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Spin of the nucleon: [ SIDIS Measurements ]
* Gluon spin

-[ Role of Sea quark}

Nucelar effects

* Nuclear PDFs

» Passage of color
through nuclear ) ———
matter (nFFs, pT

broadening) Other

Origin of the Mass

* Axial anomaly
contributions

o Spectroscopy (XYZ)  eeeevreueeuressemnresennennee :
 EW physics

I * Unpol PDFs I
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SIDIS Process Detect electron and final-state hadron(s): Additional benefit of flavor,
spin and transverse momentum sensitivity via fragmentation functions
/'V DIS, SIDIS d’c LO ™ 2 > . 2
k > ' ’ dzdQ2?dzdPyrddsddn X €qQ(fL’aQ ki) ® D1,q(Z»Q , Dt)

‘\“ Q q, a

Z Fractional hadron momentum relative
SIDIS to parton momentum (0<z<1)

P Transverse hadron momentum wrt to
virtual photon (convolution over intrinsic

! transverse momenta of PDFs and FFs)
l\‘/ bg: Azimuthal angle of the nucleons (transverse)
spin wrt to the scattering plane, along the
< )9
S

virtual photon axis

& Op,: Azimuthal angle of hadron wrt to scattering
/_\ b plane, along virtual photon axis
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SIDIS early science perspectives

m SIDIS uses fragmentation functions to add flavor, spin and transverse momentum
sensitivity to DIS measurements
=» Prerequisites: DIS + hadron momentum reconstruction + PI1D
= Kinematic variables x, Q?, z, (P, ¢s, ¢,) — Higher dimensional binning is required

Observable DIS kine  species energies e/h pol z P.r b, ¢, Lumi ES
grade
nPDFs + nFFs e+A, 10 x ~100 u/U N N ~fb-1 ko
PDFs + FFs (e+p/d)

Unp0|. TMDs (Start) etp 10 x ~100 U/U N ~fb-1 *kk

H; Ay moments e+p 10 x 100 U/T ~fp-1 Kook

TMD Evolution e+p 10x100, U/U ~fp-1 -
(5x41, 18x275)

Sivers/Collins/IFF e+p, 10x100, U/T ~ 10 fb *k
(e+3He) (5x41, 18x275)

Helicity distributions e+p, 10x100, L/L ~ 10 fb! o
(e+3He) (5x41, 18x275)

Di-hadron SIDIS et+p, etA  18x275, (10x100) U/(T) ~ 10 fb-" *

(g Sivers / saturation)
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Unpolarized PDFs
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Fragmentation Functions

L3 DSS Q‘):ID Gev? TC+

DSS, ., EEEE =140 GeV

m Fragmentation functions provide information "
on struck parton, its flavor and spin o -_-4
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unpolarized FF
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m FFs are a staple of all SIDIS measurements |,
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m Also their understanding will improve further .,
with the EIC ”
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m Very precise nuclear PDFs will open the way

to quantitative HI physics

» Currently no EIC SIDIS impact studies available
- Simulations are planned (awaiting eA MC)

Nuclear PDFs
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Fragmentation in the nucleus

Does the it affect hadron/quark mass?

1.50 | [ Pions (lower energy) 1.50 | e DO mesons (lower energy)
c o Pions (higher energy) c o DO mesons (higher energy)
o Wang, pions (lower energy) o)
‘é‘ ,,,,,, Wang, pions (higher energy) § +
- = 130 S 130
o E A 2 2 ¢
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« Comparison of Multiplicity ratios for light and heavy hadrons
and various parton energies
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nFFs

unpolarized nuclear FF:

LIKEn 90% CL

L2r re-weighted
m Expected impact from the EIC 8 09T
on light hadron nuclear FFs: ; 0.6l u+T T

Q%=1 GeV?

0'%.0 0.4 0.8 0.0 0.4 0.8 0.0 0.4 0.8
Z Z

YR Figs 7.90, 7.91, Zurita

=» More sophisticated studies ongoing (transverse momentum broadening, h dependence, ...)

=>» Similar studies for heavy flavor
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Unpolarized TMDs
TMDa - <TMDa>

x=0.01

0.100

B MAPTMD24

mem MAPTMD24
up B MAPTMD24 + 10x100 AdOWIL gy kETH5A o 1600 <TMDa>
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MAPTMD24 2031 = Significant impact at

i # pts. ST intermediate to low x
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Q=2GeV =z =001 ' Q=2Gev  s—om (simulation campaign of May 2024) m Probably still relevant
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EIC access to TMD evolution
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ool {repn=0L02 01 o H0A0% neprl=03.0201) 0 54090, o ixzpri=(06.02.01) g5 £+18807
Q02955 T QUassT o QUI9R%
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m Sivers asymmetries are expected to decrease ... e AR
at higher scales, but only logarithmically e o
T » T _(xzpr)=(0.1,0.52,0.1) 5+0 6% - {xzpr)=(03,052,0.1) 5+1 1‘7 9_4.}x.z.pr=0‘6.0.52.0.1 19.7+ 7. %
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contributions can be studied o i oo
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o4t :Z T 15
Vladimirov et al.
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Summary

m  SIDIS gives access to the flavor of PDFs, helicity distributions and TMDs
m Naturally requires more variables in addition to DIS measurements

m Early physics feasibility:

nPDFs + nFF measurements — 3D binning (x,Q%,z), no polarization needed
Early unpolarized TMD studies — 4D binning, no polarization

TMD evolution — 4D binning, no polarization, limited Q? range (depending on lumi)

m Only start of program for:

Polarized TMDs - 5D binning, UT polarization, different energies + high luminosity

Helicity distributions — 3D binning, LL polarization, different energies + high luminosity
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