Electron lon Collider 1

Electron Ion Collider (EIC):
BCVSPIN 2024: Particle Physics in the Himalayas
Kathmandu, Nepal - December 13, 2024

2019-present
2019 machine detector

ELECTRON-ION COLLIDER

LONG RANGE PLAN
for NUCLEAR SCIENCE

Physics of EIC Evaluation Realization




About 100 years after the discovery of the

atom and the proton

We know atomic structure so well, that However, the internal structure of the
we define “time” using electronic proton is
transitions: known to only about 20-30%
Current accuracy WHY’? ~20 minutes in an hour...!

~1 sec in 220 Million years

Because of the gluons
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What distinguishes QCD from QED?

QED is mediated by photons (y) which are charge-less (and couple to charged particles)

QCD is mediated by gluons (g), also charge-less but are colored! - can interact with
themselves, and colored quarks

In QCD & - Nniv in D
g =2 yin QEL O Y QC

A

A4

Nonlinear growth in g-g interactions...
Bring richness and complexity to QCD
Experimental guidance always needed

q, € q, €



Proton mass puzzle

eROSITA All-Sky Survey

© Nobel Media AB. Photo: A

Mahmoud

Francois Englert Pefe‘r W. Higgs

Nobel 2013 With
Francois Englert Ouarke
“Higgs Boson” that gives Mass =178x1026 g

mass to quarks, electrons,....

J.Sanders/H.Brunner/feSASS/MPE/E.Churazov/M.Gilfanov/IKI SRG/eROSITA

Add the masses of the quarks (HIGGS mechanism) together 1.78 x 10-25 grams
But the proton’s mass is 168 x 10-%° grams
=>only 1% of the mass of the protons (neutrons) = Hence the Universe

=»\Where does the rest of the mass come from?
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Non-linear Dynamics of QCD has Fundamental Consequences

* Quark (Color) confinement: Emergence of spin,
« Unique property of the strong interaction mass &
« Consequence of nonlinear gluon self-interactions CO“f'”ef?;fd”St’ gluon

« Strong Quark-Gluon Interactions:

« Confined motion of quarks and gluons — Transverse Momentum Dependent Parton
Distributions (TMDs)

« Confined spatial correlations of quark and gluon distributions -- Generalized Parton
Distributions (GPDs)

Deeply connected to emergence of mass and spin of observed building blocks of nature

 Ultra-dense color (gluon) fields in all nucleons and nuclei?
« Runaway growth in gluon number: Is it tamed by existing mechanisms in QCD?
* |s there a universal many-body structure due to ultra-dense color fields?
« Happens in all hadrons and nuclei? = Universal?

A-A, p-A, e-A, p-p, e/u-p/A and e-e collisions are all essential for fully understanding of QCD



Electron lon Collider

Spln “CriSiS” % Sp|n PUZZIe Discovered by EMC experiment at CERN
& '
ek k
8 25%
5 — [Qspin - Qang.mom.] + [Gspin =+ Gang.mom.]
? ?

Transverse motion and finite size of the proton must create the orbital motion
Connected to the mass?
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N UC|ear PUZZle Discovered by EMC experiment at CERN

LS = antishadowing Fermi-
Nuclear EMC effect B motion

Parton distributions are different in

protons and nuclei i 5

Exactly how do they get modified?

What happens in regions x < 0.001?

opis(nucleus)/opg(nucleon)

0.6
Not quite known, and not predictable
B shadowing
However, low-x dynamics in protons -
and nuclei is of great interest, need to 02
measure experimentally B | I
107 10” 10" 1
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DEEP INELASTIC SCATTERING (DIS)

The best technique to understand the internal structure of protons,
neutrons and the nucleil.
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Scattering of protons on protons
IS like colliding Swiss watches to find out
how they are build.

R. Feynman

We can ask : What is in
there, but not how they are
built or how they work!




June 26, 2022 Electron lon Collider

Study of internal
structure of a
watermelon:

A-A (RHIC/LHC)

1) Violent
collision of
melons

2) Cutting the watermelon with a knife
Violent DIS e-A (EIC)
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A4 A = (h/27)(1/Q2)
l -
o h = constant
N A = wavelength
i O g Q? = momentun
CURRENT ' transferred

. - 3 \ ,&:;-‘
| &1 ’ i 0 N v ™
A : L
~ ‘ » 7

Deep Inelastic: (A << Proton Size)
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Deep Inelastic Scattering: Precision and control

Kinematics: e (k) gt ==(k =k')* Measure of
o) /A Q 9 ( b ”) resolution
(S 0 \1
> . 0" =2E E'(1-cos® ,) Pover
e e e

Y (q,)

! !
y = Pq =1- Ee cos’ & Measure of
> X (p, ) pk E 9] inelasticity
P(p,) e
QZ QZ Measure of
High lumi & acceptance X=-—=—_==_ momentum
O\ Exclusive DIS qu Sy fraction of
detect & identify everything e+p/A > €' +h(n,K,p,jet)+... struck quark
Hadron :
Semi-inclusive events:
e+p/A > e +h(1,K,p,jet)+X E, |
detect the scattered lepton in coincidence with identified hadrons/jets <= 7; P, with respect to y*
Inclusive events:
e+plA > &+X s=4E, E,

Low lumi & acceptance detect only the scattered lepton in the detector



Energy s

Resolution
>
Y
I
o

log Q2

wgx X = Momentum fraction

* Low-x reach requires large Vs
* Large-Q2 reach requires large Vs
* y at colliders typically limited to 0.95 <y < 0.01

14
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PHYSICS OF EIC




Accelerctors ‘

L
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I = Tame [seconds, yeaors)
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’: EIC Physics at-a-Glance

The Next QCD Frontier

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

How do the nucleon properties (mass & spin) emerge from their interactions?

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

. nuclear medium?
>“W' = %i& How do the confined hadronic states emerge 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 the gluon density in nuclei? Does it saturate at gluon - gluon
high energy, giving rise to a gluonic matter with universal emission recombination

properties in all nuclei, even the proton? gi: 2
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QCD Landscape to be explored by a new future facility

QCD at high resolution (QZX—WeakIy correlated quarks and gluons are well-described

Q2 (Ge Strong QCD dynamics creates many-body correlations

A between quarks and gluons

S | Quarks : —> hadron structure emerges

5 Gluons ,

©

(7]

2 ‘

Strong
Qua . . . . .
- A Systematically explore correlations in this region.
N 2 < £
g9 8 S5
o £ z 3
(e0] g o
2 8
—
5 2 o
>§ g 2= An exciting opportunity: Observation of a new regime
- D . . .

£ 3 3 iIn QCD of weakly coupled high-density matter

< Pomerons?

o Regge trajectories? Y

» 1/x
Parton Density

Need Precision and Control
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EIC: NEW Kinematic reach & properties

Current polarized DIS ep data:
; o CERN ADESY ¢JLab-6 o SLAC [ JLab-12

VYVYVYYVYY v

- Current polarized RHIC pp data:
e PHENIX7® 4 STAR 1-jet v W bosons

For e-N collisions at the EIC:
v’ Polarized beams: €, p, d/°He

v’ Variable center of mass energy

v' Wide Q2 range - evolution

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

”1|0'4 T 103 _ 102
Momentum fraction x

For e-A collisions at the EIC:

v" Wide range in nuclei

v Luminosity 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)

-
o
w

Q? (GevIResolution =

0.1

10 109
Momentum fraction «x

-
o
T

T T L T LR |

-~ Measurements with A = 56 (Fe):

- e eA/uADIS (E-139, E-665, EMC, NMC)

= VA DIS (CCFR, CDHSW, CHORUS, NuTeV)
o DY (E772, E866)
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Nucleon Spin: Precision with EIC

1 1

AY/2 = Quark contribution to Proton Spin
Ag = Gluon contribution to Proton Spin
Lo = Quark Orbital Ang. Mom
Lg = Gluon Orbital Ang. Mom

Spin structure function g, needs to be
measured over a large range in x-Q?

Precision in AX and Ag = A clear idea
Of the magnitude of Lo+Lg =L

Lattice Calculations : comparison

SIDIS: strange and charm quark spin
contributions

ssss

C\s=632Gev

E\s=447Gev

DSSV 2014

Lo g (xQ

uﬁce’rtamty
Q=10 GeV?
® eRHIC pseudo-data

3

— Jdx (Quarks + Gluons) (10 < x < 107%)

0.3

0.2

0.1

-0.1

-0.2

-0.3

;EIC

\s=44.7 GeV
W Vs=44.7-70.7 GeV
| \s=44.7-141.4 GeV

-0.2

Y, - Jdx (Quarks + Gluons) (102 < x < 1)

0

0.2
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What does a proton look like in “transverse” dimension?

Static Boosted
. OOQOOO Bag Model: Gluon field distribution is wider than the fast moving
e = g’o.ooosgdg qguarks. Color (Gluon) radius > Charge (quark) Radius
® C o0,/
@ o O

7 ee \ Constituent Quark Model: Gluons and sea quarks hide inside
Q%éb%o massive quarks. Color (Gluon) radius ~ Charge (quark) Radius
\2° %/

PR - T Lattice Gauge theory (with slow moving quarks), gluons more
o%%a concentrated inside the quarks: Color (Gluon) radius < Charge
N (quark) Radius

Need transverse images of the quarks and gluons in protons
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2+1-Dimensional Imaging Quarks and Gluons

Wigner functions W(x,b,k+)
offer unprecedented insight into confinement and chiral symmetry breaking.

W(x,bpky)
2
Momentum debT kT f d kT Coordinate Near future
space space promise of direct
= Comparison with
lattice QCD
f(x,kr) f(x,br)
Spin-dependent 3D momentum space Spin-dependent 2D coordinate space (transverse)
images from semi-inclusive scattering + 1D (longitudinal momentum) |
> Transverse Momentum images from exclusive scattering (Deeply virtual
Distribution Compton scattering and meson production)

= Generalized Parton Distributions

momentum and position distributions - Orbital motion of quarks and gluons
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2+1 D partonic image of the proton with the EIC

Spin-dependent (2+1)D momentum space images Spin-dependent 2D coordinate space (transverse) +

from semi-inclusive scattering (SIDS)
Transverse Momentum Distributions

1D (longitudinal momentum) images from exclusive
scattering Transverse Position Distributions

V" 4
Gluons:
Quarks
. Only @
Motion  x + Collider
p p°
'E)Aeeply Vi rﬁ‘:sl Cof_m pltotn tScatterlng Fourier transform of momentum
easure all re,e Inal stales transferred=(p-p’) = Spatial distribution
e+tp->e+pty
Quark’s 2D momentum distribution Sea quark’s 2D position distribution

d quark

-0.5

0 0.5 L
ky(GeV)

unpolarized polarized

x=10
by=0 fm
Q%= 4GeV?

) > © S 15 4 05 0 05 1 15 15 -4 05 0 05 1 15 2
— — o o

(o) (0°AX)gosbX By (fm) by (fm) (5. W) (D" GX)gon; DX
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Study of internal
structure of a

T

—

A-A (RHIC, LHC)

1) Violent
collision of
melons

© YouTute

2) Cutting the watermelon with a knife
Violent DIS e-A (EIC)

3) MRI of a watermelon
Non-Violent e-A (EIC)
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CONSEQUENCE OF GLUON SELF
INTERACTIONS

Particularly at high energy (low-x)
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Gluon and the consequences of Its interesting properties:

Gluons carry color charge = Can interact with other gluons!

"...The result is a self catalyzing enhancement that leads to a runaway growth.
A small color charge in isolation builds up a big color thundercloud....”

F. Wilczek, in “Origin of Mass”
Nobel Prize, 2004

A

s 5

Infinity?
NO!

—~<2=5

A
AAAA
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Gluon and the consequences of Its interesting properties:

Gluons carry color charge = Can interact with other gluons!

“...The result is a self catalyzing enhancement that leads to a runaway growth.
A small color charge in isolation builds up a big color thundercloud....”

F. Wilczek, in “Origin of Mass”
Nobel Prize, 2004

gluon gluon
emission recombination

wﬁi .

Saturation State of Gluons
reached
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% 5 In search of a new state of matter!

What could tame the low-x rise?

Can EIC access this region?
: QCD inherently has the needed mechanism for this
: taming but we don’t know when it gets triggered.

LY |

& ey
r  CTEQ 6.5 parton

- distribution functions

a® =10 GeV?

o
)]

g
[=]

Ll : gluon gluon
E emission recombination

-~

: : Observation of gluon recombination effects
h&_ 1 \ 5 =>|s there such new state of matter?

O _— _ . - — - 3 : 111 7

0.0007  0.001 0.01 0.1 1.0 - “Color Glass Condensate

Fraction of Overall Proton Momentum Carried by Parton 9 50_100 times hlgher energy density than the core
Experimental evidence needed of the neutron star

o
en

— —
o n '
1 T TIrnT | B I |

o
on

Momentum Fraction Times Parton Density
%)
=




CTEQ6.5parton

3.5} distribution functions
Q% =10GeV?

3.0F

251

2.0F

Momentum Fraction Times Parton Density

0 e sns e iy
0.0001 0.001
Fraction of Overall Proton Momentum Carried by Parton

A
o
og <1
pQCD '
N evolution i
< equation
()
<> !
saturation é
non-perturbative region og ~ 1
In x
gluon gluon
emission recombination

1.0
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Low X physics with nuclel

At Qg

QCD

1/3
| ( A)2 ~ CQ2 é
Boost s ~ 0 T
e >
R~A"
Accessible range of saturation scale Q ? at the EIC
with e+A collisions.
arXiv:1708.01527
x<0.01

perturbative regime ——»

0.5 1 1.5 2 2.5

Q3 (GeV?)
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Can EIC discover a new state of matter?

counting experiment of
Di-jets in ep and eA

EIC provides an absolutely unique opportunity
to have very high gluon densities

- electron — lead collisions _ Saturation: o
combined with an unambiguous observable Disappearance of backward jet in eA
. . Lnl!'il'!uill‘l i!til'iﬂ_h!,
EIC will allow to unambiguously |
map the transition from a non-saturated to = ? P = - T 4
saturated regime </ </
I?l$li I7I$If;;
Coverage of Saturation 8‘ m Vs=40 GeV B
Region for Q%> 1 GeV? ~ s Vs=63 GeV -
10 sl Vs,,,=90 GeV < & e Vs=90 GeV 2
e Vs, =40 GeV v = 4
L - s g
< | w Qb :
& S 3 — . :
C C ———A—_, —A—O— t
g O - o _g O 7
=~ 0.6 — 2
Ll s S S O i S
—8 : | | | | g
0.4 —
& 2 25 3 35 4 s

107 | I I‘IIO_3 | T I‘IIO"2 . A(I) (rad) .
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Emergence of Hadrons from Partons

Nucleus as a Femtometer sized filter

Unprecedented 1, the virtual photon energy Energy loss by light vs. heavy quarks:
range @ EIC : precision & control 1.50] {
. . 1.10 *+++
e Study in light quarks -—-—-i-i-.--_--_-;-;-_-*_-+_+_ﬂ* ————————

0.90 |

VS.
heavy quarks

0.70| = Pions (model-I)
— Pions (model-Il)
® DO mesons

0.50 |

x> 0.1

25 GeV? < Q% < 45 GeV?
140 GeV < v < 150 GeV
JLdt =10 fb™!

Ratio of particles produced in lead over proton

0.30
0.0 0.2 0.4 0.6 0.8 1.0

Fraction of virtual photons energy

Control of 1 by selecting kinematics; carriod by hadron. 2
Also under control the nuclear size.

Identify = vs. DO (€harm) mesons in e-A collisions:

(colored) Quark passing through cold QCD matter Understand energy loss of light vs. heavy quarks
emerges as color-neutral hadron = traversing the cold nuclear matter:
Clues to color-confinement? Connect to energy loss in Hot QCD

Need the collider energy of EIC and its control on parton kinematics



CONSENSUS STUDY REPORT

AN ASSESSMENT OF
U.S.-BASED ELECTRON-ION
COLLIDER SCIENCE

By
+ -‘,_.-‘

£IC sclence:
'capapelling, fundamental

and timely

Physics of EIC

- Emergence of Spin

- Emergence of Mass

- Physics of high-density gluon fields

. . LONG RAN(‘;]P]ZX?’IJ.(,‘)\]]G
Machine Design Parameters: G IGRLRAR SR
- High luminosity: up to 1033-1034 cm-2sec’

- a factor ~100-1000 times HERA
- Broad range in center-of-mass energy: ~20-140 GeV

- Polarized beams e-, p, and light ion beams with flexible spin
patterns/orientation

- Broad range in hadron species: protons.... Uranium

- Up to two detectors well-integrated detector(s) into the machine
lattice

36



Electron lon Collider

EIC moved forward.... A major step!

« DOE announced: January 9, 2020
- CDO December 19, 2019
- Site of EIC: Brookhaven National Laboratory

« BNL and JLab realize EIC as partners

« A formal EIC project is now setup at BNL
« BNL+Jlab management & scientists

« CD1 June 28, 2021

0
SCIENCE & INNOVATION ENERGY ECONOMY SECURITY & SAFETY

Department of Energy

U.S. Department of Energy Selects
rookhaven National Laboratory to Ho

Major New Nuclear Physics Facility

JANUARY 9, 2020

Home » U.S. Department of Energy Selects Brookhaven National Laboratory to Host Major New Nuclear Physics Facility

WASHINGTON, D.C. - Today, the U.S. Department of Energy (DOE) announced the selection of
Brookhaven National Laboratory in Upton, NY, as the site for a planned major new nuclear physics

research facility.
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i Proposed
s L. — Detector

sl.ocations
o S .

“b.é.r J: :! o i e A R T4 3 ::5"";"’% ~ AT e R .
» EIC benefits from $B class investments at BNL and the highly successful RHIC program.
» RHIC will conclude operations in 2025. EIC installation will begin after RHIC ops concludes.

ZSEN




EIC Accelerator Design

Electron
Injection
Line

Possible
On-energy
lon Injector

Electron
Storage

Electron
Ring

Cooler

BNL-EIC lon
Collider
Ring

Injector
Linac

Possible
Detector
Location

Possible

Detector

Location
Electron

Injector (RCS)

Polarized
Electron
lons Source

/Electrons

Electrons

Hadron Storage Ring
(Polarized)

Hadron Injector Complex
lon Source

Electron Storage Ring
Electron Injector Synchrotron

Electron Cooler

Possible On-energy Hadron
Injector Ring

Peak Luminosity [cm?2s!]

Center of Mass Energies:

20GeV - 140GeV

Luminosity: 1033-10%* cm2s1/10-100f7L / year
Highly Polarized Beams: 70%

Large lon Species Range: ptoU

Number of Interaction Regions: |Up to 2!

w= w= High L )
== Baseline } Combined L of both IRs
----- High L =
Baseline } Fair-share L per IR =
1034 6.1 7.2

1 033 E
0.44
Internal
Landscape of
1 03 2 F the Nucleus
0 40 80 120 150

Center of Mass Energy E_, [GeV] ——>

100

10

Annual Integrated Luminosity [fb!]



Energies and beam species

' Resolution (virtuality) Q?:

Species | Energy (GeV) /s (GeV)
18 %275 140.7
10x275 104.9
ep 10x100 63.2
ox100 44.7
5x41 28.6
18x110 89.0
eAu 10x110 66.3
5x110 46.9
5x41 28.6

p
L 2 2
e 2 7
q
p Parton momentum fraction x:
g Py
02
General DIS process o Pq

Unprecedented coverage in x and Q?

@ +all hadron species as at current RHIC
@ High luminosity 10°® —10%* cm~'s™7,

100 — 1000 x more than HERA
@ Integrated 10—100 fbo~' / year

Resolution, 2 (GeV?)
=]

[ Current polarized DIS efy+p data: [l
E_ Current polarized RHIC p+p data: [

Resolution, Q2 (GeV?)

10
Parton momentum fraction, x Parton momentum fraction, x



Africa South America i
29% 29, Oceania

The EIC Users Group: EICUG.ORG

Formally established in 2016, now we have:
~over 1000s Ph.D. Members from over 30 countries
New members welcome

U |
Map of institution’s locations

EIC Institutional Board

Greenland

M North America Asia Europe M Africa South America Oceania

EICUG Structures in place and active:
EIC UG Steering Committee, Institutional Board, Speaker’s
Committee, Election & Nominations Committee

g |. A Network of Networks
New: Inter-American ( D

Center for Frontiers in Nuclear Science (at Stony Brook/BNL)
EIC? at Jefferson Laboratory

........



http://eicug.org/
http://www.stonybrook.edu/cfns/
https://www.eiccenter.org/eic-center-jefferson-lab

Physics @ the US EIC beyond the EIC’s core science Perhaps other
Of HEP/LHC-Hl interest to Snowmass 2021 (EF 05, 06, and 07 and possibly also EF 04) Intersections
with LQCD?

New Studies with proton or neutron target:
- Impact of precision measurements of unpolarized PDFs at high x/Q?, on LHC-Upgrade results(?)
- What role would TMDs in e-p play in W-Production at LHC? Gluon TMDs at low-x!
- Heavy quark and quarkonia (c, b quarks) studies with 100-1000 times lumi of HERA
- Does polarization of play a role (in all or many of these?)
Physics with nucleons and nuclear targets:
- Quark Exotica: 4,5,6 quark systems...? Much interest after recent LHCDb led results.
- Physic of and with jets with EIC as a precision QCD machine:
- Internal structure of jets : novel new observables, energy variability, polarization, beam species
- Entanglement, entropy, connections to fragmentation, hadronization and confinement
- Studies with jets: Jet propagation in nuclei... energy loss in cold QCD medium
- Connection to p-A, d-A, A-A at RHIC and LHC
- Polarized light nuclei in the EIC
Precision electroweak and BSM physics:
- Electroweak physics & searches beyond the SM: Parity, charge symmetry, lepton flavor violation



Detector Challenge of the EIC

e e,V

Aim of EIC is 3D nucleon and nuclear structure
beyond the longitudinal description.

This makes the requirements for the machine

p/A ( )é H and detector different from all previous colliders.
p remnant

“Statistics”=Luminosity x Acceptance

(1]
e’ °
N\ EIC Physics demands ~100%
\ s acceptance for all final state particles
' 3 90 . (including particles associated with

p/A

Scattered electron \

initial ion)

lon remnant is particularly challenging

» not a usual concern at colliders

Particle associated with initial lon > at EIC integrated from the start with a
Particle associated with struck quark h'ghl_y 'ntegr_ated (a_-nd complex) detector
(or associated gluon) and interaction region scheme.

P4 13 1
Q(o ®

WwnN =

Aschenauer/Ent



December 2019 — March 2021
EICUG Yellow Report

_ _ SCIENCE REQUIREMENTS
- Led by EICUG Steering Committee, .:nooegncron 902
_ . 3 CONCEPTS FOR THE pages
UG-wide effort towards a detailed g ELECTRON.ION COLLIDER 415 authors
detector design effort with a detailed A EIC Yellow Report . 151 institutions
document. b—

120 MB

- Kick off meeting at MIT in December
2019 followed by 4 more meetings Iin
2020 all remote: Philadelphia, Pavia,
Miami, Washington DC, Berkeley

arXiv:2103.05419



— R N DRTECTOR
Concept DETECTOR

3 ELECTRON-ION COLLIDER
I J EIC Yellow Report
.
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5

This detector concept was included in the EIC CDR prepared for the CD1 Review

Cherenkov

HADRON CALORIMETER ENDCAP
ELECTROMAGNETIC CALORIMETER
- 7 PRESHOWER CALORIMETER

00T s CERENKOV COUNTER -1.20

’ TRANSITION RADIATION DETECTORS

. p - BARREL EM CALORIMETER -
i 7 y ¥ il
: <& # \ SOLENOID i

RICH DETECTOR

BARREL HADRON CALORIMETER

, , TRANSITION RADIATION DETECTORS
B \ | IS PRESHOWER CALORIMETER =
ELECTROMAGNETIC CALORIMETER
HADRON CALORIMETER ENDCAP




Detector polar angle / pseudo-rapidity coverage

p/Abeam __ electron beam n= I [tan(g)],

high Q2

medium X

Central
Detector

47 .Lgfi’;gon Lab



Reference Detector — Backward/Forward Detectors

far-backward | | far-forward )
detectors ] detectors
1.0 4 Cdntral Detg¢ctor g ‘3
Forward g 5 é
Spectrometer £ § 2
53

/,

QUEF 5
QSEF 5
Q6EF 5

—2.0 1

2 . B2pf dipole
3 Extensive integration of i
= (inside pipe) g B1pf dipole
é i fO rward an d baC kward Off-Momentum Q2pf quadrupole
3 detector elements into the S Q.
' accelerator lattice RN ’W
BO Silicon

Detector

Length z (m)



The three proposals + White Paper: 2" IR Physics

CFNS helped all three & the 2" IR White Paper
EIC Advisory Panel's recommendation on April 8, 2022

CORE - a COmpact detectoR for the EIC
R. Alarcon,' M. Baker,? V. Baturin,® P. Brindza,* S. Bueltmann,® M. Bukhari,*

* The panel finds that ECCE and ATHENA fulfill all requirements for a Detector 1.
* ECCE has several advantages, in particular reduced risk and cost, and qualifies best for Detector 1.

* CORE presented a more conceptual design and given the tight timeline for CD2/3a would generate a schedule risk for the EIC Project as
Detector 1.

* The panel supports the case for a second EIC detector.

* DOE resources to start a Detector 2 project will most likely be delayed for several years, or the resources would have to found from other
sources. There is significant international participation in the proto-collaborations, however, the panel found the overall resources were
insufficient to proceed with a second detector effort at this time.

* The EIC’s project planning for Detector 1 should incorporate a period for integrating new collaborators and re-optimizing experiment conceptual
design in advance of CD-2.

(Dated: December 1, 2021)

A state of the art detector capable of fully exploiting the science potential of the EIC, realized
through the reuse of select instrumentation and infrastructure, to be ready by project CD-4A

December 1, 2021




The ePIC experiment (Electron-Proton/lon Collider Experiment)

hadronic calorimeters
Solenoidal Magnet

e/m calorimeters

(ECal)

Time.of.Flight,
DIRC,
RICH detectors

MPGD trackers

MAPS tracker

Hermetic coverage for tracking, particle identification and calorimetry in asymmetric colli-
sions




ePIC collaboration
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@ 850+ participants

@ 177 institutions
@ 26 countries

@ 650+ members
active in ePIC
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Detector requirements for ePIC experiment

@ Vertex detector: precise spatial I A: slectron beam
resolution, low material budget Backward-n

@ Central and endcap trackers: particle
momenta (with help of solenoid
magnet)

@ Particle identification: 7/K /p 5
separation for each track &

@ Calorimeters: eletromagnetic and
hadron L i

scattered lepton

Forward-n

particles from nuclear
breaki d
Bethe-Heitler photonst Z breakup an

‘ DAQ : Stre a m i n g re ad O ut for luminosity from diffractive reactions

@ Far-forward and backward detectors: scattered particles at very small angles, luminosity
measurement, nuclear breakup

@ Forward — proton/ion beam direction, z > 0
@ Backward — electron beam direction, z < 0

Coordinate convention for ePIC:




Central ePIC detectors

Vertex + tracking %ﬁkﬁ? ’“' elelggggrgeam

@ Si and gaseous sensors

@ 1.7 T solenoid field y

Particle identification '
@ AC-LGAD for time-of-flight : resmn
@ Cherenkov hpDIRC and RICH | T 2 :

Calorimeters
@ Electromagnetic and hadron parts

@ Full enclosure around tracking and
identification detectors

° Hompgeneous Anesamping Meeting the requirements within space constraints
calorimeters )




Highest priority for facility construction
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DOE EIC Critical Decision Milestones

*
: Operating* ' Prpject Engineering and ‘ Construction : Operating "
‘— *
E Funds ’E - Pesign (PED) Funds s & PED — E<_ Funds > E
' ' H Funds ' '
' ' ' ' '
i
i
lnltlatlo> Doﬂn“> Execution > 0lm>
Conceptual___,, reliminary —yp |4—— Final— Construction
Design Design Design
Critical CD-0 CD-1 CD-2 CD-3 CD+4
Decisions Approve Approve Approve Approve Approve
Mission Alternative Performance Start of Start of Operations
Need Selection Baseline (PB) Construction or Project
and Cost or Execution Completion
Range
2019 2021 CD-2, Performar!ce Baseline, and —  CD-4=2034
CD-3, Construction Start, End of 20253k

» CD-3A, Long Lead Procurement, approved March 2024. Excellent use of IRA funding. sk FY25 and FY26 funding
« CD-3B, Long Lead Procurement, approval planned for March 2025. will impact CD-2 and CD-:
+ CD-2, Project Performance Baseline, requires a DOE approved annual funding profile. | milestone dates.

I Electron-lon Collider

J. Yeck, EICUG Meeting



Summary & Outlook

- Electron lon Collider, a high-energy high-luminosity polarized e-p, e-A collider,
funded by the DOE will be built in this decade and operate in 2030’s.

- Will address some of the most profound question yet unanswered in the Standard
Model of Strong Interactions (and beyond)

- Up to two hermetic full acceptance detectors under consideration, currently EIC
project has funds for 1 detector, cost of a second detector from non-DOE sources

- Experimental collaboration: ePIC formed

- EIC project assumes an aggressive timeline : engineering collisions around
2030s, physics collisions within 2-years of that.

- High interest in having international partners both on detector and accelerator

- For all early career scientists, graduate and undergraduate students: This machine is
for you! Ample opportunity to contribute to machine, detector & physics of a new
project.



Thanks to Abhay Deshpande for sharing
his slides and for discussions




R. Ent, T. Ullrich, R. Venugopalan
Scientific American (2015)
Translated into multiple languages

A. Deshpande
& R. Yoshida

June 2019
Translated in to
multiple languages

E. Aschenauer
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The US EIC with a wide range in Vs, polarized electron, proton and light nuclear beams and luminosity
makes it a unigue machine in the world.



