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in Early Science conditions

Marco Radici

in collaboration with Lorenzo Rossi
(currently, at Univ. Milano)



Early Science Conditions

ep Luminosity for Phase-1

5GeV e x 250 GeV p 9.26 pb! 6.48 fb1 5 GeV e x 250 GeV p 6.81 pb1 4.78 fb"
10 GeV e x 250 GeV p 13.12 pb! 9.18 fb! 10 GeV e x 250 GeV p 8.8 pb! 6.19 fb-!
5 GeV e x 130 GeV p 6.3 pb 4.36 fb-1 5GeV e x 130 GeV p 5.8 pb1 4.1 fb
10 GeV e x 130 GeV p 7.6 pb 5.33 fb-! 10 GeV e x 130 GeV p 7.1 pb? 4.95 fb-1

Compare to HERA integrated luminosity 1992 — 2007: 0.6 fb-'

Remember: 15 T
high divergence: higher lumi, but reduced acceptance
for low forward particle pymn

low divergence: lower lumi, but increased acceptance
for low forward particle pymin

- important for exclusive processes

lllustration
10

Highest L
High-divergence s

L[1033 cm2s])

pr™" [MeV/c]

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

E. Aschenauer, ePIC general meeting Jan. 2025 (Villa Mondragone)



Early Science Conditions

ep Luminosity for Phase-1

Remember:

high divergence: higher lumi, but reduced acceptance
for low forward particle pymn

low divergence: lower lumi, but increased acceptance
for low forward particle pymin

- important for exclusive processes
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5 GeV e x 130 GeV p 6.3 pb 4.36 fb-1 5GeV e x 130 GeV p 5.8 pb1 4.1 fb
(10 GeV e x 130 GeV p 7.6 pb 5.33 fb-! ) 10 GeV e x 130 GeV p 7.1 pb? 4.95 fb-1

Compare to HERA integrated luminosity 1992 — 2007: 0.6 fb-'
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Electron-lon Collider
ePIC Collaboration Meeting, January 2025
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E.C. Aschenauer & R. Ent

impact studies performed with lumi=10 fb-" but 10x130 energy configuration



SIDIS with unpolarized electron and proton
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Baseline: MAPTMD24 fit

Bacchetta et al. (MAP), JHEP 08 (24) 232

first global fit of SIDIS and Drell-Yan data
with flavor sensitivity of intrinsic quark kr

nonperturbative input total of 96 parameters
TMD PDF
F.T. of combination of 2 Gaussians I
and 1 weighted Gaussian Q@ 0 &z sensitivity
5 channels: ¢ = u,ii,d,d, sea(“s") Q) héudes Hermes
target: p, D
TMD FF

final: 7%, K*
F.T. of combination of 2 Gaussians

5 channels: favored pion u — z™,. ..
unfavored pion d - z¥,...
favored Kaon u - K™, ...

favored strange Kaon 5§ — K%, ...
unfavored Kaon d,s - K™, ... o

ff% Compass
Q - target: D
g final: A™

Drell-Yan



correlation matrix

Bacchetta et al. (MAP), JHEP 08 (24) 232

MAPTMD24 total of 96 parameters
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Phase space covered by data

Bacchetta et al. (MAP), JHEP 08 (24) 232
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“Normalized” MAPTMD24 TMD PDFs

f1 (X, kT; Q) Bacchetta et al. (MAP), JHEP 08 (24) 232
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EIC impact in
Early Science conditions
(SIDIS with only ! +)



EIC impact in Early Science Conditions

Impact of EI((lO x 130, lumi =5 ‘ft})
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in uncertainty over all kr
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EIC impact in Early Science Conditions

Impact of EI((lO x 130, lumi =5 ‘ft})
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EIC impact in Early Science Conditions

Impact of EI((lO x 130, lumi =5 ‘ft})
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EIC impact: 10x130 lumi=5 fb-1 at x=0.16

MAPTMD24 2031 TMDa - <TMDa>  x=0.16, Q=1.77 GeV
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EIC impact: 10x130 lumi=5 fb-1 at x=0.16

MAPTMD24 2031 , TMDd - <TMDa>  x=0.16, Q=5.62 GeV
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slightly decreasing (~44%) at larger Q2 courtesy L. Rossi



EIC impact: 10x130 lumi=5 fb-1 at x=0.16

MAPTMD24 2031 TMDd - <TMDa>  x=0.16, Q=10 GeV
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EIC impact: 10x130 lumi=5 fb-1 at x=0.16
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EIC impact in Early Science Conditions

impact of EIC(10 x 130, lumi = 10 fb~1)
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EIC impact: 10x130 lumi=10 fb-' at x=0.16

MAPTMD24 2031 , TMDd - <TMDa>  x=0.16, Q=5.62 GeV
EIC # pts. luml [fb-1] Impact of EIC 10 x 130, lumi = 5 fit
®©®©® 00 @©@®®06 @0 e e e Flavour index
BRI 1700. 10 <TMDa> : =
(early Science conditions, only " + production) S|oeeereseeeeee
o5 %6©©©©©©©©©©©©© o e
piiiiiiiiin®
down $88888888888¢
0.10 A 102 o 0

0.05 -

0.00

# d(x,k 2,Q,Q2)$

" 0.05 A

fIxk2,Q,Q2)"# fI(xk2,0Q2)$

" 0.10 A

Q =5 .62 GeV x =0.16

" 0.15

0.0 0.2 0 .6 0.8 1.0

Ik [[Gev]
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EIC impact: 10x130 lumi=5 fb-1 at x=0.16
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slightly decreasing (~44%) at larger Q2 courtesy L. Rossi



EIC impact: 10x130 lumi=10 fb-1 at x=0.04
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EIC impact in full glory
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EIC impact at x=0.1
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The EIC impact at x=0.01

x=0.01 Q=2 GeV
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The EIC impact at x=0.001

x=0.001 Q=2 GeV

Impact of EIC 10 x 130, lumi = 5 fi
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Evolution of TMDs
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Evolution of TMDs
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Evolution of TMDs
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Most recent extractions of Nucleon TMD f;

Accuracy | SIDIS Drell-Yan N of points | ! 2/Npoints | Flavor dep.
» arXivF:)1V7gg.117O157 NLL ! ! 8059 1.5
arXivS:1V 732.1071 473 NSLL 5 I (LHCE) 309 1.23
arXiE:?gOé?é§474 NSLL " L (LHE) 457 5y
» N e | LD ! | (LHC) 1039 1.06
arXivl?x;g.logmso NSLL ) | (LHC) 353 1.07
m— | oo | ML | | (uHo) 2031 | 106
arXivéggsz.g7473 N4LL(-) ; s (LA 627 0.96 !
— | e e | L | | (LHO) 2031 | 108 |
axivasoomes | WL " (LHO) 42 | 097
» arXiv2§g§?1201 N*LL(-) ! ! (LHC) 1209 1.05 |

global fits increasing accuracy & precision



Data-driven nonperturbative TMD

f% deuteron target
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MAPTMD?22: Error treatment

bootstrap method: fitting 250 replicas of fluctuated exp. data
quality indicator: y; of central replica (fitting not  “ e )
MAPTMD22 at N3LLO: Ngau=2031, 21 parameters, y3/Ng,, = 1.06

& 2
A0 % (x >replicas

(exp. / th.) errors can be uncorrelated or correlated
ot penalty for
i / b @A correlated errors

exp — th 255 NS0
Z( o )2 t_h=th+2/10(“) i ga

bins gzt N nuisance

) 2
O Gstat + Guncorr params.

Examples of (partly) correlated errors :
- exp.: some normalization systematic errors
- th. : uncertainties of PDFs ~ MMHT2014
FFs DSS14 for 7+
DSS17 for K*



MAPTMD22: validity of TMD region ?

cut of baseline fit

l

ﬁ% i
+\ /+ —‘—4_ i [} excluded bins
- ¢ i i § ® included bins
fitted b g
NQ: 100 : l
- ; - §
W= predicted
r §
B 1.3 < Q < 1.73 GeV
f.. 0.02 < = < 0.032
-

CO.S <z < O.-i)

p 0.86 S Pyr/zQ S 1.5 —

e RS o e e

| 'vi‘alivdity of TMD factorization seems to extend well beded Phi/z << Q I

il " - oSN aaiaa el i e i




MAPTMD?22 impact on JLab20+
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