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Dual Readout Calorimeter
• The major difficulty of measuring energy of hadronic 

shower comes from the fluctuation of EM fraction of 
shower, f_em 

• f_em can be measured by implementing two different 
channels with different h/e response in a calorimeter 


• Dual-readout calorimeter offers high-quality energy 
measurement for both EM particles and hadrons 

• Excellent energy resolution for hadrons can be 
achieved by measuring f_em and correcting the energy of 
hadron event-by-event. 

CERN RD52 experiment

EM particles

hadronic  
particles
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DRC Geometry and Module
• The design of the Dual-Readout Calorimeter (DRC) 

for IDEA detector is included in the CDRs of both 
FCC-ee and CEPC, published at the end of 2018

Almost same detector concept for CEPC

9.2 cm

9.
2 

cm

Size of unit 
module
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Intro: DRC International Collaboration

Korea

Europe

USAJapan

Taiwan

Prof. Yuji Enari 
(Active from 2021)

Prof. Rong-Shyang Lu

Prof. Chia Ming Kuo

Prof. Richard Wigmans

Prof. John Hauptman

Prof. Sarah Eno

Prof. Chris Tully

Prof. Paolo Giacomelli (Bologna) 
Prof. Romualdo Santoro (Insubria) 
Prof. Roberto Ferrari (Pavia) 
Prof. Franco Bedeschi (Pisa)

Prof. Iacopo Vivarelli

Prof. Hyonsuk Jo (KNU) 
Prof. Yongsun Kim (Sejong U.) 
Prof. Jason Lee (UoS) 
Prof. Sehwook Lee (KNU) 
Prof. Sanghoon Lim (PNU) 
Prof. Hwidong Yoo (YU) 
Prof. Suyong Choi (KU) 
Prof. Byunggu Cheon (HU) 
Prof. Minsuk Kim (GWNU) 
Prof. Beomkyu Kim (SKKU)

Bucatini prototype

Full-size  
prototype  
detector

DRC with crystal

Prof. Nural Akchurin
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Toward TDR!

TBD (budget is available)

HiDRa prototype (capillary based) Cu Plates (Korea)

• In order to move on to TDR, we need to demonstrate feasibility of the 4pi detector 
construction 
- we will produce more modules! (Contain almost (97.5%) full hadronic shower energy)
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2021 Test Beam (Bucatini Calorimeter)

• Basic calorimeter unit: one brass capillary tube of 2 mm 
external diameter hosting a fiber (1 mm diameter)  
- Electromagnetic dimensions of 10x10x100 cm3  
- 9 towers containing 16x20 capillaries each 

(160 C and 160 S) 
- Capillary tube with outer diameter of 2 mm and inner 
diameter of 1.1 mm. 1-mm-thick fibers 

• Goal: millimetric 2-dimensional shower-shape 
reconstruction in dual-readout calorimeters 
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2021 Test Beam (Bucatini Calorimeter)

Calorimeter

Auxiliary 
Detector

• At CERN-SPS H8 beam line (August 
2021) 
-  e+ with energy range 10-125 GeV   
- Energy and position scan  
- e+ beams highly affected by π+ 2% 
contamination  
-µ+ in non-monochromatic beams

•  At DESY (June 2021)  
- e− with energy range 1-6 GeV 
- Energy scan both with and without yellow  
filters on Scintillating fibers 
- Scan over multiple points at the calorimeter 
surface to check the dependency of the 
response on the position

In the Andreas’ talk, details will be presented

https://indico.ihep.ac.cn/event/17020/contributions/119310/
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2021 Test Beam (Bucatini Calorimeter)

After Calibration with electrons, 
linearity within 1% over a wide 

range of enegies  

 Excellent lateral shower shape 
development measurements 

In the Andreas’ talk, details will be presented
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2021 Test Beam (Korea)

Date Jan Feb Mar Apr May Jun Jul Aug

Module Building Module 
(fiber+Cu) Attach readout Test

Commissioning
Packing/ 
Shipping Install @ CERN(H8) -

DAQ Test Mutichannel operation Packing/ 
Shipping Install @ CERN(H8) -

Test 
beam

Packing/ 
Shipping 8/3 ~ install

Preparation & 
commissioning 
@ cern (~8.16)

Taking test beam  
(8.17~8.24)

• Schedule of test beam 

• Duration : Aug. 4th ~ 24th

• Location : CERN North area (H8)

• Measurement Goal 
 
 

• R&D Goal 
- Readout system test (MCP-PMT & SiPM) 
- Study of various type of optical fibers (scintillation)

• Training Goal  
 - Training next generation experts for DRC HW

Module 1
- Shower depth 
- Longitudinal shower profile 
- Light attenuation length

Module 2
- Position resolution 
- Lateral shower profile 
- EM energy resolution 
- Uniformity study

PMT MCP-PMT SiPM
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2022 Test Beam (Korea)
• Experimental hall 

- During test beam, our experiments conducted at T4-H8 @ North Area

North Area
Modules

Auxiliary detectors
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2022 Test Beam (Korea) : 2 Modules

Module#1

Tower#1 Tower#2

Tower#3 Tower#4

Combination of fibers for Module#1
Tower #1 Tower #2 Tower #3 Tower #4

Scintillation fibers
Round


/

Single cladding

Round

/


Double cladding

Round

/


Single cladding

Square

/


Single cladding

Cherenkov fibers
Round


/

Single cladding

Round

/


Single cladding

Round

/


Single cladding

Round

/


Single cladding

Readout detector

 (2*4 ch) 2 PMTs 2 PMTs 2 MCP-PMTs 2 PMTs

Combination of fibers for Module#2
Tower #1~4 and #6~9 Tower #5

Scintillation fibers Round / Single cladding Round / Single 
cladding

Cherenkov fibers Round / Single cladding Round / Single 
cladding

Readout detector

(400+16 ch) 16 PMTs 400 SiPMs

Module#2
Tower#1 Tower#2 Tower#3

Tower#4 Tower#5 Tower#6

Tower#7 Tower#8 Tower#9

• Configuration of Fibers & Readout detector for Test Beam

Module#1 Module#2

Radial directionRadial direction

Module #1 (2x2)

Tower 1 Tower 2

Tower 3 Tower 4

Module #2 (3x3)

Tower 1 Tower 2 Tower 3

Tower 4 Tower 5 Tower 6

Tower 7 Tower 8 Tower 9

• Copper Plate & Fibers
- Optical fibers 
   - Scintillation fibers & Cerenkov fibers

Scintillation (S) Čerenkov (Č)

Cu:Te(Cu260,tellurium 0.35%)

61 hole on the each copper plate 
- Odd layer : 31 Sc fibers & 30 Ck fibers  
- Even layer : 30 Sc fibers & 31 Ck fibers 

- Copper plate (60) 
- Width : 10 cm 
- Length : 2.5 m 
- Thickness : ~1.6 mm   
- Hole : 1 mm (diameter) 
- Distance between hole : ~ 0.63 mm

In the G1.03 CHO Guk and G1.04 KIM Dongwoon, details will be presented
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2022 Test Beam (Korea) : 2 Modules

Assembly Bundling & Epoxy PMT Installation & Reflector

Fiber Assembly

Taping

SiPM

Generic PMT & MCP-PMT

Silicon 
Cap

Bundle 
Case

Bundling

Epoxy
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2022 Test Beam (Korea) : Readout System

Generic PMT & MCP-PMTEpoxy

PMT Window size Q.E. for Ck. Q.E. for Sc. max. HV (V) Time response (ns) photo

anode pulse rise time electron transit time Transit time spread (FWHM)

R8900 
series (old)

23.5x23.5 
mm2

35%  
at 420 nm

~7%  
at 550 nm

1000
2.2 11.9 0.75

R11265-100 
(new) 23x23 mm2 ~35%  

at 400 nm
~7%  

at 550 nm 1.3 5.8 0.27

MCP-PMT Window size light Quantum 
Efficinecy (Q.E.) max. HV (V) Rise time (ns) Pulse width (ns) photo

PLANACON 
XP85012

53x53 mm2

scintillation ~7% at 550 nm 2400 0.6 1.8

PLANACON 
XP85112 Cerenkov ~21% at 400 nm 2800 0.5 0.7

SiPM photosensitiv
e area

photo detection efficiency 
(PDE)

operating 
voltage

Gain at 
VBD+5V Linearity of Q.E. number of 

pixels
geo. Fill 
factor

S14160-1310PS 1.3x1.3 

(1.69 mm2) ~15% at 400 nm ~17% at 550 nm Vbreaking Down + 5 V ~1.75x105 ~2x1010/sec  
as incident photons 16675 31 % 

(0.524 mm2)

fiber (Φ1 mm) 0.785 mm2 ~7745 (effectively)

• Module 2  
  - Read out information  
    PMT (16ch) + SiPM (416ch, T.5)

• Module 1  
  - Read out information  
    PMT (6ch) + MCP-PMT (2ch)
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• DAQ System  
- 15 DAQ Board + 1 TCB Board 
 
  - DAQ Board  
    - One board can cover 32 channels   
    - DRS4 chip 
    - 16 pin Ribbon cable  
 
 
 - TCB Board  
    - Control the setting value of DAQ boards 
and the trigger system  
    - Connect DAQ boards with TCP/IP cable, 
cover 40 ch DAQ 
 
- All boards connected with PC using USB3 
line 

14

2022 Test Beam (Korea) : DAQ System

DRS4 chip

PMT MCP-PMT Auxilary detector SiPM

channels 22 4 11 400

DAQ 2 13
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2022 Test Beam (Korea) : DAQ System
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2022 Test Beam (Korea) : DQM System
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2022 Test Beam (Korea) : DQM System
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2022 Test Beam (Korea) : Geometry Setup

Delay wire 
chamber T1 T2 Delay wire 

chamber
Pre-shower 

detector

Unknown block

Veto

Ancillary detectors
Unit: cm

216.3 ~ 218

51.2 38.6 3.6 74.1 33.1~34.1

Muon counterAncillary detectors Tale catcher

0 ~34.9m

~3.4m ~1.3m ~27m~1.1m

DREAM calorimeter

~2.1m

Beam Pipe

DREAM calorimeter

Aluminum Profile

5

Dark Case

Unit: cm
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2022 Test Beam (Korea) : Experimental Setup
HV System Movement System

HV monitor for ancillary detectors 

 Rotation controller 
 Moving controller 
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2022 Test Beam (Korea) : Ancillary Setup

Delay wire 
chamber T1 T2 Delay wire 

chamber
Pre-shower 

detector

Unknown block

Veto

Ancillary detectors
Unit: cm

216.3 ~ 218

51.2 38.6 3.6 74.1 33.1~34.1

• Delay wire chamber: x,y 
position measurement

• T1T2+veto: trigger • Pre-shower detector: for obtaining 
various types of particles by shower

• Tale catcher: to detect 
particles that are 
through the DRC

• Muon counter: 
to detect muon
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2022 Test Beam (Korea) : Programs

Aim Module Description

Finding towers 
(scanning tower position)

M1, M2
- Using positron beam (20 GeV)

- 1cm vertical & horizontal scan 
- Find boundary of tower! 

Gain tests M1, M2 - Check signal level w.r.t. HV

Calibration M1, M2 - Using positron 20 GeV, finding optimized HV 
(similar response ADC S and C)

Resolution M2 - Energy resolution  
- position resolution 

Cerenkov channel response M1 - Using position 20 GeV, rotating & moving module 

Longitudinal shower profile M1 - Using position 20 GeV, variated lead blocks 
(variation of radiation length)
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2022 Test Beam (Korea) : Runs

• During the test beam, we took data 84hours, and ~23M events were taken as fast 
mode and  4.6M events as waveform mode!
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2022 Test Beam (Korea) : TB results

• The biggest data set is used for prompt analysis 
 - To do PID, we used auxiliary detector 
   - DWC : Selection on beam position and angle 
   - Muon counter : Selection on muon signal 
   - Pre-shower : Discrimination on b.g. vs electrons

C channel S channel

Int. ADC Int. ADC
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R&D : HiDRa (Construction)
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R&D : HiDRa  
(SiPM readout – a scalable solution )
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R&D : Cu Forming

•  SF Heatsink

• LEGO-like ( Copper pipe )

• 3D printing

Possibility for mass production!

50
0 

m
m

It has very perfect 
accuracy, but the cost is 

very high

It has very good accuracy, 
and pretty low cost

It has very excellent 
accuracy, and cost is low
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Summary

• Dual-readout calorimeter R&D are very active!


• Two different types of DRC were tested 
- Bucatini type is tested (2021 DESY & CERN) 
  - Excellent lateral shower shape development measurements 
  - allowed to validate construction method and SiPM readout 
(scaling up in the number of channels) 
- Plated based two modules (Korea) have test beam 2022 
  - Analysis using TB data is on going


• Please Stay tune our activities !!!
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Backup
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Test Beam

Date Jan Feb Mar Apr May Jun Jul Aug

Module Building Module 
(fiber+Cu) Attach readout Test

Commissioning
Packing/ 
Shipping Install @ CERN(H8) -

DAQ Test Mutichannel operation Packing/ 
Shipping Install @ CERN(H8) -

Test 
beam

Packing/ 
Shipping 8/3 ~ install

Preparation & 
commissioning 
@ cern (~8.16)

Taking test beam  
(8.17~8.24)

• Schedule of test beam 

• Duration : Aug. 4th ~ 24th

• Location : CERN North area
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Readout Detectors

MCP-PMT (Sc)

6 PMTs 
(Sc or Ck)

MCP-PMT (Ck)

PMT Window size Q.E. for Ck. Q.E. for Sc. max. HV (V) Time response (ns) photo

anode pulse rise time electron transit time Transit time spread (FWHM)

R8900 
series (old)

23.5x23.5 
mm2

35%  
at 420 nm

~7%  
at 550 nm

1000
2.2 11.9 0.75

R11265-100 
(new) 23x23 mm2 ~35%  

at 400 nm
~7%  

at 550 nm 1.3 5.8 0.27

MCP-PMT Window size light Quantum 
Efficinecy (Q.E.) max. HV (V) Rise time (ns) Pulse width (ns) photo

PLANACON 
XP85012

53x53 mm2

scintillation ~7% at 550 nm 2400 0.6 1.8

PLANACON 
XP85112 Cerenkov ~21% at 400 nm 2800 0.5 0.7

SiPM photosensitiv
e area

photo detection efficiency 
(PDE)

operating 
voltage

Gain at 
VBD+5V Linearity of Q.E. number of 

pixels
geo. Fill 
factor

S14160-1310PS 1.3x1.3 

(1.69 mm2) ~15% at 400 nm ~17% at 550 nm Vbreaking Down + 5 V ~1.75x105 ~2x1010/sec  
as incident photons 16675 31 % 

(0.524 mm2)

fiber (Φ1 mm) 0.785 mm2 ~7745 (effectively)

Single SiPM
Preamp board B (32 ch)

Front

Back

416 SiPMs

16 PMTs (Sc or Ck)

Fiber 

(Φ1 mm)

“Light Shielding wall”

“Fiber Supporting Frame” 

Preamp board B (32ch)

Design 
 in real size (Module 1) Design 

 in real size (Module 2)
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Programs
• Beam Information 

- positron beam : 6, 10, 20, 30, 40, 60, 80, 100, and 125 GeV 
- pion beam : 20, 60, 80, 180 GeV

Finding tower (scanning tower) 
- Using positron beam (20 GeV)

- 1cm vertical & horizontal scan 
- Find boundary of tower! 

• Detailed TB Programs  
 
- Finding tower (scanning tower)  
 
- Gain tests 
 
- Calibration 
 
- Resolution 
 
- 3D reconstruction (Pion)   
 
- Cherenkov channel response 
 
- Longitudinal Shower profile  
 
- 3D printing module  
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Programs
• Beam Information 

- positron beam : 6, 10, 20, 30, 40, 60, 80, 100, and 125 GeV 
- pion beam : 20, 60, 80, 180 GeV

Finding tower (scanning tower) 
- Using positron beam (20 GeV)

- 1cm vertical & horizontal scan 
- Find boundary of tower! 

• Detailed TB Programs  
 
- Finding tower (scanning tower)  
 
- Gain tests 
 
- Calibration 
 
- Resolution 
 
- 3D reconstruction (Pion)   
 
- Cherenkov channel response 
 
- Longitudinal Shower profile  
 
- 3D printing module  X-axis Y-axis
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Programs
• Beam Information 

- positron beam : 6, 10, 20, 30, 40, 60, 80, 100, and 125 GeV 
- pion beam : 20, 60, 80, 180 GeV

• Detailed TB Programs  
 
- Finding tower (scanning tower) 
 
- Gain tests 
 
- Calibration 
 
- Resolution 
 
- Cherenkov channel response 
 
- Longitudinal Shower profile  
 
- 3D printing module  

- Using positron beam (20 GeV)

- Check up the signals w.r.t. HV (50V interval)
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Programs
• Beam Information 

- positron beam : 6, 10, 20, 30, 40, 60, 80, 100, and 125 GeV 
- pion beam : 20, 60, 80, 180 GeV

• Detailed TB Programs  
 
- Finding tower (scanning tower) 
 
- Gain tests 
 
- Calibration 
 
- Resolution 
 
- Cherenkov channel response 
 
- Longitudinal Shower profile  
 
- 3D printing module  

- Using positron beam (20 GeV)

- Check up the signals w.r.t. HV (50V interval)

Ex) module 2 & tower 4
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Programs
• Beam Information 

- positron beam : 6, 10, 20, 30, 40, 60, 80, 100, and 125 GeV 
- pion beam : 20, 60, 80, 180 GeV

• Detailed TB Programs  
 
- Finding tower (scanning tower) 
 
- Gain tests 
 
- Calibration 
 
- Resolution 
 
- Cherenkov channel response 
 
- Longitudinal Shower profile  
 
- 3D printing module  
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Programs
• Beam Information 

- positron beam : 6, 10, 20, 30, 40, 60, 80, 100, and 125 GeV 
- pion beam : 20, 60, 80, 180 GeV

• Detailed TB Programs  
 
- Finding tower (scanning tower) 
 
- Gain tests 
 
- Calibration 
 
- Resolution 
 
- 3D reconstruction (Pion)  
 
- Cherenkov channel response 
 
- Longitudinal Shower profile  
 
- 3D printing module

M1 M2
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Programs
• Beam Information 

- positron beam : 6, 10, 20, 30, 40, 60, 80, 100, and 125 GeV 
- pion beam : 20, 60, 80, 180 GeV

• Detailed TB Programs  
 
- Finding tower (scanning tower) 
 
- Gain tests 
 
- Calibration 
 
- Resolution 
 
- 3D reconstruction (Pion)  
 
- Cherenkov channel response 
 
- Longitudinal Shower profile  
 
- 3D printing module

Angle 
(degree) 36 30 25 20 15 10 5

Horizont
al 

(cm)
53.4 53.7 53.9 54.1 54.4 54.5 54.8

Target 
events 30k 30k 30k 30k 30k 30k 30k

Upstream

Downstream

T4
Angle

Electron beam (20GeV)

T3

M1
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Programs
• Beam Information 

- positron beam : 6, 10, 20, 30, 40, 60, 80, 100, and 125 GeV 
- pion beam : 20, 60, 80, 180 GeV

• Detailed TB Programs  
 
- Finding tower (scanning tower) 
 
- Gain tests 
 
- Calibration 
 
- Resolution 
 
- 3D reconstruction (Pion)  
 
- Cherenkov channel response 
 
- Longitudinal Shower profile  
 
- 3D printing module

Upstream

Downstream

T4
Angle

Electron beam (20GeV)

T3

Xo None 1Xo 2Xo 4Xo 5Xo 7Xo 9Xo 12Xo

Target 
events 20k 20k 20k 20k 20k 20k 20k 20k
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Total Run & Events

• During 84hours, we took ~23M events as fast mode and  4.6M events as waveform 
mode
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Radiation Protection,
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Quality Check of Cerenkov fibers

• Defect on the fibers

• Straightness of fibers

Most cracks were 
found at both 
ends of fibers

Tape residue 
remains.

Fibers are slightly curved
We are checking which points are curved

• Dimension of fibers

Length is ~ 3m
Diameter is ~ 1mm

• We have been checking status of fibers
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Procedure of Polishing Fibers
• How to polish a fiber manually 

- Using sandpaper and polishing a fiber, we can polish 
the fibers 

9μm Film 3μm Film 1μm Film

Before Polishing Step1 Step2 Step3 Step4 Step5

- Sandpaper Final Film

• Result of polishing fiber for each step

Polishing film
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Preparing procedure : Tools & Reflector
• Since it is not easy to align the end of fibers, we need some tools

Ck fibers
• To make wall with gap, we can align the fibers easily

• Supporter for attaching reflector  
- To easily and strongly attach the reflector 
(aluminum) to holder  

Sc fibers
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DAQ scheme with two Trigger modes

400 input channels from 
SiPMs

DRS 
(480ch)FEE

TDC

(10 bit)

FPGA Control PC

+ storage

ADC

(10 bit)

Voltage inputs for 400 
SiPMs

Preamp Board A

DRS Board A & B and Trigger Board

24 input channels  
from 22 PMTs & 2 MCP-
PMTs

VIN

FEE

7 Trigger detectors at CERN:  
Preshower, 2DWCs, Veto & Trigger counters, Tail catcher, Muon counter

Preamp Board B

Trigger mode Contents

Fast DAQ & Bin event modes 
(digitized data)

Data type: ADC peak and its time values while over the threshold

Memory: DRAM

Data size: 8 Bytes per channel (256 or 28 Bytes/32ch)

Control bus: USB3 (expectation speed ~1 GBps)

Trigger rate: ~25 kHz (while 15 DRS boards are controlled by a single DAQ pc with USB3 communication)

Waveform & Bin event modes 
(digitized data + waveform) 

Data type: ADC peak and its time values while over the threshold 

           + waveform data during gate open

Memory: two RAM (one for ADC peak value and another one for waveform data)

Data size: 2048 Bytes per channel (216 Bytes/32ch) 

Control bus: USB3 (expectation speed ~1 GBps)

Trigger rate: ~0.1 kHz (while 15 DRS boards are controlled by a single DAQ pc with USB3 communication)

Bin event mode DAQ mode for taking data during periods in between beam spills

Trigger & Control
Information associated 
with TDC 
Information associated 
with ADC 

• Initial requirement of readout system 
   - need ≤ 50 ps to achieve lower than 1% position precision toward the radial direction 
     - need good energy resolution (26%)
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MCP-PMT 

XP85122 XP85112 XP85022 XP85012

Exterior

MCP 10μm MCP-PMT 10μm MCP-PMT 25μm MCP-PMT 25μm MCP-PMT

Active area 53x53 mm 53x53 mm 53x53 mm 53x53 mm 

Anode 
32x32 array, 

1.1 / 1.6 mm  
(size / pitch)

8x8 array, 

5.9 / 6.5 mm  
(size / pitch)

32x32 array,  
1.1 / 1.6 mm  
(size / pitch) 

8x8 array,  
5.9 / 6.5 mm  
(size / pitch) 

Quantum 
Efficiency 22% (Typ) 22% (Typ) 

18% (Min) 22% (Typ) 22% (Typ)

Transit Time 
Spread < 30 ps 35 ps (Typ)  

60 ps (Max) < 40 ps < 40 ps

Additional Info.
- Superior Magnetic 

Field Immunity 


- Enhanced Timing 
Performance
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Packing Module
• We completed packing the module (Jul. 21) and we shipped our module to CERN
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Arrived Module & DAQ
• Our two modules and DAQ systems arrived at Bldg. 887 area

Module DAQ & etc…
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Module Setup


