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Dispersion relation approach



DVCS at leading twist
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Twist-2 DVCS amplitudes

Ai(&,1) = / o F (26,1 [
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Dispersion relations at fixed t and Q2
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Dispersion relations at fixed t and Q2
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® Crossing symmetry and analyticity
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Unsubtracted Dispersion Relations
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Unsubtracted Dispersion Relations
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Subtracted Dispersion Relations
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Dispersion relations in terms of GPDs

once subtracted fixed-t DR in the variable x

Re Ay (£, 1) = A(t) + P/ dxlg/‘izz”_’?)

Anikin, Teryaev (2007); Kumericki-Passek, Mueller, Passek (2008); Diehl, Ivanov (2007); Polyakov, Vanderhaeghen (2008)



Dispersion relations in terms of GPDs

once subtracted fixed-t DR in the variable x
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Dispersion relations in terms of GPDs

once subtracted fixed-t DR in the variable x
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Dispersion relations in terms of GPDs

once subtracted fixed-t DR in the variable x
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Subtraction Function
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Anikin, Teryaev (2007); Radyushkin (2012)



Subtraction Function

A(t) = 'P/Ol dx[E+(x,x,t) - E+(:z:,§,t)] [mif T xig]

> Subtraction function is independent of §¢ — formally put £ =0

At) = 2P/1 dx% |[ET(z,z,t) — ET(z,0,t)]

Anikin, Teryaev (2007); Radyushkin (2012)



Subtraction Function
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> Subtraction function is independent of §¢ — formally put £ =0
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— >Time-Reversal invariance: GPD even in&: E(z,z,t) = E(x, —z,1)
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Subtraction Function: relation with D-term
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Subtraction Function: relation with D-term
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Subtraction Function: relation with D-term
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Subtraction Function: relation with D-term

A(t, Q%) = — / a, 21
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— > Gegenbauer expansion of D-term D(z,t) = (1 — z2) Y da(H)CEP(2)
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> Relation to EMT for factors d,(t) = 5C(t) = ZD(t)



Dispersion Relations for DVCS amplitudes

es-channel subtracted DRs:
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Dispersion Relations for DVCS amplitudes

es-channel subtracted DRs:

dv’
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Re Az(v,t) = A(t) + 12_rV2P/ ImAy (V' t)
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B. Pasquini, M. Vanderhaeghen, “Dispersion Theory in Electromagnetic Interactions”,
Ann. Rev. Nucl. Part. Sci., 68 (2018) 75



Dispersion Relations for DVCS amplitudes

es-channel subtracted DRs:
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Dispersion Relations for DVCS amplitudes

es-channel subtracted DRs:
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Dispersion Relations for DVCS amplitudes

es-channel subtracted DRs:
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Dispersion Relations for DVCS amplitudes

es-channel subtracted DRs:
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Unitarity relation in t-channel
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Unitarity relation in the t-channel: two-pion intermediate state
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® Charge conjugation and Parity

q two-pion intermediate state with
I=0 J=0,2---

® Partial wave expansion
with v =0 — 6, = 90°

B. Pasquini, M. Polyakov, M. Vanderhaeghen, PLB739 (2014) 133
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D-term form factor: dependence on pion PDFs
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D-term form factor: partial-wave decomposition
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Q=u+d

D-term form factor: t-dependence
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Extraction of D-term form factor
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D(t) form factor from data

== Fourier transform in coordinate space “mechanical properties” of nucleon
T%9dSI
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shear forces pressure



D(t) form factor from data

== Fourier transform in coordinate space “mechanical properties” of nucleon
T%dS?

f 1
19(0)=(7) (%7 — 38 ) +5()6, o)

A

shear forces pressure
1 1d ,d _ 1 dld
P = Gatyrear” ar P ) ==ty "ar v ar P

0.05

- - C

E ‘ B data before 6 GeV JLab E r

S 0.015— > L

2 | o 6 GeV JLab data 8 004
£ € 0.03

o ‘
o
N

T T T T [T T T T 7T

-0.01—
-0.005
| -0.02—
p s IR TE EEEE FTTE FETE FETE N HEE SRR AT A N | 4 44 W T IR N
0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2

r (fm) r (fm)
Girod, Elouadrhiri,Burkert, Nature 557 (2018) 7705, Polyakov, Schweitzer, IIMA 33 (2018) 1830025



Necessary to verify model assumptions in the exp extraction
with more data coming from JLab, COMPASS and the future EIC, ElcC

Kumericki, Nature 570 (2019) 7759, Dutrieux et al, Eur. Phys. J. C81 (2021) 4
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01 1 10
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Marker di(p?) 7S # of
d ith fixed in Fig. 3 Xq: S in GeV? flavours Type
CFAS ala, with fixed param., 0> —230+0.16 +0.37 2.0 3 from experimental data
Girod et al. > 0.88 + 1.69 2.2 2 from experimental data
CLAS data. with neural networks < —1.59 4 2 t-channel saturated model
S . ké’ 4 -1.92 4 2 t-channel saturated model
Kumericki A —4 0.36 3 YQSM
— ~2.35 0.36 2 YQSM
Z d‘{ <0 ® —4.48 0.36 2 Skyrme model
33} ~2.02 2 3 LFWF model
in all model calculations ® ~1.34 4+ 0.31 4 2 lattice QCD (MS)
for a stable proton -2.1140.27 4 2 lattice QCD (MS)




