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Motivations

 We're proposing EIC detector R&D for position
sensitive ZDC.

* |t serves critical roles for a number of important physics
topics at EIC.

e ALICE-FoCal is one promising technology.

* We're discussing RHICf upgrade.

e ALICE-FoCal prototype detector would be one promising
choice to be used in the next RHICf experiment in a
timely manner.
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EIC detector R&D for position sensitive ZDC

e Letter of intent submitted in January

e Japanese group
e RIKEN, Nagoya Univ., ICRR, Kobe Univ., Tsukuba Univ., Tokyo Tech., Nihon Univ., Yamagata Univ., JAEA
* US group

e BNL, Univ. of Kansas

e Proposal to be submitted in July

e Discussing with

e Participants in Joint CFNS & RBRC workshop on “Physics and detector requirements at
zero-degree of colliders”

e Stony Brook Univ.
* Follow-up meeting to be held

e | e I —

rkshop on Physics and Detector Requir@hie
at Zero-Degree of Colliders = | September 24-26, 2019
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EIC detector R&D for position sensitive ZDC

e Full-absorption photon detector
e Crystal scintillators

e Prototype study of ZDC with position sensitivity

e EM + Hadron calorimeters
e ALICE-FoCal / RHICf technology / ...

e Radiation hardness study for new technology
 Plastic scintillators

February 10, 2020



Physics topics at EIC zero degree

Diffractive process in e + A collisions

e Breakup of the excited nucleus
e Exclusive vector meson production

e Event-by-event characterization of collision geometry
e Study of nuclear medium effects

Spectator tagging in e + d / 3He collisions

e Neutron structure
e Spinstructure, S & D waves

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

e Leading baryons

e Asymmetries at zero degree

e Spectroscopy

Isotope tagging for nuclear fragments

Relation to cosmic-ray physics
e Understanding hadronization
e Cosmic-ray acceleration in blazars
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Physics at zero degree of EIC

One Pion Exchange (OPE)

° Leadlng baryons Fragmentation .
* Fragmentation
e One pion exchange (OPE) =
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ZDC requirements

e Position resolution
e 1 cm position resolution — 300 urad angular resolution
* — 30 MeV p;resolution for 100 GeV spectator neutron

e Energy resolution
e Minimum requirement AE/E = 50%/VE (GeV)
e — 50 MeV p;resolution for 100 GeV spectator neutron

e Position layers (or Shower Max Detector)

| Plasticfiber | Crystal bar | Quartzfiber | Silicon __

Source Scintillation Cherenkov
Signal good good weak good
Rad Hardness poor OK excellent OK
Cost S SS SS SSS
Position
Resolution good good poor best
Large OK position OK OK
acceptance dependent
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RHICf upgrade
e RHICf physics

e Cosmic ray / neutrino physics
e Shower evolution

e Very forward asymmetries of neutron, n°, ...

e RHICf upgrade
e p + Light-A and/or Light-A + Light-A collisions
K% at zero degree

e As wide acceptance as possible
e 2022 run at STAR and/or 2024 run at sPHENIX / STAR
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ALICE-FoCal
e 2020.1.14 ALICE internal review @ CERN

FoCal
e active R&D since ~2010

e proposed as an ALICE upgrade for LS3

e first version of Lol public

some updates during this review

e potential submission to LHCC in February

review as input for decision taking in ALICE

e if approved by ALICE and endorsed by LHCC

preparation of TDR by end of 2021

February 10, 2020



ALICE-FoCal

FoCal - main components

et 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
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ALICE-FoCal
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?
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ALICE-FoCal

@ 150 GeV/c , e (SPS)

B

Pads connected to flex__F'

= “mini-FoCal” has been built in
Tsukuba, and shipped to CERN for
| test beam and ALICE test in 2018 j s B IR hag m SICRISUAE stag il
VAR O TR T ST T Sl Mo dule design approaching final geomes
A 3 PAD. sensors,.8x8 pads.each’.’

g
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ALICE-FoCal

| | | | | g
mini-FoCal in ALICE (2018)
e 1] Acceptance
. ' - lL_' Hit Map of mini-FoCal in ALICE P
+ mlth_ al
LHC beam pipe
@ ALICE P2 %
= 5 K -
o il S
Cluster spectrum T
SRS system under the table : | —tet
) . . Cluster multiplicity: e
Goal: measure/verify backgrounds in situ o 107 . full acceptance
with p+p @ Vs = 13 TeV collisions in ALICE 2 [ 3 2;::} -
N c10%F ¢ ' ‘
* Calibration based on test beam o E 3 :';“”l “j'g
* Comparison to MC (cluster spectrum, slid lines) B 1oL sEn=t
n’ peak N .
. : [+ Y
i Miri-Focal data: . E 10
o - - —— Fnd pais Analysis Cuts: = %
BN s e L4 o
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Bam | C 1
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L N. Novitzk
s o8 ' Y ADC sum
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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 .. .: Pad 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 teet beam Qz/21 Pados DCS/controls

TDR 03/21

Final design 04,21

February 10, 2020 14



ALICE-FoCal

e For RHICf upgrade (2022 or 2024)

e Space restriction at RHICf
e FoCal prototype with new readout scheme for RHICf?

e 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) |

Supoly D) Supply A Sugiply O iSupaly A (Supply D) Supply & Supply [ [Supply A [Sup ply D Supply A

February 10, 2020 15



ZDC at LHC
THE CURRENT ATLAS & CMS ZDCs

* ATLAS & CMS ZDC

e W-quartz sampling calorimeter

ERE

ATLAS

EXPERIMENT

m

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

I » W - quartz sampling calorimeters
| l » ATLAS: EM + 3 Hadronic modules

See talk by

E. Adams » CMS: EM + 4 Hadronic modules

Tusgutan pin R =

RICCARDO LONGO & 26/09/2019

L]
e JZCaP collaboration
MOTIVATION - RADIATION DAMAGE
1A h de duri i f the beam line.
e ATLAS + CMS joint R&D effort e st for th 3o o T 30 T8 ) g 20 e o
» TAXN ~ 15 m closer to the interaction point compared to TAN.

° R d . . h d f d . I . d » Radiation levels will further increase.

a I a t I O n - a r u S e S I I Ca ro S Current ZDC rods (GE 214 fused quartz) » Hardening the detector for pp running

1 - allows flexibility in installation to
] ° W Irradiat d ial (e.g. ,

* Increasing H, concentration DTl 0 e e e

of pp running

HL-LHC pp dose map (TAXN region - 1year)

» Fused quartz with high level of impurities
inadequate for any pp running and damaged
during PbPb running.

RICCARDO LONGO 8 26/09/2019
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RHICf experiment

e EM calorimeter (RHICf detector) installed in front of

the ZDC+SMD of the STAR experiment

e Cross section and asymmetry measurement of neutral
particle production (neutron, photon, ©°) with s =510
GeV polarized proton collisions

* Wide p;region covered by changing the position of the
RHICf detector vertically (up to 1.2 GeV/c)

* Much higher position resolution than ZDC+SMD so that
enable us higher resolution of p measurement

Dipole
Beam pipe STAR
y 13m g L‘ Beam particle
(black solid)
al 1
particles /

ZDC | sy | RH|Cf ZDC

Elastic scattering|  p,; Pot

(black dashed)
February 10, 2020
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RHICf detector

e Two position-sensitive sampling
calorimeters
e TS (small tower): 20mm x 20mm
e TL (large tower): 40mm x 40mm
e Tungsten absorber (44 X,, 1.6 A,,)
e 16 GSO sampling layers

e 4 XY pairs of GSO-bar position layers
(MAPMT readout)

Sampling [ GSO-plaie
Position [ GSO-bar hodoscope
Absorber [ Tungsien

February10;,202




Discussions for ALICE-FoCal

e For RHICf upgrade (2024)

e Space restriction at RHICf
e Possible new mini-FoCal with new readout scheme for RHICf?

e Readout electronics integration to sPHENIX electronics &
DAQ system

e For ZDC at EIC

e EM + Hadron calorimeters
* e.g. 60cm x 60cm

February 10, 2020 20



Gluon saturation at extreme density

 Diffractive process in e + A collision
e Rapidity gap & coherent (nucleus remains intact)

e Diffractive cross section
e First evidence for gluon saturation

e Exclusive vector meson production
ce+Au— e +AU +J/y, ¢, p

1.8

1.6
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N o
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Q2 =5 GeV?
X=1x103

saturation model

[ Ldt=11fb1/A

shadowing model (LTS)

M2 (GeV?)

10

Ratio of coherent diffractive cross sections

for DIS on gold to DIS on proton

© o o
o

OO

o
o

.b
TT T T

o
T

e +p(Au)— e + p'(Au) + V

Coherent events only
Ce fLdt =10 f5"/A
= %l X < 0.01

Jhyno saturanon

F n (bSat

£ Jhy saturatio )

nsatufaﬂon (bSa ) “l.....llllllll.
_lll'“...

Experimental Cuts:

C |T|(Vdecay pmducts)l <4

— P(Vdecay products) > 1 GeV/c
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Gluon saturation at extreme density

e Exclusive vector meson production
e Momentum transfer t dependence translated to the
transverse spatial distribution of gluons in the nucleus
* Incoherent process (nucleus breaks up)
e Spatial density fluctuation in nucleus
* Much larger than the coherent process
e Coherent process (nucleus remains intact)

e Sensitive to the gluon saturation
e |dentify & veto breakup of the excited nucleus

. Jhp —=e'e” 15 GeV on 100 GeV 10° p— KK~ 15 GeV on 100 GeV
J/\Ij 10 JLdt = 10/A fo! (I) fLdt = 10/A fb!
o coherent - no saturation 0 coherent - no saturation

o @ incoherent - no saturation — 10 © incoherent - no saturation

> 10° o ® coherent - saturation (bSat) N> no ® coherent - saturation (bSat)

8 s ® incoherent - saturation (bSat) 8 "n ¢ incoherent - saturation (bSat)
1

re] o = qpipeToo

£ 102 00 f:' 0 . SJEE;:W%
EE B%W: s " _,—u»‘l. Mﬂﬁu
j% ; (=] lnCOherent ‘g’ g .. a *WH"".M. *-e ""'i-‘ﬂ"ﬂ
2 10 . 2 0

o * L] [ 10 =] A

| g herent ‘ U

L #? coheren 3 o o o898 %00

s 844 % 1F “am o .

,_,: +* [ E "" Ao - Bz

o 1<% <10 GeV2, x <0.01 ? © - 1<Q? <10 GeV?, x<0.01 .

10" (e gecay) < 4 10 K gocay) <4 40°
(e‘j ,)>1Gev2 % E P(Koocay) > 1 GeV?
Bt = 5% - ottt =5%
\IIIIIIII\IIIIIIIIlIIIIIII|III|III IIIIII‘IIIIIIIlI\\IIIIIIIIlIIIIIII

-2 -2
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e + A collision at zero degree

e Breakup of the excited nucleus

e 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 t range

e Event-by-event characterization of collision geometry

* Tagged through forward neutron multiplicities at zero degree
b: impact parameter
d: path length of struck parton in nucleus
“centrality” (high d) & “skin” (low d)
Study of nuclear medium effects

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

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

February 10, 2020 N“
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e + d/3He collision at zero degree

e Spectator tagging
* Neutron structure
 Neutron spin structure, S & D waves

* Nucleon interactions

e 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

February 10, 2020
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Detector performance requirements

e Photon detection

e To identify the nuclear excitation states in addition to
the neutron detection

 Photon energy < 300 MeV

e Full absorption calorimeter, e.g. crystal calorimeter
« PbWO,

* Xp=8.9mm,r,=2.2cm, t=25nsec
e 5% resolution at 300 MeV
e LYSO
* Xo=11.4mm, r,=2.1cm, T =40 nsec
e 2.6% resolution at 300 MeV (SuperB prototype)

February 10, 2020 25



ZDC requirements

* Acceptance
e 25 mrad crossing angle for EIC at BNL
e Forward magnet aperture 4 mrad opening angle for ZDC

e Sufficient transverse size to avoid transverse leakage

e ~2 interaction length
* e.g.60cm x 60cm

IR 40 m

v ¥

1250 4

1500

-
-

100N 4
Closest Large Aperture,
High Field Quadrupole

\
v
'l
750 4 - A
] e eter t ZDC
E ipole ;"% Q
= 250 1 BOPH (or

= 0

500 1 Forward Side

10 20 40 40 3l Gl

IR design of EIC at BNL
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Other physics
e Asymmetries at zero degree
e Leading baryons
e Spectroscopy
* |sotope tagging for nuclear fragments

e Relation to cosmic-ray physics
e Understanding hadronization
e Cosmic-ray acceleration in blazars

February 10, 2020
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Detector performance requirements

e Radiation hardness

* ~O(100k — 1IMGy) or n,, = 3x10** - 10"’ for 1-year
operation

* n,, > 10" for lifetime
e Silicon and LYSO should be OK for the dose

e Plastic scintillators?

e Very good resolution for hadrons
e Good e/h

e Some plastic like PEN stands for > 0.1 MGy radiation

February 10, 2020 28



Collaborators

* Japanese group
e RIKEN, Nagoya Univ., ICRR, Kobe Univ., Tsukuba Univ., Tokyo
Tech., Nihon Univ., Yamagata Univ., JAEA
e US group

e BNL, Univ. of Kansas

e Discussing with
e Participants in Joint CFNS & RBRC workshop on “Physics and
detector requirements at zero-degree of colliders”

e Follow-up meeting to be held

i||

rkshop on Physics and Detector Requireinent
at Zero-Degree of Colliders = | September 24-26, 2019
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Summary

* We'd like to propose EIC R&D of ZDC

e Full-absorption photon detector
e Crystal scintillators

* Prototype study of ZDC with position sensitivity

e EM + Hadron calorimeters
e ALICE-FoCal / RHICf technology / ...

e Radiation hardness study for new technology
e Plastic scintillators

e Physics at zero degree

e Diffractive process in e + A collision
* Breakup of the excited nucleus
e Event-by-event characterization of collision geometry

e Spectator taggin in e + d/3He collision

e Leading baryons and forward asymmetries at zero
degree

February 10, 2020
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ZDC at RHIC and EIC
* We’re proposing EIC R&D of ZDC

e Full-absorption photon detector
e Crystal scintillators

e Prototype study of ZDC with position sensitivity

e EM + Hadron calorimeters
e ALICE-FoCal / RHICf technology

e Radiation hardness study for new technology
e Plastic scintillators

 We also want RHICf calorimeter upgrade

e RHICf = LHCf at RHIC
e 2017 at STAR
e 2022 at STAR and/or 2024 at sPHENIX

 We want to discuss ALICE-FoCal technology
e To be applied for EIC R&D and RHICf upgrade

February 10, 2020
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EIC status

e Critical Decision-0 “Approved Mission Need” for the EIC on
December 19, 2019

e Selection of Brookhaven National Laboratory as the site for the
EIC on January 9, 2020

202011413 U.5. Department of Energy Selects Brookhaven Mational Laboratory to Host Major New Nuclear Physics Faciity | Department of En... 202001713 Department of Enengy Selects Site for Electron-lon Collider | BNL Newsroom

Contact: Karen McNulty Walsh, (631) 344-2350, or Peter Genzer, (621) 344-3174

Department of Energy Selects Site for Electron-lon Collider

New facility to be located at Brookhaven Lab will allow scientists from across the nation
and around the globe to peer inside protons and atomic nuclei to reveal secrets of the
strongest force in nature

January 10, 2020

Horme » LS. Department of Energy Selects Brookhaven National Laboratory to Host Major New Nuclear Physics
Facility

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

major new nuclear physics research facility

The Electron lon Collider (EIC), to be designed and constructed over ten years at an

estimated cost between $1.6 and $2.6 billion, will smash electrons into protons and

Electrons will collide with protons or larger atomic nuckei at the Electron-lon Callider to produce dynamic 3-D snapshots of the building
blocks of all visible matter.

heavier atomic nuclei in an effort to penetrate the mysteries of the “strong force”

that binds the atomic nucleus together. UPTON, NY— Yesterday, the U.S. Depariment of Energy (DOE) named Brookhaven National Laboratory on Long

Island in New York as the site for building an Electron-lon Collider (EIC), a one-of-a-kind nuclear physics research
"The EIC promises to keep America in the forefront of nuclear physics research and facility. This announcement, following DOE’s approval of “mission need” {(known as Critical Decision 0) on Decembel
particle accelerator technology, critical components of overall U.S. leadership in 19, 2019, enables work to begin on R&D and the conceptual design for this next-generation collider at Brookhaven

L

science,” said U.S. Secretary of Energy Dan Brouillette. "This facility will deepen our Lab.
understanding of nature and is expected to be the source of insights ultimately "The EIC promises to keep America in the forefront of nuclear physics research and particle technology,
lomdime +m mmss kb nalacde ned fnmaone wimem critical comnonents of overall L 8 leadershin in science " said L1 S Secretary of Fnary Dan Rrouillette “This facilit
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EIC - Electron lon Collider

 Electron + proton / light-ion collision
e Polarized beam: e, p, d/3He
* High luminosity: L, ~ 10°*3* cm™s, 100-1000 times HERA
« Collision energy: s = 20 — 100 (140) GeV

e Electron + heavy-ion collision
e Wide range in nuclei
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EIC physics

e Spin and flavor structure of
the nucleons and nuclei

e How does the spin of the

nucleon arise?

e Parton distribution function
(PDF) of quarks and gluons

e Significant improvement of
precision of the polarized PDF

at EIC, especially gluon
polarization

e 3D picture of the nucleons

and nuclei

e How does the mass of the
nucleon arise?

e Generalized parton
distribution (GPD) function

Unpolarlzed PDF

NNPDF3 0 (NNLO}
xf(xu2=10 GeV?) ;

GPD

Distribution of gluons

 New picture to be established

at EIC

February 10, 2020
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EIC physics

e Gluon saturation at extreme density

e What are the emergent properties of
dense system of gluons?

e Diffractive cross section

e 10-

15% diffractive at HERA e+p

e 25-30% diffractive predicted by Color

184
16}
14|
1.2

081
0.6F
0.4F [Ldt=11fb/A

Fraction of diffractive events
in eAu over that in ep

Wiy
h S%fazjo
n

L L A

Without Saturation

Glass Condensate (CGC) at EIC e+A 0| G2=5Gev2
T ox=1x108
° ° ° 0 [ I I L1l Lil
» Diffractive vector meson production o 1 0
. Mass squared of produced
e () meson sensitive to the gluon hadrons, M2 (GeV?)
saturation
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EIC physics at zero degree

e e+A collision geometry

* Exclusive vector meson production
in diffractive process

e Coherence requires forward scattered o34
nucleus to stay intact

e \eto breakup through neutron
detection

e Event-by-event characterization of
collision geometry

e b:impact parameter & d: path length
e “Centrality” (high d) & “Skin” (low d)

e Spectator tagging in e+d/3He
e Neutron structure
* Neutron spin structure, S & D waves
* Nucleon interactions

e Short-range correlation (SRC) and
EMC effect at large x

e Diffraction and shadowing at small x

e Leading baryons and very forward
asymmetries

Intra-nuclear cascading
increases with d (forward
? particle production)

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

High—energy
process

Forward ROMan pot
spectator
C

etected Z D C
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Detector performance requirements for EIC

e Photon detection

* To identify the nuclear excitation states in addition to the
neutron detection

 Photon energy < 300 MeV

. FL\JAI/ISbsc))rption calorimeter, e.g. crystal calorimeter (LYSO,
PWO, ...

e /DC

* Acceptance

e 25 mrad crossing angle for EIC at BNL (aka eRHIC)

* Forward magnet aperture £4 mrad opening angle for ZDC
e Position resolution

e 1 cm position resolution — 300 prad angular resolution

e — 30 MeV p;resolution for 100 GeV spectator neutron

e Energy resolution
* Minimum requirement AE/E = 50%/\E (GeV)
e — 50 MeV p;resolution for 100 GeV spectator neutron
e Radiation hardness
* 100k — 1MGy or n, = 3x10'* — 10" for 1-year operation
* Ny, > 10 for lifetime

February 10, 2020
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A, of very forward 1°

* prdependence
 Large asymmetry (up to 0.1) even at low p; (p;< 0.6 GeV/c)
e Becoming larger (more than 0.1) at high p; (0.6 GeV/c < p;)

<20.3: RHIG! Prefiminary Data analysis has been performed
0.25F p'+p — n'+X at Vs = 510 GeV by Minho Kim (Korea Univ.)
C 6<1
0.2 N m Background asymmetry (measured,
- . <XF< . .
0.15F - 04<x.<06 zero consistent) subtracted
-+ 06<x.<1.0
0.1 ¥ E} Bar: statistical error
C 0 i )
0.05F @ ! Box: systematic uncertainties
3 including beam center correction,
o1
: acceptance correction,
_0'055_ polarization, and background
N AC | | | | i
0.1 0.3 0.4 06 asymmetry subtraction
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A, of very forward 1°

* X dependence
* Ay~0atp;<0.09 GeV/c
e Ay >0at0.09 GeV/c < p;and rising with x;

z025————F——— | ]

< _ RHICf Preliminary i

- pl+p = n%+Xat s =510 GeV (6 < 1) i

0.2 —

i 0.00 < p_<0.09 GeV/c :

i 0.09 <p_<0.17 GeV/c :

015 . 0.17 <p_<0.36 GeV/c ]

. e 0.36< p, <0.59 GeVic [B i

0.1 ¢ 0.59<p_<1.00GeV/c B ]

i [ﬂ 7 |

0.05 E}] .

- []r] ] i

S S S -

_ B | \ | | | | | | |
0'050 0.2 0.4 0.6 0.8

Xg
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Discussions for ALICE-FoCal

e For RHICf upgrade (2022 and/or 2024)

e Space restriction at RHICf
e Possible new mini-FoCal with new readout scheme for RHICf?

e Readout electronics integration to STAR and/or sPHENIX
electronics & DAQ system

e Pad and/or pixel
e 1% identification
e Schedule?

e For ZDC at EIC

e EM + Hadron calorimeters
* e.g. 60cm x 60cm

e For ALICE-FoCal

 What would be contribution or deliverable from RIKEN if
RIKEN participates?
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{P Joint CFNS & RBRC workshop

* Physics and detector requirements at zero-degree
of colliders

e 24-26 September 2019
e Stony BrookLJniersit

S I e X

Joint CFNS & RBRC Wor kshop on Physics and Detector Requirem ant
at Zero-Degree of CoIIiders AU September 24-26, 2019
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EIC - Electron lon Collider

e High-energy QCD frontier to
study nucleon (hadron) and eRHIC at BNL
nucleus (cold nuclear matter)
from quarks and gluons

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

e Wide (Q? x) region

e Electron + proton / light-ion
collision
e Polarized beam
e ¢, p,d/3He
e High luminosity
© L, ~1033%cm?s?
e 100-1000 times HERA

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

e Electron + heavy-ion collision
 Wide range in nuclei
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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

New Picture

Discovery

What are the
emergent properties
of dense systems of

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

Inside the Nuclei

e |nitial State of the QGP
* Hadronization

(Quark-Gluon Plasma)
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Quark-gluon structure

e 1-D picture
e Parton distribution function
(PDF) of quarks and gluons

e x: momentum fraction of
quarks and gluons

e Significant improvement of

precision of the polarized PDF

at EIC
e especially gluon polarization

e 3-D picture
e Generalized parton
distribution (GPD) function

e charge distribution

* magnetic-moment
distribution

e mass distribution
e Comparison of radii (R)

 New picture to be established
at EIC

February 10, 2020
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Tomography of the nucleon / nucleus

e EIC = color dipole microscope
e Exclusive process and diffractive process

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

Y o

Electron
scattering

Nucleon
Nucleus

GPDs J.+£/§e %\1_._5

e GPD (Generalized Parton Distributic;n)
e Spatial imaging of gluons and quarks = tomography
e HERA: 1%t generation
e EIC: 2nd generation (high luminosity, heavy ion, polarization)
e Orbital angular momentum

e Ji'ssumrule 1 1/ 1
e Origin of the nucleon spin Jg = Ez Aq + z L, = E(j xdx(HT + Eq))
1 t—0
q q

February 10, 2020 - 45



Tomography of the nucleon / nucleus

Spatial distribution of sea quarks at EIC
* DVCS 100 fb! and corresponding density of
° Deeply virtual Compton scattering partons in the transverse plane
Unpolarized Polarized

(:.w» (;‘g‘mzsbx S am S e -_ - (a,gJ:(ao_‘;nmu_sc
° : x-dependence of spatial distribution
Meson prOd uction . of gluons to be obtained by the
* Gluon tomography by measuring J/v, exclusive J/y production at EIC
(I), p ) etC. 1 :sp:o::;:iwzs.mev!

e Precision measurement at large
radius with high luminosity

Iy, ¢,
p, etc.

Distribution of gluons

0.0016 < x < 0.0025 —\(* 008

" . 004

0 oz o4 05 08 1 (12 14 18 002
_ o

Y
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Physics at zero degree of EIC

* Very forward proton acceptance for DVCS exclusive
measurement

Measurement
DVCS - 20 GeV x 250 GeV - 10

Y

fri]

3

Ea]

(=18

=10

5

=

=

e
0l
1 1 4
02 04 0.6 a8 1 1.2 1.4 16
It GeV?

%

[T

Q

]

ﬁln'

- -

2

W

10

| |
0 DE 04 08 08 1 12 14 16

It GeV*®

3N

darfdltl Ehr'GaVz_

Rl =

P - alay P
0z 04 05 08 1 12 14 16

It GeV*®
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Plots from

EIC White Paper: &

1™
N

¥ ” >
{_transform

e

i ’
{7

limited
lower
pr-acceptance

limited
higher
pr-acceptance

shown by Fazio & Jentsch

Physics observable (cross-section vs impact parameter)

GxEF{xB b) Lf_m'z]

DVCS - 20 GeV x 250 GeV - 10f0”

PR TR

I
b ffm]

XgFlx,b) [fm”]

2 = B B

)

P - i
0.2 04 0. [¥:] 1 12
b [fm]

Requirement:
fL.=10fb!

0.18<p, (GeV) < 1.3
0.03 < |t| (GeVY)< 1.6

Uncertainty in normalization

fLye=10fbr!
0.44 < pr(GeV) < 1.3

Uncertainty in slope and shape
[ L= 10fb!
0.18 < pr (GeV) < 0.8

We need a proton spectrometer
with large acceptance!

47



Gluon saturation in e+A collisions

e Gluon emission mm%
e Divergence at small x

e Gluon recombination %
e Restriction of divergence
e Gluon saturation in balanced

* Based on classical idea of the
saturation

 First observation of a quantum
collective gluonic system

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

e Precision understanding of ke
nucleus with the quark-gluon =
picture necessary as the initial
state of the QGP for
understanding its production
mechanism

February 10, 2020
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Gluon saturation in e+A collisions

» Diffractive cross section Odif X [9(33, QQ)]Q
 Most sensitive way to study the

gluon saturation

e 10-15% diffractive at HERA e+p

e 25-30% diffractive predicted 1'8‘5\{‘#&%

by CGC at EIC e+A ol \%
1.22 "ratiy, .\

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

Fraction of diffractive events
in eAu over that in ep

P _ R ———
0.8
- .......___.____'_____._____.._.__.----'I """
k /L 0 0.6_—
| _ -1 e |
, My Setim Uloles Tiioril Without Saturation
T iak Q2=5G8V2
Large [ X = 1x1073
9ap Rapidity — ©. 5 .
p — Gap Mass squared of produced

hadrons, M2 (GeV?)
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3D structure of the nucleus

e Diffractive vector meson

production

e ¢ meson sensitive to the

gluon satu

ration

Jip —=e'e”

| S
S~
) <

r\Zlb- 103 o ® coherent - saturation (bSat)
8 a e incoherent - saturation (bSat)
‘_E" o
— [ o0
5 '8 ‘??ﬁ-“mm%m
= E a 900000000000
=
A . ] Incoherent
 F %
[ o . L o
. ;?f coherent
< E
o T 1<Q2<10 GeV? x <0.01
107E Inl(@gecgy) <4
F Plegecay) = 1 GeV?
- Btt=5%
10-2\IIIIIIlIIIIIIIIIII‘IIIIIII|III|III

15 GeV on 100 GeV

JLdt = 10/A fo!

0 coherent - no saturation
o incoherent - no saturation
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GPD studies with exclusive processes

Imaging the gluons in nuclei

Diffractive physics in eA

=> Measure spatial gluon distribution in nuclei 1ot topic:

= Reaction: e+Au—=>e +Au +J/, @.p

- Momentum transfer t = | pau-pau’ |2

T. Toll, T. Ullrich, Phys.Rev. C87, 024913 (2013) | (] coherent part probes “shape of black disc”
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nucleu

Coherent requires forward scattered

s needs to stay intact

— Veto breakup through neutron
detection

24

September 2019
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» Lumpiness of source?
» Just Wood-Saxon+nucleon g(by)

O incoherent part (large 7) sensitive to “lumpiness”
of the source [= proton] (fluctuations, hot spots, ...)

possible Source distribution with b2 =2 GeV-2

JLdt =10 fb A o cohenent - no saturation

B
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Physics at zero degree of EIC

e Spectator tagging )

* Neutron structure

* Neutron spin structure, S & D waves
* Nucleon interactions

e SRC/EMC at large x

e Diffraction and shadowing at small x

e Geometry tagging in e+A collisions
e b:impact parameter & d: path length
e “Centrality” (high d) & “Skin” (low d)
e Breakup determination & veto with ZDC
e + forward photons requiring wide aperture
* Event generator

e GCF: https://www.mit.edu/~src emc/fri/schmidt 20190322. pdf
e BeAGLE: https://wiki.bnl.gov/eic/index.php/BeAGLE

High—energy
process

Forward ROManN pot

lpenmtcn
de

tected ZDC
e+A Intra-nuclear cascading
increases with d (forward
? particle production)

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

e /,e/ shown by Weiss, Baker
E . GCF : —=» o and Heuenstein
_____ enerator | NPE—

{e-N.p, (A-2)} T »| QE Events

_________ . 5 {e"N.p}
----’---- (Eecoil’m) I

(-Bew Eac=fpour(martEF)  ~[A2) D MPJET+FLUKA!
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Physics at zero degree of EIC

Nucleon Momentum Distribution

e Short range correlation (SRC) single

e ~20% of nucleons in SRC pairs g hucleons, z
e 18% p-n pairs &8
e Large relative momentum (> 300 MeV/c) ]
e Small c.m. momentum and spatially very pi

-

close each other 5 aom!zo%
80% & 20% k

1 .
1 Correlated tail
o]

| (2N-SRC behavior)
. SRC pairs

N~ 1/k

single-nucleon

e EMC effect

[T

* Nuclear PDF significantly modified bY“ EMC and SRC Correlation

SRC pairs
e Tagged DIS at JLab — EIC ? ,éy i
« e+D at JLab: Hall B& C ¢ o
e e+D & e+A at EIC : we
& »e
e Tagged SRC at EIC ]
e L ERL 108 G SRC pair density (az)

lauenstein 109/24/2019

slides by Heuenstein
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Physics at zero degree of EIC

* [sotope tagging

* Nuclear fragments need to be tagged to reconstruct the
Fermi momentum of the struck nucleon

e Rates at the EIC?
* Needs further studies
Nuclei from 2°*Pb and 23*U (1s of simulated beam time at the EIC)

4 | (
cascade + ; 80 |- 4 10?
w | evaporation E 10 @ i -
= - c ~ —
E 60 I T 49 | -
o | i o 60 _
& 2 o T = 102
B 4l g 10 5 E
b} § o 40| Neutron-rich )
o i o - o
= i . = L fission fragments
2 2 o2l
L fission 20 - .‘"’
— ZUBPb K r‘ L 238U
_I- 1:-
] ! I L L | L L | L | L | 1 I L L L | L L L | | L | | L
50 100 50 100
Number of Neutrons Number of Neutrons

® 208Pp (left) produces mainly heavy isotopes from evaporation
® 238 (right) produces fewer, but heavier isotopes from evaporation. It also produces
very neutron-rich fission fragments (medium-mass nuclei have fewer neutrons).
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Relation to cosmic-ray physics

e e+p, e+A at EIC
e Limited relation to cosmic-ray physics
e Understanding hadronization

e Cosmic ray acceleration in blazars?
e Source of high-energy cosmic ray & neutrino?

shown
by Liodakis

o p+p, p+A, A+A (at RHIC & LHC)

 More relevance to the cosmic-ray physics
e Understanding air-shower evolution
e Event generator development

February 10, 2020
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IR design of EIC at BNL (aka eRHIC)

e 25 mrad crossing angle

* Forward magnet aperture
e +4 mrad opening angle for neutron (ZDC)

IR 40m
150% .I \ V
1250 1 v
1000 -

750 Closest Large Aperture,

High Field Quadrupole

ZDC

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

— n (+4 mrad opening angle)
—950 - . Qe ¢ 7 (quad. synchrotron radiation)

p (275 GeV, py = £1.3 GeV/e)
B p (275 GeV, =100])

500 1 Forward Side - (18 GeV, £150)

Detector Region

—?Eit’ T T T T T
0 10 20 30 40 50
Z |m]
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JLEIC IR design

50 mrad crossing angle

* Forward magnet aperture

e +10 mrad opening angle for neutron
Roman pots shown by
Furletova & Weiss

End caps

Secondary
focus

Dipole-3 ‘

|

I ig‘ Nﬁ

Dipole-2
Dipole-1 Silicon Roman pots
February 10,2020  Silicon, EMCAL 57
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Proton spectrometer
GPD measurement

e Normalization (low p;or |t| coverage)
* Slope and shape (high p;or |t| coverage)
Veto of nuclear breakup events in e+A
e for proton detection, with ZDC for neutron detection

Isotope tagging
e with particle ID

e BO sensors and Roman pots at eRHIC
e +1.3 GeV/c p,for 275 GeV proton (Roman pot)
eRHIC IR Layout

o shown by Jentsch
| T T T T T T T T o
1507 Central Low E Detectors ] o
- Detector plpo=do% | N | T
pt=1.3 GeV/c
oo Forward 10 sigma 3\ 7 pt_vs_theta

Spectrometer

RP | BOsensors

¥,
) Y .
R
11 |\. 1N

L) -
TT T T

Horizontal x (cm)

a
i s g1 = 275 GeV == 100 GeV

50 @ - 3
[ ' | 2 £ 1

r i e} =
= n%ﬁ eutron Detector \ =] B p S oo

0 N = +/- 4 mrad 1w T E
T == ] w * 06

' I S T T | 1
10 12 14 16 18 20
Scattering Angle, 8 [mrad]
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Particle ID

e psTOF in very forward region
e MCP-PMT shows 5 ps capability
e Mass (M) and charge (Z)
e 0.1 ps required for 1% mass resolution I rwrmmrre—

Direct light propagates as wavefront — isochronous
Light emitted at “wrong” @ ... longer path or exiting

 Mini-DIRC inside a Roman pot shown by Chiu

 |dentify ions to ~1% in Z?

* |[sotope tagging
e Mass, charge and rigidity

shown by Nadal-Turonski

e Spectroscopy
e Strangeness and heavy flavors
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Zero Degree Calorimeter (ZDC)

e Position sensitive ZDC

e Energy (E) resolution
e Geometry tagging

e Position (or @) resolution

e p,(or |t]|) resolution
* Need both E and &@resolution
* Intrinsic momentum spread from beam emittance
e Spectator tagging
* |sotope tagging
e Uniformity (position dependence)

e Aperture (IR & detector design)
e +4 mrad @ BNL (eRHIC)
e +10 mrad @ JLab (JLEIC)

e Radiation dose & hardness

February 10, 2020
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ZDC at EIC

e Position resolution
e 1 cm position resolution -> 300 urad angular resolution -
> 30 MeV pT resolution for 100 GeV spectator neutron
e Energy resolution

¢ Minimum requirement AE/E = 50%/E (GeV) for 50 MeV
pT resolution for 100 GeV neutron
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ZDC at EIC

e Detector requirements for spectator neutron tagging
e p,resolution

D(e,e’'ng)X = pyoungle e’ )X
200 GeV/c D =2 100 GeV/c spectator neutron
* Hadronic Calorimeter at 45 m (JLEIC)

* Impact point resolution 1.5 cm rms:
. % = 0.33 mrad = 6p,=33 MeV
* Equivalent to rms beam spread

(35%)

JE/GeV

* (100%)

N VE/GeV

. 6E
* |f energy Resolution =

+
s =A== [1 + En
P4 MNIpeuteron Rest—Frame

e da = 6—; = 3.5% =» dp, et = 35 MeV/c

(100%) D-rest
e If~—===> p, ~ 100 MeV/c
C.Hyde EIGEV 9/25/19
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Detector requirements
e TOPSIDE / CALICE ;..g. I . | I

* Imaging calorimeter
e Improving e/h with software =
compensation -
* EIC HCal R&D L

e Improving e/h with timing | shown
(dual'gate offline 120 GeV proton in DHCAL by Repond
compensation) :

e Energy resolution better than
~40%/VE (GeV) + few% is
challenging

e ALICE FoCal

shown
by Tsai
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Detector requirements

 Position layers (or Shower Max Detector)

e Scintillation fiber/bar
e Plastic fiber
e Crystal bar (~1mm)

e Cherenkov
e Quartz fiber

e Silicon sensor

| Plasticfiber | Crystal bar | _Quartzfiber | _Silicon __

Source Scintillation Cherenkov
Signal good good weak good
Rad Hardness poor OK excellent OK
Cost S 5SS SS SSS
Position
Resolution good good poor best
Large OK position OK OK
acceptance dependent
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Summary

* Physics at zero degree of EIC

e GPD, gluon saturation in e+A, leading baryons, spectator
tagging, geometry tagging, SRC/EMC, isospin tagging,
spectroscopy, ...

* IR & detector requirements
* Proton spectrometer, partic ID, ZDC, ...

e Next goals

e Physics, detector and IR requirements at zero degree to
be compiled in an EIC detector R&D letter of interest of
the zero-degree apparatus (January, 2020)

 Next meeting to be planned before making an EIC
detector R&D proposal (July, 2020)

e Please consider to join us
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