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Theoretical steps for WIMP/v scattering off nuclel

VS-IMSRG calculations for elastic spin-dependent WIMP scattering
and CEVNS (Chiral EFT: 1b + 2b currents)

Outlook: Spin-independent WIMP scattering;
Inelastic
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Direct detection

How to search for DM?
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WIMP x scattering elastically off nucleus v

v SDISI
Np)+x(0) = N (p)+ k) AR _ MTpO[ WM g, 2V ||
dE. L m, jig;
g=k—-k=p-p., q =t " —
astrophysics particle+hadronic
physics
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OspF 5> (qz):

Hadronic scale Nuclear scale

DoF: nucleons (p and n)
nuclear wavefunction (M Hya Iv)

Effective Lagrangian £, 2 Shell model

DoF: quarks and gluons commonly used
8 NREFT not all nucleons active
DoF: nucleons no consistent effective operator

A . .
3 A no consistent LECs with nuclear force
Ha=2 2 D¢ Ot

i=1 7=0,1 j
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g = 0.88(2)
g = 0.95(5)
g = O.80(l)+

P Gysbers, et al., Nat. Phys. 15 (2019) 428

iInclude as density-dependent
one-body currents (normal
ordering)

Detalils:

P. Klos, et al., PRD 88 (2013) 083516;

89 (2014) 029901 (E)
M. Hoferichter et al., PRD 102 (2020) 074018



& decompose into longitudinal, transverse electric and transverse magnetic

Spss; Mp:M

i)=Y (7 | 2] ) E Z( AR )

L=0

L>1

S4(q) = anrSOO(Q) + a,a_S5y(q) + aESn(Q)

g = 0, with proton/neutron

2J+ DT+ 1)
Ax]

54(0) =

a-+ a.x (2b currents effects)‘

(a, +a) (8, + (a, —a2)

& commonly use the structure factors Sp and S;

proton-only Sp: a+= a-
neutron-only Sy a; = -a
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— S (uv) 1b currents
p( ) € o | Al — S, 1b currents

- Sn(u) 1b currents __ S 1b currents \ - Sn 1b currents
— Sp(u) Ib + 2b currents .5
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1b currents \ Ll Sp 1b+2b currents
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- Sn 1b + 2b currents
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P. Klos, et al., PRD 88 (2013) 083516
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ADb initio calculations 7?7?77

Baishan Hu - ORNL (2023/4/17)



Baishan Hu - ORNL (2023/4/17)

10



>

v ‘suoa|onu

BSHu W.G. Jiang, T. Miyagi, Z.H. Sun, et al., Nat. Phys.
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18, 1196 (2022)
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dH(s)
ds [7(s), H(s)] Step1: Decouple core

H(s) = U)HU (s) 0O(s) = U(s)0U Y(s) Step2: Decouple valence space
Step3: Decouple additional

dU(s)

n(s) = : U'(s)=—=n'(s)  Uls) =e™  operators

ccC cv vv vq dqQ cc cv vv vq qq@

3 3
3 3
2 S
s S

99
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< ij| H(s = 0) |kl >
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structure factor for spin-dependent dark matter direct detection = =
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A. Tichai, et al., Phys. Rew. C 99, 034321 (2019)
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BSH, et al, Phys. Rev. Lett.128, 072502 (2022)
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LSSM
SPM

19|: 23Na 27A| 29Si 73Ge 127| 129X€ 131Xe

Shell model results from P. Klos, PRD 88 (2013) 083516
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ENS, IMSRG S, LSSM mmmS, IMSRG S, LSSM }

200

B.S. Hu, et al, Phys. Rev. Lett. 128 (2022) 072502; arXiv: 2109.00193.
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A neutrino interacts a nucleus via exchange of a Z, and the nucleus recoils as a whole

“z
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Capture ~ 99%
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D. Akimov et al. (COHERENT). Science 357, 1123 (2017)
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D. Akimov et al. (COHERENT). Phys. Rev. Lett. 129, 081801 (2022)
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Astrophysics

Neutrino floor
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Weak mixing angle

EW precision tests

BSM
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do, G:M, MT T\ 12 GiM, M,T T ,
— (£, T) = (1 W|FW(Q)| . I'1 B2 E Fy(q')

17

g =+\/2M\E,TI(E, = T) ~ /2M,T

8 Weak charge
Oy =20y, + NO;,

QO =0.0714, Q! = —0.9900 ?

& Nuclear weak form factor Fw

0" = — 1, QF = 1 — 4sin®@y, sin“fy, = 0.23122 £ 0.00003 ? Phenomenological Helm and Klein-Nystrand
it - 371 (gR
Radiative corrections ? Fron(q?) = 1( )e—q252/2
gR
& Axial-vector form factor Fa o 3i(gRy) 1
Fyn(g?) =

ey
Negligible ? IRy 1 +q7ag,
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Nuclear 3‘7?4 mainly from neutron distribution
ﬁ response f’fff’ . spin-orbit correction
functions  zX'.  ,yial-vector contribution: two-body currents important
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ADb initio form factors ?7?7?
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COHERENT measurements

SM prediction
FF = unity

Klein-Nystrand FF

40 50 60 70 80
Neutron number

P.S. Barbeau, Yu. Efremenko, K. Scholberg, arXiv:2111.07033 (2021)
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Response Functions
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BSH, et al., In preparation (2023)
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less than 0.3% In heavy nuclei,

about 1% in light nuclel

2 2 7 2.2 2
R =c +§7r a”—3s
3 (Q’R)

- e~9°2 ¢ =(1.23A413 - 0.60) fm
q

a=0.52 fm, s =09 fm

F Helm(qz) —

2 1.5% level

QP =0.0714, QF = — 0.9900

Q' =—1, O = 1—4sin’0,, sin’d,, = 0.23122 £ 0.00003
S

less than 10/(-6)%
S

3%(19F), 0.1%(23Na), 0.03%(73Ge),
less than 0.007%(127] and 133Cs)
33



\i(ﬁ:

Baishan Hu - ORNL (2023/4/17)

ADb Initio structure factors/form factors

for 19F, 23Na, 27Al, Si, 40Ar, Ge, 127], 133Cs, Xe
VS-IMSRG: from light to heavy nuclel
Chiral EFT 1b + 2b currents

Spin-independent WIMP scattering
Inelastic scattering

IMSRG gives converged calculation in heavy nuclei
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