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Astrophysical and Terrestrial 
anomalies motivate a ~1 GeV dark 
sector interacting with Dark Matter

Dark sector can have rich structure 
with many light states

Can be probed at low-energy 
e+e- colliders !
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If DM annihilation, need:

• annihilations to charged  
   leptons, NOT
• σ ~1000 times larger 
   than thermal freeze-out
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A compelling scenario: new particle   

DM
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More hints for non-minimal DM structure
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•  DAMA/LIBRA and null result of other direct detection      
    experiments can be explained by Inelastic Dark Matter

•  INTEGRAL 511 keV line can be explained by eXciting DM

χ∗

mχv2 ∼ (100 GeV) (10−3)2 ∼ 100 keV

δ ∼ 100 keV
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χN → χ∗N

Finkbeiner & Weiner

Tucker-Smith & Weiner

δ2 ∼ 1 MeV

in DAMA:

in galactic
center:



How can the 100 keV (1 MeV) splittings 
among DM states be obtained?

A new low-mass dark sector at the GeV scale!
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DM is a 
multiplet 

of GD

DM mass is 
O(TeV) 

O(GeV) scale



Two choices for the dark sector

O(GeV) scale

DM is a 
multiplet 

of GD

DM mass is 
O(TeV) 

Two choices for non-abelian GD: 
•  Higgsed (broken) near ~1 GeV 
     DM charged under U(1)D

•  Confined near ~1 GeV 
     DM is heavy flavor meson neutral under U(1)D

Arkani-Hamed, Finkbeiner, Slatyer, Weiner
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Alves, Behbahani, Schuster, Wacker

Both mechanisms predict many new light states !



Mass splittings from a Higgsed dark sector  
Dark gauge-bosons,  WD, split the mass of 

various components in DM multiplet

δ ∼ (10−4)(1 GeV) ∼ 100 keV

=⇒

Thomas, Wells

~1 GeV dark gauge bosons give required splitting

generically have dark gauge and 
Higgs bosons at the GeV scale

Arkani-Hamed, Finkbeiner, Slatyer, Weiner
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δ ∼ αD mWD Baumgart, Cheung, Ruderman, Wang, Yavin



Mass splittings from a Confined dark sector  

DM is a ~1 TeV 

Dark Meson

=⇒

Alves, Behbahani,            
Schuster, Wacker

=⇒

generically have light-flavor dark mesons, 
baryons and glueballs at the GeV scale

Heavy & Light quark

δ ∼ 100 keV
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H L mL ! ΛD

mDM ∼ 1 TeV,

Hyperfine
splitting

mL ! ΛD ∼ 1 GeV

δ
χ

χ∗

δ ∼ Λ2
D

mDM



 couples SM to dark sector through kinetic mixing

Kinetic mixing couples dark sector to SM

O(GeV) scale

Kinetic
mixing

A′

A′

could give Sommerfeld enhancement
& allow DM to produce leptons and no p
A′

-
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DM is a 
multiplet 

of GD

DM mass is 
O(TeV) 

L ⊃ e εA′
µ Jµ

EM

all EM charged matter couples to=⇒ A′

Holdom



How can we test whether such 
a low-mass dark sector exists?

At low-energy e+e- colliders!



BaBar, BELLE, KLOE, CLEO-c, BESIII, ...

Model dependent

Low-mass particles can be produced at colliders

: want low-energy collider with large integrated luminosity

X = dark sector particles

σ ∝ 1/E2
cm

=⇒
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    can mediate scattering at DAMA

σDAMA ∝
αDε2

m4
A′

εegD

σB-factory ∝ αDε2

can normalize couplings to 

DAMA as a function of 
=⇒
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DAMA-normalized production cross-section
e.g. Higgsed scenario

~105 events
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Lint ∼ 1.4 ab−1

        is possible,  >105 events !!!σ ∼ 102 − 103 fb

√
s " 10.6 GeV

B-factories:



Examples of spectacular events

Arkani-Hamed, Finkbeiner, Slatyer, Weiner;  Baumgart, Cheung, Ruderman, Wang, Yavin; Batell, Pospelov, Ritz;  Borodatchenkova, Choudhury, Drees

Very rich phenomenology possible!
Many leptons (4, 6, 8, ...), resonances, displaced vertices, MET...

Higgsed Confined

Strassler, Zurek;   Han, Si, Strassler, Zurek
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 Summary
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•  Astrophysical and Terrestrial anomalies  
   motivate a rich ~1 GeV dark sector 
   interacting with DM

•  Low-energy e+e- colliders can spectacularly  
    probe this low-mass sector

•  100,000s of multi-lepton events could be  
    contained in B-factory data sets

Should probe existence of such dark 
sectors irrespective of DM hints



Backup



BaBar & 
BELLE

Daphne
(KLOE)

σ ∼ 102 − 103 fb

σ ∼ 103 − 105 fb

is possible with
> 105 events 

is possible with
> 103-105 events

combined

Lint ∼ 2.5 fb−1

Lint ∼ 1.4 ab−1

√
s " 10.6 GeV

√
s " 1.0 GeV



DAMA normalized couplings

αDε2 ∝ m4
A′



DAMA normalized production cross-sections
Higgsed case

Confined case

σB-factory ∝ m4
A′



Decays in a Higgsed sector

hD →WDWD

prompt, displaced, or invisible

Higgs decays through two off-shell WD’s are invisible

Γ(hD →WDW ∗
D →WD!+!−) ∼ ααDε2

128π
mhD

prompt



Decays in a confined sector



Searches at B-factories


