Tomography of nucleon through dimeson photoproduction
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Introduction
[ ]

Physical content of Generalized Parton Distributions

o Off-diagonal matrix elements of bilocal operators at light-like separation.
1
By Ulp2) (H (2,6, )7 + .. Julpr)

dz™ .pt.-
=/§€‘P <p2|Q(—§)7 gz )Ipl>zL 0,2+ =0

o Connected to impact parameter distribution:

gz, b)) = [ C&gé e L AL HY(2,0,¢)

Moutarde, Sznajder, Wagner, 2018
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o They give the total angular momentum carried by partons:

/71 dz x(H*(z,€,0) + B4 (z,£,0)) = 2J7
1
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Kinematics
@00

Dimeson photoproduction

@ Give access both to chiral even
and chiral odd GPDs

@ Violation of factorization expected
for:
py—=ppp”
py —pr’p’
Nabeebaccus, Schoenleber, Szymanowski,
Wallon arXiv:2311.09146

o Lots of processes to study with no
gluon in t channel, for example:

Factorisation recently proved in Qiu, Py — n7r+p0

Yu, 2023 PY — D ToTo
py — nmwop”
py — npopt
PY — P pPopo

o Leading Order, Leading twist
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Kinematics

o] lo}

The goal: the unpolarized differential cross-section for any dimeson
photoproduction

Goal: unpolarised differential cross-section of any
dimeson photoproduction

@ 2 — 3 exclusive process, nucleon slightly
deflected

= 3 independent degrees of freedom

We choose t, u/ and M3,

o Longitudinal/ transverse vector mesons,
and pseudo-scalar mesons

=Vector, Axial or Transverse GPDs
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Kinematics

[ele] J

Collinear Factorization of dimeson photoproduction

p=%(1,0,0,1) — +
q=%(1,0,0,-1) —> —
p2=(1-&p

pr=01+&p A=p2—p

]2
pa, = ag — ZEp+pL

)2
P, = (1= )q = isp—pa
o Hard scale present: —p?,s > Adcp
o Nucleon is slightly deflected: —t ~ —A% « —p?

Collinear Factorisation =
diagrams where the 3 pairs of quarks fly collinearly dominate
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Computation of the cross section
0000000

How do we get GPDs 7

Fierz Projection in spinor space:

z

_ z 1 _ 1, 5 _
(p2lda(=35)as(H)P1) = g0 lp2l@r alpy) + 7 (v )V g (D210 7 alp1)

1 . 1., . 1 -
+ 760 p2ldalpr) + 775 (2107 alpr) + S 5o (P21 0" alp1)

T L
53 «
(P21Ga(=35)as(5)Ip1) @

Vuga(P2l0(=5)7"q(5)Ip1)
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Computation of the cross section
0@00000

What kind of GPD do we get ?

o Vector GPD: HY, E? > ~T

1 HY + e icTrA,

prup2)(H (2, & )y +E%(2,&,t) =57~ Ju(p1)
_[dzT aptie, L, 2\ 4 2
=[5 (p2la(=5)7" a(F)lpr)= =0

zt=0

o Axial GPD: HY E9 +» ~T~5

~ - 5AT
) (7.6 0y 2+ B0, 6.0 5 ) ue)

_ dz™ upta- .z, 45,2
f/ ¢ (p2la(=5)v" Q(Q)'p”iig

o Transverse GPD: HY, HY E% E% < otI

%a(m) (Hg(x,g,t)a”Jr - ) u(p1)

_fdzT apta, L, Z 4§ 2
= [ G =) el o
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Computation of the cross section
00e0000

Creation of diagrams using FeynArts

(k1) W (a1) W2+ W3+ Ha+ i+ 6) v, u(k2)(k3) (lv‘3+lv’4+2h4‘)+2lvﬁ)‘ v(k4)u(k5) }yu
(k3+k4)2(k5+k6)2(k3+k4+k5+k6)2(k2+k3+k4d+k5+k6)2

Tr (¢(q1>u¢z+x¢3+z¢4+w+m)w | GPD |ts+ia+2is+2) DAL by, DA2 |)
(k3+k4)2(k5+k6)2(k3+kd+k5+k6)2(k2+k3+k4d+k5+k6)2

v(k6) |
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Computation of the cross section
[e]e]e] Jele]e]

Sorting and storage of diagrams

120 diagrams before Fierz projection grouped into 5 topologies

DAz DA2 DA2
0 ealg 1
[ oA U

j L 54

G i G

14 combinations of Dirac structures = 1304 projected diagrams stored

{diag, Diracstruct, top, photon} Prefactor of the projected diagram

9" (N?—1) (Fg'pL ) (§( 207 24 0v(22-1) 202" fa—2vz4v-2)  (a=1)o(202— 1))f {41,1,1,{1,4}},N1,N2,{M1,t1},{M2,t2})

128(a—1)Nc3s2v€3(2—1)z(v—a(v+z-1))(a(v+z—1)—vz )( W-{-zﬂ-w)

{1,1,1,{1,4}} » =
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Computation of the cross section
0000e00

Integration over x, z,v

egtv(z—1)(2a(z—1)+1)(gq-p1 ) F({110,1,2,{5,6}},N1,N2,{M1,1},{M2,t2})
8lasé(s—as)(a(—z)+a+z—1)(retz—&)(—retz+E)

U« Partial Fraction over x

egtv(2a(z=1)41)(eg'pL ) F({110,1,2,{5,6}} NLN2,(MLt1}, {M2,£2})  eg*v(2a(2=1)+1)(eqpL ) F({110,1,2,{5,6}} N1 N2, {MLt1},{M2,£2})
162(a—1)2as2€2(1eta—€) - 162(a—1)2as2€2(—1eta+€)

(?lile = p,v,ﬁ Fourd(x — 5)) l} (N1=p, N2=n, {M1,t1}={pT || }.{M2,t23={,°,[})

eg* (v=1)v?(z=1)2(2a(z=1) 4 1)eq -p, (~QdH(6)+Qd H (2)+Qu (H" () —H" (£)))
9(a—1)2a€2s2(z—¢€)

eg* (v=1)v2(z=1)2(2a(z=1)$1)eg-p, (QIH! (—€)~Qd H'(2) +:Qu (H" (=&) -H" ()) +
9(a—1)%a€2s2(E42)

eg(v-1)0%(z=1)z log 13 ) =i ) a1 +1)egp 1 (QUHOHQUH"(6)  eg* (-1 (s=1)z (log (5} ) i) Galz=1)+1)eq p 1 (QEH!(-)+QuH"(-¢))
+ 9(a—1)2aé2s? - 9(a—1)2ag?s?

We perform a numerical integration in x, v, z in the end

10/17



Computation of the cross section
0000080

A more sophisticated case

694]3L'€ql (af(—4v2+8vz—8z2+4z—1)+2§(2v—1)(v—z)+az(2z—l))f({255,1,3,{1,6}})
108&232(vfl)v(ie-kz—S)(—ie+z+£)(av+az)(&u+az+1)(g(v(a+22_1)_o‘z) +z—ie) (5—§v(a—2z+1)+(a—2)§z +z-|—ie>

avtaz —av—az+1

(
432252 (v—1)2v(2—1) (—av+v+az—1)( (v—2)% +ie (avta

)P1(v,2)

vtoaz—1)

)(agv—gz(a+v-1)) (ieta+ S=Ela2et D (D))

aat

(v—2)Py(v,2)
+4325¢252(u—1)v22[ (1'72)2{»{&% }(5v(a+z—1)—aﬁz)(—ie+z+w)

\ Gt a—L)v—az

+ 2 other terms

Partial Fraction = spurious divergences at z =1, 2 =0,v=1, v =0,
v=z,v=1—2z2
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Computation of the cross section
0O00000e

How to deal with spurious divergences

/dz/ dv A(z,v) = / dz/ dv( +A(})Iz)+./4(l—111)11—z)

+A(1—z,1—v)+A(1—v,z)—l—A(z,l—v)+A(1—z,v)+A(v,1—z)),

v \4 VI VII VIIT
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At JLab S,y = 20 GeV?

Some results
0000

D = YAy

do (pb - Gev=9)

A=) d(—DdME,
40
35

30

1.2 1.4 1.6 1.8 2.0

vp = pelel,

do (pb - Gev~0)

A=) d(—DdME,
800
600
100

200

do

d(—u)d(—t)dM?,

2.0

1.5

1.0

0.5

TP =P 'ﬁ"ﬂ'u

(pb- GeV™9)

—u' (GeV?) I

do

d(—w)d(—t)dM?,

3000
2500
2000

—u' (GeV?)

—u' (GeV?)

1.2 1.4 1.6 1.8 2.0

TP = npis

(pb - GeV™0)

—u' (GeV?)
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At JLab S,n =20 GeV? M2, = 3 GeV?

Some results
(o] Jele]e]

yp—na'pt

do
_do ey
aq—d—oas, PP GV
8
6
4
2
—u' (GeV?)
1.0 1.2 1.4 1.6 1.8 2.0
yn—prpl
do

- (pb-GeV*
T—wya—naar, P GV

1500

1000

—u' (GeV?)

d(—w)d(—t)dM?,

yp— natp}

do (pb - GeV™0)
2

—u' (GeV?)
1.0 1.2 14 1.6 1.8 20
yp—=nTtp)

1
7 (pb - GeV~9)

—u' (GeV?)
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At EIC S,y = 2000 GeV? MZ

Some results
00e00

0= poLAY

do .

———————(pb- GeV°

—wyanang, P GV
2.0

1.2 1.4 1.6 1.8 2.0
yp—natpl

do (pb - GV =9

0.005
0.004
0.003
0.002
0.001
—u' (GeV?)

1.0 1.2 1.4 1.6 1.8 2.0

~yp = prn®

do
d(—u)d(—t)dM3,

0.0030
0.0025
0.0020
0.0015
0.0010
0.0005
1.4 .

Yp—n 7.'+/)2

(pb - GeV™?)

(pb - GeV™?)

—u (GeV?)
2.0

do
Ay,

—u' (GeV?)
1.0 1.2 14 1.6 1.8 20
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Some results
[e]e]e] Jo]

At JLab, CLAS 12 experiment, Epeqm = 12 GeV

yp—=natp) yp—=natph

do do R
m(ph -GeV™?) m(pl) -GeV?)
60 0.8
50 0.6
40
30 0.4
20
0.2
10
f M2, (GeV?) M}, (GeV?)
3 4 5 6 T 8 9 3 4 5 6 7 8 9
yp—nrtpl yp—nmtph
o(pb)
4001
3001
200
100
- - - S, (GeV?) S (GeV?)
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Some results
0000e

Conclusion

Dimeson photoproduction is a rich channel that gives access to both
chiral even and chiral odd generalized parton distributions

26 processes can now be studied automatically.

The cross-sections are much larger than those for v M
photoproduction

e We can consider various kinematics such as those at JLab, Compass,
LHC and EIC corresponding to & values between 10~ and 10~!.

e We plan to compute the polarisation asymmetries and to test
different models of GPDs and DAs.

For more details, see arXiv:2605.03880 [hep-ph]
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@00000
Generalized Parton Distribution modelling

What do we choose for H(z,&,t), fl(w,g,t), Hyp(z,&,t) 7
A GPD model has to satisfy:

e Forward limit: Hi(z,6 =0,t =0) =q(z)0(z) — g(—2)O(—x)
@ Reduction to elastic form factors: f_ll deH(z,&,t) = F{(t)

o Polynomiality:

m

L5
[ a0 = 3 (267 AL(0) + mod(m, (26 o ()
-1

=0

see Mezrag: Introductory lecture on Generalised Parton Distributions

But still many possibilities.
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O@0000
Generalized Parton Distribution modelling

We stick to Radyushkin Double Distribution Ansatz

Hi(z,&,t) :/ dBdad(B+ Ea— x)F(B,a,t) = Radon[F]
{IBl+]a|<1}

(we discard the D-term)
o F(B,a,t) = (I1(8,0)q(8)0(8) — T(—B,0)7(—B)O(~B)) 5=
o F(8,a,t) = (I(8,0)Aq(B)O(B) — TI(—B, ) Ad(—B)O(—B)) ¢ epz
o Fi(B,a,1) = (I(B,2)3q(B)O(B) — I1(~B, a)0q(~B)O(~B)) sz

Problem: we don’t know precisely Ag and dq
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[e]e] lelele}

Charge conjugation symmetry

Tr (GPD 23D Ayz2DAszr) = (—1)7 Tr (GPD §7 DA, §3 DAy §3)
%: means that the order of the v matrices inside z; is reversed.

ZPM,
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[e]e]e] lele}

Meson exchange symmetry

iM(YN = N'MiMz) =Y " Ci(a) T = Y Ci(a) T}

PL——P1:s€My 7€My

iM(yN — N'MaM,)

PL—=—PL,€M) €My
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000080
Isospin symmetry

ud __ u d __ du
H = [jp — [fp = H

u o d d __ u
HY = H! and HI= H!

4

u HQd

vp — pMy1 M, Quo yn — nMy M,

vp — nMy My QupQa yn — pMy M,

at amplitude level.
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Parametrisation in « and &

Epearm = 1000 GeV  Epeam = 50 GeV  Epeam = 7 GeV
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