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QCD and Factorization

Non perturbative regime

(n(?n computable but A Long distance physics,
universal terms) ‘ non-perturbative structure

functions.
QcD < N 4
Perturbative regime

(computable but process
dependent terms)

Short distance effects,
>~ perturbative QCD

u The interplay between perturbative and non-perturbative regimes is currently one of
the most challenging aspects in phenomenology, which is presently explored in many
different dedicated experiments (existing or being planned for the near future).

W Factorization allows to separate the perturbative content of an observable from its
non-perturbative content. At large Q and small m, the non-perturbative contributions
are separated out from anything that can be computed by using perturbative
techniques, and identified with universal quantities (structure functions).

u Factorization restores the predictive power of QCD
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Factorization: region classification

J. Collins, Foundations of perturbative QCD (Cambridge University Press, 2011)

Particles are classified according to how they propagate in space,
l.e. according to their virtuality.

Momentum regions: HARD
k ~ (Q7 Qa Q)

( Short-distance contributions ——» Large virtuality

A

Long-distance contributions ——» Low virtuality

SOFT COLLINEAR
k~ (As, As, Ag) ke~ (Q, 2\/Q, \)
As = A?/Q

June 13th, 2025 M. Boglione - Sar WorS 2025 3



Factorization: region classification

General structure of a generic factorization theorem:

Power

O=H xS x HC’j + p.5. «— suppressed
J

terms

IR-safe hard

contribution Soft and collinear

contributions, accounting PDFs and TMDs
for non-perturbative effects

s Each term is equipped with proper subtractions.
= The soft factor S encodes the correlation among the various collinear parts.

= \While H can be computed in pQCD, S and C have to be determined using non
perturbative methods. For instance they can be modeled and extracted from
experimental data, or computed in lattice QCD
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FACTORIZATION: Collinear vs TMD

W Factorization: identify, isolate, separate perturbative from non-perturbative
contributions

i This is intimately related to a clear identification of different kinematic regions,
where different theoretical schemes must be applied

COLLINEAR

R There is enough transverse The low transverse momenta of

qr 2 Q momentum to produce jets at the struck parton, of the
wide angles in the final state. fragmenting parton and of soft

radiation are totally negligible
TMD -

e The production of hard jets The low transverse momenta

4r <Q with high transverse of the struck parton, of the

* momentum is strongly fragmenting parton and of soft
suppressed radiation are relevant
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Factorization: collinear vs TMD

Perturbative computations to fixed order
are valid at large qt (qT>>Q),

BUT lead to a divergent behavior at
small gt (qr<<Q)

Transition from perturbative to
non-perturbative regimes

ar

> A
qr >>Q
collinear region
pQCD
ar
4 The W term becomes unphysical at >
larger qr, when qr 2 Q, where it Central region is where TMD and collinear
becomes negative (and large). cross sections are expected to be matched
\ ar The Y term corrects for the misbehavior of
\ W as grgets larger, providing a consistent
qr << Q > (and positive) q 1 differential cross section.
TMD region
non-pQCD
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Factorization in SIDIS

it Factorization regions

Fixed order pQCD calculations describe the SIDIS cross section at large gr

—» COLLINEAR factorization

The cross section at small gr is dominated by non perturbative contributions
—>» TMD factorization (complemented with non perturbative modeling)

The intermediate region is a “matching region”

1/6,,s do/dP; (GeV/c)™

Anselmino, Boglione, Prokudin, Turk,

10" |

pQCD cross
section
at NLO order

—

Large K factor

Eur.Phys.J. A31 (2007) 373-381 -'#,?,;Be
107
approach
ZEUS Collaboration (M. Derrick), 3
Z. Phys. C 70, 1(1996) 10° |
0 1
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TMD vs Collinear regions

& For this scheme to work, distinct kinematic regions have to be identified

& They should be large enough and well separated

TMD evolution Matching region Fixed Order collinear QCD
(Y factor)
gr << Q
Intrinsic qr Soft gluon radiation Hard gluon emission

Warning: factorization identifies 2 regions, at the 2 ends of the qt spectrum!

Issues arise in the intermediate region (transition from pert. to non-pert. regimes)
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How do we know where
the boundaries of the
kinematic regions are?
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Perturbative vs non-perturbative contributions

& Study evolution in the transverse coordinate space, bt (F.T. space of k1)
il Freeze all perturbative scales when reaching the non perturbative region

b* prescription

b br < bmax
br —» b, = T —» b.(br) = ! !

\/1 + b= /bmal buax BT > bmax

& Define a non-perturbative function for large br:

TMD = fj/n(x, brs no,, QF) = JS/h(x b*’ﬂQonO)
-

(f]/h(x bTaﬂQoaQo))
f}/h(x b*uqu’ 2)

Perturbative (small bt) Non perturbatlve (large br)
il Model the (unknown) non perturbative function

il Let the fit determine the value of the free parameters of the non-pert. model

I
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Perturbative vs non-perturbative contributions

w ISSUE 1: the b* prescription isolates the perturbative part of the TMD and restricts it to
low values of bt (i.e. to large values of kr)

BUT in this prescription nothing prevents infiltrations of the non-perturbative
model into the perturbative region, at small values of br.

W ISSUE 2: in practical implementations, the function b*(bt) can become another non
perturbative model, and the value of buax a model parameter.

W ISSUE 3: TMDs should satisfy an integral relation which links them to their collinear

counterparts
Fo) = [k fo, k)

@ ISSUE 4: discrepancies observed in the size of the collinear large gt tail cross sections
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Collinear cross sections at large qr

At high gt the collinear formalism should be valid,
but large discrepancies are observed

Discrepancy is about

COMPASS 17 h* one order of magnitude

= d d -2

ol I~ e a7 / dxijQz(GeV ) vs. g7 (GeV)

. e " H H}
= O p— DDS (LO) %6 HH | WM{I}WH ' ’ ““ ! ’ |
B —— DDS (NLO) g,

[«B)
Q/ - g HEr
o 7 = | s
N o
z, HM{ TR EEE| WIH}M |
< Toden T o™ e
b 0.24 < 2<0.30
. b 0.30 < 2 < 0.40
- { 040 < z < 0.50
2 4 6 2 4 6 2 4 6 2 4 6 2 4’ 6 + 0.65 < z <0.70
0.007 0.010 0.016 0.03 0.04 0.07 0.15 0.27 o
xbj

Gonzalez-Hernandez, Rogers, Sato, Wang, Phys.Rev.D 98 (2018) 11, 114005
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Perturbative vs non-perturbative contributions

i These complications are ultimately connected to the fact that the usual b* organization
prescribes the existence of only 2 very sharply defined contributions: 1 that involves
entirely perturbative bt dependence and 1 that is entirely non-perturbative.

B A more realistic view is that there are 3 types of br-dependence:

1) A totally non-perturbative behavior as bt —
2) A very reliable collinear factorization as bt — 1/Qo

3) An intermediate transition region around bt ~ 1/Qo where br-dependence is
reasonably well-described by perturbative collinear factorization, but is not as isolated
from non-perturbative effects as region 2.

|deally, the intermediate region should be described by a physically motivated

model that interpolates between the TMD and the collinear regions

I
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Hadron Structure Oriented approach (HSO)

Aslan, Boglione, Gonzalez-Hernandez,Rainaldi, Rogers, Simonelli, Phys.Rev.D 110 (2024) 7, 074016

i Construct a smooth and continuous parametrization of the TMD that directly
interpolates between perturbative and non-perturbative regimes

& Impose the integral relation on this parametrization
F@) = | &k flario.n) + At ps

reg

& Avoid intrusion of the non-perturbative model in the kinematical region where the
behaviour of the TMD should be dominated by perturbative physics

& Make sure that the TMD converges fast enough to its perturbative tail at large kT

u Ensure a reliable physical interpretation of the extracted TMD

B
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The role of experimental data

(JLab12 and JLah22)

i@ Do experimental data help us to assess energy and transverse momentum
ranges which are crucial to improve the current understanding of QCD in
terms of factorization theorems?

@ Do experimental data shed light on the hadronization mechanism?

@ Do experimental data allow a reliable separation between TMD and collinear
regimes?

@ How does QCD manifest itself in the “intermediate/matching region”?

I
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Affinity

Boglione,Kelleher, Prokudin, Vossen, Yushkevych, in preparation

I
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What is “affinity” ?

+ Affinity is a phenomenological tool based on momentum region indicators to
guide the analysis and interpretation of SIDIS measurements.

* The new tool, referred to as “affinity”, is devised to help visualize and quantify
the proximity of any experimental kinematic bin to a particular hadron
production region, such as that associated with transverse momentum
dependent factorization.

* Bin centers are located in the points corresponding to the bin averaged
values of xgjand Q2, and in each of these bins various values of zn and q1/Q
can be measured.

* In each bin of fixed z and gt /Q, the affinity is indicated by a dot with size
proportional to the number of events in that specific bin.

* The affinity is color coded according to the scheme on the right of the panels:
red (and smaller) symbols correspond to low TMD affinity, while dark blue
(and larger) symbols correspond to high TMD affinity
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Momentum region indicators

TMD Region COLLINEAR Region

K| |k | | ok}
R, = max AR Small Small
P, -
1= h kf Small Small
Py -k
| k|
R, = 0 Small Large

k:kf—q
kX:k@-qu—kf
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Phase space - JLab12 and JLabh22

[ 1JLab12data
201 g JLab 22 data

[ 1 JLab12data
[ 1JLab 22 data

IBj 7

12 | [ JLab12data
[ 1JLab?22data

Data set: 100k events
Each event is identified by:

= a set of hadronic variables (x, Q?, z, pr) - measured

@ a set of partonic variables (ki, M; Ms, dkr) - unknown
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Reconstruction of hadronic variables

Two possible strategies:

1. partonic variables are assumed to follow Gaussian distributions (same for all values of hadronic variables)

Non-perturbative values (Gaussian distributions)

kit Mki
1000
3 = 0*=15,x5=0.
§ 0 02 =35,x5;=02
8 =1 @2 =75,x5;,=05
Ha 500 -
2
g
Z
0 I 1 T 1
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
ki; values M;; values

=1 0= 1.5, xg; =0.1
0 @2 =35,15;=02

(7]
g
3 400 1 =3 0 =75.0=05
G
o
i
8 200 -
g
Z
0 -
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0

Ok, values M values

Boglione, Diefenthaler, Dolan, Gamberg, Melnitchouk, Pitonyak, Prokudin, Sato, Scalyer, JHEP 04 (2022) 084
T
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Reconstruction of hadronic variables

Two possible strategies:

2. partonic variables distributions are reconstructed, event-by-event, from a MC generator
(correlations preserved)

Non-perturbative values (MC distributions)

kis My;

2 750 1 £ 0*=15,x;=01 =1 0°=15,x3=0.1
g 0 02=35,x3;=02 i 1 023515 -02
§ = 92:7.5,xgj-:0.5 600 = Q2:7.5,XB;:0.5
uey 500 A
° 400
2
§ 250 200 -
Z,

0 0-

0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
ki; values M;; values
Ok My
i) 300 - =1 02=15,x5=01 =1 02 =155, =011
5 £=1 2=35.5-02 | 20000 A £ =355 02
S 3 0" =755 =05 1 0*=75,53=05
- n

% 200
H -
8 10000
g 100 1
=
Z

0 - 0 - T T T T

0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Ok, values My values

Boglione, Kelleher, Prokudin, Vossen Yushkevych, in preparation
I
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June 13th, 2025

Non-perturbative parameters for
[Q2=1.5, XBj=o- 1]

R 7150 - 1000 1 =1 M, Guus
g =3 M, MC
:_,c: 500 4
o 500 1
'g 250 4
=
(} L 1 I (] 1 I I 1 Ll
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 |.5 2.0
ki values M, values
Sk, My s
21000 A = 5% Guus 000 - )/, Guus
g = 5k MC M, MC | [ 20000
% 400 4
5 00 1 L 10000
% 200) 1
=
- 4
0 T T T T 0 - T T T T U
00051.01520253.0354.0 00 05 10 15 20
ok, values M values
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Non-perturbative parameters for
[Q?=3.5, X5;=0.3]

kit My
ghy S MG
b~ zl M,; Gaus
g 300 =1 M; MC
S 200 - ;
S 2001
2
100
£ 100
=
5
0 = T T 0 T T
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
k; values My values
Sk, My s
2 =1 5k Gaus 200+ M, Gaus
g 300 ~ ] s, MC == .M”- MC 4000
]
Y
& A 100 - -
2 2
= 100 1
=
z
0 T T T T T T T 0- T T T -
00051015 20253.0354.0 0.0 0.5 1.0 1.5 2.0

8k, values M, values
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Non-perturbative parameters for
[Q?=7.5, X5;=0.5]

ki
b =1 ki Gaus
S 60 - =3 &, MC
g
T 40 1
2
2 20 1
—
Z.
0- T T
0.0 0.5 1.0 1.5 20
k; values
ok,
= 75 =1 64 Gaus
- = 5k MC
g
= 50
ot
é 25 1
=
z
0

00051.0152025303540
Sk, values

My,
75 =1 M, Gaus
== M MC
| S
207
0 - T T
0.0 0.5 1.0 1.5 20
M;; values
M s
M, ; Gaus
40 1 M, MC
20 4

00 05 1.0 1.3 2.0
M, values

I
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Region indicators

Region indicators are computed for each event:

R; values JLab12

Ry R
15000
5
z 2
2 10000 - k? ks Sk
B R, = max 1 535l |
g o | @ Q
2 5000 ~
z
0 - Py kf
00020406081.01.214161.82.0 00020406081.01.214161.82.0 1=
Ry values Ry values .
Py - k;
Ry 5
5 30000 - R, = >
Z 20000 - Q
= 20000 - 5
E 10000 - ; — ’k_Xl
g 10000 + R3 s —2
z Q
0- 0
00 02 04 06 08 1.0 00 02 04 06 1.0
R values R v 1Iuea
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TMD-Affinity@JLah12
(MC event-by-event method)

Boglione, Kelleher, Prokudin, Vossen Yushkevych, in preparation

TMD region JLab12 Collinear region JLab12

A —
s L o % L5 15
= L =] U ‘ 1.0
=T 1.5t 0.5
1 I ¥ 10 @ R,
- 1.5 i H 15
o o . <05 Lo
ol . ~ o .
10 o 2 0.
N 5 08 15 - Lo - 02 05 08 13 -
) e 1.0 . 4
g W o S o ) T A W
‘_bl 1.5 5 15
B o N S i v
5 e 05
o~ | N - I e -
3 15
> s :n > 2 10
5 o e 3 il
U | | _HB ; L ™ 0. U K PO 0.6
S 1.5 t t N @ 15
i 10 2 10
o | 1D i N 0 o
L ‘i o . S ‘e dhd e .
1 | [ ; Y] . 02 05 0.8
o Lt t t . 5 0.4
1 R B 1
1.5 1.5
A1 i » e 0.5 =
o oo, ;e .
02 05 08 2 0.5 0.
15 15
S Y AT
N e [ ] 05
02 05 08 0.0 02 05 0.8 0.0
15 15
il B ' 2 10
1.5| w 0.5
| !’ ™y Bk 2
020508 020508 020508 0205 08 02 0508 020508 020508 020508
0.10 0.20 0,30 0,40 0.50 .60 0,70 (.80 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80
LBj ILBj

blob sizes are based on number of events, blob colors are based on affinity
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TMD-Affinity@JLab12

(Gaussian distributions vs. event-by-event MC generated distributions)

Q?* (GeV?)

Boglione, Diefenthaler, Dolan, Gamberyg, Boglione, Kelleher, Prokudin, Vossen, Yushkevych,
Melnitchouk, Pitonyak, Prokudin, Sato, Scalyer, in preparation
JHEP 04 (2022) 084
, T'MD region JLab12 Gaussian TMD region JLab12 MC
1B Y
= @ 22 2.2
= U] \ |l|>\-:::l‘.'“ 1.0
~ Tl1t1ted it ' ooy L 1.0
1114 e @@ 2
- &N0.8 [ en@l | 22 ~1
| P ! TT 15 (111]ie > :
5 Qq ‘* L ll_sjE:'H'q -::I'vﬁl' :
0.2 \ et Tk isetTlb 108 v
02 05 08 0.2 lh.j'rlﬂﬁ U | 0.8
S Zh L - ~
‘ a7l 0.6 o ‘. L o
oc 1
[
I 0.4 m = 0.4
= 8 ]
- 81iitiitidal
0% iaaaidbih | Lissbih » |
- 02 05 08 0.2 0.2 05 0.8 0.2
= 15 g
+ Ub“% ..... HM 02 05 08
0.0 ek 0.0
it | BRI ML 01100 ITHAIES -
020508 020508 020508 e
T Bj L Bj

blob sizes as well as blob colors are based on affinity / binning is different
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JLab12 affinity to TMD and collinear regions

1600+ B collinear 0.0% Phase space in rapidity yn of produced
14004 = central 5.1% JLab12 hadron, with for TMD, collinear, central
B TMD 29.9% and target regions indicated.
1200 -
The legends show the percentage of all
1000 | bins with corresponding affinity above 5%
800 A
GO0 1 As expected Jlab12 phase space covers
mostly the TMD region
400 A
200 1
0

Yn
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JLAb22

I
June 13th, 2025 M. Boglione - Sar WorS 2025 29



Q’ (GeV?)

20.5

18.5

16.5

22.5

175 195 215

145

135

TMD-Affinity@JLah22

TMD region JLab22

S elee e
Em 0] ® ;: e = (& w4 o ) o ]
i ® : | g i Very high statistics and fine
& ef e o A e ery nignh st
: ' . ah % e e ap e e binning will improve the 3D maps
5 o 'L ' b e b = | of hadron structure
;h - . , :
|| &1 TMD region will be accessible
] (large Q, large z, small Pr)
0.6 E
]

Boglione, Prokudin, Yushkevych, in preparation

T010 014 018 022 026 020 033 037 041 045 049 053 057 061 065 065 072 076 080 084
a:Bj
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@* (GeV?)

Collinear region JLab22

Collinear-Affinity@JLab22
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0.10 0.14 0.18 0.22 0.26 0.29 0.33 0.37

0.41 0.45

0.49 0.53 0.57

ITBj

0.61 0.65 0.68 0.72 0.76 0.80 0.84

0.0

M. Boglione - Sar WorS 2025

&l Very high statistics and fine
binning will improve the 3D maps
of hadron structure

™
i1 Collinear region might be
accessible (large Q, moderate z,

large PT)

|

Boglione, Prokudin, Yushkevych, in preparation
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Matching region JLab22

Central-Affinity@JLab22

? E ® o0 ey e
: E,w :. » ;: Pt & # . o .
s ':: L I8 b oM AR . & Very high statistics and fine
: ' % S BN e e hp e binning will improve the 3D maps
? 4 8 e N 8 B 47 o e of hadron structure
2 ' 47 4 TN RO
L BB S X o o M
A T 1 T YR
ok e -
@ n . -
& : T 11N
$ - B ok
< 'ﬁ' i & A unique feature of Jlab22 is that
) e it will offer an unprecedented
sk insight onto the matching region,
) 4 e R which cannot be explored in any
I R other SIDIS experiment
B I ‘l'g J" vﬁ’ " 'l' ,F' il o e e e | bo
ﬁ &*
ol e B B T o Boglione, Prokudin, Vossen, Yushkevych, in
zgj preparation
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JLah22 affinity to TMD and collinear regions

B collinear 29.1%
central 0.3% JLab22

80001 mmTMD 23.0%

Phase space in rapidity yn of produced
6000 1 hadron, with for TMD, collinear, central
and target regions indicated.

4000 1 The legends show the percentage of all
bins with corresponding affinity above 5%
2000 1 At JLab22 TMD and collinear regions
are well separated
0 . —
—6  —4 4 6

T
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Conclusions

i Phenomenological studies of TMD factorization have entered a high precision hera.

Many aspects of the interplay between perturbative and non-perturbative contributions
are now better understood

I Some issues remain open and need further investigation, especially as far as the
phenomenological application of factorization theorems is concerned:

Hard to avoid non-perturbative models leeks into perturbative regions (— HSO)
Hard to work in bt space where we loose phenomenological intuition

F.T. involves integration of an oscillating function over bt up to infinity:

upon integration one loses track of “small br“ and “large b+”.

& Simultaneous fits of SIDIS, Drell-Yan and e+e- annihilation data are very valuable,

BUT they should be performed within consistent and solid frameworks, to allow for a
reliable interpretation of the fit outcomes.

I
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Conclusions

& A thorough assessment of SIDIS kinematic regions can have a considerable impact
on our understanding of TMD physics

i These studies will help us to assess energy and transverse momentum ranges which
are crucial to improve the current understanding of QCD in terms of factorization
theorems, and shed light on the hadronization mechanism

& Affinity will allow a reliable separation between TMD and collinear regimes, and
possibly give access to the matching region

I
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Back up

I
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Factorization

\ Sy

>

4r<<Q a,~Q ar>>Q
TMD region Matching region pQCD

/ dO‘NLO dUASY
2 7 Y
drdydzdqy  drdydzdgy

dg o — qag / d*bre'r b 117 SIDIS
dz dy dz dg7 : (2m)?

Hard gluon radiation
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Resummation / TMD evolution

Resummed term Finite term

dgb th b o
/ Zf‘ W (21, T2, bT:Q) + Y (21, %2,971, Q)

|

1 do B
oo dQ%dydgs

Y = gFO - gASY

L1 The W term is designed to work well at low and moderate gr, when gr << Q.
(Notice that W is devised to work down to gr~ 0, however collinear-factorization
works up to gr> M; therefore, TMD-factorization and collinear-factorization
can be simultaneously applied only when qr>> M).

. The W term becomes unphysical at larger qr, when gr =2 Q, where it becomes
negative (and large).

i1 The Y term corrects for the misbehavior of W as qrgets larger, providing a
consistent (and positive) q 1 differential cross section.

L1 The Y term should provide an effective smooth transition to large qr, where
fixed order perturbative calculations are expected to work.

I
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SIDIS - Y factor

Boglione, Gonzalez, Melis, Prokudin, JHEP 02 (2015) 095

Vs=17 GeV, Q°=10 GeV?

-30
: NLO ——
ASY ----
W NLL+Y -+ -
_ 10
[aY]
>
(]
S
NE 10-32
S
=
(on
2 33
£ 10
10-34

ar [GeV]
d O‘N LO d O.AS'Y

dx dy dz dq% T dr dy dz dq%

& The Y factor should not be neglected

WThe Y factor is very large
(as large as the cross section itself)
even at low qr

_IlIlIIlIl|l“llllIIIl||IIII|IIIIIIIIIIIIIIIIIII||III_
', HERMES (e+p ->m*+X) |

: Q’=3.14GeV? ]
04<2z <0.6

0.8

l:)'G_Illlllllllllll|IIII|IIII|IIIIIIIII|IIII|II>iIIII
0.1 015 02 025 0.3 035 0.4 045 0.5 055 0.6
p, (GeV)

Sun et al arXiv:1406.3073

& However, it could be affected by large
theoretical uncertainties

o”SY = Q%qg+? [A Ln(Q%qgr?) + B + C]
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TMD regions

i For this scheme to work, 4 distinct kinemati ave to be identified

& They should be large enou

TMD evolution

Intrinsic qr Matching region FO QCD
Y factor

— —
/ N\
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Non-perturbative parameters
Gaussian distributions
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Non perturbative parameters - MC

1000 -

500 -

Non-perturbative values (MC distributions)

kit

. 0’ =15, =01
|| Q2:3.5,x3j:O.2

0 =35,x5,=05 |

- 200
40

- 100,

0.5 1.0
k;; values

Ok,

1.5

1000 -

500 -

o’ =1.5,xp; =01
0% =3.5,x5; =02
2 =35,x5; =05

0 2 4
Ok; values

M;;

2000 A

1000 -

. 0’ =15,x5;=01

0% =35, x5 =02
0 =35,x5; =05

60
- 300

[ 20070

E 10020

M, values

Mkf

20000 -

10000 -

0 =1.5,x =01
g =35,x5; =02
. 02 =35,x5,=05

- 4000750

- 500
- 2000
- 250

M. Boglione - Sar WorS 2025

0.1 0.2
Mkf values

0.3

June 13th, 2025

42



Hadron Structure Oriented approach (HSO)

Aslan, Boglione, Gonzalez-Hernandez,Rainaldi, Rogers, Simonelli, Phys.Rev.D 110 (2024) 7, 074016
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sz % fu/p(xrkT:Q.QZ)

sz * fu/p(xrkT;Q,Qz)

1.2

Numerical
Instabilities?

43



Possible effects of numerical instabilities

Valentin Moos, Ignazio Scimemi, Alexey Vladimirov, Pia Zurita

(k. 0000 LRI al k5

__— Unphysical behaviour due
to numerical instabilities

I
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Hadron Structure Oriented approach (HSO)

Aslan, Boglione, Gonzalez-Hernandez,Rainaldi, Rogers, Simonelli, Phys.Rev.D 110 (2024) 7, 074016

. and you postdict this
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