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Introduction

Deeply Virtual Compton Scattering (DVCS)

Chiral-even GPDs:
(helicity of parton conserved)

f
H®9 (ZU, f, t) E%9 (ZIZ’, 57 t) pogrf:/??hg);ggies

H9(2,6,t)  E¥(2,6,t) Sameca

nucleon helicity nucleon helicity
t conserved changed

factorization for |t|/Q2 « 1
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Introduction

m Nucleon tomography

dQA . longitudinal| ... :;( | |
q(z,b) :/—47r2 e PLAHI(7,0,t = —A?) ’ " }

0.001 0.01 0.1 X

m Study of long. polarization with GPD H
m Study of distortion in transv. polarized nucleon with GPD E

m Impact parameter b, defined w.r.t. center of momentum, such as Z rxb; =0

active quark with momentum x | @ \ . >

center of momentum

® e
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Introduction

Energy momentum tensor in terms of form factors:

pr pv AFAY — ptv A2 M
M + M @+ M a
PHig" A PVioglt A,
5, [A(t) + B(t) + D(t)> i [A(t) + B(t) — D(t)u(p, s)

Access to total angular momentum and forces acting on quarks

(', '\ T |p, s) = a(p’, s')

1/2

A%(0) + B1(0) = /_ [HO(2,€,0) + B(x,€,0)] = 2J° @

Ji's sum rule
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H. Moutarde, P. S., J. Wagner "Border and skewness functions from a leading order fit to DVCS data"
arXiv:1807.07620 [hep-ph]

Goal: global extraction of Compton Form Factors (CFFs) from DVCS data using LO/LT formalism

Analysis done within PARTONS project
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Compton Form Factors

m imaginary part

ImG(&,t) =nGH(E &) =n), eaGUH (€€, t)

G (x,&,t) = GY(z,&,t) F GY(—,&,1) o IZI gg {g’ g}
Gq(+)((§:7 £,1) = GI (£, €, 1) + 2G%= (£, €, 1) {H, E}

m real part 1 1 1
_ (+)
Reg(f,t)—P.V./O G (x,f,t)<£_x$€+x> dx
1
B (+) 1 1
Reg(ﬁ,t)—P.V./O G\ (x,x,1) (§—x:|:§+a:> dz 4+ Cq ()

Ch(t) = —Cg(t) Cﬁ(t) = Cﬁ(t) =0
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Subtraction Constant

Relation between subtraction constant and D-term:

Co(t) = 2 /_ 11 qu(z’ Dz = aper)

— Z

where

Connection to EMT FF;

Z d; (t d7(t) = 5C4(¢)
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Subtraction Constant

Comparing CFFs evaluated with two methods

! 1 1
et = [ (660~ 6D iaa0) (¢ - 7y ) do

for¢=0

1
CL(t) =2 / (Gq<+)(x,m,t) ~ Gq<+>(a;,o,t)) éd:p
0

divergent integral!
but

1
Y, (t) =2 / (Gq(+)(x,a:,t) _ Gq<+)(x,0,t)) I da
0

well defined for odd positive |
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Subtraction Constant

Subtraction constant as analytic continuation of Mellin moments to j = -1

1

CL(t) = C& (1) =2 / (Gq<+)(x, 1) — G (g, o,t)) éd:c

(0)

Analytic regularization prescription

flz 0) —zf'(0) —... L dx , L dr B
:Ca+ / xa—|—1 ‘|‘f(0)/( xa+1—|—f(0)/(0)x_a_|_..._

0)

/f 0) —zf'(0)—...  f(0) f(0)

xa“ a a—1

applicable if f(x) analytic and not-vanishing atx =0
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Ansatz for H and H

G9(z,0,t) = pdqu(CE) exp(fg;(m)t)

f&(x) = ALlog(1/x) + BL(1 — 2)* + CL(1 — x)x

m modify "classical" log(1/x) term by B;9(1-x)2 in low-x and by C;9(1-x)x in high-x regions

m polynomials found in analysis of EFF data — good description of data
m allows to use the analytic regularization prescription

m finite proton size at x — 1
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Ansatz for H and H

10

PARTONS Fits 2016-1
preliminary

GY(z,x,t) = GI(z,0,t) gt (z, x,t)

skewness function

q

a
(o, 2,1) = g (L4 1L =)+l log(L+ ) | e

m at x — 0 constant skewness effect

m at x — 1 reproduce power behaviour predicted for GPDs in Phys. Rev. D69, 051501 (2004)

m t-dependence similar to DD-models with (1-x) to avoid any t-dep. at x = 1
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Ansatz for H and H

"trouble" with analytic regularization

/ f@) = fO) —af'O)=... f0) f©)
) xa—l—l xax+1 a a — 1 .
where in our case

a=0+ Akt q(z) ~x7°

Gq(ajaxat) —Gq(ib,o,t) Gq(xa()?t) (gg}(xvt) _1)
f(z) = = = -
T T

compensating terms singular for ¢t = t5° = —§/Afand ¢t = ¢{° = (1 — §) /A%

unless f(0) =0at ¢s°and f'(0) =0at ¢ condition provided by:

q __ (a’G 1) q q o q 1 q
Sl = S (o0 (2B - CL (- 1) + Al (- 1- ) + A)

where ¢, o, pg, p1 are PDF parameterization parameters
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Ansatz for E and E

m for GPD E

E (x,0,t) = e (z) exp(f5™ (x)t)

e? (1) = kg N, &~ %va (1 — z)Paval (1 + v, /T) from Eur. Phys.J. C73 (2013) 4, 2397

EM (z,x,t) = E¥ (2,0,t) g5 (z,1)

dval
Tal(x,t) = o from Phys. Rev. D69, 051501 (2004)
gE 9 (1 . 332)3 . . ’
= for GPDE
EE,t)=N EgGK(f ,1) CFF from GK GPD model
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0.6f U, .
H%(x,0,0) = q(x) -
H9(z,0,0) = Aq(z)
Ansatz:
4
2\ _9(510,5an2) — )& . 0. PAY
pdfo(r, Q) = R S
5 =0 0.06 ..
9(p,q, Q%) = p+ qlog Q—2 o
QO Adsea
0.02+
13 parameters: 5 N
° ARy
E \ \\
5p,5q,oz,p7;,qi where 1=0,1,....,4 -0.02} \
-0.04+
constrained by NNPDF3.0 and NNPDFpol11 sets (per each
flavor and each PDF replica) 0.0 53 E T T 150
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Elastic FF data

Free parameters for valance quarks and GPDs H and E
constrained by EFF data

/1 Hi(x, &, t) = F(t)
_11
/1 Ei(z, & t) = FJ(t)
From Dirac and Pauli partonic FFs to Sachs nucleon FFs
FP = ey FY + egFY i =1,2
F' = e, F' + eq '
= I} + Fg' L =p,n

=Fl+—F;

4m2

Observables

for the selection of observables
and experimental data we follow
Eur. Phys.J. C73 (2013) 4, 2397
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1.2 T T T T T 1.25

- PARTONS Fits 2018-1 G p | PARTONS Fits 2018-1 Rp
M;N Performance:

x?/ndf = 129.6/(178 — 9) ~ 0.77

N . Replication of experimental data to estimate
| | | corresponding uncertainties:

039 1 2 3 a 5 6 023 0.5 1 15 2 2.5 3
VIt| [GeV] VIt] [GeV]
1.3 T T T T 0.8 T T T : .
PARTONS Fits 2018-1 PARTONS Fits 2018-1 tot repllca "7 tot tOt
n n . ; \ . . ; -
Gun" | | Rn / v; £ A » rnd,; (v, A7) £ A
11 1
- af tot __ stat )2 sys\2
u g
. - Fitted values:
07 05 1 15 2 25 %% 05 1 L5 2 Parameter Mean Data unc. Unpol. PDF unc.
V|t| [GeV] V|t [GeV]
o PARTONS‘F\ts 20181 I I | I o PARTONS Fits 2018-1 2 AUH\71E 0 .99 O.O 1 O .08
. 05| e By —0.50 0.02 0.14
' A 0.70 0.02 0.08
o0s] P B 0.47 0.07 0.24
[} + 0.115) | 1 « 0.69 0.01 0.03
0.025} . Bz’m] —0.69 0.04 0.18
o ' Car —0.92 0.04 0.09
°f | os| , B —0.54 0.06 0.20
oot rorne P Cg"“l —0.73 0.06 0.22
0.025, 025 05 0.75 1 1.25 L5 0-13
VIt| [GeV] VIt| [GeV]
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DVCS data

All DVCS proton data used in the fit, except:
- HERA data
» Hall A cross sections

Kinematic cuts:

Q? > 1.5 GeV?
—t/Q* < 0.25

Angles:
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No. Collab. Year Observable Kinematic NO'_ of points
dependence used / all
1 HERMES 2001 Aty ¢ 10 / 10
2 2006 AR i=1 t 4/ 4
3 2008 ALS 9 i=0,1 Tp; 18 / 24
sin(¢—¢g) cosig .
AqT,Dvcs o 1=
AN
os(¢p—g) sin ig .
AZT,I S ° 1=
4 2009 ALY i=1,2 TB; 35 / 42
sinig .
ALU,_D\/CS 1=
A i=0,1,2,3
5 2010 Aﬁff“% i=1,2,3 TB; 18 / 24
Afcoste i=0,1,2
6 2011 A;?;E,:é;ég; cos f: i=0,1 ] 24 / 32
sSin - ;) S1n 2 .
AL_’_I‘“(DVCSS w t=
Azoa}b—cbs)ccmub i=0,1,2
Azx;{?—¢s)3111 i i = 1’ 9
7 2012 AR i=1,2 TB; 35 / 42
sinig .
ALU,_QVCS 1=
AGEH i=0,1,2,3
8 CLAS 2001 Apgmee i=1,2 — 0/2
9 2006 ApPnee i=1,2 — 2/ 2
10 2008 ALy ) 283 / 737
11 2009 ALy ¢ 22 / 33
12 2015 ALy, Ay, ALp b 311 / 497
13 2015 dog ) 1333 / 1933
14 Hall A 2015 Adtory, ) 228 / 228
15 2017 Adto,, é 276 / 358
16 COMPASS 2018 — 1/1
SUM: 2600 / 3970




DVCS data

Performance: Fitted values:

x2/ndf = 2346.3/(2600 — 13) ~ 0.91

No. Collab. Year X2 n x?/n Parameter ~ Mean  Data unc. Unpol. PDF unc. Pol. PDF unc. EFF unc.
; HIERMES 388(15 g'g 140 8‘22 afy 0.81 0.04 0.17 0.02 < 0.01
3 2008 242 18 135 afy 0.99 0.01 0.02 < 0.01 < 0.01
4 2000 401 35 115 al 1.03 0.04 0.30 0.24 0.01
5 2010 40.3 18 224 Ng —0.46 0.10 0.09 0.06 0.01
0 2011 14524 0.60 Asen 2.56 0.23 0.30 0.09 0.03
; CLAS 38(1)? . 305 019 By =5 at the limit
9 2006 0.9 2 0.47 i o 27 4 1 3
10 2008 371.1 283 1.31 =" 0.77 0.12 0.30 0.23 0.07
11 2009 36.4 29 1.66 B%f’“l —0.02 0.26 0.75 0.24 0.15
12 2015 351.4 311  1.13 ™ —0.92 0.07 0.44 0.24 0.04
13 2015 937.9 1333 0.70 dou .

14 HallA 2015 2202 228 0.97 A 064 0.4 0.30 0.28 0.05
15 2017 258.8 276 0.94 Bf?] —-1.19 0.45 0.91 0.98 0.22
16 COMPASS 2018 10.7 1 10.67 oo —0.55 0.24 0.26 0.27 0.10

Replication of experimental data to estimate
corresponding uncertainties:

vr e AL I, (1, AT 2 ALY x (1A AP = /(A7) 4 (A7)
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CLAS data:

1.5 . . .

PARTONS Fits 2018-1

d*o [nb/GeV*]

PDF unc.

Pol. PDF unc.

EFF unc.

'0.5 1 1
0 v mn 1%~

¢ [rad]

Phys. Rev. Lett. 115(21), 212003 (2015)

xpj = 0.244, t = —0.15 GeV?, Q% = 1.79 GeV?

2n

Ayl

this analysis
GK model
VGG model

0.5

0.25

-0.25

PARTONS Fits 2018-1

PDF unc.

Pol. PDF unc.

-0.5
0

EFF unc.

an

]

¢ [rad]

Phys. Rev. D91(5), 052014 (2015)
xpj = 0.257, t = —0.23 GeV?, Q% = 2.02 GeV?

1% n

21
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........................ GK model
HERMES data: . mmm e VGG model
0.2 T T ' T ' 0.1 . T ' T '
PARTONS Fits 2018-1 PARTONS Fits 2018-1
ol i
0.1r ’
-0.1+
o
g
2 or s 02}
(@) £
< =
5
<
-0.3¢
-0.1+ i
PDF unCL 04l PDF unc. |
T Pol. PDF unc. . - - Pol. PDF unc.
_o 2 1 1 | 1 EI-:F une. O 5 EFF unc. o
0 0.05 0.1 0.15 0.2 0.25 0.3 20 0.05 0.1 0.15 0.2 0.25 0.3

JHEP 06, 066 (2008)
t =-0.12 GeV?, Q2 = 2.5 GeV?
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........................ GK model
HalAdata: 0 e e m - VGG model
0.1 . , ' 0.05 . , . '
PARTONS Fits 2018-1 PARTONS Fits 2018-1
0.075}._
- 0.025}
— 0.05 g {_
> @) i %\
3 s
?C: 0.025 c 0
5 ;5 iy s ’
5 o { f-f—’
of |3 }
-0.025+
-0025 - FOFUIIC: . PDF unc.
Pol. PDF unc. Pol. PDF unc. _
0.05 L L 1 EFF unc. 1 EFF unc.
70 P71 m 1% 1 2n -0'050 »vn n 1% n 2n
¢ [rad] ¢ [rad]

Phys. Rev. C92(5), 055202 (2015)
xpj = 0.392, t = —0.233 GeV?, Q% = 2.054 GeV?
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COMPASS and HERA:

20 =
~N
PARTONS Fits

[
A
v
a
<

COMPASS Q? = 1.8 GeV?
H1 Q@ =4 GeV?
H1 Q@ =8GeV?
ZEUS Q@ =3.2 Ge\?

15+ H1 Q* =10GeV? 7
5 10¢
>
(O]
L\D ......................... Fum
= * o
e [1[_‘ oY
. PDF unc.
B Pol. PDF unc.
- EFF unc.
o 10-3 10 o

arXiv: hep-ex/1802.02739
Q? = 1.8 GeV?
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this analysis
GK model
VGG model



........................ GK model
Compton Form Factors:  ———m——- VGG model
20 - r 2 - .
PARTONS Fits 2018-1 PARTONS Fits 2018-1
10+ . 1.5¢ .

ReH

30t Unpol. PDF unc. | 0.5} Unpol. PDF unc.
Pol. PDF unc. Pol. PDF unc.
o EFF unc. - o EFFunc.
-40 : : -1 - :
10-2 10-1 100 10-2 101 100
g 3

t =-0.3 GeV2, Q2 =2 GeV?
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this analysis
........................ GK model

Compton Form Factors:

PARTONS Fits 2018-1

l
ng 2.5} .
a'd
5+ 4
75l - Unpol. PDF unc.
Pol. PDF unc.
e EFF unc.
-10 ' :
10-2 101 100
§

t =-0.3 GeV2, Q2 =2 GeV?
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0.75

_______ VGG model

0.5

PARTONS Fits 2018-1

0.25 i
5
£
w -
0 4
-0.25 Unpol. PDF unc.
Pol. PDF unc.
EFF unc.

-O.fo_z

100



10 T T
PARTONS Fits 2018-1 1 .

PARTONS Fits 2018-1

€ Im¢

Unpol. PDF unc.
-15+ P

-1 Unpol. PDF unc. ]
Pol. PDF unc.
Pol. PDF unc.
EFF unc.
_2?0 2 10-1 100 1 . EFF unc. .
13 'f0'2 101 100
1000 . : 10 & .
PARTONS Fits 2018-1 PARTONS Fits 2018-1
N
N\
AN
500+ N 1 5t 1
N
. N
e ~
~~~~~ ~ e
AU N T e
............ S~ - ____________._----"" '~~.___~..
\ ..-..."""":--\--.‘...m_ B T T
t&; o LT A = R 2T e e . i g 0 ____________________________ i
e« (Vo
-500+ . -5+ J
Unpol. PDF unc. Unpol. PDF unc.
Pol. PDF unc. - Pol. PDF unc.
EFF unc. 10 EFF unc.
_1002(1)0'2 16-1 160 7102 10-1 100
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Subtraction constant:

5 . T :
PARTONS Fits 2018-1
2.5
o+
\
QO -2.5¢
St
Unpol. PDF unc.
-7.5 Pol. PDF unc.
EFF unc.
_10 1 1 1 1
0 0.2 0.4 0.6 0.8
-t [GeV?]
Q? =2 GeV?

Pawet Sznajder / Prospects for extraction of GPDs / Jan 24, 2019

2.5

-7.5

T T T
PARTONS Fits 2018-1
Unpol. PDF unc.
i ~ Pol. PDFunc.

EFF unc.

1 1 1

10 20 30
Q% [GeV?]

40



Nucleon tomography:

0.5
PARTONS Fits 2018-1
E
! 0.25 <
_{

Q0

- 0

%0'2 10-1 100

X
0.15
PARTONS Fits 2018-1
— 0.1
& >
4= C
<
r S

o) 0.05

- 0

fO'z 10-1 100

Q2 =2 GeV? X no uncertainties!
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d*b, bt q(z, b))

this analysis
GK model
VGG model

Unpol. PDF unc.

Pol. PDF unc.

EFF unc.

2
Compton Form Factors: (01 ),(z)
2
d"by q(z,by)
1.5 1.5
PARTONS Fits 2018-1 PARTONS Fits 2018-1
1+ 1L
‘E 0.5 ‘E 0.5
N A
N N
Voo v of
-0.5 Unpol. PDF unc. -0.5
Pol. PDF unc.
EFF unc.
1o 10-1 100 10-2
X
Q2 = 2 GeV?
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Results 2 i anclysis
(b >q(:C) GK model

2 _
Compton Form Factors: <dJ_>q(:U) = 5  m==———- VGG model
(1—x)
1.5 . T 1.5 T T
PARTONS Fits 2018-1 PARTONS Fits 2018-1
1t 1k
‘c 0.5} 1 ‘c 05¢
s =
N N
N N
v oo LT
-0.5 Unpol. PDF unc. | -0.5 Unpol. PDF unc.
Pol. PDF unc. - T Pol. PDF unc.
1 EFF unc. 1 EFF unc.
10-2 101 100 1072 101 100
X X
Q2 = 2 GeV?
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Neural network analysis

Independent parameterisation of CFFs &%, &, #, &
Neural networks with genetic algorithm training and early stopping regularization
Enclosure test to prove that the method works

2

» Careful estimation of uncertainties gﬁmmgr@t;wzm
* Interpretation of results in terms of GPDs 15}
« All existing DVCS data (from JLab to HERA) preliminary
» Complementary to the work presented today 1
S
5 0.5[ T
0_
-0.5+¢
To-s 105 104 10-3 10 101 1
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SUMMARY

Fits to DVCS data
m New parameterizations of border and skewness function proposed

— basic properties of GPD as building blocks
— small number of parameters

— encoded access to nucleon tomography and subtraction constant

m Successful to fit EFF and DVCS data

— replica method for a careful propagation of uncertainties

What next?
m Neural network parameterization of CFFs

m Include other channels and more observables
m Include new and already existing theory developments

m Make consistent analysis of all those ingredients — PARTONS
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Inqualities

Inequalities:

|AQ(CU7 bJ_)' < Q(xv bJ-)

:; (0§i€@gbL{> < (q(z,b1) + Agq(z,by)) X (q(z,br) — Ag(z,b_))

to avoid violation of the positivity in the impact parameter space
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F.'/ (2Fp)

Fo" 1 (%Fp)
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1 2 3 4 5
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