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PROSPECTS

* The Dark Sector doesn't want to be found (P Fox)
* It's dark
» XENON only ran in the winter, no attention to summer data
» KIMS funding problem
» Other mystery Issues
g aieialNfineraries to get here

» Suggests that the impact could be high!
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THE COPERNICAN
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PORTALS TO A HIDDEN
SECTOR

» Suppose there Is matter uncharged under the SM

* How do we couple to It!




PORTALS TO A HIDDEN
SECTOR

SN ~ Neutrino Portal
Standard Model Hidden Sector

(Fuw) % (Fg) Vector (photon) Portal
N N——

Standard Model Hidden Sector

(hTh) X @) e

e o Scalar (Higgs) Portal
Standard Model Hidden Sector

*NB: Non-renormalizeable portals, e.g.,, axion portal also can be important




o<W Neutrino Portal

Standard Model Hidden Sector

* Requires complete gauge singlet N
- Would naturally be heavy
Pd

* It charged, has coupling — ~ small

* Dominant signal = neutrino mass
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('h) x (@) +he SCalar (HIggs)
Portal

Standard Model Hidden Sector

* Requires complete gauge singlet @, or <(>=a
* Would naturally have mass me=a
* Has mixing with the Higgs ~ me/my, ~ small

* Dominant effect: rare meson decays, non-standard Higgs decays
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ex (R, x (mv Vvector (photon)

p— S

Standard Model Hidden Sector PO r-tal

* Requires Hidden sector has an effective U(l) (can arise from
breaking of non-Abelian sector)

» Natural mass scales/couplings shortly
» Mixes with the photon (if < GeV) or Z boson (if ~ Mw)

» Dominant effect Is to give coupling of charged matter to new,
dark photon, =€ e
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(R x (e Vector (photon)

p— S
Standard Model Hidden Sector PO rta‘
&, YR M

Fine structure constant

/
e, = €a

Coupliing of dark photon to EM

D

dark sector coupling
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WHATI IS A NATURAL ¢?

» Renormalizeable operator - could naturally be order |

* It U(l)y or U(l)pis part of a non-Abelian group, €=0 at tree
level, arises at |-loop

* It matter Iin loop have masses split by radiative effects, naturally
at 2-loop

- It both U(l)y and U(|)p are in non-Abelian group, with
masses split radiatively, Is naturally 3-loop

* Natural range of |>g>10° (approximately)
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WHAT IS A NATURAL MASS
FORA™?

» SM Fields should not couple to a new, massless A’

* (NB: It entirety of new physics i1s A, mixing Is not a physical
effect)

S s natliral mass scale!




WHAT IS A NATURAL MASS
FORA™?

* It strong dynamics (similar to QCD) drive U(|)q4 breaking, mass
scale can be anything (theoretically)




WHAT IS A NATURAL MASS
FORA™?

* It U(l)q breaking is driven by a scalar, there Is a lower bound on
the mass from two-loop effects

f
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WHAT IS A NATURAL MASS
FORA?

* In supersymmetric theories, there I1s an additional effect

Gh R — e/d26’ W W5

U2

V2oeDyDy = €9YZ cos(205) x (9?5?1 - ngz)

m?b N ey My, ~ \/o/ozdm%v




WHAT IS A NATURAL MASS

10 GeV

1 GeV

Mdark 100 MeV
10 MeV

1 MeV
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FORA?
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(Note: boundaries are approximate)
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A BRIEF COSMIC HISTORY

DN
#T N

Depending on mass, A" will generally thermalize for
Sl (oW g {05 L

Should be > | MeV to avoid problems with BBN
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STILL A BROAD PARAMETER
SPACE

* my>1 MeV, o> 102 would be a natural part of particle
physics landscape

» Are any regions particularly motivated!

* A dark photon would influence particle physics at the GeV
scale




Imuon g-2|<26

10 MeV 100 MeV 500 MeV

MA’ Pospelov, arxiv:081 |.1030

o-2 for the muon 3.60 deviation from SM prediction
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STILL A BROAD PARAMETER
SPACE

* my>1 MeV, o> 102 would be a natural part of particle
physics landscape

» Are any regions particularly motivated!

» Dark matter charged under a dark force has been motivated
by a variety of DM anomalies




DM WITH A DARK U(1)




DM WITH A DARK U(1)

* [ he presence of a dark U(l) would very likely be
accompanied by stable particles

* Thus dark matter would naturally be charged millicharged for
a massless force [Holdom, '84]

» Dark matter can annihilate into the dark photon

» Dark matter can scatter via the dark photon
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FREEZEOUT INTO A DARK
R osic VVIMP PHOTON
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COSMIC RAYS: PAMELA/FERMI
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PAMELA sees no excess In
antiprotons - excludes hadronic

modes by order of magnitude
(Cirelli et al, '08, Donato et al, 03)




COSMIC RAYS: PAMELA/FERMI

PAMELA sees no excess In
antiprotons - excludes hadronic 04— T

: —— Simon 1998 (LBM, $=500MV)
modes by order of magnitude i PHuSkin 2006 (PD, 4=550MY)
0.3 ® PAMELA

(Cirelli et al, ‘08, Donato et al, '03)

10
kinetic energy (GeV)
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COSMIC RAYS: PAMELA/FERMI

PAMELA sees no excess In

: . ' Baékgfou'nd .
antiprotons - excludes hadronic ], s e'e’, BF = 45
. : W, BF =59

modes by order of magnitude ey T BF=74
(Cirelli et al,'08, Donato et al, '08) o 2°2°, BF = 97

| sesceseeee. bb’ BF —_ 74
The spectrum at PAMELA isvery — *'f el

T e e I e N
hard - not what you would expect |
from e.g., W's . Model A

m, =300 GeV
0‘01 ] . N N PSP |
10 100

Energy (GeV)

Tuesday, January 11, 2011



COSMIC RAYS: PAMELA/FERMI

PAMELA sees no excess In

. . ' Bacrkgrrou'nd .
antiprotons - excludes hadronic ], s e'e’, BF = 45
. : W, BF =59

modes by order of magnitude ey T BF=74
(Cirelli et al,'08, Donato et al, '08) o 2°2°, BF = 97

| =sesevesess bb’ BF —_ 74
The spectrum at PAMELA isvery — *'f el

'fl-i-';’-r”"l'-'—-- i \:\:\\ o b
hard - not what you would expect
from e.g., W's . Model A

m, = 300 GeV
0‘01 ] . N N PSP |
10 100

RS- ei0ss sections needed are

, Energy (GeV)
| O- 1 000x the thermal cross sectior.
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Mma<GeV (no antiprotons, hard leptons)
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COSMIC RAYS: PAMELA/FERMI

b BN

Mma<GeV (no antiprotons, hard leptons)

(Finkbeiner, NWV, arxiv 070258/v2; Cholis, Goodenough, NW arxiv 0802.2922)

Large cross section from Sommerfeld enhancement




COSMIC RAYS: PAMELA/FERMI

XDM e*e” p*u~ (1:1), my = 350 MeV XDM e*e” p*p~ ntn” (1:1:2), my = 900 MeV
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= 6=0.01 MeV
= 6=0.05 MeV
=7 6=0.10 MeV

6 =0.50 MeV
= 5=1.00 MeV

= §=2.00 MeV
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* Provides a consistent and testable DM intepretation

Finkbeiner et al, arxivIOl 1.3082

3000
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COSMIC RAYS: PAMELA/FERMI

» Motivates sub-GeV dark photon (determined by spectrum of
bositrons); typically 210 MeV < ma< ~GeV

X ,
-~ A

doesn't depend on «'

X Y




COSMIC RAYS: INTEGRAL

1073

107

TT [T T T

107°

Diff. Flux [1/cm®/s/keV]

T T T T T
[

| Large excess of cosmic ray

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° p O S |_t ro n S < | OW e n e rg>/>
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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COSMIC RAYS: INTEGRAL

subsequent decays shoula

AR A produce ete- pairs
> X1

X1 Y2 X2 s

WIMP-WIMP should induce €

WIMP excitations

M|

Possible origin for INTEGRAL
DOSItron excess

D.Finkbeiner, NW., 0/02587/v2

Also no dependence on




DIRECT DETECTION: DAMA

2-6 keV

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

Time (day)

N the summer;
Movin NSt wind

WIMP “Wim{’ expect\an annual

N In signall

Drukier, Freese, Spergel Phys.Rev.D33:3495-3508, 198

N the winter, moving against winad
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DIRECT DETECTION: DAMA

2-6 keV

(e DAMA/NaI (0,29 tonxyr) = < DAMA/LIBRA (0.53 tonxyr)=>
> } (target mass = 87.3 kg) (target mass = 232.8 kg)

Time (day)

+ Fail Timing Cut
® Pass Timing Cut

CIRIME

Normalized Yield

+ Fail Timing Cut
® Pass Timing Cut

\Log,,(S2/81)

Normalized Yield

o
N —

] '{4 P S\ S N - — A’ Ao A _a l / S S '\ 1 VU W S\ ‘A - VU W W W G W W W W S S W W W \
o 5 10 15 20 25 30 35 40 a5
é 1.0 1.5 Nuclear Recoil Equivalent Energy (keV)

Normalized Timing Parameter
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DIRECT DETECTION: DAMA

HxNU

2

2

N

Scattering via dark photon naturally off-c

> 0

lagonal -

6= liZdtlen o Imelastie darlc miahic

|/~




DIRECT DETECTION: DAMA

heavy targets

n(v): velocrty
distribution of,
WIMPs

XepQn spectrym
wesemodified spectrum
visible to DAMA s

visible to DAMA
and CDMS 0.004

0.002

bt eV
W ol 81

» Enhanced modulation

0 S0 100 150
okeV
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DIRECT DETECTION: DAMA

heavy targets

n(v): velocrty
distribution of,
WIMPs

~wsmodified spectrum

visible to DAMA

visible to DAMA
and CDMS

0.002

I

» Enhanced modulation

Allows c:Snjsistency between experiments
(although tensions, already exist)
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LIGHT DARK MAT TER

2-6 keV

s DAMA/Nal (029 tonxyr)

> < DAMA/LIBRA (0.53 tonxyr)>

(target mass = 873 kg) (target mass = 232.8 kg)

Time (day)
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LIGHT DARK MAT TER

2-6 keV
€. DAMA/Nal (0.29 tonxyr)

< DAMA/LIBRA (0.53 tonxyr)>

(target mass = 873 kg) (target mass = 232.8 kg)

Time (day)

DM Interpretation: variation in WIMP scattering
as Earth moves around sun (with and against
galactic motion)
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LIGHT DARK MAT TER

2-6 keV 100

e DAMA/NaL (0,29 tonxyr) —ey < DAMA/LIBRA (0.53 tonxyr)>
* i (target mass = 873 kg) (target mass = 232.8 kg)

N esnd

z
"Ge

GO -

counts / 0.05 keV 0.33 kg 56 days 4

0 05 1 1 s & 3
= lonaz, energy (keVee) V

-
-

Time (day)

DM Interpretation: variation in WIMP scattering
as Earth moves around sun (with and against el d TR Y
gal actlc motlon) ionization e)nerg,v'(keve(.-) %

o) (1.29+1.)

-
1
P —— PYI TR T

204

-
Ge+

counts / 0.125 keV 0.33 kg 56 days

L o
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LIGHT DARK MATTER

2-6 keV 100——

e DAMA/NaL (0,29 tonxyr) —ey < DAMA/LIBRA (0.53 tonxyr)>
* i (target mass = 873 kg) (target mass = 232.8 kg)

Time (day)

DM Interpretation: variation in WIMP scattering
as Earth moves around sun (with and against :
g al aC-tl cm O-tl O n) " jonization e)nergy (keVee)

counts / 0.125 keV 0.33 kg 56 days

DM Interpretation: elastic
scattering of ~/GeV WIMP

Tuesday, January 11, 2011



Light Yield

s DAMAUNAL (029 tonxyr) s
(target mass = 873 kg)

signal region

LIGHT DARK MAT TER

2-6 keV 100 pvyey

< DAMA/LIBRA (0.53 tonxyr)->
(target mass = 232.8 kg)

kg 56 days

z

L=

0.05 keV 0.33

-2

x
c
~

T«

Time (day)

DM Interpretation: variation in WIMP scattering
as Earth moves around sun (with and against
galactic motion) "

e A (1100

204

counts / 0.125 keV 0.33 kg 56 days

ionization energy (keVee)

DM Interpretation: elastic
scattering of ~/GeV WIMP

Energy [keV]
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LIGHT DARK MAT TER

2-6 keV

e DAMAJ/Nal (0.29 tonxyr) > < DAMA/LIBRA (0.53 tonxyr)>

(target mass = 873 kg) (target mass = 232.8 kg)

ke 56 davs

80}

0.05 keV 0.33

-2

cosints

Time (day)

DM Interpretation: variation in WIMP scattering
as Earth moves around sun (with and against

e A (1100

204

counts / 0.125 keV 0.33 kg 56 days

| i
galactic motion) " onidaion ey lheves

1 DM Interpretation: elastic
o scattering of ~/GeV WIMP
i-zm DM Interpretation:
- unquantified (pre-

. announced March

| 2010) "‘Light" WIMP
0 50 100 150
signal region Energy [keV]
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LIGHT DARK MAT TER

1()_39 T T

[ 1 DAMA + CoGeNT
— CoGeNT
DAMA
— CRESST
— CDMS Si (2005)
— - CDMS Ge
— XENONI100 (mean L )

XENONIO0 S2 analysis
P. Sorensen, talk @ IDM?2010

40

[em’]

10

SI
p

o

Light neutralinos with large scattering cross sections in the minimal supersymmetric standard
model

-41 ] 1

L Eric Kuflik, Aaron Pierce, and Kathryn M. Zurek
T. Schwetz, IDM, 29 July 2010 — p%lichigan Center for Theoretical Physics, University of Michigan, Ann Arbor, MI 48109
(Dated: July 20, 2010)

10

Motivated by recent data from CoGeNT and the DAMA annual modulation signal, we discuss collider con-
straints on minimal supersymmetric standard model neutralino dark matter with mass in the 5-15 GeV range.
The lightest superpartner (LSP) would be a bino with a small Higgsino admixture. Maximization of the dark
matter-nucleon scattering cross section for such a weakly interacting massive particle requires a light Higgs bo-
son with tan 3 enhanced couplings. Limits on the invisible width of the Z boson, combined with the rare decays
BT — Tv, and the ratio B — D7v/B — D{v, constrain cross sections to be below o, < 5 X 10~%2 cm?.
This indicates a higher local Dark Matter density than is usually assumed by a factor of roughly six would be
necessary to explain the CoGeNT excess. This scenario also requires a light charged Higgs boson, which can
give substantial contributions to rare decays such as b — sy and t — bH ™. We also discuss the impact of
Tevatron searches for Higgs bosons at large tan 3.
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LIGHT DARK MAT TER

N N
X A
gOEME
0O
m4 Cvczz
m2

X
allows large cross section with reasonable relic abundance




DARK MAIT TER

1 MeV 10 MeV 100 MeV 1 GeV 10 GeV
1[ | | | Sl
1072 - 11072
10~ 10~4
1076 1076
)
04 /O( 10-8 10~8
10—10 10—10
10—12 10—12
10—14 10—14
} } } } }
1 MeV 10 MeV 100 MeV 1 GeV 10 GeV
m agol
NRB: rate ~ Law —; d4
mX Oéd mA’
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HOW TO FIND A DARK
PHOTON

* Rare process

* High luminosity

* Extremely low backgrounds

* LHC complementary as produceable in SUSY cascade decays
» Cascades fairly unique to SUSY

RllicaNnarder to directly discover




HOW TO FIND A DARK
PHOTON

Find A’ via spectrometry, vertexing (A’ decays), or
MEETT (EireE: ecall)
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- Addrtional complications:

* decay modes!

* Even when motivated by cosmic rays, don't know that
strongest coupled A’ decays to charged palirs

- Non-Abelian models can be very complicated

* Important to develop general approaches for the future
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WHAT WOULD HAPPEN IF IT
WERE FOUND

* [he discovery of the “Theory Space Landscape”

* Immediate need for confirmation/redundancy
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» Jefferson Lab has the opportunity to be the LHC of weakly
coupled physics

» Accessible parameter space Is motivated, but not converse
* Need redundant experiments - multiple decay modes

* This is only the beginning: need development of future
techniques

» Potential impact - while speculative - to rival LHC

Tuesday, January 11, 2011



