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DVCS cross section

do o [T1? = [Teul? + [Toves|> + T .

® where e. g. interference term is

—€

3
4 va A T .
T X W{CO + nzz:l [Cn COS(n(b) + S, sm(nqb)} } ,

® where e. g. ¢ harmonic for unpolarized target is

M2F2%25+2*

® and at leading order everything depends on four complex

cfunpol. x {Fl Re H — (F1 + F2)Re H}

H(E L QP), E(E,t,Q%), H(EtQ), E(6t,Q%)

We use formulas by [Belitsky, Miiller, Ji '12].
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Compton form factors (CFFs) ’
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Factorization of DVCS — GPDs

® [Collins et al. '98]

® CFFs are convolution:

aH(§7 t, Q2) = /dX Ca(Xa§7 ‘A2
a=q,G
® H3(x,n,t, Q3) — Generalized parton distribution (GPD)
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The Method
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Two models

® 'Physical” CFF model

® Neural network parametrization of CFFs
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Modelling sea quark and gluon GPDs

Instead of considering momentum fraction dependence
H(x,...)

® . .it is convenient to make a transform into complementary
space of conformal moments j:

r(3/2)r(+1)

q _
H(n,t) = 2+ (j43/2)

J

/ x i G (x/n) HI(x, 1, 1)

® They are analogous to Mellin moments in DIS: x/ — C3/2( )

3/2
Cj

(x) — Gegenbauer polynomials
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Modelling sea quark and gluon GPDs

Instead of considering momentum fraction dependence
H(x,...)

® . .it is convenient to make a transform into complementary
space of conformal moments j:

r(3/2)r(+1)

q _
H(n,t) = 2+ (j43/2)

J

/ x i G (x/n) HI(x, 1, 1)

® They are analogous to Mellin moments in DIS: x/ — C3/2( )

3/2
G
At LO easy multiplicative evolution

(x) — Gegenbauer polynomials

Possible direct connection to lattice QCD results
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SO(3) partial wave expansion

® To model 7-dependence of GPD’s H;(1), t) consider crossed
t-channel process v*y — pp (% <> cos ) and perform SO(3)
partial wave expansion:

h; (1—t/M?)~P

j+1
1 1 i1 0 (L
Z hJ,JJ p 771+ dO,V(E)

J=Juin )( - #)

o ddy — Wigner SO(3) functions (Legendre, Gegenbauer,. . .)

v = 0,£1 — depending on hadron helicities

® Similar to “dual” parametrization [Polyakov, Shuvaev '02]
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Modelling valence quark GPDs
¢ Hybrid models at LO

® Sea quarks and gluons modelled like just described (conformal
moments + SO(3) partial wave expansion + Q2 evolution).

® Valence quarks model (ignoring Q2 evolution):

4 1 2
ij(€7 t) =7 |:9Huval(£7 67 t) + §Hdval(£7 ga t) + §Hsea(£a 57 t):|

o 2 \ W 1o x\P 1
Hlxox,t) =nr2 <1+x> <1+x> (1 1—xt>”'

T I+x M2
® Fixed: n (from PDFs), a(t) (eff. Regge), p (counting rules)
av¥(t) = 0.434+0.85t/GeV?  (p, w)
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® Re H determined by dispersion relations

ReH(¢, 1) =

V[ (g i) e - (_CMf

® Typical set of free parameters:

24) (24
Mg, s, Sé’ ) sea quarks and gluons H
ral mel, pel valence H
pal mal, pral valence H
C, Mc¢ subtraction constant (H, E)
rr, My " pion pole” E

® [K.K., Miiller '09] (“KM model")
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Unconstrained neural networks

SmH Re H — compare to data and adjust
output ureights = f = wy
layer by back-propagation of error

hidden
layer

ﬁtanh(z w;z ;)
layer < ‘e

input
Ty Tn

® FEssentially a least-squares fit of a complicated
many-parameter function. f(x) = tanh(}_ w;tanh(>_w;---))
=> no theory bias
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Networks constrained by dispersion relations

zB

® Only imaginary part of CFFs and one subtraction constant
A(t) are parametrized by neural nets

® Real parts are then fixed by dispersion relations

KreSimir Kumerigki Global analysis of DVES experiments CNF workshop, Feb 2021 12 /24



Introduction Method Results
oo 00000000 ©00000000000

Results
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Fitting both models to JLab fixed target data

® [Cui¢, K.K., Schifer '20]

First, using only proton data, and not attempting flavor
separation

® NN = unconstrained neural nets, NNDR = neural nets +
dispersion relations

Values for )(2/nptS are reasonable:

Observable Ry KM20 NN20 NNDR20

# CFFs 4+ As 3+1 6 441

Total (harmonics) 277 1.3 1.6 1.7
CLAS [20] Ay 162 09 1.0 1.1
CLAS [20] Ay 160 1.5 1.7 1.8
CLAS [20] Ay 166 1.3 39 0.8
CLAS [21] do 1014 1.1 1.0 1.2
CLAS [21] Ao 1012 09 09 1.0
Hall A [22] do 240 1.2 1.9 1.7
Hall A [22] As 358 0.7 0.8 0.8
Hall A [23] do 450 1.5 1.6 1.7
Hall A [23] As 360 1.6 22 22
Hall A [8] do, 96

Total (¢-space) 4018 1.1 1.3 1.3
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Extraction of 6 (out of 8) CFFs

® Witness the power of dispersion relations:

015 020 0.25
§=ap/(2—xp)
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Hall A neutron DVCS measurement

® [Benali et al. '20], DVCS off a deuterium target:

600 - r 3 3
- d’s, (exp.) - d'c,(exp.)
--BH, -- BH,
500 |- - — VGG — Cano-Pire
3
@ a0l F
]
% a0l L
k]
ol ®
£
200 -
100 - o
5 . L ! L . . . | fmepzmmmztll | .
-040 -035 -030 -025 -020 -0.15 -040 -035 -0.30 -025 -020 -0.15
1(GeV?) 1{GeV’)
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Hall A neutron DVCS measurement

® [Benali et al. '20], DVCS off a deuterium target:

800 [ F
= d’s, (exp) == d’o, (exp.)

- BH, -- BH,
500 - - — VGG — Cano—Pire

400 =

(ph Gev™)

300 |-

3
'
dx, dQ* dt

200

100 -

L L I L L L L TETTL i I L L
-040 -035 -030 -025 -020 -0.15 -040 -035 -0.30 -025 -020 -0.15

1(GeV?) 1{GeV’)

® |dea: combine proton and neutron DVCS data using isospin
symmetry and get separate results for up and down quark
contributions to CFFs
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Flavor separation of CFFs

® [Benali et al. '20] attempt local flavor separation — large
uncertainties:

Ro(H,,)

.

,7
‘L» *
i

_A‘,H

g

Re(#,,)

J-10

Ro(é,)
2

- uauark (1)
0| @ dquark (HT)

& vauark (NLO) ' H

& dquark (NLO)

ED EE 2 EXS EX) EX
t(Gev?) t(@ev)
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Can we do better?

Maybe, with the little help from

© Global fit (instead of local)
® Dispersion relations constraints

1 ! 2x

Results
00000@000000

JmH(x, t)
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Can we do better?

Maybe, with the little help from

© Global fit (instead of local)
® Dispersion relations constraints

1 ! 2x

More constrained model generally leads to smaller uncertainties of
the results. (Bias-variance trade-off)
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Including the neutron DVCS data

® Separate model for each flavor: H — H,, Hq, etc.
® Flavored models: fKM (“physical”), fNNDR (neural nets +
dispersion relations)

14 £KM20

N [T £NNDR20
06 A [ proton Hall A
i " neutron Hall A

0.04

=

0.00

do s v [11])/(1'(‘\'4]

0.02

0.1 02 03 04 0.1 0.2 03 0.4
—t [GeV?) —t [GeV?
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Including the neutron DVCS data
2 .
® Values for x°/nps are reasonable:
Observable R KM20 NN20 NNDR20 fKM20 fNNDR20O
# CFFs + As 341 6 441 5+42 8+2
Total (harmonics) 277 13 1.6 1.7 L7 1.8
CLAS [20] Ay 162 09 1.0 1.1 1.2 1.3
CLAS [20] Ay, 160 L5 L7 1.8 L8 2.0
CLAS [20] Ay 166 1.3 39 0.8 1.1 1.6
CLAS [21] do 1014 1.1 1.0 12 1.2 1.1
CLAS [21] As 1012 0.9 0.9 1.0 0.9 1.1
Hall A [22] do 240 1.2 1.9 1.7 0.9 1.3
Hall A [22] As 358 0.7 0.8 0.8 0.7 0.
Hall A [23] do 450 L5 1.6 1.7 1.9 2.0
Hall A [23] A 360 1.6 2.2 22 L9 L7
Hall A [8] do, 96 1.2 0.9
Total (¢h-space) 4018 11 13 13 1.2 13
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Separating flavored CFFs

e Contributions of u and d quarks to CFF H are cleanly

separated:
16
proton only K120 proton-neutron  —— sxuo0 (u)
12 T NNDR20 ; 2KM20 (d)
NN\N DR20 ()
x 8 \ 0 ()

| // ///////\‘

DIERIN
s ap = 0.36 \§
01 (),z_t O[éo\'z]m 05 01 0. 2_t o[ (3:(‘\ _]0.4 05
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Sanity check

® For other CFFs, there is no visible separation. E. g. &:

10
_ proton only KM20 proton + neutron
° S NNDR20
01
W
E —J
[}
10 — 1KM20 (u)
- £KM20 (d)
—15 £NNDR20 (u))
15 £NNDR20 (d))
10
5
W
e b=
&
1 =036
—10
0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
—t [GeV? —t [GeV?
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Outlook

® Further flavor decomposition will likely be possible with
inclusion of DVMP data in the analysis — work in progress

® Going from hybrid to complete conformal-space GPD model
— work in progress

e All the components for the NLO analysis are available — work
in progress
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The End
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