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| CIRCULAR
NTRODUCTION COLLIDER

Noble Liquid Calorimeters
e Decades of success at particle physics experiments:
HERA, DO, NA31, NA48, ATLAS...

e Mostly LAY, a bit of LKr
e Simple principles
e Many good properties

e Not too expensive to build

LAr calorimetry today: ATLAS experiment S cn
e Excellent physics performance matching its specs.
e Instrumental to Higgs boson discovery !
e Resolution:
e Linearity at level over 4 orders of magnitude
o Stability over time at
e 14 years of successful operation
o Electronics upgrades to make it cope with HL-LHC
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CONTEXT: CALORIMETERS FOR FCC-EE

Felix Sefkow

FCC-ee context

e 2-4interaction points: several detectors / tech-
nologies needed

e Very advanced R&D on new calorimeter con-
cepts: highly-granular (CALICE), dual-readout
(DREAM)

e R&D on LAr calos stopped 25 years ago
e Noble Liquid calos can be competitive, but

R&D has to be restarted to explore new ideas

N. Morange (JCLab)
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Excellent shower shape discrimination for
event classification

Unprecedented hadronic resolution: ~ 4% at
50 GeV

— Points toward high granularity, optimised for
use in Particle Flow algorithm

High EM resolution even at low energy for b and
T physics at the Z peak

AR
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https://indico.cern.ch/event/1064327/contributions/4893235/attachments/2452613/4203146/DetConFCC-FS-20220530.pdf

NOBLE LIQUID CALORIMETRY FOR FCC

Initial studies for FCC-hh

e R&D initially started for ESPP studies for an FCC-hh
calo

Radiation levels at FCC-hh make Noble Liquid the
only viable option

"Simpler” FCC-ee conditions = optimization to-
wards ultimate performance

Small but active community: CERN, IJCLab,
Charles Univ. Prague, Copenhagen

e Funding by CERN EP R&D and AIDAInnova
Shaping a new detector concept
e See presentation by Martin Aleksa
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FCC-hh detector
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https://indico.cern.ch/event/1064327/contributions/4893219/attachments/2454064/4206036/FCC-ee-Experiment-Layouts-20220601.pdf

THE GRANULA SIRCULAR
HE GRANULAR WORKSHOP COLLIDER
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- 8 avril 2022

First ever workshop on noble liquid R&D

for FCC
o Meet together for the first time after 2 years of
Zoom meetings

e Status of the ongoing R&Ds

e Experience sharing from long-term ATLAS LAr
experts

e Discussion of our mid-term goals

e Towards a detector concept
e Towards a prototype going to testbeam
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https://indico.ijclab.in2p3.fr/event/7664/

L ATLAS ClRCUCAR
EARNING FROM COLLIDER

In-depth presentations from ATLAS experts
e Covering design, construction, operation, simulation, digitization, reconstruction, calibration
e Even people with 10 years of ATLAS LAr experience (e.g me) learned a lot !

‘ EM mechanics l

From digits to “raw” energy in a cell

Careful design: simple, simple fabrication processes, built-in accuracy
~ Of course careful with AT between ambient and LA for all designs (SS: 3mm/m)

Absorbers
~ Lead plates:
« measurement during production at milling factory (home-made X-ray system)
« measurement of all plates (ultra-sound)

« pairing of plates to minimize constant term. Impact estimated real-time
~ Prepreg : careful QC at factory

ADC to DAC (Ramps) Pm Samples
Nsa mDIes

— Steel: careful selection of surface treatment a; ( Sz -

Ecell = FDAC—uA " Fua—Mev
— Bending machine: clever design for good accuracy (thanks JL Chevalley!)

A
~ QC: 3D measurement of all absorbers i\ eroE
En Opimal Fiering Cosficients
Bruno Mansoulié, GranuL Ar whkp 6 Apr 2022 8 S0} Fraction - il Ao

B. Mansoulié M. Delmastro
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https://indico.ijclab.in2p3.fr/event/7664/contributions/25743/attachments/18575/24899/ATLAS-LARG-BM-view.pdf
https://indico.ijclab.in2p3.fr/event/7664/contributions/25759/attachments/18621/24964/Delmastro_2022-04-08_GranuLAr_ATLASLArRecoCalib.pdf

FUTURE
GRANULAR NOBLE LIQUID CALO FOR ee MACHINES: HOW ? ‘ | 8@&%-%?

Achieving high granularity for PFlow, 7° identification
e High granularity electrodes

e High density feedthroughs

High EM energy resolution
e Minimize dead material (cryostat, solenoid)
e Low noise electronics

Simulations to allow performance optimization
e Choice of absorber (Pb, W) and active material (LAr, LKr)
e Optimization of granularity

N. Morange (1)CLab) 7119



FUTURE
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CONCEPT OF HIGH GRANULARITY ELECTRODES ‘ J TS

200000 cells — few million cells outer copper layer

. . inner copper layer
Readout in ATLAS uses simple copper/kapton kapton
electrodes outer copper layer
Issue: traces to route signals to front or back of stainless steel
electrode take space ! gue

) lead
For 10x more granular: go to multilayer PCB to g
route signals in a deep layer <« P
Basic design

e Multi-layer PCB cannot be bent to accordion as
ATLAS Kapton electrode

= Straight planes inclined around the barrel
e Simulation in a specific IDEA-LAr setup

Side view
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HIGH GRANULARITY ELECTRODES S GIIDER
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D CIRCULAR
ETECTOR GENERAL DESIGN ST

gap (noble liquid)

7 T
2 . 1st 1<l\'(l / //\
General considerations (presa

e Sampling calo: baseline with Pb absorber and - \lf
LAr active material et
e PCBs as readout planes: lots of possibilities
Projective cells along  and ¢ — g //
Possibility to group electrodes into cells

Finer segmentation where needed, i.e 'strips’ ///////////////////,{////4/ ey
in ATLAS for 7 rejection Sem” //////7//7 ////7//2 .
adjust depth of each layer FCC-ee _ Loem
Barrel
e Tilted planes around barrel: non-trivial geom-
etry

e Gap widening at high radius

= non-constant sampling fraction within a cell
= mitigated by high longitudinal segmentation
12 layers in baseline design

Endcaps

e Simple design: planes perpendicular to beam
axis

e May be revisited for mechanical considerations

N. Morange (1jCLab) 10/19

J. Faltova


https://indico.ijclab.in2p3.fr/event/7664/contributions/25834/attachments/18622/24956/fcc-calo-endcaps-workshop-8Apr2022.pdf

FUTURE
CIRCULAR
ELECTRODES DESIGN AND PROPERTIES O COLLIDER

Principle
e HV layer capacitively coupled to

e Signal transferred from both sides to read- Multi-parameter optimisation:

out trace through a via o Trade-off capacitance (noise) / cross-talk ?
e What is the maximum density of signal traces ?

e Shielding traces reduce cross-talk from
Studies ongoing with simulations and building pro-

other segments

totypes
The 7 layers of a Cell : R & C
hyy
o,
hy
H
't;:_
-
Side view

Absorber Ground
plate ver ver layer
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ELECTRODES PROTOTYPES

Simulations of capacitances and cross-talk
e Use Cadence/Sigrity and FEM tool ANSYS HFSS
e Cell capacitance driven by readout - shield capa
e Cross-talk limited < 0.2% for long shaping

times
B. Frangms
Total capacitance

5 [ Longitudinallayers
B IO _Layer1 . Layer2 Layer3 .- Layerd

Layers - -Layer6 - Layer7 --Llayer8
199 _Gers “ajerto Layerit - Lajert2
8
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Prototypes

o First prototype "test structure” built
e Learn subtleties of measurements
e Validate simulation tool = good agreement
for frequencies of interest
o Next prototypes designed and being fabricated

e Varying sizes of shields, depths of layers,
etc...

e Measurements of realistic cells

Simulated-Measured Zc comparison

ok 2 ground shiclds B
1 readout cell = 2 physical cells
00

Calibrated port 2.

of the YNA
-

N. Morange” (jCtab)" ™" " °
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https://indico.ijclab.in2p3.fr/event/7664/contributions/25752/attachments/18596/24925/220407_PCB_simulation_Brieuc_Francois_GranuLAr.pdf
https://indico.ijclab.in2p3.fr/event/7664/contributions/25756/attachments/18597/24926/LAr%20meeting%20-%20Small%20prototype%20for%20FCC.pptx

H CIRCULAR
IGH DENSITY FEEDTHROUGHS COLLIDER

Y
Y/l s

Structural material  body flange.

From COMPASS experiment - CERN

e

M. Barba

G
y
L7

Structural material

High-density flange sample to test

Stainless Steel body flange Compression plate.

Signal extraction from cryostat
e High density feedthroughs needed in case
readout electronics outside of cryostat

e Aim for ~ x5 density and ~ x2 area wrt ATLAS

Ongoing CERN R&D
e Prototypes of 3D-printed epoxy resins struc-
tures with slits for strip cables, glued to the
flange
o Leak tests and pressure tests at 300 K and 77K
Suitable materials identified
e Stress / deformation simulations of complete

designs at 300 K and 77K
N. Morange (1jCLab)
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https://indico.ijclab.in2p3.fr/event/7664/contributions/25746/attachments/18586/24911/Barba_GranuLAr_workshop_IJCLab_Orsay_V2.pdf

T CIRCULAR
HIN CRYOSTAT COLLIDER

Minimizing dead material in front of calo
e Crucial for low energy measurements at FCCee
e Ongoing R&D for cryostats using new materials and sand-
wiches
e Generic R&D at CERN as cryos will be used for
solenoids in all experiments
e Synergy with progress in aerospace
Test microcack resistance, sealing methods, leak and
pressure tests
Address CFRP/Metal interfaces

e Promises for 'transparent’ cryostats: few % of Xp !

Criteria: Safety Factor=2 Solid shell
HM CFRP
el owc Icc
Material budget XA 0.03 = 0043 \0.094 017 | 0092 012 034 044
Xo% savings -¢g% | -73% REF REF -2% -29% | 262%
Skin Th. [mm] 3.2 48 3.9 7.5 = g -
Core Th.[mm] 32 8 @ 40 Sealing with Belleville washers
TotalTh.[mm] 384 476 | 47.8 55 24 30.4 30 39 .
Thickness % savings -20% -13% REF REF -50% | -45% | -37% | -29% S. Molina
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https://indico.ijclab.in2p3.fr/event/7664/contributions/25747/attachments/18587/24912/06042022_GranuLArNobleLiquidDetectors_LowMassCryostat.pptx

READOUT ELECTRONICS: ACHIEVING VERY LOW NOISE

Good resolution even for ~ 300 MeV photons
Measure MIPs deposits

Dominant noise term goes as C/4RT /(gmTp)

Where C depends on cell capacitance and on
the transmission line

7p can be much larger than in ATLAS: 50 —
200 ns

Cold electronics ?
e Gain on gp,, T and C (short transmission line) !

e No radiation hardness issue at FCCee, could
simplify feedthrough design

e Challenges are heat dissipation and difficulty of
repairs

Warm electronics ?

e Ala ATLAS, with longer shaping

e Low enough noise level seems achievable
(S/N > 3 for MIPs)

N. Morange (1)CLab)

T,
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abie =

Warm

electronics

L=5m

Ceaple= 500 pF / 1 nF

Cold

electronics

L=10cm

Ceai = 10 pF / 20 pF

Cd = 200pF - 50/25 Q

Cd = 800pF - 50/25 Q
Cd = 100pF —50/25 Q
Cd =200pF —50/25 Q
Cd = 400pF - 50/25 Q
Cd = 800pF —50/25 Q
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C
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https://indico.ijclab.in2p3.fr/event/7664/contributions/25749/attachments/18598/24927/LAr%20meeting%20-%20Front-end%20model%20for%20FCC.pptx
https://indico.ijclab.in2p3.fr/event/7664/contributions/25750/attachments/18608/24937/20220407-Noise-Considerations.pdf

TOWARDS A FIRST CALORIMETER PROTOTYPE

Only testbeam will tell if the concept will work

Mechanics
e Work on absorbers to start in Autumn

e Spacers: ideas for 3D-printing

Readout electronics
e Requirements not too far from other projects
e SKIROC chip for CALICE good candidate
o Does not work at cryo temperatures
e Energy consumption too high
e Can be used for warm electronics
e DUNE readout electronics
e Dynamic range not large enough
o Sufficient for cold electronics in a first proto-
type

Cryostat
e Possible synergy with first carbon fiber proto-
type from CERN

N. Morange (1)CLab)
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64-channel Silicon Kalorimeter
Integrated Read-Out Chip
~ Autotigger @ % MIP =2 1C

in two gains.
~ 16-deep Analog memory.
~ Low power 25,W(Ch with

Voltage Regulator

(COTS)

(<100 mV dropout)
i ) v

LArASIC ColdADC COLDATA
~6 mW/ch ~21 mW/ch ~2.7mW/ch

1 overall128:4
§ multiplexing

8x 2x

H. Chen
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https://indico.ijclab.in2p3.fr/event/7664/contributions/25748/attachments/18591/24922/CdLT_granular_7apr22.pdf
https://indico.ijclab.in2p3.fr/event/7664/contributions/25751/attachments/18607/24936/DUNE.ColdElectronics.20220407.pdf

FUTURE
SIMULATION AND PERFORMANCE | CIRCULAR

COLLIDER
ECAL energy resolution
Geometry implemented in FCC SW 37 . 0.08 ¢ 0.0068
3w 007 M= N
e 12 layers, 22 X° a F VE
. © 00sF-
e 2x1.2 mm LAr, 2mm Pb/Steel, 1.2mm PCB, in- E
. 0 0.05—
clined by 50 E
0.04—
e Typical cell size: 2x2x3 cm? oF
003~
e Reconstruction and simple cluster corrections ook
enable first performance studies Dmi
See presentation from Valentin Volkl E e L .
Al 10 107
B. Francois Equn [GeV]
! et
- - o ([ .
Monte Carlo Detector deseription  Energy deposits per Plain ROOT n-uple Automation ¢ u}g‘ —— PbLAr
Generation [ yc\:'\!y‘::,ccallmllwremnm production oot | ;\4}0‘4 Clusters —— PbLKr
s | mapepatonon Hhewvartle tomparion | - — oo
PG | Eemdposs 0 compuation Pl i — Wik
oo anping Ongely e ! 012 -
matrs comecton)  dtalormat nosic L
Clustrings bring way more! | 01 e

T L ————

No downstream

°
8
T T[T [T T [T LTI T

energy correction
o 0o o 0.06| -
Optimizing the design )
e Important design options: Pb vs W, LAr vs LKr s
e Photon energy resolution: baseline design e
gives 8%/VE ‘ ;
X . . | 10 1 10 10°
o Preliminary comparisons performed Econ [GeV]
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https://indico.cern.ch/event/1064327/contributions/4893202/attachments/2453395/4204452/2022-05-31-FCC-Week_volkl_common_reconstruction.pdf
https://indico.ijclab.in2p3.fr/event/7664/contributions/25760/attachments/18626/24960/220408_Software_Brieuc_Francois_GranuLAr.pdf
https://indico.ijclab.in2p3.fr/event/7664/contributions/25754/attachments/18590/24918/Noble_Liquid_Calo_Meeting_260821_M_Waterlaat.pdf

S I CIRCULAR
IMULATION AND PERFORMANCE COLLIDER

2 showers of 3 MIPs

Optimizing the granularity 2
e Use of PCB gives large flexibility
o First studies focusing on «° identification effi-
ciency and classification of 7 decay modes 15
Also points towards using LKr to benefit from 10
smaller Ry (4cm with LAr) 05

Jet energy resolution of ~ 4% at 45 GeV re- Q)/,;"’ g\@
quirement for Higgs physics Y "
)0
Pandora PFA integration in FCC SW in progress
e ). Smiesko M. Alokea
) Recon —

Assuming some HCAL, will allow to perform Gen| | 7ty a*a'yv 7¥or% ¥ 3r% nt4ny

_to- imizati 7=v | 0.9560 0.0425 00010 0.0003  0.0002
end-to-end detector opt\.m|zat|on ] =a%y | 0.0374 0.9020 0.0586  0.0016  0.0002
Calo concept also well suited for new clustering 7270 | 0.0090 01277 0.7802  0.0808  0.0022

techniques (eg CLUE) ML approaches 7+37% | 00036 0.0372 02679 0.5972  0.0910

K. Wandall-Christensen
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https://indico.ijclab.in2p3.fr/event/7664/contributions/25761/attachments/18631/24966/fccee_lar_pandora_2022_apr_08.pdf
https://indico.ijclab.in2p3.fr/event/7664/contributions/25755/attachments/18594/24923/SlidesNLCWG_jan2022.pdf

S C CIRCULAR
UMMARY AND CONCLUSIONS TS

A very productive GranuLAr workshop

e Covering all aspects of the project

e Very lively discussion after each talk

e Gainingevidence that high-granularity LAr could be a very
versatile solution, fulfilling stringent FCC-ee requirements

Good progress on high granularity PCBs

Successful R&D on high-density feedthroughs

Clear synergy with "transparent” cryostats

First simulations show great performance can be

achieved

First steps towards a detector concept

Milestone: build a small prototype within a few years

e Only testbeam will prove the feasibility of the concept

N. Morange (JCLab) 19/19



