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Constraints on DM-nucleus interaction

Weak constraint at  
sub-GeV region

PDG2020

Stringent constraints at  mχ ≃ mXe ≃ 100 GeV
2

Migdal effect 
DM-electron



DM-quark and DM-gluon EFT operators

Bishara, Brod, Grinstein, Zupan, 1707.06998

Dim-6 operators

Dim-7 operators
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This talk 

Tensor operators



DM-nucleon NR operators

Anand, Fitzpatrick, Haxton, 1308.6288 4

N = n, p

𝒪(q2v)

https://arxiv.org/abs/1308.6288


Matching to DM-nucleon operators via χPT
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𝒪𝚃𝟷
χq ≡ mq (χ̄σμνχ) (q̄σμνq) → 8Fq/N

T,0 𝒪N
4

𝒪𝚃𝟸
χq ≡ mq (χ̄iσμνγ5χ) (q̄σμνq) →

−2mN

mχ
Fq/N

T,0 𝒪N
10 + 2(Fq/N

T,0 − Fq/N
T,1 )𝒪N

11 − 8Fq/N
T,0 𝒪N
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χ χ

q q

χ χ

N N

χPT

 at DMDD qmax ≲ 200 MeV ≪ ΛχPT

Bishara, Brod, Grinstein, Zupan, 1707.06998

DM-quark tensor operators DM-nucleon operators
LO



Constraints on tensor operators from nucleus recoil
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Kang, Scopel, Tomar, Yoon, 1810.00607
χ χ

N N

Weak constraints at sub-GeV region



 with tensor sourceχPT

𝒪(p4)
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ℒ(4)
χPT = Λ1 < tμν

+ f+μν >

ℒ = ℒQCD + qLlμγμqL + qRrμγμqR − [qR(s + ip)qL − qRtμνσμνqL +  h.c. ],

fμν
+ = uFμν

L u† + u†Fμν
R u

Fμν
L = ∂μlν − ∂νlμ − i[lμ, lν], Fμν

R = ∂μrν − ∂νrμ − i[rμ, rν] .

Cata & Mateu, 0705.2948

tμν
+ = u†tμνu† + utμν†u

u : meson fileds

𝒪𝚃𝟷
χq ≡ mq (χ̄σμνχ) (q̄σμνq) → 8Fq/N

T,0 𝒪N
4

𝒪𝚃𝟸
χq ≡ mq (χ̄iσμνγ5χ) (q̄σμνq) →

−2mN

mχ
Fq/N

T,0 𝒪N
10 + 2(Fq/N

T,0 − Fq/N
T,1 )𝒪N

11 − 8Fq/N
T,0 𝒪N
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(t̄μν)qq = C𝚃𝟷
χq mq( χ̄σμνχ)+C𝚃𝟸

χq mq( χ̄iσμνγ5χ)lμ = rμ = − eAμ diag(Qu, Qd, Qs),

μχ = −
ecTΛχ

12π2 ∑
q

3QqC𝚃𝟷
χq mq

Induce DM dipole moments from tensor operators

ℒ(4)
χPT = Λ1 < tμν

+ f+μν >

dχ = −
ecTΛχ

12π2 ∑
q

3QqC𝚃𝟸
χq mq

ℒ(4)
χPT ⊃

μχ

2
( χ̄σμνχ)Fμν +

dχ

2
( χ̄iσμνγ5χ)Fμν,

JL, Liao, Ma, Wang, 2401.05005

SM photon u → 1
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χ χ

γ

χ χ

N N

χ χ

q q

χ χ

e
−

e
−

Electron 
recoil

Nuclear 
recoil

Quark level Nucleon level 

χ χ

Z Z

χ χ

Z Z

Nucleus level DMDD

Long 
distance

Short 
distance



χ χ

Z Z

Recalculate DM-nucleus scattering

μχ

2
( χ̄σμνχ)Fμν → − 2eμχ mNQN𝒪N

1 + 4
mχmN

q2
QN𝒪N

5 + 2mχgN (𝒪N
4 −

𝒪N
6

q2 )

dχ

2
( χ̄iσμνγ5χ)Fμν → − 8

mχmN

q2
edχQN𝒪N
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χ χ

Z Z

mq (χ̄σμνχ) (q̄σμνq) → 8Fq/N
T,0 𝒪N

4

mq (χ̄iσμνγ5χ) (q̄σμνq) →
−2mN

mχ
Fq/N

T,0 𝒪N
10 + 2(Fq/N

T,0 − Fq/N
T,1 )𝒪N

11 − 8Fq/N
T,0 𝒪N

12

+
Long 

distance

Short 
distance

The LD contribution is enhanced at low q2

This work
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DM-nucleus elastic scattering 

dR𝙽𝚁

dER
=

ρχ

mχ

1
mA ∫

vmax

vmin(ER)
dvF(v)v

dσT

dER
(v, ER)

Migdal effect 

dR𝙼𝚒𝚐𝚍𝚊𝚕

dEdet
=

ρχ

mχ

1
mA ∫

Emax
R

0
dER ∫

vmax

vmin

dvF(v)v
dσT

dER
(v, ER) |Zion(ER, EEM) |2

Same DM-nucleus scattering differential cross-section 

(LD+SD)

Recalculate DM-nucleus scattering



Constraints from DM-electron scattering

χ χ

e
−

e
−

2g
Λ

= dχ = −
ecTΛχ

12π2 ∑
q

3QqC𝚃𝟸
χq mq

g
2Λ

= μχ = −
ecTΛχ

12π2 ∑
q

3QqC𝚃𝟷
χq mq

XENON Collaboration, 2112.12116
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DM-nucleus elastic scattering

Destructive interference

4 GeV ≲ mχ ≲ 1 TeV

LD contribution is slightly  

larger than SD contribution

JL, Liao, Ma, Wang, 2401.05005
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Recalculate XENON1T constraints

14

Migdal effect

0.1 GeV ≲ mχ ≲ 4 GeV

LD contribution is much larger  

stronger than SD contribution

Enhance the constraint by about  

one order of magnitude

JL, Liao, Ma, Wang, 2401.05005
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DM-electron scattering
5 MeV ≲ mχ ≲ 0.2 GeV

Only LD contribution

Extend the constraint  

down to 5 MeV

JL, Liao, Ma, Wang, 2401.05005
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Summary

• By taking into the tensor current in , DM-quark tensor operators can 
induce DM electromagnetic dipole moment operators.


• In previous unconstrained low-mass regions, the DM-quark tensor operators 
receive constraints from electron recoil signals at DMDD experiments.


• For the DMDD constraints on DM-quark tensor operators from nuclear recoil 
signals, one has to consider both short-distance and long-distance 
contributions. The interference effect becomes obvious for EDM case when 

. 

χPT

mχ ≳ 10 GeV

17

A more systematic investigation of other types of DM-quark operators within 
χPT



Backup

18



χ χ

γ

Comprehensive matching
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χ χ

q q

Long 
Distance

Short 
Distance

Only this term is considered 

in previous DMDD calculation N = n, p

Matching 

EDM
MDM

χ χ

N N

This work



20

PandaX Collaboration, 2212.10067PandaX Collaboration, 2308.01540

Migdal effect 
30 MeV ≲ mχ ≲ 2 GeV

DM-electron 
Down to ∼ 5 MeV

The Migdal effect and DM-electron scattering



ER and NR signals at DMDD experiments

Talk of Evan Shockley, 202021

Dual-phase time projection chamber

WIMP, ρ ≃ 0.3 GeV/cm3, v ≃ 10−3c

Separate ER and NR signals
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Constraints on EDM and MDM operators
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Constraints on MDM operators with specific flavor

Λ̃ = Λ Λ/mq
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Λ̃ = Λ Λ/mq


