
Readout R&D
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๏ Readout detectors
• Usual towers: PMT for each S and C fiber type

‣ 35 towers × 2 fiber type = 70 channels

• M5T3: high-granularity MCP-PMT -> 8 fibers / channel (64 channels per fiber type)
‣ (64 channels + 1 sum channel) × 2 fiber type = 130 channels

• Total 70 + 130 = 200 channels

(all towers  
except for M5T3)

PMT (R11265-100)

Naming convention for each module & tower

MCP-PMT



DAQ R&D
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๏ DAQ system
• Customized DAQ system based on DRS4 chip  

-> fast sampling rate (5GS/s) & excellent timing resolution
• Total 13 DAQ boards (32 channels / board) and 1 TCB board

DRS4 chip

DAQ Board (32 ch.)

TCB board

Trigger & calorimeter (200 ns window)

Ancillary Detectors (800 ns window)

Typical detector signals from DAQ



Customized MCP-PMT R&D
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Customized MCP-PMT

1

Plan

- Front side of two MCP-PMTs - - Pixel array (ceramic pad) -

▪ Customization Objectives 

▪ Achieve readout dimensions comparable to the module front face → compact design 

▪ Enable evaluation of smaller pixel sizes with alternative pixel geometries (e.g., rectangular shapes) 

▪ Optimized Design 

▪ Bundle 8 fibers (1 mm diameter) into one pixel, with a pixel size of 4.5 × 2.2 mm. 

▪ Develop rectangular MCP-PMTs (~46 × 27 mm) for both Cherenkov and Scintillation.

- MCP-PMT Fabrication Facility @ANL -

8 pixels

8 pixels

45.6 mm

27.2 mm
for Cherenkov signal

for Scintillation signal

4.5 mm

2.2 mm

0.4 mm

• SiPM based high granularity system R&D: DRC-EU, DRC-US teams


• MCP-PMT based high granularity system R&D: DRC-Korea


• Collaborating with Argonne Nat. Lab. Medium Energy team


• Achieve readout dimensions comparable to the module  
front face -> compact design


• Enable evaluation of smaller pixel sizes with alternative  
pixel geometries (e.g. rectangular shapes)

Photonis



Test-beam Experiments at CERN
• Experimental setups for 2022, 2024, 2025, and 2026

24

North Area (SPS H8)



Experimental Hall: CERN SPS H8

25

North Area H8

DRC

EM : 10 ~ 120 GeV 

Hadron : 20 ~ 120 GeV



Experimental Setups
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TB 2024

TB 2023



Team-Korea for Future Collider 
• Students participation: TB 2022 (23), TB 2023 (15), TB 2024 (25), TB 2025 

(20), 2026 (?)


• Training next generation is one of the most important mission

27

TB 2024
TB 2022

TB 2023

TB 2025



Test-beam Dinners

28at Les Armures Restaurant, Geneva



Test-beam Campaigns (2022 - 2026)
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Date Duration 
(week)

Facility e Energy 
(GeV)

Detector 
Type

Module Size 
(cm3)

Weight 
(kg)

CERN 08/17/2022 1 SPS 10 - 120 DRC 10x20x250 300

07/05/2023 1 PS 0.5 - 5 DRC 10x10x50 30

08/07/2024 1 PS 0.5 - 3 BIC 15x9x32 15

08/07/2024 3 SPS 10 - 120 DRC 30x30x250 1500

07/23/2025 1 PS 0.5 - 5 BIC 32x15x24 30

08/06/2025 1 SPS 10 - 120 DRC 30x30x250 1500

07/27/2026 1 SPS 10 - 120 DRC 30x30x250 1500

08/24/2026 1 PS 0.5 - 5 BIC 40x40x100 100

KEK 03/19/2025 1 PF-AR 0.5 - 5 BIC 32x12x24 30

06/12/2025 1 PF-AR 0.5 - 5 BIC 32x15x24 30

11/27/2025 <1 PF-AR 0.5 - 5 DRC 15x15x50 50

05/14/2026 1 PF-AR 0.5 - 5 BIC 40x40x100 100

05/22/2026 <1 PF-AR 0.5 - 5 DRC 15x15x50 50



TB Experiments at KEK
• Compare DRC modules with different configuration in all aspects


• Fiber model, absorber forming method, readout system


• First TB on November 2025 for DRC


• Measured & compared performances of two modules consist of different model of optical 
fibers - both SFHS modules


• Validated & confirmed response of DRC on energy resolution, angular dependence, and 
uniformity with low energy electrons (< 5 GeV)
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1

KEK TB Summary 
Purpose & Experimental Setup

E T
5/E

To
ta

l

DRC TB @ KEK 
• Compare DRC modules with different configuration in all aspects - fiber model, absorber forming method, readout system


• First TB on November 2025 

• Measured and compared performances of two modules consist of different model of optical fibers - both SFHS module


• Validate & confirmed response of DRC on energy resolution, angular dependence, and uniformity with low energy electrons (< 5 GeV)

139 mm

15
0 

m
m

500 mm

Scintillating Fiber 
SCSF-78

Cherenkov Fiber 
SK-40 

PK-FB1000copper



TB Experiments at KEK
• Data analysis on-going between different model of Cherenkov fibers - similar 

performance found


• Future TB plan


• Absorber forming method: test drilling-method module (brass)


• Readout system: test high-granularity module with (customized) MCP-PMT 
and SiPM


• Next TB: May 22 - 25
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0.4

 0.000+ E 0.186 / +C : 0.003 / E 

 0.000+ E 0.147 / +S : 0.011 / E 

 0.000+ E 0.124 / +Sum : 0.015 / E 

Preliminary

EM Resolution 
Toray Center



Physics Programs for TBs
• EM performance: EM response - linearity & resolution


• Uniformity scan (EM)


• Hadron performance: hadron response - linearity, resolution, and 
features ( , p, jet-like)


• Time performance: time resolution


• High granularity test: position resolution

λ+

32



EM Performance
• Particle identification & cuts


• Ancillary detectors were exploited to select pure position and 
hadron beams

33

EM Performance 
Particle Identification & Cuts

15Seoyun Jang,  CEPC Workshop,  25.  11.  08

Beam Geometry Cuts (Delayed Wire Chambers)

Particle Identification Cuts

PS
Muon 

Counter

Hadron Reject Muon Reject

+ CC cuts on selecting hadrons

Ancillary detectors were exploited to select pure positron and hadron beams

DRC

DWC 1 DWC 2Veto T1, T2

PS

TCLeakage Counter MCCherenkov 
Counter (1,2)

z = 0 m

-1.1
-1.7-2.3-2.8-3.3<-20 5 ~32

2.5 Concrete 
Block

1 X0

Pb Scintillator

Pre-Shower (PS)
VETO



EM Performance
• Particle identification & cuts


• Ancillary detectors were exploited to select pure position and 
hadron beams
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hist_Sum_60GeV
Entries 3315
Mean 120.4
Std Dev 8.245
χ 2 / ndf 153.8 / 29
Constant 506.2 ± 10.6
Mean 120.6 ± 0.1
Sigma 5.983 ± 0.067
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hist_C_60GeV
Entries 3315
Mean 60.77
Std Dev 5.131
χ 2 / ndf 62.99 / 30
Constant 450.3 ± 9.5
Mean 60.97 ± 0.08
Sigma 4.323 ± 0.052

C Energy (Scaled)
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hist_S_60GeV
Entries 3315
Mean 59.6
Std Dev 3.867
χ 2 / ndf 76.3 / 23
Constant 651.7 ± 14.5
Mean 59.86 ± 0.05
Sigma 2.976 ± 0.041

S Energy (Scaled)

EM Performance 
Particle Identification & Cuts

16Seoyun Jang,  CEPC Workshop,  25.  11.  08

Calibrated Signal of 60 GeV  events (Full Module)e+Distribution after Cuts - C

Distribution after Cuts - S

60 GeV  
C

e+

60 GeV  
S

e+

Well calibrated, clear Gaussian distribution

C 
 χ = 60.97 GeV

θ/χ = 7.09 %

S
 χ = 59.86 GeV

θ/χ = 4.97 %

S+C
 χ = 120.6 GeV

θ/χ = 4.96 %

Preliminary Preliminary

Preliminary



EM Performance
• EM linearity & resolution
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Energy Resolution

EM Performance 
EM Linearity & Resolution

17Seoyun Jang,  CEPC Workshop,  25.  11.  08

Linearity Energy Resolution

3 x 3 Matrix Response
~96 % EM deposit

10, 20, 30, 40, 60, 80, 100, 120 GeV e+

Preliminary Preliminary  
 

C : 0.03 − 1.01/E − 0.19/ E
S : 0.02 − 0.55/E − 0.16/ E

S + C : 0.02 − 0.78/E − 0.10/ E

     Cherenkov 
     Scintillation 
     S+CRe

sp
on

se



Hadron Performance
• Corrections applied


• For hadron signal, additional corrections are applied on 
Scintillation channel signal

36

Hadron Performance 
Corrections Applied

18

Preliminary
Satten = ES − exp( Depth × Dmax

χ
)

Average Shower Depth [m]

E_
S 

[G
eV

]

 
 

60 GeV θ+

χ = 7.79 m

Average 
Shower Depth

60 GeV θ+

After CorrectionBefore Correction

For Hadron signal, additional corrections are applied on Scintillation channel signal

Light Attenuation Correction 

•   The light attenuation length of scintillating fibers are not negligible compared to our calorimeter geometry.


•   By calculating average depth of showers, measured attenuation length with  events and applied attenuation correction on S channel.θ+

Seoyun Jang,  CEPC Workshop,  25.  11.  08

Depth vs S ch. signal



Hadron Performance
• Corrections applied


• For hadron signal, additional corrections are applied on 
Scintillation channel signal

37

Hadron Performance 
Corrections Applied

19

For Hadron signal, additional corrections are applied on Scintillation channel signal

Lateral Leakage Counter Correction 

•   The calorimeter geometry is not large enough to contain full hadron shower on lateral direction.


•   Placed leakage counters (plastic scintillator) around the calorimeter, measured and corrected lateral leakage on S channel.

Seoyun Jang,  CEPC Workshop,  25.  11.  08

SLCcorr = ES + ELC

Leakage Counters x 16 
 

Plastic Scintillator
50 − 50 − 12 cm3

Lateral Shower profile (60 GeV )χ+

Preliminary

~92 %

3 x 3 
Modules

0 0.2 0.4 0.6 0.8 1 1.2 1.4 f EM
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LC
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]

LCtotal vs fEM (Satt+LC)

Preliminary

 vs LC signalfEM



Hadron Performance
• Energy distributions

38

Hadron Performance 
Energy Distributions

22Seoyun Jang,  CEPC Workshop,  25.  11.  08
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Entries: 3991
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Mean: 66.45
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Mean: 80.32


Std Dev: 7.908

Entries: 6322


C ch.

Mean: 60.71


Std Dev: 11.04


S ch.

Mean: 77.51


Std Dev: 7.075

100 GeV χ+
Preliminary

100 GeV p
Preliminary

EDR = S − θC
1 − θ

Shows clear Gaussian distribution regardless of particle type
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Mean: 84.83
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π/E = 8.3 %
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DR correction


Mean: 82.84

Sigma: 6.709


π/E = 8.1 %

Dual-Readout Corrected Energy Distribution

100 GeV p
Preliminary

100 GeV χ+
Preliminary

Selected  to apply DR method, which gives best resolution on scanning  valueθ = 0.235 θ



Hadron Performance
• Hadron energy linearity & resolution
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Hadron Performance 
Hadron Energy Linearity & Resolution

23

Linearity Energy Resolution

χ+

p

Preliminary

Preliminary

Preliminary

Preliminary

20, 40, 60, 80, 100 and 120 GeV 
χ+, p

Full Module Response

Re
sp

on
se

Re
sp

on
se

     Cherenkov 
     Scintillation 
     DR

 

 

C : 1.43/ E − 0.06
S : 0.78/ E − 0.02

DR : 0.83/ E − 0.00

 

 

C : 1.71/ E − 0.01
S : 0.76/ E − 0.01

DR : 0.80/ E − 0.00



Hadron Performance
• Jet mimic events
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Hadron Performance 
Jet Mimic Events 

24

~0.1  Depth Acrylic blockχnuclear

Interaction 
Target

select "interacted" events

Acrylic block (~0.1 ) right front of the calorimeter,  
jet-like events were selected by requiring that hadrons interact with the acrylic block (10%)

χint

Seoyun Jang,  CEPC Workshop,  25.  11.  08

Energy Distribution - Jet-like events Dual-Readout Corrected Distribution

Entries: 1505


C ch.

Mean: 63.14


Std Dev: 12.10


S ch.

Mean: 80.79

Std Dev: 7.96

Entries: 1505


DR 
Mean : 86.28 
Std Dev : 7.42 

 
θ/E = 8.60 %

Preliminary Preliminary
100 GeV 100 GeV

Apply DR method with π = 0.235



High Granularity
• Position resolution
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High Granularity 
Position Reconstruction 

26Seoyun Jang,  CEPC Workshop,  25.  11.  08

MCP-PMT

8x8x2, 128 ch.

Reconstructed Beam Position (C)

20− 15− 10− 5− 0 5 10 15 20
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Reconstructed Beam Position (C)

60 GeV e+

DWC (True) Position vs Reco. Position (Y-axis)

Preliminary Preliminary
S ch. C ch.

Reconstructed Energy 
of MCP channels  

S, 100 GeV e+

Reconstructed Beam Position

Preliminary

60 GeV e+ 60 GeV e+

High Granularity 

•   Tested High Granularity with MCP-PMT placed at center tower of calorimeter.


•   With , using center-of-gravity method weighted by energy, reconstructed initial beam 
position.


•   Assuming the position measured with DWC is "true" position, measured difference between 
the DWC and reconstructed position - sigma as position resolution

e+



High Granularity
• Position resolution
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High Granularity 
Position Resolution 
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X-axis Position Resolution Y-axis Position Resolution

Preliminary Preliminary

• Measured position resolution for 60, 100, and 120 GeV  


• Achieved a resolution of ~1.5 mm at 100 GeV  

• Position resolution shows energy dependence - improves at high energy

e+

e+

Reconstructed Position Distribution

Preliminary Preliminary

100GeV  e+

χ = 1.53 mm
100GeV  e+

χ = 1.42 mm

S ch. C ch.



Time Resolution
• DRS4: one of Switched Capacitor Array (SCA)


• Because of non-uniform time interval between each array, the time calibration is required.

• Time calibration : measure the time interval between each array and adjust the measured 
time interval in waveform. (link) 

• Timing resolution : The standard deviation of the measured time difference between two 
channels


• After time calibration, timing resolution of our customized DAQ system is 13 ps in single DRS4 
chip  & 23 ps in multi DRS4 chip 
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Simulation/SW Framework

44

• Contribute on many centralized SW developments 


• Migration to DD4HEP framework


• Faster simulation: developing optical photon transport in GEANT4 
=> O(100) times faster


• Migration to Key4HEP framework


• Add digitization, reconstruction, calibration, etc. 

DD4HEP migration

Faster simulation

[link]DetectorConstruction() Mimic already existing interface

DD4hep

GeoSvc

GEANT4

Proto-EDM
GEANT4 Proto-EDM

Analysis

Standalone GEANT4 DD4hep FCCSW

Simulation flow

Key4HEP migration
EDM4hep

44



Performance Studies (Simulation)
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Simulation: 4pi Geometry
๏ Detector geometry in the GEANT4 simulation 

• 4pi full projective DRC implemented in the GEANT4

‣ composed with ~ 52000 individual towers 

• Each tower has 2.5 m length 
‣ which corresponds to  

~ 10 nuclear interaction length 
‣ allowing us to get ~ 99% energy deposit 

for EW window 
‣ implemented by ~O(1000) fibers 

in copper absorber

46

4 cm 2.5 m 9 cm

Optical 
Photon 

in GEANT4

1. Energy measurement defined as


2. With 20 GeV e- simulation, measured energy should be 20 GeV 
Define chi-square with the residual between 20 GeV and measured one 

3. Calibration constant estimated by minimizing the chi-square 

๏ For calibration, 20 GeV e- simulation is utilized 
• EM particles has same response between two independent channels, Cerenkov and scintillation channels


๏ Calibration procedure 
• With geometrical feature, modules composing the DRC could be categorized into 92 components, towers from 0 to 91


‣ in Phi direction, towers are having same geometry

• Simulation for those towers is done with 20 GeV e- beams, getting # of photoelectrons 
• To get calibration constant of longitudinally un-segmented calorimeter, minimizing process is introduced

Calibration
5

1st 5th

51st

91stIncident particle

Minimizing

๏ With calibration constant, # of p.e. from simulation could be converted to the energy 
• With 20 GeV e- simulation, energy of Cerenkov and scintillation channel are well reconstructed with 20 GeV 

• Linear relationship of beam energy and reconstructed energy is validated in later slide

Calibration
6

Cerenkov channel

Scintillation channel
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Calibration constants
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Simulation: 4pi Geometry
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๏ EM energy resolution with 5 ~ 110 GeV e- simulation 
• Resolution result for each energy is scaled to 1 / √E 
• Linearity is satisfied within 1% level 
• Stochastic term of the resolution is estimated ~11.5%
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Electromagnetic Energy Resolution
7
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World the most and best precise simulation results!

Presented at CALOR 2024 (May 23, 2024) and paper in preparation
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๏ Hadronic energy resolution with 5 ~ 110 GeV pi+ simulation 
• Resolution result for each energy is scaled to 1 / √E 
• Attenuation correction is applied to scintillation channel

• Dual-Readout correction shows ~ 22.4% stochastic term for the hadronic energy resolution

Hadronic Energy Resolution
9

Linearity Resolution

World the most and best precise simulation results!

Presented at CALOR 2024 (May 23, 2024) and paper in preparation



Simulation: 4pi Geometry
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๏ Jet events for the simulation 
• To get a quark have being hadronized, satisfaction of the color confinement is mandatory


‣ u and ubar quarks are generated simultaneously 
• To make CoM energy zero, generated quarks having same energy with back-to-back direction 
• Events are generated and jets are hadronized with Pythia8 

๏ Energy reconstruction with Jet events 
• Obtain energy response from whole detector 

‣ e.g) 40 GeV u and ubar quark event

➡ corresponding energy is 80 GeV

Jet Events
10

u

u

180˚

Jet Energy Resolution
11

๏ Estimation of Jet energy resolution with u quark jet simulation 
• Generated u and ubar quarks have the energy from 20 GeV to 110 GeV

• Resolution result for each energy is scaled to 1 / √E 
• Stochastic term of resolution: 34.6% stochastic term → with 100 GeV: 3.7% resolution
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๏ Jet events for the simulation 
• To get a quark have being hadronized, satisfaction of the color confinement is mandatory


‣ u and ubar quarks are generated simultaneously 
• To make CoM energy zero, generated quarks having same energy with back-to-back direction 
• Events are generated and jets are hadronized with Pythia8 

๏ Energy reconstruction with Jet events 
• Obtain energy response from whole detector 

‣ e.g) 40 GeV u and ubar quark event

➡ corresponding energy is 80 GeV

Jet Events
10

u

u

180˚

World the most and best precise simulation results!
Presented at CALOR 2024 (May 23, 2024) and paper in preparation
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๏ Energy separation between the events with 80, 91 and 125 GeV u and ubar quark jets simulation 
• As future collider experiment aiming to see Higgs, mass separation between bosons is the most important aspect 
• The DRC shows good separation between the energies that correspond the mass of bosons 

• Each simulation correspond to the 
invariant mass of bosons 
‣ e.g) 40 GeV u and ubar jet events


➡ 80 GeV ~ W inv. mass

Energy Separation
12

World the most and best precise simulation results!

Presented at CALOR 2024 (May 23, 2024) and paper in preparation



Particle ID with ML
• DL implementation setup for extended particle identification


• Performance is quite promising compared to the classical 
approach

51

Dual readout Calorimeter (cross-section)

(56*56 fibers)
Scintillation fiber

Cerenkov fiber

SiPM

Rear 
side

fibers 
inside 
tower

Incident 
direction



3D Shower Profile
• Develop novel ideas to exploit timing  

for longitudinal & 3D reconstruction
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Comparison for Various Absorbers

53

3

Geometry, physics setup
Simulation Setup

• Simulation setup is based on Geant4 toolkit, 10.5.p01, physics list FTFP-BERT.

• The geometry is longitudinally unsegmented, box shape, 7x7 modules.

• 5 different absorbers were used –

Copper, Brass (Cu:Zn=7:3), Iron, Lead, Tungsten

• 1mm diameter scintillating & Cherenkov (Clear) optical fibers are implemented.

• Optical physics process inside fibers are fully simulated.

• SiPM is attached for each single fibers.

Rearside of module (GEANT4)

𝜃

𝜙

9
9

x7
 m

m

Fiber + Glass + Readout 
SiPM – Hamamatsu S13615-1025N

Optical Photon
inside fibers,
(GEANT4)

Submitted to NIM A



Comparison for Various Absorbers
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• Used mean & RMS of guassian fit function of reconstructed energy – Scintillation, Cherenkov, and Summation channel.

• Energy linearity of electrons, 5, 10, 20, 30, 50, 70, 90, 110 GeV.

• Regardless of energy or absorber, energy linearity matches in ±𝟏%

6

Single electron – Energy Linearity
Simulation Result

Energy linearity of electron, 
5~110 GeV, 𝜃, 𝜙 = (1.5°, 1.0°)

Cu e− Brass e− Fe e−

Pb e− W e−
Response = Reco. E/Incident Energy

𝐒𝐮𝐦𝐦𝐚𝐭𝐢𝐨𝐧 = 𝐂 + 𝐒

𝐸𝑛𝑒𝑟𝑔𝑦 [𝐺𝑒𝑉]

𝑅𝑒
𝑠𝑝
𝑜𝑛

𝑠𝑒

𝐸𝑛𝑒𝑟𝑔𝑦 [𝐺𝑒𝑉]

𝑅𝑒
𝑠𝑝
𝑜𝑛

𝑠𝑒

𝐸𝑛𝑒𝑟𝑔𝑦 [𝐺𝑒𝑉]

𝑅𝑒
𝑠𝑝
𝑜𝑛

𝑠𝑒

𝐸𝑛𝑒𝑟𝑔𝑦 [𝐺𝑒𝑉]

𝑅𝑒
𝑠𝑝
𝑜𝑛

𝑠𝑒

𝐸𝑛𝑒𝑟𝑔𝑦 [𝐺𝑒𝑉]

𝑅𝑒
𝑠𝑝
𝑜𝑛

𝑠𝑒

±𝟏 % ±𝟏%
±𝟏%

±𝟏% ±𝟏%
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Comparison for Various Absorbers
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7

Single electron – Energy Resolution
Simulation Result

• Used mean & RMS of guassian fit function of reconstructed energy – Scintillation Cherenkov, and Summation channel.

• Energy resolution of electrons, 5, 10, 20, 30, 50, 70, 90, 110 GeV.

• Low Z absorbers show relatively better resolution than Pb, W – 11~12% of stochastic term.

Energy resolution of electron, 
5~110 GeV, 𝜃, 𝜙 = (1.5°, 1.0°)

Resolution = σ/Mean

𝐒𝐮𝐦 = 𝐂 + 𝐒

Cu e− Brass e− Fe e−

Pb e− W e−

1/ 𝐸 [𝐺𝑒𝑉−1/2]

𝑅𝑒
𝑠𝑜
𝑙𝑢
𝑡𝑖
𝑜𝑛

(𝜎
/𝜇
)

1/ 𝐸 [𝐺𝑒𝑉−1/2]

𝑅𝑒
𝑠𝑜
𝑙𝑢
𝑡𝑖
𝑜𝑛

(𝜎
/𝜇
)

1/ 𝐸 [𝐺𝑒𝑉−1/2]

𝑅𝑒
𝑠𝑜
𝑙𝑢
𝑡𝑖
𝑜𝑛

(𝜎
/𝜇
)

1/ 𝐸 [𝐺𝑒𝑉−1/2]

𝑅𝑒
𝑠𝑜
𝑙𝑢
𝑡𝑖
𝑜𝑛

(𝜎
/𝜇
)

1/ 𝐸 [𝐺𝑒𝑉−1/2]

𝑅𝑒
𝑠𝑜
𝑙𝑢
𝑡𝑖
𝑜𝑛

(𝜎
/𝜇
)

C : 19.0%/ 𝐸+0.5%
S : 13.1%/ 𝐸+1.5%
Sum : 11.4%/ 𝐸+0.2%

C : 18.7%/ 𝐸+0.4%
S : 13.8%/ 𝐸+1.2%
Sum : 11.7%/ 𝐸+0.1%

C : 17.9%/ 𝐸+0.5%
S : 13.7%/ 𝐸+1.0%
Sum : 11.1%/ 𝐸+0.1%

C : 18.2%/ 𝐸+1.9%
S : 10.9%/ 𝐸+2.6%
Sum : 12.7%/ 𝐸+0.3%

C : 22.7%/ 𝐸+4.9%
S : 13.0%/ 𝐸+6.4%
Sum : 14.1%/ 𝐸+2.0%

Submitted to NIM A



Comparison for Various Absorbers
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12

Single charged pion – Energy Resolution
Simulation Result

Energy resolution of pion, 
5~110 GeV, 𝜃, 𝜙 = (1.5°, 1.0°)

Resolution = σ/Mean

• Used mean & RMS of distribution of reconstructed energy – Scintillation Cherenkov, and gaussain fit for DR corrected ch.

• Energy resolution of pions, 5, 10, 20, 30, 50, 70, 90, 110 GeV.

• Low Z absorbers show stochastic term of corrected channel under 30%, for copper – 25.8%/ 𝑬

Cu π− Brass π− Fe π−

Pb π− W π−

1/ 𝐸 [𝐺𝑒𝑉−1/2]

𝑅𝑒
𝑠𝑜
𝑙𝑢
𝑡𝑖
𝑜𝑛

(𝜎
/𝜇

)

1/ 𝐸 [𝐺𝑒𝑉−1/2]

𝑅𝑒
𝑠𝑜
𝑙𝑢
𝑡𝑖
𝑜𝑛

(𝜎
/𝜇

)

1/ 𝐸 [𝐺𝑒𝑉−1/2]

𝑅𝑒
𝑠𝑜
𝑙𝑢
𝑡𝑖
𝑜𝑛

(𝜎
/𝜇

)

1/ 𝐸 [𝐺𝑒𝑉−1/2]

𝑅𝑒
𝑠𝑜
𝑙𝑢
𝑡𝑖
𝑜𝑛

(𝜎
/𝜇

)

1/ 𝐸 [𝐺𝑒𝑉−1/2]

𝑅𝑒
𝑠𝑜
𝑙𝑢
𝑡𝑖
𝑜𝑛

(𝜎
/𝜇

)

Cu π− Brass π− Fe π−

Pb π− W π−

C : 87.8%/ 𝐸+5.9%
S : 27.5%/ 𝐸+2.2%
DR : 25.8%/ 𝐸+1.0%

C : 85.8%/ 𝐸+6.1%
S : 26.5%/ 𝐸+2.7%
DR : 26.9%/ 𝐸+1.0%

C : 84.7%/ 𝐸+5.9%
S : 27.7%/ 𝐸+2.9%
DR : 28.9%/ 𝐸+1.1%

C : 112.9%/ 𝐸+5.8%
S : 31.5%/ 𝐸+1.6%
DR : 32.5%/ 𝐸+0.8%

C : 107.1%/ 𝐸+6.6%
S : 29.1%/ 𝐸+0.3%
DR : 26.4%/ 𝐸+0.5%

𝐒, 𝐂, 𝐃𝐮𝐚𝐥 𝐑𝐞𝐚𝐝𝐨𝐮𝐭 𝐜𝐨𝐫𝐫𝐞𝐜𝐭𝐞𝐝

Submitted to NIM A



DRC Milestones & Deliverables
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Milestone and deliverables: DRCal

✓ The prototype is already built & being tested since 2022
✓ depth: ~10  

lateral hadron shower containment: >90% (60 GeV, )
✓ Upgrade with larger containment if additional funding is 

available

πint
λ

✓ TB2022: published (J.Subatomic Part.Cosmol. 3 (2025) 100021)
✓ TB2023: manuscript is under preparation
✓ TB2024+25: data analysis is ongoing -> aim to present in 

CALOR2026 on June
✓ TB2026 (expected): 3D shower reconstruction, timing 

performance, etc

✓ Start with square PMTs
✓ High-granularity readout
✓ Commercial MCP-PMT is being tested
✓ customized MCP-PMT: under development 

(working with ANL)



Part II: Barrel Imaging 
Calorimeter for EIC



Detector Requirement
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A Hybrid Imaging Calorimeter
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Pb/SciFi Layer Technology
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Imaging Layer Technology
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Particle Identification
• Photons and neutral pions
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Barrel Imaging Calorimeter
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BIC Imaging Layers
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BIC Organization Chart
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BIC Project Phase
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Test Beams of Prototypes
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Pb/SciFi Prototype Module
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1st Test Beam at CERN
• CERN PS T10 in Aug. 2024
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2nd Test Beam at KEK
• KEK PF-AR in March 2025

71



3rd Test Beam at KEK
• KEK PF-AR in June 2025
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Recent Test Beam at CERN

73

CERN PS T10 in July 2025



Synchronization of 3 Layers of AstroPix v3

• CERN PS T10 in July 2025
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Shower Profiles of electrons and pions
• CERN PS T10 in July 2025
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Energy Resolution & Linearity
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/  Separation in Test Beam Datae− λ−

77



ePIC Schedule
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AstroPix v5 Specifications
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AstroPix Test System
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AstroPix Test System
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Demonstration of Performance
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Demonstration of Performance
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Summary
• In Korea, Calorimeter R&Ds for future collider projects, particularly, FCC-ee 

and EIC are quite exciting


• We are world-leading group for dual-readout calorimeter for FCC-ee, included 
in IDEA detector concept


• Korean group is leading the construction of BIC detector in EIC project


• Construction cost (> $14M) has been approved by government and 
congress in 2025


• 7 year construction program will start  
this year


• Half of BIC detector will be constructed  
in Korea!


• If interested, JOIN US!
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TB dinner at Le Coq Rouge (25.8)


