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Quarkonium decays to light dark matter (LDM)
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Υ(1S)

LDM at e+/e− colliders

Directly probe couplings of
DM to heavy flavor quarks

Arises in NMSSM with light A
see Gunion et al. hep-ph/0509024

Complements LHC searches

Unitary down to Λ ∼ 10GeV
rather than O(TeV) at LHC

Differentiate operators based
on initial/final state
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Use Υ(2S)→ π+π−Υ(1S) to Detect Υ(1S) Peak

Data and background fit, BABAR 1007.4646

M2
rec = M2

Υ(2S) + m2
ππ − 2MΥ(2S)E

∗
ππ

M2
X = (Pe+e− − Pππ − Pγ)2

Use M2
X to determine limit on BF → X̄Xγ

Need to pick an operator

Take angular and energy
phase space distribution from
scalar DM with s-wave
coupling ⇒ φ(†)φq̄(γ5)q
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Standard Model bilinears for Υ(1S) (and J/Ψ) decays

Purely invisible decays

Use dipion system from hadronic
transition to reconstruct Υ(1S),
which then decays → X̄X

Need JPC = 1−− qq̄ bound
states: Either q̄γ iq or q̄σ0iq
couples to DM bilinear

Decays to invisible + γ

Use single photon trigger to get
missing mass distribution of X̄X

Charge conjugation tells us we
need C = + bilinears, defines
orthogonal set of operators
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Complementary constraints on effective operators

Structure Invisible Radiative s-wave Scattering

F1 (0++, 1, 1) (1−−, 1, 0) No SI
(mq/Λ3)X̄X q̄q (1+−, 0, 1)

F4 (0−+, 0, 0) (1−−, 1, 0) Yes No
(mq/Λ3)X̄γ5Xq̄γ5q (1+−, 0, 1)

F8 (0−+, 0, 0) (1−−, 1, 0) Yes SD
(1/Λ2)X̄γµγ5Xq̄γµγ

5q (1++, 1, 1)

Υ(1S)→ γX̄X related decays

Particular combinations of bound
states and final states constrain
operators with SM bilinears which
can annihilate (JPC ,S , L) mesons
hb(1P)→ γX̄X , χb0(1P)→ X̄X ,
ηb(1S)→ X̄X , χb1(1P)→ X̄X

Direct and indirect detection

s-wave annihilation can yield
constraints from dSphs and
CMB ionization history

Velocity independent
spin-independent or dependent
scattering off of nucleons
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Approximate limits on decays though all possible operators
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Figure: Limits on B(γX̄X ) for contact operators that can mediate Υ(1S)→ γX̄X
decays with scalar/fermionic (left) and vector (right) DM.
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Limits on effective couplings along with dSphs and mono-X

Figure: Limits on mediator scale, Λ, for contact operators with scalar/pseudoscalar
mediated interactions (left) and pseudovector quark bilinears (right).
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Updated bounds on DM-p SI scattering, courtesy I. Seong
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Go into the light!

Light Dark Matter

Complementary constraints at
e+/e− colliders

Set limits on invisible branching
fractions and interaction
strength for all dimension 6 or
lower operators

Also, see N. Fernandez, J.
Kumar, I. Seong, PS 1404.6599

Connection to directional DM
detection?  [GeV]xm
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Figure: Υ(1S) complementary bounds
on DM-p SD scattering
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Thank you!

Figure: Dark matter light?
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Model independent constraints from contact interactions

Figure: All possible Lorentz invariant dimension 6 operators for fermionic DM
interacting with quarks [arXiv:1305.1611]. Interaction strength will be set by
Wilson coefficient, 1/Λ2 or mq/Λ3, with Λ the mass scale of UV physics. Also lists
any velocity or momentum suppression of scattering or annihilation cross sections.
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Complementary constraints on effective operators

Structure Invisible Radiative s-wave Scattering

F5 (1−−, 1, 0) (0++, 1, 1) Yes SI
(1/Λ2)X̄γµXq̄γµq (0−+, 0, 0)

(1++, 1, 1)

F9 (1−−, 1, 0) (0++, 1, 1) Yes SD
(1/Λ2)X̄σµνXq̄σµνq (1+−, 0, 1) (0−+, 0, 0)

Υ(1S)→ X̄X related decays

Particular combinations of bound
states and final states constrain
operators with SM bilinears which
can annihilate (JPC ,S , L) mesons
hb(1P)→ γX̄X , χb0(1P)→ X̄X ,
ηb(1S)→ X̄X , χb1(1P)→ X̄X

Direct and indirect detection

s-wave annihilation can yield
constraints from dSphs and
CMB ionization history

Velocity independent
spin-independent or dependent
scattering off of nucleons
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Need to approximate limits on Υ(1S)→ γX̄X decays

Figure: Limits on B(γX̄X ) for s-wave
DM-SM coupling assuming scalar DM,
see BaBar 1007.4646. This corresponds
to a limit on our S1 and (S2) interaction
structures, φ(†)φq̄(γ5)q, which turn out
to have identical branching fractions.

Interpret S1/S2 limits for operator i

Calculate partial branching
fractions Bpoli (γX̄X ) given
polarized initial bound state

For photon cuts, θ0 and ω0, we
define an efficiency for each
interaction structure,
Fi (θ0, ω0) = Bpoli (θ0, ω0)/Bi
Multiply the limits on S1/S2 by
FS1,S2, for limits on a partial
branching fraction proportional
to the number of events

Product of S1/S2 limits and
FS1,S2/Fi yields limits on i
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