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What is the Axial Vector Form Factor?
Charged Weak Current Analog of the Electromagnetic FF’s
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Vector Interaction
⟨p + q |Jμ

V |p⟩ = ū(p + q)[F1(q2)γμ +
κ

2m
F2(q2)iσμνqν] u(p)

Axial-Vector Interaction
⟨p + q |Jμ

A |p⟩ = ū(p + q)[FA(q2)γμγ5 + FPS(q2)qμγ5] u(p)

Well measured at zero momentum transfer (beta decay).

Our goal is to measure  at finite momentum transfer.FA(q2)

You are very familiar with these form factors.

The only existing measurements use pion production with PCAC or 
neutrino reactions, but each have issues with precision of interpretation!
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Why Do We Want to Measure It?
(Besides being another fundamental QCD observable!)

• Important input for DUNE and other high energy neutrino experiments
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• New constraints on Generalized Parton Distributions

(Peter Kroll)

Experimentally one does not measure the Dirac and Pauli form factors di-
rectly but rather the Sachs form factors GM and GE which are related to the
Dirac and Pauli form factors by

GM = F1 + F2 , GE = F1 +
t

4m2
F2 . (14)

These relations also hold for each flavor separately.
The isovector axial form factor reads

F (3)
A (t) = F p

A(t)− F n
A(t) = F u

A(t)− F d
A(t) , (15)

where again an analog of (5) is used. The flavor axial form factors are related
to the lowest moment of the GPD H̃ [1]

F q
A(t) =

∫ 1

−1
dxH̃q(x, ξ, t)

=
∫ 1

0
dx
[
H̃q(x, ξ, t) + H̃q(−x, ξ, t)

]
. (16)

Since ( x > 0) [1]

H̃q(x, 0, 0) = ∆q(x) , H̃q(−x, 0, 0) = ∆q̄(x) (17)

the GPD combination appearing in (16) does not represent a valence-quark
combination as is the case for F1 and F2. However, since the quark GPD for
x < 0 is related to the antiquark GPD for x > 0 by

H̃q(−x, ξ, t) = H̃ q̄(x, ξ, t) , (18)

one can write

F (3)
A (t) =

∫ 1

0

[
H̃u

v (x, ξ, t)− H̃d
v (x, ξ, t)

]

+ 2
∫ 1

0

[
H̃ ū(x, ξ, t)− H̃ d̄(x, ξ, t)

]
. (19)

The first integral represents the contribution from valence quarks, the second
one from sea quarks. The latter is poorly known but probably small. In
particular for a flavor symmetric sea it is zero.

The value of F (3)
A at t = 0 is obtained from neutron beta decay. The PDG

average of these values is [3]

F (3)
A (0) = 1.2724± 0.0023 (20)
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Valence quarks

Sea quarks (small)

(Aaron Meyer)

Comparison Summary
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Deuterium [Phys.Rev.D 93 (2016)]

Quasielastic FA(Q2) critical for success of accelerator neutrino oscillation experiments
Ongoing work to combine all sources of axial form factor constraint
Uncertainty historically underestimated by factor of 10 —

=∆ FA(Q2) at Q
2 = 1 GeV2 known at 20–25% level =∆ Tensions at > 50% level

Potential for high-impact tie-breaking result

Thank you for your attention!
Aaron S. Meyer Section: Concluding Remarks 29/ 29

Important constraints on LQCD 
calculations needed to untangle 
neutrino oscillations in DUNE.

(Even a 25% measurement 
helps a lot.)

dx

dx
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How Are We Going To Do It?
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• Detect the neutron from 

• Identify neutron using time-of-flight

• Minimize backgrounds from pion production, 

elastic , and other sources

• Subtract remaining background using data 

from right handed electrons 

⃗e−p → νe n

ep

Neutron TOF

Neg helicity

Pos helicity

The primary challenge is to reduce the 
backgrounds from electromagnetic 
processes (107 larger than our signal) 
so that background subtraction yields 
a statistically useful signal.

The idea has been around a while!
•LOI to PAC 1 (JN)  Not a typo! 
•LOI to PAC 25 (A Deur)

•LOI to PAC 52 (JN and BBW)
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Experimental Setup and Parameters

• E=2.2 GeV, 100𝜇A, P=85%


• 10cm LH2 target, 500 hours

• 𝜃n=48°, Q2 = 1GeV2, Tn = 525 MeV


• 15m to TOF detectors, 𝛥𝛺=75 msr


• Expect to get 𝜎TOF=100 ps


• Detection efficiency ≈ 30%

• SBS (50 msr) used to calibrate and 

for pion channel detection

• Ultimate background rate ≈ 2 Hz

• Calculated signal rate ≈ 0.01 Hz


➠ Statistical precision on FA ≈ 25%
5

First run will be “proof of principle”

TOF
NCAL

Sweep 
magnet

SBS

GEMs
Old 
HCAL

BeamLH2

Neutron arm

Veto arm

e/
π
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Beam Structure
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Pulses separated by 2ns will lead 
to background from overlaps 

16ns

32ns

Discussions ongoing to achieve high current 
with large bunch spacing.
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Many Simulations Underway
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(Pavel Degtiarenko)
e + LH2 → n + X
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θn

➠ Set NCAL 
threshold at 

300MeV

NCALTOF

(Weizhi Xiong)

Neutron reconstruction 
and detection efficiency

Reconstruction using  5×5 
cluster in NCAL with energy 
deposition > 300 MeV

➠ Find ≈60% efficiencyn
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When: Proposal and Realistic Schedule
• Our immediate goal is a complete proposal to PAC 53 (Summer 2025)


Lots of work to do on the physics justification, settle on parameters for 
experimental equipment, and especially simulation to justify online and 
offline background minimization.


• Need to eventually design and build TOF detector and couple it with NCAL

Good input from Hall B on high resolution TOF. We have already started 
working on building a prototype for testing.


• Work with SBS to install other components in Hall C

Probably smart to integrate this into the SBS program for Hall C.
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