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I will talk about

* Vector mediator
Dark sector containing ° Scalar mediator

- Non-abelian gauge symmetry



Vector Mediator Portal

Consider a vector dark force portal between electron and DM
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Traditional searches: prompt and displaced decay of V,

DM direct detection using electron recoil.



Dark Force and Bound States

Traditional searches: DM and dark force as elementary particles.

DM bound states could exist if apmp 2 1.66 my
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(unstable dark matter bound states)



DM Bound States at B-factory

In analogy to studying the heavy quarks:

- open dark flavor (missing energy).

- hidden dark flavor (darkonium resonances).
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Another Channel
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I assume fermionic DM here, two states with L=0
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An, Echenard, Pospelov, YZ (PRL 2016)



Better Limits

Stronger limit from bound state channel (6£ resonance), for o, > 0.25.
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m, (GeV)

Implications for Self-interacting DM
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m, (GeV)

Implications for Self-interacting DM
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Darkonium resonance
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m, (GeV)

Implications for Self-interacting DM
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Scalar Mediator Portal

Proton beam dump experiments can serve as powerful probes.

Dark Yukawa gpxx¢ + p¢H'H  Scalar force always attractive
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Stable bound states may exist in nature: bind more x's together

Wise, YZ (JHEP 2015)
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N-body DM Bound States

200"
10.0 -
50

2.0
1.0
05
02
o1
10

m,=100 GeV, a,=0.1

degenerate Fermi1 gas, hydrostatic equilibrium

' shrink

|

expand

|

_ mx ]
YXXP = Y—= XX = y—=n, b

E

100

1000 g

Dark form factors for direct detection

10%

Supermassive
bound states
allowed
mx
E
s f N
10°

Wise, YZ (JHEP 2015)



Non-Abelian Dark Sector

Higher dimensional
Dark Sector operators, or not Standard

Dy Model

Pure gauge SU(N): Lightest glueball state as DM candidate.

Only two fundamental parameters:

Intrinsic scale: A, number of colors: N

Soni, YZ (1602.00714)
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Dark Glueball Interactions

Scalar glueball potential: V(¢) = %m%? + % A3¢° + % At + -

From lattice studies: m ~ cA + O(1/N?)

Lucini, Rago, Rinaldi (1007.3879)

Power counting in the large N limit
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Eftects on Structure Formation

2—2 scattering from A4¢* term 3—2 annihilation also allowed
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Self-interaction collisional damping
Bullet cluster constraint Lyman-a forest constraint

note: T~1/a (radiation), T~1/a’° (matter)

Carlson, Machacek, Hall (1992); Soni, YZ (1602.00714)
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Constraints on Parameter Space
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Higher Dimensional Operators

Any HD operator would make dark glueball a decaying DM.
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The Message

Simple models could offer rich new states

Future experiments are territories to test these possibilities



