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Dual-Readout Calorimeter (DRC)
• DRC offers high-quality energy measurement for both EM particles and hadrons


• DRC consists of two different optical fibers (S, C) in a single component


• The main culprit of poor hadronic energy resolution is fluctuations of the 
EM shower components of hadron showers (fem)


• fem can be determined using the measured values of  
scintillation and Cerenkov signals


• Excellent hadron energy resolution can be achieved by 
correcting the energy of hadron event-by event
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CERN RD52 experiment



Almost same detector concept for CEPC

DRC Geometry and Module
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• Korean team led the design of the Dual-Readout Calorimeter (DRC) for IDEA detector


• Included in the CDRs of both FCC-ee and CEPC, published at the end of 2018


• Calorimeter design for EIC project with Korea HI community is also on-going



DRC International Collaboration
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Bucatini prototype

Full-size  
prototype  
detector

DRC with crystal

Design for EIC calorimeter



Bucatini Prototype Detector
• Design requirement of EM prototype (10 x 10 

x 100 cm3)


• Brass capillaries with outer diameter 2 mm 
and inner diameter 1.1 mm


• 9 individual modules of 16 x 20 capillaries 
(160 C & 160 S fibers per module)


• Each capillary of the central module to be 
equipped with a SiPM (total 320)


• The rests of the surrounding modules to 
be equipped with PMTs (2 per module)


• Beam time is scheduled at June (DESY) and 
August (CERN)
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Korea Prototype Detector
• Primary goal: build a prototype detector for the detector design of CEPC experiment


• 5 year (2020.Mar. - 2025.Feb.) R&D funding supported by Korea NRF ($~0.4M/year, total $~2M for 
5 years)


• Contain almost (97.5%) full hadronic shower energy


• Demonstrate engineering aspects for full geometry detector


• Secondary goal: train next generations as experts of the (DRC) detector
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Design R&D Prototype Production
2017-9 2022-5 TBD2020-1

Stage Topic

Design  Propose a design of Dual-Readout Calorimeter to IDEA 
detector concept

R&D  Perform R&D (including engineering aspects) based on HW 
& SW

Prototype  Build 4x4 detector and perform test beams

Production  TBD



Roadmap of DRC Prototype Detector
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Aim test beam  
at CERN in this year

TBD (budget is available)

9.2 cm

9.2 cm

Size of unit module



Test-beam at 2021

• Plan


• Dissemble and cleanup all fibers and other components from copper plates


• Repair plates and assemble new fibers
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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

Goal Details

Physics
Measurement of nuclear interaction length using proton beam
Measurement of energy and position resolution using electron beam

R&D
Readout test (MCP vs. SiPM)
Time resolution (< 50 ps)
Optical fibers (various types)

Training Next generation experts  for DRC HW

NIM A 762 (2014) 100, N. Akchurin et al.

Specification of fibers



Module Configuration
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Module #1

Module #2

Radial direction

Radial direction

Tower#1 Tower#2

Tower#3 Tower#4

Tower#1 Tower#2 Tower#3

Tower#4 Tower#5 Tower#6

Tower#7 Tower#8 Tower#9

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

Tower #1 Tower #2 Tower #3 Tower #4

Scintillation 
fibers

Round

/


Single cladding

Round

/


Single cladding

Round

/


Double 
cladding

Square

/


Single cladding

Cherenkov 
fibers Round / Single cladding

Readout 
detector

 (2*4 ch)

2 PMTs 2 MCP-PMTs 2 PMTs 2 PMTs

Combination of fibers for Module#1

Tower #1~4 and #6~9 Tower #5

Scintillation 
fibers Round / Single cladding

Cherenkov 
fibers Round / Single cladding

Readout 
detector


(400+16 ch)
16 PMTs 400 SiPMs

Combination of fibers for Module#2

424 input channels 
from PMTs, MPPCs, MCP-PMTs, or SiPMs
+ extra inputs for trigger system

DRS
(480ch)

FEE

VIN

preamp

TDC
(10 bit)

FPGA Control PC
+ storage

ADC
(10 bit)

Voltage inputs for 400 SiPMs

Preamp Board

DRS Board

Preamp board B

Light shielding wall

Fiber support200 fibers



Module Disassembly & Repair
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Disassembling

Rebuilding procedure

Polishing fibers



Module Building in 2016
• For 2016 test beam, two Cu modules were produced by cutting


• This technical approach has already been proved well by previous module building


• Testing innovative 3D metal printing for alternative possibility at 2020 
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Previous Copper Forming R&D
• We tried many options (by John Hauptman et al in CERN RD52)
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3D Printing Module R&D
• Two major questions on the DRC for engineering aspects


• Complex design


• Projective shape


• Use 3D metal printer to produce Cu blocks with fine structure holes


• ~1 mm diameter for a hole


• ~0.5 mm wall thickness between holes
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3D printing can be a solution!

4 x 4 cm

9.5 x 9.5 cm

2.5 m

26 x 26 holes

63 x 63 holes

Ex) stack 10 blocks  
(25 cm per each  
Cu block) and  
we can make  

unit length (2.5m) 
module

With 3D printing consultant company in Korea 
- have world-wide expert networking



1st Trial: Finland Company
• The 1st trial is not hopeless, but the hole size is < 0.7 mm, 

therefore can not assemble the optical fibers
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60x60 holes

9.1 cm

9.1 cm

5 cm

Nose (not sufficient quality)

EOS (Germany)



2nd Trial: Finland Company
• Very successful projective shape and ~1.1mm diameter of the hole, but failed 

for < 0.5 mm wall thickness
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26 x 26 27 x 27

Front Rear Side
3D Scan of the hole structure



3rd Trial: China Company
• Scan various values and designs for the diameter and  

wall thickness


• Achieve < 0.5 mm wall thickness with ~1.0mm diameter  
of the hole!!
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Farsoon

Samples 1 2 3 4 5 6 7 8 9 10

Hall 
diameter 

(mm)

Designed 1.0 1.1 1.2 1.1 1.0 1.3 1.1 1.2 1.2 1.1

Outcome 0.9-0.95 0.9-0.95 1.0-1.05 0.8-0.85 0.8-0.85 1.1-1.15 0.9-0.95 1.0-1.05 1.0-1.05 0.9-0.95

Wall 
thickness 

(mm)

Designed 0.5 0.5 0.5 0.4 0.3 0.7 0.5 0.3 0.5 0.4

Outcome 0.52 0.6 0.62 0.5 0.45 0.81 0.6 0.4 0.65 0.52



Toward Prototype 3D Module
• Under test and design: check alignment of holes and very 

successful!


• Ordered five 3D-printed copper blocks (10 cm length each) for 
the prototype module
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A-A ( 5: 1 )

B ( 5: 1 )

ISO View ( 1 : 2 )
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B B
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A A

B B

C C

D D

E E

F F

Name Date

45.3mm x 30.3mm x500mm_01

2021-01-12Administrator

A2

Author

Checked
Approved

1 / 1 

30.3

30.3

45.3

45.3

500

45.3

30.3

P1.2

0.3

0.3

0.3

P1.2

0.3

0.3
0.3

0.3

0.3
1.5

1.5

P1.2
P1.2

20x20

30x30

50cm

3cm

4.5cm



Prototype 3DP Module
• 1st projective DRC module!
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Prototype 3DP Module
• Insert fibers into entire holes: well aligned!
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Prototype 3DP Module
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Yellow color is the front size (20 x 20 holes) 
Rear size is 30 x 30 holes



3DP DRC with W?
• W can have longer nuclear interaction length than 

Cu in same dimension => better jet energy resolution


• Test 3DP pieces produced with W (delivered today!)
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Simulation Studies
• Various simulation studies are performed


• Using full GEANT4 simulation


• Excellent EM (~ )and hadronic 
(~ )  
energy resolutions


• Excellent separation among  
W, Z and H bosons in  
hadronic channel


• Jet and τ identification  
using ML

11 % / E
26 % / E
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Resolution

Jet Energy ResolutionEM Energy Resolution

τ identification

Jet identification



DD4hep Migration
• Migrate dual-readout simulation framework to dd4hep


• DD4hep is the next-generation standard of detector description


• Preliminary version is already provided to FCCSW team


• Good agreement  
with GEANT4 
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[link]DetectorConstruction() Mimic already existing interface

DD4hep

GeoSvc

GEANT4

Proto-EDM
GEANT4 Proto-EDM

Analysis

Standalone GEANT4 DD4hep FCCSW

[link]

https://indico.in2p3.fr/event/20792/contributions/81821/attachments/58705/78970/Software-Status-FCC-France-May2020.pdf


Summary
• Dual-Readout Calorimeter R&D project for future e+e- collider in Korea 

is very active


• Calorimeter design for EIC project with Korea HI community is on-
going


• Innovative 3D-printing module is on-going


• Collaborating with world-leading 3D metal printing frontier 
companies


• Prototype module design and production are underway, stay tune!


•
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