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

Can be probed at low-energy
e*e” colliders !

Rouven Essig (SLAC)



0'45 """""" Donato 2001 (D, $=500MV)
035 - - Simon 1998 (LBM, $=500MV)
: Ptuskin 2006 (PD, $=550MV)
0.3F ® PAMELA
0.25F e
0.15f L \
0.1¢ ——
0.05}
47" PAMELAD
0F———
1 10 1o2

kinetic energy (GeV)

: I I I I T 11 l T T I I
‘g 0.3
Y
3 PAMELA e*
Aozt
L
=
= -
o
2 ]
<
c
i)
i
O
©
-
c
o
=
(/2]
o]
Q-9.02
Theory curve
® PAMELA
1| I | | 1 | 1111 l
0.01, 10 100
Energy (GeV)
[T 7 R R
O AMS (2002)
" @ ATIC-1,2 (2008) % Tang et al (1984)
_ x PPB-BETS (2008) A Kobayashi (1999)
7 HESS (2008) 5% HEAT (2001)
@ FERMI (2009) & BETS (2001)
:\
lL
_U)
o
|
£
>
(O]
&
"
—~ 100
LLl —
p—
=
el
(W}

L1 l

conventional diffusive model

L1 I

FERP}I

+ 5%
AE/EZ 10%

10

100
E (GeV)

If DM annihilation, need:
* annihilations to charged
e leptons, NOT p

* 0 ~1000 times larger
+  than thermal freeze-out
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A compelling scenario: new particle A’

DI ma ~ | GeV

- D forbidden
- Cross-section due to
Sommerfeld enhancement

D M (e.g.Arkani-Hamed, Finkbeiner, Slatyer, Weiner)

Sommerfeld enhancement:

€+
N :A,’xZ*e 1 Cross-section:
A,rAli A/E...':;l/,, O-U O( U %)
S e
X A -
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More hints for non-minimal DM structure

e DAMAJ/LIBRA and null result of other direct detection
experiments can be explained by

" Tucker-Smith & VWeiner

X
o ~ 100 keV I in DAMA:

X
XN — XN

m,v? ~ (100 GeV) (107%)? ~ 100 keV

e INTEGRAL 511 keV line can be explained by

X in galactic y™_. /

0o ~ 1 MeV I . ' A
X center: et

Finkbeiner & Weiner €
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How can the 100 keV (I MeV) splittings
among DM states be obtained!?

A new low-mass dark sector at the GeV scale!

r

Standard Model

SU(3)xSU(2)xU(1)

~

U(1)y U(1),
AVAVAVAVAY A\VAVAVAVAV

\.

Dark Sector
GD

1

J

O(GeV) scale

DMis a
<—— multiplet
of GD
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Two choices for the dark sector

( ) ( N

Dark Sector
Standard Model | ) u(1), G,

TSRO N AVAVAVAVAV (VAVAVAVAY

Higgsed: W), h, ...
OR
Confined: np, wp, ...

Two choices for non-abelian Gp:

o H|ggsed (broken) near ~| Gev Arkani-Hamed, Finkbeiner, Slatyer, Weiner
DM charged under U(l)p
® COnﬁned near ~| Gev Alves, Behbahani, Schuster, Wacker

DM is heavy flavor meson neutral under U(l)p
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Mass splittings from a Higgsed dark sector

Dark gauge-bosons, Wp, split the mass of
various components in DM multiplet

Thomas, Wells

Arkani-Hamed, Finkbeiner, Slatyer, Weiner
MN\Y ‘ 1 7

Baumgart, Cheung, Ruderman, Wang, Yavin

6 ~ (1074 (1 GeV) ~ 100keV

~| GeV dark gauge bosons give required splitting

—
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Mass splittings from a Confined dark sector

Alves, Behbahani,
Schuster, Wacker

DMisa~I| TeV Heavy & Light quark
Dark Meson mr S Ap
poX :
| 15 Hyperfine 5~ AD
% splitting Mbwm

Moy ~ 1 TeV,mp, < Ap ~1GeV = 0 ~ 100keV

—
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Kinetic mixing couples dark sector to SM

r

Standard Model

SU(3)xSU(2)xU(1)

\

ut), A um),

YAVAVAVAY. AVAVAVAN
Kinetic
mixing

( N

Dark Sector

Gp

Higgsed: W, h, ...
OR

Confined: np, wp, ...

A’ couples SM to dark sector through kinetic mixing

LD eeA;L JgM

—

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

couples to A’

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

At low-energy et+e- colliders!



Low-mass particles can be produced at colliders

X \M’Y

X y%(\)(
X

: Model dependent
X = dark sector particles g

oo 1/E? :want collider with

——> BaBar, BELLE, KLOE, CLEO-c, BESIII, ...
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A’ can mediate scattering at DAMA

%

X p

A’ D €2

gD €e Opama X —

mA/

% P
2
O-B—factory X OKDG
4
X(Opama)lll o
fixed

> can normalize couplings to

DAMA as a function of m 4
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DAMA-normalized production cross-section

e\ y e.g. Higgsed scenario
\f\w Production Cross—Section for On—Shell A'+y
100 —
_ mpm= 1000 GeV
/ F e
€+ A X ;é\ l()4;— ’’’’’’’’’’
v ap=10
g c = . BT
X O ; flf,— constraimnt
'S 1005+ n=c J
L _ ]
. . 75 5 /// g
B-factories: T :
c/:« ]E rcicréence) .
O : "
Vs ~10.6GeV & | /
o] /
1 0.1 02 05 10 20 50 100 200
Lini ~ 1.4ab i GeV)

o ~ 10° — 10° fb is possible, >10° events !!!
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Examples of spectacular events
Higgsed Confi ned

e+ &

\//é_
dark-sector

shower &
Wp hadronization

Many leptons (4, 6, 8, ...), resonances, displaced vertices, MET...

Strassler, Zurek; Han, Si, Strassler, Zurek

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

* Astrophysical and Terrestrial anomalies
motivate a rich ~| GeV dark sector
interacting with DM

* Low-energy e*e" colliders can spectacularly
probe this low-mass sector

* |00,000s of multi-lepton events could be
contained in B-factory data sets
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Production Cross—Section via Off —Shell A' Production Cross—Section for On—Shell A" + vy
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DAMA normalized couplings

DAMA-Normalized ap € (Form—Factor iDM) DAMA-Normalized ap € (Charged 1IDM)
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DAMA normalized production cross-sections

H i ggs e d case —_— Production Cross—Section for On—Shell A'+y (Charged iDM)
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Decays in a Higgsed sector

—3\ 2
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Decays in a confined sector

ct for Pseudoscalar Meson n'p
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Searches at B-factories

4¢ (exclusive), reconstructing E ., (also 4¢ + )

4¢ (exclusive), with displaced dilepton vertices (also 44 + )

> 5¢ + tracks (inclusive), reconstructing E., (also + 7)

> 5¢ + tracks (inclusive), with displaced dilepton vertices (also + 7)
Very high track multiplicity, with many tracks consistent with leptons

v + nothing



