Tomography of nucleon through dimeson photoproduction
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Physical content of Generalized Parton Distributions

o Off-diagonal matrix elements of bilocal operators at light-like separation.

) (e, & 07"+ u(r)
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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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An example of exclusive process: generalized Compton diffusion with meson
production

Duplangié¢, Nabeebaccus, Passek-

Kumericki, Pire, Szymanowski, Wallon

| Meson | Number of events|

7wt 0.29-1.76 x10°
T 0.53-1.33 x10°

‘ GPD | Meson | Number of events |
Y 1.3-2.4 x10°
0 1
, o0 1.7-4.0 x10
Chiral-even p; 0.9-1.4 <107
Pn 0.3-1.8 x10°
Py 2.1-4.2 x10%
0 1
. P 1.0-2.6 x10
Factorization recently proved Qiu, Yu, Chiral-odd pz' 3.5-6.7 x10%
2023 o 3.5-6.8 x10%

Results for JLab facilities
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Dimeson photoproduction

Factorisation recently proved in Qiu,
Yu, 2023

@ Give access both to chiral even
and chiral odd GPDs

@ Violation of factorization expected
for:

py—prtw
py—pptp”
py = pn°p’°
@ Lots of processes to study with no
gluon in t channel, for example:
py = nmtpo
PY — PToTo
py = nmop”T
py — npopt
PY — P PoPo

o Leading Order, Leading twist
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Towards the unpolarised cross section
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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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Towards the unpolarised cross section
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Collinear Factorization of dimeson photoproduction

¥(1,0,0,1) — +

q=%(1,0,0,-1) —> —

p2=(1-&p

p=(1+&p A=p:—p
.

PMy, =g — =p+PL

)2
Py, = (1 — @)g — Fesysp—pL

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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Towards the unpolarised cross section
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How do we get GPDs 7

o Fierz Projection in spinor space:
z

z 1 _ 1 - _
5)95(3)IP1) = g0 (P2107" alpr) + (7)1 (21077 alp1)

<p2|q(y( 4

1 . 1. B 1 B
+ 7 sa(p2laalpr) + 7750 (p2la°alpr) + gfnwﬁ(&pzlq ot qlp1)

o Fierz Projection in color space: =0

B 1 B B Ty ra—
(p2|@v " qjlp1) = ﬁ<p2|q’y+qlp1>6ij + 277 (pa2|7 " T v qlp1)

g

(p2|@i,0(—%)aj,5(5)Ip1) )
- Vnga P21d(=3)7"a(5)Ip1)
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Towards the unpolarised cross section
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What kind of GPD do we get ?

o Vector GPD: HY, E? > ~T

L) (o, &y 4 B, 6,1) T2y
P+up2 x,q, ’Y x,q, 2M u\p1
_[dzT aptie, L, 2\ 4 2
il = (p2q( 2)7 Q(2)|p1>zig
o Axial GPD: HY E9 +» ~T~5
R 74 +A5 4 fa VAT
pralr) (A7 6.0+ B (0,60 5 ) ulo)

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

o Transverse GPD: Hr, HY, E7, E% <> 17
1 .
ﬁu(pg) (H%(x,f,t)a"']—i— . ) u(p1)

_fdzT apta, L, Z 4§ 2
= [ G =) el o
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Towards the unpolarised cross section
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Creation of diagrams using Feynart

(k1) (1) (Wo+B+Katis+k6)y,. u(k2)u(k3) (kﬁ+l¢4+2lg’5+2k’6)‘ v(k4)u(k5)

(k3+k4)2(k5+k6)2(k3+k4+k5+k6)2(k2+k3+k4+k5+k6)2

v(k6) \

byt

T <¢(ql)(h‘2+h8+lv’4+%+%)ﬂf"(IvB+k’4+2k/5+2l¢6)‘ DAL}y, DA2 I)
(k3+k4)2(k5+k6)2(k3+kd+k5+k6)2(k2+k3+k4d+k5+k6)2
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Towards the unpolarised cross section
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Sorting and storage of diagrams

136 diagrams grouped into 5 configurations

DA2 DA2

14 combinations of Dirac structures = 1480 diagrams stored

{diag, Diracstruct, conf, photon} Prefactor of diagram

{41‘ 1" 1" {1! 4}} - —eg4(Nc2—1)(Eq@L)(E(—Zcxzz+cxu(27.—1)+2az2+a—2uz+u—z)+(u—1)@(2&;—1))f({41,1.1,{1,4}},Nl.NZ.{Ml,tl}.{MZ,tZ})

128(01—1)Nc332v53(z—1):(v—a(w+z—1))(u(v+z—l)—vz)(—%-ﬂﬁ-m)
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Towards the unpolarised cross section
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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)*(2-1)2(20(2=1)+1)egp1 (QAH* (=€) ~Qd H(2)+Qu (H (=€) -H"(x))) | eg*(v=1)v*(z-1)2(2a(z=1)+1)eq-p. (~QdH(€)+Qd H (2)+Qu (H" () -H"(£))

9(a—1)2a€%s2(¢+) + Oa1)2at2s2(1—8) ]
+cg4(v71)v2(zfl)z(log(ﬁ)71%)(2<x(z71)+1)5q4pi(QdH‘l(gHQuH“(g)) eg(v-1)0%(z=1)2 log (5} ) +in ) Gaz-1)+1)zq 1 (QUH(~€)+QuH" ()

9(a—1)2ag?s? 9(a—1)2ag?s?

We perform a numerical integration in x, v, z in the end
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Towards the unpolarised cross section
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A more sophisticated case

ieg* (v=1)2 (P 7o) (o€sTara? =25 (BL Tmr))+(a—2)ags(Fe! (B Tara) 7 (Fnr-a)))F({115,10,5,{5,4}} N1,N2, {MLtL}, {M2,t2})
108&4553((a—1)v—az+l)(—§+m+ie)(§+z—ie)(%-}z{»ie)

—ieg? (v=1)((P L ) (?&sTn12? —27" (B En2))+H(a—2)ats (g7 (B o Far2)+7, (Fm2Fq))) F({115,10,5,{5,4}} N1,N2,{M1 t1},{M2,£2}

43204€353) (2 — 1) (—&4atie)

ieg (v=1)2 ((PL %) (a®¢sTara’ — 25 (FL Tua)) +(a—2)ags(Te? (B Ta2)+7) (Fm2-))) f({115,10,5,{5,4}} N1,N2,{MLt1},{M2,t2})
+ 43204¢2s3 (¢+a—ie) (Ez(atv—1)—atv)

icg (v=1)((a=1)v—az+1)((FL %) (a?EsEr2? =25 (B Far2))+(a—2)ats(3y! (B1 Eu2) 47 (Far2'Eq))) F({115,10,5,{5,4}} N1,N2,{ML,t1},{M2,£2})

13204253 (2 — 1) (ga(ao-1)—agu) ( SHEAECDTEd0=D) o 14 )

Partial Fraction — spurious divergences z =1,z=0v=1v=0v=zv=1—=2
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Towards the unpolarised cross section
00000000800

How to deal with spurious divergences

/dz/ dv A(z,v) = / dz/ dv(A(z,v) + A(v, z) + A(1 —v,1 — 2)

+ A1l —-2,1—v)+ A(l —v,2) + A(z,1 —v) + A(1 — z,v) + A(v,1 — 2))
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Towards the unpolarised cross section
00000000080

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:

L5

/71 dzx™ HY(z,&,t) = Z (2{)21'A?’m(t) + mod(m, 2)(26)™ T Crnpa ()

=0

see Mezrag: Introductory lecture on Generalised Parton Distributions

But still many possibilities.
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Towards the unpolarised cross section
000000000 0e

Generalized Parton Distribution modelling

We stick to Radyushkin Double Distribution Ansatz

H (x,6,1) = / dB da§(8 + Ea — a) (8, o, t) = Radon|F]
{18+ <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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Some results

@0000

2 12 ‘ %
DY — D PorPOT at JLab S,y =20 Gev® M5 =3 GeV
do PY = P Por P
T2 P Por Por
. dtdu deoTpoT
pb.GeV ™o
160 -
140%
120
100!
80 -
. . . L . . . | . . . | . . . | . . . | _u’
1.0 1.2 1.4 1.6 1.8 2.0
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Some results

O@000

py = n7tpor

do
dtdw'dM?

7t por

py = por

0.8 1.0 12 1.4 1.6 1.8 2.0
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Some results

[e]e] lo]e}

pYy —n Wop}_

do

I —e— Y o—> T +
dtdvan® . 7 0Pt
TP

1.0 1.2 14 1.6 1.8 2.0
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Some results

[e]e]e] lo}

py —>n A
do Sprtae
e mm
dtdwdM?, PP
pb.Gev ¢
320

22

1.0 1.2 14 1.6 1.8 2.0
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Some results
0000e

Conclusion

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

More than 20 processes can now be studied automatically.

Preliminary cross-sections seem sufficient for JLab kinematics.

e We intend to complete the integration for all processes in the various
kinematics of UPC at LHC and EIC. We will test different models of
GPDs and DAs and study polarization asymmetries
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