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2020 Workshop

Online mini-workshop on a detector concept with a crystal ECAL

22-23 July 2020 [

Z00m

Asia/Shanghai timezone

Organizing Committee

In this online mini-workshop during July 22-23, 2020, we will discuss a CEPC detector corf--—* -~ -
crystal electromagnetic calorimeter, which goes in parallel with the current baseline concefd ¢53h Eno (Unviersity of Maryland)
the IDEA concept in the CEPC CDE.

Owverview

Scientific Programme

Organizing Committee ] i Jianbei Liu (University of Science and Technology of China)

To accommodate participants in different time zones, we come up with the schedule as follt , , , . )
Timetable Beijing Time (GMT+8) applies, Yong Liu (Institute of High Energy Physics, CAS), workshop secretariat
Contribution List July 22 (Wednesday): 8:30-11:00 AM, 8:30-11:00 PM ®inchou Lou (Institute of High Energy Physics, CAS)
Author List Jianming Qian (Unviersity of Michigan), committee chair

July 22 (Thursday): 8:30-11:00 AM, 8:30-11:00 PM. . . ) .
Mangi Ruan (Institute of High Energy Physics, CAS)

My Conference . . ~ .
Here is the link to connect to the Zoom meeting room, Christopher Tully (Princeton University)

Fegistration R . s . -
hitps://weidijia.zoom.com.cn/j /636451434027 pwd=ZnNZV1hob2VyQUdMR1dBUFB1iViF!  jianchun Wang (Institute of High Energy Physics, CAS)

i- Modify my Registration

T Meeting ID: 636 4514 3402 Haijun Yang (Shanghai Jiao Tong University)
Originally planned in person, Participant List
Changed to tWO-day online Number of participants: 43

Thanks to Yong, Jianchun and others for the logistics!



Unusual Schedule

Designed for people in Beijing and US Eastern time zones

Wednesday, 22 July 2020

08:30 - 11:00

20:30 - 23:00

Session 1: Latest development in crystals and calorimeters
&:30-11:00AM, Wednesday Bejjing Time
2:30-5:0040N,  Wednesday, Central European Time
8:30-11:00PM, Tuesday, US Eastern Daylight Time
Convener: Dr Jianchun WANG (IHEP)
08:30 Introduction 10°
Speaker: Prof. Xinchou LOU (##EET)

05:40 Latest development in crystals and readout 407
Speaker: Dr Ren-Yuan Zhu {Caltech)

Material: | Slides -

09:20  sStatus of crystal ECAL studies at IHEP 307
Speaker: Dr Yong Liuw {Institute of High Energy Physics)

Material: Slides

0250  Crystal ECAL Optimization studies: transverse granularity and longitudinal

Speaker: Liu ChunXiu {##E5T)
Material: | glides =

10:10  Crystal ECAL design and optimization 20°
Speaker: Yuezin [{E0) Wang (=)
Material: | glides :

Session 2: Crystal ECAL development

8:30-11:00FM, Wednesday Bejng Time
2:30-5:00FPM,  Wednesday Eurcpean Central Time
8:30-11.00AM, Wednesday US Eastern Daylight Time

Convener: Prof. Christopher Tully (Princeton University)

20:30 Review of past DREAM work on dual-readout crystals 40°
Speaker: Dr Gabriella Gaudio {INFN-PV)

Material: | Slides

2110  Segmented crystal electromagnetic precision calorimeter (SCEPCAL) 40°

Speaker: Dr Marco Lucchini {Princeton University)

Material: | glides
21:50 Mew ideas on the readout schemes of crystal calorimetry 25
Speakers: Dr Zhigang WANG ({IHEP), Prof. Junguang LV Junguang {IHEF]

Material: Slides

22115 Stand-alone pion resolutions with the IDEA concept 257
Speaker: lacopo Vivarelli {University of Sussex)

Material: Slides

Thursday, 23 July 2020

08:30 - 11:00

20:30 - 23:00

Session 3: Tracking, solenoid and simulation

5:30-11:004M, Thursday Beljing Tane
2:30-5:0040 Thursdsy, Cenfral Ewropean Time
S30-11:00PM, Wednesday US Eastern Daplight Tims

Convener: Prof. Sarah Eng {University of Maryland)

02:30  Simulation of dual readout crystals 15
Speaker: Mr Wihui Lai {University of Maryland)
Material: | siides | )

0E:45  Detector optimization w.r.t. the BMR 15
Spezker: Yunkun Shi [(USTC)
Material: | shides | T

08:00  Tracking options 30
Spesker: Xin Shi [IHEF)
Material: | shides @ )

0830 Solenoid RED 30
Spesker: Dr. Feipeng MING [IHEF)
Material: | siides | B

10:00 Discussion 1h0

Session 4: Simulation and performance studies

8:30-11:00PM, Thursday Beljing Tame
2-30-5:00P Thursdzy Cenfral Buropean Time
S:30-11:004AM, Thursday US Eastem Dayght Time

Convener: Dn Mangi Ruan [IHEP)

20:30 Latest development of the PFA calorimeter 30°
Spesker: Mr Roman Péschl [Laboratoire de |'accélérateur Linésire)

Material: | shides | 1
21:00  Introduction to Key4HEP, the common software framework 10
Spezker: Paclo Giacomelli (INFN-Ba)
Material: | shides : = 19
21110 Development efforts of software framework to simulate DR calorimeter 20
Spezker: Sanghyun Ko {Seoul National University)
Material: | shides ;| 1
21:30  Identification performance of leptons in jets 15’
Spesker: Dan YU (IHER)
Material: | siides | 1)
21:45  Differential jet performance 15
Spesker: #& 8 (Exooxm)
Material: | slides : ™)

22:00 Discussion and Wrap up 140’



2019 Workshop

Topical Workshop on the CEPC Calorimetry

11-14 March 2019

4ziaShanghai timezone

Overview

Scientific Programme
Organizing Committes
Timetable
Contribution List
Author List

My Conference

i My Contributions
Registration

i- Modify my Registration
Participant List

Institute of High Energy Physics, Beijing

The Topical Workshop on the CEPC Calorimetry will take place during March 11-14, 2019 at the
Institute of High Energy Physics (IHEF) in Beijing. It will be semi-informal with presentations
interleaved with plenty of time for discussions.

This workshop intends to bring together experts on calorimetry to have informal and in-depth
discussions on the technical options for the calorimeter system at the proposed circular electron
positron collider {CEPC), including both the options presented in the Conceptual Design Report and
possible new options.

Topics to be discussed include physics drivers, expected performance, channel count and data rate,
power consumption, cost estimation as well as potential interested groups.

Meeting Room: A415, Main Building in IHEP
WIFI: CEPC201903

Vidyo link: nttp-ividyo inep ac_cnflex htmizroomdirect htmi&key=sBdUsAF9520X2wOF7TBNLTKDIGGw

Participant List

In person for 4 days at IHEP, lots of discussion Number of participants: 45



Workshop photos

What a difference one year makes...
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About 55 people are connected to the 1t session at the peak
© Zoom Mesting - o X

v Participants (51)

1 Find a participant
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|
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= Why crystal calorimeter? .
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Homogeneous structure B _ 1 230720 Z
B + Dptimal intrinsic energy resolution: ~3%/+E & ~1% S S )
» Energy recovery of electrons: to improve Higgs recoil mass
ay : ry P aq Bo Li o o
« Corrections to the Bremsstrahlung of electrons
+ Capabhility to trigger single photons )
* Flavour physics at Z-pole G Chen % A
+ Potentials in search of new physics, ...
+ Fine segmentation Christopher Tully P
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Dan YU % A
N & b [Frirdiva) ‘rong Liu (uyongiiihep ac o) Mini-warkshop an A dalecios concept with & crytsl caicrimsine 2
m Danning Liu B A
H . - e ol o 2 _
L OO EPEAE=Z0 - @ e # b
Invite Unmute Me Raise Hand

Unmute

Start Video Participants Reactions



71 Fast and Ultrafast Inorganic Scintillators =
[ o o [ woa [ wen [van | pe | osoce | wiace | we. | wees | s | mos

Density g/cm?) . 6.76

Meiting paints (°C) 1280 1280 1975 1870 1940 1725 2050 2060 1870 1850 1930 2070
X, [em) 203 2.03 251 277 353 251 1.14 1.45 277 163 1.37 2,10
Latest Development in Inorganic B a1 31 am a4 2% a0 207 5 M a2 2w
. . A [em] 30.7 30.7 322 224 5.2 W3 209 20.6 224 215 13.5 7.8
Scintillators and Readout for 2 6 sue 27 ms . a1 648 603 38 sis s ma
. dE /X [MeVfcm) 6.52 6.52 8.42 205 7.01 882 9.55 9.22 805 8.96 9,82 6.57
Future Crystal Calorimeters
Apeas® [nm) e 380 350 250 380 220 85 220
Re n-Yua n Zhu Refractive Index® 1.50 2.1 196 187 1.97 1.82 194 173
California Institute of Technology ght Yiekane is es o o3 g2 100 o %0
July 22, 2020 - ;
o T‘“f"phw 13,000 2,000¢ 57¢ 1104 2,100 30,000 10000 24,000
Presentation in the Online Mini-Workshop on a Crystal ECAL time* (ns) ?;] o1 15 a 1;8 40 4;5 75
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Presentation by Ren-Yuan Zhu in the Online Mini-Workshop on a Crystal ECAL

Summary

J LYSO crystals are radiation hard for HL-LHC applications, such as CMS BTL. BaF,

Existing Crystal Calorimeters in HEP

Baie 55 o 0500 w00 00 A e P st Py Mt i shows a radiation hardness similar to LYSO at high radiation level. LuAG:Ce ceramics
Expersnent C AL el R0 OBl IR BBt BELLE, _CME BES M appears promising for FCC-hh, provided that its slow component is eliminated.
Acceleratol SPEAR LEP CESR LEAR Tevatr PEP KEKB LHC  BEPC . . . . . .

S b U Undoped BaF, crystals provide ultrafast light with sub-ns decay time. Yttrium doping
Laboratory SLAC CERN Cornell CERN  FNAL  SLAC KEK CERN  IHEP _ ) _ L
enhances its F/S ratio while maintaining its sub-ns fast component not changed. 20
Crystal Type Nal:Tl  BGO  CskTI  CskTI csl Csl:Tl  CskTI  PWO  CsETI , _
- cm long BaF,:Y crystals with LO>100 p.e./MeV, F/S>2, 10% LRU and |6.|<3%/X, are
B-Field (T) - 0.5 15 1.5 - 1.5 1.0 4.0 1.0 developed. R&D conti ; timize vitrium doing in | e BaF.-Y tals f
S—— ———— — — - — — — — ev.e oped. continues oop.|m|zey rium doping in large ?IEE'; aF,:Y crystals for
— — e e — — e By MuzZ2e-II. SB photo-detectors are also under development for BaF,:Y readout.
Crystal Depth (X,) 16 29 16 16 27 1610175 16.2 25 15  Mass-produced Sapphire crystals costs less than $1/cc. Sapphire:Ti crystals show a
Crystal Volume (m®) 1 1.5 7 1 2 5.9 9.5 1 5.3 weak/strong fast/slow scintillation at 325/755 nm with LO of 1.3k/6.6k photons/MeV
Light Output (p.e./MeV) 350 1,400 5,000 2,000 40 5,000 5,000 2 5,000 and 151 ns/3 ps decay. With a cut-off of 280 nm and LO similar to BGO it may be
Photo-detector PMT  SiPD SiPD WS+SiPD PMT SiPD  SiPD SiAPD SiPD used for an HHCAL with dual readout of both scintillation and Cerenkov light.
Gain of Photo-detector  Large 1 1 1 4,000 1 1 50 1 U Additional ultrafast scintillators under development, such as Zn0O:Ga films, quantum
oy/Channel (MeV) A L s 2 S L il A9 2 confinement based all inorganic Cs Pb halide perovskite quantum dots etc.
Dymamic; fange A A e 26 w Y0 o Acknowledgements: DOE HEP Award DE-SC0011925

2, 20 Presentation by Ren-Yuan Zhu in the Onfine Mini-Workshop on a Crystal ECAL 3 July 22, 2020 Presentation by Ren-Yuan Zhu in the Online Mini-Workshep on a Crystal ECAL



wey TRHSULLERUZ K Longitudinal segmentation: impact from services

Institute of High Enengy Physics Chinese Academy of Sciences

* Energy resolution with different numbers of sampling layers
= 24X0 total depth for crystals (fixed) in all scenarios

=] ig h_g ran u|ar|ty Crysta| Calorimeter: = Used copper to model the inter-layer services (e.g. cooling)
- Light materials will be considered for realistic cooling designs: Al, carbon-fibre. ..
R&D status . 5
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Mini-workshop on a detector concept with a crystal calorimeter B & L %
July 22-23, 2020 E . g 1_55— 2
1 2
‘@ Yong Liu (uyong@ihep.ac.cn) g‘ 5 1\\ &
L 0.5

T 1 10 10° 10
Truth Energy [GeV] Truth Eneray (Gew] Truth Energy [G&V]

Mote: digitization not implemented yet; so energy fluctuations and leakages dominate

Ti222020 Yong Liu {luyong@ihep accn) Mini-workshop on a detector concept with a crystal calorimeter 10

High-granularity crystal ECAL: 2 major designs in pursuit

Geantd version 10.5.0

Design 1 Design 2 Digitizer in simulation for crystal ECAL M sappes: oo |

MC samples: electrons

Crystal bars SiPM FE+PCB Cooling + Support Basic Mudule ECAL-Crystal: Energy Resolution ECAL-Crystal: Energy Resolution
Crystal Selmlln'lfr (eg. B5O, LYSO_) ¢ F ‘} I - . :
5 E | s Bt M, e ; - ; B e T e e
( TxLtOcm # e P % “Fi e .
M Phatodetectors (eg. FPMT, sm-f % r e . 5 . ——
_O, E g_ ------------ g 1 e 1 P T E : L U WL ik B 11 g T
Incident R R b T e
particles Fy L : , ]
N Impact from photon statistics; £ P o Impact from electronics resolution for single photons:
E 100 p.e/MIP ys 300 p.e/MIP | . | Sigma of SiPM gain ~7%/p-e. vs 20%/p.e.
+ Longitudinal segmentation * Long bars: 1x40cm, double-sided readout L3I _ p— i i , & r
. " i F o a B 3 - B e o o ]
« Fine transverse segmentation + Super cell: 40%40cm cube ol 1 £.0. B, 'p{”w'; "5% N IR R U AL SR
d - & Eneray | Ge' Particle Energy | Gel'
+ 1x1cm or 2x2cm cells * Crossed arrangement in adjacent layers + Quantitative studies for the impacts of photostatistics and electronics
+ Single-ended readout with SiPM + Significant reduction of #channels - Stochastic terms: ~5% for lower light yield (e.g. PWO), ~2% for higher light yield (e.g. BGO)
« Potentials with PFA + Timing at two sides: positioning along bar - Negligible impact from single photon resolution at energy regions > 5GeV

Tz Yong Liu (luyong@ihep.ac.cn) Mini-werkshop on a detector concept with a crystal calorimeter 25.11.2018 Yong Liu {liuyeng@ihep ac.cn) Mini-workshop on a detector concept with 3 crystal calorimeter




Studies with PWO crystal bar and NDL-SIPM

» Cosmic ray tests with a PWO crystal
+ Read out with a 3x3mm? SIPM (90k pixels)

+ SIPM designed by Novel Device Lab (NDL) in Bejiing Normal University

PbWO Crystal

SiPM
Bottom Trigger mmmm

Ions+

oL Eniries a7
Mezin 2644

AMS 1288

L 3 fnet 12821
B Frab 05154
r Wit 3466 £ 1092
] i ME 19,48 = 0.7B
B Araa 16612183
Gisigima =1.3%1 + 3558

Wrapped with Tyvek paper and ESR

Example of pre-cut Tyvek paper

PbWO crystal (produced by SIC), 10x10x45 mm* s J |

MIP response: ~20pe/MIP
with 3x3mm? SiPM

[

I i |
&0 B a0 o 120 141

#pe atSiPbm

NDL-SiPM 3x3mm=* th i]u ixels
Note: a larger SiPM (e_g. 6x6mm?®) can be used for better light collection efficiency

b 25112019 Yong Liu (liuyong@ihep.ac.cn)

Klausb tests with NDL-SiPM

* NDL-SiPM features: small pixel pitch (10um or smaller), high PDE
» Requires high S/N ratio in electronics to resolve single photons (small gain)

+ Klaus5 proved to be able to resolve the single photons (32fC/p.e.)
» Benefits from its high S/N ratio and high resolution

Single photon spectrum in 12-bit ADC mode: after corrections
Z 8000

THEw
Enries 248
Mean 1304
SxiDey 2048

- 60001
- NDL-SiIPM: nominal ga
5 I i ;
! I 4000 2 % 107 with 10pm pixe

SR e 2000

Single photon spectrum in 10-bit

=

Calerimetry for the High Energy Frontier 2019, Kyushu University, Fukucka

Summary

» High-granularity crystal ECAL
+ Aim to keep optimal energy resolution and PFA capability
« Key issues for optimization and technical challenges (partially) identified
+ Needs further discussions and iterations
« Steady R&D progress
+ Optimisation studies: longitudinal depth and segmentation, transverse
* Technical developments:
+ SiPMs and crystals
» Characterisations of SiPM-dedicated low-power readout ASIC (within CALICE)
» Dynamic range: TOT technigue
* Welcome broader collaborations
« Early R&D stage, many open issues

L NN T I N T N T T W O | Il
ADC mode: can not be resolved
60 80 100 120 140 180 180 i%%_?gl Thank you!
" 72020 Yong Liu {liuyong@ihep.ac.cn) Mini-werkshop on a detector concept with a crystal calorimeter y | T/222020 Yong Liu (liuyong@ihep.ac.cn) Mini-workshop on a detector concapt with & crystal calorimeter 28
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Ghost ambiguities need
Crystal ECAL design for CEPC to be understood.

Speaker: Yuexin Wang (IHEP)
Mangqi Ruan, Yong Liu, Chengdong Fu

Overview Pattern study using Event Display
Ideas on homogeneous crystal ECAL design Jet event, with increasing multiplicity and combinations
Basic unit: Geometry Structure: 1.Simulated hits 2.Reconstructed hits by time
Erystal S-cl'nﬁllu‘trr (eg. B&O, LYS50._)
| T 1x1x40cm* ﬁ
N

L Phetodetectors (eg. FPMT, SiPM...}/' J

» dual-enc i
Advantages: oo
e [ongitudinal granularity guaranteed - Colors: y w*
e Timing measur_em.ent for hit positions to get transverse granularity 3.Reconstructed hits 4.Reconstructed hits
¢ ghost ambiguity largely removed with Egep info. with Egep > 4 MIPs

e De facto 3D calorimeter by 2D detector components
e #channels, ~15 times less
e FEasy for cables

Key issues:

- Remaining ambiguity: multiple hits in one crystal bar
- Separation of nearby showers

- Impact on the Jet Energy Resolution (;‘ER}

Some patterns occur...




Crystal ECAL Optimization studies:

transverse granularity and longitudinal depth Optimization with a fixed

Chunxiu Liu Yong Liu Junguang Lv ECAL Iength' e.g. 24X0?

Institute of High Energy Physics, CAS

July 22, 2020
Online mini-workshop on a detector concept with a crystal ECAL

: . . I t of th tal ECAL longitudinal depth
Simulation in Geant4 and Cluster reconstruction mpact ot the crysta ongitudinal dep

* Energy peak and resolution have been a big improvement after longitudinal energy leakage correction

I * For 7 layers/18.7X,
* The effect of the energy leakage is very large.

Construct a 3D BGO Matrix module with 60 x60 x60 cells/ fx l
cell size 1x1x1lcm?

. EEIS”\; merge cells / |ayers * The constant term of the energy resolution is larger than 1%

d

. LA 2x2x3em”, cut (L.5MeV
* The front face of the array is 1835mm from zero (origin " l I i c.ml - : N S T T e T0 Tayers 267X
- 0 . 0 _ | 0
of coordinates), the inner radius of CEPC baseline ECAL ks g vob B BB b B [ v O layers24.1X
re f R L4 . " P 6 s Blayers/21.4X
Barrel. 7=1835mm I . 3 I .
BGO crystal material propertit W95k ] i v Zl“fffg'la-"xaﬁ -
- . - . - AMT. Y OIS .
* Without any photodetector materials and wrappers Crystal radiation length: ~1. z [ 1 — F : cm,s-m}-imm,lx !
] ) . . Moliere radius Ry,: 2.23cm; ) i o TITayers/267X 82 4 o Corr. 8 layers21 4X
* Without any materials in front of BGO Matrix module S 0ol . ;t:r:ﬁﬂiﬂ g T Core. 7 layers18.7X
. . . =y L * b=t ' i 4 =] r 1
* Geantd simulates the energy deposited in crystal cell 3 v et X, ] - 2x2x3cm’, cut 0.5MeV
5 L o Corr. 10 layersf26.7X N ] o =
. . 0.85- Corr. 9 layers/24.1X =
* Cluster reconstruction of each layer is based on the method 8 . " Gorr, 8 layers/21 4X ° ] g 1
of the traditional crystal ECAL without longitudinal layer. ; Corr. 7 layens/181X ) ] ST ! i ﬁ ﬁ ; i
PN T I T N N T N [N T T T N R B | L | L1 L L L L
0% 20 a0 s0 80 100 % 20 a0 60 & 100
E,(GeV) E,(GeV)

\Q Chunxiu Liv[liuca@ihep.ac.cn) Mini-workshop on a detector concept with a crystal ECAL 4 \Q Chunxiu Liv[liuca@ihep.ac.cn) Mini-workshop on a detector concept with a crystal ECAL 10
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Review of past
DREAM work on
dual-readout crystals

Gabriella Gaudio
INFN-Pavia

G. Gaudio - Online mini-workshop on a detector concept with a crystal ECAL - July 22™-23", 2020

Cherenkov to scintillation separation

C fo S separation:

optical spectra

Intitab Hasismaie  Fisies Huchears

CINFR

Intsbaba Haisnale da Fisies Nusteare

IProperties Cerenkov

Scintillation

Light emitted at a
characteristic angle by the
shower particles that
generate it

cosB = 1/(np)

Angular
distribution

Light emission is isotropic: excited
molecules have no memory of the
direction of the particle that
excited them

. Instantaneous, short signal
Time structure !

Light emission is characterized by
one (or several) time constant(s).

duration Long tails are not unusual (slow
component)
AN i Strongly dependent on the crystal
JOptical spectra M{ abY3 type, usually concentrated in a
‘ (narrow) wavelength range
JPolarization polarized not polarized

Combination of these two
techniques were applied to
crystal matrix readout
together with DREAM fiber
calorimeter

G. Gaudio - Online mini-workshop on a defector concept with a crystal ECAL

July 22™-237, 2020

IP roperties Cerenkov Scintillation
Optical spectra dNe k) Strongly depen.dent on the crystal type, usually
dn 22 concentrated in a (narrow) wavelength range
Nuel. Instr. and Meth. A 593 (2008) 359
1 UG oY) - < =
TGGA9S (Y} -
T o0 = =
""" L c 2 BGO &
Beam 1
;i_'; 02§ =1
v ] uv
= 1 DC1 DC2
S |
§ 10+
& : | Use optical filters to separate lights
W0 0 40 500 g0 T B0 900
Wavelengihinmm)
G. Gaudic - Online mini-workshop on a detector concept with a crystal ECAL - July 22™-23", 2020 12
; ; INFN
C to S separation: time structure €7
Properties Cerenkov Scintillation

Time structure

Instantaneous, short signal duration

Light emission is characterized by one (or several)
time constant(s). Long tails are not unusual (slow
component)

PMT signal (inverted) containing both

Signal amplitude (au.)
. — = kI i
& 8 8 5 & S

(=]

T S [T T S N S S ST |

PRI I T T—— |

0 50 160 240 320 400
Time {ns)

Cherenkov and scintillation.

+ From pure scintillation channel determine
S content

+ Integration over to gates gives
S
C=Qa—fs*xQnB

=(1+[fs)*QsB

. Gaudio - Online mini-workshop on a detector concept with a crystal ECAL

July 22%-23", 2020 16



BGO matrix results: EM performance @

Intitata Hasienale o Fiics Huctears

Lineasi
Energy (GeV) —» Energy Resolution :_Xm" inearity
20 30 S50 100 500 oo SEE Cherenkov x5
2 T ] E

» C—36%/NVE + 1.49%

« §—=19%/NE + 0.10%

» £ 16%/NVE + 0.16%

Results:

=
—
"~

4+ Cerenkov energy resolution

shows a constant term of about
1.5%

+ good linearity (within + 3%)

EM resolution is not as good due to the losses
( & of photons from filters or time windows.

00 Total signal

F ao0;

(=]
(=]
&=

o
=
B L T / LI |
1
Average signal (a.u.)
T

Energy resolution, 6/E

+ Cerenkov light yield about & 0.06 E a)
p.e/GeV il 0ol Lz
il » ) °
1" - New developments in readout may overcome
Z ofF—=2 . . + %+ 3%
- o 7 O 4
ol 3 -[)HSE— . H
- = I:.' L (e FTETIRERT PSP | these Issues.
0 20 40 6 B L0 1400 180
Beam energy (GeV)
W w  mw W - Nucl. Instr. and Meth. A 686 (2012) 125
G. Gaudio - Online mini-workshop on a detector concept with a crystal ECAL - July 22%-23%, 2020 23

Inkitaba Masisnsle  Fisics Husteae

Dual-readout hybrid calorimeter CINFN

Conclusions and Outlook

Intitata Hasiensle & Fisics Huckears

Nucl. Instr. and Meth. A 598 (2009) 710

+ DREAM/RDS52 collaboration didn't
) N N
c g proceed in the DR crystals calo studies E (GeV) —s
= - . . = =
Bean | | 5% BGO * — due to new results obtained with an 5 10 20 50 100 oo
=)= ~DREAM - | 2
| L i e optimized layout with DR fiber . s
et be o calorimeter (13%/sqrt(E) with a costant R10 . gﬁeg’fﬂ“
= —e S+
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Segmented Crystal Electromagnetic
Precision Calorimeter (SCEPCal)

29/05/20
S.Eno? Y.Lai?, M.Lucchini', M.Nguyen', C.Tully’

'Princeton University, 2University of Maryland

PRINCETON
UNIVERSITY

SCEPCAL e.m. resolution

e Contributions to energy resolution:

Geantd Simulation: Segmented Crystal Calorimeter - Electrons

o Shower containment fluctuations ol
n  Longitudinal leakage :T ' :I?E:Erf; :;0;?%0;03%
m  Tracker matenal budget - R sl'?owar contlalnment flui;lluatlons
m  Services for front layer readout -"u—% - -4 -- pholostalistics
o Photostatistics © 10F
= Tunable parameter depending on: f%\
e  SiPM choice - Y
e  Crystal choice iy
o Noise F Q:"::ii:-..____ .
= Negligible with SiPMs b 1“"=‘-‘.‘;:---#-4----‘
o low dark counts, high gain “"-.,n
o Channels intercalibration ol el :
s ~0.5% constant term (not in the plot) ! Bmeam energy [G;:']

Overview of a SCEPCal module

e SCEPCAL: a Segmented Crystal Electromagnetic Precision Calorimeter
e Transverse and longitudinal segmentations optimized for particle identification,

shower separation and performance/cost

e Exploiting SiPM readout for contained cost and power budget

¢ Timing layer—— ©,~20ps _ =
o LYSO-Ce crystals (~1%;) =
—_—
o 3x3x54 mm® active cell " =
3x3 mm* SiPMs (15-20 um) = == //._._ﬁfﬁ
[ -""-F:-—’—'—F.J
e —
[ —
e [ECAL layer a/E ~ 3%HE -,:c,) ;,f;:
s ——
a PbWO crystals — ‘::::,_E‘;:: 4 f’:’_?
Bt =
Front segment (~6X,) ey i

10x10x200 mm? crystal
5x5 mm* SiPMs (10-15 um)

o
o Rear segment (~16)
o
u

Cost-power drivers and optimization ____

Channel count in SCEPCal is limited to ~2.5M

o 625k channels/layer (2 “timing layers” + “ECAL layers™)

e Costdrivers in ECAL layers (tot ~95M<€):
o ~81% crystals, 9% SiPMs, 10%
(electronics+cooling+mechanics)
~19% of cost scales with channel count

Caost [KEUR]

e Power budget driven by electronics: ~74 kW
o 18.5 kWi/layer

e Room for fine tuning of the segmentation and of the

5 detector performance/cost optimization (see backup)

SiPMs

Crystals

total ECAL cost
- - - channel cost

—

== crystal voheme cost -
== 11eng. Eagmant
—+— 2long. segmants :
+— Slong, segments -,
— dlong. segments *
F -+ Slong, sagmants
[ —+ &leng. segmants

i
Ciystal ransverse width [cm]
v
Referancs design:
1 o, 2 segments 16
cost ~ B5ME

10



Integrating excellent ECAL with excellent HCAL

e Ultra-thin solenoid (~0.6X,) between ECAL and HCAL
e Ease the HCAL design (cost/performance) from the ‘burden’ of e.m. resolution

Geantd view '

rear side. |
..III...-I LI NN N
LR BN R N NN NN
SeRNBEORRER S

Brass capillaries
OD=2 mm, ID=1.1 mm

Solenaid

SR ARSSERORBERRRES
TEtrRERRERERERRRRRERRRY

Geometry inspired by the
presentation of V.Chmill

at LCC-ee workshop

17

Combining ECAL&HCAL dual readout

DRO cormrection for the energy

1. Correct the energy deposit in the HCAL with DRO _ ., depositin the ECAL
L . § *
2. Correct the energy deposit in the ECAL with DRO i - before.
‘. [ comrection
3. Calibrated sum of ECAL+HCAL o,
g, oo
w W 04
Hl.u — FureHGAL(S-hasedDRO):D.ZS.'I'EBD.D1D a2
N ! & HGAL-ECAL [anky HCAL drof: D42 /(E # 0.025
HCALSECAL [dra earr): 0.27 WE @ 0.021
L e Good stochastic term
recovered with ECAL §H§ "
Dual Readoutl w7
1:; an
~— adding raw ECAL energy s
adding DRO corr ECAL 0 - after
NI . L . +— pure HCAL . comrection & e
10 10 B i0f o ul- ':I2 cle [ T 2

More studies to confirm jet resolution,

use iron instead of brass for B field return

yoke?

Summary

» Highlights of a segmented crystal ECAL (SCEPCal):
o Excellent DRO hadron calorimetry with ~27%/(E) is achieved with a
segmented crystal EM calorimeter in front of the thin solenoid in the IDEA detector
o  Addition of ~3%/(E) EM resolution for photons and brem recovery for electrons
o Enables efficient pre-clustering of pizero photons, shown to reduced photon misassignment
in the 4th jet by a factor of 4.5 and the 6th jet by a factor of 8 - impacting 2/3 of all HZ events.

e Optimization of DRO capabilities:

o Methods to extract C from rear crystals significantly improved with SiPMs and shorter crystals,
relative to previous tests
o Option for interleaved pure-C radiating crystals with PWO also being studied.

e Combination of DRO ECAL and DRO HCAL allows for separate optimizations of
channel count, readout and cost

k1l



Validation of MC predictions for Cherenkov Tune simulation to reprOduce the RD52
yields of dual readout crystal calorimeters
test beam results.

Sarah Eno, Yihui Lai
University of Maryland
July 22,2020

Simulation/data comparison The optimization of SCEPCal

# In experiment: The energy resolution plot 1s well described by a straight line. The stochastic fluctuations dominate the

energy resolution. E — SPMimm
| ey _ _ _ o . S » LCE for rear SCEPCal crystal B,
» Assuming these fluctuations are entirely determined by photoelectron statistics, N = = The Light yield 1s £ Y =— }
stoch. term s i Wi 1 1V SFMmm
13/GeV for U330/U330 and 25/GeV for U330/UG5 N Eg o h’?‘;"ﬂl} i S‘Pim‘e e 3 — s
> In simulation: following the same method. the light yield is 21/GeV for U330/U330 and 31/GeV for U330/UGS “ grows with shorter crys e ]
Paper Eig' 1o 10 20 50100 co Simu . o
. T —TTT— w o1 1 L Scintillation -
2 [ hot S
‘ — 2y § oo 220%/VE L Foadf o onean e
- o - gyp— im im
@ - WRNE % 0®- . ysaonues I / i / ‘J —— L100mm_SIPMSmm
EA b | ? N II ~’/’ t § o J L el E r —— sPMimm
g . By L e 8 B : o o R P —sowm
5 : 17.9%/VE KT <y O / FoE e
i 00s | “ o_m:— noe. SCEPCal front cwsrt;is . nllﬂ,‘ ‘é i___j_ai.ﬁ“_mu_.__.—--—'d_ _N_._._mfa.vulqu-r/‘
? r x1.7T = Mw-"}nﬁ ¥ b - ul
< ozl R - ' I gL I
& U330/U330 L A I SCEPCal rear crystals | E ]j.”]ll
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Silicon + Drift Chamber Tracker: v1.1
CEPC Silicon Drift Chamber Tracker _ _
« Smaller radius : R = 1.5 m (reduced size for crystal ECAL)

Y@ HSED kB f
Tigh Energy Phiysics
R=1.5m -

Tnstitute of
Chinese Academy of Sciences

Xin Shi

Gang Li, Ryuta Kiuchi, Mingyi Dong, Jianchun Wang

1 [
g

Mini-workshop on crystal ECAL - 2020.07.23

- &yl

The role of drift chambers?
One chamber? Material?

2-aus [mm] ’ ’ l_j

CEPC Silicon + Drift Chamber Tracker: v1.0

* Based on the baseline Silicon + TPC

Recoil mass resolution v1.0 and v1.1

+ ~12% increase

* Replace TPC layers with two drift chamber layers 1000 CEPC Prefiminars 1000 P P
* SIT 3&4 set at R=1.0m / larger cell size of DC than TPC i ee 5 wH i e€ 5 wH
—g5° 800 800
95‘35 SET - —+— CEPC Simulation = —+— CEPC Simulation
2 2 |
o r — Fit - - — Fit
l f 600 : 600
I= ) DC < s |
== TPC 6=20 - _ siT3/a Slla:f*gm@ £ 400 118 MeV é 100L 132 MeV
S - : E E [
DC = =S
B e 200 200
= ‘ SIT1/2 sIT1/2 B i B M'
L e 11 | ] ol I e e ok e | e
VTX N vix 123 124 125 126 127 123 124 125 126 127
: M [GeV] M [GeV]
baseline



23/07/2020

Key4HEP, the common software
framework for future experiments

P. Giacomelli
INFN Bologna

(Don't shoot me I'm only the piano player...)

(NN Short Key4HEP history

lituty R e Fes Higleire

« Proposed a common software framework for all future HEP experiments
at a workshop in Bologna on June 2019
+ Software experts from ILC, CLIC, FCC, CEPC, LHC, SCTF, HSF and
more were present
* Decided to use a common EDM for all experiments
» Flexibility to add special sections tailored to specific needs of an
experiment
* Then decided to adopt a common software framework encompassing
all the typical needs of HEP experiments
+ Key4dHEP was chosen as name
+ A second workshop was organised in Hong Kong on January 2020
» The decision to move to Key4HEP was confirmed and
strengthened

» CEPC confirmed the willingness to act as "beta testers”

23/07/2020 KeydHEF and the DR calorimeter reconstruction

Need to implement the detector concept into
the framework to facilitate design studies.

Additional people are urgently needed.

(NN Conclusions

liuty ol o s Haceare

» Key4HEP is the best example of collaboration between different future
projects! People from ILC, CLIC, FCC, CEPC, SCTF, etc., work together.
» Key4dHEP accommodates both full and fast simulation
* Delphes being ported to Key4HEP these days
« IHEP and CepC will be the first testers of Key4dHEP
+ First implementation already available
» Should have have a full implementation before the end of 2020
 IDEA simulation will use the same implementation for FCC-ee and CepC
» Event data model is ready to accept modifications and additions needed
for the Dual Readout calorimeter
+ Key4dHEP developers expressed their interest in helping to implement
the DR needs
* Implementing a crystal ECAL option will certainly be possible as well
» Key4HEP is part of the new CERN R&D program
» Key4HEP is the main task of the software WP of the AIDAinnova project

23/07/2020 Key4HEP and the DR calorimeter reconstruction



CEPC detector solenoid

Mmagn et The Solenoid for a detector concept with a crystal
ECAL will be between that for the baseline and
Ning Feipeng
For the CEPC Detector Magnet Team IDEA concept
2020-07-23

CEPC detector magnet baseline

* Cable: « Coil
* Al stabilized NbTi + Divide into 3 coils in axial direction, 4 layers in
Rutherford cable N .
radial direction
_ —122.3 —-I
= reinforcement Laver 4
36 strand Rutherford cable
— @e=1.28mm, Cufie=l < Laver 3
Layer 2
'_ﬁlunnf':numa::y

4143 3803 e LEYEI’ 1

CDR version New version

Cable configuration, unit, mm



Latest development of the PFA Calorimeter

With focus on CAI-I‘BO achievements

Roman Poschl
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On bhehalf of the CALICE Collaboration

Thanks to Frank for sharing his material with me

CEPC Xtal Calorimeter Workshop July 2020

@ ADA" ©

E-JADE

WCub

Irine Joliot-Curie

T

. —

CALl@

Particle Flow Detector

Jet energy measurement by measurement of individual particles
Maximal exploitation of precise tracking measurement
HCAL
* large radius and length

+ to separate the particles
* large magnetic field

*+ to sweep out charged tracks
* “no” material in front of calorimeters | W

+ stay inside coil ! B py
* small Moliére radius of calorimeters E

* to minimize shower overlap A 7
* high granularity of calorimeters - : .

* to separate overlapping showers o e

ECAL

Particle flow as privileged solution for experimental e
challenges

== Highly granular calorimeters!!!

Emphasis on tracking capabilities of calorimeters

CEPC X1al Calo Workshop — July 2020

Y non—pointing to TP

®Cuo

I boliat-Ciirie

Labaracaies i us
e

Different schemes of hadronic energy reconstruction

CAI.I@

SDHCAL — Semi-digital vs. binary readout

Systematic study with scintillating tiles

%)Cub Summary and conclusion

Iriie Joliot-Curie

CAu(Ed

e Phyuique

T

= CALICE pioneered R&D on highly granular calorimeters

Main target Linear Collider Detectors

R&D since 2002 starting with “physics prototype™ phase

Large scale prototypes with rich set of results obtained in combined beam tests

Successful R&D inspired CMS to opt for a highly granular calorimeter for the LHC Phase 2 Upgrade
Further Spin-offs ALICE FOCAL, DUNE ND, Belle Il CLAWS

Technological prototypes address technological challenges of highly granular calorimeters

High level integration == dense detector layers

RIS =
A§ ST T T UJEOOSE— i CALICE-CAN-2014-003 3
uf CALICE SDHCAL E E = L) = E|
l.rg nask- H2 Furns B uf 0E ’.' LI | ' R ] L
g E ® ] E
= [ * Multi-thr. mode - w005 3
o2 4 Binary mode - :L U‘QJ R e e
w 022;— E
= 4 = E 02r E
. m i " © 018fF W Analogue =
L * M i 1] f E & Digital E
ad— . M 1 016 F W Seri-Digtal 1
r 1 R . Sumwcumwmanun E
$ ] 014 s SN e Analogue wTCMT
aoef- j'P-'HI 11 PO4001 (2016) 1 0.125‘ analoguaw'l’CMTwSC
|::| é - -1ID S0 G0 70 gE“' 0.08 - . "'-..._h__.
Eorar [GEV] 0.06F

i iy . - 0_04: 1 1 L 1 1 L 1 Lol 3

* Semi-digital mode shows improved resolution 0 10 20 30 40 50 60 70 80 90

* Resolution curves deviate above 30 GeV

towards higher energies

Epour [GEV]

* Control of shower fluctuations improve resolution
+ Semi-digital or analogue with siw compensation

* Proven stable operation of prototypes

* Power pulsing is established but may need further scrutiny

* Versatile mechanics to avoid inactive detector zones (sorry for having been short on this)
* Timing capabilities studied and will be exploited further

= Ways forward (not mutually exclusive)

* Finalising R&D and accompany Linear Collider expeniments during technology selection
* Common beam tests
* Addressing new challenges at Circular Colliders

Precious feedback from LHC Upgrades
* System integration, timing, active cooling

CALICE federates many different proposals u € [00 whl h fa ||t s comparison and technology evaluation
* Itis this sense (nearly) unigue in worldwide detec?tﬂghéﬂ Lalo jp %S‘? e



(G ARLEE:

Detector optimization w.r.t. the BMR

Yukun Shi, Hanhua Cui, Jiechen Jiang, * The number of sampling layers has a strong impact on energy
resolution

+ The number of sampling layer is fixed, the number of readout layer
is changed by merging cell from adjacent layers

* So in this simulation, the energy resolution for HCAL is fixed, but the
longitudinal position resolution is changed

Icm:réznwl I | ] 6_‘,"!"" "'I"""'!'CEI"CEI]'I'!)'__
240GeV, 5.6 ab™ i : 240GeV, 5.6ab |
0'06 - ZH.,Z—) .W, H—igg B | N |- i Z[L Z—‘J LA H—) EE E
- BMR 4.3 + 0.024% -
¥ i i o [
Sooal 18 sf
] L |
= =
— i 1 = i
‘é a 4.5 B -
0‘02 P SR SR NN SRR S — :
! 4l s
0 | | . B | | | |
0 50 100 150 200 10 20 30 40
m i (GeV) HCAL Layer

16
BMR at 10 HCAL readout layer HCAL readout layer- BMR
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Institute of High Energy Physics Chinese Academy of Sciences

. } 1
Comparison I
P Event topology
<+ Comparison of lepton identification performance for perfect clusters and the ! < IIH channel / Z—1t1 <+ qqH (isolate t with jets) < tinside jets
performance of single particle -
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BM3: jER & JES (Reco Gen)

(240 Gav)

T T
o.08F CEPC' A W—m\.qq WW—qqqq
[ E R ® ZZ —wag O ZZ —qaqq
[ J ZH —vwgg [ ZH —qaqg

0.07F

0.05F ,

Jat Energy Resolution

P Rg g e R w ol
0.04fF 1&,*“. : L3 T

COstGen
posb vt e

-1 -05 0 0.5 1

CDSeGa "
.

T
0_04' C'EPC' ' W—u\qq A WW—qaag _|

.-.g .

Jet Energy Scale
(=]

COSl/Gen

JEs.ZH:tiz‘;ni*““;

ag
a ﬁ“?'f‘ ]
2 2480

—0.021 4 A

-1 05 0 05 1
cosh,,

M JER is around 4.5% in barrel region; JES is around

0.08

0.07]

0.08|

0.05

Jet Energy Resolution

0.04]

II||||||||I||||||||||||||IL

0.03%

_{2s0Ga)

CEPC ' WW—mm WW—)qqqq

® ZZ g O ZZ — ]
JER &2 o oo |

PGen

[T ETE P sl
—3 -2 -1 0 1 2 3

¢

Gan

0.041

Jet Energy Scale
(=]

&
B
T

&
.-

Bimaases
[ CEPC

JESIZH—\'\qq 0 ZH —qaqa ]

ZZ —gq ZZ —qqqq

T T
A WW—uvgg A WW—dgag _|

SREANA AN
||;IGT”|||
-3 -2 -4 0 1 2 3

en

Differential Jet Performance

NCU (Taiwan)
On the behalf of the CEPC Collaboration

Pei-Zhu Lai
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Online mini-workshop, National Central University (NCU), Chung-li Taiwan

July 23,2020
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M The difference between 2 and 4 jets final-state is controlled within 1% level.

Compare to CMS & ATLAS at LHC

CEPC ZZ-vvqg (240 GeV)
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B JER at CEPC is better than CMS as it should be; 3-4 times better in the

same

pT region.

B JAR(¢) at CEPC is better than ATLAS as it should be; 1.0-1.6 times

better in the same pT region.

Fres from: OCD Backeround Underlvine Event File Un B Benefit from: PFA (Arbor) Fine-seoments of Calorimeter



Summary

A very productive workshop: interesting presentations and fruitful discussions
A lot of progress has been made since the workshop in March 2019

Several promising options for a crystal ECAL, interesting ideas to read out both
scintillator and Cherenkov light to improve jet resolutions. Need more studies.

A detector concept with a crystal ECAL is taking shape:

- Silicon tracker w/o drift chamber

- A crystal ECAL: transverse/longitudinal segmentations, C-light readout?
- A solenoid operating at 2-3T

- HCAL: explore duel readout option, understand the cost

- Muon detector, not discussed, probably a relative cheap option

Next step: meet online in 6 months, in-person workshop in a year?
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