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=¥ Overview

* Introduction: calorimetry

* CEPC calorimeters: baseline design

* A new detector concept for CEPC: alternative option
* With a crystal calorimeter

e Discussions
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Introduction: calorimetry a nutshell

* What is calorimetry in High-Energy Physics?
* Instruments for measuring energy of particles in a destructive way
* Other quantities: 3D positions, timing
* Principles
* Showers initiated by an incident particle: secondary particles in cascades

* Energy depositions in various forms

* |onization, Bremsstrahlung radiation, scintillation, Cherenkov radiation, etc.
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~ Introduction: calorimetry a nutshell

* What is calorimetry in High-Energy Physics?

* Instruments for measuring energy of particles in a destructive way

* Calorimetry categorized by structures
* Homogenous: high density scintillating crystals (optimal resolution, costly)
* Sampling: sensitive layers + absorber (compact, cost effective, moderate resolution)

* Calorimetry categorized by shower processes
* Electromagnetic calorimetry (ECAL): focus on electrons/positrons, gammas
* Hadronic calorimetry (HCAL): detection of hadrons (pions, kaons, protons, etc.)
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® High-granularity calorimeters
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* Particle Flow Algorithm (PFA)
* Choose sub-detector best suited for each particle type
* Separate showers of close-by particles in the calorimeters

* High-granularity (imaging) calorimeter
* Hardware: explosion of readout channels (on the order of 1~10 million)
* Compact and hermetic: limited space for instrumentation
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- CEPC baseline detector: recap

Yoke + Muon Detector

Tracker
ECAL
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Electromagnetic Calorimeter (ECAL): general layout

* ECAL structure
* 1 barrel part, 2 endcap parts
* 30 layers deep (longitudinal), 24X0

* 8 (octaves) staves in barrel
* 4700 mm long
M * 5 trapezoid modules per stave
Alveolar Gompastsprt i = . * 5 columns per module
e * 186 mm wide

* Endcap ECAL
— * 4 quadrants per section
= + Radius: 400 ~ 2088 mm
E— 100 mm gap between barrel and
endcap: reserved for services

Fastening
system
(rails)

AO
Detector
SLAB

Composite part
(15 mm thick)
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Silicon-Tungsten option

Alveolar

structure _ Heat shield: 100+400 um
" Fastening W (copper)
9 system struct
- (rails)
Endcap1 2 PCB: 1200 pm
> rdll (with FE embedded)

glue: 75 um
Endcap2

wafer: 325 uym

SLAB

Kapton® film: 100 pm

 Sensitive layers
* Silicon sensors: 0.32~1.0 mm thick (0.5mm baseline)

* PCB + ASICs: 1.8 mm thick (challenging)
* Chip-On-Board 1.2mm thick demonstrated, with
ASICs wire-bonded

) [

Silicon sensor B
Chip-On-Board
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Scintillator-Tungsten option

Alveolar
structure

Fastening
system
(rails)

Detector
SLAB

* Sensitive layers
* Scintillator strips: 2mm thick

* PCB + ASICs: considerably thicker than 1.2
mm thick specified in the design (too
challenging)

* Experiences from building a prototype
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HCAL structure
* 1 barrel part, 2 endcap parts
* 40 layers in depth

Barrel HCAL
e Radius: 2058mm to 3144mm

Endcap HCAL
* Along Z: 2650mm to 3736 mm

Electronics height: 77mm max
Reflector Foils - 'exlead on g
Polyimide Foil 0.8mm connector Robyst Interface DIF, CALIB and POWER
v &ED \ Connegtor mezzanine cards
X i 1
non- \ \ ~7.5|max
absorber O 16
material: - =
g 25 e [T
5.4mm ;
[ S /l
_______ -6 ~75 / 05
SPIROC2 | L[ 100 , 5
in cutout Cooling Pilpe \ Central Interface Board-
HBU. 0.9mm thick CIB (1.7mm thick)
Tile with Sipm _ F1BY, U.9mm thic Cassette Bottom Plate
(Printed Circuit Board) (Steel, 0.5mm thick) CIB socket (~2.4mm)

Mylar layer (50p)

PCB (1.2mm)

[TB support (FR4 or polycarbonate)

Readout pads

PCB interconnect (1cm x 1cm)

Readout ASIC
(Hardroc2, 1.4mm)

Gas gap

"Mylar (175p)

Glass fiber frame (1.2mm)

N\

Ceramic ball spacer (1.2mm)

Cathode glass (1.1mm‘)_‘
+ resistive coating

Anode glass (0.7mm)
+ resistive coating
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HCAL: RPC-Steel option

* Semi-Digital HCAL (SDHCAL)
* Glass RPC: working in avalanche mode
* 1x1 cm? pads: digital signals (either 0 or 1)
* Absorber: stainless steel plates (20mm thick)

* Compact self-supporting structure design
* Negligible dead zones; eliminates projective cracks

Pl AR 7L SR A FL
50 143F) 1a3Rp 145K

Readout pads
Sensitive v/ Mylar layer (50p) (1cm x I(F:’m)
— _ Stainless-steel ™=t PCB interconnect
cassette PCB (1.2mm) Readout ASIC
structure % PCB support (FR4 or polycarbonate) (Hardroc2, 1.4mm)
(absorbers) W .
e
—i ¢
( Cathode glass (1.1mm)
Mylar (175¢) Ceramic ball spacer (1.2mm) * resistive coating
Glass fiber frame (1.2mm) Anode glass (0.7mm)
+ resistive coating
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Scintillator-Steel option

AHCAL inside magnet:
compact design

% "Readout electronics™
- With scintillator tiles| -
‘ beneath

* Analogue HCAL

Scintillator tile (30x30x3 mm?) individually read out by SiPM
Absorber: stainless steel plates (20mm thick)

Electronics fully integrated into active layers

HCAL base unit: 36x36 cm? PCB (with 144 channels)
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& A new CEPC detector concept with a crystal ECAL

* Vertex
* Silicon

tracker

* Crystal ECAL

* Superconducting Solenoid Magnet
* HCAL options: AHCAL or SDHCAL
* Muon detector (not shown)

Services along gaps between barrel and endcap calorimeters

Barrel HCAL

Solenoid Magnet

Silicon Tracker

Silicon Tracker

Inner End
cap HCAL

Solenoid Magnet

Barrel HCAL

Outer End-cap HCAL

Outer End-cap HCAL
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“&® A new CEPC detector concept: details

* Vertex and silicon tracker

* No Time Projection Chamber (TPC)
* Remains 4.7 m length along Z

* Potential to shrink outer radius R=1.5m (from 1.8m)

 Crystal ECAL: outside tracker
* Potential to starting at inner radius R=1.5m
* Full depth 30~40 cm: crystal + readout +cooling

* Superconducting Solenoid Magnet
* B-field strength required: 2~3 Tesla

* Options: HTS (needs proof-of-principle) vs LTS (conventional)
* Chimney for current leads and cryogenic lines: impact to HCAL?

* HCAL options: AHCAL or SDHCAL (same as previous slides)

Barrel HCAL

Solenoid Magnet

Silicon Tracker

Silicon Tracker

Inner End
cap HCAL

Solenoid Magnet

Outer End-cap HCAL
Outer End-cap HCAL

Barrel HCAL
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=P Magnet chimney impact

* Magnet placed between ECAL and HCAL

* Chimney can (substantially) decrease HCAL detection area and efficiency

* Inputs from the CEPC Magnet Group
 CEPCHRI 23 SRR BRI T R
o WFESCA—, IR, BEARG3m, 5 3m W
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Magnet chimney designs in ILD and SiD

ILD

Yoke/
Muon

Coll

y
|
I
|
|
|
1
HCAL
1808 pcal
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Solenoid

Vertex

Yoke/ Muon  HCAL — ‘m“r‘f- e “ UL S ‘.‘r-“‘r‘:»; NEHTE P T

* SiD: two separate iron penetrations will be used, a 70 cm x 40 cm chimney for the current
leads and 36 cm diameter chimney for the cryogenic plumbing
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CMS DETECTOR

C E R N / L H CC 9 7_ 1 O, C M S T D R 1 ) Total weight : 14,000 tonnes lszi)EO%oI:i?URN YOKE SILICON TRACKERS
. . . Overall diameter :15.0 m PiJ.(el (10_0x150 pm) ~1m’-661;/[n :}:a.nnelsc -
The Magnet Project Technical Design Report O ‘ o Eoasowm) 2o0mt 2
s

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

y PRESHOWER
L Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
~ Steel + Quartz fibres ~2,000 Channels

Fadial
connecting
members
........................... CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

!
A\ |knnerrails
s E .
o YEorHE
N HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

Fig. 9.1: Vacuum Tank general overview.

* Two chimneys are situated near the top of the vessel, on each side of the central ring of the barrel yoke.
Their purpose is the following:

* i) the vertical chimney contains the cryogenic lines, maintaining the solenoid at 4 K during operation,

* ii) the second one, inclined at 30° to the vertical, contains the electrical leads, and is also used as the main
pumping and venting line.
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Summary

* CEPC CDR baseline calorimeters
* General layouts based on CALICE and ILD efforts
* 2 major layouts for HCAL: SDHCAL vs AHCAL
* Sensitive layers: more realistic thickness numbers from prototyping, further
iterations for the mechanics design
* Active cooling design
* Missing in the current mechanics design
* Crucial to the circular collider
* Needs solid inputs on the power consumption

* A new detector concept with crystal ECAL
* |nitiate sub-detector designs and development of software framework and tools
* Will perform performance studies



Spare slides for more details

8/28/2020

Yong Liu (liuyong@ihep.ac.cn) Mechanics Workshop on the CEPC Accelerator and Detectors

19



Basic Module 0\

Crystal Scintillator (eg. BGO, LYSO...)

f 1x1x40cm |i

\Phofodetecfors (eg. FPMT, SiPM.../' -
v S
3
Incident
5 e .
! particles .
Layout 1
Basic Cell: 1cm*1cmx*40cm, long bar CryStal bars SIPM FE+PCB COO“ng + Support
Tower: 40cmx40cm*24X, (~ 27cm for BGO)

* 2 layouts proposed: currently focus on  Incident
the layout with long bars particles

* Crystal ECAL design still in development I|
Layout 2
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HCAL Ring

ECAL End-Cap

4188 mm

HCAL End-Cap

Yoke End-Cap

Need to know
the HCAL end cap

mountlng Alveolar W-Carbon HR modules witt
Rails for Fastening system on HCAL

ECAL Fully equipped End-cap weight : ~25.5 T

ILC TDR Volume 4: page 257-258,
https://arxiv.org/abs/1306.6329
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https://arxiv.org/abs/1306.6329

AHCAL mechanics designs: details

AHCAL Mechanics Design for ILD at ILC by K. Gadow (DESY)
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9. AHCAL mechanics designs: absorber structure

AHCAL Mechanics Design for ILD at ILC by K. Gadow (DESY)

* 2cm thick steel plate (82x216cm?), 40 full layers
* Barrel: 16 segments in phi, 2 segmentin Z
* Barrel HCAL absorber weight: on the order of 360 ton
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,_. AHCAL placeholder volume and integration with ECAL

AHCAL Mechanics Design for ILD at ILC by K. Gadow (DESY)
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AHCAL Mechanics Design for ILD at ILC by K. Gadow (DESY)
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AHCAL endcap mechanics

AHCAL Mechanics Design for ILD at ILC by K. Gadow (DESY)

TS+ A\ L2V LD)

B 1 6 AHCAL end cap top tower \

frontend e

| 14 AHCAL end cap bottom tower
— ~a////////)
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&Y AHCAL endcap mechanics: readout and service

AHCAL Mechanics Design for ILD at ILC by K. Gadow (DESY)

supply routing radial on the iron yoke ?

7%
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AHCAL endcap with ECAL barrel+endcap

AHCAL Mechanics Design for ILD at ILC by K. Gadow (DESY)

increase ECAL end cap
or rotation ?
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Major services at ILD: cabling, cooling and gases

endcap calorimeters Barrel calorimeters

ETD Central muons chambers
Endcap muon chambers TPC

Inners detectors ( FTD, VTX, SIT)

Patchpanels
positions

Lumical
Ecal ring
LHcal

ILC TDR Volume 4: page 260

8/28/2020 Yong Liu (liuyong@ihep.ac.cn) Mechanics Workshop on the CEPC Accelerator and Detectors 29



