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=> 3-dim partonic picture of target in momentum space

- different hadron species => separate k, of different flavors

- price to pay: 5-fold differential d°c do o L
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- focus on unpolarized do : enters any asymmetry\
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unpolarized SIDIS, factorized cross section
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unpolarized SIDIS, factorized cross section
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hard part TMDPDF -
Quality of TMD extraction:
- perturbative accuracy - size of data set and best x2
low br (large parton k) I matching —j large bt (small parton k)
perturbative prescription non perturbative
OPE expansion on PDF (arbitrary) parametrized
calculable and fitted to data




Most recent global fits

Accuracy SIDIS Drell-Yan N of points § x2/Npoints |Flavor dep.
arXivF:)1V 7%%?17 0157 NLL 4 v 8059 1.5 X
arXivS:‘\I/921g1.§6532 NSLL(-) v v (LHO) 1039 1.06 X
S e (DTS v v (LHC) 2031 1.06 X
e | v v (LHC) 2031 1.08 v
arxwf;?liiw N4LL(-) v v (LHC) 1209 1.05 v

Increasing accuracy & precision

(-) not all ingredients available at given accuracy



Most recent global fits
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arXiv:2503.11201

MAPTMD24: the first high-quality global fit with

flavor sensitivity of the intrinsic quark &,

Bacchetta et al. (MAP), JHEP 08 (24) 232, arXiv:2405.13833




Baseline: MAPTMD24 global fit

Bacchetta et al. (MAP), JHEP 08 (24) 232, arXiv:2405.13833

nonperturbative input ;s
TMD PDF  f1(x, b; Q)

Gaussian widths Fourier Transform of combination of

depend on x 2 Gaussians + 1 weighted Gaussian
5 channels: ¢ = u,ii,d,d, sea (“s") @@
9
TMD FF

Gaussian widths  Fourier Transform of combination of
depend on z 2 Gaussians

5 channels: favored pion u — 7™, ...
unfavored pion d - z¥,... o
favored Kaon u — K™, ...
favored strange Kaon § — K™, ...
total of 96 parameters unfavored Kaon d,s - K™, ... Q




correlation matrix

Bacchetta et al. (MAP), JHEP 08 (24) 232, arXiv:2405.13833
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“Normalized” MAPTMD24 TMD PDFs

q it Bacchetta et al. (MAP), JHEP 08 (24) 232, arXiv:2405.13833
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68% of all replicas . .
* it changes with x



Early Science Conditions

ESR First Draft - main report

This is the table of configurations we used at the moment in current ESR draft

. Energy  Lumi./year
Species e- pol. A pol.
P (GeV) (1) P p/Ap

YEAR1 “TA8 RN s 0.9 NO - N/A

or e+Cu... (Commissioning)
YEAR. 2 e+D 10 x 130 114 LONG NO

e+p 10%130  4.95-5.33 TRANS
YEAR 3 e+p 10 x 130 4.95-5.33 LONG TRANS and/or LONG
VEAR 4 ©HAu 10 x 100 0.84 LONG N/A

e+p 10 x 250 6.19-9.18 TRANS and/or LONG
YEAR 5 e+.A;u 10 x 100 0.84 LONG N/A

e +“He 10 x 166 8.65 TRANS and/or LONG

Will likely need to be adjusted and we should discuss at workshop a version for the ESR

Table 1: EIC Early Science Matrix. The eA luminosity is per nucleon.

R. Montgomery, Introduction



Early Science Conditions

ESR First Draft - main report

This is the table of configurations we used at the moment in current ESR draft

Energy  Lumi./year

Species e- pol. A pol.
P (GeV) (1) P p/Ap
YEAR1 ¢HA® R0 s 0.9 N N/A
or e+Cu... (Commissioning)
e+D 10 x 130 11.4 NO
YEAR 2 LONG
el € + D 10 x 130 4.95-5.33 — TRANS
YEAR 3 e+p 10 x 130 4.95-5.33 LONG TRANS and/or LONG
VEAR 4 ¢HAu 10 x 100 084 LONG N/A
e+p 10 x 250 < 6.19-9.18 , TRANS and/or LONG
YEAR 5 e+.A:‘u 10 x 100 0.84 LONG N/A
e +“He 10 x 166 8.65 TRANS and/or LONG

Table 1: EIC Early Science Matrix. The eA luminosity is per nucleon.

Will likely need to be adjusted and we should discuss at workshop a version for the ESR

* impact studies performed with 10x130 rescaled to lumi=10 fb R- MontgomerviLEect il



Phase space of baseline MAPTMD24
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Phase space of EIC @10x130
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including EIC pseudodata in the fit:



EIC impact studies

target = proton final state =1, m+ K beams = 10x130 GeV
il )
)
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Strategy : - search in (x, Q%) bins allowed by kinematics for

which flavor g the reduction in uncertainty is
maximum over all k; ;
- for these cases, analyze the k, distribution



EIC impact studies

target = proton final state =1, m+ K beams = 10x130 GeV
= _ . s o
lumi =5, 10fb"  uncertainty band = 0 (x, k2; 0%
1

Strategy : - search in (x, Q%) bins allowed by kinematics for

which flavor g the reduction in uncertainty is

maximum over all k; ;

- for these cases, analyze the k, distribution

Take-away significant impact only for some (x, Q%) bins and
message : only for specific flavors g




EIC impact: 10x130, lumi=5 fb-1, SIDIS m+K

Impact of EIC 10 x 130, L =5fb !, n + K
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EIC impact: 10x130, lumi=5 fb-1, SIDIS m+K

Impact of EIC 10 x 130, L =5fb !, n + K
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EIC impact: 10x130, lumi=5 fb-1, SIDIS m+K

Impact of EIC 10 x 130, L =5fb !, n + K
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EIC impact: 10x130, lumi=5 fb-1, SIDIS m+K

Impact of EIC 10 x 130, L=5fb"', 7 + K
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EIC impact: 10x130, lumi=5 fb-1, SIDIS m+K

Impact of EIC 10 x 130, L=5fb"', 7 + K
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EIC impact: 10x130, lumi=5 fb-1, SIDIS m+K

Impact of EIC 10 x 130, £L =5, 7 + K
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EIC impact: 10x130, lumi=5 fb-1, SIDIS m+K
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EIC impact: 10x130, lumi=5 fb-1, SIDIS m+K
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TMD evolution: the Collins-Soper kernel

universal: same for TMDPDF and TMDFF, it does not depend on
process, hadron type , x , and flavor !

K(by) + gk(br)
perturbative, calculable fitted to data; input from lattice



TMD evolution: the Collins-Soper kernel

universal: same for TMDPDF and TMDFF, it does not depend on
process, hadron type , x , and flavor !

K(by) + gg(br)

perturbative, calculable fitted to data; input from lattice
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TMD evolution: the Collins-Soper kernel

universal: same for TMDPDF and TMDFF, it does not depend on
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Evolution of MAPTMD24 TMD PDFs
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Evolution of MAPTMD24 TMD PDFs
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Evolution of MAPTMD24 TMD PDFs
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EIC impact: 10x130, lumi=10 fb-1, SIDIS m+K

Impact of EIC 10 x 130, £L =10fb™ !, n + K
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EIC impact: 10x130, . SIDIS m+K

Impact of EIC 10 x 130, £L =10fb™ !, n + K
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EIC @early phase-1:
- significant impact only for some (x,QQ?) and for some flavors

- could test universality of TMD evolution kernel

- Kaon data might be important to constrain strange TMD
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EIC impact

All energies (5x41, 10x100, 18x275)
at max. lumi (campaign of May ’24)
proton target, SIDIS with only m+
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The EIC impact at x=0.1, Q=2 GeV
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The EIC impact at x=0.01, Q=2 GeV

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

x=0.001 Q=2 GeV
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The EIC impact with 10x100 at x=0.1, Q=2 GeV
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The EIC impact with 10x100 at x=0.01, Q=2 GeV
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The EIC impact with 10x100 at x=0.001, Q=2 GeV
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Evolution of TMDs
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Errors Analysis

bootstrap method: fitting M replicas of fluctuated exp. data

=> extract M TMDs
complete statistical information is contained in the set of all M TMDs, but
quality indicator: y; of central replica (fitting not unfluctuated data)
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I Yo o T
include exp. / th. errors uncorrelated and correlated e
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propagate (correlated) th. errors from PDFs & FFs using the whole
Monte Carlo set of PDF = NNPDF3.1 & FF = MAPFF1.0
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quality of MAPTMD24:
perturbative accuracy N3LL + NNLO



“Normalized” MAPTMD24 TMD FF

D1(z,P1;Q) Bacchetta et al. (MAP), THEP 08 (24) 232, arXiv:2405.13833
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