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_° QCD is expected to describe building
blocks of visible matter (nucleons)
and their binding in nuclei

* Strongly interacting non-abelian
gauge theory; implications dre far
from fully understood
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. Story for an early morning talk:

: Say the secret of the universe is
locked in 2 watermelon ...
And | want to learn about it *
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As a high energy nuclear physicist....

Proposal
CDR,
TDR...
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With help from genius accelerator friends ...

H_& {@_ﬁ

)
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We have had many exciting discoveries !

Heavy flavor and
photon production

Jet production and
guenching

Also many more questions remain:

e Initial state

How it binds together

Internal structure / dynamics -

Transport
properties

Plasma

/)
/V/ formation
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Alternative approach ... Fruit Ninja!
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“cut open” the nucleon/nucleus with DIS

Exp. NP )

lepton (I)

» Deep inelastic scattering (DIS) cuts open a DIS enables us to look into
hadron with a snapshot in momentum space » Gluon momentum distribution in nuclei
» Tag the quark kinematics, flavor and spin > Energy loss in cold nuclear matter (CNM)

and emergence of hadrons
> Parton spin in nucleons/nuclei
» Dynamics of a bound QCD system

» Launch a tagged parton through nuclear matter
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A modern approach ... NMR

Watermelon in NMR

» If the object is dynamic and delicate, you
might prefer an non-destructive approach,
such as nuclear magnetic resonance
imaging

- Stack in
» Modern imaging allows one to build up B space time
a 3-D model of selected activity in object X B

&Y
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Non-destructive imaging of nucleons/nuclei

-~ ~

/ /

Exclusive
z+¢/ \*—¢ diffractive
_ _ processes
P P (e.g. DVCS)
"
Lepton (1) .
Inclusive
Mx diffractive
processes
Nuclear matter can be imaged in > Imaging gluon distribution
electron-ion collisions via > Gluon saturation w/ boosted color density

diffractive processes

» Orbital motion of partons in nucleons
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Explore QCD landscape with Electron-lon Collider (EIC)

Simplified based on work of M. Klein, R. Ent, U. Klein / o[ Messurementswith Az s rer ]
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Electron-lon Collider (EIC) concepts

DOI: 10.1140/epja/i2016-16268-9 eRHIC Concept, BNL, NY

Simplified based on work of M. Klein, R. Ent, U. Klein
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Energy frontier: l@

Simplified based on work of M. Klein, R. Ent, U. Klein |
107 T —— » Access to very low-x (10°) Journal of Physics G
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10° = Fixed Target » Search for new physics in the energy frontier Nuclear and Particle Physics
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http://Ihec.web.cern.ch/ and LHeC CDR: DOI: 10.1088/0954-3899/39/7/075001
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EIC collision and detector

4
Sh g O
0*3)5 ;/77///7@ Al
S :
V/% \ J Electron beamline
\ / 5-18 Gev/c
O 4 "

Courtesy: Rik Yoshida

Detection: electron, hadrons (w/PID),
photons, nuclear fragments,
beam polarization/lumi

2018 Quark Matter

Detector very tightly integrated with
IR and beam line design

Importance of systematics control,
hermiticity, and particle ID

Active detector and accelerator R&D
program is attacking these challenges
early on

High lumi # high rate

o Cross section proportional to ag,,?
— 0.1 x RHIC p+p collision rate
(0.5 MHz @ L=10%*cm™s1)
o A modern high throughput DAQ (such as
sPHENIX/LHC/CBM) may allow one to
streaming record all EIC detector signal hits
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Detector concepts : many opportunities open!

SPHENIX-based concept JLEIC concept

precision vertexer
PID

DIRC, psTOF

barrel EMCal forward EMCal

LHeC detector concept

elD

_—

tracking  solenoid
TPC, t(MEGAS  flux return/HCal forward PID

forward tracking RICH, mRICH, psTOF
GEMs, uUMEGAs, MAPS 13

v hadronic calorimeters | e/m calorimeters | RICH detectors

References reports :

 LHeC CDR: DOI:10.1088/0954-3899/39/7/075001
* ePHENIX LOI: arXiv:1402.1209

* eRHIC design report: arXiv:1409.1633

*  MEIC (JLEIC) design summary: arXiv:1504.07961
e On-going development and updates

BeAST concept

srsensaconn | TN
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Selected EIC impact: the knowledge of nPDFs

» EIC e+A:

Significantly reduces sea/gluon nPDF uncertainties
» Reaching down to x~10 for EIC and 10 for LHeC
» HF in e+A collision constraints at large-x gluon

DOI: 10.1140/epja/i2016-16268-9

10%F Measurements with A = 56 (Fe): -

e eA/uADIS (E-139, E-665, EMC, NMC)
= vADIS (CCFR, CDHSW, CHORUS, NuTeV)
o DY (E772, E866)
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arXiv:1708.01527
EPPS16* EPPS16* + EIC (inclusive only)
| VS = 31.6 - 89.4 GeV

Q% = 1.69 GeV?

Red. factor
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Selected EIC impact: formation of hadrons and CNM

» DIS on Nuclei:
— E-loss in cold nuclear matter
» Varying A-size and initial
parton energy in e-A collision
— control length in
fragmentation

» Target fragmentation
—> Underlying event in small
system

2018 Quark Matter

DOI: 10.1140/epja/i2016-16268-9
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0.5,0°=10 GeV?)
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(Substructure of jets in e+A)
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Selected EIC impact: high density gluon matter

DOI: 10.1140/epja/i2016-16268-9
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Selected EIC impact: imaging of gluons
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b (im) Tue Y.-J. Lee, J. Onderwaater: no collectivity signal found yet in e-e / e-p

In EIC: can we detect flow signal in e-A DIS?
2018 Quark Matter e-A DIS = collide of VM and nucleus with a controllable Q2 handle




Journal of Physics G
Nuclear and Particle Physics

And that is just tip of the iceberg
in the QCD ocean ...

Spin puzzle
Proton mass puzzle
3-D imaging of quark and gluon

Transverse momentum dependent distributions

Wigner functions
Hadronization
Test of Lattice @

 search

Precig



Dramatically simplified timeline of the past decade

Electron bon Collider:
The Newt OCD Froncier

T sk oy -
b

arXiv:1108.1713 arXiv:1212.1701
arXiv:1206.2913

Journal of Physics G
Nuclear and Particle Physics

Volume 39 Number 7 July 2012 Article 075001

A Large Hadron Electron Collider at CERN
Repert on the Physics and Deslgn Concepts for
Machine and Detector

LHOC Study Grow

2018 Quark Matter peaiiap——

10P Publishing

Review by US National
Academy of Sciences

The 2015
LONG RANGE PLAN
for NUCLEAR SCIENCE

U R

RECOMMENDATION lIl

Gluons, the carriers of the strong force, bind the quarks
together inside nucleons and nuclei and generate nearly
all of the visible mass in the universe. Despite their
importance, fundamental questions remain about the
role of gluons in nucleons and nuclei. These questions
can only be answered with a powerful new electron ion
collider (EIC), providing unprecedented precision and

8 versatility. The realization of this instrument is enabled

by recent advances in accelerator technology.

We recommend a high-energy high-luminosity polarized
EIC as the highest priority for new facility construction
following the completion of FRIB.

k

B 2018 JQuark!Matte
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US DOE budget in FY 2015 dollars for the Modest Growth scenario
Towards the future

<| [ Facility Construction (EIC) “

700,000

4 US EIC PrOJeCt 600,000 I Total Facility Ops
o Now: EIC scientific case is under review by US National = Facility Construction (CEBAF
. 500,000 F
Academy of Sciences. 8 PR _
o 100000 I Total Projects
Report expected very soon (June/July 2018)! o
.. . . o S I Total Research
Positive result would establish a key part of the scientific 300,000

I Total Other

requirement for US DOE CD-0 (Approve Mission Need)
o Key accelerator and detector R&D is on-going
o EIC funds may start as early as FY20-FY23

o Completion of construction as early as late-2020s, timeline
depends on US budget and international contributions

» LHeC:
o Depending on consensus from the LHC community

200,000
= Constant Effort

100,000

= = Modest Growth (FY16 PR +
.6%)

n © N O O O «H o ®m <«
i Ll Ll Ll = o~ N o~ o~ o~ o~
> > > > > > > > > > >
[V w w (V9 [V w . . [F (V8 (Vi

o As project being considered in the on-going 2020 European Strategy for Particle Physics. e -
Many active efforts in advancing the case. _ LONG §§§§E§%§
EIC @ China and its energy upgrade are proposed o9

2018 Quark Matter
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EIC user group

eeeeeeeee

» EIC science case and development

» EIC user group established in
summer 2016

» 788 members 169 institutions in
29 countries

[=]

&Y
2018 Quark Matter
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EIC Physics Centers

» Center for Frontiers in Nuclear Science (CFNS) R

o New funds from Simons’ Foundation and NY State for the \\
next 10 years, and in kind support from Stonybrook

University and BNL. Initial focus on realization of EIC in —
the US, later develop into a broad center for Nuclear Center for Frontiers I .
Science in the US in Nuclear Science
o Workshop programs, bi-weekly seminar, postdoctoral E |:_ -
fellows/visitors, EIC summer school www.stonybrook.edu/cfns

» EIC Center at Jefferson Lab (EIC?@]Jlab)

o Consolidation of EIC related activities under the umbrella
of a Center for JLEIC at JLAB. Particular emphasis is on the
close connection of EIC science to the current 12 GeV
CEBAF program.

o Weekly meetings, LDRD projects, HUGS Summer School, EIC Center at Jefferson Lab
student/postdoctoral fellows

WWww.eiccenter.org

2y
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Coming EIC/LHeC User Events

POETICS

#th International Conference on Physics Opportunities BecTrordorrCollider

19-23 March 2018, University of Regensburg

1
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POETIC Series

PIEIC2018

Workshop on Pion and Kaon Structure at an Electron - lon Collider
May 24-25, 2018

The Catholic University of America

Washington, D.C.

Circular

This workshop will explore opportunities provided by the Electron - lon
Collider to study the quark and gluon structure of the pion and kaon. It follows
and will stake stock of the progress since the earlier June 1-2, 2017
workshop at Argonne National Lab: http://www.phy.anl.gov/theory/pieic2017

Or [

lan Cloet - ANL
Tanja Horn — CUA
Cynthia Keppel — Jlab

St e May 24 @ CUA
2018 Quark Matter

fbr thé LHC

June 27-29, 2018
LAL-Orsay, France

June 27
@ LAL-Orsay

meson, Y

\\

¥ Center for Frontiers
in Nuclear Science

(GPD )
P R

4-6 June 2018
CFNS Stony Brook

Next-generation GPD studies with exclusive
meson production at EIC

June 4 @ CFNS

Our Sponsors

<
Center for Frontiers
o7 sl in Nuciear Science

July 23-25 @ BNL

Jin Huang <jihuang@bnl.gov>
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EICUG 2018 |- ==

Electron lon Collider User.Group Meeting 20

Toward Precictive Thacrise of Nucinsr Rasctions Acroae the Isotopsc Chart (NT-17-1a]
February 27 - Moen 31
E Eschar.Cn. Bister,KD. Launey. D. Loe

Spectrosceny of OGP Proserties with Juts and Heary Quirks (NTA7.18)

May 1 - 8, 2017
SA Basn A Magimce S Putschin, L feses

anetic Sigmatures of R-process Nuchasynthesis in Neutron Star inary Mergers (INT-17.20)
iy 34 - At 18, 2017
. Farmingaz, . Kissan, 0. Mastnes- Pemco, 6.0, Matzger

% mograshy of Hadrams and Muciel {NT-17-3)
Mugust 23 - Segteeber 29, 2017
| Col K Hale. Z - Maziani 8, Pasqury

over 700 scientists. The meeting will discuss » 2017 Workshops

4 Prosis CO m Phaton-Nuzheus Interactions at Ry the Path 1o [IC (INT-17-65W)
the outcome of the Netionsl Acsdemic of @ i Diins 02015 ke c c (NT-17. 50w
Science study and the path forward for the BT ~ 4D Tapl Takak, CA Bomilen 6.R Ken. T Laget. M. Svkmon

son an Probiem in GCD nd Seysed (NT-17.64)

Electron lon Colkider, as well 35 recant

acr, & Crancrassiacan, . Dare, C. Qutrngn. 0. Kl U Wiese
davelopmants and prograss an novel physics

Lamce GO inpt for Neutringimss Oosbia-3 Decay {NT-17-67W)
S . g Ay 8-7,2007
idaas and tachnical plans for the collider and & 2 Davorcs W Ot A Wcholoon, M. Sevage
detectors. The Plavor Suusture of Neckeon Sea (NT-17.86W)
Octebwr 2132017
C Aiduin, W, Guirokl, 1 Qi W, Vogsarg

Neutron-Antineutron Oscilations: Appasance, Disagpearance, snd Baryogenesis (INT-17-554N)
Ocicber 23-27, 207

Nucier ab-intio Theories snd Newtriso Physics (INT-10-1)
Februy 26 - Mavcn 30, 2018
C Bartiar. O Bahar, A Gatedo-Usbart, A, Lova, J Menéndez

Sarkaley

(ULab. Marco Radic INFN

phe U, Th Mt Seate Probiems Using Efectve Frid Theories (NT 12 16
e 1208

g7 - Jar
E Braaior, N, Bearit, T Scndter A Viro

(NTiBan

June 12-Juty 13,208
‘Bacca, A J 4L 5. Paskre. D. Phibps

182y
iy 0 Saghumber 7. 2018
F. Puckervn, 8. k. & Gardett, M. Savage

Oct @ INT Program

July 30 @ CUA

Center for Frontiers
in Nuclear Science

Later in 2018

Short-range nuclear correlations at an Electron-lon Collider
Brookhaven National Lab

September 5-7 2018

September 10-12 2018 Studies Of Entropy And Entanalement At The EIC

Stony Brook: Peter Paul Seminar Room (C-120, Physics Building)
November 28-30 2018 CFENS Inaugural Meeting
Stony Brook and Brookhaven National Lab
November 30 2018 CFNS International Advisory Committee Review
Stony Brook: Peter Paul Seminar Room (C-120, Physics Building)
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Closing remarks 1: Continuity of research

» We are just scratching the surface of the collective behavior in QCD and the role of gluons.
Expecting more discovery of emergent phenomena of QCD

» This quest will involve h-h, h-e, e-e facilities, each carries a piece of the puzzle
» EIC/LHeC represents a convergence of heavy ion and DIS communities;

equal importance for Accelerator physics and Detector physics
» In US, QCD communities (JLAB/RHIC) work jointly on EIC physics

lepton electron

hadron

hadron  positron
- et

2018 Quark Matter
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Closing remarks 2: Participation in EIC

» For junior audience:
New generation of experiments is an
opportunity for new generation of S——
physicists, to designh our own experiment, ’
build it, take data, and make discoveries

over the next yYears
Generic detector R&D programs

o Contact me if want to try reconstructing an EIC Current and recently completed projects

event in Simulation ® cRDI: Calorimeter Development
® eRD2: Magnetic-Field Cloaking Device

> Slgn up fo r user gro up: e|Cug_ 0O rg e cRD3: Fast and Lightweight Forward Tracking
® eRDé: The EIC Tracking and PID Consortium
) A Vi b ra nt detector R& D prog ram ® eRDI12: Polarimeter; Luminosity Monitor and Low Q2-Tagger for Electron Beam
® eRD14: An Integrated Program for Particle Identification for an EIC Detector
with ma ny con nections to H eavy lon @ GRDI5: R&D for a Compton Electron Detector
. ® eRD16: Forward Silicon Tracking
expe Il mentS This SESSiOﬂ/ future Hi exp ® eRDI18: Precision Central Silicon Tracking and Vertexing for the EIC
® cRD17: BEAGLE: A tool o Refine Detector Requirements for eA Collisions

Tetyana GalatYUk ® eRD20: Developing Simulation and Analysis Tools for the EIC

Jan Fiete Grosse_oetringhaus ® cRD21: EIC Background Studies and Impact on the IR and Detector design
® eRD22: GEM based Transition radiation detector and tracker
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- Summary

.+ Broad impact from EIC and LHeC: for thg first time, precisely image |

. ®gluons in nucleons'and nuclei, explore a new QCD frontier of ultra- ‘

dense gluon fields , reveal the origin of the nucleon spin |

e Active community in development on fronts of accelerator, detector
and theory, so we would be ready to meet the challenge of

constructing such frontier e-p/A facility in the coming decade

| would like to use this opportunlty to thank 4
- » Developers of EIC theory, accelerator and detectors
. Fundmg agencies who guide/support us along the way
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