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Introduction

* Nucleon tomography
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What do we know about nucleon tomography now?

COMPASS —0-6‘2§ >
« "direct" extraction of nucleon tomography information L e LTI T T AT (R
I I
: : : T T T A I 2 AR SR bl T »
(i.e. directly from DVCS cross-section, only applicable at small xB) L '” : o o
! Q
2 4__ ;n
d30 /(dzp; dQ? dt) o< (ImH(€,1))? o ( Y e2HIM (g€, t)) T e coupass<abzisevil  Thsmnayss o i;i)
-- NI S s i ool I
2 B : :: Zgz: :::g ;2:32; } Eur. Phys. C44 (2005) 1 —0.1 E
0.4 Z equ(-*—) (5, O, t) 1__ m H1: <Q% =10. (GeV/c)®  Phys. Lett. B681 (2009) 391 _ %
! ot ““115‘3 IH ”“115-2 TS ;
Xg; | 2
: :gzz : 108 ig:t//jz)i } KM15 model from Kumericki & Mueller
. . : : : I :gziilg (gexjc))i GK model  from Goloskokov & Kroll
» extraction involving all types of contributing CFFs = =1 (Gavic
. " (] . 0.8
(requires "de-skewness”, allows to use high xB data) o
0.6
3 0.5 & o T
PARTONS Fits 2018-1 | g U2
5 ONS 2018 ; 0.4-_ n
£ 1-| | =0 | Y4
= 0 0.25 < < ! °o
Sl | 02—
22 0.1
To-2 10-1 100

0 — : : ——
Dupré, Guidal, Niccolai, v |

X
H. Moutarde, PS, J. Wagner, EPJC 78 (2018), 890 Vanderhaeghen, EPJA 53 (2017), 171

Pawet Sznajder / Nucleon tomography from lattice QCD data / August 7, 2024



1
» GPDs in loffe time: ﬁ(u, E, 1) = J dxe™H(x, &, 1)
-1

- Single and non-singlet HP(, E,1) = Hx, &, 1) — H(—x, &, 1)
combinations of GPDs

H(x, E,)=Hx,E 1)+ H(—x, &, 1)

at £=0: H(x,0,0) = H,,(x,0,0) + 2H_.(x,0,7)
H7(x,0,1) = Hyy(x,0,0)

1

ReH(v, E, 1) = I dx cos(xv)H T (x, &, 1)
* therefore: 0
1

Imﬁ(y, E, 1) = J dx sin()HM(x, &, 1)
0
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Lattice-QCD data

o 2 4 & 8
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* For details on these latticeQCD data see Krzysztof's talk
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Lattice-QCD data
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* For details on these latticeQCD data see Krzysztof's talk
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Lattice-QCD data up down oK
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* For details on these latticeQCD data see Krzysztof's talk
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Lattice-QCD data

* Rather poor agreement of latticeQCD results with PDFs, elastic FFs and GPD models

* This will improve over time!

* Should we just wait, or is there something that lattice QCD results already get right?
— can lattice QCD results be used now in GPD phenomenology?



Double ratio

ReH(v, t) ReH(0,0) ImH(v, 1) ImH(@'0)
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ReH(v,0) ReH(0,1) v—-0 ImH(v,0NImH(, 1)
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« plateau of ImH(v, t)/ImH(v, 0) at v = 0 maks the definition of DRim robust
» this plateau (also seen for ReH(v, t)) is a consequence of the restricted range of x in Fourier transform
* single ratios, here ImH(v, t)/ImH(v, 0), do not provide a good comparison with models
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Double ratio

ReH(v, 1) ReH(0,0) ImH(v, {) ImH®@',0)

DRR. (v, 1) = DR, (v,f) = lim
ReH(v,0) ReH(O,r) V-0 ImH((v,0) ImH(V', t)

ReH(v,0) o ReH(0,7)

ReH(v,t) = ReH(0,0) X X DRy.(1, t
v.1) (0.0 ReH(0,0) ~ ReH(0,0) el 1)
norm: . .
normalised normalised .
2 for Hu . correlation
PDF elastic FF
1 for Ho

* double ratio describes deviation of H(y,t) from factorised Ansatz: H(v,t)=qg(v)F(t)/norm

» elastic FF not defined for imaginary part
» forward limit of GPD E not probed by (semi-)inclusive scattering

Pawet Sznajder / Nucleon tomography from lattice QCD data / August 7, 2024



up down

Double ratio
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* double ratios evaluated from latticeQCD results comparable with models!
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Double ratio

GPD H, v=3.14

0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2
It] [GeVZ] It] [GeV2]
* double ratios evaluated from latticeQCD results comparable with models!
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Nucleon tomography - analysis strategies

H(x,0) = g(x)

1
J dx H(x,t) = F(¢)
~1

d o0
lim iH(x, 1) =0 lim—J dv H(b, t)cos(xb) =0
x—1 dt x—1 dt 0

Strategy B:

Strategy A:

Ansatz: H(v,t) = q(v)F(t)DR(v, t)/norm Ansatz: H(x, 1) = q(x)f(x, 7)

1. Chose PDF and elastic FF parameterisations 1. Chose PDF parameterisation

2. Fit DR(», ) to latticeQCD data 2. Fit f(x,t) to latticeQCD and elastic FF data
3. evaluate H(x,1) 3. evaluate H(x,b)

4. evaluate H(x,b)
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up down

Input PDF and elastic FF
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* input to the following analysis are Moutarde-S-Wagner
parameterisations (EPJC 78 (2018), 890)

* these parameterisations come in a form of replica sets
» forward limit of GPD E available too
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up down

Input PDF and elastic FF

forward limit of GPD E (at u = 2 GeV)
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* input to the following analysis are Moutarde-S-Wagner
parameterisations (EPJC 78 (2018), 890)

* these parameterisations come in a form of replica sets

» forward limit of GPD E available too
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Fit to double ratios

DRReHd(v, t

o 2 4 & 8
V V

 fitting Ansatz: DRy (v, 1) = Y sz exp(piv't) with counter term proportional to vt to fulfil theory constraints
p; =
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Nucleon tomography from latticeQCD data up down GK
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* uncertainties evaluated from latticeQCD, PDF and elasticFF replicas

Pawet Sznajder / Nucleon tomography from lattice QCD data / August 7, 2024




What about the sea?
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* double ratio seems to be a good quantity to be used in global fits

— a lot of systematics cancels out
* first (still preliminary) extraction of nucleon tomography information using this quantity ready
 complementary to the extraction from data!
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