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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)

* femcan 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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DRC Geometry and Module

« Korean team led the design of the Dual-Readout Calorimeter (DRC) for IDEA detector PR N

Double Readout Calorimeter

¢ [ncluded in the CDRs of both FCC-ee and CEPC, published at the end of 2018
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e Calorimeter design for EIC project with Korea HI community is also on-going Uttra-light Tracker
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“'Bucatini Prototype Detector

e Design requirement of EM prototype (10 x 10
x 100 cm3)

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

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

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

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

Scintillation fibefs Cherenkov fibers
e Beam time is scheduled at June (DESY) and FERS: A5202
August (CERN)

60 mm




Korea Prototype Detector

e Primary goal: build a prototype detector for the detector design of CEPC experiment

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

e (Contain almost (97.5%) full hadronic shower energy

e Demonstrate engineering aspects for full geometry detector

Prototype Detector (2025)

e Secondary goal: train next generations as experts of the (DRC) detector

‘

2017-9  2020-1 2022-5 TBD

5x5 (460 mm)

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

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

Heile1y/o -8 Build 4x4 detector and perform test beams

Production @j=is; Mechanical supporter [l 9.2x9.2cm modules: 9

3D-printing module B 1/2 modules: 13 (Opt1)
6 M 1/2 modules: 11 (Opt2)




Roadmap of DRC Prototype Detector

Prototype Detector (2021) Prototype Detector (2022) Prototype Detector (2023)

5x5 (460 mm) 5x5 (460 mm) 5x5 (460 mm)

e
A

Prototype Detector (2025)
5x5 (460 mm) 1 BD (budget is available)

Aim test beam
at CERN in this year

Prototype Detector (2024)

5x5 (460 mm) <

-
-

9.2 cm

Mechanical supporter [l 9.2x9.2cm modules: 9

3D-printing module M 1/2 modules: 13 (Opt1)
M 1/2 modules: 11 (Opt2)

Size of unit module 7



Test-beam at 2021

Details

Goal

Measurement of nuclear interaction length using proton beam

Physics N _ _
Measurement of energy and position resolution using electron beam
Readout test (MCP vs. SiPM)

Opt|Ca| flbers (Varlous typeS) Signal starting time difference: 2 ns/m

Training Next generation experts for DRC HW  Time resolution: 10 ps —> 5 mm precision
Time resolution: 50 ps —> 25 mm precision

® Plan Time resolution: 100 ps —> 50 mm precision

* Dissemble and cleanup all fibers and other components from copper plates Specification of fibers

* Repair plates and assemble new fibers

Module #2 (3x3)

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

1,0 depth 1,0 width 4,5 1,6 Cu thickness
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Light shielding wall

Module Configuration

Module #1 (2x2)

Fiber support

ssssss
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Combination of fibers for Module#1

Tower #1 Tower #2 Tower #3 Tower #4
Tower#1 Tower#2 T Round Round Fetie Square
Scintillation / / / /
fibers Single cladding | Single cladding Single cladding
Tower#3 Tower#4 Chgrenkov Round / Single cladding
fibers
Readout
detector 2 PMTs 2 MCP-PMTs 2 PMTs 2 PMTs
(2*4 ch)
Combination of fibers for Module#2
Tower#1 Tower#2 Tower#3 Tower #1~4 and #6~9 Tower #5
Scintillation . ,
fibers Round / Single cladding
Cherenkov . .
Tower#4 | Tower#5 | Toweri#6 fibers Round / Single cladding
Readout
detector 16 PMTs 400 SiPMs
(400+16 ch)
Tower#7 Tower#8 Tower#9
DRS Board

Preamp Board

—AA——

424 input channels DRS

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

ﬁb}

(480ch)

R Control PC
+ storage

I Voltage inputs for 400 SiPMs }:




Module Disassembly & Repair

Disassembling Polishing fibers

Before polishing

After step 1

After step 2

After step 3 After step 4 After step 5

Rebuilding procedure

1. Preparation the items (stuffs) for rebuilding module

2. Putting the fiber on the copper plates

K7 ¢ T
s
i/ L
4 &)

3. Checking out the condition of fiber after putting it on plate
(measurement of luminosity)

4. Painting the end of scintillation fibers

5. Epoxy on the Fibers to Attach Holder

10




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

e Testing innovative 3D metal printing for alternative possibility at 2020




Previous Copper Forming R&D

e \We tried many options (by John Hauptman et al in CERN RD52)

i Overview of Cold Spray

Dr. Mark F. Smith
Cold Spray Workshop
Albuquerque, NM
July 14-15, 1999

w0 20 w0 w0 s
Gas Temperature (C)

LR

mask slit width 300 pm 250 um 200 pum 150 um 100 um

‘igure 25: Water-jet grooved plates on the left (2.5 meters long) and the precision rolled
orresponding grooves on the right.
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RD52 Copper Forming (draft)

distribution

John Hauptman, Sehwook Lee, Fabrizio Scuri, Silvia Franchino,
Bobae Kim, Ryonghae Ye, Hyunsuk Jo, Richard Wigmans

15 March 2018
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3D Printing Module R&D

4x4cm>

<

 Two major questions on the DRC for engineering aspects

q 3D printing can be a solution!

e Complex design
* Projective shape

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

C" 041s 10 S

e ~1 mm diameter for a hole OISICISIOISIOISIOINIONe
Sl etigi®g® s Ex) stack 10 blocks
Ole/Cle01el0IefOfe1O]e) (25 cm per each

Cu block) and
we can make
unit length (2.5m)
module

e ~0.5 mm wall thickness between holes
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With 3D printing consultant company in Korea

- have world-wide expert networking
13 0.5x9.5¢cm




inland Company
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e The 1sttrial is no
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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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3rd Trial: China Company

e Scan various values and designs for the diameter and |:327-| |V|
wall thickness ST

e Achieve < 0.5 mm wall thickness with ~1.0mm diameter
of the holel!

arsoon

o R = L& 0.3—=— ?1.2

)y

[

Casel_Dia: 1.2 Gap: 0.3

aononofon
ooogonodo
aogonodon
onoonodo

Hall Designed 1.0 1.1 1.2 1.1 1.0 1.3 1.1 1.2 1.2 1.1

diameter
(mm) 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 Designed 0.5 0.5 0.5 0.4 0.3 0.7 0.5 0.3 0.5 0.4

thickness
(mm) Outcome 0.52 0.6 0.62 0.5 0.45 0.81 0.6 0.4 0.65 0.52
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Toward Prototype 3D Module

t of holes and very

ignmen

check ali

e Under test and design

successful!

inted copper blocks (10 cm length each

pr
the prototype module

e QOrdered five 3D




Prototype 3DP Module

e 1st projective DRC module!




Prototype 3DP Module

e |nsert fibers into entire holes: well aligned!
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3DP DRC with W?

* W can have longer nuclear interaction length than
Cu in same dimension => better jet energy resolution

e Test 3DP pieces produced with W (delivered today!)



Simulation Studies

Various simulation studies are performed

e Using full GEANT4 simulation

Excellent EM (~11 % /\/E’ and hadronic

(~26 % I/ E)

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

0.10 4

0.08 4

0.06 4

0.04 4

0.02 1

EM Energy Resolution

C :0.793+0.094/+/E+0.059+0.011
S :0.241=0.056/+/ E+0.026+0.007

Resolution

C+S : 0.113/VE+0.003 0.20 1

0.10

0.05 1

DR : 0.2590.035/vE+0.0170.004 | |

\

—

e

Jet Energy Resolution

0.00 T 0.00

ll4-3 (I4I} 0 3-') 0. iﬂ (I'.’-") 0.5 H IL]-") 0.10

Calo+Charged 1x0 material

energy resolutions

£ 0.09g1 — T T T T T T T T T T T
c F =7 3
; 0.085— Y —E
. g 0.071 E
Excellent separation among 5 4t E
< " U7E -
W, Z and H bosons in 0.05) E
hadronic channel 0.041 E
0.03F = T —ew
0.02§— —é Tom
Jet and T identification 0.01- 1o ™
using ML 0=%0 8 100 120 140 ST
ij [GeV] = T —TITITTV
Jet identification .
ROC curve T TV
Average scintillation energy images 1.0 T W
Quark Gluon c 038 \
2 S Z —qq jets
ko 0.6 ~80% gluon rejection
) . .
o at 80% quark efficiency
& 0.4
0 0.2
Image - AUC:0.8752
Point cloud - AUC:0.8762
¢ %90 0.2 0.4 0.6 0.8 1.0

rve

Quark |et Efficiency

0.14 0.13 0.12 0.11 .10
1/VE

T identification

0.79 0.62 0.03 0.00 0.00 0.03

3.09 EiEHMeEY 3.48 0.41 2.02 0.39 0.14

777/ 0258 1.61 1.67 0.25

0.30 0.38 10.43 EZ%EY 0.16 3.87 0.25

0.16/FSI528F 1°388 035
0.11 0.24
2.53 0.48
0.08 0.25
/\\ »\ »\ /\\ »\ »\ » SN
N\ N\
B T B 9 B
-z &0 L &0 /G{S‘
Predicted BR  ~
w/ fibre type tag

avg accuracy: 88.3% (w/#p.e. 90.8%)



DD4hep Migration

e Migrate dual-readout simulation framework to dd4hep

e DD4hep is the next-generation standard of detector description

e Preliminary version is already provided to FCCSW team

e Good agreement
with GEANT4

With CLIC tracker

Standalone GEANT4 DD4hep FCCSW
DetectorConstruction() Mimic already existing intd¥fic&enerators MDI codes link
LHES (el MDI formats
GEANT4 DD4hep Pythia HopEvt / MO format
Interface HepMC reader readers
GEANT4 |—>] Proto-EDM > \t \}/ Pileup / MDI overlay
Proto-EDM H  GeoSvc Yorface ' ' ' -
G4 Full / Fast DO4hep
I 3 Geometry
\L Reconstruction -
Analysis Analysis
EC EC
Entries 1000 Entries 1000
- Mean 20.08 < 180 Mean 20.11
@ 180 — Std Dev 0.9529 I E Std Dev 0.9628
C %2/ ndf 11.03/14 C %2/ ndf 16/15
1604 DD4hep Constant 169.4 £ 6.9 60— GEANT4 Constant 1705+ 6.7
C Mean 20.09 £0.03 - Mean 20.13+0.03
1a0— Sigma 0.9347 £ 0.0247 140(— Sigma 0.9226 = 0.0212
o ES F ES
L Entries 1000 120/— Entries 1000
120— Mean 19.92 E Mean 20.02
- Std Dev 0.8692 F Std Dev 0.8913
100[— %2 / ndf 13.44 /11 100— %2/ ndf 11/12
- Constant 177.3+6.8 E Constant 176.2£6.9
80— Mean 19.93+0.03 80— Mean 20.01£0.03
- Sigma 0.892 + 0.020 F Sigma 0.8968 + 0.0211
60— 60—
40 } 40—
20— \\[ 20—
0:....|....|....|_..|...|....|....|.... O:....I....I.....I I IR U B R B
(] 5 10 15 20 25 30 35 40 0 10 15 20 25 30 35 40
GeV GeV
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https://indico.in2p3.fr/event/20792/contributions/81821/attachments/58705/78970/Software-Status-FCC-France-May2020.pdf

Summary

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

e (Calorimeter design for EIC project with Korea HI community is on-

going

* Innovative 3D-printing module is on-going

e (Collaborating with world-leading 3D metal printing frontier
companies

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




