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These referenced slides taken from last meeting:

https://indico.bnl.gov/event/20533/
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For a similar recent overview see talk from EICUG meeting 
in Warsaw (https://indico.cern.ch/event/1238718/contributions/5485996/)  

● What is a KLM type detector?
○ Showing the Belle II KLM as example

● Motivation for a KLM at the EIC
○ Showcases: some highlights from the physics program

● Current work
○ Simulation progress from Duke and University of South Carolina

● Further Research and Development Plans
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Arguments for muon detection seem established

https://indico.cern.ch/event/1238718/contributions/5485996/
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Belle II at SuperKEKB

source: belle2.jp/detector/
source: doi.org/10.1016/j.nima.2018.08.017.

Asymmetric e+e- collider (4GeV x 7GeV) “B-factory” at ϒ(4S) (10.58 GeV)
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Belle II KLM (KL and muon detector)

Belle II KLM as current state-of-the-art

Task: pure and efficient KLand μ ID 

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

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

source: belle2.jp/detector/
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Belle II KLM (KL and muon detector)
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Belle II KLM (KL and muon detector)
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Belle II KLM (KL and muon detector)

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

Schematic structure of the Belle II KLM scintillator setup
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Belle II KLM (KL and muon detector): performance

14source: BELLE2-NOTE-PL-2020-027



Motivations

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

detector specific advantage over 1st
● The case for better neutral hadron detection

○ ⅓ of jets expected to contain neutral hadrons
○ HCal capabilities

● A Belle II style KLM is able to address both needs 
within the constraints at IR8

○ Compact design integrated into magnet flux return
○ Combined muon and neutral hadron detection
○ Possibilities for additional time-of-flight information and HCal 

capabilities
15



Motivation for KL and n detection

● Roughly ⅓ of EIC jets are expected to contain neutral 
hadrons

○ Many parts of the EIC physics program depend on good jet 
measurements

○ Much cleaner jet reconstruction if neutrals can be reconstructed or 
veto jets

○ R&D into HCAL capabilities of a KLM-type detector

source: R&D progress report

source: B.S. Page et al., arXiv.1911.00657 “Jet Physics at a Future EIC“
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Research and Development Program

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

● This was incorporated into the EIC CORE proposal
● These efforts can now be applied in 2nd detector development
● 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

source: arXiv:2209.00496 [physics.ins-det]
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Research and Development Program

● Direct readout to replace WLS fiber
● Neutral hadron response

○ Belle II focus was position -> study response and use for 
energy measurement

● Improved timing
○ Timing on order of 10s of ps opens possibilities
○ Neutral hadron momentum through time-of-flight information
○ Hit localization within the scintillator

■ Simplified layer structure
■ Simpler, more compact design

● Thin HCal capabilities
● Integration into magnet flux return
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Current work at Duke University

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

● Allows easy use of ePIC software 
developments

● Access to ePIC subdetector simulations
● Flexible simulation to allow for geometry 

optimization based on simulated 
performance

ePIC inner detector and tracking

simple barrel KLM structure
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Current work at Duke University
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Work at University of South Carolina (as of late July)

● Continuing development in Fun4All to use existing CORE simulation
○ Advantage of existing magnet design

● Determined muon momentum thresholds to reach KLM for range of 
pseudo-rapidities and magnetic field strengths
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Work at University of South Carolina (as of late July)

● Implemented layered KLM 
structure in the CORE Fun4All 
framework

● Started to work on hit readout 
simulation
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Further R&D goals

● Feasibility of integration in an EIC central magnet
● Characterization of neutral hadron response

○ Belle II KLM R&D was focused only on KL position
○ -> Study hadronic response, benchmark against thin HCALs

● Improved timing for ToF, hadronic momentum determination, hit localisation
○ Current state WLS fibers don’t use potential time resolution of organic scintillators down to 

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

● Suitability as a thin HCAL
○ need for new algorithm development

● Development of improved reconstruction algorithms
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Scintillator timing

● Scintillator timing resolution
○ Current state (Belle II) WLS fibers don’t use potential time resolution of organic 

scintillators down to 10s of ps.
○ 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

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

● Electronics
○ Uncertain when HDSoC readout boards will be available for new pulse shape 

discrimination
○ Using custom adaptation of HELIX readout system for first test setups

● 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

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

25



Summary

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

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

● Neutral hadron (KL and neutron) ID can be optimized together with muon ID

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

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

● Let us know if you have thoughts, suggestions or want to get involved!
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Additional Resources

● Tutorials for working with EPIC software
○ EIC Tutorial: Setting Up Your Environment

■ https://eic.github.io/tutorial-setting-up-environment/
○ EIC Tutorial: Geometry Development with DD4hep

■ https://eic.github.io/tutorial-geometry-development-using-dd4hep/index.html
○ EIC Tutorial: Simulations using ddsim and geant4

■ https://eic.github.io/tutorial-simulations-using-ddsim-and-geant4/
○ EIC software tutorials on YouTube

■ https://www.youtube.com/channel/UCXc9WfDKdlLXoZMGrotkf7w 
● DD4HEP software and documentation

○ https://github.com/AIDASoft/DD4hep
○ https://dd4hep.web.cern.ch/dd4hep/page/users-manual/
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Questions and Discussion

● What is the current status/consensus on 2nd detector sw frameworks?

● Importance of using up-to-date ePIC software?
○ Have been working on copy of github.com/eic/epic, pulling updates infrequently
○ Is the goal a joint software repository with ePIC or to become separate?

● What is the status of the magnet design?
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Backup slides
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Belle II KLM (KL and muon detector)

Detector setup and clean e+e- 
environment allows very 
complete event 
reconstruction

Belle KLM had endcaps and 
inner two barrel layers 
upgraded from RPCs to 
scintillators for Belle II
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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/

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

Exclusive Dilepton Production (Jakub Wagner):
https://indico.bnl.gov/event/18414/contributions/76070/ 
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DDVCS: Double deeply virtual Compton scattering

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

“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/Ψ, but without the 
advantage of a well-defined invariant mass for the lepton pair.”
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