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● What is SIDIS?

● SIDIS regions

● Successes and challenges



 What is DY?

E866 provided the data by removing
the upsilon without compromising the 
non-resonant region - “only modest modeling
of upsilon” involved
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What is DIS? 

Cuts on W2, Q2 are needed to stay in the 
continuum DIS region 



What is SIDIS?
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Sum over all final 
states

X is encoded in TMD 
definitions
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Talk by A. Moretti (DIS21)
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SIDIS data are 
modified with models

Add vertical lines to mimic DY
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Pros: wider kinematic 
coverage for “TMD physics”
Cons: model dependent, 
increase risk of confirmation 
bias

Level 1 Level 2 Level 3

Pros: easy for QCD pheno groups
Cons: issues with QED 
deconvolution

Pros: no theory assumptions, clean 
constraints on TMDs
Cons: not that easy for QCD pheno 
but not impossible, less kinematic bins 
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So what should we aim for?

● Provide data with different levels of 
assumptions 1,2,3,...

● Quantify the degree of 
bias/assumptions across all levels 
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● What is SIDIS

● SIDIS regions

● Successes and challenges



SIDIS regions
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How confident can 
we interpret the 
data as current 
fragmentation

Existing theory 
framework is 
incomplete

Is this region 
described well?
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TMD affinity map based 
on R_i
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Estimated using Pythia8
(unpublished)



21

So what should we aim for?

● Provide rapidity distributions @ Lab 
frame, Breit frame

● Use metrics like affinity/R to estimate 
TMD like phase space  



Outline
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● What is SIDIS

● SIDIS regions

● Successes and challenges



Need for a global analysis
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Give F2p and F2n across x, can we say with 
confidence  that the extract u & d are intrinsic 
property of hadrons?

No: fitting u & d is just 
data parametrization

One needs to have an over 
constrained system of equations 
with overlapping kinematics
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● An indication for a possible origin of SAA 
● Need to study/include proper QCD evolution
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Large transverse momentum 
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Large qT region 
not well 
described 
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Status
● NLO corrections does not 

seems to solve the problem
 

● NLO + refitting PDFs and 
FFs seems to help  
(unpublished)

● Other physical mechanism 
has been proposed
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Evidence for large pT region? 

What is the physical origin of the large pT tail? 
● hard gluon radiation
● power corrections
● …?                                  Is an open question
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Role of QED effects
How we imagine 
the reaction

In reality 

● In the presence of QED 
radiation, the q direction is 
not fixed

● The experimental Breit 
Frame does not need to 
coincide with the actual 
Breit-frame needed in QCD 
factorization

See talk by Tianbo Liu
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So what should we aim for?
● Systematically include/test 

all the effects: 
○ NLO, 
○ pdf/ff refitting, 
○ power corrections, 
○ QED
○ ….



Summary & outlook
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● What is SIDIS
● SIDIS regions
● Successes and challenges
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Backup



At this workshop we will discuss the existing theoretical approaches, future 
measurements worldwide and data analyses, focusing on different issues in 
theoretical interpretations and possible limitations from experimental 
capabilities. The workshop aims to help define a clear path for realistic 
evaluation of possible interpretations of data and planning for future 
measurements. We plan to focus on the kinematic region with large enough x 
(x>0.02), where spin-orbit correlations are significant enough to be measured.

1) The status of the theory, different factorizations for SIDIS process and 
their applicability in different kinematic regions, and validation/test by data.

2) Projections for any kind of future measurements, with clear systematics 
due to unknown behavior in the kinematics, where the parameterizations 
are not constrained by data.

3) Experimental limitations, in particular phase space limitations.

4) Understanding of the impact of unknown fragmentation functions and 
the associated systematics in the extraction of TMDs, in particular their 
PT-dependence, and the role of vector mesons produced in hadronization 
of quarks.

5) Development of a framework for evaluation of systematics of different 
extraction procedures, due to experimental uncertainties, limited phase 
space coverage, various assumptions and approximations used in 
phenomenology for extraction of TMDs from the existing and future data 
sets, in particular in kinematic regions not covered by data.

6) Development of realistic and versatile generators allowing for the 
implementation of different frameworks and phenomenology, which will be 
crucial for simulations of realistic "pseudo-data", and can be used in 
validation of various extraction frameworks. Such generators should also 
allow for the study of model dependence in extracting TMDs.

7) The EIC measurements at large x, including coverage, resolutions, 
large Q2 behavior of SSAs, complementarity with JLab

8) Lattice calculations: input in phenomenology and MC simulations 35
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Fake people

https://thispersondoesnotexist.com

https://thispersondoesnotexist.com
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Underlying law of 
human faces A random sample from 

underlying law

Each image is an event
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Can we apply GAN for particle reactions?

Underlying law for particle 
momentum distributions



41

Traditional approach

ML data representation

GAN approach

Supervised directly at 
the event level
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GAN
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GAN

● PYTHIA has 1M events

● GAN was trained with 1M events

● GAN predictions from 100M events

● GAN has learned accurately the underlying 
low with lower statistics

kx

ky

kz
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3He data are crucial for 
flavor separation
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High-x region provides significant constraints

Impact of EIC (from YR)



Impact of low Q (from SoLID study)
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Accuracy vs. PrecisionHigh-x region provides 
significant constraints


