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Earlier result: Bounds from Tevatron
Y. Bai et al. (10), J. Goodman et al. (10), J. Goodman et al. (11)
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Direct Detection Bound from Tevatron
Y. Bai et al. (10), J. Goodman et al. (10), J. Goodman et al. (11)

• independent of astrophysical and experimental assumptions.
• good bounds on light DM.
• good bounds on spin dependent case.
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Jet → Photon, Tevatron → LEP
• In search of Large Extra Dimension (ADD)
• New physics channels: e ē → γ G
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• Experiment: DELPHI
• Ebeam: 90− 105 GeV
• Use the cuts in [1],
(Eγ ∼> 10GeV).

• Background: e+e− → γνν̄

• We use CompHEP.

[1] DELPHI Collaboration, hep-ex/0406019.
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Direct Detection Bound
• Assume DM particle is a Dirac fermion.
• Use shape analysis (χ2) to contraint the size the coupling

e−

e+

χ

χ

Need the coupling to quarks!

Consider Two Possibilities:
• Equal Coupling: to quarks and leptons.
• Leptophilic: coupling to leptons only.
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Equal couplings

90% C.L.

100 101 102 10310-45

10-44

10-43

10-42

10-41

10-40

10-39

10-38

10-37

WIMP mass mΧ @GeVD

W
IM

P-
nu

cl
eo

n
cr

os
s

se
ct

io
n

Σ
N

@c
m

2 D

Equal couplings to all SM fermions

Spin-independent

ΧΓ
ΜΧ eΓΜe

Χ Χ ee

Χe eΧ

CDMS
XENON-10

DAMA Hq ± 33%L

CoGeNT

90% C.L.

100 101 102 10310-41

10-40

10-39

10-38

10-37

10-36

10-35

10-34

WIMP mass mΧ @GeVD

W
IM

P-
pr

ot
on

cr
os

s
se

ct
io

n
Σ

p
@c

m
2 D

Equal couplings to all SM fermions

Spin-dependent

ΧΓΜΓ5 Χ f ΓΜΓ5 f

XENON-10PICASSO

COUPP

SIMPLE

DAMA
Hq ± 33%L

Yuhsin Tsai Cornell/Fermilab DM @ LEP 6/16
6/16



Leptophilic: no tree-level coupling to q’s
• Get loop suppression. OA, OS vanish at one loop.
• Leptophilic model proposed to explain DAMA or CoGeNt is
ruled out.

90% C.L.

100 101 102 10310-45

10-44

10-43

10-42

10-41

10-40

10-39

10-38

10-37

WIMP mass mΧ @GeVD

W
IM

P-
pr

ot
on

cr
os

s
se

ct
io

n
Σ

p
@c

m
2 D

Couplings to leptons only

Spin-independent

ΧΓ
ΜΧ {ΓΜ{

Χ{ { Χ CDMS
XENON-10

DAMA Hq ± 33%L

CoGeNT

χχ

pp

γ

`− `−

Yuhsin Tsai Cornell/Fermilab DM @ LEP 7/16
7/16



Bounds for Indirect Detections

χ

χ

l−

l+

• Velocity suppression for scalar and axial-vector operators.
• Compare the cross section to the thermal-relic or the Fermi
observation bounds.
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Bounds for Indirect Detections
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What happens if the mediator is light?

• When it is heavy, we consider contact operators only:
mMed � 2Ebeam
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χ

χ
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χ

χ

• When it can be on-shell, the kinematics is important:
mMed � 2Ebeam

e−
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χ
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χ
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Direct Detection w/ light mediator
90% C.L.
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Indirect Detection w/ Light Mediators
90% C.L.
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Some Non-LEP Results
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MonoPhoton @ Tevatron and LHC
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[1] Y. Bai, P. J. Fox, and R. Harnik, JHEP 12, 048 (2010)
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MonoPhoton @ Tevatron and LHC
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Conclusion

• Mono-photon at LEP is important for direct detection bound.

• LEP bound gives good constrains on indirect detections.

• The bounds can be even more important for light mediators.
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From raw data to direct detection bounds

d R
d ER

= NT
ρ0
mχ

∫ vesc

vmin
d3v d σ

d ER
v f (v)

• DM density ρ0 ∼ 0.3GeV cm−3

• Recoil energy ER = Eobv / quenching qNa = 0.3 ± 0.1,
qI = 0.09 ± 0.03

• Velocity distribution f (v) Maxwell-Boltzman
• Escape velocity vesc∼ 650 km s−1

• vmin, (in-)elastic scattering?
• Spin Independent σ, Spin Dependent σ(v).
• XXXX
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Annihilation cross sections
σS and σA are velocity suppressed:

σSvrel = β (m2
χ −m2

`) v2
rel ,

σV vrel =
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(
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Few remarks about the loop calculation
(show this if people stay awake)

The loop-suppressed cross section is

σ1−loop '
4α2µ2

p

182π3Λ4 ·
[ ∑
`=e,µ,τ

f (q2,m`)
]2

where f (q2,m`) =

1
q2

[
5q2+12m2

`+6(q2+2m2
`)
√

1− 4m2
`

q2 coth−1
(√

1− 4m2
`

q2

)
−3q2 ln

(
m2

`

Λren2

)]

• Take the most conservative case (the largest σ):
vχ = vesc = 500 km/sec, scattering angle 180◦.

• This gives q2 = −4µ2
pv2
χ.

• Take the cutoff Λren from the loop integral the same as the operator
cutoff Λ.
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Direct Detection bounds w/ light mediator
A ∝ ge gχ
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