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Chiral-even GPDs

@ Chiral-even GPDs parametrize the following off-forward matrix

elements of quark operators at a light-like separation
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@ GPDs depend on three parameters
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where A = p' — p and PT = (p' + p)*/2.
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Chiral-even GPDs

@ Chiral-even GPDs are accessible through Deeply Virtual Compton
Scattering

y*(q) real Yy

N(P) N(P’)
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Chiral-odd GPDs
@ There are four chiral-odd GPDs Hr, HT, Er, Et at leading twist
ZALICOT SN .
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where i = 1,2 is the transversity index [piehi 03]
@ Accessible through exclusive meson production processes
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Properties of GPDs

@ In the forward limit A — 0, certain GPDs are related to PDFs
H9(x,0,0) = f7(x)
A9(x,0,0) = g ()
H3(x,0,0) = hi(x).
@ It follows from the time reversal invariance that under £ — —¢
FI(x,€,t) = F9(x,—¢&,t) for F9 = H9, E9 H9 E9 HI, HI EL
FI(x,€,t) = —F9(x, ¢, t) for F9 = EY

@ Related to form factors via

/1 [H.E.H,E}(x.€ 1)dx =Fi(1), Fa(2). Ga(2). Go(2)

/1 {HT,FIT, ET}(x,g, t)dx =H(t), Ar(t), Ex(t)

/11 {E‘T}(x,g, t)dx =0
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Goloskokov-Kroll Model

@ Goloskokov-Kroll(GK) model for pseudoscalar meson production
considers the region of small ¢ and small —t, but large @2 and W.

[Goloskokov-Kroll "11]

o For longitudinally polarized photons and longitudinally polarized
mesons, the differential cross section is given by

do;
9 = KM@y 04 + MG_o].

for 70 production
e .  ~ £ .
Mot o+ =V1-— 525[<H> - 1_752<E>]

e —t’

Mo-0+ = 55 [E(E )
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Goloskokov-Kroll Model

@ Generically, (F) represents a convolution of a GPD F with an
appropriate subprocess amplitude

1
(F)= Z/ dx Honoa(x, €, Q% t = 0) F(x,&, 1)
N /-1

where )\ denotes unobserved helicities of the partons.

@ Subprocesses are calculated in the so-called modified perturbative
approach: Transverse momenta of the quark and the anti-quark in the
meson are kept and gluon radiations are taken into account through
Sudakov factor

@ In impact space

—

H‘I\' - /d7d25®ﬂ'(7—7 _E)ﬁ;.r()afvTv Q2a E)QS(IU/R) exp( - S(T7 b7 02))
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Goloskokov-Kroll Model

e Hard scattering kernels, for example F\,, has the following form in
momentum space

Fgo Mot 291 L B 1 ]
T 2N, Ne € Lk2 +F(x+£)Q2/(28) —ie k2 —7(x —£)Q2/(2¢) — ie
@ A Gaussian meson wave function is used
T(r—1) 52}

W, (r,b) ~ 7(1 — T)exp[ - D=

@ Sudakov factor has the form

S(7,b,Q) = s(7,b,Q) + s(7, b, Q) — 4 In M

fo

where
s(r. b, Q) = 3B0(A /n(q) q+b) + NLL
b= —In(b Agcp)
= In(7Q/(V2M\qcp))
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Goloskokov-Kroll Model

@ Contributions from transversely polarized photons: Twist-3 effects

@ Twist-3 contribution consists of transversity GPDs

Mo 4+ = V1—E&e(Hr)

e —
M = ——V-t'{E
0+, u+ 4m < T>
with twist-3 meson wave function
. b2 b2

Wi, B) ~ exp| - @} Io(5-5)

2
8az
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Goloskokov-Kroll Model

@ Partial cross sections

dor kK

o E[Mg*,*+ FME_ MG M
dort K . "

r = —ERG[M077++ . MO—,—+ + M0+’++ . M0+,—+] )
dGLT K *
= ERe[/\/to_,0+ S(Mo— 44 — Mo——+)

+ Mot o4 - Mot 4+ — Mot —4)]-
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Goloskokov-Kroll Model

@ Lastly, GPDs are constructed from double distribution ansatz
18]
Hi(x,&,t) :/ dﬂ/ da é(f + o — X)fi(B, a, t)
1+8]
with

_ 2_@2
3(1-5) o(3)

f}(ﬂaav t) = exp[(b,- —Oéi' Inﬁ)t] FI(Bv& =t= 0) ZW
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-Kroll Model
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-Kroll Model
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Goloskokov-Kroll Model

@ So altogether, to compute the longitudinal cross section, we need:
Twist-2 meson wave function, kernel, running coupling, Sudakov
factor and GPDs H and E.

@ To compute the transverse cross section, we need:
Twist-3 meson wave function, kernel, running coupling, Sudakov
factor and GPDs Ht and Er.

@ 3 dimensional integrals, over X, 7 and b, are performed in impact
space

@ In many different processes, like the vector meson or pseudoscalar
meson production, meson wavefunction has the same structure.

Sudakov factor has also the same structure

Kemal Tezgin (UConn) DVMP in PARTONS September 6, 2019 14 /19



Goloskokov-Kroll Model

@ Comparision between hepgen and our Mathmematica code

GF=5 GeV2, W=6 GeV
dop [ nb |

dt 1 GEV2 |

o2k —

paf
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Goloskokov-Kroll Model

@ Comparision between hepgen and our Mathmematica code

GF=5 GeV?, W=6 GeV
day[ nb |

dt | GEV2 |
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Goloskokov-Kroll Model

@ Comparision between hepgen and our Mathmematica code

@ =5 GeV?, W=6 GeV

dorr [ nb
dt '-GE!V‘?-'
1 1 o 1 Lt
0.1 0.2 0.3 04 0.5
=05
] S

. \ -
_2.0:— _ a___«-""f
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PARTONS
FARTONS

Eur.Phys.J. C78 (2018) 6, 478
@ PARTONS is a computing framework for the phenomenology of GPDs
@ Written in C4++: Inheritance and polymorphism

o Layered structure:

GPD Layer

o CFF Layer

e Process Layer

o Observable Layer

@ Has already been implemented for DVCS
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Goloskokov-Kroll Model in PARTONS (Conclusions)

@ Inclusion of partial cross sections and total cross section into
PARTONS for pseudoscalar meson (7®) production

@ Electroproduction of 7+ has a similar scenario; GPDs appear in a
different flavor combination. However, there is also a pion pole
contribution

@ General structure:

o GPDs

Sudakov factor

Meson wave functions
Running coupling
Subprocess amplitudes
Convolutions
Amplitudes

Cross section
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