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If we assume that the strong interactions of bary-
ons and mesons are correctly described in terms of
the broken "eightfold way' *~9/, we are tempted to
look for some fundamental explanation of the situa-
tion. A highly promised approach is the purely dy-
namical ""bootstrap' model for all the strongly in-
teracting particles within which one may try to de
rive isotopic spin and strangeness conservation ahd
broken eightfold symmetry from seli-consistenc
alone 4). of course, with only strong interactiong,
the orientation of the asymmetry in the unitary

space cannot be specified; one hopes that in som
wav the aslectinn nf anecific camnnnenta nf the F

ber ny - ngf would be zero for all known baryons and
mesons. The most interesting example of such a
model is one in which the triplet has spin 3 and
z = -1, so that the four particles d-, s~, u® and b®
exhibit a parallel with the leptons.

A simpler and more elegant scheme can be

charges. We can dispense entirely with the basic
baryon b if we assign to the triplet t the following
properties: spin 3, z = -7, and baryon number 3.
We then refer to the members u3, d-3, and s-3 of
the triplet as "quarks" 6) q and the members of the
anti-trinlet as anti-auarks 4. Barvons can now he

J
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Do we really understand how the quarks act as constituents of the hadrons?

e T o e e Tr me—— wmm m e e m e ———r

simpler and more elegant scheme can
constructed if we allow non-integral values for the
charges. We can dispense entirely with the basic

baryon b if we assign to the triplet t the following
properties: spin 3, z = -3, and baryon number 7.

. | We then refer to the members ui, d-3, and s-7 of i sl
t \_the triplet as "quarks" 6) q and the members of the gnd

tion. A highly promised approach is the purely dy- exhibit a parallel with the leptons.
namical ""bootstrap' model for all the strongly in- A simpler and more elegant scheme can be
teracting particles within which one may try to de

rive isotopic spin and strangeness conservation ahd charges. We can dispense entirely with the basic
broken eightfold symmetry from self-consistenc baryon b if we assign to the triplet t the following
alone 4). Of course, with only strong interactiond, properties: spin 3, z = -3, and baryon number 3
the orientation of the asymmetry in the unitary We then refer to the members u3, d-3, and s~3 of
space cannot be specified; one hopes that in som the triplet as '"quarks" 6) q and the members of the
wav the aslactinn nf anecific camnnnenta nf the F anti-trinlet as anti-auarks a. Barvons can now he
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Why we still need microscopes for the nucleon? ePIE)

The way matter sums up in the nucleon is still quite a mistery!

First ionization energy for the
O Electron

@ Hydrogen atoms iO(10 eV): is a tiny fraction
® Proton of the atom mass N
o ‘ )
L o ),
® Proton
helium S 6 / 8 2
® Neutron p.t ngtron s+ B cC N ) F
‘ H e I io n . O @ 10.81 12.01 14.007 15.999 18.99840316
e 13 14 15 16 17
\a= o’/ 4.001503 au Al Si P S Cl
soatan o] el el I oy
Binding mass is some percent of the nucleus mass g
d quark '
@ uquark

QCD dynamics makes 96% of proton mass!
_ _ Binding Mass is ... mass = 168102 g
Higgs mechanism:

Mass = 1.78102%6 g
@ proton

September 12, 2024 A P. Antonioli — Congresso SIF




Nuclear matter is indeed... different!

3

The usual matter has plenty of open space, localized mass and charge centers

FULLERENES

6+

Hydrogen ( '
Hydrogen

DN DOTS

Molecule Crystal Nanomaterial carbon-based

The proton looks different at different x (the size of the probe!): the interactions and the structures are inextricably mixed

low-x medium-x

Fascinating video by R. Milner and R. Ent here: hitps://www.youtube.com/watch?v=G-910buDi4s
(Visualizing Proton Project by the MIT Center for Art, Science & Technology and Jefferson Lab)

September 12, 2024 P. Antonioli — Congresso SIF


https://www.youtube.com/watch?v=G-9I0buDi4s

The spin of the proton: still a puzzle

Naive parton model:
all spin made by constituent quarks

EMC, PLB 206 (1988) 364
- spin of the proton is only partially
made by valence quarks!

AY = 25%

From unpolarized PDFs we know
Ag and Aq, are sizeable!

And we can't neglegt orbital angular
momentum

Three decades efforts (DESY, BNL, JLAB,  EIC is the machine to unveil the

CERN, ...) estimates Ag = 35%

decomposition of the proton spin!

(and we complete ignore it for x < 0.005!)

emergence

noun

September 12, 2024
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the process of becoming visible after being concealed:




Spin is one of the fundamental

properties of matter

All elementary particles, but

the Higgs carry spin

Spin cannot be explained by a
static picture of the hadron

Itis the interplay between the

intrinsic properties and
interactions of quarks and
gluons

The EIC will unravel the

different contribution from the

guarks, gluons and orbital
angular momentum

September 25 2024

emerge from quark-gluon
interactions?

Binding energy
Mass
“"Atom 0.00000001
Nucleus | 0.01
Nucleon | 100

important term contributing to

The EIC will determine an

the proton mass 2

QCD trace anomaly

How the mass of visible matter

How are the quarks and
gluon distributed in
space and momentum
inside the nucleon &

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

How can we understand
their dynamical origin

in QCD?

What is the relation to

HP2024 -

confinement?

Is the structure of a
free and bound
nucleon the same?

How do quarks and
gluons, interact with a

nuclear medium?

How do the confined
hadronic states
emerge from these
quarks and gluons?
How do the quark-
gluon interactions
create nuclear

binding?

The Electron lon Collider
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How many gluons can fit
in a proton?
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 high
energy?
gluon
splitting

guon
recombination
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DIS is the microscope to make that science! ePIC)

G HERA
Q2 =10 GeV?2

10

“When HERA started in 1992, we = 101}
only had vague notions of the struc- 5
ture of the proton,” says Rolf-Dieter
Heuer, director for particle-physics
research at DESY. “The measure- . | |
ments from HERA showed thatthe 10 10° 102
interior of the proton is like a thick, .
bubbling soup in which gluons and

quark—-antiquark pairs are continu-

ously emitted and annihilated.”

EIC: Understané/ing the Glue that Binds Us All

—— HERAPDF1.0
Il experimental uncertainty

:] model uncertainty
[ parametrization uncertainty

102

1

107! 1
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The collider: a new electron microscope ePIE)

mectoncooing —— Eyolution of RHIC (pp/pA/AA) facility at BNL approved by DOE (CD-0) in January 2020

13 MeV Linac to Dump

-

RCS to ESR \-.

Transfer A

Electrons

\ Project Design Goals

* High Luminosity: L= 1033 — 103%%cm=2sec1, 10 — 100 fb-l/year

» Highly Polarized Beams: 70%

« Large Center of Mass Energy Range: E_,, = 29 — 140 GeV

» Large lon Species Range: protons — Uranium

» Large Detector Acceptance and Good Background Conditions

HSR 41 GeV
Bypass

EIC

/ / Electron
Storage

Ring
(ESR)

Detector
Interaction
Regions

Hadron Storage

Ring (HSR) Electrory g
y

\ ns

Electron
Rapid Cycling
Synchrotron
(RCS)

« Accommodate a Second Interaction Region (IR)

“Warm” Injection Line

\ NEW ERA

Strong support to EICin 2023 NSAC long range plan e r VR

p/A beam e beam
p: 41 GeV, 100 to 275 GeV <= e: 5GeV to 18 GeV

September 25 2024 HP2024 - The Electron lon Collider


https://nuclearsciencefuture.org/wp-content/uploads/2024/03/23-G06476-2024-LRP-8.5x11-pcg-v1.5-3.14.24.pdf

The collider: energy and intensity frontiers

PI

Injection Cooling
13 MeV Linac to Dump

RCS to ESR
Transfer

Electrons

\

HSR 41 GeV
Bypass

EIC

Electron
Storage
Ring

(ESR) 3 GeV LINAC

Detector
Interaction
Regions

Hadron Storage

Rapid Cycling
Synchrotron
(RCS)

HSR 24GeV
“Warm” Injection Line

(Polarized)
lon Source

Booster

EIC Conceptual Design Repor’E)

September 25 2024

Strong hadron cooling, 25 mrad crab crossing angle, high frequency (BC/10 ns) key
ingredients for high luminosity

with respect to HERA:

luminosity x 100 to 1000 higher
both (p, d, 3He) and e polarized
nuclear beams (d to U)

with respect to JLAB12:

> 41 GeV, 100 to 275 GeV > <

energy frontier vs intensity frontier

p/A beam e beam

HP2024 - The Electron lon Collider

10% PERLE [ FIXED TARGET
4 = B HERA
MESA
JLab 6 & 12 ] CERN Projects
1038
t J EIC Projects
S L [ ] j
w -
o
E 10%.
Py
% i
FCC-eh
E __EIC
5 1034_ D
-
. COMPASS LHeC
CEIC
BCDM \
1082 1978-1985
| HERMESE e
19952007 1986-1990 HERA
1992-2007
1030 1 1 I T 1
0.1 1 10 100 1000 10000

e: 5GeV to 18 GeV

CMS Energy [GeV]



https://www.osti.gov/biblio/1765663/

The collider: towards the land of gluons and quark sea  epi&)

: \ Injection Cooling Flexible beam energies/c.m. maximizes nucleon exploration / tuning the microscope
RCS to ESR . \ \

13 MeV Linac to Dump
Transfer A

R. Abdlul Kalek at. al (EIC Yellow Report) Nucl. Phys A 1026 (2022) 122447

HSR 41 GeV Electrons LR T T T rrorr T T T T TT1T] T T T o T T LI I B
Electron TR \ B i
Storage 10*E  Current polarized DIS data: =
Ring E YYVYVYVVYVYYY 3
o . . u CERN A DESY ¢ JLab-6 SLAC .
e sevunae \with respect to fixed target - ° ° ° e o ]
ElC .. I current polarized BNL-RHIC pp data: ]

Detector M 3 e PHENIXn® a STAR 1-jet ¥ W bosons
Interaction 10° =
Regions * more than 2 decades E 2 Jlab12 ]
. . . . « r ]
 aonstorge s increase in kinematic > 0 ]
LA ,. coverage in x and Q2 S i
< > ol = ]
Electron * JLAB12 covers well o ]
Rapid Cycling L _
it valence quarks - .
10 =
HSR 24GeV F ]
“Warm” Injection Line C .
towards the land of gluons i ]
lon Sotrce and quark sea il |
1

X
Booster
p/A beam e beam
p: 41 GeV, 100 to 275 GeV > <= e: 5GeV to 18 GeV
September 25 2024 HP2024 - The Electron lon Collider n


https://www.sciencedirect.com/science/article/abs/pii/S0375947422000677

The collider: the nuclei ePIE)

Injection Cooling RHIC infrastructure has proven experience on accelerating all ions for the EIC

13 MeV Linac to Dump

-

RCS to ESR \ 2

R. Abdlul Kalek at. al (EIC Yellow Report) Nucl. Phys A 1026 (2022) 122447

Transfer g \ \ |On PaII'S 104
HSR 41 Gov Eleouans ~ ; ﬂl"_\,e RRHIC CZ%Tg lex E Measurements with A = 56 (Fe):
Electron i \ r-Zr, Ru-Ru  ( ) -« eA/uADIS (E-139, E-665, EMC, NMC)
iy Au-Au (2016) - JLAB-12
R o C 3GeVLN - Ay (2016) 10% &= = VA DIS (CCFR, CDHSW, CHORUS, NuTeV)
& . = o DY (E772, E866)
Detector y p AI (201 5) : DY (Egoa) e
Interaction h-AU (20 1 5) - /.,-
Regions p_Au (20 1 5) g 102 - /.}./: E i:.
‘x\Hagir:S(?.‘tg;r;;ge Electrory Cu-Au (201 2) 8 E ooggooo.g OEE . : =:;:
\ \\\\‘ i (‘-P(;‘_ZS ‘. U-U (20 1 2) ~ : A é\‘ 0000?)00O :i-: 1-‘ i H : : il
e Nl CuCu  (2012) S 1oL S AT AL
Rapid Cyeiing D-Au (2008) - PLEEEE & Ly
Synchrotron - $my 2 l o l ‘Pele eoe
) Cu-Cu (2005) - ‘3,. - St ®e . 1 -
4Ge I N :'::: ‘:l. LECR
“W:“;f?‘if“o\é Line 1 ;_eﬁu_!’?:ﬁfl!/? __________________ ‘0‘?\ s m ° _:_ _ '_._-_:_._ _ E _E_ _______ 5 > 7_/_/_ ______
(Polarized) E ’ 7’ - -
lon Source - P 4
0.1 | 1 IIIIII| | 1 IIIIII| 1 4’IIIIII| | L1 1 1111
10° 104 103 1072 10" 1
Booster . . . . X .
The first e-A collider opens up an explored kinematic region for nPDF!
Note: don't forget UPC@LHC/RHIC (see this morning session!) ... RIS, ..
p/A beam e beam ﬁyﬂm = el G
p: 41 GeV, 100 to 275 GeV > = e: 5 GeV to 18 GeV e
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https://www.sciencedirect.com/science/article/abs/pii/S0375947422000677

Worldwide data for collinear PDF and the EIC

3

Electron
Storage
Ring
(ESR)

Detector
Interaction
Regions

Hadron Storage

Rapid Cycling
Synchrotron
(RCS)

(Polarized)
lon Source

Booster

September 25 2024

RCS to ESR

EIC

Ring (HSR)
\ lons “Pé’)
Electron e

Injection Cooling
13 MeV Linac to Dump

Transfer

Electrons

\

HSR 41 GeV
Bypass

3 GeV LINAC

Electm:V /

HSR 24GeV
“Warm” Injection Line

Collinear PDF: unpolarized f, helicity Af=g,, transversity 5f=h{

107¢

10°F

10°}

] Fixed Target DIS Af
1 Collider DIS E
Fixed Target SIDIS
Fixed Target DY
Collider DY 2
Jet Production

> B + ©

Collider Di

*  Top Production | |
EIC ]

EIC

L 1l

0% 105 10% 10° 102 10¢

X

1 o

I 10T

XL

0T

X

102

ST

adapted from M. Constantinou et al., PPNP 121 (2021) 103908

Polarized beams unique asset!

HP2024 - The Electron lon Collider



https://arxiv.org/abs/2006.08636

DIS processes =2 physics/detector requirements

ePI)

QCD at
Extreme Parton
Densities -
Saturation

Parton
Distributions in
nucleons and
nuclei

ek,
E,/
e (k“) 0
Y (q,)
> X (p,)
P(p,)
inclusive DIS

measure scattered electron
- e/h PID
- eCAL calorimetry

fLdt: 1o

Tomography
Transverse
Momentum
Dist.

scattered lepton

Spin and
Flavor structure
of nucleons
and nuclei

incoming lepton

virtual photo

uud

target nucleon :
String Bre aking

semi-inclusive DIS

measure electron and hadrons
- hadron PID

10 fbt

-— ePIC Collaboration formed in 2022

QCD at
Extreme Parton
Densities -

Saturation

Tomography
Spatial
Imaging

o !
$+£/ \x—é

-T_\ H,E,E',E(I,E,t) ,/Tf
D I p

exclusive processes

measure all particles
- hermeticity
- design IR

10 - 100 fb-1



https://www.bnl.gov/eic/epic.php

so ePICis... 90 m long

Imaging Barrel
EM Calorimeter

Backward

Sep

X (m)

p/A beam

electron beam
-

high-q2

GCentral
Detector

1.5 4

1.0 1

0.5 ~

0.0 A

—0.5 A

Hadrons

ZpR
APR

Exit windaw.
Collimator
Magnet
Lum. detectors

> ectrons

Detector

DIEF 5
Yozer s
Wozers

-40

Calorimetry

High-performance
DIRC

Endcap
Electromagnetic ~
Calorimeter

Electron Direction
Tracking

1.7T Superconducting Solenoid

Forward Calorimetry
(EM and Hadronic)

\ AC-LGAD TOF
| \

Dual-radiator RICH

Rroximity=focused 4
"~ RICH Hadron Directiop
Tracking

w
N\

Barrel Hadronie e
S
Calorimeter <

B0 Magnet Spectrometer

In >4

Zero Degree
Calorimeter

Roman Pots and
Off-Momentum
Detectors

HP2024 - The




ePIC central detector design ePIE)

* New 1.7 T SC solenoid, 2.8 m bore diameter

Tracking

* SiVertex Tracker MAPS wafer-level stitched
sensors (ALICE ITS3)

Si Tracker MAPS barrel and disks

Gaseous tracker: MPGDs (LRWELL, MMG)
cylindrical and planar

PID

* high performance DIRC (hpDIRC)

* dual RICH (aerogel + gas) (forward)
e proximity focussing RICH (backward)
*  ToF using AC-LGAD (barrel+forward)

EM Calorimetry

* imaging EMCal (barrel)

*  W-powder/SciFi (forward)
*  PbWO, crystals (backward)

Hadron calorimetr

*  FeSc (barrel, re-used from sPHENIX) hadrons >
*  Steel/Scint — W/Scint (backward/forward)

29/02-1/03/24 P. Antonioli - The ePIC experiment



Magnet < 3.5m > n= 5.0m

* New 1.7 T SC solenoid, 2.8 m bore diameter

A

3.2m L

ePIC central detector design ePIE)

Tracking

* SiVertex Tracker MAPS wafer-level stitched
sensors (ALICE ITS3)

Si Tracker MAPS barrel and disks

Gaseous tracker: MPGDs (WRWELL, MMG)
cylindrical and planar

high performance DIRC (hpDIRC)

dual RICH (aerogel + gas) (forward) £
e proximity focussing RICH (backward) o
*  ToF using AC-LGAD (barrel+forward)
EM Calorimetry
* imaging EMCal (barrel)
*  W-powder/SciFi (forward)
*  PbWO, crystals (backward)
Hadron calorimetr
*  FeSc (barrel, re-used from sPHENIX) {

*  Steel/Scint — W/Scint (backward/forward) I

| hadrons > '

29/02-1/03/24 P. Antonioli - The ePIC experiment




ePIC tracking detectors

uVertex Tracker

Barrel Tracker

Excellent momentum 0.05%pT&0.5%
and spatial resolution 20um/pT@ 5um

Displaced vertex
reconstruction

Monolithic Active Pixel
Sensor = ALICE ITS3
sensor (65 nm)

small pixels (21x23 pum)
and power consumption
(<40 mW/cm?)

September 25 2024

EIC Large Area Sensor (LAS),
modification of ITS3 sensor
with 5 or 6 RSU forming
staves as the basic building
elements for the Outer Barrel

MRWELL Tracker

MicroMegas Tracker

Main Function

Provide redundancy and
pattern recognition for
tracking

Tracking close to hpDIRC
detector to improve angular
and space point resolution.
Redundancy and pattern
recognition for tracking

Proven Technology

Cylindrical resistive
Micromegas technology
Used: ATLAS NSW, CLAS12,
SPHENIX, MINOS& T2K TPC

world’s first at epPIC

24 planar Thin-gap & double
amplification (GEM &
MRWELL) modules &
2D-strip readout

HP2024 - The Electron lon Collider

= MAPS Barrel + Disks
u MPGD Barrels + Disks

Excellent momentum 0.05
(0.10)% pTP1.0 (2.0)%
and spatial resolution
30um/pT@ (20 — 40) um

EIC Large Area Sensor (LAS),
staves as the basic building
elements for the MAPS disks

(
3
EndcapTracker
MAPS GEM-puRWELL
Disks Disks

Provide redundancy and
pattern recognition for
tracking

hybryd GEM-uRwell >
increased gain

3 mm honeycomb

3 mm gas gap

PCB read-out

p—Rwell  GEM cathode




EIC Large Area Sensor (LAS),
modification of ITS3 sensor
with 5 or 6 RSU forming

staves as the basic building

elements for the Outer Barrel

world’s first at epPIC

24 planar Thin-gap & double

amplification (GEM &
MRWELL) modules &
2D-strip readout

EIC Large Area Sensor (LAS),
staves as the basic building
elements for the MAPS disks

[ ]
ePIC tracking detectors (
&
-3.50 <1 <-2.50 EndcapTraC ker
£ 10 T 5
= ® 7-ePIC(24.02.1/1.11.0) ‘ a L
a a [ ® 1ePIC (24.02.1/1.11.0)
© 8 e PWG Requirement ‘ w4 '
i : : L -weneeen PWG Requirement
M R I - 6_— . b= o 3__.
omentum Resolution | = ., . <«
i oge 0 2
- ; ; ' - : MAPS GEM-puRWELL
N i —— 8 . .
2 (feee—r 00—t Disks Disks
I PR T 1'4G I S S S TR T
Pre GOV Pre (@Y1 entum 0.05 Provide redundancy and
-1.00 <n<1.00 1,00 <n <250 2.50 < <3.50 D1.0(2.00% pattern recognition for
T 5 = 5 = 107 resolution tracking
s | | e 7-ePIC (24.02.11.11.0) £ ® 7 oPIC(24.021/1.11.0) g . n.e§|c(24_62.1r1_11.0; .| (20 -40) um
w4 w 4 o 8_
- - PWG Requirement ++ PWG Requirement r <o PWG Requirement
3|__ OV S ] e 6_— ................
) NN NS SN N S 4__ . —— o o
- 2 :'w ° —
. E ‘ @8 : :
1 g e e 1:‘_..-.* R ——_——— 2__.. .
eee 0@ ®
S B N R P Py N I m R o I S S N RS RSN
o Gev) % "2 4 & 8 10 12 o cov o Gev
mvwv/cme)

hybryd GEM-uRwell >
increased gain

3 mm honeycomb

3 mm gas gap

September 25 2024

PCB read-out u—Rwell  GEM cathode

HP2024 - The Electron lon Collider




[ ]
ePIC tracking detectors (
A\
-3.50 <1 <-2.50 End CapTraC ker
T T 5
a : : ® =-ePIC(24.02.1/1.11.0) s |
a r i i a | ® - oPIC (24.02.1/1.11.0)
w 8- ! || e PWG Requirement w 4
- : : C weeeeeee. PWGE Requirement
Momentum Resolution ©° = ., . « « %
i og®i | 2F
. T T GEM-pPRWELL
s Reece—r 00— —0—r=4 s Disks
i f . S . . -350<1<-250 2,50 <1 <-1.00
%% * Pion-gun simulation £ =2
; C 3
* Reconstr. include AC-LGAD < | o 5o IR g P ————
-1.00 <n<1.00 . At extreme n need to use B 150 ! B 150
=5 5_ . _ 57: o ] - i e PWG Requirement i e PWG Requirement ‘
£ - ) &1 0 additional info from other det. . + ; i .
s F ® 7-ePIC (24.02.1/1.11.0 - i i . - ! i i T .
o S af * Follows requiremens elsewhere 1o % ! | 1009 |
- .. PWG Requirement 5 i _._ Lo
3'; """""" 3 50-_ Posdy : e - 50-_.. ......
- N " " " i i i i R
. K N SR SR r : : | H L g i S
g 2; POIntIng ReSOIUtIon [ 1 e leniity [ i || ..i...l.l.‘l.. [ A
S . 05 1 15 2 25 3 35 4 2 e e 10 12
| o e e 1_“'.0* o '—i pT [GeV] pT [GeV]
[eeei oo i ; 1.00<n<1.00 1.00 <0 <250 250<7<350
I S S N T N TR TSN T = 200 T ‘ ‘
Prue GOV] R 51 £ £
- <4 r < [
mvv/cme<) S sl ® = ePIC (24.0211.11.0) 8 1sol ¢ wePiC(240211.11.0) | § AR e 7 oPIC(24.02.1/1.11.0)
EIC Large Area Sensor (LAS), I s PWG Requirement i i - PWG Requirement r | e PWG Requirement
modification of ITS3 sensor sook — mu; I LT
with 5 or 6 RSU forming i e
staves as the basic building * | e ; e
elements for the Outer Barrel % i i - e ST O SR S
RN i . e, e e, e e, e LT e e i [ ,
Y 24 e 8 10 12 14 2 4 6 8 10 12 14 ok S P U SR PN SO

05 1 15 2 25 3 a5 4
T [GeV| T [GeV|
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ePIC calorimetr ’
3
Backward ECal Barrel ECal Forward ECal Backward HCal Barrel HCal Forward HCal
—— . AstroPix: silicon i -
7= e, ’
the Amogo X NASA
1 i tworsided
iPM readout
Main Function
. lepton and y detection, muon and muon and neutral
scattered Igpton deFeptlon scattered lepton and y hadronic final state neutral detection detection particle-flow
- very high-precision detection, hadror_lic _final characterization 0 y > improved jet Energy -> improved jet Energy measurements
state characterization separation reconstruction reconstruction
Pb/SciFi sampling part Proven Technology longitudinal segmented
PbWO, - crystals using SIPMs combined Tungsten-powder +SciFi | gtee| + Scintillator SiPM-  Steel + Scintillator design Steel +Scintillator SiPM-
with imaging section (4 SPACAL design . on-tile
layers) interleavin on-tile i
yers) inte 9 Developed through EIC re-used from sPHENIX Pioneered by CALICE
Pb/SciFi with AStI’OPI;( R&D and applled analog HCal
sensor (500x500 pum=) successfully in sSPHENIX High resolution insert
Res: 53% /\/E @ 1.0% next to beam-pipe
world’s first at ePI€
first-time full-size CALICE
SiPM as Photosensors Use of ASTROPIX in like calorimeter in collider
Calorimetry experiment
September 25 2024 HP2024 - The Electron lon Collider




ePIC calorimetry

P
=

Backward ECal Barrel ECal Forward ECal Backward HCal
/a 1.8._ 1
X =
< 7B A. A.Asaturyan et al.
% { 65— NIM A 1013 (2021) 165683
© 155 "
% _ o540 2% g 11
1.3F- E VE E
12F
L1
iE. | y detection, muon and
§ final state neutral detection
09F test beam data ation > 70,y - improved jet Energy
08;|‘|I|||]Illllll]llll]Illlllllllllllllllllllllll ]ration rECOI’lStrUCtIOI‘l
: 3 4 5 6 7 8 9 10 11
Energy (GeV) -
'wder + SciFi Steel + Scintillator SiPM-
VVILII IIII(-J.QIIIU DCL.,LIUII \’-I- SPACAL deSIgn On-tile
layers) interleaving Developed through EIC
Pb/SciFi with ASTROPIX g nand applied
sensor (500x500 pm?) successfully in SPHENIX
Res: 5.3% NE @ 1.0%
world’s first at ePIC
SiPM as Photosensors Use of ASTROPIX in

Calorimetry
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Barrel HCal

muon and neutral
detection
-> improved jet Energy
reconstruction

Steel + Scintillator design

re-used from sPHENIX

Forward Cal

@

particle-flow
measurements

longitudinal segmented
Steel + Scintillator SiPM-

on-tile

Pioneered by CALICE
analog HCal

High resolution insert
next to beam-pipe

first-time full-size CAL

ICE

like calorimeter in collider

experiment




ePIC calorimetry

N\Y

Backward ECal Barrel ECal

AstroPix: silicon
sensor with
500x500pm? pixel
size developed for
the Amego-X NASA
mission

ScFi Layers
ith two-sided
SiPM readout

Forward ECal Backward HCal

1y detection, muon and

scattered lepton

- very high-p 10% [ Imaging ECal sim. |

PbWO, —c 103!

102_

W/ScFi sim.
(sPHENIX)

[

SiPM as Photc 10

PbWQO, sim.

Pb/Sc meas.
(PHENIX)

€e=95%

. final state neutral detection
zation = n%, y > improved jet Energy

aration reconstruction

owder +SciFi | giee| + Scintillator SiPM-
ign on-tile

-hrough EIC

plied

in sSPHENIX

world’s first at ePIC

Barrel HCal

muon and neutral
detection
-> improved jet Energy
reconstruction

Steel + Scintillator design

re-used from sPHENIX

10°
September 25 2024

measurements + standalone sim.

0.1 1.0 10.0
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Forward HCa

f

particle-flow
measurements

longitudinal segmented

Steel + Scintillator SiP
on-tile

Pioneered by CALICE
analog HCal

High resolution insert
next to beam-pipe

first-time full-size CAL

M-

ICE

like calorimeter in collider

experiment




ePIC Particle Identification

PI

Time-of-Flight (Barrel, Forward)

Backward RICH (pfRICH) Barrel DIRC (hpDIRC) Forward RICH (dRICH)
R
Main Function
= e, m, K, p separation e, T, K, p separation e, n, K, p separation
> /K 3o sep. up to 9 GeV/c —~ n/K 3o sep. at 6 GeV/c - 7/K 3o sep. up to 50 GeV/c

and 10-20 ps timing > ToF

Barrel TOF: Forward TOF:
. e ——— dz < 10cm
4,_ m \
== %)

e, m, K, p separation through 20-35 ps ToF
Barrel: 0.15 < p; < 1.5 GeV/c

Forward: 0.15 < p; < 2.5 GeV/c

= Accurate space point for tracking

Proven Technology

Classical single volume proximity ~ High Performance DIRC Dual Radiator RICH
focusing aerogel RICH with long " Quartz bar radiator = Aerogel and G,F, gas
proximity gap (~30 cm) > Reuse of BaBAR DIRC bars = Spherical Mirrors (6 Az. Sectors)

= light detection with MCP-PMTs | = photon-Sensors tiled on spheres

First time use of large-area MCP as World's Tirstat epIe

photosensors: HRPPDs

( > Time-of-Flight) First time use of SiPMs as

Photosensors in a RICH

HP2024 - The Electron lon Collider
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First time use of
AC-LGAD (Low Gain Avalanche Detector)

in collider detector




ePIC Particle Identification

PI

Backward RICH (pfRICH)

Momentum Vs Cherenkov angle (track)

320
300 pianiiins
280~ g8
260
240
220
200
180
160
140
120

—60

1 —50

Cherenkov Angle (mrad)

0* ~ 62,
standalone $|mulaf)|on »

g 6 8 10 12 0
momentum (GeV/c)

IIIlIIllIIIIIII'IlIlIIIIIII|I|I|I

A A T LR L A L]

focusing aerogel RICH W|th Iong
proximity gap (~30 cm)

= Quartz bar radiator

Barrel DIRC (hpDIRC)

Forward RICH (dRICH)

Main Function

aV/c

e, m, K, p separation
- 7/K 3o sep. up to 50 GeV/c

Time-of-Flight (Barrel, Forward)

Forward TOF

dz < 10cm
~ Frontface m \

=

Barrel TOF:

(—
[S— éﬁ /2 /
e — >
— —
—=

e, m, K, p separation through 20-35 ps ToF
Barrel: 0.15 < p; < 1.5 GeV/c

Forward: 0.15 < p; < 2.5 GeV/c

= Accurate space point for tracking

Proven Technology

- Reuse of BaBAR DIRC bars

= light detection with MCP-PMTs

Dual Radiator RICH

= Aerogel and C,F, gas

= Spherical Mirrors (6 Az. Sectors)
= Photon-Sensors tiled on spheres

First time use of large-area MCP as
photosensors: HRPPDs
( = Time-of-Flight)

September 25 2024

world’s Ti

rst at

First time use of SiPMs as
Photosensors in a RICH
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First time use of
AC-LGAD (Low Gain Avalanche Detector)

in collider detector




ePIC Particle Identification

Backward RICH (pfRICH) \ Barrel DIRC (hpDIRC)

P .

Forward RICH (dRICH)

Time-of-Flight (Barrel, Forward)

- /K separatlon power at 6 GeV/c -

n
; D 1 0.5 0 -0.5 -1 -1.5
g’ Geant4
a C
=
©
K &
" erTmK,
- 1/K 3o 3
and 1(
standaione S|mulat|on
]filaSS_icaES t/me /magmg reconstruct/on
ocusing ==
proximi?y 0.5 mrad track/ng, 100 ps photon t/mmg
. 20 50 80 100 120 140 160
First time polar angle [deg]
photosensors: HRPPDs

( > Time-of-Flight) First time use of SiPMs as

Photosensors in a RICH
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Barrel TOF:

e, m, K, p separation through 20-35 ps ToF
Barrel: 0.15 < p; < 1.5 GeV/c
Forward: 0.15 < p; < 2.5 GeV/c

= Accurate space point for tracking

First time use of
AC-LGAD (Low Gain Avalanche Detector)

in collider detector




. ePIC Particle Identification

Backward RICH (pfRICH) Barrel DIRC (hpDIRC) \ Forward RICH (dRICH)
E - Barrel TOF: Forward TOF:

#° E sof

> E

60}

e aerogel.container :

:::: iancr:zlrlccg::::;l mirror 40 _'__

+4 ———— HRPPD sensor plane :

» N 20—

P ———————— vesse 0:_

= e, m, K, p separation e _20F
- 7/K 3o sep. up to 9 GeV/c E E 5
and 10-20 ps timing > ToF —401- e
~60[—

E o e b o
. - -80F- b T SR :
CIaSSICaI Slngle VOIume prOXImIty l- :1 ltlels.ltl lel?m 1 laltlal Ll L l LA L [ - l ol l L.l :
focusing aerogel RICH with long : -80 60 -40 20 0 20 40 60 sol-
proximity gap (~30 cm) N
® |IgNT aetection WItn IVILP-PIVIIS = Photon-Sensc -
T - 50
First time use of large-area MCP as wonaSSTat [
photosensors: HRPPDs o ) N
( > Time-of-Flight) First time useof ¢ 4L
. Photosensors in ¢ .

test beam data

| 1 | 1 | I | 1 | | 1 1 1 | 1 1 1 |
30 2 4 6 8 10 12

HP2024 - The Electron lon Collide momentum (GeV/c)
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Some physics highlights ePIE)

Disclaimer notice: General remark: Heavy quark production in DIS: leading order contribution
* Somehow "personal" selection from photon gluon fusion process —> a scanner for gluon distributions
e ePIC Collaboration is moving
towards TDR: many reference M. Kelsey et al. Phys. Rev. D 104, 054002 (2021
plots are on the making E~ ~ T 1 T "~ " " " T§
* Tried "Hard Probes angle" 108 k- PYTHIA e+p Vg=g3 AN -
107 é— —e—re_l_e_'_e‘ -0 -8-0--C-0-0,,_© _é
e e’ 6 - I =
- v - E
\\Yﬁ 0° E =
;—’—C : 4 - =
§ 10 4 E
[ 5 M 10° =
2 L 2,1 GeV? O Incl.DIS o o
g 10 E‘ Q*1 GeV g _§
~ - - - @%10GeV? O Charm = -
P 3 { > 10 E """ Q°>100 GeV? ¢  Bottom a
> —o—
\% 1 T T T
-3 -2 -1 0

logio (XB)
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.054002

Using vector mesons to unveil the proton mass composition epi
-
: -gg 70<100 83// Y(1S)—e'e . J/w and Y near threshold production gives access to
-e- x i 5 -
- Proj. L=100 1" !&*;#** GlueX Jiy trace anomaly WangR. et al, Eur.Phys.J.C 80 (2020)
) 1072} Qz<1 GeV2 *_—*— | E quark mass quark energy
= - 3+ 02517 31(5)%
c% [l * *- ¥ 14<W<18 GeV a figure from Yi-Bo Yang et al, Lattice 2017
- i 4 cwt} _‘_:g:,?;;"e'v € o0l ] + P B (# numbers in C. Lorce' et al., DIS2022)
o~ i --LAGER, W=15GeV f
L_ 107°F gw’i*\ op 10x100 GeV
= i $ e, 0.15 _
- 3 _f i ‘*’14,..+, } EICY 10 0n 100 GeV (10 fb-') aco | My =M, + Mq + Mg +M,
: 10'" ................ h ‘‘‘‘‘ % EIC Y 10 on 100 GeV (100 fb") trace anomaly .glue energy
.- “‘,mj,fsjz)“’ 0101 Lattice Calculation, F. He et al, (2021)
~4 L b b b b b b Lo baaaa Laaag J . . S - EPICSlmUIatfon 18X108GeV2
930 11 12 13 14 15 16 17 18 19 20 3 Wik5 6 789 W 20 A S SRR AR R LA RN RERE RN RN
W (GeV) W (GeV) E -Work in progress BeAGLE ePb—e+J/y+X
w "1 <Q%GeV?< 10 7
(@] 1047 —
E = ju
S Y reconstructed in e*e channel — T -
. . - —.—__"""_-—-_________ ]
e ePIC is moving toward reconstructon (from . r—
- standalone simulation) . ]
- here example of using far forward 02* o s, i
. . 100 —
instrumentation to remove background from - M, -
photon QC interaction in diffractive VM i g +++++ o i
A . .
Pl production in eA T J”rJfJr JrFf
Veto BO -I- E
ﬁvetOOMstetOZDCIll\\‘ll\ll\llll\l\ll_

September 25 2024

HP2024 - The Electron lon Collider

0 0.02 0.04 0.06 008 0.1 012 0.14 0.16 0.18 0.2
Generated |-t| GeV?




Semi-inclusive DIS and TMD

o

do > 6-fold differential cross sections in SIDIS

dxdQ?2dzdosdoy, dp,lll.

access to Sivers TMD (D. W. Sivers, Phys. Rev. D 41, 83 (1990))
access to gluon Sivers TMD via di-hadron and di-jet
The Sivers function f1,; encapsulates the correlations between a parton’s transverse

momentum inside the proton and the spin of the proton
GSF (Gluon Sivers functions) poorly known (U. D'Alesio et al, JHEP 119 (2015))

10 LTI TTTT 2 //;Zi
P A S 7 —/ 1
103 E —
— E605 ]
— E772 é .
—— E288
10° F — STAR gz
—— PHENIX ]
=h =
— DO 4
LHCb
10" Cums 3
i ATLAS
+ —— HERMES
COMPASS
107° 10— 1073 102 1071

10°

MAPTMD24 extraction 2031 exp. points
A. Bacchetta et. al (MAP Coll.) JHEP 08 (24) 232, arXiv:2405.13833

4 - The Electron lon Collider

» Azimuthal asymmetries and their modulations




W Semi-inclusive DIS and TMD

or

ol T LY 7
' VRS == S A =
103 | -
t —— E605
[ —— ET772
| —— E288
—— STAR
10 F — PHENIX
| —— CDF
L —— DO
LHCb
1 [ — owms
107 ¢ ATLAS
t —— HERMES
COMPASS
EIC
100 P A nn_nnnrnal
107° 1074 1073

do

dxdQ?2dzdo-doy, dp,lll.

femtography

4 - The Electron lon Collider

> 6-fold differential cross sections in SIDIS

» Azimuthal asymmetries and their modulations

* access to Sivers TMD (D. W. Sivers, Phys. Rev. D 41, 83 (1990))

e access to gluon Sivers TMD via di-hadron and di-jet

* The Sivers function f1,; encapsulates the correlations between a parton’s transverse
momentum inside the proton and the spin of the proton

e GSF (Gluon Sivers functions) poorly known (U. D'Alesio et al, JHEP 119 (2015))

Precision phenomenology for nucleon



https://inspirehep.net/literature/277019
https://inspirehep.net/literature/277019

“Semi-inclusive DIS and TMD ePIE)

| do l » 6-fold differential cross sections in SIDIS
dxdQ?dzdosdo,dpy  » Azimuthal asymmetries and their modulations

* access to Sivers TMD (D. W. Sivers, Phys. Rev. D 41, 83 (1990))

e access to gluon Sivers TMD via di-hadron and di-jet

* The Sivers function f1,; encapsulates the correlations between a parton’s transverse
momentum inside the proton and the spin of the proton

e GSF (Gluon Sivers functions) poorly known (U. D'Alesio et al, JHEP 119 (2015))

' Expected impact on u and d quark Sivers distributions
10— R. Seidl, et al., NIMA 1049 (2023) 168017

= flJ_T:m—p [QG(‘V] \ flLT‘d‘_P [QGCV]

P— ] : + T = 5.1072

1 gﬁ* 0.1 1.

0. ; ; 0.5 s e B—— =
o1 . —
% /) + + - TR B
1k ; : = ' .
kr[GeV] Including EIC data

kr[GeV]

Precision phenomenology for nucleon

femtography
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https://inspirehep.net/literature/277019
https://inspirehep.net/literature/277019

'SIDIS and TMD (unpolarized)

i

PRELIMINARY ePIC simulation

- Hx41  10x100

103 s Inner(outer) circles — statistical(total) error

- @ =0.490%
— [ @=0057%
® = 0.020%

o_@g
10: L 1 ¢ S [ L O -

COCC0000C0CL, g

104
G. Matousek

Sep LCIIvCl U veT

Q%> 1 GeV?
W>3 GeV

0.05 <y <0.95
at least 1 pion!
pT>0.1 GeV

* collider flexibility is an asset!
e ePIC is moving from quick

MC/standalone generators to full
reconstructon flow!




. Semi-inclusive DIS and TMD

0.3

0100 P MAPTMD24

N MAPTMD24 + EIC

up

0.075 0.2

0.050

0.1

0.025

0.000

0.0

—0.025

—0.050

—0.075

[ MAPTMD24
N MAPTMD24 + EIC

down

Q=2GeV z=0.1 Q=2 GeV
—0.100
L —0.3 +
0.0 0.2 0.4 0.6 0.8 1.0 1.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
|kL|[GeV] |k1|[GeV]
0.20
0.3
MAPTMD24 W MAPTMD24

o1s| ANEIFUP o Vb2 4 EIC
0.2
0.10

0.05

0.00
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—-0.2

—0.15

Q =2GeV

z = 0.1

-0.3
—0.20 +
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anti-down gy \iapTyiD2 + EIC

Q =2GeV xz =0.1

0.8 1.0 1.2 0.0 0.2 0.4

0.8 1.0 1.2

0.6
k. [GeV]

EIC #pts.  lumi [fb1]
5x41 1273 2.85
10x100 1611 5158
18x275 1648 10
o MAPTMD24
Sea [ MAPTMD24 + EIC

—0.4
Q =2 GeV x = 0.1
—0.6
0.0 0.2 0.4 0.6 0.8 1.0
k1 |[GeV]

L. Rossi M. Radici A. Bacchetta (

HP2024 - The Electron lon Collider

1.2

ePIC

MAPTMD24 extraction 2031 exp. points + 4532 EIC pseudodata points




exploring gluons in the nucleon ePIE)

|

DGLAP and saturation models offer different prediction (Q?, A, x dependence) 1/3
channels = di-hadron angular correlations, diffractive particle production in eA (Q§4)2~CQ3( }
strategy = large Q? span at fixed x performing A scan!

c . .
‘\'..\/ 4’_{) Dgz)  » charm = tag photon-gluon fusion = direct access to gluon

%‘ Y + Ac hadrons

# l Y J. Arrington et al., arXiv:2102.08337
4 l 5 —— X 60 ST 5_

H ! O
R. Abdlul Kalek at. al (EIC Yellow Report) NucI Phys A 1026 (2022) 122447 Lo es+;53 ;_>;e- +D°+ XE

EPPS16*
B EPPS16* + ogc

EPPS16* + Ogc+ Og2™

40 | 18 GSVX275 GeV I --------- ....... AAAAAAAAA Polarizations: —_ 0'8
: P I e:80%, p:70% ;2
[ 5 GeV x 100 GeV I Int. Luminosity100fb™" :

30 ISGer41GeV | ....... ......... _06

1.2

s Absolute uncertamty Y |
— F—— Charm hadrons ;
« :

~— Global fit : : :. é ;
10 _' .......... L@ il fgoes

"uaoun ‘sqy b/6v

0 _Mw___gm______d_ I —_— 0.0
SRR t 1 1| compassdaa I
N T O i S

2 R R N Ml J oo
Q 1 69 GEV 0.01 0.05 0.1 0.5
102 | - 10- - Gluon Xg

X 1P2024 - The Electron lon Collider

w
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https://www.sciencedirect.com/science/article/abs/pii/S0375947422000677

hadronization and CNM PIE)

EIC White Paper Basic idea: use Q? and v=g'p/M to control where hadronization happens

https://arxiv.org/abs/1212.1701 » effect foreseen for D%/nt (based on different FF) might be there also for HF baryons
* usually pre-hadron and absorption in CNM discussed for mesons (Kopeliovich et
al., Nucl.Phys. A740 (2004) 211-245)

C. Wong @ DIS2022

1.3

e Results for light hadrons only at

------------
''''''''''

% ) ; %
o
much lower energy (fixed target e % 12
h beam 27.6 GeV) pu
: . ’. 9 1A
i .t & @@:::’_,. RZA HERMES, NPB 780 (2007) ] S
i . K* §
i o)
1.0 i ; — 1 l E o9
a ' i % i : {: N J % 0 D’ (55} stat. 2<n<3.5
s %= ' no
0.8 | ¥ s t 2 pED D° (D) sys. 2<n<3.5
- He c 1 0-7F Zis Theory: 2<n<3.5
N (v,Q%,2) i N i1 e
Ne(v,Q2) i - [ "0 01 02 03 04 05 06 07 08 09 1
Rgf f (v, Qz, Z) = N 022 A 06 B Kr . E | hadron momentum fraction Zo =pnofpc_iet
N¢(v,Q?) |p [ m Xe : Lt =10.0fb~", L =0.05fb "
0.4 T ——— ! Theory curves from: Li H, Liu Z and I. Vitev, PLB 816 (2021) 136261
0.5 1
September 25 2024 7= Eh/\), r



https://indico.cern.ch/event/1072533/contributions/4778086/attachments/2436906/4175406/DIS2022_HFjets_ver3.pdf

hadronization in ep: A_/D,

3

J. Arrington et al., arXiv:2102.08337

LHC surprise: universality of fragmentation functions

=) e Proj. 10 b ep@141 GeV ~ violated seen ofr HF baryons already in pp
<038 _ ——— PYTHIA8 ep@141 GeV >
—e— ALICEpp@7TeVlylos | 3 9% o]
SRR PYTHIA8 pp@7 TeV lyl<05 | R > % *a- i —— e
o6l | v e e « 0, Ay L SO
’g } PYTHIA-BLC |28 =3 Pyt g
L I, ) ? - % !ﬂé % é . \/\O\ &* c
0.4 L S . AT p
""‘--\,_ $ M A ——— —‘N
T o m +
0.2 + . processes and environment are different!
L]
ep eA
| | 1 | 1 I 1 ’
0 2 4 6 8 . " o8 e
P, (GeV/c) 5,
y T
« HERA2 A_ total lumi was just 120 pb™ i
e ALICE studies vs event multiplicity (PLB 839 (2023) 137796) Q?%
to be compared with ep mult. @ EIC! %
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EIC Schedule (official)

C D'3A . FY19 FY20 FY21 FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 FY30 FY31 FY32 FY33 FY34 FY35
e e e e e e e e e e e 5 e e e S S B 2 8 2 R S
Approvg start of Iong-l_ead pro_curem(_ants - ® ('3 7 ® ]
CD-3A items passed final design review = el | [l e s, Construction Phase o
All interfaces related to them are frozen 1 . =
Waiting for ESAAB meeting for authorization | e | i'\ Rl Science Phase

I The thinner Bars inj:cate that R&D and design
i 1 can cqntinuelat a small lev¢l beyohd CD-P and CP-3
1 1 : |

2

CD-2:
Approve prelim. design for all subdetectors Desn
Design Maturity: >60%
Need “pre-"TDR (or draft TDR) W ————
Baseline project in scope, cost, schedule N (RN ===

I

Accelerator
Systems

Detector

I T

Accelerator I Procurement, Fabrication, Installation & Test I
Installation Systems 1 I | | |
]

Procurement, Fabrication, Installation & Test
Detector

CD-3:

Approve final design for all subdetectors ey
Design Maturity: ~90%
N ee d fU" TDR Key (A) Actual -Completed *‘ Planned

Accelerator|

Siterme Commissioning & Pre-Ops

1
I 1 1 1
Commissioning & Pre-Ops

Detector

Data Level 0 . (Critical
Date Milestones Path

Current EIC Critical Decision Plan September 2022 EIC received 5138M DOE

CD-0/Site Selection December 2019 </ Inflation Reduction Act funding = CD-3A
CD-1 June 2021 v
CD-3A March 2024 v
CD-3B October 2024
CD-2/3 April 2025
early CD-4 October 2032
CD-4 October 2034




EIC Schedule (best guess from project management) ep@j

C D'3A . FY19 FY20 FY21 FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 FY30 FY31 FY32 FY33 FY34 FY35

N e e e e e e e e e e e e e e e e S R S e e
Approvg start of Iong-l_ead pro_curem(_ants ® o ® 7 >
CD-3A items passed final design review = el | [l e s, Construction Phase o
All interfaces related to them are frozen T “

Accelertor |
Waiting for ESAAB meeting for authorization oewignent | 1 = b |
CD-2: — | The thinner hars inj:cate that R&D and design
1

Conclysion of Science Phase
RHIC Operation
i

Approve prelim. design for all subdetectors Design L ! can cdntinuelat a snpall levél beyopd CD-P and CP-3

Design Maturity: >60% I |

Need “pre-"TDR (or draft TDR) ' = =g

Baseline project in scope, cost, schedule — s T b et | | |

[ = = m—— gy

CD-3: : P~ S S Smm R ST

Approve final design for all subdetectors ey ! T Ll ]

Design Maturity: ~90% — — — ' ! ' !

N e ed fu" TDR Key (A) Actual -Completed L Planned Date Hiloctones iy

Current EIC Critical Decision Plan September 2022 EIC received $138M DOE Updated EIC Critical Decision Plan
CD-0/Site Selection December 2019 v Inflation Reduction Act funding - CD-3A CD-0/Site Selection December 2019 vV
CD-1 June 2021 vV CD-1 June 2021 vV
CD-3A March 2024 v l > CD-3A March 2024 v
CD-3B October 2024 CD-3B Review January 7-9 2025
CD-2/3 April 2025 Updated Project Schedule: based on the actual CD-2/3 Review End of 2025
early CD-4 October 2032 appropriated FY24 funding (398M), on uncertain early CD-4 December 20347
Ch-4 October 2034 FY25 budget scenarios (President’s Budget is only CD-4 December 20367
~$113M)

(courtesy from R. Ent @ QNP2024)




‘Summary and outlook ePIC

 EIC is a unique, high-energy, high-luminosity, polarized beam collider for the ultimate
understanding of QCD: the only new collider in the 15-20 years

* ePIC Collaboration formed in 2022 and ePIC detector on track towards TDR (CD-2 = CD—> 3)

e The ePIC detector was designed to fullfill the physics requirements: several new
technologies will be also implemented = benefit for the larger community

i Nl

a robust "early physics program" being discussed:
phased-approach for accelerator

new microscope delivery time:
8-9 years to first collisions for physics

EIC physics will provide "unique baseline input"” (PDF, nPDF, hadronization, ..) to "Hard Probes Conference" physics, stay tuned!

Some additional references (and many credits for some slides borrowed by these colleagues):

* EICoverview R. Ent @QNP 2024

* ePIC detector S. Dalla Torre @ CERN Deteector Seminar

« TMD/GPD: S. Fazio @ Mainz 2023

» exclusive procesess/diffraction + far forward/backward detectors A. Jentsch @ Diffraction 2024



https://indico.icc.ub.edu/event/180/contributions/2795/attachments/1357/2697/QNP_EIC_071224.pptx
https://indico.cern.ch/event/1418391/attachments/2863299/5010199/ePIC_CERN_Detector_Seminar_20240524.pdf
https://indico.him.uni-mainz.de/event/171/contributions/1448/attachments/859/1321/Fazio_MENU2023_Mainz.pdf
https://indico.cern.ch/event/1354173/contributions/6078773/attachments/2927096/5138638/ePIC_and_exclusive_physics_Palermo_Sept_2024_v3.pdf

Backup ePIC




EIC: luminosity vs physics reach
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Nucleon spin structure function

3

Double-spin asymmetries

Provide access to g, : spin-dependent structure function
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Solving the proton spin puzzle

3

1
=5 A2(p)+AG(p)+Ly(1)+L,(1)

guark and gluon spin orbital angular momentum

R. Abdlul Kalek at. al (EIC Yellow Report) Nucl. Phys A 1026 (2022) 122447
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https://www.sciencedirect.com/science/article/abs/pii/S0375947422000677

DIS, UPC and LHC/EIC/RHIC ePIC)

from ALICE Collaboration, FOCAL Lol, CERN-LHCC-2020-009 B. Gilbert talk at this conference
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https://cds.cern.ch/record/2719928/files/LHCC-I-036.pdf?version=1
https://indico.cern.ch/event/1339555/contributions/6040924/attachments/2933836/5152712/HP24_Talk_Gilbert.pdf

PID technlogies and momentum coverage

3

e-1t separation

Cherenkov PID complements ECAL effort, especially at low

momenta/backward region

C. Lippmann, NIM A 666 (2012), 148
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https://doi.org/10.1016/j.nima.2011.03.009
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DOE national labs partnership (not incl. BNL/JLAB) ePIE)
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ePIC international contributions/interests
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ePIC international contributions/interests (Il) ePIE)
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