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ldea behind today's workshop

Morning:

- Presentation of the US EIC project to our Japanese and other
international colleagues:
- Potential scientific collaboration on EIC (science & machine) and
- Awareness of the progress on the project in the US

Afternoon:

- Invited experts in fields outside the core QCD studies to explore the
synergies between EIC science and their own primary research
interests:

- High energy physics, Very high energy cosmic rays, and neutrino
science...

- Beginning of a process to find concrete connections: to be followed up in

future with dedicated workshops and activities. N
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Physics and the Status of the US

Electron Ion Collider
Understanding the Glue that Binds Us All

Why the EIC? = “Gluon Imaging”
To understand the role of gluons in binding
quarks & gluons into Nucleons and Nuclei
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Electron lon Collider:
The Next QCD Frontier

Understanding the glue

" that binds us all
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The Electron Ion Collider

Two optionsofrealization!
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The Electron Ion Collider

Two optionsofrealization!
Polarized
For e-N collisions at the EIC: ——— i Source
v' Polarized beams: e, p, d/*He [ olRHIC, e

v' e beam 5-10(20) GeV
v’ Luminosity L., ~ 10°3** cm“sec"

100-1000 times HERA (&.ézed) / \
v’ 20-100 (140) GeV Variable CoM S~ \ \
For e-A collisions at the EIC: Zw | \ \
v" Wide range in nuclei 7 / \ \
v Luminosity per nucleon same as e-p
v Variable center of mass energy Not to scale
World’s first

Polarized electron-proton/light ion
and electron-Nucleus collider

Electron Collider Ring

Electron Source

Both designs use DOE’s significant
investments in infrastructure
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EIC: Kinematic reach & properties

103k Current polarized DIS data:
N O CERN ADESY ¢JLab OSLAC

Current polarized BNL-RHIC pp data:
® PHENIX T11° ASTAR 1-jet
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For e-A collisions at the EIC:

v" Wide range in nuclei

v Lum. per nucleon same as e-p

v' Variable center of mass energy

v Wide x range (evolution)

v Wide x region (reach high gluon
densities)

10°

102 L

Q? (GeV?)
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For e-N collisions at the EIC:

v' Polarized beams: e, p, d/?He

v' Variable center of mass energy

v' Wide Q? range = evolution

v Wide x range = spanning
valence to low-x physics

T T TorTTTT T L |
— Measurements with A = 56 (Fe):
- e eA/JADIS (E-139, E-665, EMC, NMC)
= VA DIS (CCFR, CDHSW, CHORUS, NuTeV)
o DY (E772, E866)
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Uniqueness of EIC amongall DIS Facilities

—~10% All DIS facilities in the
NUJ EJLAB/CEBAF ep Facilities & Experiments: 1 d
E ool &7 [ ] custedbaspts world.
%’ § B s c [I:I] ElolIRtejdetncepts
Q1037 - Past Fixed Target HOWQVGI‘,
g = - Ongoing Fixed Target 1f we aSk for:
- B : . . .
10% [ EcPriec * high luminosity &
F wide reach in Vs
107 .
- OMELG * polarized lepton &
o EIC FCoe hadron beams
§ LHeC/HL-LHC
g * nuclear beams
10 COMPASSI LHeG/CDR
E  HIAF-EIC
10%2 :_ BCDMS
- - EIC stands out as
1oL HERMES N i unique facility ...
§ HERA (ZEUS/H1)
_I ||||||| | | ||||||| | | IIIIII| | L1 1 111

10 102 103 vg (GeV)
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A new facility is needed to investigate, with precision, the dynamics of gluons & sea
quarks and their role in the structure of visible matter

How are the sea quarks and gluons, and their spins,
distributed in space and momentum inside the nucleon?
—_—

How do the nucleon properties emerge from them and
their interactions?

How do color-charged quarks and gluons, and
colorless jets, interact with a nuclear medium?

. How do the confined hadronic states emerge
>‘MM’ . %ﬁ”ﬁ from these quarks and gluons?

e How do the quark-gluon interactions create
nuclear binding?

How does a dense nuclear environment affect
the quarks and gluons, their correlations, and
their interactions?

What .happens to th(.e gluon densi.ty. in n.uclei? eluon gluon
Does it saturate at high energy, giving rise to  aission recombination

a gluonic matter with universal properties in
all nuclei, even the proton?

-



Luminosity (cm™@ s™)

Summary: EIC Physics:
CM vs. Luminosity vs. Integrated luminosity

Tomography (p/A)
Transverse Momentum
Distribution and Spatial Imaging

Internal Landscape
of Nuclei

0 50 100 150
e-N Center-of-Mass Energy [V(Z/A) GeV]

Annual Integrated Luminosity (fb)



EIC Detector Concepts

“eRHIC Day 1 Detector” eRHIC Detector

ANL'’s: “SIiEIC Detector” Si-tracker &

Precision calorimetry: particle flow detector JLE'C Det

Flux-return 44m
coils
Muon chambers i
top view
I Modular (flux return yoke) (top )
5 aerogel mirror:
] solenoid coil
|
. EMcal (Sci-Fi)
|

! DIRC & TOF

GEMC implem:

trackers m by Zhiwen z

2
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21st Century Nuclear Science: Probing nuclear matter in all Its forms &

LI

capiorina their potential for applications

The Standge® Viodel of
Parté Interactions

Thy of Matter

I II III

100
How are the properties of protons and neutrons, : re are the limits of nuclear
and the force between them, built up from quarks, existence. and what is the
aliuyuaimand gluons? What is the mechanism ructure of n’uclei near those
by which these . "ndamental particles materialize

limits?
as . ndrons? Neutrons (N)

Protons (2)

)

Big quark-gluon proton & neutron formation of formation of star dispersion of today
Bang plasma formation low-mass nuclei neutral atoms formation massive elements
Touniverse =102 K 102 K 10° K 4,000 K 50K-3 K <50 K-3 K 3K
time 10-¢s 107 s 3 min 400,000 yr 3x10"yr >3 x 10 yr 14> 10" yr

What is the nature of the
different phases of nuclear Do nucleons and all nuclei, How an the properties of nuclei be
matter through which the viewed at near light speed, us d to reveal the fundamental
universe has evolved? appear as walls of gluons _ F ocesses that produced an
with universal properties? imt alance  between matter and
ntimatter in our universe?

How are the nuclear
building blocks How can technologies
manifested in the developed for basic
internal structure of nuclear physics research
compact stellar be adapted to address
objects, like neutron society’s needs?
stars?

FACE and INTERIOR

evolution
equation

(MeV)
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STATUS OF EIC
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NP’s long history of Long Range Plans (LRP)

1979

NP: Nuclear Physics

Nuclei, Nucleons, Quarks
Nuclear Science in the 1890's 1996

A Long Range Plon by fhe
IDOE/NSF Nuclear Scionce Advisory Commities

Decomber 1989

Nuclear Science:
A Long Range Pla

The DOE/N mmiliee

NSAC: Nuclear Science Advisory Committee S |  Theaols
: LONG RANGE PLAN
for NUCLEAR SCIENCE

oo
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REACHING FOR THE HORIZON RECOMMENDATION:

4

We recommend a high-energy
high-luminosity Ipogm’zedl ‘EIC as
tf:fe] highest priority for new facility
construction following the
completion of FRIB.

Initiatives:
Theory
Detector & Accelerator R&D

Detector R&D money ~1.3M/yr
since 2011; significant increase

LONG RANGE PLAN anticipated soon.
for NUCLEAR SCIENCE  antiipated Now:

Money for EIC Accelerator R&D
already assigned $7m/yr




(no students included as of yet)
738 collaborators, 29 countries, 169

institutions... (January 2018)
Map of institution’s locations
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New Users = New Physics = Lots of activities

Sh rterrational Corderence on
Pryucs Opportunites ok an Ehectron-lon Colider
7N Sapterrimr 2065
Ecobe Polytechegan, Paoseos Fronoe

Programs & Workshops

» 2017 Programs

wdictive Theories of Nuciear Reactions Across the Isotopic Chart (INT-17-1a)

Elsm ND Lane,DLoo

scopy of QOP Progerties with Jets and Heavy Quarks (INT-17.1)

The Proton Mass

Az the heart of most visible matter. mchar, J. Patachicn, L. Mlasn

s Cimel e Temple Universiy, March 28.29, 2016 Double-Sets Decay (INT-17-28)

Hizwwrw  Leo) 14,2017

- . Joint CTEQ Meetng and POET wison, V. Cirighano

(7th Imernational Conference on | MHie Bigaatures of R-process Nuel
o 18, 2017
s OPPOMuUNVEIES 8 &N EIBCTION-ION-C 1. e suve s cncar e 22t 200 0 mindy e ne Programs related to EIC
Corvac Temple University ’ ¢
Baypone Nof

November 14-18, 2016

35 2 Nomantum Tomograghy of Madrons and Nuchel (INT-17-3
Ao,un?e S«'o“m'?ﬂ 2017
oM, K Hakd, ZE Maziani, B. Pasquin

» 2017 Workah S —

B @

ton-Nucleus Interactions at RMIC and LMC: the Path to BIC [INT-1 7-65W)

Seauaci SR ¥en T Laooi M

Speake SION 2017: Intemational Workshop on Bhe Sign Problem in QCD and Beyond (INT-17.84W)
peakers Masch 20 - 24, 2017
wron, S, Chandrasskharan, K. Dammie, C. Gutringar, D. Kaplan, U.-J. Wiess
Lattice QCD Inpet for Neutrinoless Dosbile-§ Decay {INT-17-6TW)
— July 6-7, 2017
Work ".,: e o e Ve A Carter Gy e — Z Davoud, W.
e wmers (M Bt Dt o St —ty -
- + N 4 I POETC 7 G he Flaver Saructure of Nucleos Ses (INT-17.88W)
Hodnnmr R s e T LR Occber 2 - 13, 2017
» LD()I WM Mo TN STHO R Vg " T
.] L\,'Rl-b ey sawreinp sttt [V e ye— N o Appearance, and YO0 [INT-17-68W)

Oclober 23 - 27, 2097
K Babu, Z Berazhiany, Y. Kamyshiow, B. Kertikov

» 2018 Programs

EICUG MEETING - July 18-22 Nuclens ab-initio Theories and Nestrisg Physics (INT-15-1a)
TRIESTE 2017 - February 26 - Nawch 30, 2018

C. Bardierl. O. Bonhar, A Galndo-Udbarri, A, Lovato, J Menéndez

Multh-Scale Problerms Using Efective Field Theorles (NT 1312}
May 7 - Jure 1, 2018
E Beaaten, N Brarblla, T. Schdfar. A Visro

Highly Active EIC Community has evolved

» . d t' 't F. Pederva, 8. Cark, 8. Gandoll M Seupcy
On'a pro UC Ion WI Proding Nucleans and Nuciel in Migh Energy Collisions ONT-18-3) >
October 1 - Novermber 16, 2018
X _Kovahegov, C. Marguet, A Prosudn

(L ORI 2T )

NT-18-2%§

in cooparnation wih Triesta Uriversiy

* In view of new discoveries of multi-quark




Critical Decision Process DOL

PROJECT ACQUISITION PROCESS AND CRITICAL DECISIONS

Project Planning Phase Project Execution Phase Mission
Preconceptual | Conceptual Preliminary Final Construction Operations
Planning Design Design Design
i i i I i
CD-0 CD-1 CD-2 CD-3 CD-4
Approve Approve Approve Approve Start of §} Approve Start of
Mission Need Preliminary Performance Construction Operations or

Baseline Range Baseline Project Closeout
CD-0 CD-1 CD-2 CD-3 CD-4

Actions Authorized by Critical Decision Approval
» Proceed with « Allow « Establish baseline budget « Approve « Allow start of

conceptual design expenditure for construction expenditure of operations or

using program funds of PED * Continue design funds for project closeout
« Request PED funding funds for  Request construction construction

design funding

PED: Project Engineering & Design
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Path forward for the EIC:

- DOE sanctioned a science Review by National Academy of
Science of EIC

- Expect report by June/July 2018(?)

- Positive NAS review will trigger the DOE’s CD process
- CDO (acceptance of the critical need for science by DOE) likely FY19
- EIC-Proposal’s Technical & Cost review = FY20 (site selection)

- Major Construction funds (“CD3”) by 2022/23” (according to
LRP2015)

- Assuming 1.6% sustained increase over inflation of the next several years (Long Range Plan)

- Consistent with the past 10 years of NP funding increases in the US

- First collisions sometime between 2025-2030
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INT Program 2010 = EIC in the LRP2015

The 201
LONG RANGE PLAN
for NUCLEAR SCIENCE

U R

- 2010 INT workshop on the Science of EIC critical to making the
case in the 2015 LRP. (500+ page document, 150+ participants
and 500+ authors) : arXiv:1108.1713, D. Boer et al.

- Next LRP in ~2020/21, just before EIC Construction could begin

= We will EIC physics case with additional details and new
physics input....



IN'T Program Approved: 2018

A 7-week program "Probing Nucleons and Nuclei in High Energy Collisions"
dedicated to the physics of the Electron lon Collider has been approved
by the Institute for Nuclear Theory in Seattle with the tentative dates of
October 1 - November 16, 2018. The topics to be covered include Spin and
Three-Dimensional Structure of the Nucleon (GPDs, TMDs, longitudinal
spin) and QCD in a Nucleus (small-x physics and saturation, connections to
heavy ions, large-x physics in a nucleus).

The program organizers will be Yoshitaka Hatta, Yuri Kovchegov, Cyrille
Marquet, and Alexei Prokudin. They plan to have ample discussion time
and lectures aimed at young researchers. Both theorists and
experimentalists are welcome to participate in the program. Young
researchers, women and underrepresented minorities are strongly
encouraged to apply.

INT: Institute of Nuclear Theory @ U. of Washington



Concluding thoughts & perspective:

The EIC (with its precision and control) will profoundly impact our
understanding of QCD:

<-The bridge between sea quark/gluons to Nuclei by Imaging of quarks and
gluons in 3D in nucleons and nuclei

EIC: Pushes the boundaries of our knowledge on Accelerator Science
< A magnet of the best and brightest of the accelerator scientists

EIC Users Group: eicug.org = Seeds for Detector Collaborations
Positive National Academy Science report (April/May 2018)

- Critical Decision process of the DOE to start - 15t collisions ~10 years

Today’s meeting: exploratory : EIC science to other fields.

Exciting times ﬁr scientists, ]mru’cu[ar[% q‘/oung researchers,
who will be in ® the driver’s seat at the ?



