there is a primary source of
10-100 GeV positrons within 1kpc

@ Fermi indicates an excess of ete” up to = 1 TeV
(ATIC as well)

@ The WMAP Haze suggests us that there is a new
population of 10-100 GeV positrons in the galactic
center (5°-15°)

@ Fermi gamma rays seem also to indicate high energy
electron production in galactic center

@ NB: Hard analyses!
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WIMP annihilations? Not
so fast!




WIMP annihilations? Not
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& PAMELA sees no excess In

antiprotons - excludes
hadronic modes by order of
magnifude (Cirelli et al, ‘08, Donato et al, ‘08)




WIMP annihilations? Not
so fast!

@ PAMELA seeS no excess In
j ) Donato 2001 (D, $=500MV)
antiprotons - excludes . Simon 1998 (LBM, 4=500MY)
Ptuskin 2006 (PD, 9=550MV)
hadronic modes by order of
magnifude (Cirelli et al, ‘08, Donato et al, ‘08)

10
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WIMP annihilations? Not
so fast!

@ PAMELA sees no excess in Sagkgégunis
' = BF = 59
an’rlpro.fons excludes v, : BF = 5
hadronic modes by order of e

bb, BF =74

magnifude (Cirelli et al, ‘08, Donato et al, ‘08)

@ The spectrum at PAMELA is
very hard - not what you

would expect from e.g., W's m, =300 GeV

100
Energy (GeV)
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The three ingredients to explain
PAMELA/Fermi

@ Hard lepton spectrum
@ Few/no anti-protons

@ Large cross section (much larger than thermal - for
annihilation)

@ All these can be explained by insisting that the

dark matter has a new GeV scale force (arkani-hamed,
Finkbeiner, Slatyer, NW, ‘08)
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The three ingredients to explain
PAMELA/Fermi

@ Hard lepton spectrum
@ Few/no anti-protons

@ Large cross section (much larger than thermal - for
annihilation)

@ All these can be explained by insisting that the

dark matter has a new GeV scale force (arkani-hamed,
Finkbeiner, Slatyer, NW, ‘08)

@ Wide range of models all share similar structure

(Pospelov and Ritz, ‘08; Fox and Poppitz ‘08; Nomura and Thaler ‘08; Nelson and Spitzer ‘08; Katz and
Sundrum ‘08...)
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New forces = new annihilation modes

Finkbeiner, NW PRD '07; Pospelov, Ritz, Voloshin PLB ‘08

Arkani-Hamed, Finkbeiner, Slatyer, NW, ‘08
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New forces = new annihilation modes

Finkbeiner, NW PRD '07; Pospelov, Ritz, Voloshin PLB ‘08

@ "WIMP Miracle” works as before (sigma ~ 1/M?)
@ No antiprotons comes from kinematics

@ Hard positrons come from highly boosted ¢'s/As

Arkani-Hamed, Finkbeiner, Slatyer, NW, ‘08
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New forces = new annihilation modes

Finkbeiner, NW PRD '07; Pospelov, Ritz, Voloshin PLB ‘08

€
e
T
e
w
&
&
a

Direct Channel

Merritt (x = 0.17)
vy = 35 km/s

10
Energy (GeV)

(c)Direct decay channel, v4 = 35 km/s

Cholis, Goodenough, NW, arxiv:0802.2922

Pre-PAMELA
@ "WIMP Miracle” works as before (sigma ~ 1/M?)

@ No antiprotons comes from kinematics

@ Hard positrons come from highly boosted ¢'s/As

Arkani-Hamed, Finkbeiner, Slatyer, NW, ‘08
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New forces = new annihilation modes

Finkbeiner, NW PRD '07; Pospelov, Ritz, Voloshin PLB ‘08

m,= 50 GeV, p, i<u".' >=048x1 ‘ 7-: igg 2:: ::: :
m, = 100 GeV, p, <olvi> = 1,60 x 1 5! s ' -
m, = 250 GeV, p, <olvi> = 8.26 x 1 ‘ = 200 GeV, BF =
m, = 500 GeV, p, <oivi> = 31.25 x 1 = 100 GeV, BF = 6.
m. = 80O GeV, p, <olvi> = 77.44 x 1 Background
; « PAMELA Data

c
4
°
®
.~
w
8
&
Q

Direct Channel
Merritt (x = 0.17)
vy = 35 km/s
Electrons Only

Energy (GeV)
100

(c)Direct decay channel, v4 = 35 km/s Energy (GeV)

Cholis, Goodenough, NW, arxiv:0802.2922 Cholis, et al, arxiv:0810.5344

Pre-PAMELA Post-PAMELA
@ "WIMP Miracle” works as before (sigma ~ 1/M?)

@ No antiprotons comes from kinematics

@ Hard positrons come from highly boosted ¢'s/As

Arkani-Hamed, Finkbeiner, Slatyer, NW, ‘08
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Sommerfeld Enhancement
High velocity

Hisano, Nojiri, Matsumoto ‘04; Cirelli & Strumia ‘07; Arkani-Hamed,
Finkbeiner, Slatyer, NW, ‘08




Sommerfeld Enhancement

High velocity
B srnarresssssEssnsannannns A

-
N -

.’ Low velocity

Hisano, Nojiri, Matsumoto ‘04; Cirelli & Strumia ‘07; Arkani-Hamed,
Finkbeiner, Slatyer, NW, ‘08
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Sommerfeld Enhancement
High velocity

If particles interact via a “long range” force, cross sections
can be much larger than the perturbative cross section

Hisano, Nojiri, Matsumoto ‘04; Cirelli & Strumia ‘07; Arkani-Hamed,
Finkbeiner, Slatyer, NW, ‘08
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Sommerfeld Enhancement
High velocity

If particles interact via a “long range” force, cross sections
can be much larger than the perturbative cross section

If these signals arise from thermal dark matter,
dark matter must have a long range force

Hisano, Nojiri, Matsumoto ‘04; Cirelli & Strumia ‘07; Arkani-Hamed,
Finkbeiner, Slatyer, NW, ‘08
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Sommerfeld Enhancement
High velocity

If particles interact via a “long range” force, cross sections
can be much larger than the perturbative cross section

If these signals arise from thermal dark matter,
dark matter must have a long range force

m;l Z ((XMDM)_l (Fm)

Hisano, Nojiri, Matsumoto ‘04; Cirelli & Strumia ‘07; Arkani-Hamed,
Finkbeiner, Slatyer, NW, ‘08
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i HESS Systematic Error Band
L +--x--! HESS Data
- ——+— Fermi Data

[ -0 ATIC Data
m, = 1.6 TeV, BF = 370 (DM + Background)
m,, = 600 GeV, BF =99 (DM + Background)
m, =200 GeV, BF = 18 (DM + Backgroynd)
— = Background .ff@f

E3 dN/AE (GeVZ m2 s sr)

m, = 1.6 TeV, BF =650
m, = 600 GeV, BF =110
m, = 200 GeV, BF = 20
Background

—e— PAMELA Data

XDM e*e” u*u” n'n” (1:1:2) Channel

100
Energy (GeV)

Intensity (10'20 erg sec Hz' cm™ sr'1)
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Energy (GeV)

m, =1 .|6 TeV, BF = f|360 _
m, = 600 GeV, BF =102
m, = 200 GeV, BF =16
Haze Data i+

XDM e*e” u'u” «*n” (1:1:2) Channel

10 15
Latitudinal Radial Distance from GC (degrees)




How natural the GeV scale?

Interactions with
standard model
generate scales

Works most naturally with new physics
models (SUSY, Randall-Sundrum, etc)




Searching for WIMPs




Searching for WIMPs

® How to detect a WIMP?
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Searching for WIMPs

® How to defect a WIMP?
@ Step 1: Build big detector

@ How big?

few events o V
X
kg -year  1072%cm? 300km /s

rate ~
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@ Step 1: Build big detector
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Searching for WIMPs

® How to defect a WIMP?
@ Step 1: Build big detector

@ How big?

few events o V
X
kg -year  1072%cm? 300km /s

rate ~

@ Step II: Go deep underground to shield from
cosmic rays
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Searching for WIMPs

® How to defect a WIMP?
@ Step 1: Build big detector

@ How big?

few events o V
X
kg -year  1072%cm? 300km /s

rate ~

@ Step II: Go deep underground to shield from
cosmic rays

@ Step III: Have no other background
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-M3

10000 ly

|

You are here

3 billion times the distance Earth-Sun

as galaxy rotates, we
experience a WIMP “wind”

L
T L
TR <
e,
sk g
#

:3495-3508,1986
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seasonal variation

In the summer,
W . /]
WIMP W'”dmoving against wind

Q=

expect an annual
modulation in signal!

iIn the winter,
moving against wind

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

Bernabei et al., Eur.Phys.J.C56:333-355,2008
2-6 keV

' [¢—————————DAMA/Nal (0.29 tonxyr) ————> <DAMA/LIBRA (0.53 tonxyr)>
x (target mass = 87.3 kg) (target mass = 232.8 kg)

f
r
|
|
|
b
!
:
z
t
|
|

Time (day)

@ 8.3 sigma signal for modulation
@ only in “single hit” events

@ proper phase

Dark matter?
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DAMA experiment

Bernabei et al., Eur.Phys.J.C56:333-355,2008
2-6 keV

' (& DAMA/Nal (0.29 tonxyr) ——————> < DAMA/LIBRA (0.53 tonxyr)>
x (target mass = 87.3 kg) (target mass = 232.8 kg)

-
Q
o -
o
g
o -

Time (day)

10 15 20 25 30 35

@ 8.3 sigma signal for modulation | s ot Equnaent Eay

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

@ only in “single hit” events

@ proper phase

Dark matter?
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DAMA experiment

Bernabei et al., Eur.Phys.J.C56:333-355,2008
2-6 keV

(€ DAMA/Nal (0.29 tonxyr) ———————> < DAMA/LIBRA (0.53 tonxyr)>
(target mass = 87.3 kg) (target mass = 232.8 kg)

-
Q
o -
o
g
o -

Time (day)

15 20 25 30 35 40 45

@ 8.3 sigma signal for modulation | ks ot Equnant Evy

p—

=}
N
S

@ only in “single hit” events

i

S,
B
—_

@ proper phase

p—

=3
N
[\

DATA listed top to bottom on plot

CDMS (Soudan) 2005 Si (7 keV threshold

KIMS 2007 - 3409 kg-days Csl
a

IS
@

~
=
o]
O
—
Q
=}
=
o
=
i)
O
75}
=
Cé
o
=
N—"
('\l'_|
=
2
=
o
=
Q
O
w
@
n
o
S
@)

—_
)

Edelweiss I final limit, 62 kg-days Ge 2000
DAMA 2000 58k kg-days Nal Ann. Mod.
WARP 2.3L, 96.5 kg-days 55 keV threshol
CRESST 2007 60 kg-day CaWO4
ZEPLIN III (Dec 2008) result

CDMS: 2004+2005 (reanalysis) +2008 Ge
XENON10 2007 (Net 136 kg-d)

090318234201

Dark matter?

[S—

S,
~
N
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Consider vector interaction

XlO',quA'u




Consider vector interaction

Xl@LO(lAM




Consider vector interaction

X10MY1A“ X10MX2A“




Consider vector interaction

X10MY1A“ X10MX2A“

Vector interactions for massive WIMPs
(Mom>Msorce) always require multiple states
interaction is off-diagonal




Question:




Question:

@ What is the splitting between those states? o
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@ Comparable To WIMP Kinetic energy?
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@ Huge?
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Question:

@ What is the splitting between those states? o
@ Tiny?

@ Comparable To WIMP Kinetic energy?

@ Huge?

@ For Sommerfeld Enhancement (i.e., PAMELA),
states must be small
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Question:

@ What is the splitting between those states? o
@ Tiny?

@ Comparable To WIMP Kinetic energy?

@ Huge?

@ For Sommerfeld Enhancement (i.e., PAMELA),
states must be small

For a~ 1072 M ~ TeV
0 ~ 100MeV ~ kineticenergy of a WIMP
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“Inelastic” dark matter

D.Tucker-Smith, NW, Phys.Rev.D64:043502,2001;Phys.Rev.D72:063509,2005

@® DM-nucleus scattering must be inelastic

® If dark matter can only scatter off of a nucleus

by transitioning fo an excited state (100 keV), the
Kinematics are changed dramatically
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“Inelastic” dark matter

D.Tucker-Smith, NW, Phys.Rev.D64:043502,2001;Phys.Rev.D72:063509,2005

@® DM-nucleus scattering must be inelastic

® If dark matter can only scatter off of a nucleus

by transitioning fo an excited state (100 keV), the
Kinematics are changed dramatically
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Favors heavier targets

visible to DAMA

visible to DAMA
and CDMS

|

Disfavors CDMS
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Enhanced modulation

~
58
—
-
-
. —
—
-
e
—_—
o
-
~
-

Favors modulation experiments

y 28, 2010




Modified spec

Xenon spectrum
DAMA modulated spectrum
Rate (cpd/kg/keV)
Rate (cpd/kg/keV)

0.025 0.003

0.020
! 0.006

0.015-

0.010

0.002
0.005 - ) .

Together, these three
effects allow a positive
DAMA signal consistent
with XENON/CDMS/
CRESST/KIMS.. R

_10
Nuclear Recoil Equivalent Energy (keV)

o

ALog,,(S2/S1)

- ' 1 | S . . 1 ' i ' l - ' l F_— - l '
15 20 25 30 35
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A new force in the dark
sector

@ Oufputs > Inputs

@ GeV mediator gives all aspects of the
anomalies (size, leptons, no antiprotons)

@ Non-Abelian or multi-state models give

natural explanation for all anomalies
(INTEGRAL, DAMA, and e+e-)
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Perspective

Nuclear Physics B347 (1990) 1-11
North-Holland

NEUTRINO MOMENTS, MASSES AND CUSTODIAL SU2) SYMMETRY *

Howard GEORG] and Michael 1.LUKE

Lyman Laboratory of Physics, Harvard University, Cambridge, MA 02]38, USA

Received 17 April 1990

We identify and exemplify a new mechanism which leads 1o a nonzero magnetic moment for

a ncutrino, while suppressing the neutrino’s mass. The mechanism requires that the contribution
to the neutrino mass of the new particles that are responsible for its magnetic moment s
approximately canceled by a contribution from neutral particles, related by a custodial SU(2)
svmmelry.

[. The problem

Most likely, the solar neutrino problem [1] has nothing whatever to do with
particle physics. It is a great triumph that astrophysicists are able to predict the
number of B® ncutrinos coming from the sun as well as they do, to within a factor
of 2 or 3 [2]. However, one aspect of the solar neutrino data. the apparent
modulation of the Hux of solar neutrinos with the sun-spot cycle, is certainly
intriguing [3]. 1t is, of course, possible that this is an astrophysical problem rather
than a particle physics problem. But that would require a synchronization of cycles
of the interior of the sun with those of the convective layer, both in frequency and
in phase. Thus it seems particularly interesting that there may be a particle physics
explanation of this effect [4], involving a magnetic moment of the electron neutrino
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Evidence for Oscillation of Atmospheric Neutrinos

T, Hayskawa,' E, kchihars,' K, Iaoue s H Bno Y, low, g, ). Kameds,
ga,' K. Kobayashi," Y. Kobayashi," Y :' 2 ra,’ M. Nakahata' S Nak a,' A. Okada
N Sakers,' M, Shiceawa. Y. St Y S 2 { . A, Hadig,
“ M. D. Messier,” K. Scho J.L.3 . R. Sulak.” C.W. Walter” M. Goddhaber,” T. Barszczxak
D, Casper,” W. Gaewski," P.G, Halv e, * J. Hw" W.R. Kropp,” LR, Price,” F, Reines” "H.W.Sobel,
M.R. Vagirs' K.S. Ganezer,” W.E. Keig,” R.W. Ellsworth” S. Tasaka, Flanagan,"” A. Kibay y
J.G. Leamed S. Matsuno,* V. ). Seenper' D. 1 non,” T. Ishil,” J. Kanzaki" T. Kobayashy,” S. Min
K. Naks 1. K. Nishikawa" Y b Sakeda” O Sasaki’ S, Echago.'" M, Koham
Sureia,”™ T.). Halnes E. Bla 3 3K m,'” R. Sanfoed,"'" § : ] M. L. Chen,"" Z. Conner
wodman.'” G. W, Sullivan J. all,'* C ung.'” Mars ‘'C JUC McGrew '  E, Shar
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M. Nemmoto,™ K. Nishi 1. Fut me' Y. Hayato Y | SO, Kaneyeks
D. Kickzowska " R A, Doyle” .S, Goorge s 2 L. Wal,
RJW . 2

"Unreliable” astrophysical signals can be the first
sign of new physics




The future of beyond the
standard model physics?




The future of beyond the
standard model physics?

energy frontier

luminosity frontier




Motivating cleig$ fege:
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Motivating eleig$ fo)

@ A wealth of anomalies can be explained by the
presence of a new, dark force
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@ A wealth of anomalies can be explained by the
presence of a new, dark force

@ Single ingredient: new dark force at = GeV addresses
Key issues

@ Large excitation cross section for INTEGRAL
@ Hard leptons/no antiprotons for PAMELA/Fermi
@ Large Annihilation cross section

® Excited states for DAMA/INTEGRAL
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Motivating eldg< feige:

@ A wealth of anomalies can be explained by the
presence of a new, dark force

@ Single ingredient: new dark force at = GeV addresses
Key issues

@ Large excitation cross section for INTEGRAL

@ Hard leptons/no antiprotons for PAMELA/Fermi
@ Large Annihilation cross section

@ Excited states for DAMA/INTEGRAL

® Testable
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@ Thank you very much!
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Supplemental Slides




Spectra in “realistic” halos

Kuhlen & NW, in prep

DAMA, 100 GeV, 130 keV CRESST (norm to 1), 100 GeV, 130 keV

Yellin techniques (optimum interval, maximum
gap, pmax) unreliable for inelastic models in
experiments with good energy resolution
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Limits from galactic center

% Inferes’ring limits Fr‘om bremmed PhO'l'OﬂS (Beacom, Bell, Bertone, ‘04; Bell & Jacques ‘08; Bertone, Cirelli, Strumia,

Taoso, ‘08; Bergstrom, Bertone, Bringmann, Edsjo, Taoso, ‘'08; Meade, Papucci, Volansky, ‘09; Mardon, Nomura, Stolarski, Thaler, ‘09)

@ Limits rely on knowing density and velocity in GC - can change a lot with baryons!

)
€
3
=
2
:
&
2
(3]
o
®
g

1.0 10.0
Galactocentric radius [«pc]

Governato et al, 2006

NB: Many simulation uncertainties (matching bulge with MW, other
numerical issues involving baryons)
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GOING FORWARD

Padmanabhan&Finkbeiner '04: Bertone, Galli, locco,
Melchiorri, '09;Slatyer; Finkbeiner; Padmanabhan '09

Planck

DM annihilation injects high-energy particles into the
IGM [71], which heat and ionize neutral hydrogen as they
cool. This ionizing energy does not generally change
the redshift of recombination, but does alter the resid-
ual ionization after recombination. The increased ion-
ization fraction leads to a broadening of the last scat-
tering surface, attenuating correlations between temper-
ature fluctuations. The low-£ correlations between polar-
ization fluctuations, on the other hand, are enhanced by
the thicker scattering surface.

Should definitively test

Bk

10-?3‘ N T—r—rrrrry v T—TTrrrry . r—T—Trrrey ..ﬁa
-1
|
x
102 5 2 1
Ruled out by WMAPS 8 ¢
s¢t, [°
I7 |
L S |
_;m 10 i 1 -51
& @ 3
T 1 1 XOM 'y 2500 GoV, BF = 2300
g 1 2 ' 1500 GeV, BF « 1100
< 1072 3 XOM u'p 2500 GeV, BF = 1000
. 4 XDM c'e 1000 GeV, BF « 300

5 XDM 4:4:1 1000 GeV, BF = 420

Planck 60’0 700 GoV, BF = 220
forecast 7 WK 1500 GeV, BF « 560
o CVL 8 XDM 1:12 1500 GaV, BF = 400
10 9 XOM u'y 400 GeV, BF = 110

10 u'n 250 GeV, BF =81

11 W'W 200 GeV, BF = 66
12XDM e'e 150 GeV, BF « 16
13 e'e 100 GeV, BF = 10

10'” AN

P WU W Y V) GR——— LAL.llAAA AA

1 10 100 1000
DM Moss [GeV]

electronic production
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