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Main current efforts:

pre-TDR - Chapter 2: (~60 pages) focus on holistic detector performance, requirements from physics, and science
reach

EIC Early Science: focus on the scientific impact of ePIC in its first five years of data taking

Next E.S. workshop: April 24-25 @ Stony Book University [hybrid format]
https://indico.cfnssbu.physics.sunysb.edu/event/410/
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How can we help?

Italy has some potential to exploit (and help with the TDR cause):

Leading experience with TMDs and SIDIS (3D imaging in momentum space)

Leading experience with diffractive PDFs at HERA (onset of gluon saturation)

Leading experience with exclusive processes and GPDs (partonic spatial tomography)
Experience with Heavy Flavor tagging [e.g. flavor-tagged PDFs]
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' we have an internal INFN milestone for September 2025
' on “Performance studies of PID detectors in the
I\ extraction of TMDs”
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Proposal for EIC Science Program in the First Years

Year - 1

Start with Phase 1 EIC

New Capability:

Commission electron
polarization in parallel

Run:

10 GeV electrons on 115 GeV/u
heavy ion beams (Ru or Cu)
Physics:

Add your preferred science topic

Year - 2

Phase 1 EIC

+ electron polarjzation

New Capability:

Commission proton polarization
in parallel

Run:

10 GeV polarized electrons on
130 GeV/u Deuterium

Physics:

Add your preferred science topic

Run:

Last weeks 10 GeV electrons
and 130 GeV polarized protons
Physics:

Add your preferred science topic

Year - 3

Phase 1 EIC

+ electron polarization

+ proton polarization

New Capability:

Commission running with hadron
spin rotators

Run:

10 GeV polarized electrons on
130 GeV transverse polarized
protons

Physics:

Add your preferred science topic

Run:

Last weeks switch to longitudinal
proton polarization

Physics:

Add your preferred science topic

Year -4

Phase 1 EIC

+ electron polarization

+ proton polarization
+ operation of hadron spin rotators

New Capability:

Commission hadron accelerator to
operate with not centered orbits
Run:

10 GeV polarized electrons on 100
GeV Au

Physics:

Add your preferred science topic

Run:

10 GeV electrons on 250 GeV
transverse and longitudinal
polarized protons

Physics:

Add your preferred science topic

Year -5

Phase 1 EIC

+ electron polarization

+ proton polarization
+ operation of hadron spin rotators

+ operation of hadron beams with not
centered orbits

Run:

10 GeV polarized electrons on 100 GeV
Au

Physics:

Add your preferred science topic

Run:

10 GeV electrons on 166 GeV
transverse and longitudinal polarized
He-3

Physics:

Add your preferred science topic




Presentation given at
Semi-inclusive physics
WG on behalf of the INFN groups

WHVY SIDIS?

We are already involved in the dRICH ‘
project: SIDIS process of interest for
evaluating dRich design performances

fragmentation
function

elementary
cross- section P h

Close collaboration with Theory groups = i
in Pavia and Torino working on TMDs ) ] )

distribution
function

Experience and interest in nucleon

Example: Study of
structure studies P y

relevant kynematic
distributions,
acceptance studies,

PID
Torna all'Indice




Topics of interest

giudies of relevant kynematic distributions,

Unpolarized Tl\/l.DS (e+p/D) with identified Sivers (e+p/D) with identified pions/kaons reconstruction efﬁuehcy, PID, radiative
pions/kaons corrections

Impact studies already ongoing on unpolarized TMDs (e+p) Impact studies started on Sivers (e+p) with identified pions, by
with identified pions, by Pavia group using pseudo-data Torino group using pseudo-data provided by Gregory
provided by Gregory Matousek (Duke) Matousek (Duke)
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MAPTMD24 2031 Athena Detector Projected Sivers asymmetries extracted Yellow Report PID acceptance fractions as a function of
Results by L. Rossi EIC #pts.  lumi [fb-1] p | from ATHENA pseudodata compared to pion fractional energy z and transverse
10X100 1611 § roposa projections from the Pavia extraction for momentum PhT in bins of x and Q2.
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TEAMWORK

—

Ferrara

Marco Contalbrigo, Staff
Researcher

Lorenzo Polizzi, PhD

Salerno

Annalisa De Caro, Associate
Professor

Cristina Ripoli, Postdoc

: Whe?"

Gianluigi Boca, Staff Researcher

Pavia

Susanna Costanza, Associate Professor
Nicolo Valle, Postdoc

Theory group: Filippo Delcarro

(Postdoc),
Marco Radici (Staff Researcher)

Laboratori Nazionali del Sud Trieste

Dario Lattuada, Tenure Track

Researcher Professor

one Postdoc

Andrea Bressan, Associate

Torino
Michela Chiosso, Associate Professor
Davide Giordano, Post Doc

Theory group: Mariaelena Boglione
(Full Professor),

Emanuele Nocera (Associate
Professor), Andrea Signori (Associate
Professor)

irst steps
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Become familiar with ePIC
simulation and

reconstruction software
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Some useful link&material

Software Tutorials

//’_ ________________________________________
= Setting up an environment
| https://wiki.bnl.gov/EPIC/index.php?title=SIDIS wpmmre:
| :
\\ _________________________________________ .. 1:59:23
e
———— e e e e - Analysis and working with the simulation output
/ Download files required for the lesson
I ]
I How do | locate and access the simulation output?
| https://eic.github.io/documentation/tutorials.html
I How does one utilize the reconstruction output trees to do an analysis?
\\\ g detectors and their readout
I/ \ '
: :
: : |
i Tutorial (Ralf Seidl February 2025) | Important for SIDIS analyzers
\ )
\ /

- - s * DIS Kinematics, etc:
/[ Inclusive kinematics: exist for methods “Electron”,”JB”,” DA”,”Sigma”,"eSigma” and “Truth”
L TTreeReaderArray<float> KinematicsElectron X (tree reader, "InclusiveKinematicsElectron.x");
std: ystring recox = "InclusiveKinematics"+reco+".x";

std::string recog2 = "InclusiveKinematics"+reco+".Q2";

std::string recow "InclusiveKinematics"+reco+".W";

std::string recoy = "InclusiveKinematics"+reco+".y";

std::string recoindex = " InclusiveKinematics"+reco+" scat.index";
TTreeReaderArray<float> Kinematics x (tree reader, recox.datal()):
TTreeReaderArray<float> Kinematics_Q2 (tree_reader, recogZ.data());

TTreeReaderArray<float> KinematicsE W (tree_reader, recow.data()):;

TTreeReaderArray<float> KinematicsElectron y (tree reader, recoy.data()):
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https://eic.github.io/documentation/tutorials.html
https://indico.bnl.gov/event/26561/contributions/102672/attachments/59886/102886/2025_02_11_ePIC_SIDIS_tutorial.pdf
https://wiki.bnl.gov/EPIC/index.php?title=SIDIS

GPDs impact studies

exclusive+difi+tag PWG

o INFN Institutes: Cosenza (S. Fazio) - Milestone y23

/ L o Collaborators: BNL, Saclay, Warsaw, Mainz, Zagreb
¥ (QY \““‘x o Aim at performing impact studies for GPDs, similarly to [E.C. Aschenauer,
B 3 A \g S.F., K. Kumericki et al. - JHEP09(2013)093], now with:

e ePIC full simulation and realistic event reconstruction
« state of art models (GK and KM20) and radiative effects

v INFN Milestone y23 [100%]: Use the novel EplIC generator [Eur. Phys. J. C 82 (2022) 9, 819]
to produce DVCS, TCS and mesons physics benchmarks

d Paper about to be submitted to arXiv:

d GPDs impact studies. Quantify the impact of ePIC in constraining CFFs and GPDs,
from DVCS and TCS measurements

) Future Goal: Add mesons and explore the possibility of disentangling flavor contribution to
GPDs




exclusiv agPWG

Diffractive PDFs ey

A Torino-Cosenza collaboration L

M. Ruspa (TO), M. Capua, S. Fazio, H. Hashamipour, E. Tassi (CS) Use RAPGAP for event generation

42 million events as mock data

42 million events as MC data, total 84 million events
Beam energies: 10 GeV e x 100 GeV p

* Proton DPDFs not yet exploited for the EIC
good constrain on the gluon densities though scaling

violation
Control Plots:
* Interesting to evaluate ePIC’s capability to Q"2 and t distributions, rapidity of scattered proton
Investigate the transition into saturation regime
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One of the reconstruction priorities

PLAN:

Heavy flavor DO meson
Shyam Kumar (INFN, Bari), Connie Yang (UT Austin)

Fast simulation -> “reality”: DO topological reconstruction
e Machine learning to optimize topological cuts:
e Secondary vertexing: still under development
e ep 10x100 DO enriched: official production is now available

For § fb-1 which corresponds to 6.sM ep collisions at 10x100
with Q2 > 100 GeV2, we expect significance ~ 30 in total
with current study

13000

12000

11000

Secondary vertex ID still under development at ePIC!

INEN Institutes: Bari (S. Kumar, A. Mastroserio), Pavia (G. Boca)

Quantify the impact for the tracker into heavy flavor physics

No BDT cut

Counts (arb. units)

How Boosted Decision Tree (BDT) classifier separates
signal from background

¥2indf = 1.21
S (2.00) = 1804.00 + 209.63
B (2.00) = 25480.00 + 64.97
S/B(2.00) =0.07
Significance (2.0 o) = 10.92 £1.23

| IIl]LIII

Mean = 1.8676 +0.0013
Sigma = 0.0110 + 0.0027
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windf = 2,39
5(2.00)=1151.32 +42.68
B (2.00) = 634.01 +9.48
S/B (2.00)=1.82
Significance (2.0 o) = 27.25 + 0.69

.+_

Mean = 1.8645 + 0.0004
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| INFN groups activities focused on three working groups:

Semi-inclusive physics
Exclusive, diffractive and tagging
Jets and Heavy Flavor

Works starting or ongoing

Focus on early science

Next E.S. workshop: April 24-25 @ Stony Book University [hybrid format]
https://indico.cfnssbu.physics.sunysb.edu/event/410/

News: We are thinking to organize a 2-days SIDIS WG meeting in person in Pavia in May
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