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Neutrino oscillation experiments
The interaction rate for lepton flavor  (observable)f

Nf(Erec, L) ∝ ∑
i

∫ σi(Eν)Φf(Eν, L)gσi
(Eν, Erec) dEν

Cross section for the neutrino‒nucleus. 
The charged-current quasi-elastic (CCQE) scattering 
is the dominant process in the T2K energy range.

Neutrino flux for oscillation measurements

Reconstruction probability
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Essential inputs for precise 
neutrino oscillation measurements.

https://t2k-experiment.org/t2k/

: Axial form factorsFA, FP
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Nucleon matrix elements
Aα(x) = ū(x)γ5γαd(x), Pα(x) = ū(x)γ5d(x)For axial currents

matrix elements are expressed using form factors (FF):

⟨p(p′￼) |Aα(x) |n(p)⟩ = ūp(p′￼)(γαγ5FA(q2) + iqαγ5FP(q2)) un(p)eiq⋅x

Axial FF Induced-Pseudoscalar FF

⟨p(p′￼) |P(x) |n(p)⟩ = ūp(p′￼)(γ5GP(q2)) un(p)eiq⋅x

Pseudoscalar FF
p p′￼

q = p − p′￼

gA = FA(0)Axial coupling:
⟨rA⟩ = −

1
FA(0)

dFA(q2)
dq2

q2=0
Axial radius: Physics at small q2
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Nucleon matrix elements
from LQCD

⟶ ⟨N(0) |Aα |N(0)⟩

⟨N(tsep, 0)Aα(t)N̄(0,0)⟩

⟨N(tsep, 0)N̄(0,0)⟩
=

∑n,m ⟨0 |N |n⟩⟨n |Aα |m⟩⟨m | N̄ |0⟩e−En(tsep−t)−Emt

∑n ⟨0 |N |n⟩⟨n | N̄ |0⟩e−Entsep

(tsep ≫ t ≫ 0)

Proper ratios  of two-point 
and three-point functions 
yields plateaux corresponding 
to the matrix elements.

R(t)

The nucleon operator: 
Aα(x) = q̄(x)γ5γαq(x)The axial current operator:
N(t, p)

t

tsep

R(t)

t = 0 tsep

t
Plateau

Excited state 
contamination
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・Volume is kept larger than  
　High resolution at the low  region 
・Three lattice spacing → continuum limit 
・Reproduce physical  
・Statistical errors are improved by 
   All Mode Averaging (AMA)

(10 fm)3

q2

mπ ≈ 135 MeV

5

PACS10 gauge configurations
Main

2+1 flavor
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Smear-Local

・The nucleon mass  from zero-momentum correlators.MN

C2pt
LS (t, p)

C2pt
LS (t, 0)

→ e−ΔENt・ ΔEN ≡ E(p) − MN from 

(Preliminary)Effective energy plots

aMN = 0.1923(32)

Preliminary
Preliminary
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Preliminary

7

Dispersion relation of nucleons

The continuum dispersion is reproduced on the simulation.

(Preliminary)
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8

Axial vector coupling
 dependence of tsep

(Preliminary)

1% Deviation
2% Deviation

Updated tsep = 29
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9

Axial form factor (Preliminary)

Preliminary

Update
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10

Axial radius ⟨(rV
A )2⟩ (Preliminary)

Continuum limit 
without  
of superfine.

tsep = 29

tsep = 29

tsep = 20
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11

Pseudoscalar form factors
PseudoscalarInduced Pseudoscalar

Consistent with the pion-pole dominance (PPD) model.

(Preliminary)
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Refer to PACS, Phys.Rev.D 112 (2025) 7, 074510.
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Low energy relations
12

(R1 ≡
q2

2MN

F̃P(q2)
F̃A(q2)

, R2 ≡
1

2MN

2mPCACG̃P(q2)
ZAF̃A(q2) )

2MNFA(q2) − q2FP(q2) = 2mqGP(q2)

R1 + R2 = 1

Generalized Goldberger-Treiman (GGT) relation

Pion-Pole dominance (PPD) model

(R3 ≡
q2 + M2

π

2MN

F̃P(q2)
F̃A(q2)

, R4 ≡ M2
π

ZAF̃P(q2)
2mPCACG̃P(q2) )R3 = 1, R4 = 1

Numerically test the GGT relation and the PPD model.
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Low energy relations
Numerical check of

Our data are consistent with 
GGT relation (right) 
and PPD relations (bottom).

(Preliminary)

PPD

GGT

PPD
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• PACS10 configurations have a large volume  with 
the physical pion mass.  are ready.  

• Latest update for the axial form factors are shown. 
• These are consistent with GGT relation and the PPD model.

(10 fm)4

a = 0.09, 0.06, 0.04 fm

• Make sufficient measurements for . 

• Take the continuum limit of the axial radius. 
• Our continuum can be input for the T2K experiment.

tsep = 29

Prospects

Summary

Thank you for your attention!


