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Introduction: BSM Searches & Forbidden f-decays

Nuclear-structure many-body problem

High-order quantum effects
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Weak Interaction

Nuclear £-decay
Low momentum transfer: g ~ 0 — 10 MeV/c
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BSM Predictions & Observables
for forbidden decays
for the first time
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BSM Predictions & Observables
for forbidden decays
for the first time

Unique 15t-forbidden decays
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Required accuracy
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Charge Value
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M. Gonzalez-Alonso et al., PPNP 104 165-223 (2019)
> Same nuclear charges for SM & BSM
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_ oAl Weak Interaction
Hy ~ Csym Jjx) - J(x)

Lepton Nuclear

Required accuracy current  current

Csym ~ Ysym Esym

Nuclear charges
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_ oA Weak Interaction
Hy ~ Csym ](x) - J (%)

Lepton Nuclear

Required accuracy current  current

Csym ~ Ysym Esym

Nuclear charges
(Nuclear curregnts) — \ Effective the.ory’s cqefficients
(Weak interaction)

Low energy effective Lagrangian:
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The effective theory’s cutoff n = 2 for sym # SM
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For the simplest BSM operator (n = 2): TeV & Cgypy ~ Esym~10_3

New experiments will have a 1073 level of precision
» Sensitive to new physics at the TeV scale
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> Nuclear-structure many-body problem

Accuracy: Nuclear structure corrections
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> Nuclear-structure many-body problem

Accuracy: Nuclear structure corrections
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> Nuclear-structure many-body problem
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> Nuclear-structure many-body problem L RS SES
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> Nuclear-structure many-body problem 713 s o
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> Nuclear-structure many-body problem

16N - '°0 forbidden spectrum

» Experiments are aiming a 1073 accuracy
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> Nuclear-structure many-body problem L e R
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> High-order quantum effects

Accuracy: Radiative corrections
dr o [(0%[| By [|27)]" o 1+ ag, [1= (B 90)"| +bp e

angular
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_rorbidden o All the rest (J2T)

(vanish for g — 0)




> High-order quantum effects

Accuracy: Radiative corrections
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> High-order quantum effects

Accuracy: Radiative corrections
dr o |(0*||Ay[[27)]" o< {1 + ap, 1= (8- 9)°| + b =2} [{0* |0 [|27)]°
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Seng, AGM, Cirigliano, PRL 2025
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> High-order quantum effects

Accuracy: Radiative corrections
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No longer limited to J = 2 operators
to satisfy the selection rule!

Seng, AGM, Cirigliano, PRL 2025
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>  High-order quantum effects

Nuclear f-decay

angular
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>  High-order quantum effects

Nuclear £-decay

For a general -decay transition ]f" —>];Tf:

angular
momentum

@(Q’E.ﬁ) —

J=0 + Decay process |Intermediate states| Multipole operators
_ e i(25), £(0F cem L8 gL _igria
i(27) > fo) e Q) L Co P Be L T~ — s
T’(] ].f(lx] o LYt EYYL Ly B C‘(I;%Zq gPitg
MmNgA
i1 &a — 1[ﬁ+} f{gg_'} GﬁnliL‘EqiEii
j50 =y |i0H) - fe) __ G5, Lg, 65 ~ asgV
T‘(l ].f(];] E’Il y 4o *.l‘E'MlE ,Lf,EiA J ‘g.V]

()1 Table S II: Intermediate states and multipole operators
uni responsible for the dominant mntrlhutmns to TH

Seng, AGM, Cirigliano, PRL 2025



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081805

> High-order quantum effects

Accuracy: Radiative corrections
dr o |(0*||Ay[[27)]" o< {1 + ap, 1= (8- 9)°| + b =2} [{0* |0 [|27)]°

(0*||Z2,]|27) < ¢/, so d' — 0

g—0 Radiative Corrections:

angular
momentum\

No longer limited to J = 2 operators
to satisfy the selection rule!

dl o« foq° + f1q* + f>q°

Seng, AGM, Cirigliano, PRL 2025
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> High-order quantum effects

Unique Forbidden decays

Ne decay@ q — 0 9OSI‘—> 9OY
ey

C10F  [Mowl? ]

= 9 |

g O

2 _5t

é— _10. ZEHE{M:rm:M‘TW}

£ |

00 02 04 06 08
g (MeV)

dl o« foq° + f1q* + f>q°

Seng, AGM, Cirigliano, PRL 2025
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>  High-order quantum effects

Unique Forbidden decays

Nedecay@ q — 0 0g, , W0y
§ R
L A0F  [Mowl? g
= -
£ Op——_ I
2 -5 :
S _10} zmc{mznm /}'
5 . . N .

00 02 04 06 08
q (MeV)

dl o« foq° + f1q* + f>q°

Seng, AGM, Cirigliano, PRL 2025
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> High-order quantum effects

Unique Forbidden decays

Nedecay@q — 0

L 207
=z 15
“ 10t
=
Y
: _Sézm (M Mow )
o g ¢ t..Ir-L'l: ¥
Light New Physics 5 _mfl , ) . , .
", 00 02 04 06 08

®

é Y q (MeV)
e 7% Y

W 4

i if i /

dl o« foq° + f1q* + f>q°

Seng, AGM, Cirigliano, PRL 2025
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> High-order quantum effects

Unique Forbidden decays

Nedecay@q — 0

Experiments
@ ORNL, HUJI, SOREQ (FRIB?)

Spectrum is sensitive to:

f Exotic Weak Interactions
 Right-handed New Physics
f Light New Physics

R
LN

Components of M |? (MeV *)

., 00 02 04

i e q (MeV)
e %4 Y

W 4

i if i /

dl o« foq° + f1q* + f>q°

Seng, AGM, Cirigliano, PRL 2025
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Summary:

> High-order quantum effects

Radiative corrections
for the first time

. Ea o ~—— —~ 0.15f
Forbidden f-decays : %) Mol ] & o1
Ne decay@ q — 0 B = oo
Experiments *§ _g T [Not Forbidden]
@ ORNL, HUJI, SOREQ (FRIB?) £ -10f #ietMimttow] N o

00 02 04 06 08
q (MeV)

> Nuclear-structure corrections

Spectrum is sensitive to:
f Exotic Weak Interactions
¢ Right-handed New Physics —

_ . o i
¢ Light New Physics 1 °N: finalizing -
uncertainties -

B total &

Requires precision theory — 2 challeﬁges:

shape [arbitrary units]
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> High-order quantum effects
> Nuclear-structure corrections * i

Structure Corrections
for the first time
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Summa ry. > High-order quantum effects Radiative corrections

. =~ onp S 045 for the first time
Forbidden f-decays : %) O R

Ne decay@ q — 0 = 125— Mol = oo

Experiments E g: o [Not Forbldden]

@ ORNL, HUJI, SOREQ (FRIB?) £ -10 N \ R

00 02 04 06 [ _ L
Spectrum is sensitive to: The new radiative regime:

. . q (MeV) - All radiative diagrams
! E),(Otlc Weak Interactio n% > Nuclear-structure corrections| — With nuclear matrix elements
{ R | g ht— h an d e d N ew P hys ICS Multipoles contributions to NLO corrections

«0-*] 16N: finalizing — — Operators hierarchy
¢ Light New Physics _ uncertainties — _L_) Light new physics pOSSlb"ltIES»/
Requires precision theory — 2 challenges:

Structure Corrections J : : =

for the first time
_ I

> High-order quantum effects | i

> Nuclear-structure corrections °
> Qutlook: Combining!

90Sr, %Y: ongoing with Lotta Jokiniemi & Jason Holt " !



Bonus: He6-CRES (allowed)
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He6-CRES — Scientific Motivation

Phys. Rev. Lett. 131, 082502 (2023)
New J. Phys. 26, 083021 (2024)

Chirality-flipping interactions in beta decays
Loc = —V262V,4 le‘Ly”veL - ulyrdr

+eg e®vl - ud

+er eRay, Vg -uRghvdl]

Rate dI'/dE [a.u.]

Ekin [keV]

dN _ dN (1 b m) ]
d E o d E E % 500 1000 15‘06 ~ 2000 '25‘06 ' éolod 3500
standard

=)
o
\

o ¢
o

L distortion
Many models of new physics = due to Fierz
naturally predict €5, e # 0. Eoa interference

e
[
|

"Fierz interference’ —

=
=
|

o.
\

.

e

Y
\

C T[T [T [T TTTT[TTTT 1771

P R A A AV AR B
500 1000 1500 2000 2500 3000 3500
Ekin [keV]

- {i8ET/gA for GT

Charge Conj. +: electron +eg for Fermi

Symmetry —: positron
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He6-CRES — Measurement basics

Ratios of counts enhance signal,
Beta decay in magnetic field qBc? cancel systematic uncertainties
measure cyclotron freq, F =
W T
extract energy E ¢ Example (assume eg = 0 for simplicity):
N(lgNe) X 1 - ST k1 m/E
6
SHe (), 40 (), Ne (6*) N(°He) o1+ e ky m/E
endpoints > 1 MeV 35
2 T T 19Ne/SHe —— Theory b=0
3.0 - === Theory b=1
He Ab<10’
2.5
. Fao) 000 sealSe
g/ 9‘2 151 /’,/ ‘\\\\\
~ ,I, \\\\
@ 104 / s
-1 (future) All B decays - / %
LHC (present) -
(present) 0.0 . : : 2 ; : i ,
000 025 050 075 100 125 150 175 200
-2 ' . Energy (MeV)
-4 %) 0 2 4
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He6-CRES — Photos

Cryo-box insides

-

He6-CRES Alejandro Garcia




He6-CRES — Example uncertainties

Use electric field to sweep out f’s
for cleaner events

1e9 10 sparse spectrograms overlayed and alligned 2024

0.2msf
sweeping
2 ms

observation

Frequency (Hz)

104

0.5 4

0.0 T T T T T
0.045 0.050 0.055 0.060 0.065 0.070 0.075
Aligned Time (s)

47 He6-CRES

Upcoming Run

Net data acquisition time: 64 hours
Statistical uncertainty: Ab =~ 6 x 1073

Systematic uncertainties

Source Ab x 107
Beta monitor instability 0.3
Scattering 0.05
Magnetic instabilities and differences 0.1
RF Temperature differences/drift 0.3
Rate-dependent detection efficiency < 0.1
Contaminants ?
Theory 0.1

Alejandro Garcia



He6-CRES - Collaboration & goals

N. Buzinsky?!, A. Garcia?, S. Gopal®, H. Harrington?, L. Hayen?, P. Kolbeck?, L. Malavasi®, D. Melconian3, D.
McClain3, P. Mueller?, E. Noviskti!, N. Oblath®, R.G.H. Robertson?, G. Rybka?, G. Savard?, D. Stancil?, D.
Storm?, H.E. Swanson?, R.J. Taylor?, B.A. VanDevender>, F. Wietfeldt®, C. Wiseman?, A. Young?

2

NC STATE
UNIVERSITY

4

Arggmgﬁ

TEXAS A&M

UNIVYERGSITY.

5
Pacific Northwest

nnnnnnnnnnnnnnnnnn

= Tulane
&7 University
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He6-CRES phases

Phase I: proof of principle
Observe 8Kr lines
Understand RF issues and spectra
Study power distribution
Show detection of cycl. radiation from ®He

Phase IlI: first measurement
®He and °Ne measurements: (b < 102)
Develop 7°Kr and *0O sources.
Develop next beta monitor.

Analysis of uncertainties and improvements.

®He and ®Ne measurements: (b < 103)

Phase Ill: ultimate measurement (b < 10%)
140 measurements.
lon-trap system.

Done

Next 3 years:

Phase Il
Prepare proposal Phase Il

He6-CRES

Alejandro Garcia




He6-CRES — Theory Needs

The dominant uncertainties on the SM spectra
are radiative and recoil-order corrections [1,2]

Help from Nature:

* Dominant part of the recoil-order correction (Weak Magnetism)
BNe: related to well-known magnetic moments of initial/final

states

< |
)

»

Summary
* SHe seems under control [3,4]
* For !0 and °Ne :
Uncertainties in our calculations of beta spectra are at
the 1073 level, below present experimental sensitivity
but needs improvement for reaching ultimate goals.
This is a call to our theory colleagues to help us in moving
beyond this limiting uncertainty.

He6-CRES

140: no such contribution.

For both decays a symmetry implies that pseudo-induced tensor
matrix element, typical source of uncertainties, is highly
suppressed.

Peter Gysbers
Petr Navratil

[1] Hayen et al. Rev. Mod. Phys. 90, 015008 (2018)
[2] Glick-Magid et al. J. Phys. G 49 105105 (2022)

[3] Glick-Magid et al. Phys. Lett. B832 137259 (2022)
[4] King et al. Phys. Rev. C 107, 015503 (2023)
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