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Abstract: A new force mediated by a new vector boson with mass in the MeV to GeV range and with very weak coupling to ordinary matter a
naturally in many theoretical models and could also explain a variety of observed anomalies. Such anomalies include the discrepancy betv
predicted and the experimentally observed value for the muon anomalous magnetic moment, and recent cosmic-ray data that can be expl
dark matter interacting through this force with ordinary matter. This talk will review the motivation for such a force and present a broad art
probes of this physics. These probes include high-luminosity e+e- colliders, such as BaBar and BELLE, whose existing data sets may

thousands of spectacular events; new high-intensity fixed-target experiments at electron accelerators such as Jefferson Laboratory; and
astrophysical probes such as gamma-ray observations of Milky-Way dwarf satellite galaxies, which constitute some of the least luminous ar
dark matter dominated galaxies known.
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A particle physicist’s quest

understand the fundamental constituents
of matter and their interactions
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The Stan dard Model

Quarks: u d s ¢ b t

Leptons: e p T ve v, v;

3 Forces: strong weak electromagnetic |
g W+Z Y

enormously successful... but incomplete
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Phy5|cs Beyond the Standard Model

SM only
describes
this

74% Dark En ergy

Dark
Energy?

Dark
Matter?
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Dark

SM only e e Energy?
describes
this
Dark
Matter?

Massive W/Z bosons? Many outstanding

Baryon asymmetry? questions suggest
Massive particles? new physics!

sem Rmnﬁlg




Three Frontiers in Particle Physics &

Energy

Cosmic Intensity
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What lies at the energy frontier? =
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MeV GeV TeV
i ! > Mass
e 7 proton T b W.Z t
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What lies at the energy frontier?

MeV GeV TeV =

: } } > Mass
€ v proton wa
Higgs?

Supersymmetry?
i |

The LHC era has begun!
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What lies at the energy frontier?

1

MeV GeV TeV

Supersymmetry?

S

The LHC era has begun!

but there is an orthogonal axis...

; > Mass
e L proton T b w

Higgs?

Z"
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coupling

to SM
T MeVv GeV TeV
1+ * ——> Mass
€ 1L proton T b W.Z t susy
Higgs? Z7

S
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coupling
to SM

e L proton T b W.Z t susy
Higes? Z7 ..

S

Is there a new force mediated by a
low-mass particle, with very
weak coupling to ordinary matter?
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Probe at the Intensity Frontier!
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Probe at the Intensity Frontier!

ete- collider e” beam on a fixed target

eg. § BABAR
@ PEP-II e.g. J}Effg n Lab

I
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e*e- collider e” beam on a fixed target
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P e.g. Jefferéon Lab

New experimental research program is underway!

Systematic exploration for new GeV-scale forces___|
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Higgs? Z7 ..
10—15 - -

Hints of new dark matter interactions’

Exciting implications for cosmic frontier!
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SUSY? "
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Dramatic signals also
possible at Energy Frontier!
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® The idea: new forces

Hints for a new force!

e Cosmic Frontier

* |Intensity Frontier

e e*e" colliders
* fixed target
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* dark matter annihilation in dwarf galaxies ]
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The idea

A hidden sector, with particles that do
not couple to known forces

rStandard Modelx ' Hidden Sector |'5

quarks, leptons
xg'h I/T/T;—{:‘Z ..:a. ’ -

N

Known Forces |
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A hidden sector, with particles that do
not couple to known forces

Standard Model ' Hidden Sector |
quarks, leptons dark matter? |
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Known Forces
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A hidden sector, with particles that do
not couple to known forces

Standard Model Hidden Sector | |
quarks, leptons dark matter? '

g w=.z 9 A’ (massive) | |

\ ® A b J \ A ) |
Known Forces New force .
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Coupling?

Standard Model P, ' Hidden Sector

quarks, leptons ‘ ' dark matter?
g W=z A’ (massive) |
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dark matter?

 Seantad Model

quarks, leptons
9 W=, Z
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A’ (massive)
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| our photon ) W%V\/ A “heavy photon” |

€ = mixing strength
H gt . Generated by heavy particles |

i X interacting withand A" |

. |
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A couples to Quarks and charged Leptons (&=

mixing strength

g, 0+ v

q, ¢
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q, ¢

Mass of A’ ~ 1 MeV — 1 GeV

(theoretically natural, motivated from data)
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A’ couples to Quarks and charged Leptons &=
I
mixing strength |

q, 0" rd

q, ¢

(theoretically natural, motivated from data) S

|
|
\
|
Mass of A" ~1 MeV — 1 GeV
‘.
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q, 0" 4

q, ¢

Mass of A’ ~ 1 MeV — 1 GeV

(theoretically natural, motivated from data)

Hints for A’?

A couples to Quarks and charged Leptons =

mixing strength
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magnetic dipole
moment

i =@)( 5
2m

can be measured

very accurately
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magnetic dipole — (i) -
moment ﬂ 2m S-\
spin

can be measured
very accurately
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Hint from muon’s anomalous magnetic moment? &
I

magnetic dipole e ( q ) - |
moment M 2m S'\ |
spin

can be measured
n very accurately

Y T gs F2 |

S |

- (Standard Model) |

- = 3.4 o deviation |
o (9s — 2), versus Data o
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Hint from muon’s anomalous magnetic moment?

magnetic dipole i ( q ) 7
moment 2m

can be measured

very accurately

Y g W

= | (Standard Model)

>andard Model - 5.4 & deviation

(gs — 2),. versus Data
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Hint from muon’s anomalous magnetic moment? &8

magnetic dipole i ( q ) g
moment 2m

can be measured

very accurately

T gsF#2
(Standard Model)

PR 3.4 o deviation
P o111 (gs = 2)# versus Data . Page38/121I
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Hint from muon’s anomalous magnetic moment? &

I

magnetic dipole —, ( q ) - |
moment M 2m S\

spin

can be measured
very accurately

k. gs F 2

[Pospelov]
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A’ may explain observed (g; —2),.!
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11072 constraint |
11073 fromgs-2 |
for muon |

constraint
from gs-2
for electron
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constraint
from gs-2
for electron
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Hints from the cosmic frontier?

What if dark matter couples to A" ?

DM

A/

DM

Provides new interaction between
dark matter and ordinary matter!

|
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mpMm ~ eV MeV <my < GeV
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DM -

mpm ~ eV MeV <my < GeV

no |
antiprog®ns! |

produces high-energy (~100 GeV)
cosmic-ray electrons and positrons
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Can explain observed cosmic-ray excesses!

Aricani-Hamed, Fnkboiner Shver Wainer-

Pospelov & Ricz Fnkbener & Weiner;
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Chalis, Goodenough, Weiner;
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P/p

...and explains absence of antlproton excess'
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Dark matter can also scatter off nuclei &=

DM DM* |
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Nucleus Nucleus

could explain anomalies in direct
detection experiments
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Dark matter can also scatter off nuclei &=

DM DM*

Arkani-Hamed =t 3l

—~ R At
—heung, Ruderman., VWang, Tavin:

A" Maorrissey; Poland, Furedc

|
Tucker-Smith & Weiner: ‘
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RE, Kaplan, Schuster; Toro; |
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Nucleus Nucleus

could explain anomalies in direct |
detection experiments
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Dark matter can also scatter off nuclei &=

DM D™

-.:5-:-3:‘-5-—3?:: & Weiner
Arkani-Hamed st 3

Cheung, Ruderman -"'~":-,ng. Yavin: -

A" Lﬂ""‘-:-' ey, Poland, Zurek;

RE, Kaplan, Schuster; Tor

Q

01M
FabBiey

could explain anomalies in direct
detection experiments
(E-g- DAMA’ CGGENT, "-} Page 57/121!

|
|
|
|
Nucleus Nucleus ‘i



2 131 kbis
ey T et ST
—— - = .

e i ST WP I S R _ . Wolvest LSSy N

Dark matter can also scatter off nuclei &=

DM DM*
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era IV = <10

AI
O(MeV - GeV)

Theoretically natural

Hints from (gs-2), dark matter anomalies, ...
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Irrespective of (speculative) hints...

coupling
to SM
t Mev GeV TeV

7% t } ! » Mass i
€ LL proton T b W,Z t susy? i
Higgs? Z7 ... ?
1010 + So far, no systematic exploration |
for new GeV-scale forces! |

Speculative, but potential impact could rival LHC |

How can we test this!?
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e Cosmic Frontier .

* dark matter annihilation in dwarf galaxies

(assumes dark matter annihilates to A") page o121
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DM annihilation to A’ guarantees gamma-rays |S==

Final state radiation
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Observe with: _

e Fermi '1

» Atmospheric Cherenkov Telescopes
(VERITAS, HESS, MAGIC...)

Rouven Essip __,._':! ,_“!'-"7,



o

i ' 'l il B Bl R el

Where look for gamma-rays?

Galactic Dwarf
Center Galaxies|

Simulation: !

e Gamma rays from DM annihilation ———
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Where look for gamma-rays?

S T

Messy!
Difficult to find
dark matter here

Galactic
Center

The observed gamma-ray

background is complicated!
(Fermi)

Dwarf |
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Where look for gamma-rays?

a great choice, especially
Galactic for A’ scenario! Dwarf \

Center Galaxie
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Where look for gamma-rays?

a great choice, especially

Galactic for A’ scenario!
Center
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Galaxies)

The observed gamma-ray

background is complicated! page 65121l
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Dwarf galaxies: Excellent Targets

e dark matter dominated
e nearby, low background

* dark matter velocity is low...

Udwarf ™ Uhaia/ 20
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similar to gravity...

Planet 1 .—-—-—+
*—. Planet 2
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Dwarf galaxies: Excellent Targets F=

e dark matter dominated

e nearby, low background |

e dark matter velocity is low... |

Vdwarf ~ Vhalo/20
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Dwarf galaxies: Excellent Targets =

e dark matter dominated

* nearby, low background |

* dark matter velocity is low...
Vdwarf ~ Uhalo/20 = |
— larger Sommerfeld

enhancement for small ma

— dwarfs can probe small ma’
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Dwarf galaxies: Excellent Targets

e dark matter dominated

e nearby, low background
S

e dark matter velocity is low...

Vdwarf ~ Uhalo/ 20
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