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Inelastic Dark Matter

Tucker-Smith & Weiner (2001)

Dark matter has 2 nearly Scattering off the SM is
degenerate states U, — U,

N
om ~ O(100 keV) V2
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3 Consequences:

vy

Scatters off of heavier nucler  (CDMS ineffective)
Large recoil energy (Xenon10 didn’t look)

Large modulation fraction



Inelastic Dark Matter

A new number to explain:
om

—~107°
(4L

Breaking of an approximate global symmetry

Like Yukawas
Radiatively stable

Hard to discover origin

Sign of dark sector dynamics

First of many splittings
New 1nteractions to discover
Changes what questions are interesting



Composite Dark Matter
A new SU(N¢) gauge sector

Confines at Apark

qdrL mr, < Ndark
A pair of quarks:

QH mg > Adark Adark



Composite Dark Matter
A new SU(N¢) gauge sector

Confines at Apark

qrL mr, < Ndark
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A cosmological asymmetry

(ng —ng)=—(ng —ng) #0
AtT < Ap.rx DM is in
g 91, bound states




Degeneracy of the Ground State

Heavy quark spin preserved in electric interactions
Dark Chromomagnetic interaction breaks spin symmetry
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Doesn’t require adding new symmetry and breaking it
Accidental global symmetry from Lorentz Invariance



Coupling to the SM
Kinetically Mix [J (1)Y with [J (1)dark
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X Charged under SM

At low energy Ling =€ AL | Jem 4

Higgs U(1)dark near EW scale

LHiggs — ‘D,uqbd‘Z o V(¢d) - mcziA?i



Charging the Dark Quarks

Two Choices Anomaly-Free Charges

@® Vector coupling

Jaark = 9a(quY"qm — arv"qr)
Doesn’t forbid dark quark masses

Has both elastic and inelastic scattering channels
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Two Choices Anomaly-Free Charges

@® Vector coupling

Jaark = 9a(quY"qm — arv"qr)
Doesn’t forbid dark quark masses

Has both elastic and inelastic scattering channels

® Axial Vector coupling
- _ 5 - 5
Jhark = 9a(@uY"y qm — qLy* vy qr)
Forbids dark quark masses until U(1)dark Higgsing
Only 1nelastic scattering channels



Inelastic Axial Transitions

Must compute couplings to dark mesons
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Dim 5 mq < pg

usep =0 v=z
mq <
All p ) “ transitions forbidden
Recoil <
Spectrum 3 . i
T

3 4 5
Er/KeVee



Collider Signatures

P Light mesons
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New fixed target experiments

j/\,\’\'\‘ Bjorken, Essig, Schuster, Toro
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