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> Double deeply virtual Compton scattering (DDVCS)
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> Formulation a /a Kleiss & Stirling
> Tests of our KS-based formulation
» Observables and MC simulations
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Partonic distribution

* GPD = Generalized Parton Distribution = “3D version of a PDF (Parton Distribution
Function).” With x the fraction of the hadron’s longitudinal momentum carried by a quark:

GPDy(,&,t) = 3 [ S = (N'|q;(—2/2v W[—2/2,2/2a; (2/2)IN)| | __+_,

/

— A2 — (o )2 _ —4A -~ _ q+ = _ ptp

* Importance:

> Connected to QCD energy-momentum tensor, and so to spin. GPDs are a way to
address the hadron’s spin puzzle

> Tomography: distribution of quarks in terms of the longitudinal momentum and in
the transverse plane

33 bJ_ f d’A _ibJ‘°AHq($,O,t _ _AQ)
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A particular GPD
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Our goal

* Goal: phenomenology for JLab12, JLab20+ and EIC
* What is DDVCS? Sub-process in the electroproduction of a lepton pair
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DDVCS + BH. Complementary crossed diagrams are not shown
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Why DDVCS?

* Goal: phenomenology for JLab12, JLab20+ and EIC

* Problem: currently, GPDs are accessible experimentally in processes such as deeply
virtual (DVCS) and timelike Compton scattering (TCS)

DVCS TCS
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Why DDVCS?

* Goal: phenomenology for JLab12, JLab20+ and EIC

* Problem: DVCS amplitude allows for measurement of the GPD with restriction to x = ¢ .
Similar situation happens with TCS for x = -¢

DVCS

GPDs enter amplitude at LO via CFF:
CFFpvos ~ PV ( [1 de L GPD(,€,1)) = [, do imd(e — §)GPD(x,&,1) + -
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Why DDVCS?

* Problem: DVCS amplitude allows for measurement of the GPD with restriction to x = &.
Similar situation happens with TCS for x = -¢

* Solution by DDVCS: the extra virtuality allows for the introduction of a new (generalized)
Bjorken variable p so that we can access GPDs for x = p # ¢

DDVCS

GPDs enter amplitude at LO via CFF:

CFFppyos ~ PV ([, dos L GPD(,,1)) = [, dz imd(z — p)GPD(x,£,1) + -+

Original papers in DDVCS:

Belitsky & Muller, PRL 90, 022001 (2003)

Guidal & Vanderhaeghen, PRL 90, 012001 (2003)
Belitsky & Muller, PRD 68, 116005 (2003)
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Formulation a la Kleiss & Stirling

* Inthe view of new experiments, revisiting DDVCS is timely: arXiv:2303.13668 [hep-ph]
(our work)

* Rederivation of DDVCS’ formulae via Kleiss & Stirling’s methods:
> Amplitudes as complex-numbers
~ 2 scalars as building blocks:
s(a,b) = u(a,+)u(b,—) = —s(b, a)
t(a,b) = u(a, —)u(b,+) = [s(b,a)]*

s(a,b) = (a® +ia®)/ L= — (a < b)

Kleiss & Stirling, Nuclear Physics B262 (1985) 235-262
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DDVCS sub-process a la KS

 DDVCS sub-process amplitude:

- 4

. —1€ A
Z-/\/lDDVCS — (Q2—140)(Q2+40) (ZM DDVCS + M%)I%VCS)

* Vector contribution:

iM](DVgVCS - _% f(S£7€_7€+;8’k/7k) o g(Sf7€—7n*7€+)g(S7k/7n7 k) - 9(3576—771’764-)9(87k/7n*7k)]
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e Axial contribution:

iM]()AI))VCS = GJ_ Ju(sﬂaf—a@r)]u(s k', k) [Hjs(zls?H + 5 s(fs?H]
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DDVCS sub-process a la KS

 f= contraction of 2 currents:

FON ko, ki N Ko, ks) = @ko, Ay u(ke, A)a(ke, N )yu(ks, V)

=2 [ S(kg, kl)t(k‘o, k3)5>\_5)\/+ + t(kg, kl)S(ko, kg)(S)\_,_(S)\/_ + S(k‘Q, ko)t(l{l, k3)5A+5)\/+ + t(kg, k‘o)s(kl, kg)(s)\_(S)\/_]

* g = contraction of a current with a light-like vector:

g(s,l,a,k) =u(l,s)gu(k,s) = 0sys(f,a)t(a, k) + ds_t(¢,a)s(a, k)
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DVCS & TCS limits of DDVCS

 DDVCS to DVCS ﬁ,: Qem / (3T)
fdQ d’o Q20 ( d*o ) N
! depdQPdQd]tddeY " \depdQdtlds) Q7

DDVCS DVCS

* DDVCS to TCS

fd¢ d'o Q20 d*o d’T
dx gdQ2dQ"2d|t|dpdSY, ©\dQ2d|t|dy ) dxpdQ?

A\ - g

DDVCS TCS
d2—F — ®em 1_|_ (1_y)2 L 2(1_y)anin 1%
dzpdQ? — 2wQ? y yQ?2 Exp <= EPA photon flux
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DVCS & TCS limits of DDVCS
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Observables: cross-section

27 3w /4 . o= o
ouv(9e,BDP) = 0 do /4 df¢Bpp sinfyppp (dedQQdQ’2d|t|d¢ng’BDp T TZ5d0Td0 7 dNded % nor

» Cosine component:

U?JO(SJ(WE’BDP) (¢¢,BDP) = Mchozj*(nm’BDP) cos(noe,BpP)

e Cosine moment;

27
M((}(;(TLQSZ,BDP) — % L d¢£,BDP COS(n¢£,BDP)UUU(¢£,BDP)

/

N=2mtforn=0,N=mforn>0
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Observables: cross-section
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Observables: beam-spin asymmetry

27 *3r/4
o . d7o_—> . d70_<—
Aoru(¢eBDP) —LL do lr/4 df¢,Bpp sin by spp (da;BdQ2dQ/2d|t|d¢dm,BDp dedQ2dQ'2d|t|d¢dm,BDp>

e Single beam-spin asymmetry for longitudinally polarized electrons:

A
Aru(oeBpP) = JZII}U(;(ZZ,E;EDP))

We consider Q% < Q"% our DDVCS is “more” timelike than spacelike
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Observables: beam-spin asymmetry

-0.3

E.=22 GeV fixed target

0.5n n 15n 2n
¢,8op [rad]

E.=10 GeV E;=100 GeV

0.5n n 15n 2n
¢1,8op [rad]

1] Q° Q"
[GeV?]  [GeV?] [GeV?]

0.2 0.6 2.5
0.2 0.6 2.5
0.1 0.6 2.5
0.1 0.6 2.5

V. Martinez-Fernandez - DIS2023 (Michigan State Univ., USA)

TONS




3000 . . 02 2000 , , , 2
.=10.6 GeV fixed target 8 E.=22 GeV fixed target
2500} = .
9 1015 (3 » 1500F ° lois
§ 2000 4 S 5 q§ + S .
[0] T (0]
5 1500 g% lo1 + 6 1000} * ® o %01
[0} g 8 [0} -
g 1000} ° —&—8— 5 'g g
= ~—®4005 W € 500 % s = & 1005
500 s — =
[ ) :: PY
% 025 05 075 1° % 0.25 05 075 1°
y y
6000 . . . 02 10000 ‘ ‘ —— 02
E.=5 GeV E,=41 GeV g E.=10 GeV E,=10Q GeV
5000} g °
2 loss @ g 7500} 015
9 4000 S 8
& I Q2
o 410. + o - 1 0.
o 3000 . 01 5 3 5000 ++ + 01
g 2000 4 5 'g _._+
= S g 8 1005 O © 2500 + 0.05
1000F = —=—=— —8 x =
P e oal & . S
0 : 0. 0 0 ® A aaae ey
0 0.25 05 075 1 0 0.25 05 075 1
y y
Experiment Beam energies Range of |t|  olocy<t  Locy<i  Ymin  Olymm<y<1/Tlo<y<1
[GeV] [GeV?] [pb] [fh™]
JLabl2 E. =10.6, Ep =M (0.1,0.8) 0.14 70 0.1 1
JLab20-+ E. =22, E,=M (0.1, 0.8) 0.46 22 0.1 1
EIC E.=5,FE,=41 (0.05, 1) 3.9 2.6 0.05 0.73
EIC E. =10, Ep =100 (0.05, 1) 4.7 2.1 0.05 0.32

(ur+ SOAAa+ HAE)/sonad

(ur+ SOAQa+ HE)/ SOAAd

Monte Carlo study

EpIC MC
® integrated cross-section
m pure DDVCS contribution

Kinematic cuts:

e Q2 € (0.15,5) GeV?

e Q2 € (2.25,9) GeV?

e JLab: -t € (0.1,0.8) GeV?
e EIC : -t € (0.01,1) GeV?
e ¢, ¢ € (0.1,2mr — 0.1) rad
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e JLab:y € (0.1,1)

e EIC : y € (0.05,1)

Neither acceptance nor
detectors response are taken
into account in this study

EIC
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Summary and conclusions

* New analytical formulae for the electroproduction of a lepton pair have been derived.
* ltis already implemented in Pﬁ?ﬁiws and G JIC (LO + LT).

 Asymmetries are large enough for DDVCS to be measurable at both current, JLab12,
and future, JLab20+ and EIC, experiments.

* Addressing GPD model dependence with cross-sections and asymmetries is possible.
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Thank you!
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Complementary
slides

Mar, 30th 2023 V. Martinez-Fernandez - DIS2023 (Michigan State Univ., USA)



Models for the C-even part of GPD H

2 e 2HIH)

u,d,s q

q=

EE 10-2 10-1 1 -3 10-2 10-1 1

Zq equ(Jr)(a:,f,t = —0.1 GeV?), where q = u,d, s flavours. H¥H)(z,£.t) = HY(x,&,t) — HY(—x,&,t). The scale is choosen as % = 4 GeV?

The solid black, dashed red and dotted green curves describe the GK, VGG and MMS GPD models, respectively.
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