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Initial state? Prospects at the Electron lon Collider

IP-Glasma
1=0.2 fm/c

What is the smallest droplet of

QGP? When is hydro applicable? Origin of proton

spin?



WWhat are we missing?

b 8 I'm looking at myself here too...

What problems do we need
to stop ignoring?



If | was given infinite resources, we
would tackle...

Beyond simple initial conditions: full 7", finite baryon densities,
spin/chirality/magnetic fields

Proton/neutron structure and how does this relate to initial
conditions?

Control on NLO saturation physics calculations
Is hydro (y*Pb) =hydro (pp) = hydro (pA) = hydro (AA)?
We really shouldn’t forget about hadrochemistry/strangeness

What is happening to jets/heavy flavor in small systems?
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Learning from proton/nucleus structure



How strange is a proton?

Proton momentum
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Nucleons #= Nucleus

EMC effect- depletion of
high x quarks

Signal in LQCD data
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Shanahan Monday 17:00 | What does this mean for initial
conditions in heavy ions??




CGCH+finite UB
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Magnetic fields/chirality/spin

Important information at
the initial stages

Enhanced dipole asymmetry — :
‘ -y Liao Thurs. 8:45

QGP
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Honest question, what all is needed?

Magnetic fields+initial angular momentum+BSQ conserved
charges+full T#*+input from PDFs+nuclear structure



The guts of the proton




Wigner distribution

W(Xa k-l-a b—L)
fd2b¢ m
TMD Transverse GPD Global parton
momentum distribution distribution
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distribution function Form factor *
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Structure from Lattice QCD
Parton physics from Lattice QCD

Precision Era Early Era Exploratory Era
Fully-controlled w/ Fully-controlled w/ First calculations,
few-percent errors ~15—percent errors timeline for
within ~5y within ~5y controlled

calculations unclear
® Static properties of ® Nuclear structure A<5
nucleon incl. spin, : ® x-dependence of
q 4 ® Spin, flavour decomp. PDFs

avour decomp. of EMC-type effects

® Mellin moments of ®TMDs

PDFs, GPDs

Shanahan Monday |7:00




Hints of small-x physics
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However, many non-trivial considerations when studying NLO small-x physics

(especially once things like spin or finite yz need to be considered!).
Sievert Friday 9:30 and Altinoluk Monday|7:30




How is the momentum distributed
inside a neutron at large x!
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Questions remaining in large
heavy-ion systems



|C+hydrodynamics puzzles

Longitudinal fluctuations
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Discriminating observables for
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Do we have any hope of understanding
small systems?



PHENIX sub-events (signal holds)
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Initial vs. Final State in small systems

We should always compare Initial
Conditions+Hydrodynamics vs. CGC (or your other favorite
model)

final state
evolution

Teoll K lfm/ C Tfreeze—out ~ 1 — 3fm/ C

Schlichting Mon 8:45

In fact, small systems provide an opportunity to learn about

Mapping of full 7% microscopic physics
Luzum Poster




Constraining initial conditions in
small systems
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questions as well

Behera, Gajdosova, Mohapatra, Pacik,Alba
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Other observables?! Hopefully more to come by next Initial

Stages



Can we understand early time
scales!

kinetic theory
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Non-thermal attractors

gluon distrif)ution function (pre/—)sca/inglexponefys
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Initial vs. Final State in small systems

VAR recall of IS from Schenke .
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Polarized beams of deformed ions

V2{¢P}>0 [PB,WB, PRL 121 (2018) 202301 V2{¢p}=0

Broniowski VWeds 9:45

Maybe we need to go into extra time to finalize the score!



Can we shut off elliptical flow?

Baty Thurs 16:30
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Is hydro (y*Pb) =hydro (pp) = hydro
pPb) = hydro (PbPb)!?

Resolved yA collisions ’
photon virtuallyvresolved into hadronic state HOPEfU”)’ next IS we ” have
more thoughts on this!
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Far-from-equilibrium and 7/s(1)
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Change in the collision kernel
affects transport coefficients

P8, f, = Clf,)



Hydro Equations of Motion identical
in and out of equilibrium!

We recover the usual equation for the shear stress:

Denicol Tues |17:00



Bulk viscosity doesn’t pass

Small systems+transport coefficients

(/s

Cls

But what about each system

Bayesian closure test separately?
[ Bulk viscosity —— p-Pb, Pb-Pb 5.02 TeV
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Small systems
constrain higher order
transport coefficients!?
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Heavy flavor

34



R pPb

D mesons K, in pPb *
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CGC models reproduce RAA better than hydro+heavy quarks




D mesons/u’s v, in pPb and pp
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D meson v, is significant (but somewhat suppressed) in pPb
How do we understand these pp u results?



Langevin in ArAr, OO, XeXe, PbPb

DY meson, Trento, Langevin, frag. & coal., Tg = 160 MeV

—

1.5

—— 0-06 6.5 TeV ~ — Xe-Xel?% 5.44 TeV
— Ar-Arf0 5.85 TeV ---Xe-Xel 2P | 5.44 TeV
L —:=Pb-Pb2% 5.02 TeV

DAB-MOD

Raa

0.5

'ﬁl-l—l—‘

0-10

0 ) PR T T T B
10

pr [GeV]
As system size decreases,

e |

Roland Katz SOMI19

0.15

Vo ~ COnst with system size

Complicated interplay

between size and
eccentricities

D meson, Trento, Langevin, frag. & coal., Ty = 160 MeV

I
— 0-0'% 6.5 TeV -

— Ar-Ar?0 5.85 TeV
—— Xe-Xel29 544 TeV

prolate
~—-Xe-Xel? . 544 TeV -
—= Pb-Pb2%8 5.02 TeV

0-10%

spherica

10!
PT [GeV]



Future insight with sPHENIX and EIC

sPHENIX De5|gn Reallty . -\

Outer HEAL ; , _
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validated design

simulation " COLLIDER SCIENCE

* Construction is under
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Other possible experiments
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Vorticity disappearing at fixed target
(low beam energy)!!!

10

T T T T 11171
STAR, PRC76.024915 (2007)
¥A *A
STAR, Nature548 .62 (2017)
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A ®A
D STAR, Phys. Rev. C98 (2018) 14910
— A

Formulating underlying
theory non-trivial

Ryblewski Thurs 9:15

llllllllllllllll

So many questions:

Sign of Ceritical Point?
HADES too low of T?
Collider vs. fixed target?

Detector effects!?

HADES, only in the HRG
phase?! Not a really QGP?



More interesting results

New initial conditions paradigm ™%
Giacalone Tues 18:40
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Shadowing at small-x
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Vn scallng across system size

V L I L V‘I llllllllll I LI '_'
-+ - C +U i
1 (b) -_I( ) 2 Au+Au HO—i4
: P Cu+Au HO-T]

T - Cu+Cu i
1L [ d+Au A&

n g p+Au »—e—a:

- - —

N - :

o - pd -

- - e -

a ¥

V3 LV 0.2 < pr(GeV/c) < 4 E
1l 02 <p(GeV/ic) <4 - 2 <pp(GeVic) < i
llllllllllllllllllllllll -lllllllllllllllllllllllll-

0 175 350 525 700

(Nep )

n1Aa

0 175 350 525 700

< Nch >
STAR arXiv: 1901 08155

0.08

0.06

0.04

0.02

— PhPb 5.02 TeV
- == XeXe 5.44 Tev

0.10f

~— I

ay 0.08)

HE' I
>

~-=- ArAr 5.85TeV
00 6.5TeV

trento+vUSPhydro

10

100

1901.01319"

V,,{SP}

0.15

0.1

0.05

llllllllllllllllllll]lllllllllllllllllll

" ATLAS Preliminary

- Xe+Xe |[s,,=5.44 TeV, 3ub‘ n|<2.5 -
" Pb+Pb

0. 5<p <5 GeV

V_NN

5.02 TeV, 5ub’

Solid: Pb+Pb ©v;
Open: Xe+Xe “Vs

8v,

1 1 1 1 l 1 1 1 1 l 1 1 1 L l 1

. (]
r
—
- lllllllllllllllllllllllllllllllllllil'

50 100 150 200 250 300 350 400

Seen both at RHIC and LHC, v2

hierarchy, v3 universal scaling

[ Mohapatra Monday 9:15



Principle Components Analysis
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Linear vs. cubic response

"‘T_ 1 T T T | T T T | T T T | T T T I

Ll - Standard metho —o-0.5<p_<5GeV

m- - O 1.0<pT<5 GeV -

b"& PRV 190404808 —o— 1.5<pT<5 GeV -

= A TR TS 2.0<p <5 GeV -
b= T

w 0.9 _

W _

N ]
[4V}

>

. ATLAS o
0.7  Pb+Pb 5.02 TeV, 470 ub™ 8 —
[ 1 1 1 I 1 1 1 I | 1 1 I 1 1 ‘l;k I_

80 60 40 20 0

Centrality [%]



Comparing PDFs to data
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