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> Basic idea and experimental results
> Electron lon Collider

> Nuclear structure from EIC studies
» Nucleon/nucleus tomography

> Spin structure studies

> Parton saturation and diffractive processes

Electron lon Collider: The Next QCD Frontier - Second Edition
(arXiv:1212.1701v3 30 Nov 2014)
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Basic idea of DIS

> DIS to study quark-gluon structure of hadrons with electroweak probes.

e > Virtuality of the probe (v, 2%, W)
- Q@ =—q¢" = —(ke — ki)* >0
q
> Bjorken variable
, xP w? @ @

X =

2P.q Q4 W2

» Parton model interpretation - DIS on a parton with proton momentum fraction x.
> Inclusive cross section for ep — €’ X in which (E., 0.) <+ (x, Q%)

2

do 2mwa y2
— em y/ F 2y F, 2
dd@  xQ* T ( 206 @) = oAl Q )>

where x,y € [0,1] and Y4 =1+ (1 —y)?
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Structure functions F> and F;

» QCD improved parton model - partons are quarks, antiquarks and gluons
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Scale dependent parton distribution functions (PDFs):

Qf(X, 02)7 Z?f(X~, Q2)7 G(X7 Qz)
» Structure function in the leading approximation

Falx, @) = Y e x[ar(x, @) +ar(x, @1)] , FL=0+as(Q)(...)
f
» Bjorken scaling in the limit x = const and Q% — oo

For=Fai(x,In@%)

» Logarithmic Bjorken scaling violation from Q2-dependence of PDFs!
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Bjorken scaling and its logarithmic violation
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QCD evolution equations

> Summation of infitnie number of splittings below gives evolution equations

Faa Pye Psq Fes

» DGLAP evolution equations (Dokshitzer, Gribov, Lipatov, Altarelli, Parisi, 1972-77)

dq¢(x, Q%)
JrLx ) _p, Pic®G

2 (in @) 93 @ Gr + Poc ®

0gr(x, Q?) _
JeSx ) _ p, Pic®G

8(In Q2) qq®qf+ qG®

9G(x, Q%) _

N _p E Poc® G
2 (In Q?) Gqg @ f (ar +Gr) + Poc ®

» |nitial conditions at Qg ~1 GeV?:

ar(x, ), ar(x, ), G(x, Q)
> Global fits of PDFs to hard scattering data
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Parton distributions from global fits

XG HERA
— Q2 =10 GeV2

> Valence quark distributions

u, =u—1u, dV:df(?/

101 ) » Sea quark distribution
HERAPDFLO 5:2(E+d+§+...)
102 € B experimental uncertainty
[ model uncertainty .
[l verametrization uncertainty > Gluons and sea dominate at small x
10—3 L I
104 103 102 101 1
X

» Momentum sum rule

1 1
/ dx x G(x, Q%) +Z/ dx x [q,c(x7 Q2)+C_7f(X,Q2)] =1
0 f 0

~ 0.5

> Gluons carry half of proton's momentum.

Krzysztof Golec-Biernat

Deep Inelastic Scattering studies with the EIC



F> as a function of x

4 1 2
Fa(x, Q%) = x {*Uv + —dy + 75}
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> Sea quark distribution seen for x — 0

» Strong dependence on Q2 at small x driven by the gluon distribution
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Longitudinal structure function F;

» NLO QCD formula

2 as(Q2) q LO 2 g 2
Fi(x, Q%) = o F39(z, Q%) + Cf zG(zQ)
2T L, Z
H1 Collaboration
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> Strong sensitivity to gluon distributions for small x
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Charm and beauty quark contributions to F»

H1 CHARM CROSS SECTION IN DIS H1 BEAUTY CROSS SECTION IN DIS
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» Charm contribution up to 25 — 30% for small x and large Q?
> c and b quarks generated radiatively: v*g — c¢, bb

> Intrisic charm and beauty?
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(PDG Book)

Kinematic plane
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Electron lon Collider

103 | Measurements with A = 56 (Fe): -
o eA/uADIS (E-139, E-665, EMC, NMC)

= vADIS (CCFR, CDHSW, CHORUS, NuTeV)

o DY (E772, E866)
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EIC v/S = 20 — 140 GéV is smaller than HERA /S = 318 GeV

v

v

Nuclear beams from p to Uranium - QCD structure of nuclei

Polarized electron and hadron beams > 70% - spin physics program

v

» Maximum Luminosity 103 cm—2s~1
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EIC Design
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EIC Landscape

Luminosity versus E.,, center of mass energy
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EMC effect
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» Quark and gluon distributions in bound nucleon - nuclear PDFs
> QCD structure of nuclei is directly probed.

> In heavy ion collisions, it is probed through initial state formed in the collision.
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Nucleon /nucleus tomography

» PDFs: 1-dimensional parton structure in longitudinal momenta - g(x), g(x), G(x)

» Multidimensional structure - Wigner function W(x, kT, bT)

> Information on transverse momentum ky and transverse spatial by distributions

» Information about spin structure
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EIC perspective

W(x,b, k)
Wigner distributions
~ 4
[db, [dk,
Fourier trf.
K %4 b <A £=0
flx,k,) fl,b) ¥ Hx0p t ]
transverse momentum impact parameter t=-4 generalized parton
distributions (TMDs) distributions distributions (GPDs)
semi-inclusive processes exclusive processes
¢ N - -
[&k; [, Jax [ dxx
2 K - -
f(x) F(t) A, )+ 4§2A,,_,(t)+
parton densities form factors generalized form
and =i ive pri elastic scattering factors
lattice calculations
» kt-dependence through TMDs: f(x, kt) = {p| Partonic Operators|p)

» br-dependence through GDPs: H(x,¢,t = —A?) = (p| Partonic Operators| p’)

> Spins of partons and target come into play
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How to study these distributions?

> Semi-inclusive DIS (SIDIS): e + N(5) — & + h(P) + X
> Probes 8 polarized and upolarized
quark TMDs

> Access to gluon TMDs through
h= DD

» TMDs - correlate intrinsic kt of partons with their spin s and target spin s

Leading Twist TMDS (") nueanson (=) auarcsin

Quark Polarization
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How to study these distributions?

> Deeply virtual Compton scattering (DVCS) and exclusive vector meson
production:
e+ N—=e +vy/V+N

7 ¥ 7 v
z+§/i i\z—f z+§/§ é\z—f
P 7 P 7

» Probe GPDs: H9(x, &, t) and E9(x, &, t)

> Give total angular momentum of nucleon carried by quarks
s=1 / dx x [H9(x, £, 0) + E(x,£,0)]

> Spin-orbit correlations of quarks and gluons in nucleon
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DVCS studies at EIC

T T
Current DVCS data at colliders:
10" O ZEUS- total xsec O Hi-total xsec
® ZEUS- do/dt B Hi-dofdt

1-Acy

Current DVCS data at fixed targets:
A HERMES-A; A HERMES-AcU
A HERMES- Ay, AuL, A
A HERMES-Ayr * HallA- CFFs
* CLAS-Awy * CLAS-Au

Planned DVCS at fixed targ.:
1 COMPASS- dofdt, Acsu, Acst
= JLAB12- do/dt, Ay, AuL, A

Ll Lol PR

104 10°

> Bridging the gap. More precison data.
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Spin physics program

> Longitudinal spin of the nucleon - Jaffe-Manohar sum rule:

1
5 =SatLotSa+tLe

v

Polarized parton distributions: Af(x, Q%) = f¥(x, Q%) — f~(x, @?)

1 1
1 _
sqzi/ dx[Au+Au+Ad+Ad+...], 56:/ dx AG
0 0

v

g1(x, Q?) structure function:

1| do= do= - 4o
2 | dxd@?  dxdQ?

> Parton model relation:

1 s
f(x, @) = 3 3 & |Aar(x @) + ATi(x. &) ~ $2AG(x, @)

> Sum rule:
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Simulated g7 at EIC energies
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» Scaling violation due to polarized gluon distribution AG(x, Q?)
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Spin physics studies at EIC

Current polarized DIS data: B
OCERN ADESY ¢JLab OSLAC

Current polarized BNL-RHIC pp data:
®PHENIXT® ASTAR 1-jet




Parton saturation physics program

Y =In1/x

Dilute system

2
In AZep InQ?

» Parton saturation effects due to dense partonic systems (new regieme of QCD)

1/3
Q% (x,A) = Q2 (é) > 1GeV?

» Impact on structure functions at low x. Diffractive processes at low x
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Diffractive DIS at EIC

» Diffractive processes: 25 — 30% events in eA - forward physics

Incohereni/Breé’l‘(‘J;;Mw"

do/dt

Coherent/Elastic

t t2 1t t3

> Saturation effects in green interaction, responsible for rapidity gap
> Coherent and incoherent VM production - nucleus stays intact or breaks up

» Onset of the black disc limit?

(ot +oair) _ 1
Otot 2
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Diffractive structure functions

Wojtek Stominski 2020
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Summary

v

EIC opens new opportunities to study partonic structure of nucleons and nuclei:

\{

Nuclear PDFS

v

Nucleon/nucleus tomography

v

Spin physics

» Parton saturation studies
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