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@ Presenting with animations, GIFs or speaker notes? Enable our Chrome extension



https://www.slido.com/support/gsi/how-to-change-the-design
https://www.sli.do/features-google-slides?interaction-type=T3BlblRleHQ%3D
https://chrome.google.com/webstore/detail/slido/dhhclfjehmpacimcdknijodpjpmppkii
https://www.sli.do/features-google-slides?payload=eyJwb2xsVXVpZCI6IjRhNzMzNTllLThmN2EtNGI2My05MjYyLWMwMDE3ZWVmZTViYyIsInByZXNlbnRhdGlvbklkIjoiMVhsNzlFNWgySjNwUUJBSkF4WnBwVG9LWVo3Y1FjenVscHNHWnU4NHA1TVkiLCJzbGlkZUlkIjoiU0xJREVTX0FQSTkwOTYxNTBfMCIsInRpbWVsaW5lIjpbeyJwb2xsUXVlc3Rpb25VdWlkIjoiZDIwMDc1ZWYtYzlhOS00MDRmLWJhNWQtZDg3ZGNjN2I4YjIzIiwic2hvd1Jlc3VsdHMiOnRydWV9XSwidHlwZSI6IlNsaWRvUG9sbCJ9

Epic Physics Questions
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Rosalind Franklin’s “Photo 51” (1952) First Electron Microscope High-resolution Ribosome
— DNA Double Helix Image of a Virus (1939) Structure (2000)

In sciences visualizing complex objects is key to
unlocking deeper insights and advancing knowledge

Hubble Deep Field Picture (1995) Cryo-EM Image of Zika Virus (2016) First Image of a Black Hole (2019)

Pictures: See Bibliography in the backup




The EIC Physics Quest

The EIC will uncover the hidden
structure of protons and nuclei in 3D
with precision offering new insights

into the fundamental matter




Unraveling the Mystery of the Origin of the Proton Spin

? &> . Proton Spin Puzzle
— . / Quark and gluon
- b - internal motion
Quark spin
After decades of experiments: quark spins We now know that quarks, gluons, and
ac_count for only about 30% of the proton’s their motion all contribute, but the full
spin picture remains elusive

M. Zurek Pictures: adapted from Brookhaven National Laboratory




Origin of the Proton Spin - Unknown Components

. 2.0
How much do the spins of Current world data How much does the
quarks and gluons very 1.5k motion of quarks and
“deep” inside the proton gluons contribute to the
1.0}

contribute to its spin? proton’s spin?

0.51

0.0¢ Close to zero—but with a
huge uncertainty ranging

Massive uncertainty range
from -300% to +300% of

the total proton spin! =051 from -100% to +80% of the
_10t total proton spin!
1.5} Q® = 10 GeV?
06 -04 -0z 00 0.2 0.4

Spin contribution from gluons and quarks with 10< x < 1073

Room left for potential contributions to the
proton spin from motion of gluons and quarks with x > 0.001

M. Zurek 9




How do Protons and Neutrons Acquire Mass?

Gluons have no mass and quarks are nearly
massless, but protons and nuclei are heavy, making

up most of the visible mass of the Universe °
Where does the mass of the visible world come
from?
<1% proton mass
from quarks (static mass)
Our mass arises from the energy of the strong B>
force between quarks and gluons! 99% from

interactions

M. Zurek 10



3D Mapping of Gluons Inside Matter

EIC will provide the first ever
3D images of gluons inside
protons:

* How do gluon interactions
contribute to the proton’s
mass?

* How do they mediate the
forces that bind quarks
together?

* Analogous to how the
discovery of DNA's*double
helix unveiled the structure
and organization of genetic
information

Distribution of gluons
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Location in transverse plane
to the proton movement in fm (102> m)

EIC will 3D map gluons inside protons using special reactions that keep
the proton intact and produce a quark-antiquark bound state

M. Zurek 1



Motion of Gluons and Quarks Inside the Proton

The EIC will create the first 3D map of gluon and sea quark motion inside the proton, revealing their
correlation with the proton's spin.

The color code indicates the probability of finding the up and down quarks

Spin oriented up

1
=
3

Momentum along y axis (GeV)
o

-0.5 0 0.5 -0.5 0 0.5
Momentum along x axis (GeV) Momentum along x axis (GeV)

Current Understanding: Existing 3D maps only illustrate the motion of quarks, leaving the
dynamics of gluons and sea quarks completely unexplored

M. Zurek Pictures: adapted from Brookhaven National Laboratory and EIC White Paper 12



Heart of Nuclear Matter

We are made of atoms, with heavier nuclei, not just proto

The proton

The proton (1980s) The proton (2020s) in a nucleus

How does a high-density nuclear environment
affect the behaviors of quarks and gluons?

The EIC will provide a complete view of the
nucleus with insights into interactions that give rise
to the forces binding protons and neutrons
together in nuclei

M. Zurek 13



New State of Gluonic Matter

» High-energy protons are packed with
increasing numbers of gluons

+ At extreme densities, gluon multiplication |
halts, giving rise to a new state of
matter—this is gluon saturation

- HUJJ)MM}MJ

* Heavy ion beams at the EIC are key to
creating the extreme conditions needed to
study and magnify this effect Energy and Nucleus Mass

The EIC will probe the unexplored dense gluon environments, potentially unveiling new states of
matter and deepening our understanding of the fundamental forces that bind everything in the
visible Universe

M. Zurek
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Experimental Access EIC Physics

Neutral Current DIS Charged Current DIS Semi-Inclusive DIS

e Event kinematics
from the final state

e Detection of
scattered electron

with high precision particles in coincidence with
- event kinematics (Jacquet-Blondel at least 1 hadron
method)

Parton
Distributions in
nucleons and
nuclei

Spin and
Flavor structure
of nucleons and
nuclei

M. Zurek

e Precise detection of
scattered electron

Deep Exclusive Processes

e Detection of all particles
in event

15



Epic questions require epic facility and epic detector



Name your favorite ePIC
subsystem or aspect.
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The EIC Facility

e The only collider project
anticipated in the near
term, ensuring cutting-edge
exploration for years to come

e Breakthrough precision:
Delivers luminosities 100 to
1000 times greater than
HERA

e Explore QCD landscape over
large range of Q2 and
quark/gluon density (1/x)

M. Zurek

Spin-controlled
collisions: Both electrons
and protons/light nuclei can
be polarized, enabling
unique spin-related studies

Handles nuclear beams
from light nuclei like
deuterium up to heavy ions
such as U

Equipped with a
cutting-edge detector,
designed for high-precision
data collection across a
broad range of physics
experiments

18



Proton Spin and ePIC Detector Requirements

Medium-x hadrons
n=0
0=90° A
%

Proton or lon Beam Electron Beam

M. Zurek
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Imaging Barrel Electron Direction 1.7T Superconducting Solenoid
EM Calorimeter Tracking

Forward Calorimetry
(EM and Hadronic)

Backward
Calorimetry

Dual-radiator RICH

High-performance
DIRC

Endcap
Electromagnetic
Calorimeter

i ex YRY
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ePIC is more than 80 m long...

off-momentum
detectors and
roman pots

luminosity system

central ePIC

low-Q? taggers detector

M. Zurek Pictures: EIC Project Sharepoint 21



Imaging Barrel Electron Direction 1.7T Superconducting Solenoid
EM Calorimeter Tracking

Forward Calorimetry
(EM and Hadronic)

Backward
Calorimetry

b _ Dual-radiator RICH

Development of cutting-edge technologies to build a state-of-art experiment
25 different subsystems including polarimetry!

Streaming readout and Al: highest scientific flexibility

Many “world’s first in ePIC” technology used

Details on exact detector subsystems in backup slides, next slides cover high-level detector
requirements for physics

epPIC
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Case Study: Proton Spin



Origin of the Proton Spin

How does the spin of the nucleon originate from its quark, anti-quark, and gluon constituents
and their dynamics?
Composition of the proton spin:
Jaffe-Manohar sum rule:

[312_/2]+[§g+@l+@‘=\h /2

Quark helicity  Gluon helicity Quark canonical Gluon canonical

orbital angular  orbital angular
momentum momentum
+ OAM (Ji's) from DVCS

(SI)DIS hadron-hadron processes and DVMP

k+q

AN

p GPD
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Case Study: Extracting g:(x, Q%) viaA

Reaction: Polarized DIS

Access through: Difference of cross-sections with different longitudinal spin orientation of e and proton
Observable: Longitudinal double-spin asymmetry A |

Goal: Extract the spin-dependent structure function g:(x, Q?)

Key physics: Quark and gluon spin contributions to the proton’s total spin

M. Zurek
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Access to helicity structure function?

Unpolarized DIS Cross Section

dPoume  Ama? M2 22
dwd52 - Q4 ) [y2F1($7Q2)+ (1_y_ )FZ(:B7 2)]

Both lepton and nucleon are longitudinally polarized, additional spin-dependent part:

dopy, (2,Q%) _ 8ma? :
U(I{;c(l; - 7;;9[(1_%_% ) (@, Q%)|- 792($Q2)}

v=FE—-F

y=v/E, v =Q* /v —

r) = = e
() Xq: Agle Quark helicity
In (LO QCD) Quark Parton Model) distribution

M. Zurek
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Why Measure Asymmetries?

Cross section

d2 o 1 N, obs

drdQ? Ly AzAQ?-€-A

Caq: Radiative QED effects

Chin: Bin smearing / unfolding

€: Detector + reconstruction efficiency

A: Acceptance

Lint: Luminosity from QED process

Background and trigger corrections as needed

M. Zurek

Crad ) C’bin
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Why Measure Asymmetries?

Instead of cross sections, we measure asymmetries:
electron and proton  electron and proton

e Cleaner (many systematics cancel) spins anti-aligned spins aligned
e Don’t require absolute luminosity /
o7 — g
ALL — —<&
o + @
i *
Ay (w, Q2) ~ f,l((mgz)) with known kinematic factor D: proton and y
1 spins anti-aligned
Arr ~ D(y) - Ai(z, Q) proton and y* spins
\ aligned
2y / 01/2 — 03/2 /
Y —
D(y) = W (depolarization factor) 172 + 32

M. ZUrek 28




What Do We Measure?

number of scattered electrons with
particular electron-proton spin

orientations _ o
spin dependent luminosity:

reduced to spin dependent

— — relative luminosity:
NE Nz
Ay = 1 Le L= 1 N°7-R-N”%
I = PsP, N2 . N2 N7 R N
BF. Ne | Nz PgP, N==+R-N=<

L= L= R = L7~ /L7 spin-dependent relative luminosity

electron polarization
beam polarization

M. Zurek 29
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Flavor Separation

Semi-Inclusive Deep Inelastic Scattering with charged pions and kaons adds sensitivity to
flavor-separated quark helicities via the fragmentation functions th(z,Qz)

e valence parton content of h relates to the fragmenting parton flavor, particularly at high z
z - fractional energy of the final-state hadron z = EMv

0°°® = g’ PDF © FF

M. Zurek
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Flavor Separation

Photon-nucleon asymmetry for SIDIS

h h LO 3 5h
A :[01/2]_[03/2]\ d°073(3/2) Zez i ) (z,Q2) D"(z,Q?)
1 0'{7’/2—|—0'§L/2 dr dQ? dz ¢V

9 2 h 2 Experimental access through
e Ag(x D™(z P 9
Zq 1 84(x, Q%) Dg (2, Q%) double spin asymmetries

Zq, 6(21/ q'(x,Q?) D(';, (z,Q%?) (analogous to DIS)

Al(2,@Q%2) =

Sensitivity to sea quarks at low x from A,™ (Ad), A,™ (Ad), A,

M. Zurek

“(As)
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Kinematics



What Kinematics Do We Access?
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What Kinematics Do We Access?

COMPASS, PLB 753 (2016) 18

L *. x=0.0036  (i=0) = T

e %=0.0045 N

b 12— ; A aa VRES EIC, Yellow Report
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< o [ ] i 1
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L ’_i—-—)[k—— x=0.007 CLAS W>25 GeV COMPASS 200 Gev

10— x=0.009 —— cowpassNLOR 10 Current polarized DIS data:
—ty ' E OCERN a DESY ¢ Jlab6 0 SLAC

By XT0012 [
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o
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Current DIS Data: Downtox = 10%
Down to x = 0.005 Q%= 1-10° GeV?!
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i

o
W
T

2

[}
Q2 (GeV?)

Access to gluon spin through g, scaling violation
different v's settings to maximize kinematic
coverage

M. Zurek 35




Experimental Requirements



Proton Spin and ePIC Detector Requirements

Information on AZ and AG

Longitudinally polarized e and p for over a wide range in .
Medium-x hadrons
center-of-mass energy (x-Q? coverage)

n=0
8=90° .
“%

Low-x performance:
e Good EM calo in barrel region
e  Superior in backward region
e Electron-pion separation up to 10*

Higher-x performance:

e Hadronic final state - good momentum resolution and calo
measurement, in particular in the forward direction

Proton or lon Beam Electron Beam

Improved access to the sea quark helicities and TMD measurements - SIDIS with detected pions and kaons

e Particle ID over wide range of |n| < 3.5 with better than 30 separation with different particle energy ranges:
barrel (< 6 GeV/c), backward (< 10 GeV/c), forward (< 50 GeV/c)

Access to Orbital Angular Momentum - GPD measurements

e Demanding program requiring high luminosity and detection of the forward-going protons scattered under
small angles (Forward-Backward Detectors discussed yesterday by Thomas)

M. Zurek
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Calorimetry Requirements

Electron momentum resolution - dominated by tracker in central region: Si MAPS Trackers + Micro Pattern Gas Detectors

High granularity W/SciFi
EMCal and longitudinally
separated HCAL with
high-n insert for high
precision jet (hadronic
M~ remnant) reconstruction

Superior EM energy
resolution from Backwards
EMCal - PbWO, crystals

Flange of the

beam pipe - -
| T

External structure &
cooling

cooling plates

Cables

Layers of AstroPix
sensors with

0.5 x 0.5 mm?
pixel size

beam pipe

Internal structure &
cooling

read-out boards

PbWO, crystal &
internal support structure
universal support frame  pjRrc bars

Barrel Imaging ECAL with good
- energy resolution from SciFi/Pb and
e o edout high e/1r separation supported by Si

M. Zurek layers 38

Barrel HCAL
(sPHENIX re-use)




Particle Identification in Barrel

electron-pion: method

electrons shower early

with a regular pattern

BIC geometry rendering with an electron and pion shower from simulations with
M. Zurek

pions ‘shower late with

an irregular pattern

and AstroPix layers
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Particlﬁe@\ Identification Requirements

Particle IDentification needs
e Electrons from photons — 41r coverage in tracking
e Electrons from charged hadrons — mostly provided by calorimetry and tracking
e PID on charged pions, kaons and protons from each other on track level — Cherenkov detectors
o  Cherenkov detectors, complemented by other technologies at lower momenta ToF

Challenge: To cover the entire momentum ranges at different rapitities for an extensive list of the physics processes
spanning the Vs anticipated at EIC several complementary technologies needed

Range of 30 n-K separation
Pythia, e+p 18 x 275 GeV

Momentum (GeV/c)

ToF (HRPPD)
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Impact




Room Left for Angular Momentum

20 Phys. Rev. D 102 (9) (2020), 94018

How much do the spins DSSV 14 dataset How much do the
of quarks and gluons 1.51 Current world data status motion of quarks and
very “deep” inside the gluons contribute to
proton contribute to its 1.0y the proton’s spin?
spin?

P 0.5
Massive uncertainty 0.0¢ Close to zero—but with a

range from -300% to huge uncertainty ranging

+300% of the total proton —G3 from -100% to +80% of
spin! _10l the total proton spin!
1.5} Q* = 10 GeV?
06 -04 -0z 00 0.2 0.4

1/2-f jo-a (Ag + 1/2A8 )dx

Spin contribution from gluons and quarks with 10 < x < 1073

Room left for potential contributions to the
proton spin from angular momentum of gluons and quarks
with x > 0.001

M. Zurek 42




Room Left for Angular Momentum

. 20 Phys. Rev. D 102 (9) (2020), 94018
How much do the spins DSSV 14 dataset How much do the
of quarks and gluons 1.5/ MM +EICDIS Vs = 45GeV motion of quarks and
very “deep” inside the gluons contribute to
proton contribute to its 1.0y the proton'’s spin?

spin?

0.5}
0.0t
~0.5|
—1.0}
1.5k Q* = 10 GeV?
~06 -04 —02 00 0.2 0.4

1/2-f s (Ag + 1/2A8 )dx

Spin contribution from gluons and quarks with 10 < x < 1073

Room left for potential contributions to the
proton spin from angular momentum of gluons and quarks
with x > 0.001

M. Zurek 43




Room Left for Angular Momentum

Phys. Rev. D 102 (9) (2020), 94018

. S 20
How much do the spins v DSSV 14 dataset How much do the
of quarks and gluons Y 1.5/ +EICDIS Vs = 45GeV motion of quarks and
very “deep” inside the S I EICDIS Vs = 45 — 140GeV gluons contribute to
. . < Y .
proton contribute to its g 10 the proton'’s spin?
spin? 2
P 50.5¢

>

(o

©
EIC aims to shrink this & 0.0 EIC aims to shrink this
uncertainty about 10 s uncertainty 22 times!

> -
times! w05

§

£ —1.0f

c

'.8 2 __ 2

2 -15} Q2 = 10 GeV

5 —06 —04 02 00 0.2 0.4

£ 1/2-f p-s (Ag + 1/2A5 )dx

(%]

Room left for potential contributions to the
proton spin from angular momentum of gluons and quarks
with x > 0.001

M. Zurek 44




A and AG Projections

Current world data
e Helicity distributions known for x > ~0.01 with good precision
Deep insight with EIC
e Precision downtox ~ 107
e In addition to the sensitivity to the quark sector, scaling violation in g, (x, Q?) in inclusive DIS to access
gluons
e In addition to golden channel g., direct access to gluons in higher-order photon-gluon fusion: dijet, heavy-quark

Phys. Rev. D 102 (9) (2020), 94018

0.15

0.30

—— DSSV 14
B EICDIS /s = 45GeV
Hl +EICDIS /s = 45 — 140 GeV

0.25

Q% =10 GeV*

0.00
—— DSSV 14
B S EICDIS /s = 45GeV —0.05
H - EICDIS /s =45 — 140 GeV

Q% =10 GeV?

—0.10 —0.10

107° 107* 1073 1072 107! 100 1072 10~ 1073 1072 107! 10°
xr xr

Impact of the projected EIC DIS A | pseudodata (L =10 fb~") on the gluon helicity and quark singlet helicity
M. Zurek 45



Sea Quark Helicities Projections

Sea quark helicities via SIDIS measurements with pions and kaons

Tackle question of sea quark helicities contributions to the spin, in particular, the strange sea polarization
Highest impact at low x from the data at the highest collision energies

Sensitivity to sea quarks from A.™ (Al), A,™ (Ad), A, (As) with strongest correlations between A and sea quark
helicity distributions at low x
Both pion asymmetries show a weaker but still significant correlation with strange quarks

Phys. Rev. D 102 (9) (2020), 94018
0.04

—— DSSV 14

’ +EICDIS /s = 45 GeV
0.03

B EIC SIDIS /s = 45 GeV
B EICSIDIS /s = 140 GeV

0.02

0.01

0.00

—0.01

—0.02

—0.03

107% 10=® 107* 107% 102 107" 107% 10=° 10~* 10™® 102 10~' 107% 10=® 10~* 10=* 102 107!
T T T

M. Zurek 46



e EIC Is a Candystore of Physics Opportunities




The EIC Is a Candystore of Physics Opportunities

e Today we focused on a few case studies
e But this is just the beginning...
e The EIC will enable insight into glue that binds us all:
o 3D momentum-space imaging (TMDs)
3D spatial imaging (GPDs, DVCS)
Precision studies of nuclear effects and saturation
Mapping gluon and sea quark distributions at small x
Exploratlons of color charge propagatlon hadronization, and more

@)
@)
@)
@)
ol
!




Summary

EIC science program with ePIC will profoundly
impact our understanding of the most fundamental
inner structure of the matter that builds us all

Our current knowledge about the structure of matter is
a mysterious dark room even after decades of
studies

e \We can see shadows and shapes with some
important bright spots with existing tools

e With the EIC, we can turn on the light and reveal
the hidden details inside

Access to EIC Physics through

e Large kinematic coverage

e Polarized electron and hadron beams and
unpolarized nuclear beams with high luminosities

e Detector setup fulfilling specific requirements of the
polarized e-p/A collider

M. Zurek 49




The EIC Facility

e The only collider project
anticipated in the near
term, ensuring cutting-edge
exploration for years to come

e Breakthrough precision:
Delivers luminosities 100 to
1000 times greater than
HERA

e Explore QCD landscape over
large range of Q2 and
quark/gluon density (1/x)

lon Cooling %}k

 Electrons

\V

¢ Electron
¥ Storage Ring

Electron
Source

lon

E | C Storage Ring

Possible
Electrons

Second
-

*a Detector
Detector : o

Electron
Pre-accelerator

Electron
Accelerator

lon
Pre-accelerator
Chain

lon
Sources

Spin-controlled
collisions: Both electrons
and protons/light nuclei can
be polarized, enabling
unique spin-related studies

Handles nuclear beams
from light nuclei like
deuterium up to heavy ions
such as U

Equipped with a
cutting-edge detector,
designed for high-precision
data collection across a
broad range of physics
experiments
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41,100-275 GeV

Electron Storage Ring 5-18 GeV

High luminosity Interaction
Region(s)

Storage Ring (RHIC Rings)

lon Cooling ‘\\

Electrons

\

Electron
Storage Ring

Electron
Source
5

lon

E | C Storage Ring

Electrons

Polarized electron source
400 MeV injector linac
Rapid Cycling Synchrotron
design to avoid depolarizing
resonances

Possible
Second
Detector

Electron
Pre-accelerator

Electron
Accelerator

Luminosity:
L=10%-10%cm?sec’
10 - 100 fb'/year e
Highly Polarized Beams: 70%

25 mrad (IP1) crossing angle
with crab cavities

Bunch Crossing ~ 10.2 ns/98.5
MHz

lon
Pre-accelerator
Chain
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Storage Ring (RHIC Rings)
41,100-275 GeV

Electron
Storage Ring

Electron Storage Ring 5-18 GeV

e Polarized electron source

e 400 MeV injector linac

e Rapid Cycling Synchrotron
design to avoid depolarizing
resonances

Detector located at 6 o'clock of
the EIC Ring

lon

E | C Storage Ring

Possible
Second
Detector

& The ePIC Collaboration formed in
Eicalion July 2022 is dedicating to the
T realization of the project detector

e 177 Institutions, 26
countries, 4 world's region
i e  Currently: > 850
Nl i collaborators (from 2024
survey)

High luminosity Interaction

Region(s)

e Luminosity:
L=10%-10%cm?sec’
10 - 100 fb'/year e
Highly Polarized Beams: 70%
25 mrad (IP1) crossing angle
with crab cavities

e Bunch Crossing ~ 10.2 ns/98.5
MHz

Electron
Accelerator

M. Zurek 52



EIC Detector Challenges and Requirements

o: 41,100-275 GeV e 518 GeV Large center-of-mass energy range: 29-140 GeV
cal, ) e Large detector acceptance

Medium-x hadrong
n=0
9=90° Ay
o A <96

Q-

Proton or lon Beam Electron Beam

M. Zurek Picture: Yellow Report 53




EIC Detector Challenges and Requirements

Large center-of-mass energy range: 29-140 GeV

p: 41,100-275 GeV e: 5-18 GeV
e Large detector acceptance
Medium-x hadrons Asymmetric beams
p 5-o0r %, e Asymmetric detector: barrel with electron
& @ and hadron end caps
&
o
@5"@ =02 i e Large central coverage (-4 <n<4)in
\ /' \ tracking, particle identification, em and
% hadronic calorimetry
3% o  High precision low mass tracking
G

o  DIS: Good e/h separation critical for
scattered electron ID
o  SIDIS: + Separation of ¢, p, K, p on

Proton or lon Beam Electron Beam ‘[rack |eve|
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EIC Detector Challenges and Requirements

Large center-of-mass energy range: 29-140 GeV

p: 41,100-275 GeV e: 5-18 GeV
e Large detector acceptance
Medium-x hadrons Asymmetric beams
p 5-o0r %, e Asymmetric detector: barrel with electron
06({)@5“0 Q@ and hadron end caps
o
%f’ =02 g e Large central coverage (-4 <n<4)in
) \ / \ tracking, particle identification, em and
% hadronic calorimetry
?’% o  High precision low mass tracking
e o  DIS: Good e/h separation critical for

scattered electron ID
o  SIDIS: + Separation of ¢, p, K, p on

Proton or lon Beam Electron Beam track |eve|

Imaging science program with large ion species

luminosity detectors Far-forward: particle from '
low Q2 tagger nuclear breakup and exclusive ~ fange: protons-U
process e Exclusive processes: + Specialized detectors
integrated in the Interaction Region over
80m
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Tracking

|~
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Tracking

o
o

Challenges: High precision low mass tracking, fine p; and vertexing resolution (e.g., fundamental for DIS
kinematics, exclusivity definition, SIDIS binning in p., ...)

e High spatial-resolution and efficiency and large-area coverage (8 m? of Silicon Vertex Detector):

High pixel granularity
Very low material budget constraints also at large n (challenge for services)

»

————

/V\
~L -
\

M. Zurek
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Calorimetry

M. Zurek
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Calorimetry

Challenges:

e Detect the scattered electron and separate them from 1t (up to 10 suppression factor in backward and barrel ECal)
e Improve the electron momentum resolution at backward rapidities (2-3% /VE & (1-2)% for backward ECal)
o e.g.,DIS SIDIS, ..
e Provide spatial resolution of two photons sufficient to identify decays n® — yy at high energies from ECals
o e.g., Exclusive processes: DVCS, ...
e Contain the highly energetic hadronic final state and separate clusters in a dense hadronic environment in Forward
ECal and HCal
o e.g., TMD studies with jets, kinematics definition for CC DIS, low y, ...

M. Zurek
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Particle Identification
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ParticI&e& Identification

Particle IDentification needs
e Electrons from photons — 4m coverage in tracking
e Electrons from charged hadrons — mostly provided by calorimetry and tracking
e PID on charged pions, kaons and protons from each other on track level — Cherenkov detectors
o  Cherenkov detectors, complemented by other technologies at lower momenta ToF

Challenge: To cover the entire momentum ranges at different rapitities for an extensive list of the physics processes
spanning the Vs anticipated at EIC several complementary technologies needed

/V\
~L -
\

— Y

M. Zurek
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Particlﬁe@\ Identification

Particle IDentification needs
e Electrons from photons — 4m coverage in tracking
e Electrons from charged hadrons — mostly provided by calorimetry and tracking
e PID on charged pions, kaons and protons from each other on track level — Cherenkov detectors
o  Cherenkov detectors, complemented by other technologies at lower momenta ToF

Challenge: To cover the entire momentum ranges at different rapitities for an extensive list of the physics processes
spanning the Vs anticipated at EIC several complementary technologies needed

LA L L L I L L L L L L L L I

Range of 30 n-K separation
Pythia, e+p 18 x 275 GeV

10

dRICH (aerogel)
ToF (HRPPD)
ToF

Momentum (GeV/c)

—

(s
) -
mh!iimﬂ Ll 1 ||||||||
/\
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ePIC is more than 80 m long...

off-momentum
detectors and
roman pots

luminosity system

central ePIC

low-Q? taggers detector

M. Zurek Pictures: EIC Project Sharepoint 63



Far-Forward Detectors

Roman Pots -
LN

BO detector

Crystal
EMCAL -

v/
> SiPM-on-tile HCAL

> Focusing quadrupoles
Off-Momentum
BOpf combined function magnet Detectors

Detector Acceptance
Zero-Degree Calorimeter (ZDC) 0 < 5.5 mrad (5 > 6)
Roman Pots (2 stations) 0.0<0<5.0mrad (5 > 6)
Off-Momentum Detectors (2 stations) 0 < 5.0 mrad (5 > 6)
BO Detector 5.5<0<20.0mrad (4.6 <75 <5.9)
M. Zurek

Challenge:

The extended detector’s array required
to enable primary physics objectives:
Detect particles from nuclear breakup
and exclusive processes

Subsystems:

e  BO detector: Full reconstruction
of charged particles and
photons

e Off-momentum detectors:
Reconstruction of charged
spectators from breakup of light
nuclei

e Roman pot detectors: Charged
particles near the beam

e Zero-degree calorimeter:
Neutral particles at small angles
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Far-Backward Detectors
Low-Q? tagger

Challenge: Allow quasi real (Q<<1) physics with electron
detection in very forward rapidity
e high, non-uniform Bremsstrahlung background

Pixel-based trackers (Timepix4), with rate capability
of > 10 tracks per bunch and calorimeters for calibration

Vacuum

Tagger 1
7

z=20m 2 T T T
Tagger 2
) —— Bremsstrahlung
Beamline I — Quasi-real
Magnets /‘ = 100 Pythia6
> =
V. ]
©
/ 2
31072
Interaction 2 JJ{ ] i
k=3 — \"'
3
& f T\
g 107 i b
2 i
2
z
H
3
o

10-°

-9 -8 -7 -6 -5 -4 -3 -2
Reconstructed 10915(Q?) (GeV?)

M. Zurek

Luminosity Spectrometer

Challenge: Precise luminosity determination (<1%)

From Bremsstrahlung processes

etp—eyp
etAu — ey Au

AC-LGAD and Scintillating
Fiber 23X, ECal

Bremsstrahlung Sweeper Spectrometer
photon beam Magnet Magnet
SAGa Trackers
aluminum SRsRkeRsiany 2 ~1mm Ayl : l CAL
: . B field ‘Bfield: | %
1 INNANNNNA ‘
o 4 Conversion Foil
Unavoidably thick " e

exit window
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Longitudinal Spin Structure - Experimental Overview



Physics Question

How does the spin of the nucleon originate from its quark, anti-quark, and gluon constituents and
their dynamics?
Two established approaches to look at the compositions of the proton spin:

Ji sum rule: Jaffe-Manohar sum rule:

%,Z/ 2]4{/961]4{14: h/2 AL/ 2HAGHe egL:\h /2

Quark helicity ~ Quark orbital ~ Gluon helicity and

Quark helicity  Gluon helicity Quark canonical Gluon canonical

angular orbital angular orbital angular  orbital angular
momentum momentum momentum momentum
Frame independent spin sum rule . All terms have partonic interpretation
Quark and gluon Jq (sum of A%/2 and Lq) . Ininfinite-momentum frame

and Jg can be obtained form Generalized
Parton Distributions (GPDs) moments

Phys. Rev. Lett. 78, 610-613 (1997)

2q and €g (Twist-3 quantities) can be
extracted from GPDs

Nucl. Phys. B 337, 509-546 (1990)
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Complementary Experimental Probes

(Semi-Inclusive) Deep Inelastic Scattering Hadron-hadron interactions

M. Zurek

68



Longitudinal Spin Structure

Decades of studies in Deep Inelastic Scattering, as well as Semi-Inclusive Deep Inelastic
Scattering and proton-proton collisions

Polarized DIS cross section studied at SLAC, CERN, DESY, JLab encodes information about
helicity structure of quarks inside the proton (double spin asymmetries)

Q% = —¢?
dQULL (.Z’ Q2) 87r0z2y Yy y2 y
) _ 1_Y_Y 2 X IR 2 2
1 d0? o [( 5 47>gl (2,Q7) o7 92 (2, Q%) Q
2p-q
v=FE-F' |
y =v/E, v* = Q*/1* I o
r) = = e, A
() 2 ; v Aq(z) Quark helicity
In (LO QCD) Quark Parton Model) distribution
D - Depolarization factor
) OLL 1 0‘<_=> _ (7; n - kinematic fator
Experimental access AH = = - — — =D(1+ny) Ay A, - photon-nucleon asymmetry
through double spin ouu PP, 5< 4 o=
asymmetries A = 91

=
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Longitudinal Spin Structure

Decades of studies in Deep Inelastic Scattering, as well as Semi-Inclusive Deep Inelastic
Scattering and proton-proton collisions

Semi-Inclusive Deep Inelastic Scattering with charged pions and kaons adds sensitivity to
flavor-separated quark helicities via the fragmentation functions th(z,Qz)

valence parton content of h relates to the fragmenting parton flavor, particularly at high z
z - fractional energy of the final-state hadron z = E"/v

Photon-nucleon asymmetry for SIDIS

A :[0?/2]—[0;’:?/2]\>[d ‘71/2(3/2)] Z 2+ (2, Q) D2, Q)

0?/2 + 0§/2 dxr dQ? dz

Z e2 Aq(x Q2) Dh(z Q2) Experimental access through
_ q q Y q b)

Ah iz, 2, z2) = double spin asymmetries
' ( “ ) Zq/ 62/ q’(:c, Q2> Dg/ (Z, Q2) (analogous to DIS)
Sensitivity to sea quarks at low x from A ™ (AQ), A, ™ (Ad), A * (As) o>P = g"® PDF ® FF
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Longitudinal Spin Structure - Where Are We?

u and d quark helicities Gluon Helicity
[2]The RHIC Cold QCD Program, arXiv:2302.00605 %5
[INNPDF, NuclPhys B 867 20t 276308, fepssvos 1 #Ag(a, @ — 10GeV?)
r E r ] | ' DSSV14 - 0.20 2
o4 xAu(x,Q?=10 GeV?) ] o XA(X,Q*=10 GeV?) ] Y == by ]
: : E E o (90% C.L. limliconmunSQMZ) -1 0 15
03 B 0.05]- 3 I 1 )
02 . ] o005 N
¥ 1 F 1 g 0 ]
[ ] 0,05~ E Ry + J
04 4 F 1 §'U§ : :
F 1 0.1 = —
r ] F ] 0 5
) . 0151 B [ ]
[ [ [ZINNPDFpol1.1 E L J .
[ DSSV08 Ax*=1 0.2 7 DSSV08 Ay?=1 = L d DSSV Preliminary
04 — positivity bound F — positivity bound ] -0.51 1 5SSV ]
AR A% R Seu O SO L @=10Gev? DSSV Preliminary 1 — o
10 102 1o’ ! 1o 10 ! PR PRPEE PEEEE PEETT TS R P L WS DSSVAL+ RillCicmmy
x X 02 -0.1 | 0 01 02 03 : 102 101 10°
H H ' dx A x
Sea-quark polarization asymmetry O 08
3] STAR, PRD RC 99 (2019), 051102 [2] The RHIC Cold QCD Program, arXiv:2302.00605
L T MR T T T T
0.08 Sea_Asmietry 0021 xAixQ=10Gev) NNPDF1. 1[1] | DSSVOS[l]
[ X(AU - Ad) 001
0.06]- casiasas
: ) X (0.001, 1)
0.04 001 b
: ceae s -0.02[- DSSV Preliminary B AZ +0.25 +0.10 | +0366t83é§ (+0.124)
0.02}- 0,0 et i1
h XA (xQ%=10 GeV)
0
of —— DSSV14 + RHIC(2022)121
_0.02 @Q°= 10 (GeVicy -0.02
= omr X (0.001, 0.05) (0.05, 1)
A OOS DSV Ry T AG 0.173 +0.156 0.218 4 0.027
102 10! 1 10 0° 10" 1
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COMPASS, PLB 753 (2016) 18

° = =
o- | *. x=0.0036  (i=0) o e
nsights from
‘8 i x=0.0055 o weres ® coupass isocev
5 N ’L‘_{(’_ x=0.007 O cusw2sce B cowpass 200Gev
. 5-;)‘— 10— x=0.009 —— COMPASSNLOfit
—g—
QCD fit to gl world data COMPASS, PLB 753 (2016) 18 r _'_'_-’.’*_ x=0.012
§ Q? = 3 (GeVic)? = % Q? = 3 (GeVic)? % L Q=3 (GeVic) L [ ] x=0.017 € =121-07"i
g 39 iy 8*M—_ o
0. x L L M x=0.024
. j [ ot tmc— 003
P oo e 6— T@'ﬂ“”—%.;w x=0.049
0.02f B L 5 koI m X x=0.077 (i=10)
i r x=0.12
003 02 | ot et dor—d ¥ ol —e-me
[ 4o atio At ol R —om—bm =017
0.04 L . F =
10° 102 / 10" 1 | A0 ob—at—ot———Wex—mc—oy 022
s X 2L . . X X * F oo B xS m—em <02
10° 10?2 10" 1 10° 10?2 10" 1 10° 10?2 10" 1 . ok e
2 X B Indirect way to access L RO MG X —m e
First moment Value range at Q2 =3 (GeV/c)? I . L R S P DN omo—m——om X057
AT [0.26,0.36] gluon spin oLl N N Y x=0.74
H 1 10 10?
Direct access to Ag from SIDIS @ (GeV2/c?)

COMPASS, Eur. Phys. J. C 77, 209 (2017)

06 0.6 COMPASS, PLB 718 (2013) 922

D 3 . COMPASS, all-p_, Q*>1 (GeVic)?, 2002-06 D [ e COMPASS, all-p, Q*>1 (GeVIc)’, 200206
? [ o COMPASS, high-p,, @*1(GeVicy’, 2002-06 2.’ [ o cOMPASS, high-p, Q<1 (GeVic), 2002-03 q
04 j 3 0'4: A COMPASS, Open Charm, 2002-07 ’7'* —
i [ o SMChighp,, %1 (Gevicy A _ Photon-Gluon Fusion
0.2 ; T I - 0.2L * HERMES, high-p, all @* T q .
i ; 1 l ; 5t g ———  Sensitive to Ag
G: 1 ‘ 0: ! i
02 02 .
i r SIDIS events with hadrons of large p,
.0.41_(‘)_2 e _o.41'(‘)_2 . .Enhanced contribution of higher-order processes
X X
9 9
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Insights from DIS

Flavor-separated valence-quark helicities from SIDIS (HERMES, COMPASS)
e Example for final HERMES valence quark helicities from electron and positron SIDIS with charged pions and
kaons on p and d targets
0.8 r—r—c—rrrr —— _Phys.Rev.D99 (2019) 11, 112001 virtual-photon-nucleon asymmetry

Uy
0.6 [ X9

d
1 X-d1" o difference asymmetry ]

h _ ~h
m purity method 01/2 63/2

A’l’ =
oty + 6%

04 r

LY ]
S st}

-04 | | 1
0.04 0.1 0.4 0.04 0.1 0.4
X
Uy _ dv
Hadron charge-difference asymmetry: direct way to extract Aiﬁd h~LOLT 91 + 91 Aiﬁ—h-LO:LT‘Lgl—gl
valence-quark helicities (depends on isospin-symmetry i +f1 = 411 —ff”
assumption of FF) Here g, - helicity
2
Purity method: includes conditional probability that a hadron Az, Q?, 2) th z,Q%, 2) Ag(z,Q7)

q(z,Q?)

originated from a struck quark of flavor q (depends on a

fragmentation model)
M. Zurek 73




Gluon spin from pp collisions

Ay, - Opy — 04— _ YAf.@Afy@carr, ® D P+ p — jet/dijet/hadrons + X
Or4 + 04— Efq@fb@ﬁ'@D - - =

LO for illustration versus
At RHIC energies: sensitivity to qg and gg — Access to Ag(x)/g(x) / a

Cross-section measurement to support the NLO pQCD interpretation of asymmetries

Which processes dominate at RHIC? What are a | for these processes?

Anti-k, R=0.6
nl<1

0.2

c 06 =3 1 [LAN.Rew. Nucl. Part. Sci. 50 (2000) 525
% F - gg qg PRD 100 (2019), 052005 AQ AG AQ AQ S

o R TP G i are.G

= 0.5: Q 0 0

[} -

(7] -

S 04

g C pp—jet+X

g 03[ NLO CTEQ6M

3 0.3: O CTEQS6! AG AG

0.1 Solid:  {s=200 GeV

= Dotted: {s=500 GeV

025 Agg—gg D qq—qq
i B qq—qq Egg—qq

] A A I I T I I I DU S 05: Cqq’—qq’ 99—99
0 005 01 015 02 025 03 035 04 045 05 05 g’ a’ g
i F qq'—qq’  q99—9Y
Jetx; (=2p /Vs) i qg—q9 9997
075 | qg—>qy 9=l

Subprocess fraction in central jet production
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Gluon spin from pp collisions

STAR, PRD 105 (2022) 9, 092011 PHENIX, Phys.Rev.Lett. 130 (2023) 25, 251901
0‘08;_ ;z‘ﬁefi‘jﬁ Sioeey - P+ p o Y +X, Vs =510 GeV, | < 0.25
s STAR, PRD 105 (2022) 9, 092011 006~ orlem A € Atk R=0.8 0.04
- V. C : B
< [ STAR p+p— Jet+X 0.04F- + | L
3 0.05- Vs = 200 GeV: 002 T s BRI I [
o T« 2009, PRL 115 092002 (2015) = AR 0.02
‘@ 0.04— = 2015, PRD 103 L091103 (2021) o i
=) - ~ L =
s} - Vs =510 GeV: < -002F - i
1= 003 * 2012 PRD 100052005 (2019) o F <—'
“TE % 2013, this work 2 oosf- o S J
C  -- DSSV14 (a] E TopologyB ol aviatit L Ty -
0.02= > NNPDFpol1.1 O08E"  Forward -central ===\ " ~ —osewia s <
- E X NNPDFpolt g i PHENIX Data
= e - -0.02- - N
0.011 002F- | — DSSV14 with DSSV,,. uncertainty
E ' F I ---- JAM22 Ag > 0 with JAMM G uncertainty
1] i A 3 S R o I = JAM22 Ag < 0 with JAM__uncertainty
g | | . | o0k =004
-0 Ob L L T L L1 2 1 1 f | N
0.05 0.1 0.2 0.25 0.3 20 40 60 80 100 120
Parton Jet x; (=2pT/ Vs) Parton Dijet M_ (GeV/c?) S 10 15 20

P, [GeV/c]
Higher vs and more forward rapidity push sensitivity to lower x

e Down to ~0.004 with STAR Endcap (n < 1.8) dijets at 510 GeV
Dijets provide constraints to underlying partonic kinematics - better constraints on functional form of AG(x)
Direct photon sensitive to gq — yq LO process; clean access to Ag(x) (no hadronization)
Consistent results from both energies and both experiments

RHIC concluded data taking with longitudinally polarized protons in 2015

The data are anticipated to provide the most precise insights in Ag(x) well into the future
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Sea-quark spin from pp collisions

Single spin asymmetry and cross sections for W production

ot —0
L:*
ot +o~

X X
@ <@ - @ < —@—
=D == | @D <=@==

+

AEV b Ad(zq)u(z2) — Aulz _)d(:vg)

d(zy)u(x2) + ulzy)d(z2)

w- Au(zy)d(z2) — Ad(zq)u(z2)
Ar (ow) o TR T (=)

LO for illustration
Separation of quark flavor
e W*(W): predominantly u(d) and d(u)
Maximal parity violation

e W couples to left-handed particles or right-handed
antiparticles

The decay process is calculable

e Free from fragmentation function
M. Zurek

Phys. Rev. D 103, 012001

10°
10° B g e % ________ bl o STAR PRD 85, 092010
g 10 T g T e STAR2011+12+13
- 100 5 ===+ CT14MC2nlo
1 10° ¥y
§ 10* - L p— 510 -'-"__'_____________E,_._."unin
o 10 . e IR AR ACE
T e W C.ygoiiies STAR p+p, L =350 pb™, Vs =510 GeV
10 Woes
1 L L T P L L | MR | L
10* -1
STAR p+p,L = 350 pb’, Vs =510 GeV
= IO
e AP
TE e
g 10 ST o v PHENIX (W — 1)
@ 2l o 4 PHENIX (W — ¢)
i 10 o ATLAS
© o * CMS
1 I3 I4
10 s (GeV) 10

W*" and Z cross section
e Agreement between theory and experiment
e Support for the NLO pQCD interpretation of
asymmetry measurements
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Sea-quark spin from pp collisions

i PHENIX, PRD 98 (2018), 032007 STAR, PRD RC 99 (2019), 051102
’ W Z-ptet ¢
(a) Z-p [e] Al (2012) A \
p+pat vs =510 GeV & A§(2013) LF 5 +p - WEi+X set+X
PHENIX A{ (2011-2012), p° > 30 GeV - = e
0.5¢ B PHENIX A 013, 5t S 3oy ] s s =510 Gev BEL <SG Flavor asymmetry for quark sea
& 00 ﬂ u 0.08 Sea Asymmetry
i L - L X(AT - Ad)
i 0.06
-0.5p - r
0.04 8835558
103 : : : : I 0ol
(b) rrWH+Z-op.e % STAR Aj(PRL 113 (2014) 072301) L g
e DSSV Ep>25 GeV
o 0
— w* ;
> _0.02[ Q%= 10 (GeVicy
} —0.5 § o STAR2011-2013 [ === NNPDFpoll.1
= i “* BS15 CHENLO [ #5525 NNPDFpoll.lrw
| memes DSSV14 CHE NLO -0.04 P -‘
I NIEDFpolL1 - DSSV14 RHICBOS > )
-0.5F B By Dbeemy SESR 1 P e NNPDFpol1.1 CHE NLO d 10 x B
T DNape L “925%5< NNPDFpoll.1rw CHE NLO
Tetzer 3.3% beam pol scale uncertainty not shown
1,06 g i ; . o | ol T S
-2 -1 0 1 2 = 0 1
n n

Covered lepton n: 0.05 < x, < 0.25

Full available data set analyzed from STAR (shown) and PHENIX (PHENIX, PRD 98 (2018), 032007)

e Significant preference for Au over Ad — Opposite to the spin-averaged quark-sea distributions
e Evaluations from DSSV and NNPDF agree with data in sea and valence quark region
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Nucleon spin structure at high-x
Hall C A1n experiment with polarized 3He target (E12-06-110)

e Measurement of the virtual-photon-nucleon asymmetry A, on polarized neutron (®He) target
A, (x) = g,(x)/F_(x) for large Q2

e Measurement of A, for proton (CLAS12) and neutron: extraction of polarized to unpolarized parton distribution
function ratios Au/u and Ad/d for large x region 0.61 < x < 0.77
e Explore the Q% dependence of A1n at large x

pQCD with PQCD with
spin only orbital angular W. Henry, JULO Meeting 2022
1 Mingyu Chen, DIS22 momentum_ _ i 0.1 : Wi h d . .
b o srACEIE = Paon il GO X [« Hall C 11 GeV DIS no Rad. Corr. Ithout radiative corrections
0.8[- CHERMES 4 Zhengetal 2004 p + E06014(DIS) Statistical uncertainties only
- N gt L~ E99117 (DIS)
06 ~ St = o Ny e 4 { Nuclear corrections to be
b ---LSS(BBS) --: Avakianetal. . | © HERMES )
0.4 L & " DSE(contact) L & E154 <‘> 1{ applled
e ol } I i ] Il :
- T
02F : { i
: $§ § % Iﬁ F3He A3He_2FgPAI7 1 — Q014
0 2 —-0.05 + . 2 1 F:;He P 2Py
L e aadl| A =
i f 0.056
02 _ P, Fy (1 +%28)
-0.4 ”b‘l“(l)i“bé“bzil ()51“66“(.)‘%“68“‘69”“1 _0'10 L '012' ) '014' ) 'Oie' ) _018.
X X
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Nucleon spin structure at high-x
Hall C A1n experiment with polarized 3He target (E12-06-110)

e Measurement of the virtual-photon-nucleon asymmetry A, on polarized neutron (®He) target
A (x) = g, (x)/F_(x) for large Q°

e Measurement of A, for proton (CLAS12) and neutron: extraction of polarized to unpolarized parton distribution
function ratios Au/u and Ad/d for large x region 0.61 < x < 0.77

e Explore the Q% dependence of A1n at large x Au+Al_ 4 g (a4709) - 1g (1-+4r)
u+u 15 FP 15F;
Example extraction of Au/u and Ad/d from E06-014 Hall A Jlab Ad+Ad _ —1g} (] +i) L 45 (4+ L)
predecessor measurement, red) with previous world DIS data d+d  15F Rt/ 15 F Rt
and selected model predictions and parameterizations where R% = (d +d)/(u+ 1) and is taken from the CJ12

PLB 744, 2015, 309-314

PLB 744, 2015, 309-314

1E =T
FE o HERMES(SIDIS) v COMPASS (SIDIS) E enieTE
08F & JLab E991(17 (DIS)) o JLabCLAS %Glb(DIS) K 09E- L.-e. 2:='DSE (con\miléh
F ®  This Work Strange quark uncertainty S Py E i
0.6 — Statistical — NIL i 7 0.8F -
— Fo=e--- LSS (BBS) === Avakian et al. 497 %4 s =
-2 04F E 07F T A
< 02 e = P 5=
= 0'2: | o 27 = 0.6 ~e (? ® DSE(rea(sti'c)
= E C————— 4 = E Z
=5 9 I o DSE (realjstic) 3 05¢- o
%-0.2:_‘ g \t_. - ‘{__,‘__,-f" Y g 04F oK >
hp i Sm T MR 3 SN AL
~04  TUmdbedermets é T / ~ 03
06 E ¢ * DSE (contact) 02 E_ ol
08 016 P
B R~ e W i} 2 A N N T I I I B IR I
01 02 03 02 05 06 07 08 09 1 01 02 03 04 05 06 07 08 09 1
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Proton Spin and ePIC Detector Requirements



Q@?(GeV?)

DIS Kinematics

Reconstructed from scattered electron or hadronic final state

Inclusive NC: leveraging the overconstraint of kinematics to maximize the
resolution

Resolution on conventional methods depends on events x-Q?, acceptance
and resolution effects, size of radiative processes

Advanced reconstruction methods in development for ePIC:

e Kinematic fitting (see, e.g., S. Maple, DIS23)
e Deep Learning Approaches (see, e.g., M. Diefenthaler et al., Eur.Phys.).C 82 (2022) 11, 1064, C. Pecar, AI4EIC22)

1 DJANGOH/fun4all Fai TN
T Yee Ve o 183075 Gev | i LA 4 Assessment of relative performance of reconstruction
2 {
R 2(trac1k+ca|) T *’;L 4 i methods for measured phase space for ECCE and ATHENA
] B | A LA LA L ﬁt _ 5 5
] DQ 1 1A A ® Coverage driven by acceptance: 0.01<y<0.95,Q“>1 GeV
1 ‘ AL AT LA ALA
10 J[ - «1 th A LA 0* > 2 Gevz. e yresolution: important role of data overlap at different s
] ‘ 4 /‘r~ z & AN W2 > 4 Gev2,
] o PP Y.,
LA T ATAC 1>
_ T | A LA i 0.05 < y < 0.95
107 - 10’;‘ 10 10-

Xg
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https://indico.cern.ch/event/1199314/contributions/5216821/
https://link.springer.com/article/10.1140/epjc/s10052-022-10964-z
https://indico.bnl.gov/event/16586/contributions/68777/

Proton Spin and ePIC Detector Requirements

Information on AX and AG

Longitudinally polarized e and p for over a wide range in 0
Medium-x hadrons
center-of-mass energy (x-Q? coverage)

n=0

8=90° “,
Low-x performance:

e Good EM calo in barrel region 6./E = (7 - 10)%/VE @ (1 - 3)% Y T
e  Superior in backward region 6./E = 2%/VE ® (1 - 3)%
e Electron-pion separation up to 10#

Higher-x performance:

e Hadronic final state - good momentum resolution and calo
measurement, in particular in the forward direction

Proton or lon Beam Electron Beam

Improved access to the sea quark helicities and TMD measurements - SIDIS with detected pions and kaons

e Particle ID over wide range of |n| < 3.5 with better than 30 separation with different particle energy ranges:
barrel (< 6 GeV/c), backward (< 10 GeV/c), forward (< 50 GeV/c)

Access to Orbital Angular Momentum - GPD measurements

e Demanding program requiring high luminosity and detection of the forward-going protons scattered under
small angles

M. Zurek
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Proton Spin and ePIC Detector Requirements

p-going barrel e-going
N. Schmidt, RAUM23 F. Bock, Hard Probes 2023 3 R R RS RSN RS A R Ea RE R EER N B B L B B e B B U A
.20 i : — NS
P R RSSO AR SRR A g R R UL TR = <200 YR Requirements (ECal and Tracking) ] < F YR Requirements (ECal and Tracking)
[ YR Requirements (ECal and Tracking) 1= YR Requirement OHCAL ePIC simulation - w # ePIC BEMC simulation (-15 <n<15) | w ® ©PIC EEMC simulation (-3.5 <1 < -1.5)
[ & ePIC FEMC simulation (35<n<-1.5) | W | — OHCALTB:o/E = 75.0//E ®14.5 HCal standalone > -t . BEMC fit: 6 /E = 4.6/VE ® 0.1 — 15 .- EEMCfit: o /E = 1.8/E ® 08 -
[ -wue FEMC: 6 /E = 7.1/NE ©0.0 ] % OHCAL: o, /E = T13/VE ©17.2 single 7 2 © © |
L YR Requirement LFHCAL 13 ¥ . ) e-going (-3.5 <n < -2):
il 2. s 3 = a 15— central (-1 <n<1): | L T s y .
154 g/gEmng(‘(1 1<2n/</r2920/ | 100l -*-LFHCAL: o, /E = 44 3//E ®55 _g C B E = (12141 %NVE @ (2-3)% ] I E$::ae;LIg;E6/E2 56/250;;2995/0/
r Tracking: c/E 0.04%"p © 1.0% 17 === Tracking: o/E = 0.04%"p & 1.0% il e-going (-2 <1 <-1): |
@lgé"“g(féj:}ﬁ?zo/ i 1w 10 o ECal: o £ = (i5) IE ©20% .
...... Tracking: o/E = 0.04%’p ®1.0% - L S5 18 e + Tracking: o/E = 004/ ’p @2.0%
101, B i =~ E
. = X 5
//
50— %2 S|
..... X
.................... L 9% i
.................... B S ¥
~ ¥
L5 o
______________ | [ . E N g
W BRI ] r W"‘”' W AR 2
N A e TITTY P Y R BRI BRI | I N N A e A SR AT AN PPN AP RPN AP IR IO AP
2 6 8 10 12 14 16 18 20 0.2 0.4 0.6 0.8 1 CO 2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
E,lp,, (Gev) 11 \E (Gev) Eyl p,, (GeV) Eal p,, (GeV)

Performance of energy resolution

Technologies fulfill YR requirements on energy resolution

Ongoing simulation studies related to overlaps between different n regions for calorimetry, tracking
and reconstruction algorithms

Barrel: electron momentum measurement predominantly from tracker, but e/t separation critical (EMCal for low

energy pions, EMCal + HCal for higher energy pions)
e-going EMCal: Energy resolution for e important for the backward rapidities + e/m separation
h-going EMCal + HCal: energy resolution (EM and hadronic) for hadronic remnant reconstruction
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Example Backward e/t Performance for 10 x 100 GeV

e-going EMCal

5 T T T T
< YR Requirements (ECal and Tracking)
w K SPIC EEMC simulation (-3.5 <1 <-1.5) |
\b15— - EEMC fit: 6 /E = 1.8/VE ®0.8

e-going (-35 <1< 2):
B ECal: 6/E = 2.5%/VE © 1.0%
...... Tracking: 6/E = 0. 2/ o*p @ 5.0%
e-going (-2<n< 5
I ECal: o/E = (4- a)/o/\Fezo/ |
------ Tracking: /E = 0.04%"p ® 2.0%

vl b b b ben b b benn Lew i bay
2 4 6 8 10 12 14 16 18 20
Ealp,, (GeV)

ePIC Simulation, E/p cut only ePIC Simulation, E/p cut + E-p_ cut
% 10‘? * 0.5GeV + '{" go‘ 252 # 2
L N L 102
i 05:0@9V —+—‘:‘ 4 + ++++ —, L 0 A 1 1
o IS i i pits g2 1 < 1% pion contamination
3 e o Fii s 20 1.1% expected for the DIS
T e O siciiiams == i electron reconstruction
= plot by A. Bazilevski P (GeV/e) P (GeVic)
P T T - - e  Pythia DIS, no cut, initial TT contamination
| plot by Pu-Kai
e e E/p<1-16E/pandE-p cut

B R T e

ceiceitl  Another strong suppression factor < 2.5 GeV from pfRHIC
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Example Barrel e/t Performance for 10 x 100 GeV

/e ratio

/e ratio

g8 -12<n<-0.8 -0.8<n<-0.2 -0.2<n<+0.2
Raw Contamination . .
+EMCal suppression ePIC Simulation 10x100 GeV
P +Total E—p, cut | |
10 - +DIRC suppression I - L
| ] ]
102 - ™} L -
u - ml u ] - - .
] LI n
10° [ ] ]
- . | | | ]
_____ . —— -
102 n -} B n . = B
|
| | |
L - _ " n
i 10° 10! 10° 10! 10° 10!
Momentum [GeV] Momentum [GeV] Momentum [GeV]
107 +0.2<n<+0.8 +0.8<n<+1.2
Raw Contamination
+EMCal suppression - - 10x100 GeV
- +Total E—p, cut .
10 [ ] - +DIRC suppression
n | |
I -
|
103 * [ ] i
- u (L) *
| |
10 - LI ¢ = =
x - n
| |
x . X
1071 = 54 = = = p—---% i
n . 5 w
=3
10 10° 10! 10° 10!
Momentum [GeV] Momentum [GeV]
M. Zurek

Challenging goal: Achieve 90%
electron purity from the combined
detector performance (ECAL +
DIRC)

e To keep pion contamination
systematic uncertainty to
required 1% level

e Impact of total E-pz cut, DIRC
suppression and EMCal
suppression studies

See also: B. Schmookler, ePIC
Collaboration Meeting contribution
(link)
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https://indico.bnl.gov/event/17621/contributions/71753/subcontributions/2125/attachments/45500/76767/epic_inclusive_ecal.pdf

SIDIS and ePIC Detector Requirements

SIDS Measurements to probe fragmentation functions and flavor-separated quark helicities:
On top of the inclusive DIS requirements — Particle IDentification needs
e Charged pions, kaons and protons separation on track level — Cherenkov detectors complemented
by ToF at lower momenta

£ o Tomtion ey ' Us_
§, g f Region Momentum ePIC Technology
ngz_ CF, I ‘:.P';’ -
g g Lntmaory | FE forward <50 GeV/c | dual-radiator RICH
% " v s ®9§9« é'{;ﬂ < ]
g e i E .
- @5’ ] central <6 GeV/c high performance DIRC, AC-LGAD ToF
= (n=1.03) s

1= © =

F £ ki separation »30 ] backward <10 GeV/c | proximity focusing RICH

i
107 lIIII1 IIIII1|0 I I IIlII:I(IJZ
momentum (GeV/c) d R I CH
pr|CH g Fused silica hpDI RC Fused silica TOF
) ‘(\6\ prism st = / bar
gy 5

Photon sensor

Aerogel

Sensors

Mirrors

M. Zurek
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GPDs and Angular Orbital Momentum

il 1

|
Connection to the proton spin: Jq = 2 %ir% dz z [HY(z,&,t) + E(z,&,t)] J,= EAZ oL,
—YJ-1
N/q U L T . : . .
U % B 4 chiral-even and 4 chiral-odd quark GPDs at leading twist
L i Fr for a spin-’2 hadron
i E E Hp Hp

Accessed via hard exclusive processes: cross section and asymmetries
Deep virtual Compton scattering (DVCS) and hard exclusive meson production (HEMP)
H, E accessed in vector meson production, all 4 chiral-even GPDs accessed in DVCS

DVCS and access to GPDs
Experimental access to GPDs via Compton Form Factors

Different configurations: p and e polarization, beam charge — different CFFs
proton + neutron DVCS — flavor separation of GPDs

H(E, t) :Zeg/_ll de"(x,g,t)(£ 1 ! )

—x—1e &4+ x—ie

M. Zurek
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GPDs at EIC: Snapshot

EIC kinematic reach: DVCS

EIC, Yellow Report

Current DVCS data at col‘liders:

FQ ZEUS-totalxsec O H1-total xsec & o
F ® ZEUS-d W Hi1-do/dt 3§
® Hi-Agy

[ Current DVCS data at fixed targets: A
[ 4 HERMES-A, A HERMES-AcCU )
A HERMES- Ary, AuL, Au
A HERMES-Aur * HallA-CFFs
% CLAS-Awy % CLAS-Ay
f Planned DVCS at fixed targ.:
COMPASS- dordt, Acsu, Acst
JLAB12- dofdt, ALy, AuL, Au

Projected DVCS cross-sections

ECCE Simulation, 10 fb%, I. Korover, DIS23 "

Q% =2-10 (GeV/c)2

H F
2 i} xg ~ 0.003
js I} xB~001

~ 0.0015

- <l >

e m <

§ 10°F ."
gimr 10 §gla,
N = ity
= |8 | *?T
Q ‘.I.- v
S 10Hz2agps i
;'”ii’
* = 5
5 10%=:.,
ks ;n,ie:
105 \T‘f
= |
0 0.5

Anticipated constrain on GPDs H and E from EIC

GPD H for gluons

af HERA, dip. fit 25
o b 11 LT HERA,exp.fit N
3\1 3 N "1 HERA+EIC fit < 20
\ =
= > 1.5
" 2 x=1073 ;
i Q?=4 GeV? i 10
i % 05
0 e 0.0
0.2 0.4 0.6 0.8
—t [GeV?]

o Y A Y M M I W A

-t [GeVE]

e+p 184275 GeV
e+p 10+100 GeV
e+p 5+41 GeV

Strong constraints on extraction of
Compton Form Factors from
multidimentional binning

5

GPD E for searquarks e Different observables have different sensitivity to
the GPDs, and measurements from multiple
[—— mcn | processes are needed for their flavour separation
x=107}

PP=4GeV e Measurements at EIC will provide significant
constraints at low-x and enable extraction of as-yet
unknown GPDs

0.2 0.4 0.6 0.8
—t [GeV?]
M. Zurek
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TMDs and Spin-Orbit Correlations

Quark Polarization

L

T

7¢

hs

®-O)

TMDs surviving integration over kT

 Naive time-reversal odd TMDs describing
_strength of spin-orbit correlations

Chiral odd TMDs

Nucleon Polarization

unpolarized Boer-Mulders
\ . N
4
ali
g * @ - @ h 1E -
. longi-transversity
\ helicity (worm-gear)
4 \ ( )
h, =
Bl
fﬂ_ — @ g T — AL transversity J
trans-helicity N -
Sivers Y h 1T
(worm-gear) .
) pretzelosity

\.

Off-diagonal part vanishes without
parton’s transverse motion

TMDs describing strength of spin-orbit correlations non-zero — indication of parton OAM
No quantitative relation between TMDs & OAM identified yet

Sivers: correlations of transverse-spin direction and the parton transverse momentum
Boer-Mulders: correlations of parton transverse spin and parton transverse momentum
Collins: fragmentation of a transversely polarized parton into a final-state hadron
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See plenary talks and in TMD session:

T IVI D S at E I C o S n a S h ot C. Dilks, Future studies of dihadron production in SIDIS
o p A. Mukherjee, Probing gluon TMDs in back-to-back production of a D meson and jet at the EIC

A. Prokudin, Three-dimensional nucleon structure

EIC kinematic reach: Collins and Sivers Example: expected impact on u and d quark Sivers distributions

EIC, Ye|||0W Report R. Seid|, et al. (ECCE), Nucl.Instrum.Meth.A 1049 (2023) 168017

\\ flLT:de[QGeV]

T T T
Current data for Collins and Sivers asymmetry:

104 b
® COMPASS h* P, <16GeVic vryvvvvvusy —flLT”“_F[QGCV}

O HERMES 7% K P,y <1 GeVic
® JLab Hall-A x*: Py <0.45 GeVic

R JLab 12
10°F o STAR 500 GeV -1 <1 <1 Collins
© STAR 200 GeV -1 <y < 1 Collins
= STAR 500 GeV 1 <1 < 4 Collins
O STAR 200 GeV 1 <n <4 Collins
102 L. ¥ STAR W bosons

kr|GeV] Er[GeV)

e  Rich program to probe spin-orbit effects within the proton and during hadronization, and explore the 3D spin structure of the

proton in momentum space
®  Access TMDs primarily through SIDIS for single hadrons, as well as other semi-inclusive processes with di-hadrons and jets

e  EIC has transformative potential for understanding the proton's 3D structure in momentum space
o  Valence region TMDs still have significant uncertainties (see the Sivers function example)
o  Severe lack of experimental data for sea quarks and gluons

90


https://indico.jlab.org/event/663/contributions/13470/
https://indico.jlab.org/event/663/contributions/12835/

Experimental Access to EIC Physics

£ A -~ Access to EIC Physics through
0
10% b= | 100 < Large kinematic coverage
2 ' 3
o = Polarized electron and hadron
5 5 beams and unpolarized
33 fm — . .
21 0 3 nuclear beams with high
2 S luminosities
= 2
S Int | Land .
T g ot = Detector setup fulfilling
2 specific requirements of the
| 1 <

polarized e-p/A collider

0 50 100 150
Center-of-Mass Energy [GeV]
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ePIC Technology Choices



Tracking

Challenges: High precision low mass tracking

[}
o  High pixel granularity
O

Silicon Vertex Tracker (SVT):
Monolithic Active Pixel Sensor (MAPS): 20um pitch, ~6 um point resolution

3 inner barrels: ITS3 curved wafer-scale sensor, 0.05% X/X0
2 outer barrels: ITS3 based Large Area Sensors (EIC-LAS), 0.25, 0.55% X/X0

5 endcap disks (forward/backward), EIC-LAS, 0.25% X/X0

High spatial-resolution and efficiency and large-area coverage (8 m?of Silicon Vertex Detector):

Very low material budget constraints also at large n (challenge for services)

L

—_——

— Y

M. Zurek
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Tracking

Challenges: High precision low mass tracking

[}
o  High pixel granularity
O

Micro Pattern Gas Detectors (MPGD):
Resolution: 10 ns, 150 um

e 2 pRwell endcaps: 1-2% X/X0
e Inner Micromegas barrel: 0.5% X/X0

[ )
angular and space point resolution on hpDIRC

Outer pRwell planar layer + Barrel ECal AstroPix layer: Improve

High spatial-resolution and efficiency and large-area coverage (8 m?of Silicon Vertex Detector):

Very low material budget constraints also at large n (challenge for services)

~L

— Y

M. Zurek
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Tracking

Challenges: High precision low mass tracking
High spatial-resolution and efficiency and large-area coverage (8 m?of Silicon Vertex Detector):

[}
o  High pixel granularity

o  Very low material budget constraints also at large n (challenge for services)

AC-coupled Low Gain Avalanche Diode (AC-LGAD)

Resolution: ~30 ps, 30 um

ToF detectors to cover PID at low pT + provide time and spatial info for tracking
Barrel: 0.05 x 1 cm strip, 1% X/X0

— Y

Endcap: 0.05 x 0.05 cm pixel, 2.5% X/X0

M. Zurek
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Tracking Performance

Momentum
-1.00<n<1.00
g
s @ - ePIC (24.02.1/1.11.0)
w4
H weeeeee. PWG Requirement
3__ T T T
C Single particle simulation with
C AC-LGADs layers included
o ; i ; :
1 ; : : ; : : :
feee 0
N S R T P
Pye [GV]
-2.50<n<-1.00
£
a
a ® - ePIC (24.02.1/1.11.0)
w4
L -+ PWG Requirement
3 :
e
4 : ! :
Q’...l...l. 1 1 . 1
() 2 4 6 8 10 12

Distance of Closest Approach (DCA,)

-1.00<n<1.00
E 200,
{ -
IS ® 7-ePIC (24.02.1/1.11.0)
0 1501
1 | PWG Requirement
100
o
50
L .'
; .. S e S i e, e, S

14
pT [GeV]
1.00 <n<2.50
EZOG
g i ® 7-ePIC (24.02.1/1.11.0)
Q 150
s R R PWG Requirement
1005
Lo
50— .. H H
[ e
L B . ’_’_‘—.—»—.—._._*
FERFENTIN NI SAENE N S R S e . 4N B, 40
00 2 4 6 8 10 12 14
pT [GeV]

Nhits

RN RN AR R RARRD AR RN AR

ePIC Simulation
vl Ly

Average number of hits

b b b b bl

0‘_3

Backward (-3.5 to -2.5)
Backward (-2.5 to -1.0)
Barrel (-1.0 to 1.0)
Forward (1.0 to 2.5)
Forward (2.5 to 3.5)

-2 -1 0
Mhne

~0.10%*pH2.0%
~ 0.05%xpH1.0%
~0.05%*p@®0.5%
~0.05%*p@®1.0%
~0.10%*pH2.0%

N
w

~ 30/pT ym & 40 ym
~ 30/pT um @ 20 ym
~20/pT um @ 5 pm

~ 30/pT um @ 20 uym
~ 30/pT um @ 40 um

e Backward/Forward momentum resolution in extreme n regions complemented by calorimetric resolution
e Meets PWG requirements elsewhere

M. Zurek
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Electromagnetic Calorimetry

Flange of the

External structure & beam pipe

cooling

cooling plates

Cables

beam 'pipe

Internal structure &
cooling

read-out boards

PbWO, crystal &
internal support structure
universal support frame  piRC bars

Backward EMCal
PbWO, crystals

e 2x2x20cm?dcrystals

e Readout: SiPMs 10um
pixel

e Depth: ~20 X0

e Cooling to keep
temperature stable within

+0.1°C

A
<
€ )
o \V
) = I\
|
|
\
I L
=)
b
|
i
i
I
i\ I
| A
i .
)W
/
i
Layers of AstroPix
sensors with
0.5 x 0.5 mm?
pixel size Kfj

Layers of ScFi in Pb
with two-sided SiPM readout

Imaging Barrel Calorimeter

4(+2) layers of AstroPix MAPS sensor,
500x500 pym
Interleaved with scintillating fiber/Pb
layers

o 2-side SiPM readout, 50 pm pixel
Depth: ~17.1 X0

High granularity
W/SciFi EMCal

Tungsten powder mixed with
epoxy + scintillating fibers

5cm x5 cm x 17 cm blocks

4 independent towers per block
Readout: 4 SiPM per tower, 50
um pixel

Depth: ~23 X0

M. Zurek
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Hadronic Calorimetry

EH LI
l 1 > . I
Backwards HCal Longitudinally separated
HCAL with high-n insert
e Steel + large —
spintillator . , “ e Steel + Scintillator
tiles sandwich LN, Barrel HCAL (sPHENIX re-use) SiPM-on-tile
e SiPM readput N e Highly segmented
* Exactdesign stillin e Tilted Steel/Scintillator plates with longitudinally
progress SiPM readout e 65 layers per tower
. o 565,760 SiPMs
Refurbish for EIC e Stackable for “easy”
e Minor radiation dgmage replace SiPMs construction
e Upgrade electronics to HGCROC e Highly segmented insert
e Reading out each tile individually
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Calorimetry Performance

Barrel Endcap (e-going)

f\?20l\‘\H‘IH‘.IH\IH‘IH‘\H\\H|\'H|\H|H; 2 [T T e
< YR Requirements (ECal and Tracking) ] < - YR Requirements (ECal and Tracking) 1
w ePIC BEMC simulation (-1.5 <n < 1.5) | w ® ePIC EEMC simulation (-3.5 <1 <-1.5) 7
; L BEMC fit: 6 /E = 4.6/\E © 0.1 i \b 15— ---- EEMC fit 6 /E = 1.8/\E ®0.8 —

e-going (-3.5 <n<-2):
W ECal: o/E = 25%/VE © 1.0%
Tracking: 6/E = 0.2%*p ® 5.0% 7
e-going (-2<n<-1): B
W ECal: 6/E = (4-8)%/VE ® 2.0% N
‘‘‘‘‘ Tracking: o/E = 0.04%*p ® 2.0%

central (-1 <n<1): | Ly
0 o/E = (12-14)%/VE ® (2-3)% o L
==== Tracking: o/E = 0.04%*p @ 1.0%

besissasee 0w R AL '; b -
b be be b b b b b b L TN AR I I IV WA Y S I e
2 4 6 8 10 12 14 16 18 CU 2 4 6 8 10

4 16 18 20
Eal P, (GeV) Eql P, (Gev)

Endcap (p-going)

%209 "4 ‘uosispuy "

N. Schmidt, RAUM23 F. Bock, Hard Probes 2023
O W RARARAR AR AN s s R RS RS LR e 9 LR RS .
£20~ YR Requirements (ECal and Tracking) T < F | YRRequirement OHCAL ePIC simulation 4
w & ePIC FEMC simulation (3.5 <1 <-1.5) | W | — OHCALTB:o/E = 75.0//E © 145 HCal standalone |
~ [ «w-ue FEMC: 6 /E = 7.1/VE ® 0.0 - OHCAL: o4 /E = 713VE @172 single
o I ] © YR Requirement LFHC/‘?L 4
p-going (1 <N < 2.5): | -+-LFHCAL: o, /E = 443/VE ®5.5 -
15 GIE = (4-12)%/NE ©2.0% - 100~ i
r Tracking: 6/E = 0.04%"p © 1.0% b F g
B p-going (2.5 <m < 3.5): ]
o/E = (4-12%/VE © 2.0% 1 r 1
wuns Tracking: ofE = 0.04%'p ®1.0% L i 1
o //
4 r - 1
= | //
50— %2 -
o3
PP ILILILIL e [ B £
n L P ¥ i
P . gy
L - |
-------- DTS TUNCE She S M*"‘"“*
[opofominnadnnglaqqlonslisslasaliinlanelsesl P RSN HSN RPN BN |
12 14 16 18 20 0.2 0.4 0.6 0.8 1
Eyl p,, (GeV) 1/ \E (GeV)
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Particle Identification

High-Performance DIRC .
° Quartz bar radiator (BaBAR bars) - |
light detection with MCP-PMTs ~ W&&=r---_7 " S

Fused silica
prism

Fused silica

7 ™ Dual-Radiator RICH (dRICH)

[ ]
° Fully focused
Proximity Focusing RICH e /K36 separation at 6 GeV/c Photon sensor
e Proximity gap >40 cm Focusi
ocusing lens —
e upto7 GeV/c 36 T/K sep.
e High Rate Picosecond /
Photodetector (HRPPD) | E— 7
sensors \ / Aerogel
o Provide also reference = / — Sensors
time (~20ps) for ToF I/ = ) s
/’ ° C,F, Gas Volume and Aerogel
,/ ° Sensors tiled on spheres (SiPMs)
] C ° /K 30 sep. at 50 GeV/c
sttty AC-LGAD —
inner conical mirror
fi — HRPPD sensor plane TOF (~30ps)
1\
——~— outer conical mirror L \\
PSS vessel N /
- ——4
° Accurate space point for tracking ~30 um
M. Zurek ° Forward disk and central barrel
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