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Preamble

" P The coupling constant g, = 1.2753 + 0.0013 (PDG average, 2025)
which measures the strength of the axial-vector part of the weak
interaction responsible for B-decay has been a very well established
V o~ | and precise “universal constant” for a long time.

e

4, p>
d ™Dy

However, this pointlike parameter does not provide any useful

information on the @Q?>0 dynamics of weak processes, which is WL%<

eagerly desired for the interpretation of the past and future
neutrino experiments results. v,

In addition, the knowledge of the Axial Vector Form
Factor at @2>0 provides a complementary insight into
the hadron dynamics, namely spin distributions, to put
useful constraints to the complex modeling of the
nucleon structure in the QCD framework.
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Nucleon structure and dynamics ‘

Electron-nucleon elastic scattering

has long since revealed the
electromagnetic structure of the
nucleon

distribution of charge, magnetization
successfully modeled by EM form
factors (EMFF): G%Z\/_,(Qz)
experimental knowledge of EMFF
extremely accurate owing to

Q?%wide campaign of measurements
(GEp-V latest at |Lab/Hall A, Aug.
2025)

Lepton-Nucleon Scattering Probe

Neutrino-nucleon elastic scattering

only probe able to directly access the
axial structure of the nucleon, related to
spin

axial distributions inside the nucleon also

modeled by the axial-vector form factor
(AVFF) and an induced pseudo-scalar FF):

Fa(Q)  Fp(Q%)

AVFF poorly known experimentally
v-beams access to AVFF severely affected by
large indetermination in v energy and by the
need to use nuclear targets



Theory fully developed and
established (V-A)
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Nucleon structure/dynamics impact

The AVFF F,

e The least known of the nucleon form factors

e Extends the knowledge of the nucleon dynamics

poorly accessible by EM probes (spin distribution).
e Test of novel lattice QCD modeling.

e Constraints on GPDs
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Still,
from

existing measurement
QE
scattering: scarce (mostly
bubble chamber on D,
target)+statistically limited
+largely affected by model
dependent

(anti)neutrino

systematics
(mostly nuclear effects).

In summary, the
knowledge status of the
AVFF does not seem
different from that

described 20 years ago
[despite progress in VN,
p-capture, em, G. Ricciardi et al.,
|HEP 08 (2022) 212].




The inverse B-decay Mastery and long standing success of the lepton-hadron

approach interaction probing technique has a straightforward suggestion.
Perform an “elastic-wise” electron-proton scattering experiment and forget about the neutrino,
look for kinematically closed neutron production (). Napolitano, 1981, JLab PAC1).
€ +P—> N+ UV |Inthis process, the AVFF naturally appears in the matrix element of
- v the hadronic current, accompanied by an induced pseudo-scalar
\/ term, which turns out suppressed by mass factor in the cross-section
W
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Get a bonus with highly polarized electron

beam! The lepton current mediated by the W do do

- i m | = (1))
introduces a sharp helicity dependence, 102 ( ) d0?
which can be explicitly factorized in the A unp
cross section and allows one to use beam right handed
asymmetry fo count neutrino events out of the A==l <left handed

electromagnetic ones (e.g. pion production).




- Detect only the neutron in the 2-body final state e +p — n + v
- Identify neutron with time-of-flight + calorimeter

- Magnetically suppress charged particles
- Subtract background from elastic ep, m-production, other sources

Then:

Subtract the residual
background by using the
right handed electrons

data

To aim at statistical
significance, we are

l Neg helicity

challenged to suppression
of EM backgrounds 107
higher than our signal!

Pos helicity

Devised experiment key physics numbers summary:

Kinematics: E, = 2.2 GeV, 0= 48 deg, Q* = 1 (GeV/c)? Beam Polarization > 85%
Signal cross sec’rlon 1.35 x 10%7 cm?/sr Beam Current > 100 uA

ep cross section: 1.4 x 1032 cm?/sr
Other backgrounds (nn): ~102° cm?/sr



Proposed experimental setup and purpose

Beam-Target:

Electron beam: 2.2 GeV - 75 uA - 85% pol
Target: 20-40 cm LH2

Beamtime projected: 500-700 h

v b

Neutron arm: sweep-magnet
Neutron kinematics: 8 =48°-T =525 MeV - Q*=1 GeV?
Neutron TOF: distance 15 m - solid angle 75 msr

& TOF time resolution: 100 ps

o detection efficiency >30% LH2

beam

v

Veto arm:
- SBS/GEM for precision calibration, e/rt detection
# neutron background from m production through recsiling

Expected results on N_:

Overall background rate after all suppressions ~2 Hz
N, signal rate ~ 30 cts/h ~ 0.01 Hz fracker
Statistical precision on F A~ 1525%

XX

' The initial purpose of the proposed experiment is to proof the principle at @Q*=1 GeV?2.

N Success would open up a campaign of systematic measurement of @* dependence.



Implementation at JLab/Hall C
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LH2 Target 7.2 m downstream
15 m away n-TOF 65 ns/100 ps
VETO arm: HCAL+GEM
calibration

NCAL 2.5 m away from TOF for
enhanced beam bunch
identification




Geant4-based full Monte Carlo results

Beam energy reconstruction for closed kinematics after triggers cascade:

Threshold >100 MeV in NCAL

Veto if signal in VETO arm (HCAL) > 650 MeV

NCAL correlated TOF hit in 10 ns window

Event removal if TOF-NCAL bunch identification mismatch

25 MHz

re-scattering
diagram
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Helicity correlated counts

E

En — (M2 + M?2)/2M,

reconst = T (P, cos0,—En)/M,,

Projected results:
Signal (events) =
19k+ 6.5k
OF ,/F, ~ 34% (stat)

(comparable to Minerva)
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New equipment highlight: The neutron TOF counter e o st o g
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Summary & Outlook

A model independent extraction of the proton Axial-Vector Form Factor has definitely
manifold interests

Past and future neutrino experiments need fundamental ingredient to cope with event rate
uncertainties

Insight of the nucleon dynamics from EMFF would be complemented with the least known
AVFF, providing constraints on GPDs

To this extent, a novel experiment (first of its kind) of inverse B-decay has been devised at
JLab at Q%=1 (GeV/c)? with a highly polarized electron beam on liquid hydrogen target

The experiment (PR12-25-009) will use a 2.2 GeV polarized electron beam, a high
resolution time-of-flight detector with a neutron calorimeter, and an electron/pion veto
arm made from the available detectors.

Last July, JLab PAC53 has deferred the approval to allow planning crucial background
studies with a purposed validation beam-test, exploration of TOF resolutions to 50-70 ps
in order to push accuracies &F, /F, below the ones from neutrinos



