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Dual-Readout Calorimeter (DRC)

* DRC offers high-quality energy measurement for both EM particles and hadrons \ g EEN £ /5

 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)

* femcan be determined using the measured values of ] Fom= 1 «— EM particl
scintillation and Cerenkov signals  « EGeVyet ] particles
_ . 08 [« EGeV protons ,,” i
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DRC Geometry and Module

Instrumented return yoke

o Korean team led the design of the Dual-Readout Calorimeter (DRC)
for IDEA detector Double Readout Calorimeter

2T coil

e |ncluded in the CDRs of both FCC-ee and CEPC, published at e Sght Tonchar
the end of 2018
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Status of DRC R&D in Korea

e \We are doing all aspects of the DRC R&D

Y

e Module building

e Electronics system

e DAQ system

With CLIC tracker

e Data analysis framework

Full GEANT4 simulation framework (standalone, key4hep)

e Longitudinal shower profile reconstruction
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Particle identification with ML technique
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e We are world leading group for the DRC R&D
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Test-beam (TB) 2022 Preparation

e Duration : Aug. 4th ~ 24th
e Measurement Goal

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

..............................................................................................................

- Position resolution

- Lateral shower profile
:- EM energy resolution
- Uniformity study

Module 2

e Schedule of test beam preparation

e Location : CERN North area (H8)

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

PMT

MCP-PMT

SiPM

* Training Goal
- Training next generation experts for DRC HW

Date | Jan (Feb:Mar: Apr: May : Jun Jul Aug
Building Module Test Packing/
Module (fiber+Cu) Attach readout Commissioning | Shipping Install @ CERN(H8)
DAQ Test Mutichannel operation Packing/ Install @ CERN(H8)
i . Shipping
Test Packing/ 8/3 ~ install Prepa_rat_ion_& Taking test beam
beam . Shipping INsta commissioning (8.17~8.24)
= @ cern (~8.16)




TB 2022 at CERN

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

Modules




1B 2022: Participants

e 13 institutes 34 participants (including 23 students)
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TB 2022: Apparatus Setup

Unit: cm
Ancillary detectors
Unit: cm
Dark Case
Delay wire Delay wire Pre-shower
chamber Veto LA 12 chamber detector

33.1~34.1
a

dual-readout calorimeter

Aluminum Profile

216.3 ~ 218

ncillary detectors l Tale catcher A Muon counter
—
€---======- P E¢--Pl - Pl€-Pp|€--------mmmmmmme st e m
~21m ~1.1m ~3.4m ~1.3m| ~27m
s I I
0 ~34.9m




TB 2022: Module Building

e Copper Plate & Fibers

@ e e e e
@100V e @)

Scintillation (S)

Cerenkov (C)

Cu:Te(Cu260,tellurium 0.35%)

- Copper plate (60)
- Width : 10 cm
- Length : 2.5 m

- Thickness : ~1.6 mm
- Hole : 1 mm (diameter)

- Distance between hole : ~ 0.63 mm

- Optical fibers
- Scintillation fibers & Cerenkov fibers

Implemented Optical Fibers

0.5mm

Scintillaton

%

1mm

D0.98mm

PMMA

Cerenkov
e Configuration of Fibers & Readout detector for Test Beam
Module #2 (3x3) Module#2
1 (2x2) !
. Module#1 = - Module#2
Module#1
Tower#1 Tower#2 Tower#3
Tower#1 Tower#2
2B Tower#4 Tower#5 Tower#6
= Tower:6
Tower#3 | Tower#4
Tower#7 Tower#8 Tower#9
Radial direction TowerD . Radial direction
Combination of fibers for Module#1 Combination of fibers for Module#2
Tower #1 Tower #2 Tower #3 Tower #4 Tower #1~4 and #6~9 T i
Round Round Round Square R d/Sindl
Scintillation fibers / / / / Scintillation fibers Round / Single cladding our|1 4di inge
Single cladding Single cladding Single cladding claading
Round Round Round Round i
Cherenkov fibers / / / / Cherenkov fibers Round / Single cladding RO%?: déﬁllggle
Single cladding Single cladding Single cladding Single cladding
Readout detector :
Read?z‘iadce;;"cmr 2 PMTs 2 PMTs 2 MCP-PMTs 2 PMTs (400+16 ch) 16 PMTs 400 SiPMs
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TB 2022: Module Building
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TB 2022: Installation
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e Module 1
- Read out information
PMT (6ch) + MCP-PMT (2ch)
e Module 2

- Read out information
PMT (16¢h) + SiPM (416¢h, T.5)

TB 2022: Readout System

——

. _ Quantum
Window size Efficinecy (Q.E.)
P;ﬁg@&g'\l scintillation ~7% at 550 nm 2400
53x53 mm?2
P;ﬁggﬁg"‘ Cerenkov ~21% at 400 nm 2800

Window size Q.E. for Ck.

Time response (ns)

electron transit time Transit time spread (FWHM)

11.9 0.75

5.8 0.27

anode pulse rise time
R8900 23.5x23.5 35% ~7T% 20
series (old) mm?2 at420nm  at 550 nm '
1000
R11265-100 ~35% ~7%
2

(new) S (il at400 nm at 550 nm ke
photosensitiv| photo detection efficiency operating Gain at
e area (PDE) voltage Vgp+5V
S$14160-1310PS R 163):1:12) ~15% at 400 nm  ~17% at 550 nm Vireaking bown + 9 V ~1.75x105

fiber (1 mm) 0.785 mm2

number of geo. Fill
Linearity of Q.E. .
ty of Q pixels factor
~2x1019/sec 31 %
as incident photons 16675 (0.524 mm?2)
~7745 (effectively)
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TB 2022: DAQ System

e DAQ System ORS Bord
- 15 DAQ Board + 1 TCB Board

424 input channels
from PMTs, MPPCs, MCP-PMTs, or SiPMs

, DRS N Control PC
(480ch) + storage

- DAQ Board + extra inputs for trigger system
- One board can cover 32 channels
- DRS4 Chip IVoItage inputs for 400 SiPMs f«

- 16 pin Ribbon cable DRS4 chip § |

- TCB Board
- Control the setting value of DAQ
boards and the trigger system

- Connect DAQ boards with TCP/IP e

cable, cover 40 ch DAQ u Bt

- All boards connected with PC using 5
USB3 line -------------------------- --------------

....................................................................................................................

et T
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TB 2022: Storage System

Aux. & DRC detectors

DQM data

me-------------
| Data file 1 |
1 (ex. Run_1_Wave_MID_1_File_1.dat)!
e e e e e e
Datafile2
' DatafileN
( \ Waveform dir :_ T _”: '_1 _ : __\1__; T 1|
(ex. Run_1_Wave) 1 (ex. Run_1_Wave MID_1_buffer.txt) !
Run 1 dir b e e e e e e e
(ex. SSD_Run_1) F=======- g
| Buffer Log for MID 2 |
| p— -
r-======= A
Storage o “oo%r l
(ex. SSD) Lo 3




B 2022: Program

Aim éModuIe %Description

: — Using positron beam (20 GeV)
‘M1, M2 .- 1cm vertical & horizontal scan
- Find boundary of tower!

Finding towers
(scanning tower position)

........................................................................................................................................................................................................................

Gain tests M1, M2 - Check signal level w.r.t. HV
P - Using positron 20 GeV, finding optimized HV
M1, M2 -
Calibration (S|m|Iar response ADC S and C)
Resolution M2 5— Energy resolution
.- position resolution
Cerenkov channel response : M1 - Using position 20 GeV, rotating & moving module

........................................................................................................................................................................................................................

— Using position 20 GeV, variated lead blocks

- le M1 .
Longitudinal shower profile - (variation of radiation length)
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After Muon Removal

B 2022: Runs

During the test beam, we took data 84hours, and ~23M events were taken as fast
mode and 4.6M events as waveform mode!
Total wave Total Fast Total Time (min) | Total Time (hour)
4,657,849 23,248,704 5,046 84
812%; 3mip 5mip Pre-shower
v 10* Entries 215905
E h Mean 2.27e+04
Std Dev 2.727e+04
, %2 / ndf 2.16e+04 /65
10 Constant 7149 +25.3
Mean 8208 +4.6
Sigma 1129 +24
10°
10 @
0 ‘ l210I I I4I0l I l610l l l810l l 1160I I l1210I I l14|.0I l1(:‘;0x103 .

Int. ADC

Prompt data analysis on-going
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Module Building R&D

e 3D printing

It has very perfect
accuracy, but the cost is

very high
6 508 666 066 " . 265 . :
L..‘:.m.«i’ < ;-53’.;-;.;7’-5..” = iy It has very good accuracy,
[ 589 00 686 S5 s8e. Cas oBs ses ser o il T e and pretty low cost
'pe 009 996 500 HO° 50¢ 000 TOD DD 0P V@O .

[ 99¢" 99t '01 000 600 900 €8¢ ©@7
._' ,../’. ‘ p 20 @y -@

e Skiving Fin Heatsink
It has very excellent
accuracy, and cost is low

Possibility for mass production!




3D Copper Printing Technology

e Copper is not easy to be used for 3D metal printing

CERN exploring GH Induction’s copper 3D
e But technology is being printing
developed very fast ...

sourcing

el

CERN

= A]_'BDP PRINTABLES BASICS BUYER'S GUIDES REVIEWS PRO GET IT 3D PRINTED Q Q NCraftcloud” )
accelerator

The biggest cross reference search
engine!

Cop That Copper
3D Printing Copper: How to
Get Copper 3D Prints

 \We contact a local 3D consultant 086
company in Korea

Industrial 3D Printing Success Stories Products and Services Innovations O\ V EN

HARVESTANCE ABOUT US BUSINESS APPLICATIONS CONTACT US

V. P

Accelerate your design & Advanced Manufacturing Engeneering Group

engineering process .
HARVESTANCE EOS M 300 Series EOS M 400 EOS M 400-4
e s o i S ot it Up to 10x More 3D Printers for Large Metal 3D Printing of Metal Parts
Productivity Parts Within a Production on Industrial Scales
Digital additive manufacturing for the production EnVernment The ultra-fast four-laser system for the additive
of high-quality metal parts. Designed for Thanks to the build volume of 400 x 400 x 400 manufacturing of high-quality components,

ndustrial manufacturing, the EOS M 300 series mm and 1000-watt laser power, the EOS M 400 achieving up to four times higher productivity.
provides a h dogree of fl v with o This 3D VS sm ciency
provides a high degree of flexibility with up to makes it possibl Y This 3D printing system was made for efficiency

10x higher productivity. materials at industrial scal

and scalability in industrial applications




Toward Prototype 3D Module
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Prototype 3DP Module

e 1st projective DRC module ever!




Prototype 3DP Module

e |nsert fibers into entire holes: well aligned!
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Ink R&D

SF Heats

Thickness |
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SF Heatsink: Prototype
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Advantage of SF Heatsink

* Possibility for mass production

46 mm

Tower
(1 x 4)

'pc v o0

£ L9900 200
2’(“ 0"

" 90F 99¢ ¢90

Module
(2 x 8)

L“ % .’“ . £ *5,' Ly

Le® @9 9% 008 " 0%
8090 900’ 0 .2 Wy W
9% u.ﬁ f). S@ 4. 0D 9% 099 209
000 000 000 ©9¢ Q 092’ 00 ¢
@ -

Ex. Supefsmodule 1 (4 x 16)

Ex. Super-module 2
(6 x 8)



Toward Detector Construction

 Things to propose in TDR => need to demonstrate feasibility of the
4pi detector construction

Preparation Assembly Accuracy

Cutting Low Difficult Difficult Fair
Bucatini (Italy) Moderate Difficult Easy Excellent
3D printing Ultra high Easiest Easiest Perfect

LEGO-like Very low Easy Easy Fair

LEGO-like 2
(SF Heatsink)

Low Easy Easy Excellent

27



Simulation R&D

&5
T

EM Energy Resolution

C : 0.182/vE+0.007
S:0.130/vE+0.015
C+S : 0.113/VE+0.003

e
: I - //’é 0.10 4
c .« Position Resolution
(7)) C 0.08 1
e 1.4_— /9',/'
1.2—— f,/” 0.06 4
- -
T
: ,/é’ 0.04 4
- 8
08— 2
C 42+0.1 0.02 1
0.6— 0410024+ ——— |mm
- VE
7’1,1 o e v b v v b by by e by 0.00
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
— 1/\/l_?

L\
0.40 0.35

mmtudinakslmﬂeﬁarofﬂﬁreconstruction

3500 1 *hadronic showers often 8500 -
have additional “legs”
3000 | = |
FE,..=17.29 3000 1 4
; E__=10.22 A 1}
2500 - L : ceren 2500 ) B
g = B N
@ E,, =20.04 73
2000 f 2000 -
.l' '} ] = 'F‘-
qesg] % 1500 “
‘ h |
100
| :
| : |
T 1000% [
| 1 500 AT
Lerr |00
17" [-500 % (
-1000 ‘

28

0.30

1/VE

Particle IDs with ML
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Average Cerenkov channel image

e

9

ROC curves
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Simulation Study for EIC

 |nitial design and feasibility study for ECCE
e DRC pre-design is implemented in Fun4All framework

e \arious absorbers (Cu, W, Fe) tested with shorter length
design

EM energy resolution EM energy linearity
LLI 0.1_ T | TT T I 7 ] | T L TT 1T I TroT71 | TT T | T TT ‘ ) R PR T I— §1 .025 - T T T T T | T T T T T [ T T T I T T =
B E = 1 8o o Cherenkov 7
0-095 oCherenkov ---0.005 +0.178 /VE s ur 1. E o Scintillation -
0.08 ©Scintillation - - '0.010 + 0.145 /\E s ? = B1.015F = C+S -
- m=C+S --.0.006 +0.110 /VE 7 e 3 B - -
0.07— AL e — e 1.0 [mnsrsrrrmarrnsia s e a A S R R R S RTINS =]
z B g d® juw - =
0.06]- : = 1.005F < * g 8 =
F P ;o™ A - 8 8 .
0.05F = oot e s =
E b ELY e d 3 C o she 107
0.04F gren i S o995 " within 1%
- e -] o 3 e a
0.03F e T 0.0 -
F > 3 - 3
0.02|° i~ 1 0985 .
0.01F = ossf =
O: L | Ll l Ll l 1 Ll L Ll l Ll l Ll I 1 L l L) Ll l: o 975 : 1 1 l 1 1 1 I L 1 L 1 | J 1 1 1 l 1 1 :
0 005 01 015 02 025 03 035 04 045 05 0 20 40 60 80 100 120
1VE [GeV'? E,.... [GeV]
g 0.5 : T T T T I T T T T I T T T T I T T T T l T T T T : y 0.5 __71 T T I | B J rrrT l | B B B ] ‘V | K B I T T I | 5 3 B I T T I TTrT
© 0.4sf- Jet energy resolution 3 © 045t DRC Absorber Material E
- ----- EIC requirement ] E e Fe Dual-readout 3
0.4 DRC 1.25m Cu = 0.4 e  Cu Dual-readout =
E herenkov ] E W Dual-readout =
gas: ¢ Sernw 4 o3 ° ; =
. o Scintillation ] E EIC requirement ]
03F o Dual-readout 3 0.3F gt e
- DRC25mCu . ] E -
0.25( o Dual-readout " - 0.25F spe T —
0.2\~ 000 © 2 5 0_2-:; ,~"'.>’ é
E Op 3 F ®® - ” =
0.15( & = 0.15 " . R
- = C P L ] - \
0.1F 68696 e B 3 — 01:,_"" L] 3 ‘
- = 'k L] 1 "
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Summary

e Dual-Readout Calorimeter R&D project for
future ete- collider in Korea is very active

e Two modules have been built and tested
at CERN recently

e Toward TDR of FCC-ee and CEPC, full-
size prototype detector is building

 Test-beam experiments are planned
annually

e Experience and expertise from the DRC

R&D project will be quite helpful for barrel
ECAL detector building
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Prototype Detector (2025)

5x5 (460 mm)

Mechanical supporter [l 9.2x9.2cm modules: 9
3D-printing module [ 1/2 modules: 13 (Opt1)
" 1/2 modules: 11 (Opt2)




