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@ What is ab initio nuclear calculation?

@ Elastic WIMP- and v-nucleus scattering

@ A novel investigation of the ATOMKI anomaly

@ Summary
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Weakly interacting massive particles (WIMPs) are hypothetical particles
one of the proposed candidates for dark matter
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Negligible ?
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»

M D = 1 CEVNS mainly probes neutron distribution;
Fq7) = [ e p(r)d’r This dominant nuclear response is usually assumed to be equal for
proton and neutron. But this is clearly not the case.
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*
p(r) is assumed to be a uniform density with radius Ry and a Gaussian profile with a folding width s
' 7
gHelm(QZ) — 3]1 (QR()) e—q2S2/2 RO — C + 2 ’ SS
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BSHu, et al, Phys Rev Lett 128, 072502 (2022)

— o —— _ — N— — —

| Ppg = <‘P ‘c]jcq‘ ‘P>

SER “P“’)) + “If“)) + ‘\P@)

)

—

| A.Tichai, et al., Phys Rew C 99, 034321 (2019) MBPT

Baishan Hu - ORNL (2024/5/24) 8



¥ 1.8/2.0(EM)
i N4LO+3N|n|

?H %
ﬁﬁt%‘ PEEEETY

9. 23 <> <. <9 3. 0. o 23 24 %6 25 135 2o, o0 43, 43, 55 L3, 43
/S ) ) X 2 S S 9 0 4 2 4 6

_ BSHu, et al., In preparation (2024)
Baishan Hu - ORNL (2024/5/24)



Baishan Hu - ORNL (2024/5/24)

® ANNLOgo
1.8/2.0 (EM)

‘ N4LO+3N|n|
LSSM
SPM

19|: 23Na 27A| 29Si 7BGe 127| 129)(9 131)(e

BSHu, et al, Phys Rev Lett 128, 072502 (2022)

10



ENS, IMSRG S, LSSM mmmS, IMSRG S, LSSM J
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BSHu, et al, Phys Rev Lett 128, 072502 (2022); arXiv: 2109.00193

Baishan Hu - ORNL (2024/5/24)



Baishan Hu - ORNL (2024/5/24)

B F, IMSRG WM Fa(w/o 2BC) IMSRG 1 F, LSSM Fa(w/o 2BC) LSSM

50 100

BSHu, et al., In preparation (2024)

12



B ANNLOGo(394) I NNLOggt

B 1.8/2.0(EM)

1
=
O

T

|
N
w

3
Z
25

wi NN
of VWi ™

0 50 100 150
g (MeV)

Baishan Hu - ORNL (2024/5/24)

2000

50 100 150
g (MeV)

2000

50 100 150 200
g (MeV)




B ANNLOGo(394) W NNLOg,; I 1.8/2.0(EM) Helm Klein-Nystrand

0 20 40 60 380 100 120 140 160
g (MeV)

Baishan Hu - ORNL (2024/5/24)



dR
ﬁ — Z [N targetXi‘/V yJ

. min
l Ev

Recoll Energy (keV ) refined Helm
15 20 25 30 35 40 B IMSRG

I|III | |IIII|IIII|IIII|IIII ‘Kleln'NyStrand
-+4-Data Residual ] 4 COHERENT2021 expt

v, CEVNS
v, CEVNS
Bv, CEVNS
BIBRN + NIN

-
N

Res. counts / PE
o

n

LLI
al
=~
2
-
S
O
O
0
)
@
O
>
LLI

20 30 40

D. Akimov et al. (COHERENT). Phys Rev Lett 129, 081801 (2022) Number of photoelectrons (PE)

BSHu, et al., In preparation (2024)

Baishan Hu - ORNL (2024/5/24)



Il. A novel investigation of the ATOMKI anomaly
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Multipole expansion for nuclear X decay rate:
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Table 1. Spin-parity J™ and isospin / quantum numbers, total decay widths I' and ~-decay widths

= T(N* = N~ for the mclei nsed in the 5Be [7], 4He [8, 9] and its possible paritv-spin assipnments. Note that parity conservation prohibits a pure scalar solution

ATONMKI experiment:

Process
l N* = N
*Be(18.15) — *Be
"Be(17.64) — Be
MTe(21.01) — HTe
MTe(20.21) — 4le

12(3(17.23)

2C [10, 11] nueclei. Asterisks on isospin assignments indicate states with significant isospin mixing, Lo the Beryllium anomaly.
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D. Barducci and C. Toni. JHEP 07, 168 (2023)

X boson spin parity
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40 50 60 70 80
Neutron number

BSH, et al., In preparation (2024)

less than 0.3% In heavy nuclei,

about 1% in light nuclel
2 2 / 2 2 2
R =c“+ gﬂ' a — Ss

3 (gR)
Frem(q?) = 2 (;] ) e 752 ¢ =(123A"-0.60) fm
1 a =052 fm, s = 0.9 fm
o 1.5% level

QF = 0.0714, Q% = — 0.9900
Q! = —1, QP = 1 —4sin’0y,

W

sin’@y, = 0.23122 =+ 0.00003

less than 10/(-6)%

3%(19F), 0.1%(23Na), 0.03%(73Ge),
less than 0.007%(127] and 133Cs)
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To compute the properties of complex nuclei from first principles,
there are two significant issues:

H =T+

Quantum Chromodynamics (QCD) becomes highly non-perturbative
at the low energy scale relevant to nuclear physics

Solve many-body Schrodinger equation ranging
from 2 to 208, even up to an infinite number of strongly interacting particles
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- H= 3T B B v
=1

1<j 1<j<k
Solve many-body Schrodinger equation Ex: 300 orbits to study 12C
H|yy==E |y} The total number of Slater determinants is:
Ngim 300 300 4
= X ~ 10
'ty =) Clo> dim (6) (6>
i=1

Numerical budgets:

H.= (¢ |H| 2
J {2 ¢f> 1) 2<dim < 105 = exact diagonalization

2) 105 <dim < 1010 = few E, (Lanczos)

Hyp o e Hlndim ¢ C, 3) dim > 1010 = intractable
. ' | =EY
H, - H, C, G Scale exponentially with mass A
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In-Medium Similarity Renormalization Group (IMSRG); named driven SRG in quantum chemistry
drive the Hamiltonian towards a band- or block-diagonal form via continuous unitary transformation

‘ e M)es) = ] .. ‘

(i|H(s =0)]j) (1| H(s = 00)]j)
Coupled cluster theory (CC .
p ry (CC) [ o ThT
T'=T +1T +71T;+ --- _
ly) = e |p?) Lo E=(D|H|D) e~ TeT # 1
Tl — Z tphagah
h<es, p><e; 0= <(D2],Z |H | >
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NN unknown LECs: 2 (LO) + 7 (NLO) + 15 (NSLO)
3N unknown LECs: 2 (N2LO)

R. Machleidt, D.R. Entem / Physics Reports 503 (2011) 1-75
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