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PμPν

m
+ J(t)

i
2m

P{μσν}ρΔρ + D(t)
ΔμΔν − ημνΔ2

4m ]u(pi, si)
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∫
1

−1
dxx(H(x, ξ, t) + E(x, ξ, t)) = 2J(t)

∫
1

−1
dxxH(x, ξ, t) = A(t) + D(t) ξ2

The observables in DVCS are the Compton form factors CFFs. From 
them one can obtain the GPDs, e.g.


Reℋ(ξ, t)+i Imℋ(ξ, t) = ∑
q

e2
q ∫

1

−1
dx [ 1

ξ − x − iϵ
−

1
ξ + x − iϵ ] Hq(x, ξ, t)

More details see, e.g. Burkert, et al., [Colloquium: Gravitational Form Factors of the 
Proton]
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sA = −
7Mπg2

A

128πF2mN
+

M2
π ln

Mπ

mN
(c2mN − 4g2

A)
16π2F2m2

N
−

3M2
π g2

A (2c9mN + 1)
32π2F2m2

N
+ 𝒪(M3

π)

sJ =
g2

A (4c9mN − 5)
64π2F2

−
g2

A ln
Mπ

mN

32π2F2
+

7Mπg2
A

128πF2mN
+ 𝒪(M2

π)

sD = −
g2

AmN

40πF2Mπ
−

ln
Mπ

mN (5g2
A + 4 (c2 + 5c3) mN)

80π2F2
+

g2
A (3 + (15c8 + 5c9)mN)

60π2F2
+ (4c1 − c2 − 7c3) mN

40π2F2
+ 𝒪(Mπ)
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 Nϕ,∞ =
1
R ∫ dP̃P̃3 | ϕ̃( | P̃ | ) |2

Nϕ,0 =
R
2 ∫ dP̃P̃ | ϕ̃( | P̃ | ) |2

Only overall normalization 
of densities depends on 

the wave packet.
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s′￼s}
Monopole spin distribution:

Gravitational structure of  resonances Δ



Large distance asymptotics of the energy distribution in ZAMF 

From the non-analytic contributions of ChPT results in the chiral limit we can obtain the long range ( ) 
behavior of the distributions

1/Λstrong ≪ r ≪ 1/Mπ

T00
ϕ (s′￼, s, r) = Nϕ,∞{ρE

0 (r) δs′￼s + ρE
2 (r) Ykl

2 (Ωr) Q̂kl
s′￼s}

Monopole energy distribution: ρE
0 (r) =

25g2
1

1536F2mΔ

1
r6

−
10g2

1

81π2F2m2
Δ

1
r7 ρE

0 (r) > 0

Large distance asymptotics of the angular momentum distribution in ZAMF 

T0i
ϕ (s′￼, s, r) = Nϕ,∞[ ϵikn ̂Sk

s′￼sY
n
1

1
r

ρJ
1 (r)   + ϵiknÔktz
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Summary



Summary

We generalized the effective chiral Lagrangian of nucleons, pions 
and  resonances to curved spacetime up to second chiral order and 

calculated the corresponding GFFs

We applied the ZAMF approach and obtained the long range 
behavior of the local spatial densities of the nucleons and delta 

resonances
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