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(Hadron-Electron Ring Accelerator: 1992 — 2007)

HERA Facility at DESY

o Electron—proton collider

... o Scattering experiments of
' ' high energy electrons on

protons (Deep Inelastic

Scattering (DIS))

o H1, ZEUS, HERMES, and
HERA-B experiments

o First polarized electron
probes interior of proton —
“microscope”

o Study structure of protons
and properties of quarks

o Foundation for next
generation of particle physics

<. , " HEBA-I 1992.2000
2 s\ HERAA} 2003;2007 laboratory
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GOIden PrOceSS: DIS Deep Inelastic Scattering (DIS)

EM process (well-understood)
To probe gluons (no charge) easily measurable

Resolution power (Q?)

e(k) _ Q? = —=—(k—F)
electron 4-momentum transfer from scattered
electron
) Momentum fraction of parton (x)

p/A(p) (—xP X Q

- o TN T = Bjorken-x
proton/ p/A 2pq
n UCI eus J Fraction of nucleon’s momentum carried by

struck quark
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Results from HERA Facility at DESY

/ ; x= 0801 == ZEUS NLO QCD fit o Measured Proton structure function
x = 0.0004 —— H1 PDF 2000 fit 2

51 . /‘ﬁ/ X 2600532  H194-00 F2 (X, Q )
A =(0.0008 » H1(prel.) 99/00
5 x=0

0013 . ZEUS 96/97 o Describes quark and anti-quark

» BCDMS

s 00021 D g momentum distribution
J * x=0.0032 NMC
A // x=0.005
/ A 0.008

o Bjorken Scaling F, (x, Q2) - F, (x)
o Virtual photon interacts with a single

2_00Wx=5w essentially free quark, hence Q?

o

proton structure function F,
w
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o
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g eam RN independence
OOW x=0. i
oosombpmet vttt K203 o High x — Flat (valence quarks)
4 CTSretiepaieanpataysesang e al  x=0, . .
B e o o Low x — Bjorken Scaling broken!
M—l—&'—h x=0.4
0 —oeowsaagstmusci sumenouoo— x=065 Interacts with something else
1 10 10? 103 104 10°
momentum transfer Q2 (GeV?) G I uons !
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Results from HERA Facility at DESY

H1 and ZEUS JHEPO01 (2010) 109

[
e I .
N Q=10 GeV? o Structure functions allows us to

° i extract quark and gluon distributions
o Parton Distribution Function (PDFs)

o The smaller momentum fraction, the
greater the number of quark-antiquark
pairs and gluons appearing in proton

10" |

< /////i::/;;RAPDFLO

- exp. uncert.

10-2 = "

% modemeen. N o Proton is almost entirely gluons
) B for x < 0.1
10° 4 — ”‘“11-3 . 2 — 1 “-1 — ]
10° 10 10 10 X 1
O it JIHEE KIM ;




Big Question and Mystery

Nearly all visible matter is made up of quarks and gluons \
Building block — proton Gluon Saturation | c)

Gluon density is
growing and it must

saturate
When Q2% < @3,

&
BK BFKL
Gluon recombination = Gluon splitting

saturation

In Q2

Saturation region is easier to be reached

in nuclei: ; ’
Proton Q% x A1/3 non-perturbative region

og~1

Mass =~ 168x1026 g

Quarks ” |
HESSIEIIERIGE Proton Spin Puzzle nx
More than the number 7%
Spin of Spin of Angular Momentum  Angular Momentum
Quarks Gluons of Quarks of Gluons

The Mass Puzzle ~ Higgs mechanism 1% of proton mass 1/2 - Q +

Quark-gluon dynamics are responsible for mass of proton

a3
& §
+ +
X
-
g
AR

o How do quark and gluon dynamics generate the proton spin and mass?
o What are the emergent properties of dense systems of gluons?

= S
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What is Needed to Answer Them

o Wide center-of-mass energy range
o Map out nucleon/nuclei structure from high to low x

o Polarized electron and hadron beams
o Access to spin structure of nucleons and nuclei
o Access to 3D spatial and momentum structure of nucleon

o Nuclear beams
o Access highest gluon densities

o High luminosity
o Map 3D structure of nucleons and nuclei access to rare probes

What facility can have above requirements? EIC!

<" Brookhaven
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Electron-lon Collider (EIC)

o First polarized electron- polarized ion
collider based on existing RHIC facility

o Collides electrons with proton and nuclei
o Based on the Golden process: DIS

o To be built at Brookhaven National
Laboratory on Long Island, in partnership
with Thomas Jefferson National
Accelerator Facility

o Detector 1, called ePIC, sits on where RHIC
STAR currently is located (IP-6)

o Expects EIC startup in the early part of 2030s | -
o RHIC operations concludes in 2025 and then G
transition into EIC construction stage e e e

~, :
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Electron-lon Collider (EIC)

o High Luminosity

1033 — 10%% cm?s™"
o Variety of hadron/ion beams: p to Pb

o Wide center-of-mass energy range
VSep = 20 — 140 GeV

o Existing hadron storage ring
41,100 — 275 GeV

o New electron rapid cycling synchrotron
1 Hz, 0.4 -18 GeV

o New electron storage ring
5—18 GeV

o Two Interaction Regions (IR-6 and IR-8)

~, :
L, Brookhaven JIHEE KIM
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EIC Kinematic Range

Measurements with A = 56 (Fe):

e eA/uA DIS (E-139, E-665, EMC, NMC)
JLAB-12

®  vA DIS (CCFR, CDHSW, CHORUS, NuTeV)

o DY (E772, E866)

Current polarized DIS ep data:
o CERN ADESY ¢JLab-6 O SLAC . JLab-12 YYVYVYVYVYVYVLSFY

T IIIIII|

Current polarized RHIC pp data:
e PHENIX® 4 STAR 1-jet ¥ W bosons

T IIIIIII

DY (E906)
gog R

- LY ) ..'o
= 3 Ry e n gl
— % % .o on )
= e+A (et al il
B N i : =.:ll!!.."
- GQ‘ 6000 @ wow U e ! io!l loi-

o Cinati e
= RN R e
= FOHE Rl BT T
C - :-:-::!::izay-:
— = :l:l:: ..!:_lloo.h

perturbative R ! s

L el Ry w e L .

non-perturbati

T TTTTI

I|I|III| Il R e N O N

10 10 103 102 1071 1

o First polarized e and polarized p and eA collisions

o Large kinematic coverage substantially compared to past coverage
o Center-of-mass energy 20-140 GeV — access to x and Q? over a wide range

¢ Brookhaven
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EIC Scientific Foundation

o Scientific foundation for EIC is well-built on series of reports over two decades

o Unigue machine in the next decades - EIC can address three profound questions about
nucleons — neutrons and protons — and how they are assembled to form nuclei of atoms

o 2023 LRP recommendation “we recommend the expeditious completion of the EIC as
the highest priority for facility construction”

o Emphasized and recognized in EIC white paper, NSAC long-range plans, NAS
study and report, EIC yellow report, etc

2015 2018 2021

uuuuuuuuuuuuuuuuuu

AN ASSESSMENT OF
I'S-BASED ELECTRON-ION
COLLIDER SCIENCE

[(ET))D EIC YELLOW REPORT
Volume II: Physics
[ R R e ]

2
<f.: {:T

Electron lon Collider: The 2015
ilhe Next QCD Frontl ~ LONG RANGE PLAN
for NUCLEAR SCIENCE

~, 2
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EIC Measurements

Deep-Inelastic scattering event kinematics — scattered electron or final-state particles
’ ' « Semi-inclusive DIS

e
e <« Neutral-current Inclusive DIS ¢ € Detection of scattered
electron in coincidence
Excellent electron-hadron with at least 1 hadron
' separation needed v Measurement 7°
decay electrons
X
P Parton distributions p } X Tomography
transverse momentum distribution

in nucleons and nuclei

\\ v <« Charged-current Inclusive DI

Jet measurement capabilities

and spatial imaging

< Exclusive DIS
Detection of Deeply-
Virtual Photon

@ Scattering y, exclusive
%, decay electrons

Separation of y/m°

~, :
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(Relativistic Heavy lon Collider: 2000 — 2025)

EIC Measurements + RHIC Results

o First polarized proton machine

o STAR, PHENIX, and sPHENIX
experiments

o Collisions of pp, pA, and AA

o Probe has complex structure
comparing to electron probe

o Gluons can be accessed directly qq
& gg — gluon fragmentation
o Why do we need different probes?

o To test and separate interaction
dependent dynamics from intrinsic
nuclear properties

o Physics program at RHIC has unique to hadronic collisions
o When combined with data from EIC it will provide a broad foundation to a deeper

understanding — Synergy at a future EIC
L:.\ Brookhaven JIHEE KIM

National Laboratory
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EIC Conceptual Detector Design

Requires large rapidity (-4 < n < 4) coverage: Tracking, particle identification,
electromagnetic and hadronic calorimetry
High precision low mass tracking
p/A beam - electron beam Good e/h separation
e/p/K separation on track level

high-Q2

Basically 4 pi detector
Hadrons from (] arge acceptance)

medium-x
Low Q2 Scattered

electron nuclear breakup
Detector components
§ / Tracking
g,O PID
S Calorimeters (ECAL & HCAL)

S ) Central Magnet solenoid

Detector

— Aim to detect all final-state

articles

National Laboratory




EIC Interaction Region (ex IR-6)

Detector 1, called ePIC, sits at IP-6
ePIC: https://wiki.bnl.gov/EPIC/index.php?title=Main Page

Requires specialized detectors integrated in the interaction region over 80 m

Far-Backward Detector

Very low Q2
scattered lepton

Low-Q? tagger

Luminosity measuremeng

L? Brookhaven

National Laboratory

x (m)
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53

Q2pR

£7Q1BpR

/J/Q1ApR
BQOEF 5

Q1EF 5

>

Q2eR

Forward spectrometer ’
(in BO)
Off-momentum detectors 1 _/

QleR

4 Electrons

Detector

BOpF
BOApF
QLApF/”
Q1BpF/ ~
Q2pF
B1pF ////

B1ApF

Roman Pots
Off-momentum detectors 2

D1EF 5
Q2EF 5

N

Q3EF_5

-40 -20

JIHEE KIM

Far-Forward Detector

Particles from nuclear
breakup

Tagging of charged
hadrons (protons/pions)
or
neutral particles
(neutrons/photons) at very
forward rapidity (n > 4.5)

17
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EIC 1st Detector — ePIC

EM Calorimeter Tracking

Imaging Barrel Electron Direction 1.7T Superconducting Solenoid Ce ntral Dete cto r

Forward Calorimetry
(EM and Hadronic)

Backward
Calorimetry

Dual-radiator RICH

High-performance
DIRC

| Far-Forward
Eleciromapeti s ‘ == Detector
FB detector Calorimeter @\ \ ‘ : / 73 : 7 "
geometry | \ \ 5 gngmgl)gf:cused Hadron Directﬁbﬂ
(. 'S , Tracking®
\ \\ 5%,
. \ 2\ Barrel Hadronie
Will be added here WS g e

N kh https://www.bnl.gov/eic/
Brookhaven
Lt National Laboratory JIHEE KIM 18




EIC 2nd Detector Motivation

o Favors to accommodate the second detector and a
second interaction region (ex HERA > 2 experiments)

o EIC 2nd detector working group activities
Prepare plans and build support for 2" IR and detector
1st international workshop on a 2" detector for EIC 2023

Injector:
Linac

Polarized
Electron
Source

Electron
Injection

Electron
Storage

O
o  EICUG 2" detector meeting 2022 ‘Sél:‘l.f?'éﬁé_‘é_’#%hﬂgm‘ﬁfo‘gg B coton
O Month Iy WG meeti ngS Temple University, Philadfl hia, PA ’ “ ,

Sto_rage Electrons
Ring &, 5
lons B
Electron -
Injector (RCS)

(Polarized)
lonSource

Booster

- https://www.bnl.gov/eic/
u. Brookhaven JIHEE KIM "
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EIC 2nd Detector Motivation

o Favors to accommodate the second detector and a

second interaction region (ex HERA > 2 experiments) _
o EIC 2nd detector working group activities

©)

©)

o A general-purpose collider detetor to support

)

Prepare plans and build support for 2" IR and detector

1st international workshop on a 2" detector for EIC 2023
EICUG 2" detector meeting 2022 [FIEERERTH Gt
Monthly WG meetings ' « J

EIC program (complementarity)

O

O

©)
©)

Cross-checks & control of systematics

Detector technologies (mitigate risks and potential
opportunities R&D)

Magnetic field
Broaden physics program (different physics focuses)

o  WiIll be installed within few years after EIC Detector 1 is
commission

~, :
L, Brookhaven JIHEE KIM
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2.0

Interaction Region Ly e
IR-6 vs IR-8 I

Interaction regions: similar, but different

o Total crossing angle
o 25 mrad (IP-6)
o 35 mrad (IP-8)

o 2" “beam optics” focus integrated in IR-8
layout

o Better detector acceptance expected in
downstream — low pt

o Especially in Far-Forward 2" focus:
exclusive, diffractive and tagging physics
program using far-forward detectors IR-8

-150 -100 -50 0 50 100 150

~, :
L' Brookhaven JIHEE KIM
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Opportunities
at EIC 2"d Detector




EIC 2"d detector opportunity

o General-purpose collider detector design along with ePIC
o To support full and broad physics program

o Physics discussion (golden channels)

o Possible opportunity toward facility upgrades
o Different physics focuses

o Detector discussion
o Promoting new detector ideas (EIC-related generic detector R&D)
o Mitigating risks by technology redundancy

<" Brookhaven
I kf National Laboratory JIHEE KIM
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Too much details

EIC 2" detector — Focus Measurements

Measurement Physics Requirements and Challenges
Transversity in transverse polarized eD collisions
—gluons’ role in nuclear binding

Double polarized e+D

Providing electro-weak data for fundamental studies:
Positron beams quark axial and vector couplings As for electron beams
Extends the capabilities of the physics with exclusive measurements

Enables the generation of a polarized real photon beam

Real photon beams through —understanding the formation of for example new charmed mesons via
Compton scattering spectroscopy measurements

—a full complementary approach to LHCb and Belle-II

TBD

Soft particles down to pt ~0 GeV

2nd focus integrated in the IR —new understanding of the structure of nuclei

Extended auxiliary detector capabilities

Fixed targets Access to very high x physics — complementary to STAR, LHCb and ALICE Acceptance for fixed target kinematics

o |Target to facility upgrades
o Possibilities to have positron and photon beams available
o IR-8 unique approach
o Another beam optics focus in downstream
o Fixed target — toward focused physics
o Complementary to STAR, LHCb and ALICE

¢ Brookhaven
kf National Laboratory JIHEE KIM 24




Too much detalls

EIC 2" detector — Focus Measurements

Measurement Physics Requirements and Challen

es

. . .. . e forward scattered proton/nucleus
Diffractive dijet Wigner Distribution low py particles
. forward scattered proton/nucleus
DVCS on nuclei Nuclear GPDs High-resolution photon
Golden . . . PID
channel Baryon/Charge Stopping Origin of Baryon number in QCD low p T/K/p
. . . . Maximize Q? tagger down to 0.1 GeV?
2
F, at low x and Q Probes transition from partonic to color dipole regime integrate into IR
, . . High-resolution tracking for
Coherent VM Production Nuclear shadowing and saturation precision t reconstruction
Brookhaven
National Laboratory JIHEE KIM 25




Focus Concept 1 — Muon ID

= LA L S B L I B B B B R
= EICSIMULATION

In Detector 1 design 10 5 Gov on 100 prd o
o No dedicated muon ID detector 10°E .
o However, identify muon using ECAL and HCAL el I E
Detection of u* in exclusive measurements o F¢ | vrpss ot 4
o Cleaner S|gnal in quarkonium reconstruction - | fowe ]
compared to et g6 4 \2 R
o Reduce ambiguity to the scattered electrons Large background at backward region when
. use di-electron channel
Complementary to ePIC: quarkonium e KL FeKeiuon deiegior*]
reconstruction with different decay s
channels —
consists of large-area '\
Example muon ID technology: KLM at the B neneaved wihthe L
factory in KEK ity -~ P 2
o EIC Generic R&D programs: #18 KLM-type e % —
deteCtOI' Backward endcap
~ Bar::ward endcap
(&) Ronclaven JIHEE KIM 2




(Far-Forward)

Focus Concept 2 — 2" Focus in FF

o This is NOT detector design, but it is
machine design that detector can be
benefit from

o FF 2" focus by additional magnet to focus
beam

o Higher probability to detect low p; (< 250
MeV) particles around 45 m downstream

from interaction point
o Detects near-beam particles where get out
beam envelop

o Better nuclear breakup tagging IR-8
—3 -
o Complementary to ePIC: diffractive and 150 -100  -50 0 50 100 150
tagging physics analysis Fali

<" Brookhaven
I kf National Laboratory JIHEE KIM 27



Focus Concept 3 — Fixed Target

o Focuses high x and low Q?2

o Complementary to CLAS12 measurements and other Jefferson Lab
experiments

o DVCS nuclear GPD
o Spin physics with polarized gas target

o Complementary to fixed-target measurements at STAR, LHCb, and
ALICE
o Constrain nuclear PDFs
o Parton fragmentations
o Nuclear shadowing

o Kinematics at fixed target is very different from one at colliding beams:
Everything goes backward (electron-going direction)

National Laboratory 28
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Focus Concept 3 — Fixed Target

o Fixed-target setup along with beam-beam collisions configurations
o STAR gold target inside beam pipe

o Detector subsystems needed
o Full range (backward + central + forward) tracking system
o Backward ECAL to measure scattered electron
o elh separation (PID) in backward region for hadron fragments

o Questions oo [JLSTAR Fixed-Target Run14 Set-up
o Luminosity and statistical feasibility o [l —c—
o Kinematics of fixed-target events S S
o Material budget due to the beam pipe
o Machine induced background ;:“‘4 T3 ' =P ==L =T
Larger pseudo-rapidity amppe% éfsgi{‘:::i
coverage depends on the ToFe

" chaven IP location
L' Brookhaven JIHEE KIM
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EIC Detector R&D

o Generic EIC-related detector R&D program
o https://www.jlab.org/research/eic_rd_prgm € oy ofOrenie G Sltors o G206 | pobarm, O

A. Bolotnik

Calorimetry:

Towards a Few-Degree Calorimeter: bridging the Q°
gap to support the quest for gluon saturation

M. Arratia UC Riverside

Generic glass scintillators for EIC Calorimeters

T. Horn CUA
(ScintCalEIC) R&D

O An N u a I p ro posa I O p po r'tu N ity 18 Continuation of EIC KLM R&D Proposal ‘: ‘x.‘j’::;bs I‘:“;'i‘:nl:"u e

PID (non-TOF):

O S CO p e Of th i S p ro g ra m 8 Pressurized RICH M. Contalbrigo INFN Ferrara and U. Ferrara

E.H i
9 2-Tagging Mini DIRC CE. Hyde, Wenliang ODU,

o Aim at Detector 2 or upgrades of Detector 1 u

Performance of GridPIX Detector in Magnetic Field T. K. Hemmick,
13 SBU and CFNS, Yale U.

o Invites detector experts to discuss o Sttt S

technology concepts and have open

14 Development of High Precision and Eco-friendly MRPC Zhenyu Ye, Zhihong

proposal review meeting oo o .

Development of Double-sided Thin-Gap GEM-uRWELL
16 & K. Gnanvo llab
for Tracking at the EIC

Front End Electronics:

Ul at Chicago, Tsinghua U.

Design, Fabrication and testing of a multi-channel

o Many technologies being developed in the ———
program are now used in ePIC and available e

Silicon Detectors

L. Macchiarulo,

for Detector 2 — open door for new groups to S
» . 5 Slim Edge for LGADs G. Giacomini BNL Instr. Div.
J O I n 6 Photonics-Based Read.ou.t and. Pou{er Delivery by Light S. Man.dal, BNL Instr. Div.
for Larze-Area Monolithic Active Pixel Sensors S. Rescia
Other New Detectors:
Scintillator Fiber Trackers for the ZDC and off- .
17 C. Ayerbe Gayoso College of William and Mary

¢ Brookhaven
kt National Laboratory JIHEE KIM 19 Superconducting Nanowire D s for the EIC :;"‘h“k"“‘ ANL 30

. Armstron, g

Nalu Scientific, UC Santa Cruz


https://www.jlab.org/research/eic_rd_prgm

BNL Efforts

©

Brookhaven

National Laboratory
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Diffractive Physics Program

DIS event - Diffractive event
Kk ‘ "_ef P electron
electron q y
. X
Y q
Xp X .
p { | 7 = _ 12 Large rapidity gap
proton P Pin — Pour in event
) P _ ,
proton, nuclei P
Central Detector Central Detector
(3 SR JIHEE KIM .




Diffractive Physics Program

Coherent events: spatial structure of gluons (mean)

e e’ Incoherent events: fluctuations
e e
y* ]/ y* I/
p’ A p,, A’ p7 A X
Coherent — Target stays intact Incoherent — Target breaks up

J/¥ - et/ut Barrel

8_ \V p’/AI
Lepton

X
endcap

Far-Forward Detector

Central Detector

~, ;
L&) SlooKhaven JIHEE KIM 33



Diffractive Physics Program

o Diffractive pattern in optics (ex small angle scattering)
Position of minima 6; related to size R of screen

B} . . . . EIC white paper
o Similarly, in coherent scattering cross section
resembles diffractive pattern where |t| ~ k?*6?
puan 1 ——————
/\ »E t; ~1/R*
Hl ~1 / kR Coherent/Elastic

85 64 AngIe

IR

t4 to it
¢ Brookhaven
I Lf National Laboratory JIHEE KIM 34




Diffractive Physics Program

EIC white paper
1 > dacoherent
F(b) = — dA AJo(Ab),| ———(A)
21 0 dt mod
Gluon Imaging b
- Incoherent/Breakup
0i-(a) = =77 % —— J/y bNonSat =
N L . W Woods-Saxon « % tl ~ 1 / RZ
9 0.08F ke
= B Coherent/Elastic
EL: 0.065—
= 0.04[
T
0.02]—
ol S '
10 5 5 10 l‘lj.l.llllllllll‘lAlA.[.[AI.I.I.lAIl.
b (fm) Y 2

o The Fourier transform of t spectrum — gluon distribution in impact-parameter space
o Diffractive cross-section leads to spatial imaging of nucleons

¢ Brookhaven
L‘ National Laboratory JIHEE KIM 35




Diffractive Physics Program

o Experimentally, measured spectra in vector meson production contain sum of coherent and
incoherent processes

o Low t— coherent events dominate, but higher t — incoherent events dominate
o Measuring coherent events is very challenging — tagging nuclear breakups and vetoing

incoherent events instead

o Tracking resolution (ptin particular) allows to measure position of dip patterns

18x110 GeV?

BeAGLE
fLdt =10 fo""/A o coherent - no saturation i 0 & I L L R N O D S N PR
104 = 1<Q?< 10 GeV? o incoherent - no saturation 10* A - J/\p gpjpT 2;0; 8 ?5 pT®(§ (1) 0 % 107 e+Pb — e'+J/y+X =
Fa x<0.01 " _cohercnt - saturatio_n (bSat) C s pdPT (70 Pt 1) 3
N,>\ c g](g:z?),lizcwc * incoherent - saturation (bSat) 103 ;_ E. - J/W UpJpT (Z") - 8?5 pr (ggs g
3 0% ow=5% EIC white paper _ - e: oplpr(%)=0.1pr®0. § 10°
- -
B ] ) me o Jhp: oplpr (%) =0.05pr ®0.25 =
[ a %’ 107 e oy /pr(%)=0.1p; ®0.25
- 102 S e e O 000000000000 = - )
o Fou® oo 2COOC0000000000G z 10°
S Socisimccrei S SR - EIC Yellow Report
o o 2 =
; 10 = li .; E (
+ ! 1 10°
© 2 =
f + =
2 1 % - ]
. E T 10 10° EBVeto.2 Veto.6 -
® - s = Veto.7 3
© -1 L = Veto.4 7
100 ] 102 I P |
Jhp : S @1 04 114030 (2021) 1
- — \ --------------------
10'21'1111"1‘1"‘1“"‘1“ — 10-3 i AR A Lo v b b g by g by -2102 fae Sl
0 002 004 006 008 01 012 014 0.16 0.18 0 0.2 0.04 0.06 008 01 0.12 0.14 0.16 £ 0 0.05 0.1 0.15
2
¢ Brookhaven JIHEE KIM
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BNL Physics Program — Golden Channel

o Focus exclusive, diffractive and tagging physics program
o Coherent vector meson production

. JLdt =10 fb"V/A o coherent - no saturation
o Use central tracking and far-forward detector ‘s <@<wce o inconeren-nosauraton
o |V|u0n ID &>-\ » '[.1 %Z‘f;g;}):‘ieewc ¢ incoherent - saturation (bSat)
. Q ot = 5%
o Tracking detector Q
Q 0
o Backward EM calorimeter § I e
o Inclusion of 2 focus T Op Tw R -
; 10 e "
o Far-Forward acceptance 2 e
. . '?’ L =] -3'] 22‘]1
o Improvement in |t| resolution P i T
. . . . b 1)%’1 | “111
o Vetoing efficiency for incoherent events 8 o -“IJF‘!” "J*LH
M ||
Jh ‘ H ‘L(Z
10-2 111111 | | L bl | Ll j1

©

Brookhaven

National Laboratory

JIHEE KIM

0.02 0.04 0.06 0.
It

08 0.1 0.12 0.14 0.16 0.18
(GeV?)
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Central Detector — Track and Calorimeter

Study by Cheuk-Ping Wong (BNL)

>
s B
zZ -1
N 0 MC Re 0'25: o Jy—ee
X - .
=z 107 &' o eJhy —e'e C o o Jhp—u
0.2f
o o sJhp — utw C
10_3 o s : o
& Zaa O.15j
(0 0] = L
107 o % = - e
-5 (o] - O
10 0 B o ©
0.05j OD -
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o Larger combinatorial background at lower spectrum due to bremsstrahlung
radiation when using di-electron channel

o In calculation of t, needs scattered electron (backward) to be a precise
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Central Detector — Track and Calorimeter

SF i |
2, 8_ 1 RN 1 N ! w . . .
. 3 o Different tracker designs ex) Drift
L 13 ' 5 '3 chamber/TPC to have more hit
I'? 1 3 1 3 1 5 . -
[ i i points to improve backward
-O | | | m
= | | tracking performance
B | : o Fast simulation to establish
2 o ! i different tracker performance
ol o |
...5..I?I.!.I...I...I...Ia..
©O~—"002 004 006 008 01 012
Itl [GeV?]

o Require significant improvement in scattered electron measurements

o Beyond excellent backward tracking/ECAL with a momentum/energy
I resolution smaller than 2%

National Laboratory
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Far-Forward Detector — Incoherent Veto

o Separate coherent from incoherent process Reference from EIC YR p.352
o By tagging nuclear fragments using far- ok 1< Qi< 10 Gov:
forward detectors, understand background - o iy 90157005
of coherent vector meson productions (ex. s it
J/¥) e
o Use Far-Forward detectors to measure T - \l"""'--
o Charged hadrons (protons/pions) T P "
o Neutral particles (neutrons/photons) 3ot o Fﬁ.ﬁ"‘__
102 <1/3000
D | IV I T P | |

3 1| I 11l [ 11
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
Itl (GeV?)

o Evaluate veto efficiency using incoherent

events At position of third diffractive minimum,

rejection factor for incoherent event
better than 400:1 must be achievable
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Far-Forward Detector — Layout
Study by Jihee Kim (BNL)

Implemented in IP-8 Forward Hadron Lattice and IP-6 detector configuration

*pre-conceptual design* QDSO01
BXDS01B . Roman Pots
<0 o  at 2nd focus (RPSF)

BXDS01A
QFFDS02B

QFFDS02A
QFFDS01B

QFFDS01A

BXSPO01 ’
SPO ‘/

BXSPO01A

1 Zero Degree Calorimeter (ZDC)

Off Momentum Detectors (OMD)

0*

°
B0 Spectrometer

(Tracker + ECal)
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Far-Forward Detector — Acceptance

Generated Events

o Detector acceptance ZAVO i e
o ZDC < 5.5 mrad uniformly ~100 % R e e A
o Needs to evaluate beam pipe impact o (B e (5100
on neutrons E bbbt oy Al s
T Sk
_1Eunn 3 i A
Roman Potd/\ o it S
concept A e Vet e R R
0 2 4 6 8

6 [mrad]

o Roman Pot (@ 2" focus) Roman ,

o Windows on pots depending on the
beam optics (transverse beam size)

position [cm]
o

o With 2" focus makes difference in how S
close detector safely placed 2 '
. N-0.
o Benefits ¢ 10

|
—_
[6)]
T

o Larger acceptance in low ptin o
partlcular _ _ S TRT R 05 1
o Reduce risk to miss nuclear fragments RPSF2 X position [cm]
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Accepted Events
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Far-Forward Detector — Incoherent Veto

Refersnce from EIC YR |52 Veto inefficiency for incoherent events ZDC twc?l t?gged
1 ] T 1 H T 1 1 1 : 1 1 1 T 1 T T LI neu ronS
10“E 1<Q?< 10 GeV? 5[ i 1 RPSF tagged
i’_ o g"ng f:f; : 8'(1)5ppT@63 5° 10 E : (protons, nuclear fragments)
5 ke B . ] OMD tagged
10°E :
;i - 1045.75 All-events (100-%)3 (charged particles)
= 10 L : : : BO tracker tagged
? 0 103:_‘“;"1 : - (charged particles)
210 = = i H %)3
: o~ e £ F i [ToNedronVelo (57 %)3 BO ecal tagged
; 1 .\ . S 102 [ : ‘-u—l..-.__.-._._l: (photons)
g e " W e - - ZDC ecal tagged
%8 101 S, i.__; C E ’ (photons)
- " 10E + Romakh Pot Veto (0.0097 %) 3
102 x1/3000 - All Veto ;(0.00055 %) ]
_3:| 11 | 1 11 | 1 11 | 1 11 | 111 1 111 | 1 11 [ 11| I 1 11 1: : - ) .
1970 002 004 006 008 0.1 012 0.14 0.16 0.18 : - Vetoing power
Itl (Gevz) 1 0—1 [ 1 1 1 1 ; 1 1 1 i 1 1 1 1 1 1 | > 1 03
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At position of third diffractive minimum, ) )
rejection factor for incoherent event tme (Q7 - VM) [GeV7]

better thoago‘tzosof:; _m”fsff be achievable 4,14 to be enough to suppress incoherent contribution at three minima
(0. o inefficiency) Vetoing efficiency is > 99.99%
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Going Forward

o O O O

©

EIC 2" detector comes few years after EIC Detector 1 starts
Continue exploring detector technologies for 2"d detector
Formulate preliminary detector requirements and concept

Establish advantages in IP-8 and facility upgrade toward physics
program benefits

Toward EIC 2nd detector Yellow report in 2025 including physics
scope, detector requirements, and detector concept/technology

Erookhaven' JIHEE KIM

ational Laboratory
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Summary

o Community favors to have EIC 2"d detector as complimentary
o Cross-check, complimentary to ePIC, and new opportunities

o Small group, but working towards establishment on physics
program

o Work with community toward building support for EIC 2nd detector
o Attract international collaborations

o At BNL, focus exclusive, diffractive and tagging physics program
using central tracking and far-forward detectors

~, :
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Going Far-Forward — 2" Det Community

o Yale group is already engaged in simulations, R&D, design and prototyping
of ePIC detector
o pfRICH and Fwd Hcal in ePIC and R&D for future gaseous tracking detectors utilizing
GEM and GridPix technologies

o Welcome to bring new input, approach, perspective, participation...

o EIC 2" detector working group

o Group page: https://eicug.github.io/content/wg.html#detector-iiip8-group

o Conveners are: Charles Hyde (ODU), Sanbaek Lee (ANL), Simonetta Liuti (UVA), Pawel
Nadel-Turonski (CFNS/SBU), Bjoern Schenke (BNL), Ernst Sichtermann (LBNL),
Thomas Ullrich (BNL/Yale), Anselm Vossen (Duke/JLab)

o Software coordinators: Wenliang Li (CFNS/SBU) and Zhoudunming Tu (BNL)
o Convener mailing list: eic-det2-conveners-l@lists.bnl.gov

<" Brookhaven
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EIC 2nd Detector Timeline

FYI9

EY208 BEN2] EY22 NEY235 NEY24

FY25

FY26  FY27

Crital R |
Decisions CD-0(A) CD-I(A) CD-3A CD-23
Dec 2019 Jun 2021 Jan 2024 Apr 2025

FY28  FY29  FY30

EY3l EEY32

of operations
Apr 2032
|

FY33
*cﬁ-m CD-4

Approve start Approve pfoj.

FY34 | EY35 |BEY36

completion
Apr 2034

Infrastructure

Conventional Construction

Early CD-4A Early CD-4
Completion Completion
Apr2031  Apr 2032

/74
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2774
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FY24  FY25 FY26  FY27 | FY28 | EY29 NEY30N EEVSIN EENE20 BN | F ; |

Research & Development and Design ]

T T T

| Construction & Installation

W i

Commiss.
& Pre-Ops

Key (A) Actual

- Completed

% Schedule Contingency

| Data Date * Level 0 Milestones
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Reference schedule for 2" IR and detector

from EICUG meeting July 2023

« EIC 2nd detector

48



Results from HERA Facility at DESY

. H1 and ZEUS JHEPO1 (2010) 109
(-
e I .
_ Q=10 GeV* o Structure functions allows us to
]  eRAPDELO extract quark and gluon distributions
- B cxp. uncert. o Parton Distribution Function (PDFs)

|:| model uncert.

N\ |:| parametrization uncert.
I xg (x 0.05)

04 -

0.6

o The smaller momentum fraction, the
greater the number of quark-antiquark
pairs and gluons appearing in proton

\ xS(>< 0.05)

0.2
o Proton is almost entirely gluons

forx<0.1
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