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Abstract

We investigate the exclusive photoproduction of a

heavy timelike photon which decays into a lepton

pair, . This can be seen as the analog

of deeply virtual Compton scattering, and we

argue that the two processes are complementary

for studying generalized parton distributions in

the nucleon. In an unpolarized experiment the

angular distribution of the leptons readily

provides access to the real part of the Compton

amplitude. We estimate the possible size of this

effect in kinematics where the Compton process

should be dominated by quark exchange.
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First-time observation of Timelike Compton Scattering1

Pierre Chatagnon⇤ and Silvia Niccolai2

IJCLab3

Stepan Stepanyan4

Jlab5

(CLAS Collaboration)6

(Dated: June 8, 2021)7

We present the first observation of the Timelike Compton Scattering (TCS) process, �p! �⇤p0 !8

e+e�p0, measured with the CLAS12 detector at Je↵erson Lab. The initial photon polarization and9

the decay lepton angular asymmetries are reported in the range of timelike photon virtualities10

2.25 < Q02 < 9 GeV2 and the squared momentum transferred 0.1 < �t < 0.8 GeV2 at the average11

total center mass energy squared of s̄ = 14.5 GeV. The polarization asymmetry, similar to the beam12

spin asymmetry in Deeply Virtual Compton Scattering (DVCS), projects out the imaginary part of13

the Compton Form Factors (CFF) and provides a way to test the universality of Generalized Parton14

Distributions (GPDs). The angular asymmetry of the decay leptons, on the other hand, accesses15

the real parts of the CFF that contain the D-term in the parametrization of GPDs.16

More than 99% of the mass of the observable universe17

comes from protons and neutrons. The mass of nucleons18

comes mainly from the interactions between their funda-19

mental constituents, the quarks and the gluons (also re-20

ferred to as ”partons”), which are described by the Quan-21

tum Chromo Dynamics (QCD) Lagrangian. In spite of22

the recent progress in Lattice QCD, QCD-based calcula-23

tions cannot yet be performed to explain the properties of24

nucleons in terms of their constituents. Phenomenolog-25

ical functions are used to connect experimental observ-26

ables with the dynamics of partons in nucleons. Typical27

examples of such functions are the form factors (FF) and28

parton distribution functions (PDF). Generalized Parton29

Distributions (GPDs) combine and extend the informa-30

tion contained in FF and PDF. They describe the correla-31

tions between the longitudinal momentum and transverse32

spatial position of the partons inside the nucleon, they33

give access to the contribution of the orbital momentum34

of the quarks to the nucleon, and they are sensitive to35

the correlated q-q̄ components [1–6].36

Compton scattering has long been identified as a37

golden process among deep exclusive reactions to study38

GPDs experimentally. The deeply virtual Compton scat-39

tering (DVCS), electroproduction of a real photon (ep!40

e0p0�), has been insofar the preferred tool for accessing41

GPDs [7–12]. Another Compton process, the timelike42

Compton scattering (TCS), has been widely discussed43

theoretically [13, 14] but was never measured experimen-44

tally. This article reports on the first observation of TCS45

on the proton. TCS (�p! �⇤p0 ! e+e�p0), is the time-46

reversal symmetric process to DVCS where the incoming47

photon is real and the outgoing photon has large timelike48

virtuality. In TCS, the virtuality of the outgoing photon,49

Q02 ⌘M2
l+l� , sets the hard scale. In the regime t

Q02 << 1,50

where t is the squared momentum transfer to the target51

proton, the factorization theorem will apply (left panel52

of Fig. 1). The TCS amplitude can then be expressed as53

a convolution of the hard scattering kernels with GPDs54

appearing in Compton Form Factors (CFFs). As in the55

case of DVCS, the Bethe-Heitler process contributes to56

the same final state (Fig. 1, right). The unique feature of57

TCS is that with circularly polarized photons it accesses58

both the real and imaginary parts of CFFs.59

60

FIG. 1. Left: handbag diagram of the TCS process; right:61

diagram of the Bethe Heitler (BH) process. Here x+⇠ and x�62

⇠ are the longitudinal momentum fractions of the struck quark63

before and after scattering, respectively, and t = (N �N 0)2 is64

the squared four-momentum transfer between the initial and65

final protons.66

The cross section for lepton pair photoproduction can67

be expressed as:68

�(�p! p0e+e�) = �BH + �TCS + �INT , (1)69

where INT stands for the TCS-BH interference term.70

As it is presented in [13, 14] , the BH contribution dom-71

inates the total cross-section over the one of TCS by two72

orders of magnitude. Therefore, the only practical way73

to access GPDs with the TCS reaction is to measure ob-74

servables giving access to the TCS-BH interference. At75

leading order and leading twist in QCD, d�INT can be76

expressed as a linear combination of GPD-related quan-77
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diphoton photo-production (or electroproduction)

QED process at Born level, as DVCS and TCS !

diphoton invariant mass Mγγ is the large scale

simplest 2→ 3 process
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Exclusive production of a photon pair A. Pȩdrak

1. Introduction

The exclusive photoproduction of two photons on a unpolarized proton or neutron target

g(q,e)+N(p1,s1)! g(k1,e1)+ g(k2,e2)+N0(p2,s2) , (1.1)

in the kinematical regime of large invariant diphoton mass Mgg of the final photon pair and small
momentum transfer t = (p2� p1)2 between the initial and the final nucleons, has a number of inter-
esting features [1]. First, it is a purely electromagnetic process at Born order - as are deep inelas-
tic scattering (DIS), deeply virtual Compton scattering (DVCS) and timelike Compton scattering
(TCS) - and, although there is no deep understanding of this fact, this property is usually accompa-
nied by early scaling. Second, the process is insensitive to gluon GPDs and to singlet quark GPDs
because of the charge symmetry of the two photon final state and is thus very complementary to
DVCS and TCS. We thus believe that this reaction may help us to progress in the understanding of
hard exclusive scattering in the framework of the QCD collinear factorization of hard amplitudes
in terms of generalized parton distributions (GPDs) and hard perturbatively calculable coefficient
functions

2. The scattering amplitude

Figure 1: Feynman diagrams contributing to the coefficient functions of the process gN ! ggN0

Factorization allows to write the scattering amplitude as

T =
1

4P+

Z 1

�1
dxÂ

q


CFV

q (x,x )
✓

Hq(x,x )Ū(p2,s2) 6 nU(p1,s1)+Eq(x,x )Ū(p2,s2)
is µnDnnµ

2M
U(p1,s1)

◆

+ CFA
q (x,x )

✓
H̃q(x,x )Ū(p2,s2) 6 ng5U(p1,s1)+ Ẽq(x,x )Ū(p2,s2)

ig5(D · n)
2M

U(p1,s1)
◆�

, (2.1)

1

Only the charge-odd quark GPDs contribute, contrarily to DVCS or TCS



diphoton photo-production at LO
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Exclusive production of a photon pair A. Pȩdrak

with the coefficient functions calculated from the diagrams of Fig. 1 as

iCFV
q = Tr[iM 6 p] =�ie3

q


AV

✓
1

D1(x)D2(x)
+

1
D1(�x)D2(�x)

◆
+ (2.2)

BV
✓

1
D1(x)D3(x)

+
1

D1(�x)D3(�x)

◆
+ CV

✓
1

D2(x)D3(�x)
+

1
D2(�x)D3(x)

◆�
,

iCFA
q = Tr[iM g5 6 p] =�ie3

q


AA

✓
1

D1(x)D2(x)
� 1

D1(�x)D2(�x)

◆
+ BA

✓
1

D1(x)D3(x)
� 1

D1(�x)D3(�x)

◆�
,

where M 6 p and M g5 6 p are contributions of the hard part of scattering amplitude projected on
vector and axial vector Fierz structures, eq = Qq|e| and the denominators read

D1(x) = s(x+x + ie) , D2(x) = sa2(x�x + ie) , D3(x) = sa1(x�x + ie) .

The tensorial structure can be written for the vector part as

AV = 2s(Vk1 �Vp +
1+a2

a1
Vk2) , BV = 2s(�Vk2 +Vp�

1+a1

a2
Vk1) , CV = 2s((a2�a1)Vp +Vk2 �Vk1) ,

with

Vk1 = (e?(q) · e⇤?(k1))(p? · e⇤?(k2)) , Vk2 = (e?(q) · e⇤?(k2))(p? · e⇤?(k1)) , Vp = (e⇤?(k1) · e⇤?(k2))(p? · e?(q)) ,

while the axial part reads

AA = 4i
✓

Ak1 +
1+a2

a1
Ak2 �Ap

◆
, BA = 4i

✓
�1+a1

a2
Ak1 �Ak2 +Ap

◆
,

with

Ak1 = p? · e⇤?(k2)e pne?(q)e⇤?(k1) , Ak2 = p? · e⇤?(k1)e pne?(q)e⇤?(k2) , Ap = e⇤?(k1) · e⇤?(k2)e pne?(q)p? .

The scattering amplitude is written in terms of generalized Compton form factors H q(x ),
E q(x ), H̃ q(x ) and Ẽ q(x ) as

T =
1
2s Â

q

✓
H q(x )Ū(p2) 6 nU(p1)+E q(x )Ū(p2)

is µnDnnµ

2M
U(p1)

◆
+

✓
H̃ q(x )Ū(p2) 6 ng5U(p1)+ Ẽ q(x )Ū(p2)

ig5(D · n)
2M

U(p1)
◆�

, (2.3)

where

H q(x ) =
Z 1

�1
dxCFV

q (x,x )Hq(x,x ) = (�e3
q)

⇥
AV H q

AV (x )+BV H q
BV (x )+CV H q

CV (x )
⇤

= (�e3
q)(a1AV +a2BV )

ip
x s2a1a2

(Hq(x ,x )+Hq(�x ,x )) , (2.4)

H̃ q(x ) =
Z 1

�1
dxCFA

q (x,x )H̃q(x,x ) = (�e3
q)

⇥
AAH̃ q

AA(x )+BAH̃ q
BA(x )

⇤

= (�e3
q)(a1AA +a2BA)

�ip
x s2a1a2

(H̃q(x ,x )� H̃q(�x ,x )) , (2.5)

and similar equations for E q(x ) and Ẽ q(x ).

2

The hard amplitude is purely imaginary and proportional to δ(x± ξ)
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Exclusive production of a photon pair A. Pȩdrak

3. Cross sections and asymmetries

The peculiar analytic structure of the coefficient function thus leads to a very interesting and
quite unique fact : the leading order cross section of this process is proportional to the (square
of the) GPDs at the cross over line x = ±x . Contrarily to DVCS or TCS, one does not need to
convolute the GPDs with a function. This feature is however not going to survive a NLO analysis
which we plan to perform soon.

By lack of space, we restrict ourselves to the presentation (Fig. 2) of the M2
gg dependence

of the unpolarized differential cross section ds
dM2

gg dt on a proton(left panel) and on a neutron(right

panel) at t = tmin and SgN = 20 GeV2 (full curves), SgN = 100 GeV2 (dashed curve) and SgN = 106

GeV2 (dash-dotted curve, multiplied by 105).
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Figure 2: The M2
gg dependence of the unpolarized differential cross section ds

dM2
gg dt

on a proton(left panel)

and on a neutron(right panel) at t = tmin and SgN = 20 GeV2 (full curves), SgN = 100 GeV2 (dashed curve)
and SgN = 106 GeV2 (dash-dotted curve, multiplied by 105).

The conclusion of these cross-section estimates is straightforward. This reaction can be studied
at intense photon beam facilities in JLab. The rates are not very large but of comparable order of
magnitude as those for the timelike Compton scattering reaction, the feasibility of which has been
demonstrated [2, 3, 4, 5]. Since there are no contribution from gluons and sea-quarks, one does not
get larger cross-sections at higher energies. Contrarily to timelike Compton scattering [6], it thus
does not seem attractive to look for this reaction in ultra peripheral reactions at hadron colliders.

Linearly polarized real photons open the way to large asymmetries, as they do for dilepton
photoproduction [7]. Let us consider the case where the initial photon is polarized along the x axis,
e(q) = (0,1,0,0), and define the azimuthal angle f through

pµ
T = (0, pT cosf , pT sinf ,0).

The cross section exhibits then an azimuthal dependence, and one should calculate

dsl

dM2
ggdtd(�u0)df

=
1
2

1
(2p)432S2

gNM2
gg

Â
l1l2,s1,s2

|T |2
2

. (3.1)

This is shown on Fig. 3 for different values of (M2
gg ,u

0) at t = tmin and SgN = 20 GeV2. As
straightforwardly anticipated, the cross section shows a modulation of the form A + B cos2f . It
turns out that B is negative leading to a minimum at f = 0 and a maximum at f = p/2. In all cases,
the linear polarization effects are huge.

3

The cross-section is large enough for JLab



diphoton photo-production at NLO

Calculate O(αs) corrections : the first step of a

factorization proof.One loop corrections

There are 48 diagrams at NLO; considering permutations over
photons we reduce this number to 8.
Rememeber, that there are no contributions from gluon-initiated
processes.

48 (=8 x 6 γ permutations) diagrams

(Oskar Grocholski MSc thesis)



Technicalities

Factorization at NLO

Let d = 4� ".

A =
X

q

Z 1

�1
dx GPDq(x)T q(x),

GPDq(x) = GPDq
R(x ; µF )+

+
↵S

2⇡

⇣
� 2

"
+ ln

µ2
F e�

4⇡µ2
R

⌘ Z
dx 0 K qq(x , x 0)GPDq

R(x 0; µF ),

T q(x) = Cq
0 +

↵S

2⇡

⇣M2
��e�

4⇡µ2
R

⌘�"/2⇣2

"
Cq

coll . + Cq
1

⌘
.

Factorization at NLO

Let d = 4� ".

A =
X

q

Z 1

�1
dx GPDq(x)T q(x),

GPDq(x) = GPDq
R(x ; µF )+

+
↵S

2⇡

⇣
� 2

"
+ ln

µ2
F e�

4⇡µ2
R

⌘ Z
dx 0 K qq(x , x 0)GPDq

R(x 0; µF ),

T q(x) = Cq
0 +

↵S

2⇡

⇣M2
��e�

4⇡µ2
R

⌘�"/2⇣2

"
Cq

coll . + Cq
1

⌘
.

Factorization at the 1-loop order

To check the cancelation of discussed divergences, it is easier to
use the following form of the LO part:

Cq
0 (x) = i ⇥ C ⇥ Im

⇣ 1

(x + ⇠ � i0+)(x � ⇠ + i0+)

⌘
.

Indeed,

Cq
coll .(x) =

Z 1

�1
dy K qq(y , x)Cq

0 (y).

Factorization at the 1-loop order

For Cq
coll . we have the same cancelations as in the LO – there is no

real part and only imaginary part of diagrams with the incoming
photon in the middle contribute, so that:

Cq
coll . = iCF ⇥ C ⇥ Im

"
3

(x � ⇠ + i0+)(x + ⇠ � i0+)
+

+
1

⇠

log
⇣

x�⇠+i0+

�2⇠

⌘

x � ⇠ + i0+
� 1

⇠

log
⇣

x+⇠�i0+

2⇠

⌘

x + ⇠ � i0+

#
.

QCD evolution means :

GPDq(x) = GPDq
R(x;µF) + αS

2π

(
− 2

ε
+ ln µ2

Fe
γ

4πµ2
R

) ∫
dx′Kqq(x, x′)GPDq

R(x′;µF) ,

and you can verify that :

Factorization at the 1-loop order

To check the cancelation of discussed divergences, it is easier to
use the following form of the LO part:

Cq
0 (x) = i ⇥ C ⇥ Im

⇣ 1

(x + ⇠ � i0+)(x � ⇠ + i0+)

⌘
.

Indeed,

Cq
coll .(x) =

Z 1

�1
dy K qq(y , x)Cq

0 (y).

Factorization is proven at NLO (first time for such a 2→ 3 process)

Factorization at NLO

If the factorization holds at the 1-loop level, the divergences from
GPDs and the hard part have to cancel each other.
To prove it, we need to check, whether

Cq
coll .(x)

?
=

Z 1

�1
dy K qq(y , x)Cq

0 (y).

If that is true, then

A =
X

q

Z 1

�1
dxGPDq

R(x ; µF )

✓
Cq

0 (x)+
↵S

2⇡

h
Cq

1 (x)+ln
⇣ µ2

F

M2
��

⌘
Cq

coll .(x)
i◆

.

Phenomenolgy still to be performed !



heavy meson neutrino-production

Difficulty with chiral-odd sector : proposal to use heavy quark property of helicity
changing propagation (2015-2017)

Graphes de Feynman pour la neutrino-production d’un méson D ; la
ligne épaisse désigne le quark charme, la ligne en forme de ressort

désigne un gluon.

En savoir plus

Neutrino Production of a Charmed Meson and the Transverse Spin Structure of the
Nucleon 
B. Pire1 et L. Szymanowski2, Physical Review Letters 15, 4793 (2015)

Retrouvez l’article sur la base d’archives ouvertes arXiv

Contact chercheur

Bernard Pire, directeur de recherche CNRS

Informations complémentaires

1 Centre de Physique Théorique (CPhT) 
2 National Centre for Nuclear Research (NCBJ) Warsaw, Poland

Contacts INP

Jean-Michel Courty, 
Catherine Dematteis, 
Simon Jumel, 
inp-communication@cnrs-dir.fr

BP et al, Phys Rev Lett. 115, PRD 95 ; PRD 96

but experimentalists with neutrino beams do not care about GPDs !



Exclusive electroweak heavy meson production at EIC
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Exclusive electroweak heavy meson production at EIC

The hard amplitude is very different from the DVCS/TCS case 1
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Exclusive electroweak heavy meson production at EIC

small but measurable at EIC !
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Diffractive exclusive reactions: 2 case studies

DA

M

⌅ diffractive vector meson + dilepton pair
(top) or 2nd meson (bottom)

⌅ Large rapidity gap between diffractive ρ
and other hadrons: s1 o s2 o Λ2QCD

⌅ Hard scales Q2� Q �2 (top); (q − pρ)2(bottom) ensure small-sized dipole +
GPD vertex

⌅ No gluon GPD contribution (C-even)
⌅ (virtual)photoproduction cross section

independent of s

⌅ Probes ERBL region of the GPDs
⌅ In two meson case: probe transversity

with polarized MT
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γ∗
L/T + N → ρ0

L + (ρ0
T /ωT ) + N �: Model input

0.1 0.2 0.3 0.4 0.5 0.6
10�3

10�2

10�1

100

101
d�

/d
q

2 �
d|

t|d
�

[n
b

G
eV

�
4 ] ��

L+N � �0+�0
T+N �

H̃T = 0

H̃T = HT

H̃T = �HT

DA 6zz̄

DA 8
�

�
zz̄

DA 6zz̄

DA 8
�

�
zz̄

0.1 0.2 0.3 0.4 0.5 0.6
10�3

10�2

10�1

100

101 ��
T+N � �0+�0

T+N �

0.1 0.2 0.3 0.4 0.5 0.6

10�4

10�3

10�2

10�1

100

��
L+N � �0+�T+N �

0.1 0.2 0.3 0.4 0.5 0.6
�

10�4

10�3

10�2

10�1

100

��
T+N � �0+�T+N �

[Q2 = 1GeV2� tρ = −2GeV2� tN = tmin
N ]

Wim Cosyn (FIU) Exclusive WG update April 13, 2021 5 / 6

ρ + dilepton pair production: tN = −0�1 GeV2� tρ = tminρ
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ρ + dilepton pair production: tN = −0�1 GeV2� tρ = tminρ
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promissing undetectable !

WE WILL TRY OTHER CHANNELS



Backward meson electroproduction : from GPDs to TDAs

πp

x2x1 x3

TDA

DA!1

!3

k1 k3

Mh

P (p1)

P ′(p2)γ#(q)

π(pπ)

Theory developments from 2005 BP and L.Sz., PL B622 → 2021 BP et al,
submitted to Physics Reports

First experimental signals at JLab 2018 Park et al., PL B877 and 2019 Li et al.,
Phys.Rev.Lett. 123

Right order of magnitude Dominance of σT for large Q2



Backward timelike Compton Scattering

γ N → N ′γ∗(Q′2)→ N ′ (e+e−)

or

When and where does the proton emit a photon ?

!γ 

21

!

N!

N’!

e%!
e+!

Real or quasi-real photoproduction.

JLab, EIC or Ultraperipheral collisions in proton/nucleus collisions

From nucleon to meson TDAs → Nucleon to photon TDAs

Work still in progress



Backward timelike Compton Scattering

Backward photon electroproduction ↔ Backward lepton pair photoproduction

p1 pγ

γ∗

γN TDA

u

s

CF

N DA

p2

Q2

γ

t

pN q′; q′2 = Q2

u

s

Nγ TDA

p′
N

γ∗

t

q; q2 = 0

γ

CF

N DA

Small −u i.e. Large −t
i.e. backward kinematics (in γN CMS)

and

large Q2 to access quark and gluon level

large s to avoid resonance effects.



Impact picture Nucleon to photon TDAs

Fourier transform to impact parameter : ∆T → bT

Nucleon-to-meson TDAs in impact parameter space Kirill Semenov-Tian-Shansky

• In the DGLAP-like II region w3 ≥ ξ the impact parameter specifies the location where a
quark d is pulled out of a proton and then replaced by an antidiquark ūū to form the final
state meson.

• In the ERBL-like region −ξ ≤ w3 ≤ ξ the impact parameter specifies the location where
a three-quark cluster composed of a uu-diquark and a d-quark is pulled out of the initial
nucleon to form the final state meson.

{uu} d

b

DGLAP I : x3 = w3 − ξ ≤ 0; x1 + x2 = ξ − w3 ≥ 0;

ξ
1+ξ b

ξ
1−ξ

b

d {uu}

b

DGLAP II : x3 = w3 − ξ ≥ 0; x1 + x2 = ξ − w3 ≤ 0;

ξ
1+ξ b

ξ
1−ξ

b

{uu}d

b

ERBL : x3 = w3 − ξ ≥ 0; x1 + x2 = ξ − w3 ≥ 0;

ξ
1+ξ b

ξ
1−ξ

b

Figure 2: Impact parameter space interpretation for the v3-integrated uud πN TDA in the DGLAP-like I,
DGLAP-like II and in the ERBL-like domains. Solid arrows show the direction of the positive longitudinal
momentum flow.

A complementary picture can be obtained from the v1-integrated πN TDAs. This corresponds
to a diquark constructed out of the third and second quarks (du). It makes sense to perform the
Fierz transform (see App. B3 of [12]) to the relevant set of the Dirac structures: hπN

ρτ ,χ → hπN
χτ ,ρ .

The projection v−1
τρ ,χ then involves a different combination of TDAs. The third possible picture

resulting from the v2-integrated πN TDAs should be analogous to the v1-integrated case since it
also corresponds to a {ud}u-diquark-quark operator.

4. Conclusions

In this paper we propose an interpretation for v-integrated nucleon-to-pion TDAs in the impact
parameter space. It offers an intuitive interpretation of the information contained in nucleon-to-
meson TDAs in terms of the diquark-quark contents of the corresponding hadrons.

This project has received funding from the European Union’s Horizon 2020 research and in-
novation programme under grant agreement No 824093. K.S. was supported by the RSF grant
16-12-10267. L.S. acknowledges the support by the grant 2017/26/M/ST2/01074 of the National
Science Center in Poland. He also thanks the LABEX P2IO the GDR QCD and the French-Polish
Collaboration Agreement POLONIUM for support.
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Where in the transverse plane does the nucleon emit a photon ?

ERBL region : Do we see the inner light within the Nucleon ?

Impact picture Nucleon to photon TDAs

Nucleon-to-meson TDAs in impact parameter space Kirill Semenov-Tian-Shansky

• In the DGLAP-like II region w3 � � the impact parameter specifies the location where a
quark d is pulled out of a proton and then replaced by an antidiquark ūū to form the final
state meson.

• In the ERBL-like region �� � w3 � � the impact parameter specifies the location where
a three-quark cluster composed of a uu-diquark and a d-quark is pulled out of the initial
nucleon to form the final state meson.
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Figure 2: Impact parameter space interpretation for the v3-integrated uud �N TDA in the DGLAP-like I,
DGLAP-like II and in the ERBL-like domains. Solid arrows show the direction of the positive longitudinal
momentum flow.

A complementary picture can be obtained from the v1-integrated �N TDAs. This corresponds
to a diquark constructed out of the third and second quarks (du). It makes sense to perform the
Fierz transform (see App. B3 of [12]) to the relevant set of the Dirac structures: h�N

�� ,� � h�N
�� ,� .

The projection v�1
��,� then involves a different combination of TDAs. The third possible picture

resulting from the v2-integrated �N TDAs should be analogous to the v1-integrated case since it
also corresponds to a {ud}u-diquark-quark operator.

4. Conclusions

In this paper we propose an interpretation for v-integrated nucleon-to-pion TDAs in the impact
parameter space. It offers an intuitive interpretation of the information contained in nucleon-to-
meson TDAs in terms of the diquark-quark contents of the corresponding hadrons.

This project has received funding from the European Union’s Horizon 2020 research and in-
novation programme under grant agreement No 824093. K.S. was supported by the RSF grant
16-12-10267. L.S. acknowledges the support by the grant 2017/26/M/ST2/01074 of the National
Science Center in Poland. He also thanks the LABEX P2IO the GDR QCD and the French-Polish
Collaboration Agreement POLONIUM for support.
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Where does the nucleon shine ?

The intrinsic light within the Nucleon



Phenomenology

Order of magnitude estimate : multiply ρ electroproduction predictions by e2

f 2
ρ

≈ αem

2.6
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deduced from N → ρ TDA model PRD 91 based on COZ and KS nucleon DA models.

To get dσγN→e
+e−N ′

dΩdQ′2dcosθ
multiply by 2αem(1+cos2θ)

πQ′2

- Bethe-Heitler contribution is negligible (to be precisely checked)

- need to detect lepton pair with small momentum but large invariant mass :

each lepton should be easily detectable

- data probably already exist at JLab !

They need to be analyzed !



Conclusions

GPD and TDA phenomenology just becoming

exploitable !

Need more than DVCS to perform nucleon tomography.

Thank you for your attention !

Post scriptum : Color transparency workshop 2 weeks ago

Why not explore nuclear transparency of backward meson electroproduction

to settle the question whether a small proton is produced in a hard reaction


