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ER and NR signals at DM direct detection (DMDD) experiments

Two phase xenon detector
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Current constraints on DM-nucleon interaction
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DM-Nucleon operators for NR signal
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DM-quark and DM-gluon EFT operators

Dim-6 operators

6 _ 6
Q(,g (Xux)(@7"q) ég), (Xvuysx) @y q)
;(33 (X7ux) (@Y 59) QY ) = (XY 5x) (@Y 59)
Dim-7 operators
(7) _ Gs apv Fya (7) _ s (. apv va
Ql 1271_ (XX)G G/,w ) Q2 127 (XZ'YSX)G Gp,z/ )
off) = £ ()G G, 0" = X (XinsX)G* G,
§73 = mq(Xx)(q9) , QQ = mq(Xi75X)(7q)
QL") = mq(xx)(@iv59) . Q") = my(xivsx) (Tivsq)
S()g = mQ(X HY )(qU/WQ) Q%)q — mq(XWW’YsX) (qapVQ)

5 Bishara, Brod, Grinstein, Zupan, 1707.06998



Matching via ChPT
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Induce DM dipole moments
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ChPT with tensor current

Cata & Mateu, 0705.2948
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fi” . External field strength tensor

tj‘_” . External tensor current field
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Non-perturbative effects in fermion electromagnetic moments

tj‘_” with different external fermions
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Convert constraints on DM dipole moments into constraints
on DM-quark tensor operators

LD NR gives stronger constraint for EDM case
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Interference effect for NR In high mass region

Obvious interference effect when ., > 10 GeV
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Interference effect for NR in low mass region
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A [GeV]

Constraints with only one flavor contribution
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(1) Long distance dominates for MDM case with only s quark contribution

(2) Short distance distribution becomes weaker due to no valence strange
quark in nucleons.
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Constraints with only one flavor contribution

A [GeV]

Up quark

LI B ) IS B L L B BB AL T T
02 mu(XZUW'YBX><UUWU)/A3
10ME
P
II//’ -~ - &111‘:;.,:
T A NRDD ]
- ," / XenonlT Migdal I
f ! PandaX NR -
XenonlT SE
XenonlT S2
XenonlO S2
DarkSide50
—1 | L | ' ul Ll L
1010—3 102 10~ 10 10 107
m, |GeV]

O

T2
X4

mq (Xio* v5X) (301.9)

Down quark

NRDD
XenonlT Migdal E
PandaX NR -
XenonlT SE
XenonlT S2
XenonlO S2

DarkSide50

! "LU'H LU | ! "'”gl
ma(Xio" s x)(doyd) /A
102;
101 2
=
D)
O,
< R D
ST Pnt Ll
Iy, - it tY
1 7
100k i !
- I /
- I I
10—1 Ll | L
1073 1072 1071 10V
m, |GeV]

15

102 103

Strange quark
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Conclusion

* By taking into the tensor current in ChPT, DM-quark tensor operators can
iInduce DM electromagnetic dipole moment operators.

* |n previous unconstrained low-mass regions, the DM-quark tensor operators
receive constraints from electron recoll signals at DMDD experiments.

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

m, > 10 GeV.
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