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Intro: Dual-Readout Calorimeter (DRC)

* DRC offers high-quality energy measurement for both EM particles and hadrons \
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 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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Intro: DRC Geometry and Module

e Korean team led the design of the Dual-Readout Calorimeter (DRC) Instrumented return yoke
for IDEA detector

Double Readout Calorimeter

2T coil

e Included in the CDRs of both FCC-ee and CEPC, published at
the end of 2018 9.2 cm
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Intro: DRC International Collaboration

Prof. Hyonsuk Jo (KNU)

Prof. Rong-Shyang Lu DRC with crystal

Segmented Crystal Option of IDEA

Segmented Crystal ECAL |
+ Precision Tlmlng Layer |= |

Prof Sanghoon Lim (PNU)

Prof. Chia Ming Kuo

Dual readout HCAL
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Intro: Korea Prototype Detector

e Primary goal: build a prototype detector for the detector design of future collider projects

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

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)
5 M 1/2 modules: 11 (Opt2)




1. Two Module Production

 Two module buildings for initial R&D and upcoming test-beam experiment are on-going

* Various assembly steps are precisely being visited

Test-beam plan

e Qptical fiber treatments Details

Time resolution, shower depth, longitudinal shower

e PMT and electronics R&D Ve profile, light attenuation length etc.
ULULERN Position resolution, EM energy resolution, lateral

shower profile, uniformity etc.

* Housing and assembly kit design Readout test (MCP vs. SiPM)

Time resolution (< 50 ps)

Optical fibers (various types)

Next generation experts for DRC HW

1,0 depth 1,0 width 4,5 1,6 Cu thickness

Module #1 (2x2) Module #2 (3x3)

Specification of fibers

Y G
, SC/I] ) er
A(6:1 @) t’//at,bn fibe, NIM A 762 (2014) 100, N. Akchurin et al.
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Optical Fiber Treatment

* Fibers delivered at early spring

* From Kuraray (S) and
Mitshbishi (C)

2000 grit

After step 3 After step 4 After step 5




1st Module Assembly

e We stacked copper plates which optical fibers were inserted for
1st module




Electronics R&D: Configuration

Module #1 (2x2)

wer 7] Tower 8 Towelt 9

Tower#1

Tower#2

Tower#3

Tower#4

Combination of fibers for Module#1

Tower #1 Tower #2 Tower #3 Tower #4
Round
Scintillation Ro;md Ro;md / Square
fibers Single cladding | Single cladding Single cladding
Cherenkov . .
fibers Round / Single cladding
Readout
detector 2 PMTs 2 MCP-PMTs 2 PMTs 2 PMTs
(2*4 ch)

Toweri#1

Tower#2

Tower#3

Combination of fibers for Module#2

Tower#4

Tower#5

Tower#6

Tower#7

Tower#8

Tower#9

Tower #1~4 and #6~9 Tower #5
Scintillation . .
fibers Round / Single cladding
Cherenkov . .
fibers Round / Single cladding
Readout
detector 16 PMTs 400 SiPMs

(400+16 ch)




Electronics R&D: Status

MCP-PMT: excellent timing performance

e 3 types of PMTs will be tested W oo | o | ae

size / pour size (Bialkali) (ns)
PLANACON scintillation ~7%
XP85012 5353  /25um  atssonm 2400 e ;
The biggest number of pixels (16675) have been chosen 2
: . . T g PLANACON Cerenkov ~21%
to avoid the saturation effect of photon counting for the scintillation lights. XP85112 710 um at400nm 2800 0.5
— s::;tt?‘;e pixel Ph?stf;- detection )eff. nur:fber i https://www.photonis.com/products/planacon
size llicone resin .
ke pixels * PMT: window size and timing performance

$14160- 1.3x1.3 ~15% ~17% = Q.E.
13105 (169 mm?) O™ at4o0nm  atssonm 19673 @ Window | (Super bialkali, SBA)

size
Ck.

23x23 ~35%

R11265-100 s at 400 nm  at 550 nm

* Electronics are under production DRS Board

Preamp Board

— ANV —
424 input channels
from PMTs, MPPCs, MCP-PMTs, or SiPMs : N DRS Control PC
+ extra inputs for trigger system (480ch) + storage

| Voltage inputs for 400 SiPMs I:

| "Preamp board B
50 fier support
5,0 preamp baard
1 7] 20siPMs B
25t
/ 5,0 light hieding vll
200 fibers FiarEaaaas -

Preamp board based on DRS4

L1

PDRS4 waveform

sampling board
(NOTICE)..
4 ] 3

Single SiPM

NIM A830 (2016) 119 H. Kim et al.




Supporter & Assembly Kit Design

Bottom base S —
Preamp board A .

Front

-

Footmaster caster

Preamp board A "1; NOTICE KOREA

preamp board B (1.6 mm PCB, 10 holes with 2.1 mm diameter) (
==> SiPM (2.63x2.1 mm~2, 0.85 mm height )

Light Shielding Wall (3.95 mm MC, 6 M2 taps, 14 holes with 2.1 mm diameter)

—

A
optical cookie (3.5x3.5 mm~2 and 3 mm thickness) \Lf PSK
yellow filter (3.5x3.5 mm#2 and 0.1 mm thickness)Kodak Wratten#9 j
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Fiber Holder (2 mm hard sponge, 5x5 mm~2 at each corners) ==> 32 fiber holes (1 mm)

Filter Cover (5 mm Urethane, 14 holes with 2.1 mm diameter) ==> 32 fiber holes (1 mm)

Dr. Ha brought some pieces. (11/19) ’
- Fiber Frames for SiPM ——
- Two Fiber Bundle Cases for each modules . |

16 PMTs SiPM FEE board

Total weight: 450~500 kg _

©

Module Holder
Cerenkov Holders Dark Case Holder 1
g
ZMCP—/PMTs / /
Module (~150 kg x 2ea) & 6 PMTs SHV panel FEE for PMTs

W100 x L2500 x H100 mm3 - oo g e e AN e e e

Bottom Base (aluminum)
15 mm thickness (~89 kg)
W400 x L3200 x H100 mm3

Frames of Readout System

Universal Multichannel Power Supply System
SY4527Full (600W) 8U, 16 slots
AG7435SN (300 W) 24ch, 3.5 kV, 3.5 mA (9W/ch)

Foot Master Caster
Allowable load of GD-120-F
1000 kg / 1ea
2000 kg / 4ea

I-bolt M20
630 kg / 1ea

4528

cPU
Profile 50100 (13 kg x 2ea) '(Cefault)
W100 x L2600 x H50 mm?3
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2. Copper Forming

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

o w0 20 a0 a0 sw
Gas Temperature (C)

LI
S G
- e

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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J. Hauptman

RD52 Copper Forming (draft)

distribution

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

15 March 2018

Contents
1 Three options: Rearrange, Remove, or Add Cu atoms

2 Rearranging Cu atoms
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Cutting
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Cu Forming R&D in Korea

* Precise forming with innovative technology: 3D metal printer

50000
o

52.7

52.7

AR A A
OO (O
ANl DA
00T T TR

30

HU AR MJIIUH‘ I I

) 54.7 54.7

e Easy and cost-effective forming: Lego-like

/ \ / \\
/ \ / \
\ / \
N y f . s e . g
Cerenkov \| Copj Scintillation | Copper
\ fiber / shin \ fiber / shin
\ \ /
\ / \ /
\\7 / \\ yd
Copper shee
e R \ rd h \\
// \\ “/ \\
/ \ / \
[ Scintillation Coppe [ Cerenkov | Copper
\ fiber / shim \ fiber / shim
\ / \ /
\ / \ /
AN e \’\ //
Copper sheet

Figure 27: Direct stacking of copper shims and fibers. The

shims bear the load.

Scintillation |

f
Cerenkov \| Copper
fiber A\ wire
/

fiber )\ wire /\

\ / N/ ‘
[ Scintillation \], Copper [ Cerenkov ‘l"‘ Copper
\ fiber / l \ fiber A

Figure 28: Direct stacking of copper wires (1.05mm diame-
ter) and fibers on 0.5mm copper sheets. The slightly over-
sized copper wires carry the load.
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3D Metal Printing ™
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Quarter Tower
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Toward Detector Construction

* For TDR, need to demonstrate feasibility of detector construction
IN engineering aspects

Production rate Performance

Forming Assembly Accuracy

Cutting Moderate Difficult Difficult

Bucatini Low Moderate Easy Excellent

3D printing Ultra high Easiest Easiest Perfect

LEGO-like Very low Easy Easy Good

18



Supported by .

3. Software Development (%

e Many SW development are on-going!

e Migration to DD4HEP framework

e Faster simulation: developing optical photon transport in GEANT4

=> O(100) times faster

* Migration to Key4HEP framework

e Add digitization, reconstruction, calibration, etc.

Key4HEP migration

fullsim fastsim

EDM4hep

=] ﬂ events;1
| DRealo2dHits
| DigiCalorimeterHits
ﬁ DigiWaveforms
& DigiWaveforms_0
& DigiWaveforms_1
A RawTimeStructs
& RawTimeStructs_0
& RawTimeStructs_1
ﬂ RawCalorimeterHits
X SimCalorimeterHits
4 SimCalorimetertits#0
4| RawWavienStructs
& RawWavilenStructs_0
& RawWavilenStructs_1
HINCParticles
HIMCParticles#0
HIMCParticles#1
ﬂ Leakages
ﬂ Leakages#0
| Leakages#1

GEANT4

WGR16

A v

v0.0.1 V0.0.1_fast

Simulation flow

:l Pythia8 Particle gun |E

DD4hep

| SimG4FtfpBert |

Evolved into
Git_IDEA_CALO_FIBER

GenAlg +

EDM4hep SimG4OpticalPhysicsList |

V0.0.2.3

E | SimG4PrimariesFromEdmTool |: 'I SimG4FastSimPhysicsList | '

v : | SimG4SaveDRcaloHits | :f | SimG4FastSimOpFiberRegion | '

m Key4hep

! I SimG4SaveDRcaloMCTruth I : | SimG4DRcaloActions |

SimG4Alg SimG4Svc

+ EDM4hep
+ Gaudi

I
c
=g
©
c
=3

— Fully compatible with FCCSW at this stage
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With CLIC tracker

DD4HEP migration

DD4hep

Standalone GEANT4 FCCSW

DetectorConstruction()

Mimic already existing intdvisc&enerators MDI codes [link]
LHES il MDI formats
J GEANT4 DD4hep Pymios HopEvi/ 1O format
| - intertac HephiC reader readers
| GEANT4 Proto-EDM | :) Pieup | MDI overlay
Proto-EDM | G4 Full/ Fast DOMes
Geometry
Reconstruction
=

Faster simulation

2000mm Energy Resolution (MC TF)

0.1 A
= C:0.178/YE+0.00643 I
oo [ DD4HEP ||+ 707 |
E ¥ $:0.134//E+0.01393
0.08: ¥2/n:9.01/6
0.07: B - Sum : 0.114/YE+0.00212
E i ¥2in:547/6
o.msE g
00sE- P .
ooaf B \:\
04 e N w0
= ~—__ ~
E y = -
0.03F . S
0.02F T "\.‘.\
0.01F -
0:\ L L1l L1l L1l L1l L1l L1 11l L1
045 040 035 030 025 020 015 010  0.05
1lE
2000mm DR EM Energy Resolution
0.09 r
'ic‘ \t C:0.172/{E+0.00881
0.08 ~. Geant4 ¥2/n:2.006/3
’ ~ ) §:0.132/{E+0.01497
* \\\ %/n:0566/3
0.07' ~
~ C+5:0.119/{E+0.00229
2/n:3.152/3
0.06

o
=3
&

T[T IO [ TT T[T [ TTTT [T

0.04

0.03 . .
Important for a longitudinally

0.02

L R R R N B unsegmented calorimeter




Supported by

Simulation Studies

-

www.Kisti.re.kr

Calibration Constant

o Many S|mu|at|on Stud|es are On_gO|ng '(a) Scintillation Eq const. (b) Cerenkov Eq const.
* First full GEANT4 based simulation performance w
* Using various benchmark physics process (W, Z, Higgs) “F h
070‘ ‘10‘ ‘ IZO‘ 30‘ 40‘ ‘50‘ ‘60 * 70;‘;7w580r nuz ‘O(; 10 20 30 40 50 60 70 To":zr an;;l
E <~ 0.2
‘€ f . ] e 0.10 1 C : 0.182/v/E+0.007 Resolution C : 0.793+0.094/\/E+0.059:0.011
~  Position Resolution S : 0130/ VE+0.015 S 0.241£0.056//E-+0.026:£0.007
'g‘ts‘ C+5 : 0.113/v E-+0.003 0.20 1 DR : 0.259:£0.035/v/E+0.017+0.004 |
0 0.08 1
O 14— o
1.2 :— 0.06 4 151 ’\\
- & s
1:_ ,«’é/ 0.04 4 0.10
08— ,»56 ol
- ( 42+0.1 ) 002 TR R : . .
06— 041+002+ ——— |mm . ] —
VE EM Energy Resolution Jet Energy Resolution
R T S X B TRV o505 oas 0B o o3 030 025 020 015 010 i e s e e o
VE VE

- I/ﬁ !

Jet identification with ML

Tau identification with ML

Confusion

matrix

0 ROC curve
Average scintillation energy images
Quark Gluon | ﬁ
£08
206 ~80% gluon rejection
Q . . z
o at 80% quark efficiency
[
—0.4/ .
C
(@)
=
(D 02 1 z
Image - AUC:0.8752
Point cloud - AUC:0.8762

o
(=
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Supported by

3D Shower Profile

www.Kisti.re.kr

KiSTi

 Develop novel ideas to exploit timing for longitudinal & 3D

reconstruction

Reconstructed MC truth 3500 1 *hadronic showers often 3500 b
have additional “legs” ]
G Em'inl = 19'96 3000 _: e K Esr"l.nl = 17'29 3000 _:
. =20.84 ] ] . E. =10.22 ]
2500 - ceren 2500 2500 A ceren, 2500
; -'_ ..:sg;' EDR = 20.04 E 0
2000 - 2000 - £ 5 2000 f 2000 - :
1500 b 1500 i 1500 |
£ Ft ’
1000 )0(C
1000 *tracks are both MC truth £00 B e i c
o W T = | -
00 - L e al ) | o -l
red s T 1000% R / - 1000%
. 72{,,"}'?" 1000% 500 L 1T £00 I - 771000% : I _T‘T_ff”: 0N
= .T--v‘1 500 ( /71_44 - ‘ & _,T--y'w 500 g ..
50 L0 1000 Tya00 | 5% 20 GeV e- ) dr 0 1000 7200 |2 20 GeV 1+
N7 1500 17" [-500 l
1000 _1000 100 _1000 | [
3500 - / ] . = ]
] ' 3500 — ]
o E 1 |B|=2T 3500 ] v “
*reaches end ] ! ] ] ,
3000 F the ¢ 3000 ! 3000 - for all 4 cases —_— ] |
of the tower o7 ] { ] o 1
Escinl e 1305 i ‘ E.s‘('int 3 1550 ] I:
2500 = 2500 - o 1 , = ) f
. Eéeren 8.410 o 1 ! . 2500 i E(Femn 1.243 2500 - !
i ] . J ] 4 g
i FE,.=14.85 ] =¥ ] ; ] f
_ R DR : 2000 X4y - ] | 1 !
2000 g : V 2000 - | 2000 {
.5 . . <5 = i i 1 i
o 1500 ¥ : ] f
1500 o ; ! 1500 - | T2 * . — u+v before
1000 # - ) | 1000 entering the tower
‘ 0 — 1000 L
, ] ' | T 50 o
00 i S o .
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|‘ r"1000% f el 1500 A R O i
J i T500 500 T ‘If's_lol) 0 ] T })(.‘JO 1000+ ‘ ] el iy
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"' SO 00 —1000 20 GeV i+ 500 Lo 1000 L |-500 20 GeV i+
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e
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Bonus: Forward Detector for EIC

 |nitial design and feasibility study for ECCE is on-going

Collaboration with
nuclear physicists in Korea
* DRC pre-design is implemented in Fun4All framework

—— 2.5m Copper dual-readout calorimeter

e Absorber type: Cuvs. W 1.25m Copper dual-readout calorimeter

— 1.25m Tungsten compensation calorimeter

Energy resolution vy
c 0.08 1.05
§ | 0.116/VE+0.002 5 O
B oo 0.102/VE+0.007 | . G o4
2 @ =
& — 0.097/VE+0. 033 T g 1osf
0.06 : - T T NPT~ . s L0 PR GO T [T PRI Lo 1.02 =
C 1E
0.04 -
- 0.99F—
0.03F ; : 0.98 z_
- 0.97F—
m r/ 0.96 -
o i VIR U PP, P MW PR S T T PRI BT T B EP
' 0.1 0.15 02 . 025 0.3, 0.35 0.4 0.45 ) 20 40 60 80 100
1/sqrtE Energy
bede Jet energy resolution Hole (different radius per each fiber) mer
w 94or
B F —a— 0,840 0.070/VE + 0.084 = 0010~ Cherenkov
0.4F —=— Scintillation
- —%- 0.220+ 0.053/VE + 0.079 = 0.008_g— DR corrected
0.35 — 0.237+ 0.062/YE + 0.072 = 0.009 , ‘
- SiPM [ N \ f
C || Scintillation | ‘c\ {  Cherenkov
0.3F ‘ ; ‘
= u
0.25F
E Cladding_S
0.2F il
0.15F “ladding_C
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Summary

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

e Build and test full size prototype DRC detector by 2025

e (Collaborate with EU and US teams

e Both HW and SW R&D with all aspects are going well

* Build two modules with various R&D goals B S

* Design new electronics readout system and assembly kit
* Perform copper forming R&D with 3D metal printing and mechanical stacking methods

e Develop new SW framework to migrate DD4HEP and Key4HEP with fast GEANT4
simulation

e Study GEANT4 simulation and wide particle identification with ML technique
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