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Hadron Structure

% Structure of hadrons explored in high-energy scattering processes

Collisions @ EIC

% Processes cross-section contains information on hadron

X

opis(x, Q%) = Z Hiys ® £ (x, 07) [a®b]<x>z[:%a<§> b

_ T
% Hadron structure expressed in terms of YO
distribution functions of partonic constituents 3

(PDFs, GPDs, TMDs)

% In hard scattering processes the partons
propagate along the light-cone.
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Hadron Structure

% Structure of hadrons explored in high-energy scattering processes

Collisions @ EIC
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Distribution Functions

% In parton model, the physical picture is valid for the infinite
momentum frame.

% DFs parameterized in terms of off-forward matrix elements of

non-local Iight-cone operators [R. P. Feynman, Phys. Rev. Lett. 23, 1415 (1969)]
1 o4 - _
f@) = o [ e =T RS WP S) vt = e
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Distribution Functions

% In parton model, the physical picture is valid for the infinite
momentum frame.

% DFs parameterized in terms of off-forward matrix elements of

non-local Iight-cone operators [R. P. Feynman, Phys. Rev. Lett. 23, 1415 (1969)]
1 o4 - _
f@) = o [ e =T RS WP S) vt = e

% DFs are not accessible on a Euclidean lattice. Instead one calculates

an object with the fields spatially separated [X. Ji, Phys. Rev. Lett. 110 (2013) 262002]
* d . _
e 1, & Py pt) = J e (N B T H OHO0) NE)),
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Distribution Functions

% In parton model, the physical picture is valid for the infinite
momentum frame.

% DFs parameterized in terms of off-forward matrix elements of

non-local Iight-cone operators [R. P. Feynman, Phys. Rev. Lett. 23, 1415 (1969)]
1 o4 - _
f@) = o [ e =T RS WP S) vt = e

% DFs are not accessible on a Euclidean lattice. Instead one calculates
an object with the fields spatially separated [X. Ji, Phys. Rev. Lett. 110 (2013) 262002]

© d . _
Gr(x, 1, &, Py ) = J T (NP QT 7 OWO) INP),

ﬁ- l
Core ingredient of
lattice calculation
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Distribution Functions

% In parton model, the physical picture is valid for the infinite
momentum frame.

% DFs parameterized in terms of off-forward matrix elements of

non-local Iight-cone operators [R. P. Feynman, Phys. Rev. Lett. 23, 1415 (1969)]
1 o4 - _
f@) = o [ e =T RS WP S) vt = e

% DFs are not accessible on a Euclidean lattice. Instead one calculates
an object with the fields spatially separated [X. Ji, Phys. Rev. Lett. 110 (2013) 262002]

* d . _
qr(x’ t, f, P3,,Lt) {[ 4_Ze—zxp3a<N(Pf) | ‘P(Z) FW(Z,O)"P(O) |N(Pz)>/,t

Coo T l
Manifestation of Core ingredient of
INVERSE PROBLEM lattice calculation
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Distribution Functions

% Alternative approaches proposed, e.g.:

Hadronic tensor

Auxiliary scalar quark
Fictitious heavy quark
Auxiliary scalar quark

Higher moments
Quasi-distributions (LaMET)
Compton amplitude and OPE
Pseudo-distributions

Good lattice cross sections

[K.F. Liu, S.J. Dong, PRL 72 (1994) 1790, K.F. Liu, POS(LATTICE 2015) 115]
[U. Aglietti et al., Phys. Lett. B441, 371 (1998), arXiv:hep-ph/9806277]
[W. Detmold, C. J. D, Lin, Phys. Rev. D73, 014501 (2006) ]
[V. Braun & D. Mueller, Eur. Phys. J. C55, 349 (2008), arXiv:0709.1348]
[Z. Davoudi, M. Savage, Phys. Rev. D86, 054505 (2012) ]
[X. Ji, PRL 110 (2013) 262002, arXiv:1305.1539; Sci. China PPMA. 57, 1407 (2014)]
[A. Chambers et al. (QCDSF), PRL 118, 242001 (2017), arXiv:1703.01153]
[A. Radyushkin, Phys. Rev. D 96, 034025 (2017), arXiv:1705.01488]

[Y-Q Ma & J. Qiu, Phys. Rev. Lett. 120, 022003 (2018), arXiv:1709.03018 ]
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Distribution Functions

% Alternative approaches proposed, e.g.:

Hadronic tensor [K.F. Liu, S.J. Dong, PRL 72 (1994) 1790, K.F. Liu, PoS(LATTICE 2015) 115]
Auxiliary scalar quark [U. Aglietti et al., Phys. Lett. B441, 371 (1998), arXiv:hep-ph/9806277]
Fictitious heavy quark [W. Detmold, C. J. D, Lin, Phys. Rev. D73, 014501 (2006) |

Auxiliary scalar quark [V. Braun & D. Mueller, Eur. Phys. J. C55, 349 (2008), arXiv:0709.1348]
Higher moments [Z. Davoudi, M. Savage, Phys. Rev. D86, 054505 (2012) |

Quasi-distributions (LaMET)  x.Ji, PRL 110 2013) 262002, arXiv:1305.1539; Sci. China PPMA. 57, 1407 (2014)]
Compton amplitude and OPE  [a. chambers et al. (QCDSF), PRL 118, 242001 (2017), arXiv:1703.01153]
Pseudo-distributions [A. Radyushkin, Phys. Rev. D 96, 034025 (2017), arXiv:1705.01488]

Good lattice cross sections [Y-Q Ma & J. Qiu, Phys. Rev. Lett. 120, 022003 (2018), arXiv:1709.03018 |

See talks by:
- Kostas Orginos (Wednesday)
- Keh-Fei Liu (Friday)
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Limitations of

lattice data

* d . _
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Limitations of lattice data

Matrix elements of non-local operators defined in coordinate space (z)

M(P;, P,y 2) = (N(P) | B() T W (2,0)%(0) | N(P)),

- - . - - L L
* Lattice data limited by lattice size: -5 <253
Py =6n/L | | . = 67
157 % P = 87r§L 04 i%% % ig = gﬂ'?ﬁ
iﬁ% ¥ Py=10r/L % % f  Py=10r/L
o % % o2 %éi §§§¥
za % % EO !!!!§§§§ )
< EI EI & ORAVREEEEL o e .i.i!i?;;;;;
Q - (]
205 §§§£ fiﬁ 5 s igi
P kg3 0.2 i §§
,i:}_ iz, % : ¥
0 .“‘§*!§.¥'§.§§.i¥ ................................ ¥ i%%-%iiiitﬂtt 04 r %%%
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z/a z/a

[C. Alexandrou et al. (ETMC), PRL 121 (2018) 112001, arXiv:1803.02685]
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Limitations of lattice data

Matrix elements of non-local operators defined in coordinate space (z)

M(P;, P,y 2) = (N(P) | B() T W (2,0)%(0) | N(P)),

. .. . . L L
* Lattice data limited by lattice size: -5 <253
15 | % ﬁiigfﬁ 1 o4t i%% % iz:gjﬁ
% ¥ Py=10r/L i3 ¥ Py=10n/L

i % Jais
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!§§£ i;i Sm%%
!! $ : : I!! } i
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-2IO -1I5 -1I0 -I5 (I) 5I 1I0 1I5 2I0 -2|0 -1I5 -1I0 5 (I) 5I 1IO 115 2I0
z/a z/a
[C. Alexandrou et al. (ETMC), PRL 121 (2018) 112001, arXiv:1803.02685]
% Discretized Fourier transform
+z
oo dZ . oo max
GrCr. &, Py ) = [ ez (P, P 2) dz > )
—00 472: - {="Zmax
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Limitations of lattice data

Matrix elements of non-local operators defined in coordinate space (z)

M(P;, P,y 2) = (N(P) | B() T W (2,0)%(0) | N(P)),

. .. . . L L
# Lattice data limited by lattice size: -5 <253
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[C. Alexandrou et al. (ETMC), PRL 121 (2018) 112001, arXiv:1803.02685]
% Discretized Fourier transform
00 d o0 +Zmax
o <
Py = | e PP | a- ¥
—o0 - {="Zmax
ill-conditioned
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Limitations of lattice data

% Renormalization enhances systematics on data truncation

15
20 -
10
3
15 - .
- = 5t
Power-law .
. ' 10 f * * 1 0 forrrrrrrinien t-f--’--u’--t-&-o-o-o-oo..-,-,-3-;-; ----------------------- 4
divergence! . ..
L d L _5 L
5 [ L d L d 7
’0 0’. I
........ -10 1
0 NN T,
1 1 -15 1 L
15 -10 5 0 5 10 15 15 -10 5 0 5 10 15
z/a /
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Limitations of lattice data

% Renormalization enhances system

15
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Power-law
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% Renormalization enhances system

Limitations of lattice data

atics on data truncation

Power-law | 3 R e
divergence! T . [
. 15 1ol 5 Z(;a 5 10 5 0 s 10 5 cha 5 10 15
L Py =107/ $ lt\’g—/le— . o . . .
- / Gt el % ldentification of appropriate cut is
< 0 ng‘ . : non-trivial
g Oeesses: ;%i ------------------------------------------ i..§..¥....., ------ o
= os HW % m
s |
. Boost 1.4Gev | % Omitted data contain information for
3 | : the reconstruction.
15 | % ;Z%

1t %%%§§§§ . i
05 | L . : :

; M“ — ﬁ}i * Naive Fourier transform problematic
05| *;;"' % } - as it relies on assumptions about the
o | matrix elements
2l . . . | | (Not unique solution to the inverse problem)

T -15 -10 -5 Z(/)a 5 10 15
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Limitations of lattice data

% Discretized Fourier transform neglects contributions for |[z| > z

max
4 |
Zmaz/a = 8
Zmaz/a = 10
3+ G(z) Zmaz/a = 13 7
2 - D.F.T.
1+ / \
ol < '
4/ -
_1 L L 1 | |
-1.5 -1 -0.5 0 0.5 1 1.5

T
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Limitations of lattice data

% Discretized Fourier transform neglects contributions for |[z| > z

max

4 |

Zmaz/a = 8

Zmaz/a = 10
3+ G(z) Zmaz/0 = 13|
2 - D.F.T. = . - . .

Periodicity of Fourier transform
1} I leads to oscillatory behavior
0 b = |
v e

s 1 05 0 0.5 1 15
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Limitations of lattice data

% Discretized Fourier transform neglects contributions for |[z| > z

4 max
Zmaz/a = 8
Zmaz/a = 10
3+ G(z) Zmaz/0 = 13|
2 - D.F.T. = . - . .
Periodicity of Fourier transform
1} I leads to oscillatory behavior
0 b e |
v e
s 4 05 0 05 : 1\
Zmaz /0 = 8
41 D.F.T. Zmaz/@ =10/ |
Zmaz/a = 13
% Unphysical oscillations i
propagate to final PDFs 2| d—a u—d
1t
b I
-1 1 I .
-1 -0.5 0 0.5 1
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Alternative approaches

to Fourier transform
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Backus Gilbert

[G. Backus and F. Gilbert, Geophysical Journal International 16, 169 (1968)]
[ J. Karpie, K. Orginos, and S. Zafeiropoulos, JHEP 11, 178 (2018), arXiv:1807.10933] (implementation)

A model-independent criterion for reconstruction:
minimal variance of solution with respect to statistical variation of input data

Reconstruction applied separately for each value of x

Separation of FT in sine and cosine parts

- 1
G P5) = o 2 (Geos(01a Re LG P i) + ()1 I LGz, P i)

zla
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Backus Gilbert

[G. Backus and F. Gilbert, Geophysical Journal International 16, 169 (1968)]
[ J. Karpie, K. Orginos, and S. Zafeiropoulos, JHEP 11, 178 (2018), arXiv:1807.10933] (implementation)

= A model-independent criterion for reconstruction:
minimal variance of solution with respect to statistical variation of input data

= Reconstruction applied separately for each value of x

= Separation of FT in sine and cosine parts

- 1
G P5) = o 2 (Geos(01a Re LG P i) + ()1 I LGz, P i)

zla

% At each x, a vector ay(x) is defined as an approximate inverse of kernel
function K(x). ag(x) identified from optimization conditions based on BG criterion

K(x"),,, = cos(x'P5z), sin(x'Pzz)
CE — $ E CLK z / a )z /a

d : number of input data
z/a=0

* A(x — x’) approximates Dirac delta function with minimized width.
Quality of approximation depends on d
1L

— M. Constantinou, ECT* 2021 m




Backus Gilbert

[G. Backus and F. Gilbert, Geophysical Journal International 16, 169 (1968)]
[ J. Karpie, K. Orginos, and S. Zafeiropoulos, JHEP 11, 178 (2018), arXiv:1807.10933] (implementation)
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Backus Gilbert

[G. Backus and F. Gilbert, Geophysical Journal International 16, 169 (1968)]
[ J. Karpie, K. Orginos, and S. Zafeiropoulos, JHEP 11, 178 (2018), arXiv:1807.10933] (implementation)

My (z) ug
ul M (z) uk

%  Width minimization leads to  2x(z) =
1 1
where  Mx(z),. = / dz’ (z — ')’ K (2'), K(')u + pOuu UKy = / dz’' K (z'),
0 0
% p regularizes matrix to make it invertible (Tikhonov)

* Empirical value p = 107>

% Smaller p values introduce large oscillations in reconstructed PDF due
to very small eigenvalues of M(x)

— M. Constantinou, ECT* 2021



Backus Gilbert

[G. Backus and F. Gilbert, Geophysical Journal International 16, 169 (1968)]
[ J. Karpie, K. Orginos, and S. Zafeiropoulos, JHEP 11, 178 (2018), arXiv:1807.10933] (implementation)

My (z) ug

ul M (z) uk

* Width minimization leads to  2x(®) =
1 1
where Mk () = [) de' (z — ')’ K(z'), K (') + p o UKy = /0 dz’ K (z'),

% p regularizes matrix to make it invertible (Tikhonov)
* Empirical value p = 107>

% Smaller p values introduce large oscillations in reconstructed PDF due
to very small eigenvalues of M(x)

BG with preconditioning alternative approach
( Rescaling, K(x) — p(x)K(x), g(x) = q(x)/p(x))

— M. Constantinou, ECT* 2021



Backus Gilbert

Zmaz /0 = 8
i) el - % Convergence of results at
about d =11
Backus Gilbert -
'\ _ * Unphysical oscillations
are negligible in the quark
B . region
1 0.5 0 0.I5 1 1.5
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Backus Gilbert

Zmax/a' =8
Zmaz/a = 10
(j(x) Zmaa:/a = 13| 1
Backus Gilbert
1.5 1 -0.5 0 0.5 1 1.5
T
Zmaz/0 = 8
Zmaz /@ = 10
q(x) zmam/a = 13| 1
D.F.T \
B 8
4/ -
1.5 1 -0.5 0 0.5 1 1.5

% Convergence of results at
about d = 11

% Unphysical oscillations
are negligible in the quark
region

% Standard FT:
quasi-PDF is bound to be negative
If matrix elements entering the
transforms do not decay to zero
fast enough.
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Backus Gilbert

How does the addition of lattice data affect the final PDF
as obtained from FT and BG reconstructions?
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Backus Gilbert

How does the addition of lattice data affect the final PDF
as obtained from FT and BG reconstructions?

Zmaz /0 = 8
4+ D.F.T. Zmaz/@ =10/ | 4 Backus Gilbert
Zmaz/a = 13
3 3
2 d—1a u—d 2 d—a
1 1r
\7 77\‘
0 . 2 OF — Sl
-1 ! ! I -1 I\u !
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5
T x

% Larger deviations in standard FT

M. Constantinou, ECT* 2021



Backus Gilbert

How does the addition of lattice data affect the final PDF
as obtained from FT and BG reconstructions?

Zmaz /0 = 8
4 - D.F.T. zm“’”ﬁz ig . 4 - Backus Gilbert
3r 3L
2+ d—1u u—d 2+ d—1
1F 1r
0 e, _ o T~ ok
-1 I I L -1 |\u 1
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
% Larger deviations in standard FT DFT.
ackus-Gilbert
4 | —— NNPDF3.1
% Small improvement in BG 3 Fnae/0 =10 1
approach 2|
1 B
0Ff —
0 012 0.I4 0.|6 0.I8 1
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Backus Gilbert

How does the addition of lattice data affect the final PDF
as obtained from FT and BG reconstructions?

Zmaz /0 = 8
4 - D.F.T. Zmaz/a@ =10/ | 4 - Backus Gilbert
Zmaz/a = 13
3r 3
2 d—1u u—d 2 d—1
1 1h
g Ny 0
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
% Larger deviations in standard FT DET.
sl — NNPDF31
% Small improvement in BG 3| Amea/ =10 1
approach 2|
Further increase of data set requires '}
simulations using large-volume ol E—
ensembles and finer lattice spacing . " Y 05 > 1

LTl
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Alternative methods for

distribution functions

(pseudo-PDFs)
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pseudo-PDFs

[A. Radyushkin, Phys. Rev. D96 (2017) 034025]

1.5 F T
% Reduced loffe-time distributions (ITD)
Re[Q)] i7ati
1} : : (renormalization scheme)
TR,
0.5 %ﬁ% ;{e -
O % ﬁ ﬁ } % Practical advantage: all values of P;
analyzed simultaneously
0.5 L ¢ R=2nL ] 2
t Pz;GgL 9)‘((1/, 22) — M(V7z )/M(Va 0) -
1.5 P oP=8n/L | M(0, 22) / M(0,0) (v=2z-Py)
Im[Q] « Py=107/L
1 _
TERTES
. I
olw®
0 2 4 6 8

[M. Bhat et al. (ETMC) PRD 103 (2021) 3, 034510, arXiv:2005.02102]
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pseudo-PDFs

[A. Radyushkin, Phys. Rev. D96 (2017) 034025]

1.5 [ I
% Reduced loffe-time distributions (ITD)
Re[Q)] i7ati
11 ) : (renormalization scheme)
%*%TH
(I
0.5 | ﬁ%;% % -
O ﬁ ﬂ- } % Practical advantage: all values of P;
analyzed simultaneously
0.5 L. ¢ A2/ 2
| Data used for : 1132;2% ﬂﬁ(v 22) _ M(V,z )/M(I/, 0)
157 quasi-PDFs | & B=8m/L | ’ M(0,2%) / M(0,0) =P
m/Q) e
| %
TERTES
0.5 + ﬂlﬁ;ﬂ% -ﬂ 1& % Jﬁ'
I
olw®
0 2 4 6 8

[M. Bhat et al. (ETMC) PRD 103 (2021) 3, 034510, arXiv:2005.02102]
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pseudo-PDFs

[A. Radyushkin, Phys. Rev. D96 (2017) 034025]

15 [ —
% Reduced loffe-time distributions (ITD)
Re[Q)] i ati
1} : : (renormalization scheme)
%*%TH
(I
0.5 | i% ;{e % -
O ﬁ ﬁ } % Practical advantage: all values of P;
analyzed simultaneously
0.5 L ¢ P20/l ] 2
| Data used for : ijléﬂf 9)‘((1/ 22) _ M(V,z )/M(I/, 0)
1.5 quasi-PDFs ¥ igifn/LL- ? M(O, 22) /M(O, O) v=2z-P)
m/Q) e
| %
SITETRE
057 ﬁéﬁ;%ﬁ {1t | Jf * ] % Inverse problem present
o .
0 W ''''''''' o o o o Q(v, u?) =/ dr e*q(x, u?)
0 2 4 6 8 !

[M. Bhat et al. (ETMC) PRD 103 (2021) 3, 034510, arXiv:2005.02102]
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pseudo-PDFs

[A. Radyushkin, Phys. Rev. D96 (2017) 034025]

Alternative reconstruction technique: fitting ansatz
[B. Joo et. al, JHEP 12, 081, arXiv:1908.09771]

q(x) = Nz°(1 —z)°

a, b fitting parameters, N normalization or free parameter

Fits performed minimizing the )(2 function - "i: Qv, p?) — Qs (v, p?)
where T4 o (v, p?)
o, is statistical error of O,

1

Qris FT of the ansatz for g(x)  aww)= [ dwe*g(a,?

The fitted function is continuous and reconstruction is not subject
to inverse problem (other systematic effects present)

M. Constantinou, ECT* 2021 m



Comparison of reconstruction methods

- . 0.6 - -
1he ¢ Re[Q] 1 i Im[Q F e
i fit | 04 fit % -
_ 2 6 _ 4 0.9 i/j//
Vmax — “Mo Zmalx = ad /l/f/
0.8 1 ® 1 0.2 /_j/-/
07 B | ) 0 ././. ! |
0 1 2 3 0 1 2 3
1 v
standard F.T. standard F.T.
4 Backus-Gilbert | 4 Backus-Gilbert |
Qv (37) fit Quv2s (-’B) L1
= NNPDF3.1 = NNPDF3.1

standard F.T. standard F.T.
Backus-Gilbert | 41 Backus-Gilbert |
fit q(z) fit
= NNPDF3.1 = NNPDF3.1
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Comparison of reconstruction methods

1 | | _ |
s RelQ) & ImQ) Pt
e fit 06 fit J{P/H\}
v =26,z =d4a 05| | 04}
0.2 1
0 2 4 6 0 2 4 6

standard F.T.

standard F.T.

V.. =352, = 8a 4

Zmax
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Comparison of reconstruction methods
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% Shape of standard FT approaches phenom. data as v increases.
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% BG smaller oscillations than FT. PDF converges at about v, = 5.2

% Smooth behavior for all v, values, and compatible with phenom. data
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Comparison of reconstruction methods

Backus-Gilbert
4 90 () Backus-Gilbert+precond.
e fit

—— NNPDF3.1

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
T x

[M. Bhat et al. (ETMC) PRD 103 (2021) 3, 034510, arXiv:2005.02102]

% Preconditioning in BG improves reconstruction
% Fitting reconstruction performs better than BG

% Conclusions hold for specific input data

max

=35.2,

Zl'Ilc':IX

= 8a

T
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Final lattice data

% Exploration of systematic uncertainties and various reconstruction
methods leads to a better understanding in the comparison with
global analyses of experimental data

stat.

stat.+Azar + Acg
stat.+4syst.
—— NNPDF3.1

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
x x

[M. Bhat et al. (ETMC) PRD 103 (2021) 3, 034510, arXiv:2005.02102]
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Synergy between

lattice and phenomenology
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Incorporating lattice PDFs In global analyses

Can PDFs be better constrained in regions where
experimental data are sparse, imprecise, or non-existing?

Unpolarized Helicity Transversity
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[Ethier & Nocera, Ann. Rev. Nucl. Part. Sci. 70 (2020) 1, arXiv:2001.07722 ]
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Incorporating lattice PDFs In global analyses

Can PDFs be better constrained in regions where
experimental data are sparse, imprecise, or non-existing?

Unpolarized Helicity Transversity
107 - A [:
(f TT0 EIC < © % Fixed Target DIS E + Collider Di ]
10 : [\ LHeC Frer uf/ ‘\\ o  Collider DIS El 3 E
105k 5L 1JL *  Fixed Target SIDIS JiL 2
t ®  Fixed Target DY E |:
S| 0% . 4 Collider DY
> 1033 Jet Production : d ]
O E . E . E
g Top Production g E
S 102 15
o™ g E L .
Q) 1015 E P - 3 [ ] .. .. o
F » L ] L]
CONONON N\ SN2 28 656 o T EREgs s 0 00 L] L bt P ® e » wt ’
100: I e ¢ ,i."'____'l-'l --------
0!
—20 0D Y BT R ATEY BRI RS SR ey, L Lo . |||||| A Ll Lo Lol Ll
0 1077 107° 10 10=* 107 1072 107! 1} 107* 1073 1072 1071 1 1073 1072 1071 1
X i X
l[Ethier & Nocera, Ann. Rev. Nucl. Part. Sci. 70 (2020) 1, arXiv:2001.07722 ] l
1 B T LU I| 1 Trrn lll 1 LI
- PDF4LHC15 (NLO)
0‘9;' xf(x,u2=4 GeV?)
0.8F

0.7F

T TP I s o JAM 2020
— M. Constantinou, ECT* 2021 E



Incorporating lattice PDFs In global analyses

Synergy between lattice and phenomenology

% Lattice and experimental data sets data within the same global analysis
(JAM framework ) [J. Bringewatt et al., PRD 103 (2021) 016003, arXiv:2010.00548]
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Incorporating lattice PDFs In global analyses

Synergy between lattice and phenomenology

% Lattice and experimental data sets data within the same global analysis

(JAM framework ) [J. Bringewatt et al., PRD 103 (2021) 016003, arXiv:2010.00548]
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Incorporating lattice PDFs In global analyses

Synergy between lattice and phenomenology

% Lattice and experimental data sets data within the same global analysis
(JAM framework ) [J. Bringewatt et al., PRD 103 (2021) 016003, arXiv:2010.00548]

B exp
— 0.4 I exp+lat
[ Tlat (DFT)

502 - Consistent picture with

. JAM for unpolarized PDF
'C<81\ - Significant impact for
;Y helicity PDF
'S BN exp
%—0.2- B oxptlat

[ lat (DFT)
1072 101 100 102 10T 10°
€T i

% Other efforts within
NNPDF framework

[K. Cichy et al., JHEP 10 (2019) 137, arXiv:1907.06037]
[L. Del Debbio et al., JHEP 02 (2021) 138, 2010.03996 ]
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Incorporating lattice PDFs In global analyses

Synergy between lattice and phenomenology

% Lattice and experimental data sets data within the same global analysis

(JAM framework ) [J. Bringewatt et al., PRD 103 (2021) 016003, arXiv:2010.00548]
B exp 0.751
— 0.4 I exp+lat =
= | cat (o) R 0-20
502 3 0% - Consistent picture with
. = 0.00f JAM for unpolarized PDF
'C<81\ - Significant impact for
;Y helicity PDF
'S BN exp
%—0.2- B oxptlat
[ Jlat (DFT)
1072 1077 10° 1072 107! 10°
i i
% Other efforts within % Interest in applying similar approach to
NNPDF framework quantities that are more challenging to
[K. Cichy et al., JHEP 10 (2019) 137, arXiv:1907.06037] extract experimentally

[L. Del Debbio et al., JHEP 02 (2021) 138, 2010.03996 ]

(GPDs, twist-3 distributions, ...)
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Let’s recapitulate




Concluding Remarks

% x-dependence reconstruction: Inverse problem
[J. Karpie et al., JHEP 04 (2019) 057, arXiv:1901.05408]
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Concluding Remarks

% x-dependence reconstruction: Inverse problem

[J. Karpie et al., JHEP 04 (2019) 057, arXiv:1901.05408]

Standard Fourier transform ill-defined

~ 2P, ™= —txP3z
Q(CU,P3)=4—7T3 Z e 5% hp(Ps, 2)

Derivative method problematic
Zmax B /zmax dz 62'sz3 ,

eixng

§(z) = h(2)

h(2)

2mT | —2zmax  an 2T
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Concluding Remarks

% x-dependence reconstruction: Inverse problem
[J. Karpie et al., JHEP 04 (2019) 057, arXiv:1901.05408]

4+ Standard Fourier transform ill-defined
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Zmax
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Rely on assumptions
that introduce bias in
the reconstruction
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Concluding Remarks

% x-dependence reconstruction: Inverse problem
[J. Karpie et al., JHEP 04 (2019) 057, arXiv:1901.05408]

4+ Standard Fourier transform ill-defined
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Advanced PDF reconstructions

4+ Backus-Gilbert Method
4+ Neural Network Reconstruction
+ Bayesian PDF reconstruction

+ Bayes-Gauss-Fourier transform

Rely on assumptions
that introduce bias in
the reconstruction
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Advanced PDF reconstructions

4+ Backus-Gilbert Method
4+ Neural Network Reconstruction
+ Bayesian PDF reconstruction

+ Bayes-Gauss-Fourier transform

% Negative-x region: anti-quark contribution
currently suffers from enhanced uncertainties
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4+ Standard Fourier transform ill-defined
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Advanced PDF reconstructions

(Iﬁ&lﬂé you

+ Backus-Gilbert Method

4+ Neural Network Reconstruction

sm | o o Office of

7 A DEPARTMENT OF
ENERGY science

+ Bayesian PDF reconstruction

+ Bayes-Gauss-Fourier transform DOE Early Career Award (NP)
Grant No. DE-SC0020405
% Negative-x region: anti-quark contribution QIVD TMD Topical
currently suffers from enhanced uncertainties calwaration - Collaboration
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