
arXiv:2603.08405, in print in Phys. Rev. D

Connecting
Baryon Light-Front Wave Functions

to Quasi-TMD Correlators in Lattice QCD

Andrea Schiavi
Simone Rodini, Barbara Pasquini



1

QTMD Correlator

3-quark LFWF

Collins–Soper Kernel

1-Loop Factorization

Ratio for Different Baryon Momenta
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Ω̃3q;B
({

yq = lqv + bq
})

= 〈0|εijkJi(y1) Jj(y2) Jk(y3) |B〉

J(y) = [Lv + b, lv + b] q(lv + b)
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q ↦→ ψ + qn̄ + qv Aµ ↦→ Bµ + Aµn̄ + Aµv

(∂+,∂−,∂⊥)(qn̄,An̄) ®
(

1, λ2, λ
)
P+(qn̄,An̄)

(∂+,∂−,∂⊥)(qv,Av) ®
(
λ2 , λ2, λ

)
P+(qv,Av)

λ = (M/P+) � 1
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qn̄ =

(
1
2
γ−γ+ + 1

2
γ+γ−

)
qn̄ ≔ ξn̄ + ηn̄

EOM⇒ ηn̄ ∼ λξn̄

b ®
1
M

⇒ ∼ λ2



6

J(y) = [Lv + b, lv + b] q(y) ↦→ [Lv + b, lv + b]v Ĉξn̄(y)
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Ω3q;B

({
y+

q , xq, bq
})

→
Ψ
({

bq
})

C(x1)C(x2)C(x3)Φ3q;B
({

xq, bq
})

S
({

bq
})

xq =
p+

q

P+ x1 + x2 + x3 = 1



9

ξn̄(z)
z

yq

n̄n

ξn̄(yw)

ξn̄(z)
z

yq

ξn̄(yw)

n̄n ⊥

v
n̄n

v
n̄n ⊥



10

ZΦ1 ↔ ε-poles, ln(δ+) RΦ1 ↔ ln
(
−
(
bw − bq

)2
)
ln(δ+)

ZΨ1 ↔ ε-poles, ln(δ−) RΨ1 ↔ ln
(
−
(
bw − bq

)2
)
ln(δ−)

S ↔ ε-poles, ln(δ+δ−), ln
(
−
(
bw − bq

)2
)
ln(δ+δ−)
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Ω3q;B(µ) = Ψsub
(
µ,

{
ζ̄q
})

C0(x1)C0(x2)C0(x3)Φsub,3q;B
(
µ,

{
ζq
})

ζ ∼ (xP+)2 ln(xP+), ln2(xP+) ↔ C0(x) ∈ C
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µ2 ∂

∂µ2Φsub
(
µ,

{
ζq
})

=

3∑
q′=1

γΦ1

(
xq′ ,

ζq′

µ2

)
Φsub

(
µ,

{
ζq
})

ζq
∂

∂ζq
Φsub

(
µ,

{
ζq
})

= −1
4

3∑
w=1
w≠q

D
( (

bq − bw
)2
,µ

)
Φsub

(
µ,

{
ζq
})
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Φsub
(
µ,

{
ζq
})

Φsub
(
µ0,

{
ζq,0

}) = 3∏
q=1

(
ζq

ζq,0

)−1
4
∑3

w=1
w≠q

D
( (

bq−bw
)2
,µ
)
exp

∫
dµ2

µ2 γΦ1

Ω(µ; P1)
Ω(µ; P2)

=

(
P+

1

P+
2

)−1
2
∑3

q,w=1
w≠q

D
( (

bq−bw
)2
,µ
)

3∏
q=1

C0
(
xq; P+

1

)
C0

(
xq; P+

2

)
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Future Prospects

Verify factorization beyond 1-loop

Study higher Fock components

Collaborate with the Lattice QCD community
for actual simulations


