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I Introduction

New calorimetry development

Particle flow

algorithm

To realize high energy resolution for jets,

A4

« Combine two sophisticated calorimetry; h. 4
Particle flow algorithm (PFA) & dual-
readout.

New calorimetry
for future colliders

\ Vv,

Excellent
Timing

Dual-

« Add excellent timing information for Readout
Improving PFA.
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Particle flow algorithm (PFA)

PFA calorimeter

pt: Charged particle
y: Photon

h?: Neutral hadron

tracker ECAL HCAL tracker ECAL HCAL
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+ ll= ===l= [} + I:IEIE EEEDE m}
p — (IENEEEEEEE| (DDDDEEEE p 0ooooooo0oo| |0ooooooo
Ll - 3| |PEEEE
V7 SR LudIE I \V2 S Jin I
0 l=l= =I 0 .=.= =. https: //www.desy.de/~ohartbri/
h ------- L B B B B I B N N ..====.. h I B B R 0 A I 0 N N N 0 R L0 0 0} ..====.. TOP/theSIS OSkar master.Ddf
EpEE m EEEE =
E mEm § OEm
E = Erca.  +  EncaL Etracker + Egca. +  EncaL

« Tracking of each particle and identification of particle type.

« Measurement with best suited detectors depending on particle
types.

« For exact classification, high-granular calorimeter is required.
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Conventional HCAL

Feature of hadron shower:

« Hadron shower has two components; electromagnetic (EM) and non-
EM components.

« The fraction of EM component, f.,, , fluctuates from event to event.

« The ratio of deposited energy to signal (e, h) differs between EM and
non-EM.

EM Hadron signal:
Hadron component
adr E X e
(Energy: E) P Jem Jem > EfemXe+EQ—fon) Xh
~ >
; - h

-_% o / =N [ (1 — fem) X Z]
o 1= fem E(1 = fo) X h
o Non-EM e
0 . component Degradation of the energy resolution
1 Scintillator due to this fluctuation.
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Dual-readout (DR)

« Simultaneously read out showers with detectors having distinctly different
response ratios (h/e), such as scintillator and Cherenkov detector.

« Using the difference h/e with two detectors, identify the EM fraction event-
by-event and exact energy like solving the system below.

EM scaled EM Non-EM
Scintillator EM S =E |[fom [F[2) (1= fom).
Hadron component - ) >
(Energy: E) fem 5 C=E{l[fem[t (Z)c (1 = fem)]
1—fom e, h, (g? known as independent with initial
particle types & incoming energy
Non-EM ) 4 ()
Cherenkov component F = 27X PO
detector 1—x 1-(3).
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Excellent-timing

« Utilize a fast time response of Cherenkov light emission in
Cherenkov detector used for the DR.

« Cherenkov detector by gaseous photomultiplier based resistive

plate chamber for fast timing (0(10) ps) response.
Charged particle

High-G Iari lized Cherenkov light « Amplification gas layer.

Igh-Granularity realize Cherenkov radiator -

by segmentation. Realizing fast
response.

Anode electrode  © COVering a large
area at low cost.

UV-photocathode

Resistive ?ate
(RPC)

amber Avalanche

+HV Diamond-like carbon (DLC) Readout pad

\l
\ High rate capability.
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] Current status

To combine PFA & DR detector, evaluate the performance of high-
granular DR HCAL with single hadron by simulation.

PFA-DR detector

Tracker Ecal Hcal Tracker Ecal Hcal

Electron

Photon

Charged }
Hadron

Neutral

Hadron

E= EEcal + EHcal ETracker + EEcal

2025/11/7 CEPC workshop 2025 | Taiki Kamiyama 7



IPerformance .1layer

evaluation of DR HCAL ... -
(~8)hn)
Setup 1";‘?“

e Used iLCSoft. 20mm 3 mm

;Iayen

10 mml.5 mm
0 @ 1 Layer

L€

10~100 GeV (at 10 GeV intervals.)

i _ Tot: 180 layers -
Scintillator tile Cherenkov tile

30 mm
30 m
6.67mm 1mm

« CALICE AHCAL-like setup.

« 3 setups with same depth
and different sampling
frequency.




gu—

Analysis S=E - [fom+(3) (1~ fom)]

* DR analysis: C=E[fom+(2) (1= fom)]

» Estimate X = (S — Ein)/(c - Ein)

with known E;,, (initial particle Cherenkov cell
energy).
S—yC .
- Reconstruct E = =% with dron
) 1-x
estimated y. - )
1 : /4 . e [
° PFA_Compatlble DR analySIS' Scintillator cell https://www.scier;.cedi're llllll e/article/pii/S0168900
i 212011734
 Need to associate Cherenkov HCAL HCAL

hits with Neutral hadron
particle flow objects in final
state of jets. Particle

» Only use nearby Cherenkov
hits from scintillator hits’

location.
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Improvement by DR especially in high energy region.
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Energy resolution by PFA-compatible DR for K}
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Also, improvement by DR especially in high energy region.
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Comparison between DR and PFA-com

natib
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PFA-compatible DR resolutions are better than usual DR resolutions.
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Difference between DR & PFA-
compatible DR

1-(3);
1-(2),

* Decrease of (E)C makes more distinct

e

difference between two (g)sc .
~ 0.6 '

S=E-[fom+(5) A~ fom),
C=E-|femt+ (S)C (1- fem):

~ 0.3 - smaller

. (E)C decreases. (y = decreases.)
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 Clear difference in (E) between the two signals allows to more exactly
identify and eliminaté f£.,,, leading to an expected improvement in the

DR performance.
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r
* The reason why ( ) decreases when P BE
only using near Cherenkov hits from e
scintillator hits: S
n.gé—JF * * * +
- Looking at a ratio: ot e
- # Only selected Cherenkov pe Z:: Kg
pe # All Cherenkov pe ’ oaf "
more selectively Cherenkov hits in EM B N

HCAL

shower when getting near Cherenkov hits
from scintillator hits’ location.

(h) Effectively ignoring hits in hadronic

— > shower and getting low.

€/C

Neglected cell®

« Because EM showers are more compact, selecting Cherenkov hits only near
scintillator hits are expected to tend to emphasize the EM component.
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] Conclusion

Summary

« As a first step of developing a new calorimetry that integrates PFA, DR, and excellent
timing, evaluated the performance of highly granular DR HCAL (CALICE AHCAL-like
setup) by simulation.

« As a result, an improvement in energy resolution by DR at high energy region was
observed for several detector setups.

« In particular, the PFA-compatible DR, which takes advantage of the high granularity,
showed a potential improvement in energy resolution compared to the conventional DR.

Outlook

« Explore the optimal detector configuration for DR HCAL, such as the choice of absorber
material, detector structure and so on.

« The current PFA-compatible DR uses Cherenkov hits only within a fixed distance from
scintillator hits. Further improvement in DR performance is expected if successfully
selecting only hadronic components more effectively .

« Evaluate PFA-DR analysis for jets at the full detector scale.
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