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DM direct detection (DMDD) and electron recoil (ER)
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@ Lose sensitivity to DM masses below ~ 1 GeV
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Formalism for DM-atom scattering
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Atomic wave-functions




Formalism for DM-atom scattering
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How about the general case?

Based on the EFT approach

Non-relativistic (NR) EFT framework

{1.,8.} ® {1,,8,,8.} ® {iq,v%}
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How about the general case?

Catena et al., Phys. Rev. Res. 2,033195 (2020) (105 citations)
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Comparison
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Contributions from W, and W; dominate
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How about the general case?

Catena et al., Phys. Rev. Res. 2,033195 (2020) (105 citations)
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Comparison

arXiv: 24056. 048585, JL, YL, XM, and HW
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XENONA1T SE constraints on EM form factors of DM
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XENONA1T SE constraints on EM form factors of DM
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Based on the NR operator structure vi=v—q/Qu,) —kim,
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Based on the NR operator structure

H

L

r e e e i e e e — - |

M(q, V) = A(q,0) + v

-> M\ _ o = f(Q) Mg+

— —

M

1011

2

We need only three ge

Mg = 100MeV k' = 10keV  Xe5p — [vi[*w; |

I 1 l I

s

The minus sign leads to a strong cancellation
among W, and W; 4

13



2

| %?O{;l — CZ()WO —+ CZIWI + azWZ

a, and a, , involve different NR
operators

Clear power counting for g
Do not contain any atomic

properties

— 272
x,=q°/m;

Our formalism

Type

DM response functions
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Constraints on the NR operators

2
Aref

q2

I
¢;

M, = (CZ-S + ) <0, > Qref = A,

* The constriants follows consistently with

the power counting of g and/or v

e The suppression from v is comparable with

that from ¢

PandaX-4T set the most stringent
constraint when m, 2 20 MeV
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All possible LO DM-electron and DM-photon

Constraints on the relativistic operators

operators

Dim Relativistic operators NR reduction
Scalar case
di O, = (£6)(9'9) 2m .0,
im-95 e —

Oy = (62752)(@@‘ —2m 01

dim-6 OX]& — (?’7”@ (¢TZE}¢) (X) 4mem¢(91
04, = (0" 150) (9119, ) (%) 8memyOs
£3 = (8 — iQpeAu)dI? (x) —4Quer ™2 0,

— b¢(¢Ti§‘>¢)8VF v (X) 4bgememOq
Fermion case

Op1 = (0)(xx) 4mem, Oq
Oz = (£0)(Xivsx) 4m201
0&1 — (Zi’75£) (xXx) —4mem, O1o
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Ofo = (") (3vu5%) 8mem, (Og — Og)
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8me(me(910 — mXOH — 4mx(912)

LY = Xiv* (8, — iQxeAu)x (X)
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L™ = dy (xio* Y5 ) Fu (X)
LY = by (x7"x)0” Flu (X)
L3P = ay (X" 15x) 0" Fuv

2 Mem
_4Qxe eqz X0
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16m2m
dxe q% X011

4by e mem, O1

8a, e mem,, (Og — Oy)
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Dim Relativistic operators NR reduction
Vector case A
Ofx = (L)(X[XH) —2me0q
dirs Opx = (Zi’):g,f)(XlX“) 2mO1
Ofx1 = 5o ) (X[ X, — X[ X,), (x) —4m,.Oy
Ofxs = 3 (Lo v56) (X[ X, — X[ X,), (X) —me (O11 + 4012) + 4% (%010 - 018)
OVyy = L[lyiD, 0 (X* XY + X1 X1) m20,
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OV s = (Ey20)(X}i0, X"), (x) —4memxO;
Olxs = (by£)id, (XH XV — XVIXH), (X) 2m? ((’)5 — Og — %‘2—019) +2¢°04 + 5 2= q*0y
dim-6 OXXG = (Z'Yue)ié)V(X;Xa)pra, (%) _2m3011
Ohvy = Ly rsiD (XM XY 4+ XVTXH) —2m? (2= Oy — 40y + $07)
O = (by,750)0, (XPT XY + XVIXH) —8m2 (1010 — O1s)
Ol xs = K'yu'yg,ﬁ)(XTE:Xg)e“”p" 8m.mxOy
0?){4 = (67“758)(X728 X") 8memx O7
Obys = @rs0)id (XM XY — XXM, (x) 4m20q
Opxs = (Lru750)i0, (X[ X o )P, () 4m (014 - %020)
Loy = 85 (X1 X, — X X,) F* (x) —2eri |22 (101 — B O19) — 04 — 2 (05 — Op)]
Lr, =i (XIX, — X)X, )F* (x) 2eRpm? ;011
Ox1 = et¥P? (X;g)X ) OF ) —4dememx (Og — Og)
Oxy2 = €778, (X} X, ) 0 Fyux (x) —2em201;
dim-6 | Ox,3 = (X,tz'ﬁX”) O Fn —4ememx O1
Oxqa = Oy (XM XV + XVIXH)OAF,) deme |3(iq - v5)O1 — me (O17 + Og)
Ox.5 = iBU(X”TX” _ XVTX“)('?)‘FM (x) e —2mg ((’)5 — Og — T’:—;Olg) + 2204 + %)7771”—; 2(')1-
Vector case B
Ojx1 = (LO) X, X+ 4mem% O,
Ofxo = (LO)X], X 4m?2mx Oqy
dim7 OEXl (Zz'yg,f)XlV)f pv —4mem% O10
Oexz = (Ez'ysé)XT XHv 4m?2m x O
Olyy = (o) (X}, X6 — X}, XP), (x) 4mem% Oy
Ofxs = 5 (Lot vs8) (X[, X6 — XJ,X%), (x) |  3memx [3mx(O11 + 4012) — 4me(2010 + 3013)]
Oxmn = i(X}, X6 — X}, X0)FH (x) 2e | 2mx (me +mx)O01 +2m% Oy
dim-6
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1
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Oxr2 = i(X}, X0 — X}, X0)FF (x)
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Constraints on the relativistic operators
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The PandaX-4T constraints on @;X
and @;Xl can up to about 10 TeV
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A [GeV]

A [GeV]

Constraints on the relativistic operators

104
1075

10_6§

[— XENONIO — XENONIT — PandaX—4T] )

1077 Lo

102

10V

[— XENONIQ — XENONIT — PandaX—4T] ]

101 100

my [GeV]

10_3§

+— XENONI10 — XENONIT — PandaX—4T]

1 1 H

102

10Y 10

10!

10!

A [GeV]

1075

A [GeV]

10_6§
1077}
i [— XENON10 — XENONIT —PandaX—4T]‘
10—8 RN ! 111 L1111 L1l
102 10-1 100 10!
101t
100

10!

100

101

T
e

[—L XENON10 — XENONIT — PandaX—4T] -

102 10-1 100 10!
my [GeV]
-1
I EOX)A

XENON10 — XENONIT — PandaX—4T] =

I I T | | N I T

101 100 10!

A [GeV]

XENONIO — XENONIT — PandaX—4T]

| S I

10-2

101

my [GeV]

10°

10!

[ XENON10 — XENONIT — PandaX—4T]

/1 L1l !

10!

10-2

101 10° 10!

my [GeV]

A —

——

———

— Vector DM case

Oxy1 = i(X], X0 — X5, X0)Fr (x)
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2e %mx(me +myx )01 + 2m5 Oy
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2,2 1
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S TTe——

Become stronger as 1y,
l Increases
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Summary

We tind a crucial minus sign was missed for W, in 1912.08204, which has significant

phenomenological consequences on some specitic DM scenarios.

A more compact amplitude squared is provided for the general DM-electron interactions for
three DM scenarios.

A matching dictionary between the relativistic and NR operators is given.

The constraints from the xenon target experiments were studied, and we find the PandaX-4T
set the most stringent constraints on the effective operators when mp,, 2 20 MeV.

Thank You!
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