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BNL LDRD Program

e Strengthen case for the EIC 2" detector
o Cross-checking
o Cross-calibration
o Broaden physics program

e Provide a realistic detector concept
o Complementary to ePIC in terms of physics reach, precisions and
systematics
o Suggestions on new and developing technologies
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For a similar recent overview see talk from EICUG meeting
in WarsaW (https://indico.cern.ch/event/1238718/contributions/5485996/)

e What is a KLM type detector?
o Showing the Belle Il KLM as example
e Motivation for a KLM at the EIC
o Showcases: some highlights from the physics program
e Current work
o  Simulation progress from Duke and University of South Carolina
e Further Research and Development Plans


https://indico.cern.ch/event/1238718/contributions/5485996/

For a similar recent overview see talk from EICUG meeting
in WarsaW (https://indico.cern.ch/event/1238718/contributions/5485996/)

e What is a KLM type detector?

o  Showing the Belle Il KLM as example Arguments for muon detection seem established
e Motivation for a KLM at the EIC

o Showcases: some highlights from the physics program
e Current work

o  Simulation progress from Duke and University of South Carolina
e Further Research and Development Plans


https://indico.cern.ch/event/1238718/contributions/5485996/

Concepts for Muon ID

Arguments

e Heavy quarkonia —p+p- in exclusive measurements
o Cleaner signal in quarkonium reconstruction compared to di-electron

Reduce ambiguity to the scattered electrons

Gluon distributions

Proton mass — trace anomaly using near-threshold production measurements
o Hadronization

e Potentially DVMP / TCS — Nuclear GPDs

e Complementary to ePIC: quarkonium reconstruction with different decay channels

e Cross-checking with ePIC
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Summary: Concepts for the 2nd Detector

measurements / . Detector

shservabilss Arguments / Physics subsystem(s) Tasks

Muon e Quarkonium—pp Muon ID e Muon Kinematic distributions
o Gluon distribution, proton mass, hadronization e.g. KLM e Muon ID performance
o Potentially TCS — Nuclear GPDs ¢ Stalistical fedSibility

e Provide cleaner channel compared to di-electron
e Complementary to and cross-checking with ePIC

Scattered electrons e Complete exclusive measurements in low-Q? low-Q? tagger Extended auxiliary detector capabilities
regime
e Probing the transition from perturbative to
non-perturbative QCD

e DVCS Low Pr and high rapidity coverages Secondary focus Extended auxiliary detector capabilities
e Coherent VM to reach small x (far-far-forward)
Production e Nuclear GPDs
e Diffractive dijet e Nuclear shadowing & saturation
e Wigner Distribution
Scattered electron e high x and low Q? Fix target cell e Acceptance for fixed target event kinematics
and fragments in e Complementary to CLAS12 Tracking e Statistical feasibility
forward region in DVCS — nuclear GPDs EMcal e Tracking system
fixed target e Complementary to STAR, LHCb and ALICE PID e EMcal performance for
nPDF, parton fragmentations scattered high energy electron

e Backward e/h separation up to 18 GeV

¢ Brookhaven
National Laboratory 16
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Concepts for Muon ID

How to proceed

e Muon kinematics— Identify detector coverage
e Example muon ID technology: KLM at the B factory in KEK
Can KLM provide calorimetry performance?

EIC Generic R&D programs: #18 KLM-type detector
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e Glass-electrode resistive plate counters

https://doi.org/10.1016/S0168-9002(99)01383-2 5
e >90% muon efficiency at 1.7<p<4 GeV
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Belle Il at SuperKEKB

Belle Il detector

=l =
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electron-positron
injector linac
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Belle Il KLM (K, and muon detector)

Belle Il KLM as current state-of-the-art
Task: pure and efficient K and p ID

for muons > 0.6 GeV
~ 2° angular resolution for K

Orthogonal scintillator/RPC layers embedded in
1.5T solenoid return steel

Relatively cost-effective and robust design

Ongoing optimization efforts as luminosity is
ramping up

Considerations for full scintillator upgrade

10
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Belle Il KLM (K, and muon detector)
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Belle Il KLM (K, and muon detector)
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Belle Il KLM (K, and muon detector)

Support profile
-layer

/ track

Mirror

Reflective coating

Reflective tape
Optical glue

scintillator
light

source: arXiv:1406.3267 [physics.ins-det]

Schematic structure of the Belle || KLM scintillator setup
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Belle Il KLM (K, and muon detector): performance

0.82 =6 < 1.16 rad, muoniD > 0.9
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Motivations -

e Importance of good muon ID at a 2nd EIC detector
o C.f. physics talks in this and previous workshops
o Adds to electron channels, quarkonium, etc.
o TCS, DDVCS
o Important for the physics case but could also gives 2nd
detector specific advantage over 1st

e The case for better neutral hadron detection
o Vs of jets expected to contain neutral hadrons
o HCal capabilities

e ARBelle Il style KLM is able to address both needs

within the constraints at IR8
o Compact design integrated into magnet flux return
o Combined muon and neutral hadron detection
o Possibilities for additional time-of-flight information and HCal
capabilities

VXD =PXD+SVD PID=TOP+AFCH
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Research and Development Program

e State-of-the-art and not-yet used potentials at Belle Il inspired barrel +
e-endcap in EIC EOI #26

e This was incorporated into the EIC CORE proposal

e These efforts can now be applied in 2nd detector development

e EIC KLM R&D proposal initially funded by EIC Generic R&D program for
further development of the KLM concept and optimization for the EIC
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Research and Development Program

Reflective coating

_Reflective tope

r
/

e Direct readout to replace WLS fiber _ ’im SR s
e Neutral hadron response y
o Belle Il focus was position -> study response and use for Ty,

energy measurement

e Improved timing
o Timing on order of 10s of ps opens possibilities
o  Neutral hadron momentum through time-of-flight infor
o Hit localization within the scintillator
m  Simplified layer structure
m  Simpler, more compact design

e Thin HCal capabilities
e |Integration into magnet flux return

Aluminum sheet

18



Current work at Duke University

ePIC inner detector and tracking

e Implemented simplified barrel KLM in
DD4hep framework used by project
detector

e Allows easy use of ePIC software
developments

e Access to ePIC subdetector simulations

e Flexible simulation to allow for geometry
optimization based on simulated

performance
simple barrel KLM structure

19



Current work at Duke University
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FIG. 1. Implementation of the 14 layer KLM in DD4hep with vertexing and tracking systems

adapted from ePIC (left). Penetration depths of pions (red) and muons at 1 GeV. They can be

clearly separated. 20



Work at University of South Carolina (as of late July)

e Continuing development in Fun4All to use existing CORE simulation

o Advantage of existing magnet design

e Determined muon momentum thresholds to reach KLM for range of

pseudo-rapidities and magnetic field strengths
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FIG. 2. Ratios of the number of muons reaching the barrel KLM to the number of muons generated
at the center of CORE, for various values of central magnetic field and pseudo-rapidity.
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Work at University of South Carolina (as of late July)

e Continuing development in Fun4All to use existing CORE simulation

o Advantage of existing magnet design
e Determined muon momentum thresholds to reach KLM for range of

pseudo-rapidities and magnetic field strengths
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FIG. 3. Muon thresholds as a function of eta for various B (left) and as a function of B for several

n (right). The value of p, i, is the muon momentum at which 50% reach the barrel KLM. 29



Work at University of South Carolina (as of late July)

e Implemented layered KLM
structure in the CORE Fun4All

framework
e Started to work on hit readout
simulation




Further R&D goals

e Feasibility of integration in an EIC central magnet

Characterization of neutral hadron response
o Belle Il KLM R&D was focused only on K| position
o -> Study hadronic response, benchmark against thin HCALs
e Improved timing for ToF, hadronic momentum determination, hit localisation
o Current state WLS fibers don’t use potential time resolution of organic scintillators down to

10s of ps
o R&D need for scintillators, readout geometry and electronics!

e Suitability as a thin HCAL

o need for new algorithm development
e Development of improved reconstruction algorithms

24



Scintillator timing

e Scintillator timing resolution

o  Current state (Belle II) WLS fibers don’t use potential time resolution of organic
scintillators down to 10s of ps.

o  First tests of direct SiPM to Scintillator coupling and direct photon detection
show timing resolutions down to ~50ps with standard leading-edge
discrimination and post-processing

o Initial bench tests with EJ-2xx series, possibly others in coming years

e Electronics
o  Uncertain when HDSoC readout boards will be available for new pulse shape
discrimination
o  Using custom adaptation of HELIX readout system for first test setups

e Could achieve ~10% momentum resolution via ToF for 1.2 GeV KL
at 1.4m radius with 60 ps time resolution, 50% at 1.8 GeV

e Timing resolution and double sided readout could allow few cm
localization along the scintillator -> possibly fewer layers, compact
design




Summary

e Adding muon detection to an EIC 2" detector can extend the physics reach of the EIC and
has been identified as of high interest

e The KLM concept of scintillator-strips within the solenoid return steel can provide
cost-effective clean muon ID in a compact design

e Neutral hadron (K _and neutron) ID can be optimized together with muon ID

e R&D can determine double use as thin HCAL and ToF capabilities beyond Belle Il
state-of-the-art

e Investigations of these capabilities matched to the needs of the EIC physics program to
provide a cost-effective generic baseline detector design guide

e Letus know if you have thoughts, suggestions or want to get involved!
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Additional Resources

e Tutorials for working with EPIC software
o EIC Tutorial: Setting Up Your Environment
m hitps://eic.github.io/tutorial-setting-up-environment/
o EIC Tutorial: Geometry Development with DD4hep
m https://eic.github.io/tutorial-geometry-development-using-dd4hep/index.html

o EIC Tutorial: Simulations using ddsim and geant4

m hitps://eic.github.io/tutorial-simulations-using-ddsim-and-geant4/
o EIC software tutorials on YouTube

m hitps://www.youtube.com/channel/UCXcOWIDKdILXoZMGrotkf7w

e DD4HEP software and documentation

o https://qithub.com/AIDASoft/DD4hep
o https://dd4hep.web.cern.ch/dd4hep/page/users-manual/
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Questions and Discussion
e \What is the current status/consensus on 2nd detector sw frameworks?

e Importance of using up-to-date ePIC software?

o Have been working on copy of github.com/eic/epic, pulling updates infrequently
o Is the goal a joint software repository with ePIC or to become separate?

e \What is the status of the magnet design?

29



Plans

_> \What is the current statu

s/consensus on 2nd detector

Move on to DD4HEP or other full simulation softwares
e Lookup kinematics distributions of ep/eA events

Run full simulations

_> \What is the status of the mag

I k:»‘ Brookhaven
National Laboratory

Setup detector simulations using existing ePIC softwares

Determine physics benchmarks
Determine detector configurations

net design?

EIC Detector Il Meeting

SW frameworks?
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Backup slides



Belle Il KLM (K, and muon detector)
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Examples from the last workshop at Temple University

EICUG Steering Committee Perspective on Path Forward (Renee Fatemi):

https://indico.bnl.gov/event/18414/contributions/76304/

Unique opportunities for Det Il @ IP8

A. MAGNETIC FIELD - Solenoid field up to 3T, allowing for high resolution

momentum reconstruction for charged particles.

Exclusive Dilepton Production (Jakub Wagner):

https://indico.bnl.gov/event/18414/contributions/76070

15T INTERNATIONAL WORKSHOP
ON A 2"° DETECTOR FOR THE
ELECTRON-ION COLLIDER

Scientific Topics

> Science Opportunities
with a 2" Detector

> Detector Technologies & 3

> R&D Needs & Perspectives \ oS

> Opportunities for Al/ML &'

> International Perspectives and
‘Community Broadening

Organized by the EIC User Group,
CFNS, and Temple University
https://indico.bnl.gov/event/18414

B. EXTENDED COVERAGE for precision electromagnetic calorimetry - important

for DVCS on nuclei

C. MUONS - enhanced muon ID in backward and barrel region.

D. BACKWARD HADRONIC CALO - Low-x physics, reconstruction of current jets

in the approach to saturation

E. SECONDARY FOCUS - tagging for nearly all ion fragments and extended
acceptance for low pT/ low x protons. Enables detection of short-lived rare

isotopes.

>

Summary

TCSisa latory | y to DVCS, cleanest way
to test universality of GPDs. First measurement from CLAS12

» Timelike-spacelike relations at LO/NLO gives us tools to use TCS data in

v

v

DVCS CFF fits, with special sensitivity to Q* dependence,

First data-driven and model-free predictions for TCS using global DVCS
data

EIC - TCS study in Yellow Report, TCS included in EPiC event generator.

v

Measurement of TCS should also make us more optimistic about the
DDVCS, but We need muon detection!

vy

New analytical formulae for DDVCS have been derived.
It is already implemented in PARTONS and EPIiC MC generator (LO +
LT).
Asymmetries are large enough for DDVCS to be measurable at both
current, JLab12, and future, JLab20+ and EIC, experiments.

Idressing GPD model d !
possible.

with cross-sections and asymmetries is

25/20

EIC 2nd Detector: Vision and Realization (Abhay Deshpande)
https://indico.bnl.gov/event/18414/contributions/76302/

Potential Physics topics beyond Core EPIC detector’s mandate exist

Physics with nucleons and nuclear targets:
* Quark Exotica: 4,5,6 quark systems...? Much interest after recent LHCb led results.

* Nuclear Fragments from light and heavy nuclei : e-A — Connecting to low energy nuclear physics

(exotic nuclei), studying the shapes of nuclei and their nternal substructure; entanglement, entropy,
fragmentation, hadronization and such phenomena

New Studies with proton or neutron target: (mostly overlapping?)

« Impact of precision measurements of unpolarized PDFs at high x/Q2, on LHC-Upgrade results(?)
« Precision calculation of as : higher order pQCD calculations, twist 3

» Heavy quark and quarkonia (c, b quarks) studies with 1000 times lumi of HERA (and polarization)
Precision electroweak and BSM physics:
« Electroweak physics & searches beyond the SM: Parity, charge symmetry, lepton flavor violation

Focus first on Physics beyond the EIC’s core (CDO) science

(there will be others: some overlapping, some exclusive due to different IR design)

» LHC-EIC Synergies & complementarity: (muon detectors were of particular interest)

33
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DDVCS: Double deeply virtual Compton scattering

k

e

“Provides the framework necessary
for an uncorrelated measurement of a
GPD (¢, ¢ ,t) as a function of both
scaling variable ¢ "and &”

“Challenging from the experimental
point of view due to the small
magnitude of the cross section and
requires high luminosity and full
exclusivity of the final state”

-> Requires clean reconstruction of
muon pairs

source: arXiv:1904.09335 [hep-ph] 34



TCS: Timelike Compton Scattering

See the next talk by Pierre Chatagnon for more on TCS!

From the Yellow Report (sec. 8.4.4):

“TCS has a final state identical to the exclusive production of J/¥, but without the
advantage of a well-defined invariant mass for the lepton pair.”

p (GeV)

Figure 8.69: Momentum vs pseudorapidity for e*e™ (top) and p*p~ (bottom) at the
5 x 41 GeV collision energy, for an integrated luminosity of 10 fb~!. Left: BH, right: TCS.
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