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* Physics
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« Far-forward physics & calorimeter
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Electron-lon Collider (EIC)

« 2020.1.9: U.S. Department of Energy selected Brookhaven
National Laboratory to host major new nuclear physics facility,
the Electron-lon Collider

° W(ljltjldd’s first polarized electron + proton / light-ion / heavy-ion
collider

« Center of mass energies: 20 GeV - 141 GeV
gl « Maximum luminosity: 103 cm2s1
e « Polarized beam: e, p, d, 3He
coron « Hadron beam polariz_ati(_)n: 80%
Fing mecor o Electron beam polarization: 80%
* |on species range: p to Uranium

Hadron
Storage
Ring

Number of interaction regions: up to two

“ Polarized
Electron
Source

Possible
\ Detector
B Location (IP8)

Hadron Storage Ring

Possible
Detector
Location (IP6)

Hadron Injector Complex

Flectron e
Injector (RCS)

Electron Storage Ring

Electron Injector Synchrotron

(Polarized)
lon Source

Electron Cooler

Possible On-energy Hadron
Injector Ring
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Physics at EIC

« How does the mass of the nucleon arise?
« The Higgs mechanism accounts for only ~1% quark
of the mass of the proton. 6
« How does the spin of the nucleon arise?  nuceon
 The spin of the quarks accounts for only
one-third of the spin of the proton.

« \What are the emergent properties of
dense system of gluons?

 The gluon saturation describes a new state
of matter at extreme high density.
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Quark-gluon

* Deep inelastic scattering)
(DIS) of lepton (electron
» Large (¥ = -¢°)
provides a hard scale to

resolve quarks and gluons
in the proton

e Parton distribution
function (PDF) of quarks
and gluons

« 1D longitudinal motion of
partons

e x: momentum fraction of |

quarks and gluons

e Significant improvement
of precision of the
polarized PDF at EIC

July 15, 2021
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Spin
e Spin puzzle

« Origin of the nucleon spin in the
quark-gluon structure

1 1
— = |2AY + Lo | + [Ag + L¢]
2 2 Integrated gluon polarization
AZ/Z = Quark ContribUtion to PrOton Spin .I..S dolwlr?llfolxlrlrllilrlllll LI IIIIIII LI IIIIIII LILLBLLLLL
Lo = Quark Orbital Ang. Mom [ DIS + SIDIS s RHIC projection]
Ag = Gluon contribution to Proton Spin - ke data=20l
. - == DSSV 2014 mmm EIC projection
L; = Gluon Orbital Ang. Mom | b with%0%CL.band Vi=78GeV
on B
. . . . <]
« Quark-spin contribution isonly  x. [
K_.j

20%-30% of the nucleon spin
e Gluon polarization

measurement with polarized 0
DIS at EIC
« Small Bjorken-x region with QCD [ [l
evolution (DGLAP equation) 0° 10

X .
min
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Tomography of the nucleon / nucleus

« EIC = color dipole microscope
o Exclusive process and diffractive process

e 3D distribution: transverse spatial distribution
color dipole DVCS (Deeply Virtual Compton Scattering)

Electron
scattering

Nucleon
Nucleus

GPDs J.+£/§e %\1_._5

. GPD (Generalized Parton Distribution)
« Spatial imaging of gluons and quarks = tomography
« HERA: 1st generation
« EIC: 2nd generation (high luminosity, heavy ion, polarization)
* Orbital angular momentum
« Ji's sum rule qu+zL ——U xdx(Hq+Eq)>
e Origin of the nucleon spm
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Tomography of the nucleon / nucleus

Spatial distribution of sea quarks at EIC
* DVCS . 100 fb! and corresponding density of
y Deetl}[)|Y_V| rtual Com pton partons in the transverse plane
scatterin
g Unpolarized Polarized
5 x S N AN S S N N AN Ny e ey
1-+Efi E\J*—E L";?;
P P -
. ";_:-w” (i:gx)ibx S5 -1 05 bx(ofm) 05 1 15 -15 -1 -05 bxzm) 05 1 15 9o (arm: (ZO‘;X)EM;Z
° |\/| eson p ro d U Ctl on Xx-dependence of spz?tial distribution
+ Gjuon tomography by measuring 502l e e
\l',, (|)1 p7 e C' y e+p—oe+p+Jdy
« Precision measurement at large
radius with high luminosity ] }
’}" J/\lj' d)’ % 12 14 16 g:%g
p, etc. g &
e s \7 ¢ i
P P' 0 Z::m so<.4xv <o(.1:022.a 11 14 1 gga¥6
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Generalization of the form facz‘qr
e Energy I\/Iomentum Tensor (EMT)

Energy
density

* TOl TOZ T03

710

T =

— Shear stress

Normal stress (pressure)

m)
=

« GPD measij“r}'ement —l>l'3D
distribution of mass, spin,
pressure, etc. in the proton

* 1st measurement of pressure in the
proton using DVCS data from JLab

r2plr) (x1072 GeV fi

r (fm)

Nature, 557, May 17, 2018
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Mass of the nucleon

e Sum rule for the nucleon mass

| Relativistic Motion |

Chiral
Symmetry
Breaking

Quantum
Fluctuations

M= Lot B

Xm
r\q

1

X. Ji, PRL 74 1071 (1995)

‘Quark Energy ‘ ‘ Gluon Energy ‘ ‘ Quark Mass ‘ ‘Trace Anomaly ‘

« How to determine the different
contribution not yet reached

e Lattice QCD calculation

O Trace
Anomaly @ Quark
20% Energy

e arXiv:1710.09011, update by K.-F. Liu et al.
* Precision comparison of experiment

and theory in the future

 Mass, spin, pressure, radius,:--
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Gluon saturation in e+A collisions
Gluon emission mm%i’;’:
« Divergence at small x

Gluon recombination ;”Z%
« Restriction of divergence

Gluon saturation in balanced

« Based on classical idea of the
saturation

First observation of a quantum
collective gluonic system

« Precision comparison of
experiment and Chiral Glass
Condensate (CGC) as a theoretical
model of the gluon saturation

Precision understanding of
nucleus with the quark-gluon
picture necessary as the initial
state of the QGP for _
understanding its production
mechanism
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Gluon saturation in e+A collisions

 Diffractive cross section 2112
045 X X
« Most sensitive way to study dift [g( ’ Q )]

the gluon saturation

e 10-15% diffractive at HERA

e + p - Fraction of diffractive events

1.8¢ [ in eAu over thatin e

e 25-30% diffractive 1.63\+\*' e
predicted by CGC at EIC 14} m\\

e_|_A 1.22 f”’arfon.\

1 B s S e SR B e e S S S SR R S R R S e S A A e Sl S S RS e T

_i__,___f—f‘ff
0.8
0.6 E o z —---'....‘_.-......_..----l---"'
B - [
0.4F [Ldt=11foV/A

Without Saturation
0.0l Q%=5GeV?

Large X= 1)(10_3
Rapidity 010-1 | | Ll 1 |1 | | Ll | I.10
Gap Mass squared of produced

hadrons, M2 (GeV?)
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Gluon saturation at extreme density

« Exclusive vector meson production

« Momentum transfer tdependence translated
to the transverse spatial distribution of
gluons in the nucleus

.
« Incoherent process (nucleus breaks up) %"“r’/’%; —
VT8

e Spatial density fluctuation in nucleus
« Much larger than the coherent process

. . p
« Coherent process (nucleus remains intact)

e Sensitive to the gluon saturation
« |dentify & veto breakup of the excited nucleus
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E/C status

2019.12: CD-0 (approve mission need)
2020.1: Site selection at BNL
EIC User Group (EICUG) since 2016

« More than 1200 physicists from over 250 laboratories and universities
from around the world

2020: EICUG Yellow Report (physics/detector) towards CD-1
« https://arxiv.org/abs/2103.05419

2021.7: CD-1 approval

« Authorization to begin the project execution phase, starting with
preliminary design

p/Abeam electron beam Hadron Calorimeter Endcap
-t

Electromagnetic Calorimeter

\

Cherenkov Counter

Barrel EM Calorimeter
DIRC
Solenoidal Magnet

RICH Detector
Barrel Hadron Calorimeter

Transition Radiation Detector
Preshower Calorimeter
Electromagnetic Calorimeter

Hadron Calorimeter Endcap

Central
Detector
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https://arxiv.org/abs/2103.05419

E/C status

« 2020.11: Expression of Interest (EOI) for
potential cooperation on the EIC
experimental program

e https://www.bnl.gov/eic/EOIl.php
e https://indico.bnl.gov/event/8552/contributions/
e 47 EOIls submitted

« 2021: 2" detector and IR planning

« 2021.3: Call for detector proposals
« ATHENA
« ECCE
« CORE

« 2021.12: Decision on detector(s)
« CD-2 (performance baseline) 20237
« CD-3 (start of construction) 20247?

July 15, 2021 15
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E/C detector

e ECCE consortium
e /[ institutions

 Based on an existing 1.5 T solenoid
« Babar solenoid used at sSPHENIX

e Simulation and analysis for proposal writing and
submission on Dec. 1, 2021

July 15, 2021
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E/C detector

« ECCE consortium
CCCC

ECCE Consortium and Technology Interest

R ==l ]

= LS B BGU/lIsrael, MIT, ORNL, UIUC,
Glasgow U. %.&? 1JCLab-Orsay, EIC-Japan, TAU/lsrael,
! UVA, GWU, MIT-BATES, HUIJ/Israel
oDu
|
— | for-backward | — farforward )

detectors

ecinr

Rutgers, ISU, GSU

Ohio U.
ORNL
Sejong U. B§
Kyungpooll #
Yonsei U.
Pusan U.

r
QI
o

Q5EFS 1
QEEF §

1 a0 &

EEEMCal: AANL, CUA,
Charles U., FIU, UCLab,
MIT, Lehigh U., UKY, JMU

i -

Polarized Beam and polarimetry: MIT, UNH, SBU

Electronics: Columbia, ORNL
DAQ/Trigger: ISU, CU Boulder, OU, ORNL, SBU, UConn, LLNL

Artificial Intelligence: MIT, CNU, Brunel U. sSqg ===
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EIC Japan

« 2015.4: EIC Letter of Interest Letter of Interest
from Asian countries Participation in the US Electron-Ton Collider (EIC)

« 20 from Japan from Asian countries

« RIKEN, Yamagata U, Tokyo
Tech, Juntendo U, KEK, Kyorin
U Kyoto U N” ata U Tohoku With this letter we want to express our interest in participating in the US EIC project.

U ) T 0 ky 0 U Of C | ence The EIC project being discussed in the Long Range Plan process of the NSAC is the most
° 7 f r O m C h | n a promising project in the world to be realized in a timely manner. It is a new collider
.. which will be able to collide polarized electrons with polarized protons or nuclei. We will
° C | A E, | I\/l P, N a nJ N g U be able to have 100-1,000 times higher luminosity per nucleon than HERA. It promises
° 3 fro m | N d |a to lead to deep understanding of high-energy QCD and the development of a novel
physics field based on QCD where the gluon plays aleading role. The mass of the nucleon
« TIFR, NISER o 4 4 . .
and the nuclei originates from gluon interactions and dynamics, and the confinement of
o 4 fl’O m K O re a the quarks inside the nucleon is caused by the gluons. We are keenly interested in this

° Seo Ul N at|o N al U’ KO rea U’ science, and want to strongly support the US EIC project, through a long-term
D h N k N | N | collaboration for investigations of the novel gluon related physics at EIC.
aegu U, Chonbuk Nationa

2016.8.3: Workshop on “Prospects on EIC project” at J-PARC
2018.4.15: Pre-DIS EIC workshop at Kobe
2018.10.23: JPS/DNP workshop at Hawaii “Hadron structure”

2019.9.24-26: CFNS & RBRC vvorkshoP at Stony Brook Univ. on
“Physics and detector requirements at zero-degree of colliders”
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EIC Japan

¢ 2019: Master Plan 2020 proposal of Electron-
lon Collider (EIC)
« Selected as a major academic research project
* Not selected for a hearing for the priority project
e Core institutions: Yamagata Univ. & RIKEN

e Participating institutions: Kobe Univ., Nihon Univ.,
KEK, etc.

e Collaboration including nuclear-physics
community and high-energy community

 Nuclear physics: Yamagata U., RIKEN, Nihon U.,
U. of Tsukuba, JAEA

« High-energy physics: Kobe U., Shinshu U.,
Kyushu U., KEK

« Cosmic ray: Nagoya U., ICRR

July 15, 2021 19



EIC Japan activity

« 2020.5: EIC detector R&D program eRD27

« “Developing a high resolution ZDC for the EIC”
e Collaboration with Kansas U., ODU, etc.

« 2020.7: U.S.-Japan science and technology cooperation
program in high-energy physics (special category)

« 2020.8: U.S.-Japan hadron physics exchange program
;%rzsgtggjies of hadron structure and QCD (2020.9-

« 2020.8-9: KEK workshop on intersections of particle
and nuclear collider physics

« Expression of interest (EOI) from EIC-Japan (2020.11)

e Forward hadron calorimeter
« Cooperation with UCLA & Korean group

« Zero-degree calorimeter (EM & hadron)
e Cooperation with eRD27

e Silicon detector
« Cooperation with ANL, BNL, etc.
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Forward hadron calorimeter

« Essential for forward jet reconstruction and hadron
energy measurements, as well as triggering

e Cross-section measurements in the high Bjorken-x
region, where a struck quark goes forward

e Position and energy measurements of hadrons take
a crucial role especially in the charged current
Drocess

o Struck electron escapes from the detector as a neutrino

« DIS kinematic variables have to be reconstructed from
the angular and energy distribution of the hadronic final
state

e In neutral current events, the hadronic method of
reconstructing the DIS kinematics significantly improves
the resolution

* Precise measurements of them in the high-xregion
are expected to improve the understanding of the
traditional proton PDFs used in LHC physics
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Forward hadron calorimeter

» Collaboration with UCLA group for STAR upgrade and
EIC detector R&D eRD1 (calorimeter consortium)

« Scalable and re-configurable with a minimal number
of mechanical components

« Minimal resources required for construction and operation
 Fe + scintillator sandwich, 38 layers for STAR FCS
¢« 10cm x 10cm x 90cm tower Fe+Scintillator
« 4.5 interaction length Sandwich structure
« WLS light collection

e SiIPM readout

« Expected energy resolution
e o/ E=T0%/NE (GeV)
« Constant/noise terms?

 Higher energy resolution necessary for EIC



Far-forward physics at EIC

* In e+A collisions, exclusive vector meson
roduction in diffractive process is one of the
ey measurements sensitive to the gluon

saturation

« For the coherent process where the nucleus
remains intact, the momentum-transfer
dependent cross section can be translated to the
transverse spatial distribution of gluons in the

nucleus

Jhp — ee” 15 GeV on 100 GeV 10° h— KYK™ 15 GeV on 100 GeV
fLdt = 10/A fo™! (I) [Ldt = 10/A b
0 coherent - no saturation o coherent - no saturation
o incoherent - no saturation — 10 ¢ incoherent - no saturation
® coherent - saturation (bSat) N> ® coherent - saturation (bSat)
® incoherent - saturation (bSat) 8 ¢ incoherent - saturation (bSat)
- 103 T
s atn:g;ow
L4 0—&% = h ) %
-2
B See oo .““:‘I—‘»Gi—.H ooooo ,_'E_ 102 "“"’.-Q':"an*f_.‘
- - o0
c: A 'nCOherent = "s 'l a -l ‘*’tbﬂnomnf-o-.....“
. ., suppressby ; D-;G'Q?’nch
L 10 o s 4
L L) =) H y - L ‘:EI s O
;#p coherent | detecting bregk " PR e
$$444) UP Neutrens 1 e le® e, %
o
; 1< Q%< 10 GeV?, x <0.01 ? © 1< Q<10 GeV?, x <0.01 . O
I']'(edccay) <4 1(}'1 ‘"l(Kuocay} <4 f'-'.
p(eddl_:,l)‘} =1 GSV2 p("%(;!:&‘y’ =1 GBV2
oth = 5% otit = 5%
10-2II\IIIII\\IIIIIIIII‘IIIIII\‘\IIIIII 10‘2IIIIIII|\\IIII|IIII I IIIII\I
0 002 004 006 008 01 012 014 016 0.18 0 002 004 006 008 01 012 014 016 0.18
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Far-forward physics at EIC

e Collision geometry is an important measure
in e+A collisions for an event-by-event
characterization

« Collision geometries can be tagged through
forward neutron multiplicities

Intra-nuclear cascading
iIncreases with d (forward
particle production)

Leads to evaporation of
nucleons from excited
nucleus (very forward)
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Far-forward physics at EIC

e In e+d and e+3He collisions at EIC, various physics
programs require the tagging of forward neutrons as
spectators to identify the target nucleon

e |t constrains kinematics for studies of the Short-
Range Correlations (SRC)

* Nucleon-nucleon interaction at very short distance which
shows high momentum nucleon in the nucleus rest frame

 Deep connection to how the quark-gluon structure of a
nucleon in a nucleus is modified, known as the EMC effect

« ~20% of nucleons are in SRC pairs

n(k) nucleons ! 2
1
L\,
Mean Field : P.
Region 1 Correlated tail
High—energy = ! (@NSRCbehavion
process i ' SRC pairs
B pi |
1
Forward @ |
S‘pEC‘rator # ;
detected Pm

1
k k
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Far-forward physics at EIC

 Visible world mainly made of light quarks: its mass
emerges from quark-gluon interactions, Higgs mechanism
hardly plays a role

« Strange quark is at the boundary: both emergent-mass
and Higgs-mass generation mechanism are important

« For the proton, the EIC will allow determination of an
important term contributing to the proton mass, the so-
called “QCD trace anomaly

« For the pion and the kaon, the EIC will allow
determination of the quark and gluon contribution to
mass with the Sullivan process

Detect scattered electron

c 0.5
" DIS event -
e _(;/ reconstruct x, Q2, 0.4
‘ L Y* W2, also My (W)

Pion/Kaon target =N ek Ol
———_ A recoiling hadronic =
(undetected) ——— . system Vo
N ,,’, 0.1
G
t\’\N Detect “tagged” 00
neutronllambda 0.01 0.1 0.4 0.6 0.8 r
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Far-forward calorimeter

EIC detector R&D program eRD27
« “Developing a High Resolution ZDC for the EIC”

Soft photon

o Large aperture
e Full absorption calorimeter

EM & Hadron calorimeter
« Acceptance

« Energy, position and prresolution
 ALICE-FoCal R&D by RIKEN and Tsukuba U.

Radiation hardness

ZDC

hi=0 = » phi = pi
p 1 p p \ o

] Zero-Degree Calorimeter (ZDC)

Off-Momentum Det.

Roman Pots
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Silicon detector

* Apply silicon sensor based on
silicon-on-insulator monolithic
pixel (SOIPIX) detector
teChnO|Ogy deve|0ped by KEK Silicon Hybrid Detector = SOIMPXD + UFSD

group

« SOIPIX is employed as the inner
vertex detector of 4x silicon
hybrid detector proposed by
ANL and BNL collaborators
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Summary

e EIC will be constructed at BNL
* Physics at EIC

 Mass of the proton
e Spin of the proton
 Gluon saturation: discovery — property

e EIC status

« Call for detector proposals
« ECCE consortium

« EIC Japan activity
 Forward hadron calorimeter

« Far-forward calorimeter (EM & hadron)
 Geometry tagging
e Spectator tagging
« Meson structure

e Silicon detector

July 15, 2021

29



Backup Slides



Far-forward calorimeter
« EIC IR design

 Acceptance
« 25 mrad crossing angle for EIC at BNL
 Forward magnet aperture £4 mrad opening angle for ZDC

« /DC transverse size
« Sufficient to avoid transverse leakage
« ~2 interaction length, e.g. 60 cm x 60 cm

1500

1250 1

1000 A

750 1

—250 7

=500 7

Spectrometer
Dipole

.2

.
------

Pr
ey /XPT'QZPF B
c)

§a°"f;m

Q&%
3(\? o‘-‘ ol
0N
) ”

Closest Large Aperture,
High Field Quadrupole

Forward Side

oo
-~

ZDC

—— p (275 GeV, reference orbit)
e (18 GeV, reference orbit)
n (+4 mrad opening angle)

+ (quad. synchrotron radiation)

p (275 GeV, pp = £1.3 GeV/c)
B p (275 GeV, £100)

e (18 GeV, +150)

Detector Region

—750
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Silicon detector

e Physics
« Heavy flavor quarks are highlighted at EIC as the
ideal probe to study open questions in QCD, such
as mass and flavor dependence of the energy
loss, fragmentation and hadronization
modification in the nuclear medium, nuclear
parton distributions and so on

* The performance of the silicon sensors thus
plays a crucial role to pursue the research in
the heavy flavor physics in satisfactory level

« key technology commonly employed for the heavy
flavor detection by observing their decay vertex
precisely
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Electron-lon Collider (EIC)

« 2020.1.9: U.S. Department of Energy selected
Brookhaven National Laboratory to host major new
nuclear physics facility, the Electron-lon Collider

« World’s first polarized electron + proton / light-ion /
heavy-ion collider

 Center of Mass Energies 20 GeV - 141 GeV
" Omenerar \\ « Maximum Luminosity 1034 cm2s-1
<o \W\. ,.. ¢ Hadron Beam Polarization 80%
BNL-EIC %~ « Electron Beam Polarization 80%
Lo lon Species Range p to Uranium
W ey TEgl  Hen « Number of interaction regions up to two

ttttttt

Electron \""- -
Injector (RCS) —

Polarized beam: e, p, d, 3He

(Polarized)
lon Source

Hadron Storage Ring

=== Hadron Injector Complex

==== Electron Storage Ring

Electron Injector Synchrotron
=== [lectron Cooler

=== Possible On-energy Hadron

July 15, 2021 | | 33



Mass

 The Higgs mechanism accounts for only ~1%
of the mass of proton.

« The symmetry breaking emerges the mass.

-+ The mniverse ac euplaized by superstring thoory

— Thee mniverse as explained
by the standard theary

Bifurcationof  PRMerse
grevitaibonal forces v F

Birth ofthe | _ —
| |

bl LB Strong force
Ll BF [ectromagnetic force
The weak fosce eak force

\ '| Tl Gravitational force

EhiWRTSE

1
e

'
Inflation?

Symmetry breaking Confinement of quarks
of the Higgs field Chiral symmetry breaking
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Forward physics
* A key item in high-x region

e DIS kinematics reconstructed from the
hadronic final state

« Takes a crucial role especially in the charged
current process (e+q — v+q’)

« Significantly improves the resolution in the
neutral current process

 Forward hadron calorimeter provide the
hermeticity to identify a large rapidity gap of
diffractive events

« Or positively tag the gluon radiation for
measuring the energy flow

July 15, 2021

35



Forward hadron calorimeter R&D

« Essential for forward jet reconstruction, hadron
energy measurement, and triggering

« Collaboration with UCLA group for STAR upgrade and
FIC detector R&D eRD1 (calorimeter consortium)

e Scalable and re-configurable with a minimal number
of mechanical components

« Minimal resources required for construction and operation
 Fe + scintillator sandwich, 38 layers for STAR FCS
e 10cm x 10cm x 90cm tower Fe+Scintillator
« 4.5 interaction length Sandwich structure
« WLS light collection
« SIPM readout

« Expected energy resolution
e o/ E=T0%/NE (GeV)
« Constant/noise terms?
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Far-forward physics at EIC

e Meson structures

* Properties of the nearly massless pion are the
cleanest expressions of the mechanism that is
responsible for the emergence of the mass

 Measurable implications for the pion form factor
and meson structure functions

« Effects of the Higgs mechanism play a more
substantial role for the kaon mass due to its
strange quark content

« Comparison of the charged pion and charged
kaon form factors over a wide range in 0 would
provide unique information relevant to
understanding the generation of hadronic mass
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eRD27

e General detector R&D program for an EIC
« eRD27 approved in 2020.8
« “Developing a High Resolution ZDC for the

EIC”

Integrated forward system

Off energy detectors
BO tracker OED
___;:~::\I'
‘1 RP
4 Roman Pot >
60cm

Zero-degree calorimeter
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EIC IR design

 Acceptance
« 25 mrad crossing angle for EIC at BNL
 Forward magnet aperture £4 mrad opening angle for ZDC

o Sufficient transverse size to avoid transverse leakage

« ~2 interaction length
° e.g. 60crr% x 60cm

lE-UUI
¥

1250 1

-
td
”

1000 g

750 Closest Large Aperture,
High Field Quadrupole

500 7 Spectrometer /
i Yoaxe
1 B

—250 1 e . . v {guad. synchrotron radiation)
p (275 GeV, p. = £1.3 GeV/c)

“an - B p (275 GeV, £100)

—500 Forwa I‘d Slde ¢ (18 GeV, +150)

Detector Region

ZDC

X [mm]

—— p (275 GeV, reference orbit)
—— e (18 GeV, reference orbit)

n (44 mrad opening angle)

75 T T ‘ T -
0 10 20 30 40 30 60
Z |m]

IR design of EIC at BNL
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eRD27

Detector R&D Physics Performance Resource Support &
requirements requested collaboration
Soft photon e+A nuclear | £ < 300 MeV detector This proposal
detection breakup veto simulation Calorimeter consortium
acceptance acceptance This proposal
simulation BeAGLE group
detector detector R&D N/A in FY21
technology
EM + hadron | e+A collision neutron high resolution BeAGLE group

calorimeter

geometry multiplicity not necessary
spectator energy & detector This proposal
tagging position simulation
resolution
1eSO0I1 neutron & A detector This proposal
structure acceptance simulation Meson structure WG
detector FoCal R&D RIKEN
technology LHC-ZDC R&D Kansas Univ.
calibration design & This proposal
scheme simulation

system test

N/A in FY21

simulation study

This proposal

Radiation radiation dose
hardness Kobe Univ.
detector radiation test This proposal
technology Calorimeter consortium

July 15, 2021
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e + A collision at zero degree

* Breakup of the excited nucleus
« Evaporated neutrons (& protons)
« Separate the coherent process ~90%
 Photons from de-excitation of the excited nucleus
« Requirement to measure neutrons and photons at zero degree
in a wide trange
« Event-by-event characterization of collision geometry
 Tagged through forward neutron multiplicities at zero degree
e b: impact parameter
e ¢ path length of struck parton in nucleus
« “centrality” (high @) & “skin” (low d)
o Study of nuclear medium effects

Intra-nuclear cascading
iIncreases with d (forward
particle production)

Leads to evaporation of
nucleons from excited
nucleus (very forward)

N,

July 15, 2021 a1



e + A collision at zero degree

Slide by C. Hyde e
208ph(e,e’) Fits to data (without error-bars)

ZDC EMCAL: DEEP EXCLUSIVE NUCLE! [ e T
: W — 3~ 2.615MeV
* Gluon Density from e.g. 2°8Pb(e,e’¢) 2°8Pb — 5" 3.198 MeV
: . . w — 57 3.709 MeV
* Final state nucleus is lost in beam envelope 5 3.961 MeV
10 — 2% 4.085 MeV
» Veto breakup of Pb nucleus. 4% 4323 MeMl
. 1 A/ Y—6"* 4.424 MeV
* Thousands of bound states excitable by | \ AR |—8° 4.610 MeV

photo-excitation " '

These will wash out diffractive minima. 10

Possible veto by detection of boosted decay 10°gf [ f/
photons |/

At P, = 275Z GeV, boost ¥ =117 f

Each photon has 32% detection probability ;‘
within 4mr cone 0 05

« Removing excited nucleus event by detecting excitation
photon

e Soft photon ~300 MeV
 Low detection probability within 4 mrad cone

July 15, 2021 42



e + d/°He collision at zero degree
e Spectator tagging

 Neutron structure
 Neutron spin structure, S & D waves

* Nucleon interactions
 Short-range correlation (SRC) and EMC effect at large x
e Diffraction and shadowing at small x

High—energy
process

lfom—-'ard‘ Roman pot
spectator

detected ZDC

July 15, 2021 43



Physics at zero degree of EIC

Nucleon Momentum Distribution

« Short range correlation (SRC) single

¢ ~20% of nucleons in SRC pairs (wpnucleons
« 18% p-n pairs ’

« Large relative momentum (> 300 Saon SN o
MeV/c) .t SRC pairs
) SN Nk
« Small c.m. momentum and spatially @

very close each other smso(yw%ikmzocy
« EMC effect R

[T
nnnnnnn

« Nuclear structure modification

found in nuclear DIS in the EMC EMC and SRC Correlation
experiment s ;
 Nuclear PDF significantly modified éy T

by SRC pairs

« Tagged DIS at JLab — EIC
e e+D at JLab: Hall B& C
e e+D & e+A at EIC

EMC slope (-dR/dx)

7 e
O/g

0.1 |
0 1 2 3 4 8
Weinstein et al., PRL 108, 052301 1 I
El?zo?:],eHin et al PRC 85, SRC pair densny (ag)
[ ] a g g e a 047301(2012)

Hauenstein 109/24/2019

slides by Heuenstein
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Spectator tagging

/DC RESOLUTION: e ———
SINGLE NEUTRON EVENTS P Dl f’mMeV( |

* Measuring the properties of a bound proton: : b 9= 350MeVse (141
Spectator tagging: e.g. D(e,e’'n)X
* Py=275GeV/c = p, =P(1l+a)/2 = 137 GeV/c

* Rest frame neutron momentum = aM

* If ZDC resolution = 50% [GeV/E ]"/2
-2 4.5% @ 137 GeV/c

* o(a)=o(p)/p =0.045
=> Rest-frame o(p,, ) = 40 MeV/c

* Spatial resolution 1 cm ? R

k (MeVrc)
* o(p;) = (137 GeV/c) (1 cm)/(32m) =43 MeV/c

Slide by C. Hyde

 prresolution equivalent to beam spread ~40-50 MeV/c¢
- Spacial resolution 1cm — prresolution ~40 MeV/c¢

« ZDC energy resolution 50%/vE (GeV) or 4.5% @ 137 GeV/c
— prresolution ~40 MeV/c

July 15, 2021 45




Physics at zero degree of EIC

One Pion Exchange (OPE)

° I—eadlng baryons Fragmentation e
 Fragmentation
« One pion exchange (OPE) . @<

e

P

LN in DIS >d1f\. o Aoy psnxy = Jajp(XL, ) X dOyrs

e \TE The distribution of p_* (=t) is defined solely
P" T
e I o by the pion flux
+1 f
[ TN i
p.2dependence in bins of x_ Ve Sensitivity to the pion flux
p* n
d’cl(dx, dpd) [nb/GeV’| H1 Preliminary
200 | 032-%-042 200 B F
150 M 150 f
00 e 100 ; o - n N B
@b o S 14 - H1 Preliminary S
v o ' ' ' O.LZ ' ¢ l';l ' ID.LZI ' IO.!IQI ' m - * t-'.-‘
p} [Gev?] p?[Gev? O 12 3 1
wo [ 0Bexeos6 | F o 06cx<07a 0 10 o -
8 o
= * H1 Data (Prel.)
Y= — KPP
; L === Bishari
§ " -~ Holt
* H1 Data Prel) ol * fjﬁi‘gﬂg‘g E 4 - -- GoKsmann
0.65<RAPGAP-x [ p? < 0,478 5 GeV? 1 - == FMS-monopole
- 1.21xDJANGO N L Systomatic uncortainty - 2 — - - FMS-dipole
— D.65<RAPGAP-x L - I I I I I I
-+ 1.21xDJANGO 03 04 05 06 07 08 09 1 h] sETANTTR NN TNANRATANNATINNN N NN
X 04 05 06 07 08 09

X
Slope of exponential pfdependence compated to various pion-flux models L

18
Inconsistency @ HERA

— Need more data to understand
production mechanism .

slide by Ciesielski
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ALICE FoCal

e FoCal-E

 High-granularity Si-W
calorimeter for photon
and 0

» FoCal-H 34<n<5.8

« Conventional metal-(baseline design @ 7m)
scintillator sampling
calorimeter for photon
isolation and jets

19 [2020 2021 2022 2023 2024 2025 2026 2027
Q4 |a1020304/a1 02030401 020304Q1Q20304Q1 Q2030401 Q203 04Q1 Q203 04Q1 Q2 Q3 Q
LHC LS2 LS3
Lol |

R&D
Test beam

TDR
Final design

Production, construction, test of module

Pre-assembly, calibration with test beam
Installation and commissioning
Physics data taking

July 15, 2021 a7



ALICE FoCal-E
FoCal-E basic design

The design of the detector:

Transverse segmentation 17

LG cells :#i e 20 layers: W (3.5mm = 1 Xq) +
|

p - Si-sensors (2 types):
£
1 HG cell « low granularity (LG), Si-pads
» high granularity (HG), pixels
(e.g. CMOS-MAPS)

¢ Moliere radius ~ 1-2 em

AN
[ 11

1cm

Longitudinal segmentation
o . . s LG HG
“ plxglﬁpad ~1cm2 =~ 30x30 pm?2
size
total # of

. ~25x105 =25x109°
pixels/pads

LG layer

absorber
The surface area of the detector
will be about 1 m?

July 15, 2021 48



ALICE FoCal-E

b

11 modules

Beam
line
direction

Module:
Composed of 18 +2 MAPS layer

Composed of 5 pads sensors + associated FEE-PCB
1 FEE-PCB linked to readout PCB (Aggregator board)

Si-pad:
Built up from silicon pad sensors with a granularity of 1 x 1 cm?
Sensitive area of g x 8 cm? for each sensor: total of 72 pixels
320 um
05/29(2020 F.RARBI - Online meeting with RIKEN group 3

Baby 10mm Baby2x2 [ MPD
] By

New silicon pad /)
sensor for final
FoCal

HPKTEG
for Production

July 15, 2021 49




ZDC at LHC slides by Longo
« ATLAS & CMS ZDC

« W-quartz sampling calorimeter F’ y

SOATLAS m ‘

EXPERIMENT

——— e — o

HADi ‘HADZ HAD3 HADA4|

2 |

» ZDCs located in the TAN
(140 m from IPs)

» W - quartz sampling calorimeters
» ATLAS: EM + 3 Hadronic modules
» CMS: EM + 4 Hadronic modules

NNNNNNN
rods (GE 214 fused quartz)

e J/CaP collaboration
« ATLAS + CMS joint R&D effort | | Irradiated

- Radiation-hard fused silica rods Jlind!
* Increasing H, concentration ‘ é@‘"
« Tested at higher doses than we Nen-SragP e

expect at El

« LHC group done significant work
on calibrating Fluka dose : - _
» Fused quartz with high level of impurities

Simu | atl on inadequate for any pp running and damaged
July 15, 2021 during PbPb running. 50



Calorimeter Consortium (eRD1)

e Crystal calorimeter
. PbWO,
« For soft photon detection < 300 MeV (full absorption?)

e Glass scintillator

« Optical and radiation hardness

Crystals in EMCal: PbWO,
Slide by

4 PbWO, material of choice for many EMCals — high density, fast response, large T. Horn
and granular solid angle, etc., but also limitations, e.g. hadron radiation damage

. - Fy

g - o
9 S PbWO, light yield
P \
=
3 i (P = et T v temperature
3 e T 21w TG R5101Hi TS 23001500 dependence: 204,/°C
[T E Ei
3
E ! 4
5 """"'w-..\

Tem 1 C

July 15, 2021 PbWQ, radiation resistance o 51



Summary

e EIC will be constructed at BNL
* Physics at EIC

 Mass of the proton
e Spin of the proton
 Gluon saturation (discovery — property)

« Forward & very forward physics at EIC
« Geometry tagging
e Spectator tagging
« Leading baryons
/K structure

 Forward & very forward calorimeters R&D
 ALICE FoCal technology
« LHC ZDC technology
« Soft photon detection
« Radiation hardness

« \We'd like to activate collaboration between
Korea and Japan

July 15, 2021
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EIC - Electron lon Collider

« High-energy QCD frontier to
study nu Ieon hadron) and eRHIC at BNL
nucleus (cold nuclear matter)

from quarks and gluons

« World’s first poIanzed electron
+ proton / light-ion / heavy-ion
collider

- Wide (72, x) region

 Electron + proton / light-ion
collision

« Polarized beam
. e, p,d/3He
« High luminosity
o L, ~ 103334 cm2s]
« 100-1000 times HERA

« Collision energy
e s =20-100 (140) GeV

« Electron + heavy-ion collision
« Wide range in nuclei

\\ \\

Electron Collider Ring

Electron Source

July 15, 2021 53



Physics at EIC

Understanding how the
nucleon structure and
properties emerge from
guarks and gluons and their
interactions from QCD

Q
Precision Luminosity

Measurement

How does the spin of

the nucleon arise?
Spin and Flavor Structure of

ow does the mass o

the nucleon arise?

3D Picture of the Nucleons
and Nuclei

* Transverse -Momentum

Distribution and Spatial
Imaging

Orbital Motion of Quarks

and Gluons Inside

Systematic
understanding of the
structure of nucleons
and nuclei covering the
wide kinematic range

Discovery

New Picture

What are the
emergent properties
of dense systems of

the Nucleons and Nuclei gluons?
* Gluon Polarization Gluon Saturation at Extreme
* Quarks and Gluons Density

Inside the Nuclei

* Initial State of the QGP
* Hadronization

(Quark-Gluon Plasma)

July 15, 2021 54



Spin

Unpolarlzed PDF Polarized PDF
o Quark_gluon Structure : NNPDFSO(NNLO} - L o NNPDFpQH‘I(NLO) o o
09 =10 GeV?) 1 xf(x,u2=10 GaVEJ

e Parton distribution
function (PDF) of quarks

and gluons

 x: momentum fraction of
quarks and gluons

« Spin puzzle
* Gluon polarization
measurement with

-:'c)

107 107
X

polarized DIS S ———
. . DIS + SIDIS mm RHIC projection

« Small Bjorken-x region [ 0%CL contrai - 5
with QCD evolution | I S e ]
(DGLAP equation) i :

N | —

1

AY/2 = Quark contribution to Proton Spin
= Quark Orbital Ang. Mom

Ag = Gluon contribution to Proton Spin

L; = Gluon Orbital Ang. Mom Xinin

July 15, 2021
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Quark-gluon structure

1-D b Unpolarlzed PDF Polarized PDF
[ ) — T T T
p|CtU re 0; NNPDE3.0 (NNLO) . - NNPDFpoIH(NLO) : g 7
« Parton distribution | dearei0ce) R
function (PDF) of quarks ' P T O

and gluons

° X momentum fraction of
quarks and gluons

« Significant |m]provement

of precision o
polarized PDF at EIC

« especially gluon

polarization 00 100 10 1
« 3-D picture GPD w
. e+p—oe+p+di
° G_ene_rall_zed arton measurement -~ Xy 16.8.< G2 + i, <25.1 GeV?
distribution (GPD)
function

e charge distribution
. magnetig-moment
distribution
« mass distribution
« Comparison of radii (R) i
¢ Ne\/\/ p.iCtu re tO be 0 212016:4xv<0(‘)'600228 1 12 14 16 EEZ&
established at EIC ! _

July 15, 2021 by (fm) 56
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Precision measurement of PDFs

e Inclusive DIS

e Large 7 (0? = -g?) provides a
hard scale to resolve quarks
and gluons in the proton

« 1D longitudinal motion of
partons

e Spin puzzle

* Gluon polarization
measurement with polarized

DIS

« Small Bjorken-x region with QCD
evolution (DGLAP equation)

1 1

AY/2 = Quark contribution to Proton Spin
L, = Quark Orbital Ang. Mom

Ag = Gluon contribution to Proton Spin
L; = Gluon Orbital Ang. Mom

July 15, 2021
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DIS + SIDIS
90% C.L. constraint

- == DSSV 2014

with 90% C.L. band

s RHIC projection |
data = 2015

m EIC projection
Vs=78GeV -
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3D structure of the nucleus

Diffractive vector Meson Production 3, 0

. ol

meson production Y, e
* § meson sensitive to the f+£/; a%\-_,,-_g
gluon saturation — —

15 GeV on 100 GeV

Jip —=e'e” 15 GeV on 100 GeV
[Ldt = 10/A fb’

JLdt = 10/A fo!

| S
S~
) <
3
-
g o
=
!
=
A

3 o coherent - no saturation a 0 coherent - no saturation
& o © incoherent - no saturation —~ 10°k © incoherent - no saturation
> 1p° 'D ® coherent - saturation (bSat) B E' e e coherent - saturation (bSat)
8 a e incoherent - saturation (bSat) 8 C mn @ incoherent - saturation (bSat)
2y
Ie) o = 103 L-0C0.p.
s 1026352 oo | & . #“ﬁ ® °0%
. % - - o
g ?. o B .‘-Q-H"'“."ﬂ“.*'m“.““_.ﬂ o 3 f*"._‘:f&o—*
= 5 N — 10°F u s O +WM
5 " . lnCOherent = 3 g O 9000
L o 3 =
2 10 = < - o
- " : ] " ap
ﬂTJ - q L] ” a 10 EF s ‘JD I. Dn
- - o
2 1E ;#’ coherent 2 1 " " O een®#ds %o
= (] a & E 3 O
s -HLH++ % 1F 5" %o . %
= = - o
= I 1<Q? <10 GeVe, x < 0.01 ? © T 1<Q? <10 GeV2, x<0.01 . O
107E Inllegeeay) <4 10 MiKgocay) <4 499
E plegecay) > 1 GeV? PK gpcay) > 1 GeV2
- Stht=5% &t =5%
10'2\IIIIIIlIIIIIIIIIII‘IIIIIII|IIIIII| 10-2||I|I|||II||II||I\IIIIIlIIIIIIIIIII
0 002 004 006 008 01 0412 014 016 0.18 0 002 004 006 008 01 012 014 0.16 0.18
It (GeV?) It] (GeV?)
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GPD studies with exclusive processes

Imaging the gluons in nuclei

Diffractive physics in eA

— Measure spatial gluon distribution in nuclei
> Reaction: e+Au->e +Au + I/, @, p
- Momentum transfer t = | pau-pau’ |2

Hot topic:
» Lumpiness of source?
» Just Wood-Saxon+nucleon g(by)

T. Toll, T. Ullrich, Phys.Rev. C87, 024913 (2013) | (] coherent part probes “shape of black disc”
=] JLdt = 10 fo- /A O coharant - no saturation . .. &% . s
10°fp  1<G2<10Ge® o incoheront-no saturaion  incoherent part (large 7) sensitive to ~ lumpiness
EE x<0.01 ] i_:ohgrem-saturam!'u[bSatJ .
T Fg et ¢ rehennt-ssueon S of the source [= proton] (fluctuations, hot spots, ...)
K] 1%, a=5%  — —
2 . ; ossible Source distribution with b2 =2 GeV? =
g . . incoherent P T
=2 e o ) oo R0 000 g Jldt =10 fbrl/a o cohement - no saturation
& r ; .::, suppress 10° Bt 1<0? <10 GaVE o incoherent - no saturation
_: oL W~ ~ i Eﬂ x<0.01 | n Foher.r:nt-saturatioribeaSt)
.i % ¥y bv detec“ng — 04_-13 g}f(:de:q;);:t;&wc + incoherent - saturation (bSat)
@ C ! > 10 5%
t r @ E
< 1E : 0] C "o
: c = 10? 30" ppppocooncon,
= . § ;
T = J,h.IJ T 107
i 2 g
=] NI I NS A N ' '; = =0 Y o ™
10502 004 .06 008 0.1 012 014 0.16 0.18 - . = b Sensitive to
11l (GeV?) L ", n-bdf” ) saturation effects!
Coherent requires forward scattered 3 F - "’uﬂ i
nucleus needs to stay intact 10 g @ *H'Vﬁ
9Vetobreakupthroughneutron 10-2_|||||||||||||||||||||||||||||||||||

detection

24 September 2019

July 15, 2021
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S. Fazio (BNL)

slide by Fazio
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3D structure of the nucleon

« How are quarks and gluons
confined inside the nucleon?

« Bag model

e gluon radius > charged radius

« Constituent quark model
e gluon radius ~ charged radius

« Lattice gauge
moving quarks

Bheory (with slow

« gluon radius < charged radius

 Need measurement of
transverse images of the
quarks and gluons in the

nucleon

* Proton tomography with GPD
measurement

e R = O.§— 0.7 fm for gluon

HERA) an
COMPASS

sea quark

« Smaller than 0.85 fm with EM

Interaction

July 15, 2021

Static
Bagmodel 7 _

Bag|

o 4

Constituent .~ D
N

quark model =

R F Wi

Lattice gauge
theory

High Energy

W

o
L HERA —>

| ® this work: COMPASS

B (GeV/c)?
[e)]

COMPASS

(@%)=. 1.8 (GeVicf |

|
(rt) (fm?)

b 1

—0.2

[ W ZEUS: JHEP0S05(2000)108  (Q%)= 32 (GeVic}
L2 M Eur Phys. C44 (2008) 1 Egziz ;g:gzx;z; __0'1
oL _m AT, Phys. Lot Bee1 2009) 01 (@%) =10.0 (GeVicy
107 10° 102 107"
Xg /2



Physics at zero degree of EIC

« \Very forward proton acceptance for DVCS
exclusive measurement

Measurement Physics observable (cross-section vs impact parameter)
DVCS - 20 GeV x 250 GeV - 101 DVCS - 20 GeV x 250 GeV - 10f0”
% T4
2 Plots from BN Requi i
5t EIC White Paper: £ | equirement:
3 N % og JL,=10fb!
N 4\ 0.18 <p, (GeV) < 1.3
: | fourler > .t 0.03 < |t| (GeV)< 1.6
oF — £ \
02 04 06 O IG 1.2 IglﬂGs:; % ! a2 o4 0!5 ! Iﬂ 1 E]Z__'[fm]
“%m‘ "E 1
S = . . o
8 L limited = Uncertainty in normalization
%m ~ lower “"o JL,.=10fb-!
pr-acceptance 0.44 < p(GeV) < 1.3
) 1oz 1.?" é:va Y%z "ola B T I;Ji[fm]
2w i iced Uncertainty in slope and shape
= imite -
:Emf higher J.Lint_ I Ofb-l
| pr-acceptance 0.18 < pr (GeV) < 0.8
We need a proton spectrometer
U [T T N 1.?“ [;esvz 7 S TR Eﬁz[fm] With Iarge acceptance!

July 15, 2021 shown by Fazio & Jentsch -



ALICE FoCal-E

mini-FoCal at PS and SPS (201 8) ’

= ‘1L "__ 1 Y. Minato
€y - 'EEE % F Yoko Minato
5PS 250 Ga Rescnstructed by MiniFecsl = 221 Beam Energy: 150 GV |
E — - " * 1
Baam Esargy: 150,250 Gav g apl- paticle: 6 -
a0 PG 155 CaV - E"SE 30
FoOARE =lE 08N f! ﬂ“‘::':::w E; F |
15l Bz 508z zacar | b iane E 16:_ '
‘ 14
[ F ++ -
12 g
- t - | LI |
L 10 |
“ ! 5 & & G &
i |I i ] 8 : |
5 i Il 6F 2 |
L . F LI . |
I i . £ +T 4
iileiis |.|I Livoalalbaslonyild 2:_ . L i
50 100 150 200 250 300 Gﬁ F I
anrw mm"q ﬂ-'|+| 11 | 111 | L1l I 111 I':ll 1 |2| 11 | | i Illﬁl 11 | 111 I 1l
4 ]
AE/E=36% . depth(x )

@ 150 GeV/c , e (SPS)

5 “mini-FoCal™ has been built in
Tsukuba, and shipped to CERN for
! test beam and ALICE test in 2018
¢ APV 25 hybrid + SRS for readout

Module design approaching final geomes
b 3 PAD.sensors, 8x8 pads.each’.’ §
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LHC beam pipe
i SALIC??

SRS

J;!-m;Eal

-

ALICE FoCal-E

mini

11

%

system under the table

Goal: measure/verify backgrounds in situ
with p+p @ Vs = 13 TeV collisions in ALICE

* Calibration based on test beam
* Comparison to MC (cluster spectrum, slid lines)

no peak

B

antries
C‘.||||||||||

War-Focal dat:
—— Fod paks Anaiysis Cuts:

JERmrr—— s R ]
Energy = 35 GeV

o

July 15, 2021

. N. Novitzky

normalized entries
o

—
<

FoCal in ALICE (2018)

Hit Map of mini-FoCal in ALICE

Layer2

Cluster spectrum

102

Cluster multiplicity:

« full acceptance
37<n<39
39<n<4.1
41<n<43

43<n<45

il L

L 1 1 b
10000 20000 30000
ADC sum

9

Acceptance
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ALICE FoCal

1. New silicon pad sensor for final FoCal

FD

M

Omm

Baby 1

Almost final version

N,

i
i
!

as of Aug. 19, 2020

64
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ALICE FoCal

« RIKEN participation in FoCal

« FoCal-E pad readout and trigger development
e Test beam

« Participants
 Yuji Goto (scientist): 0.25 FTE
e |taru Nakagawa (scientist): 0.25 FTE
« Minho Kim (new postdoc from Oct. 2020): 1 FTE

« Budgetary contribution
« Additional FoCal-E pad sensors in 2020-2021

« Student support for Japanese & non-Japanese
universities

« Tsukuba U.
* Travel support for visiting staffs

July 15, 2021

65



ALICE FoCal

« We'd like to build approx. 10cm x 20cm
prototype FoCal-E detector to be used at

RHIC/sPHENIX in 2024

« Approx. size of 10cm x 20cm
* Located at zero degree, in front of ZDC

« Measurement of photon, pi0, and neutron cross
section and left-right asymmetry in polarized p+p
and p+A collisions

e Construction in 2022-2023 by RIKEN budget

« We’'ll need appropriate contract with FoCal group
for technology transfer and purchase

e In 2023, we may consider prototype test at
RHIC/sPHENIX in A+A collisions

66
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ALICE-FoCal

FoCal - main components

" " FoCal

1700

1100

Hcal

Pads and Pixel Layers

HCal: ~2K channels

Pads

1) Total number of modules: 11 x 2 = 22 modules
2) Total number of Pad layers: 22 x 18 = 396 layers
3) Total number of towers: 22 x 5 =110 towers

4) Total number of silicon sensors: 396 x 5 = 1,980 sensors
5) Total number of readout ch.: (8 x 9) x 1,980 = 142,560 ch

3

+396 FEE PCB, 180 aggregator boards, 8 CRU

Timescale till Run-4

8

Production, construction, test of module
Pre-assembly, calibration with test beam
Installation and commissioning

Physics data taking

2013 (2020 2021

Q4 [Q1 Q203 Q4|01 Q203 04
LHC Ls2
Lol
R&D
Test beam
TDR I
Final design

2022
Q1 Q2 Q3 Q4

2023 2024
Q1Q2 03 Q4Q1 Q2 Q3 Q4

2025
Q10203 04

2026
Q1 Q2 03 Q4

2027
Q1 Q2 Q3 Q4]

Ls3

July 15, 2021
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ALICE FoCal

ALICE FoCal upgrade for LHC-Run4 (2027-)

FoCal-E (PAD & PIXEL): high-granularity Si-
W sampling calorimeter for photons and m°

FoCal-H: conventional Cu-Sc sampling

~_FoCal-E
calorimeter for photon isolation and jets

3.2<n<5.38
(baseline design @ 7m)

Observables:

10 (and other neutral mesons)
Isolated photons

Jets (and di-jets)

J/ (Y) in UPC

W, Z maybe possible

Event plane and centrality
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ALICE-FoCal

: 18
4. Timescale and cost
Pad (short term, 2020-2021)
2020 2021

ComponenDescription Taget |QLlQ20Q3 Q4(/Q01Q2 Q3 Q4
Pad 01 Silicon sensor design Q1,20
Pad 01 New mask for silicon sensor Qz/20
Pad 01 Test production 04/20
Pad 02 Prototype hoard design 02420
Pad 02 Test board production 03/20
Pad 02 Test board assembly Q4,20
Pad 02 Firmware for readout 04/20
Pad 02 |Integration and module test Q4/20 [PM] : Prototype Module
Pad 02 ELPH beam test 01/21
Pad 03 |Conceptual design mechanics and cooling 01/20 Pad 01 sensor specification
Pad 03 |Cooling test for readout board Qa/20 Pad 02 readout board design (and connection)
Pad03 |Materials for PM available 20 Pad 03 module mechanical design and cooling
Pad 04 LV power infrastructure conceptual design 03/21 .. .: tad 04 LV power infrastracture
Pad 05 |HV prototype qualification for PM Q3/20 Pad 05 HV for sensors
Pad 05 HV infrastructure conceptual design Q3/21 ._ Pad 06 QA performance, componets and system test
Pad 07 Readout receiver/ FLP prototype 04/20 Pad 07 FLP/EPN connactions and software

CERN test beam Qz/21 Pad0s DCS/controls

TDR 03/21

Final design 04,21
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ALICE-FoCal

« For RHICf upgrade (2022 or 2024)
e Space restriction at RHICT

 FoCal prototype with new readout scheme for RHICt?

 Readout electronics integration to sPHENIX
electronics & DAQ system

Module: 18 layers of Pad + 2 layers of MAPS

Layer: 5 silicon sensors side by side with PCB

9 cm x 5 sensors = 45 cm (5 tower design)

=]
Pawer Pawer Powsr Powsr Power Power
Supply Of Supply Al Suaply O Supaly A [Supply D Supply & Supply C | Supply A [Sup ply D Supply &)
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ZDC at LHC

Dependence on ATLAS/CMS ZDC

We may incorporate rad hard fused silica
developed for LHC forward detectors.

These fibers are already tested at higher doses
than we expect to see at EIC.

LHC group also has done significant work on

calibrating Fluka dose simulations and we can
benefit from this.

LHC group planning new test beam campaign
when Covid permits. This will help calibrate
simulations.
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Detector requirements

- TOPSIDE / CALICE .

* Imaging calorimeter
» Improving e/h with <
software compensation .

« EIC HCal R&D

i i
RN | ]
HERRE

shown

« Improving e/h with timing v Repond
y Repon

120 GeV proton in DHCAL

(dual-gate offline
compensation)

* Energy resolution better

than ~40%/NE (GeV) +
few% is challenging

« ALICE FoCal

shown
by Tsai
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Simulation studies

e Collaboration with BeAGLE group (eRD17) and
calorimeter consortium (eRD1)

« ALICE FoCal geometry included in Geant4 (gde
framework)

e Soft photon detection
« Acceptance & efficiency
e Detector simulation & evaluation
 Effect for downstream calorimeter (resolution, pID)

« EM + hadron calorimeter

e Detector simulation
« EM + hadron configuration & evaluation
 Energy & position resolution
- Leakage (size), e/h (technology)
e Calibration system evaluation
* Physics simulation
e Evaluation for spectrum measurement

e Radiation dose

July 15, 2021
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Calorimeter Consortium

Crystals in EMCal: PbWO,

e Crystal calorimeter
« PWO

* For soft photon
detection < 300 MeV

Full absorption

e Glass scintillator
e Radiation hard

July 15, 2021

Slide by
T. Horn

U PbWO, material of choice for many EMCals — high density, fast response, large
and granular solid angle, etc., but also limitations, e.g. hadron radiation damage

S| PbWO, light yield

P D R R T R M i
5 o
g o
3 — _—
f=
2
S T = =) io
2 Toormss Jios o
R
=
£
H
Z.

temperature

=
o Pioaneme| s e dependence: 2%/°C
‘NM\

—reeatcd gamma ivadiatian (159671

elonath | nm

Glass Scintillator — optical and radiation hardness

O Glass scintillators being developed at VSL/CUA/Scintilex
» Optical properties comparable or better than PbWQ,

» Preliminary tests on radiation damage look promising

» Ongoing optimization work

Transmittance

a0 soo enn
Wavelength (nm)

Light Yield

Scintilex samples

Radiation Hardness

& T

500

400

Red: after irradiation with
1000 Gy at IPN-Orsay

500 &0 700 500
Wiavelength [nrr]

Parameter I

Luminescence (nm)

35

16 23

11
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Draft Timeline for Written Instruments

Quarter and
FY

[ 102020

2Q2021 Project Annex in place, SOl and support letter
as needed

_ 4Q2022 MOUs or Project Planning Document in place
Critical
Decision
3Q2030 MOUs for operations
4Q2032

EﬁPAEHWREEFY g(f}?::cc;f EIC User Group User Meeting July 15, 2020 20
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EIC Schedule

FY19  FY20 FY2| FY22 FY23  FY24  FY25 FY26  FY27 FY28 FY29 FY30  FY3l FY32  FY33

Critical XCD-0(A) 3CD- CD-4a  XECD-4
ritica Dec 2019 Mar 2021 Sep 2022 Y Sep 2023 Approve start Approve proj.
Decisions of operations completion
Sep 2030 Jun 2032
N\ A
Acceley|'ator Research & De\;elopment ﬁEaﬂy D-4a i?Early D4
Completion Completion
Research & Systems | , Mar 2029 Jim 3031
Development ‘
Detector | Research & Development
T
Concep.
Jan 20 Des Mar 21
Infrastructure  Apr 21 Sep 23
‘ !
Accelerator Apr 21 ‘
Systems P : : Sep 24
' |
Detector Apr 2| Sep 25
T
Infrastructure Conventional Construction
| l ! l
Construction | :
. Accelerator | procyrement, Fabrication, Installation & Test [ZZZZZZA Full RF Power Buildout
& Installation Systems : ‘ ] ]
Detector | Procurement, Fabrication, Installation & Test L 7777777
1 |
| |
Accelerator | = iss. & Pre.O v/ //// /) Full RF Power Buildout
Commissioning Systems Ommlyss' e I i | v/ 7
& Pre-Ops -
oucr [T /)0
| f 1
Data Level 0 Critical 7/ Schedule
) il - el i Fhiyse Date Milestones Path A Contingency
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Critical
Decisions

FYI9

EIC Schedule

FY20  FY2I FY22 F

Y23  FY24

FY25

FY26

FY27  FY28

FY29

FY30

FY3l  FY32  FY33

Research &
Development

Construction
& Installation

Commissioning
& Pre-Ops

Key

3K DY 3<CD-4a CD-4
CD-0(A) | CD-I cD2 | cD3 ST S
- - - - o] OPEI"B Ions comp etion
Dec 2019 June 2021 Jan2023 | Mar 2024 Jul‘203| Jul 2033
| | A A
| g v
Accglerator Research & Development — Early CD-4a Early CD-4
ystems Completion Completion
[ 1 f l Jul2030  Jul 2031
Detector | Research & Development
Concep.
Des.
Infrastructure
| I
Accelerator |
Systems
‘ [
Detector |
Infrastructure ’——l Conventional Construction L
f T [ | [ [ | LA
ACCE;‘:;;’:;’; Procurement, Fabrication, Installation & Test % AAAJFF“” RF Power Buildout
| \ [ | \
Detector Procurement, Fabrication, Installation & Test I | 7777
\ ]
Accelerator i L/ / / /| Full RF Power Buildout
Systems Commiss. & Pre-|Ops ] 777777
Commiss. [,
Dletector [ & Pre-Ops %
\ I |
Data Level O Critical 7/ Schedule
(A) Actual - Completed Planned Date Milestones Path // Contingency
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