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Exciting new experimental directions

First Observation of Electron Scattering from Online-Produced
Radioactive Target

K. Tsukada @2, Y. Abe?, A. Enokizono?3, T. Goke®, M. Hara?, Y. Honda?#, T. Hori?, S. Ichikawa?", Y. Ito" et al.
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B-decays as a bridge to new physics 8 ~ 180°

Weak currents with different transformation
properties prefer different lepton angles ’

Standard Model is a vector minus axial theory

| 0
BSM and scalar currents could interfere 1 - \.
with standard current, changing kinematics 00 ——=05 00 05 1.0

would remove some phase
space for the outgoing electron

1% Los Alamos

NATIONAL LABORATORY



Heading into the next generation of theory

Next-gen
calculations

UQ experts
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Quantum Monte Carlo

Solving the many-body problem using random sampling to compute integrals

Variational MC wave function ‘\IJT> — F|(I)> contains model wave
function and many-body correlations optimized by minimizing:

om0}

Green’s function MC improves by removing excited

state contamination and gives the
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Energy [MeV]

The Norfolk (NV2+3) interaction
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Model based on XEFT with pion, nucleon, and
delta degrees of freedom by Piarulli et al.
[PRL 120, 052503 (2018)]

NV?2 contains 26 unknown LECs in contacts,
two more from the NV3

Eight model classes arrived at from different
procedures to constrains the unknown LECs



Electroweak charge and current operators

Need electromagnetic and weak current operators to study decays/transitions

: A
Schematically: p=> i 1pi+ Zi<j it
. A .
External field interacts with single nucleons and of nucleons

Pastore et al. PRC 80, 034004 (2009), Pastore et al. PRC 84, 024001 (2011), Piarulli et

‘5 Los Alamos al. PRC 87, 014006 (2013), Schiavilla et al. PRC 99, 034005 (2019)
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Beta decay

Composed of Fermi (S=0) and Gamow-Teller “GT” transition (S=1)
GT is mediated by purely axial vector transition operator
Connected to experiment via:

2

g
Ts o |Mg|? = |Mgp|? + g—§|MGT\2
|%4
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Gamow-Teller matrix elements

Calculations with N\V2+3-la* and NV2+3-la
compared to AV18+IL7 (¢) and exp (dashes)

Correlations quench strongly in light nuclei

Two-body almost always enhances
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Universal behavior in GT two-body densities
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°He B-decay spectrum: BSM connections

S Include new physics with strengths €,
L 005 allowed from current analyses
' [from Cirigliano, Mereghetti, ...]
1.000
%’\I%’OQQS Can see the effects of new physics on
51y the SM curves
0.990
0.985 Uncertainty estimate is dominated by
O(QBZ//\X2 ~ 107%) correction that is
0.980 0.2 0.4 0.6 0.8 1.0 stable across NV2+3 models
&
1@ Los Alamos King et al. PRC 107, 015503 (2023)



°He B-decay spectrum: Probing neutrino physics

1.010
Can also investigate impacts from 1005
production of ~1 MeV sterile neutrinos U
1.000
£|‘g
‘;\Iwo.995 Can no longer emit a
o : oo sterile neutrino
Can get a qualitative understanding of the 0.990
effects new physics will generate
m,, =1 MeV
0.985 .
— U%,=10"3
200 0.2 0.4 0.6 0.8 1.0

.
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1°C(0+) -> '°B(0+) B-decay

In an effective field theory approach: 1.5} ¢ Fp {  GT,n
* > » GT,p 4 s.o.
- Z o™ Egemn My, ,, 2 1.0}
™m,mn,1 E
£ 0.5
Can also evaluate: M = /drC(r) =
IS 0.0
GFMC: dns = —4.05(38) x 1072 — —4.10(77) x 102 =0:3] s ‘”‘ .
| 0 2 4 6 8

Hardy and Towner:  dns = —4.0(5) x 107°

Gennari et al PRL 134, 012501: Ons = —4.22(32) x 107°

. In collaboration with: Mereghetti (LANL), Carlson (LANL),
‘@ Los Alamos Flores (WUSTL), Gandolfi (LANL), Pastore (WUSTL), Piarulli (WUSTL)
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Electron scattering cross section

do
0 = 4o T

Where:

Fr(q) = Fy(q

AAAAAAAAAAAAAAAAAA

Lo+ (&

JfHML )7 Frlg

2
~_ 4 tan” 0, /2
q

) F%(Q)]

1)’



Magnetic moments
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magnetic dipole moments A | ‘
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Structural effects in magnetic densities
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W e
VMC magnetic form factors vz -
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Form factors with naive truncation
uncertainties up to N3LO in currents
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Magnetic form factors for mirror nuclei
—— Ml
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Magnetic form factors for mirror nuclei
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Magnetic form factors for mirror nuclei
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Magnetic form factors for mirror nuclei

Pattern:

Unpaired proton nuclei have M1 peak > M3 peak

Unpaired neutron nuclei have M3 peak > M1 peak

) Los Alamos Chambers-Wall et al. PRL 133, 212501 (2024)
= Chambers-Wall et al. PRC 110, 054316 (2024)



Spiln-'orlbilt i'ntlerl'ference in M1
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Charge form factors: model dependence

10!

(a) 3He

“Harder cutoff” = solid
“Softer cutoff’ = dashed
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e Low-energy physics consistent
A Mc(s;;rthy 1977 /I’I q
M Ottermann 1985 “I
0 T 2 - R |
q (fm=1)
@ Los Alamos

King et al. PRC 110, 054325 (2024)



Elastic electron scattering form factors
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Charge form factor
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Charge radii

NV2+3-lIb* nuclear interaction model

Agreement of ~5% or better across the 1og[ T = 3 T
board °Bef —k— ¥ Spect. Data
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What is missing?

Understanding convergence questions in currents (np—dy, pp fusion?)

More robust uncertainty quantification (emulators?)
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What is missing?

Understanding convergence questions in currents (np—dy, pp fusion?)

More robust uncertainty quantification (emulators?)

Welcome ideas/collaboration to discuss to help improve QMC throughout
the next-generation
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