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• About 25% of the total energy

• Not standard model particles (WIMPs are popular)

• Many DM searches (Direct, Indirect, Collider) 



Dark matter and Direct detection

1/14

Current situation and future limit of direct detection

DarkSide-50 (1802.06994)

Experiment Target
LUX Xe

XENON1T Xe
PandaX-II Xe

SuperCDMS Ge
CDMSlite Ge
XENON10 Xe

DarkSide-50 Ar
CRESST-II CaWO4

LZ (Project) Xe
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Current situation and future limit of direct detection

LUX-ZEPLIN (1802.06039) XENON1T (1805.12562)
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• Not standard model particles (WIMPs are popular)
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EFT approaches in DM detection

"Valid from freeze-out/LHC to DD"

EFT
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quark 
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• EFT approaches are  suitable with scattering processes b/w DM and nucleons.

• Mediators can be directly produced in the early Universe or at the LHC.  

    Integrating out mediators leads to the effective operators for Direct Detection.
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EFT approaches in DM detection
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Mainly spin 1/2, 0, 1 



in the spin-2 mediator model with the effective operators

We consider Scattering of dark matter and nucleon

and compute differential event rates for direct detection.



H. M. Lee, M. Park and V. Sanz (1306.4107, 1401.5301)

Gµ⌫ : massive spin-2 mediator

Tµ⌫ : energy-momentum tensor

IR braneUV brane

SM,

SM particles, 
dark matter and 
massive graviton are 
localized on  IR brane

Massless graviton is 
localized on UV brane

Massless
graviton

Massive
graviton

DM

For example, Randall-Sundrum model in extra dimension
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Spin-2 Mediator Model



Massive spin-2 propagator 

We consider the tree-level scattering amplitude b/w DM and quark though 
a massive spin-2 mediator

�(k1) �(k2)

N(p1) N(p2)

cDM

G

cSM
Gµ⌫ ⌘ ⌘µ⌫ � qµq⌫

m2
G

Pµ⌫,↵�(q) =
1

2
(Gµ↵G⌫� +G⌫↵Gµ� � 2

3
Gµ⌫G↵�)
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Spin-2 Mediator Model



Massive spin-2 propagator 

Integrated Out

traceless part trace 

We consider the tree-level scattering amplitude b/w DM and quark though 
a massive spin-2 mediator

�(k1) �(k2)

N(p1) N(p2)

cDM

G

cSM
Gµ⌫ ⌘ ⌘µ⌫ � qµq⌫

m2
G

Pµ⌫,↵�(q) =
1

2
(Gµ↵G⌫� +G⌫↵Gµ� � 2

3
Gµ⌫G↵�)
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Spin-2 Mediator Model



TS = �(4m2
S � 2(k1 · k2))

Fermion
DM

Scalar
DM

Vector
DM

where
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DM energy-momentum tensor

functions of its momentums

H. M. Lee, M. Park and V. Sanz 
(1306.4107, 1401.5301)



hN(p2)|T |N(p1)i = �FS(q
2)mN ūN (p2)uN (p1)  (      : Gravitational form factors)

p = (p1 + p2)/2
q = p2 � p1

= FT (q
2)T̃N

µ⌫ with A(q2) = �FT (q
2)/2, B(q2) = C(q2) = 0

Z. Abidin and C. E. Carlson (0903.4818)by holographic QCD
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Matching from Quark to Nucleon



hN(p2)|T |N(p1)i = �FS(q
2)mN ūN (p2)uN (p1)  (      : Gravitational form factors)

The twist-2 operators for nucleons with zero momentum transfer, 

quark :

gluon :

p = (p1 + p2)/2
q = p2 � p1

= FT (q
2)T̃N

µ⌫ with A(q2) = �FT (q
2)/2, B(q2) = C(q2) = 0

second moments of the PDF 

second moments of the PDF 

Z. Abidin and C. E. Carlson (0903.4818)by holographic QCD
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Matching from Quark to Nucleon



Non-relativistic Operators

Fitzpatrick et al (1203.3542, 1308.6288)

: reduced mass of DM and nucleon

The complete set of Hermitian quantities for 
Galilean invariance

where
and so on

WIMP NucleonElastic scattering of &

is formed from the Oi O� ONand

i
~q

mN
,
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Effective Operators

Effective operator :



Spin-2 mediator model has dimension-8 operator.
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Effective Operators in Spin-2 Model

SDM =
1
2

SDM = 0

SDM = 1



Scalar DM

Fermion DM

Unsuppressed operator for 
spin-independent DM-nucleon 

scattering

Z
d3p

(2⇡)3
p
2E

a(†)N

Z
d3p

(2⇡)3
p
2E

a(†)� per each nucleon & DM state are to be multiplied.and
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Result : Effective Lagrangian

ℒχ,eff ≈
cχcψm2

χ m2
N

2m2
GΛ2 [{6FT(1 +

⃗q 2

3m2
N

+
⃗q 2

3m2
χ ) −

2
3

FS}𝒪NR
1 − 8FT𝒪NR

3 −
4 ⃗q 2

mχmN
FT𝒪NR

4

−
8mN

mχ
FT(1 +

⃗q 2

8mN )𝒪NR
5 +

4mN

mχ
FT𝒪NR

6 +
4mN

mχ
FT𝒪NR

3 𝒪NR
5 ]

ℒS,eff =
cScψm2

Sm2
N

2m2
GΛ2 [FT(6 −

⃗q 2

m2
S ) −

2
3

FS(1 −
⃗q 2

2m2
S )]𝒪NR

1



Current Exp. Mock Exp.
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Heavy DM and Direct Detection

by dmformfactor mathematica package
package : Fitzpatrick et al (1203.3542, 1308.6288)



H. M. Lee, M. Park and V. Sanz (1306.4107, 1401.5301)

Annihilation cross section

p-wave

d-wave

s-wave constrained by indirect detection

DM

DM

SM

SM
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Relic Density condition

SDM =
1
2

SDM = 0

SDM = 1



ATLAS

XENON1T

Fermion DM

Scalar DM

Vector DM
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Resonance 
at 2mDM~mG

⌦h2 . 0.12

• If we consider gluon contribution, relic density lines will be lower.

• The relic region below mDM=250 GeV is excluded by direct detection, 
except the resonance region.
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Relic Density Condition



fDM
p,n =

cDMmNmDM

4m2
G⇤

2

✓ X

 =u,d,s,c,b

3c ( (2) +  ̄(2)) +
X

 =u,d,s

1

3
c f

p,n
T 

◆

Spin-independent scattering cross section in the spin-2 med. model

�SI
DM�N =

µ2
N

⇡A2
(ZfDM

p + (A� Z)fDM
n )2

c.f.-scalar med. (Higgs portal) fDM
p,n

= mN

✓ X

 =u,d,s

fp,n

T 

M 

m 

+
2

27
fp,n

H

X

 =c,b,t

M 

m 

◆

Y. Mambrini (1108.0671)
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SI scattering cross section

It's constrained by XENON1T

XENON1T (1805.12562)
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Relic density condition
Mediator resonances become 

important.

Differential event rates for fermion DM 
in the current direct detection experiments

mDM . 10 GeV

XENON1T

DarkSide-50

CDMSlite2015

Fermion DM

Scalar DM

Vector DM

0 2 4 6 8 10
0

2

4

6

8

10

mDM(GeV)

m
G
(G
eV

)

Λ=3 TeV, cψ=cχ=cS=cX=1, Ωh2=0.1198

14/14

Light DM

Light dark matter experiments for sub-GeV constrain 
such as DarkSide-50, CDMSlite and so on.



• We have presented the effective interactions up to dimension-8 
between DM and the SM quarks due to the massive spin-2 
mediator.

• We have shown the differential event rates for DM-nucleon 
scattering. (Xe and Ge are expected to have large event rate)

• We have imposed the bounds from direct detection, relic density 
condition as well as LHC dijet searches on to the parameter space.

• The gluon coupling can be sizable. (work in progress)

Summary


