ePIC SIDIS WG

Opportunities for unpolarized TMDs
in EIC early science conditions

Lorenzo Rossi, Univ. and INFN - Milano (ltaly)
Marco Radici, INFN - Pavia (ltaly)
for the MAP Collaboration



SIDIS with unpolarized electron and proton
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Baseline: MAPTMD24 extraction global fit with Ngar = 2031
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The EIC impact at x=0.01
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The EIC impact with 10x100 at x=0.0T
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The EIC impact with 10x100 at x=0.0T
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Early Science Conditions

Proposal for EIC Science Program in the First Years

Year - 2

Phase 1 EIC
+ electron polarization

Year - 1
Start with Phase 1 EIC

Commission electron o L
polarization in parallel Commission proton polarization

Run: in parallel

10 GeV electrons on 115 GeV/uf ~un:

heavy ion beams (Ru or Cu) 10 GeV polarized glectrons OD
Physics: 130 GeV/u Deuterium

Add your preferred science topic - 1YS/CS: . |
Add your preferred science topi

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

Add your preferred science topic

Year - 3

Phase 1 EIC
+ electron polarization
+ proton polarization

Commission running with hadron
spin rotators
Run:
10 GeV polarized electrons on
130 GeV transverse polarized
protons

hysics:

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

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

p

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

Time to install additional ESR RF and HSR PS to
reach design Current and max. Energies

Electron-lon Collider
ePIC Collaboration Meeting, January 2025

E.C. Aschenauer & R. Ent

17



Early Science Conditions

ep Luminosity for Phase-1

5GeVex130GeVp 6.3 pb 4.36 fb-1 5GeVex130GeVp 5.8 pb1 4.1 fb
(10 GeV e x 130 GeV p 7.6 pb1 5.33 b 10 GeV e x 130 GeV p 7.1 pb1 4.95 fb- )

Compare to HERA integrated luminosity 1992 — 2007: 0.6 fb-*
Remember: 15
high divergence: higher lumi, but reduced acceptance
for low forward particle p™in
low divergence: lower lumi, but increased acceptance
for low forward particle p™in
—> important for exclusive processes

lllustration
10

Highest L
High-divergence 9 ;

L[1033 cm3s1]

0..Al..|IAlAAAAII..Al..lI..‘AAA
100 200 300 400

pr™n [MeV/c)

Electron-lon Collider
ePIC Collaboration Meeting, January 2025 E.C. Aschenauer & R. Ent

I 5 GeV e x 250 GeV p 9.26 pb- 6.48 fb- 5 GeV e x 250 GeV p 6.81 pb-’ 4.78 fb-
I 10 GeV e x 250 GeV p 13.12 pb-1 9.18 fb" 10 GeV e x 250 GeV p 8.8 pb1 6.19 fb



EIC impact in Early Science Conditions

Impact of EIC 10 x 130, lumi = 5 fb~1
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EIC impact in Early Science Conditions

Impact of EIC 10 x 130, lumi = 5 fb~1
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The EIC impact with 10x130 at x=0.16
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The EIC impact with MAPTMD24
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The EIC impact with 10x100 at x=0.1
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The EIC impact with 10x100 at x=0.1
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The EIC impact
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The EIC impact with 10x100 at x=0.001
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The EIC impact with 10x100 at x=0.001

_—

TMDd - <TMDa>

Ty W MAPTMD24
BN \APTMD24 + 10x100 AOWR, oy 1\ p im0t + 105100 <TMDa>

x=0.001

0.100

0.075

_— —

0.050

MAPTMD24 2031

0.025 °
EIC # pts. lumi [fb-1]
oo 10x100 1611 5
—0.025
—0.050 :
—0.075 : // o ' I S : d :
=2QeV = 0.001 Q=2GeV =z =0.001 (early Science conditions)
—0.100 o
0.0 0.2 0.4 0.6 0.8 1.0 1.2 “0.0 0.2 0.4 0.6 0.8 1.0 1.2 o |
|kL|[GeV] |kL|[GeV] ' MAPTMD24
0.20 | | Sea MAPTMD24 + 10x100
0.3
. MAPTMD24 t; \d . MAPTMD24 0-4
0.15 Htl-up B MAPTMD24 + 10x100 anti- M BN MAPTMD24 + 10x100
0.2
0.10
0.0
0.05
0.00 —0.2
—0.05 04
Q=2GeV x=0.001
—0.10
—0.6
—0.15 Q =92 GeV = 0.001 0.0 0.2 0.4 |kl|([)éev] 0.8 1.0 1.2
—0.20 + - T : . !
0.0 0.2 0.4 0.8 1.0 1.2

courtesy L. Rossi

0.6
|kL|[GeV]



The EIC impact with MAPTMD24
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The EIC impact with MAPTMD24
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The EIC impact
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MAPTMD?24 flavor channels

4 TMD PDF
fi e b Og) = ET.(combination of Gaussians) @ @

sensitivity

5channels: g= u,u,d, d, sea("s”) @ A
héts Hermes
v ™™D £ sl

DI (2, br: Oy) = ET.(combination of Gaussians)

5 channels: favored pion u — z™,... {“{\j Compass
unfavored pion d — #™,... o E:gfthf
favored Kaon u — KT, ...
favored strange Kaon § - K™, ... Drell-Yan

unfavored Kaon d,s - KT, ... J

total of 96 parameters but with ~diagonal correlation matrix



Correlation matrix

%lsea
NZsea
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Q1sea
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“Normalized” MAPTMD24 TMD PDF

TS
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e very different kt behavior
th. error band =

68% of all replicas ° It Changes with x



