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The Dual-readout Method " C _ IDEA Detector T —E—
o el s =B + 1 (1= fany) * IDEA detector is being discussed in conceptual design report of Both FCC- IREESESESSEE
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— Poor hadronic energy resolution! = L= 1—y ECAL, HCAL: 0 /E ~ 3 - 4%
* Non-gaussian fluctuations of the EM shower component are a major factor that makes it difficult to measure -For i = qq,VV process = e
ECAL: o5 ~ 16%/VE @ 1% (GeV) Z

energy of hadron shower
* QOutstanding energy resolution can be achieved by measuring EM component and correcting hadron energy .
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The Dual-readout Calorimeter Lmm
Fiber sampling calorimeter m OfefColerOferOfe
- Absorber material: Cu \_Ps_/
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- Two active media: Scintillating and Cerenkov fibers scintillation  cerenkov

Prototype Module R&D E@Eﬁ Test-beam experiment at 2022
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. W | © Measurement Goal
* Stacking Copper sheet Copper sheet o

(a) Copper wires and fibers ‘ - Shower depth |
(b) Copper shim and fibers AL A A Module 1 - Time resolution (MCP-PMT) ™=
PP Copper sheet Copper sheet (2X2)
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- Tower 1,2,4: 2 PMTs, each
- Tower 3: 2 MCP-PMTs
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- Longitudinal shower profile

* Various Prototype Modules Based on Copper Forming Method. - Light attenuation length |
LEGO-like Module 3D Metal Printing Skiving Fin Heatsink - Position resolution :
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(3x3) - EM energy resolution 2 i - Tower 5: 400 SiPMs &% E

- Uniformity study i, e R
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| g‘ﬂ;ff*;:.ff;ﬁf—g;r; - Readout system test (with MCP-PMT and SiPM)
1 Bt - Study of various type of optical fibers (Scintillation)
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S eeesssenns - Time resolution (< 50 ps processing)
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* Test-beam at CERN in Aug. 2022 -
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Experimental setup
g in the H8 beam of
= ? the SPS at CERN

ih Auxiliary Detectors
1 TCB and 15 DAQ boards . Delay wire chamber (DC1, DC2)
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Softwa re Development . ‘ (made by Notice Korea) - Trigger counters (T1, T2, TH)
i = - - Preshower detector (PSD)
- Used 60 DRS4 chips for 480 channels - Interaction Target (IT)

 Reconstruction of 3D Shower Shape

- Tail Catcher (TC)

- Sampling rate up to 5 GHz

. . . . . . == 1 photon equivalent pulse output (7] - Muon Cou nter(u)
- Simulating optical photon in each fibers from calorimeter. Cerenkov | | - Save waveform(0.1 kHz) and pulse height(25 kHz)
- Simulating SiPM response with SimSiPM based on Hamamatsu y ———1
SiPM datasheet. o ' ||| Simulation Performance Studies
- V\{nh FFT, re'move tail on waveform of SiPM then recover time of E 232 \\ * Energy Resolution Study: Hadron, EM, jet
arrival of optical photon. A . I .
— Detailed simulation of the time of arrival of optical photon. \ S - Hadron S ool '1' ....... EM ........... B aP A § Jet [© 8;2?18-83;‘5@18-832188;;
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102 zzz shower depth & length simultaneously With Dual-readout method, Stochastic and constant terms are Stochastic and constant terms are 25.9%,
:zogl R Elobddeb LT Longitudinal shape with excellent lateral granularity linearity is closer to 1. 11.6%, 1.9%, respectively. 1.7%, respectively.
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- 3D reconstruction (Recon. vs MC truth) *Satisfied the performance requirement!
; | | e Particle Identification using Deep Learning s
#¥071 Recon.  EF_. =19.96  wswn] MC truth EM 0| Recon. . g, =1305 ,,] MCtruth ,  Punch o
200 E_ =2084 ] . B =8.410 5 i -thru - Particle Shower Identification - Quark and Gluon Jet Identification
1 ceren — — CETEN _ 3000 _ i
2500_3 2500 »e0p | 2 @€V hadron - Epp = 14.85 2500_5 ko Y 183 mt 99 uu gluon quark
_ _ - | reachesend ] .‘g '
] - 2000 e 1 ofthet L ; o EN ,
2000 : i : ﬁ 2000 : of the tower . %, 2000 f w © © © ; - —~ - 4 - - . +
1500 k 1500 - R 1500 :-.\.',:_-f . 1500 3
1000 . 1 000500 {000 E' 1 000500 . ey
: : MT‘ : ,ﬂ”m& - 0 M" i s0 ¢ ¢ ¢ ’ ; ’ ?
500 200 0 500 500 0 . . . .
” - ROC o ROC curves for jet discrimination
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* Particle Id with substructure clustering - | 5 09 c
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- ignal efficiency b0 0.2 0.4 0.6 0.8 1.0
0.4 o .. SO O Quark efficiency
- - Hadron vs EM: 99% efficiency
0.2—
H | | | | | | | - ¥ vs other EM: 93% efficiency - Quark jet vs gluon jet: 79 ~ 80% efficiency
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* Hadronic Tau ID using Vision Transformer (ViT) Confusion Matrix
10°
renkov channel (Z-> 5 ->nFmtn® Transformer Classification TSy 0.0060 0.0015 0.0036 0.0000 0.0000
Cherenkov channel ( Tr->n nntv;)
Summary & Plan 025 : Patching Embedding Encoder Head
* Dual-readout calorimeter has shown excellent performance with simulations through past years. 015, HHHERHHEEEEEEERH 00036 00003 0.0018
. . . . . . . . . . 101 I O Decay Prediction
* Developing novel ideas to exploit timing information for longitudinal & 3D reconstruction. 0051 TR - Ho OO m | ase0s | o001 00009
- first 3D reconstruction with fiber-sampling calorimeter. o L A EEEEEEE AR E e i
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* Simulation performance study shows dual-readout calorimeter satisfy the performance requirement. |-oos| R e e o, | 42408
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* Implementing deep learning for various particle identification case and improving its performance. 015 ] - o= >y | 0.00150.0018
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* With the prototype modules, beam test at hospital will be performed. , . e i o, I —
g4 Achieve nice performance of tidentification by Vision Transformer model. T dicted tabel "

accuracy=0.9784

For test-beam experiment, commissioning and test are in progress then shipping to CERN within this = _ 97.8% total accuracy for the QCD jets and hadronic t decays.

month. : o . . o
* - Discriminate QCD jets with 99.5% accuracy.
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