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Detector Parallel Talks

16 WG3 parallel talks

Thu 12/10

Go back | Print

14:00 Silicon detector technologies for the IDEA detector
Sala Nettuno, Hotel Ariston, Paestum
MAPS FOR LARGE AREA SENSORS WITH NANOSECOND TIMING
Sala Nettuno, Hotel Ariston, Paestum
Characterization of monolithic CMOS pixel matrices with various pitch fabricated in a 65 nm process
Sala Nettuno, Hotel Ariston, Paestum

15:00 CLD layout and performance update
Sala Nettuno, Hotel Ariston, Paestum
Interaction region design of the future circular Collider FCC-ee
Sala Nettuno, Hotel Ariston, Paestum
Design of the IDEA vertex detector and its integration with FCC-ee,
Sala Nettuno, Hotel Ariston, Paestum

16:00

M.C Fouz

Attilio Andreazza @
14:00 - 14:20

Caterina Vernieri @
14:20 - 14:40

Ziad EL BITAR @
14:40 - 15:00

Andre Sailer @
15:00 - 15:20

Manuela Boscolo @
15:20 - 15:40

Fabrizio Palla @
15:40 - 16:00
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14:00

15:00

16:00

17:00

Estimation of the fluxes in highly granular calorimeters
Sala Nettuno, Hotel Ariston, Paestum

R&D of the calorimeter in the CEPC experiment

Sala Nettuno, Hotel Ariston, Paestum

Noble Liquid Calorimetry for Future Collider Experiments
Sala Nettuno, Hotel Ariston, Paestum

Dual readout calorimetry developments towards FCC

Sala Nettuno, Hotel Ariston, Paestum

FCC-ee Detector Full Simulation Implementation

Sala Nettuno, Hotel Ariston, Paestum

Physics Performance and Detector Requirements at an Asymmetric Higgs Factory
Sala Nettuno, Hotel Ariston, Paestum

Out-of-Time Pileup Mixing for the C3 Collider Concept

Sala Nettuno, Hotel Ariston, Paestum

The IDEA Drift Chamber for a Lepton Collider

Sala Nettuno, Hotel Ariston, Paestum

Particle identification for the IDEA drift chamber using the cluster counting technique

Sala Nettuno, Hotel Ariston, Paestum

R&D on muon detectors for the IDEA experiment

Sala Nettuno, Hotel Ariston, Paestum
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16:00 - 16:20

Antoine Laudrain etal. @
16:20 - 16:40

Lindsey Gray @
16:40 - 17:00

Francesco Massimiliano Procacci @

17:00 - 17:20

Walaa Elmetenawee @
17:20 - 17:40

Riccardo Farinelli @

17:40 - 18:00



Detector Parallel Talks
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Only 1 talk related to ILD
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Calorimetry

6
-CFA DRD Calo — Basic structure Eumpea“%weg‘;‘
WORK AREAS: WORK AREA 1 Rk s Talk mainly focused on the organization towards the
Sandwich
iy embeacna. v e e B new DRD6 collaboration- See details
rransvensar (S (iESsS) (ESsssE)
ACTIVITIES:
(common _ CFA
collaboration
e (D D G DRD Calo - The «
with other DRD) readout landscape”
- . Name Track \ European
Remark: “Tracks” during proposal phase have been turned into “Work Areas” for DRD Calo LAr 5 % 
Proposal (therefore for this talk “Tracks” = “Work Areas” ScintCal *W .
P ( ) e g several W YOG
Gaudi Calo@ECFA — Oct. 2023 3 several W
Crystal e S— Y 0
S | Coslas T SM Or embedded elx,
: Por2 ———— s * Challenges: #ichannels
” V-SiP| " !
3 Tres FBbGlass +Pbwo4 * Low power digital noise
Fi —_{Heaw Glass, Plastic Scint, RPC N . )
iberDR 3 Scint+Cher Fibres PMT/SIPM.imina v SPM data reduction
SpaCal 3 scint fibres rgll\dTI;u;’ch:ﬂgE’:‘;EE:S ]
A Radi : PNSPDERASCfortming |
Rromawn Poschl Gr’ai ':: 2 :ggCZE “\?/01.: SiPM - * Off-detector electronics:
, &N : .
TietCal 3 e Zlim Fibre/crystal readout
G';is::nt;:h 1 sS_cti(;lta_ss SPM * Challenges:
cint.Strips SiPM o :
=g 3 S = bloards Low power, data reduction
MPGD-Calo 1 muRWELL MMegas pad boards(FATIC ASIC/MOSAIC)
1 Silicon sensors direct withdedicated ASICS (SKIROCN) L Digital canrimetry:
. 1 Silicon/GaAS direct withdedicated ASICS (FLAVE, FLAXE) . .
DRD Calo proposal available here 1 CMOSVAPS Sensor=ASIC Challenges:
AHCAL 1 Scint. Tiles SPM * (extreme) #channels, .
mm’:f?gg TR : - common RIO ASIC_SISIPM/Lar ] low power, data reduction
) s imi es
M.C Fouz ILD meetin Different calorimeter types but similar challeng

nc
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Calorimetry

DRD Calo — Overall Interest

Institutes per Countries
25

Rowmawn Poschl

Updated 5/10/23 — All faults by R.P.

20

From input proposals to working structure

European §tr\‘

j

Input proposals

23 comprising 123 (and counting) institutes/labs received
From all over the world!!!
o Institutes Per Proposal >
: 30 Updated 5/10/23 — All faults by R.P. 5 R I
22 @ @ @ @ o &° @ o P @ @
Q’O‘ ¢ c’g&\ \"\::a@e‘\o \‘\ocﬂ?o :o&i,@@g\o“o ) q‘ep\:’ > R ‘i:_‘z‘(‘ s 09?"0‘\\0?90‘\ 5 &°
Mainy, d O
e ¥ European Groups byt interest fro )
I9gest single participation -> g1, m all over the worlq (37%)
ery visip|, ' e o } Seé con
" ViSible Asian participation act to emerging effort i, Us
T —— CalomFrea  ~ .
ECFA DRD Calo - Input proposals and target projects Eu.opems“a\%
L
v\ov\e\’\
12 - Hi factories dominate
or further detaijls of input . Iglgfin?:ludes heavy flavor that target
Put-proposals and for, mati N superb elm. energy resolutions
S /lindi on of DRD Calo See: ¢ * (Already now) orientation towards
S.//indico, cern.ch/event/124 . e = # Targst Projoct future hadron collider and muon
Calo@ECFA — Oct. 2023 6381/ ) collider
= N
— 1 R
T ——— 0 [ | Bl ==

M.C Fouz

HL-LHC Muon Collider
Future hadron coll. DM/BSM <-——

Particle energy O(1 GeV)

Higgs Factory



Calorimetry

M.C Fouz

ECFA Dedicated Calorimeter Beamline? Eu,opeangt,ate:;

» Calorimeters are typically large objects
* A beam test is similar to a small experiment

* Difficult for facility managers to schedule calorimeter
beam tests
* No concurring running with other devices possible

* Takes lots of expertise to carry out a successful
beam test campaign
* Implies use of infrastructure

* A dedicated beam line maybe with dedicated
slots during a year may help curing these issues
* Would need sustained expertise on the beamline

* R&D programme has to cope with facility schedules
* e.g. CERN-SPS essentially closed 2026-2028

Common setup at CERN June 2022

NalaRAMECCA NaAt 2N AN~

ILD meeting, 7 Nov 2023



Talk covering DRD organization and some R&D progress
Talk available here

M.C Fouz

Ziad el Bitar

VWWorking Groups

WG 1 Monolithic CMOS Sensors
WG2 Sensors for Tracking and Calorimetry

WG3 Radiation damage and extreme fluences
WG4 Simulation

WG5S Characterization techniques, facilities

WG6 Wide bandgap and innovative sensor materials
WG7 Interconnect and device fabrication
WGS8 Dissemination and outreach

2nd ECEA \WArkbchan Netahar 1112 27N922 Daactiim

11
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Silicon Detectors for Tracking and Vertexing 10

Hybrid pixel detectors — Bonding — different methods

Ziad el Bitar

R&D with Fraunhofer IZM for development of single-die bonding process

— Based on support wafer processing with SnAg bumps
—  Verified for multiple CLICpix2 assemblies in lab and beam-test

* 128x128 pixels with 25 um pixel pitch -
* 50 um, 100 um, 130 um sensor thickness ANISOTROPIC CONDUCTIVE ADHESIVE BONDING @) Ep

. . Con uct
CLICpix2 ASIC bur‘n‘p-bonded to an active edge = Anisotropic Conductive Film/Paste (or Non-conductive) Utive paricre
— ACF/ACP or NCF/NCP kg

= ACF widely used in industry (display manufacture, ...)

= Process needs adapting for 2D bonding (pixels) ,"'3_um—’

Flip-chip bonder

= Bonding done at Geneva University using semi-automatic flip-chip bonder

= Precise temperature, pressure and alignment control, heating up to 400°C

= Film based bonding has two steps — lamination and bonding

= Pressure applied to displace and compress particles SET ACCuRAI00

Force *

= Epoxy cures at 150 °C for a few seconds only

Force |Heat
~ ,\ connection

oo
c
£
ACF lamination Main bonding 8
A A [Th
O
8 150C < \
Top cover layer *1: 10s s {
¥ ) y
ACF ASIC 3 £ ACF o®
. N AN £ o @B, D (D). .
N 5 !
ACF =
\s N ) ACF \ Si substrate ‘
Bottom cover layer Bottom cover layer Sensor _
20.04.2023 9

STER SVIHRA@CERN.CH

ZiaACl DITAD CFATA NMadralhae11 19 TND

M.C Fouz S




Modified process effective for depletion...

Silicon Detectors for Tracking
and Vertexing

ALICE ITS3-WP3 beam test preliminary ~ Chip : CE65 (ML

A1) ) ALICE ITS3-WP3 beam test preliminary Chip : CE65 (MLR1) )
@CERN-PS May 2022, 10 GeV/c = Process : sto/mod_gap (split 4) 3 @CERN-PS May 2022, 10 GeV/c = Process : std/mod_gap (split 4
- - - -
Piotted on 21 Jun 2022 ov Plotted on 21 Jup o ——
x L= SMA L, - 100 4A. v, 04V
ACamp =10V, ipa
rI s 25 oCampil < 1ua
plorin eTF
00

Ziad el Bitar

MPV of cluster charge Sl 1AV, -33v

Cluster window: 3x3
Seed charge > 100 e, SNR > 3

Cluster window: 3x3
Seed charge > 100 e, SNR > 3

Fitting by Landau-Gaussian function
*  mod gap AC amp.
—*— mod_gap DC amp.
* — mod_gap SF

Fitting by Landau-Gaussian function
. mod_gap AC amp.

Benefits : 65 nm vs 180 nm

. mod_gap DC amp.

S :fd AC amp. e T;(:\_g:enSF _

02/ 4 b sli-c = 0.5 s ot bc am::f .

. . [an— 4 7 std SF =

— Better spatial resolution due to smaller feature size. RN o 3000 ; o 0= s :

oo 4000 5000 0 TIPS g L e

— Larger wafers : 300 mm vs 200 mm=> fina| sensor : 27x9 cm2. S —— = Cluster charge (e) ZOW

uster charge is not affecteq : eed charge (e)

— Lower power supply : 1.2V vs 1.8V => Low power consumption. & & - Firasin Seed charge is affected by [ —
— Lower material budget : thinner sensitive layer (~10um). == )

[T——

RCESS modification

oo %107 *_MPV range 570-610 electron
. . h Modified Ty TR T T
o P I"OV I d e S 2 D St] tc | n g @CERN-PS May 2022, 10 GoV/e x Process : std-A/std-D (split 4)
Plotted on 268 Aug 2023 toas ewnol

* 7 metal layers
* Process modifications for full depletion:

— Standard (no modifications)

— Maodified (low dose n-type implant) | -

Modified with gap (low dose n-type implant with gap '
nd FCEA Workshop, OctobeL 11.13.2023, Paestun) ’ 7 v

: Ircuit xploratoire nm

EL BITAR, ECFA October 11-13 2023,
* 2 matrix sizes )
* 64x%x32 with 15 um pitch -
e 48x32 matrix with 25 um pitc ) . .
* Rolling shutter readout (50 us integration time)
» 3 in-pixel architectures:
e AC-coupled amplifier
e DC-coupled amplifier
* Source follower
e 4 chip variants: )
e Standard process 15 um p_ltch
* Modified process 15 um pitch i
e Modified process with gaps 15 pum pitc
e Standard process 25 um pitch
Fabrication in September 2021

Presented results from CERN PS beam test : May 2022

l=smA L, - 1004 v, 04"
WORK IN PROGRESS Rt
Pixel pitch evaluation for

Cluster window: 3x3 standard process only

Seed charge > 100 ¢, SNR 53

Fitting by Landau-Gaussian function

% : —*— std-D(25um) AC amp.
1 Cluster charge is not —*— std-D(25 um) DC amp.
’ affected by pixel pitch —*— std-D(25um) SF

TT o std-A(15 um) AC amp.
. -, ©T 8- Std-A(15 um) DC amp.
? T8 - std-A(15um) SF

Il

/
4000 500"
Cluster charge (¢

N “rendpRe
\ Charge sharing increase

x1075

T T

Chip" CE65 (MLR1)!
Process : std-A/std-D (sp

Vo= Vo0V

@CERN-PS May 2022, 10 Gev/ 5
Plotted on 28 Aug 2023

MPV of cluster charge ' Viow =33V

Cluster window: 3x3
Seed charge > 100 e ~SNR >3

WORK IN PROGRESS Fitting by Landau-Gaussian function
—*— std-D(25 um) AC amp.
—— std-D(25 um) DC amp.
T *— std-D(25um) SF
© - std-A(15 um) AC amp.
T 8--- std-A(15 um) DC amp.
T-8--- std-A(15 um) SF

4 L
2000 2500
Seed char,

7 Nov 2023
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» First MAPS for HEP using stitching - one order of magnitude larger than previous chips
+ ‘MOSS” : 14 x 259 mm, 6.72 MPixel (22.5x22.5and 18 x 18 Hum?2)
- conservative design, different pitches

 ‘MOST” : 2.5 x 259 mm, 0.9 MPixel (18 x 18 Hum?)
- more dense design
“lenty of small chips (like MLR1)

reticle

Ziad el BLtar

Sub-unit readout Sub-unit readout
power & power
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ILC TPC
DETECTOR:

STARTt: > 2035

CEPC TPC
DETECTOR

START: > 2030
| FCC-ee and/or CEPC

IDEA CENTRAL
TRACKER
| START:>2030
SUPER-CHARM TAU
FACTORY

|
START: > 2025

| SUPER-CHARM TAU
FACTORY

| START: > 2025
ELECTRON-ION
| COLLIDER (EIC)

START: > 2025

e+e- Collider
Tracking +
dE/dx

e+e- Collider
Tracking +
dE/dx

e+e- Collider
Tracking/
Triggering

e+e- Collider
Main Tracker

e+e- Collider
Inner Tracker

Electron-lon
Collider
Tracking

MM, GEM (pads)
InGrid (pixels)

MM, GEM (pads)
InGrid (pixels)

He based Drift
Chamber

Drift Chamber

Inner Tracker /
(cylindrical y\RWELL,
or
TPC / MPDG read.
Barrel: cylindrical
MM, nRWELL

Endcap: GEM, MM,
LWRWELL

size / Single
module size

Total area: ~ 2 m2

Single unit detect:
~400 cm? (pads)

~ 130 cm? (pixels)
Total area: ~ 2x10 m?

Single unit detect:
up to 0.04 m?

Total
volume: 50 m®

Single unit detect:
(12m2X 4 m)

Total volume: ~ 3.6 m3

Total area: ~2 - 4 m?

Single unit detect:
0.5m?

Total area: ~ 25 m?

Max. rate: < 1 ki
Spatial res.: <150um
Time res.: ~ 15 ng
dE/dx: 5 %

Max.rate:>100 kHz/cm?
Spatial res.: ~100pm
Time res.: ~ 100 ns
dE/dx: <5%

Max. rate: < 25 kHz/cm?
Spatial res.: <100 ym
Time res.: 1ns

Rad. Hard.: NA

Max. rate: 1 kHz/cm?
Spatial res.: ~100 pm
Time res.: ~ 100 ns

Rad. Hard.: ~ 1 C/em
Max. rate: 50-100 kHz/cm?
Spatial res.: ~<100 ym
Time res.: ~5-10ns
Rad. Hard.: ~ 0.1-1 C/lcm?
Luminosity (e-p): 10%
Spatial res.: ~ 50- 100 um
Max. rate: ~ kHz/cm?

Riccardo Farinelll

DRD1 Work Packages

Work Packages will consolidate the activities of institutes with shared research
interests in specific areas, including applications (e. g., TPC, Muon Systems,
Calorimetry), challenges (e.g. Precise Timing, High Rate, Longevity),
technologies (e.g. Resistive Electrodes, Photocathodes), detector technologies
up tasks (e.g., electronics,
software). These WPs will actively contribute to the scientific program, R&D
environment. infrastructure, and R&D tools within DRD1.

Currently envisaged WPs

‘WP1: trackers/hodoscopes

*WP2: Drift Chambers
Si+TPC Momentum

resolution :

*WP3: Straw Chambers
=9 otraw Chambers

dplp < 9*1051/Gey

*WP4: Tracking TPCs
Power-pulsing Tasks

i Higgs run focusing on challenges related to

-Z pole run

¢ connection to ECFA DRDTs

*WPS5: Calorimetgg

performance (precise timing, high

- Continues readout rates performances, longevity ...)

- Low IBF and dE/dx

*WP6: Photon detectors
———="1olon detectors

Particle sepration Technological areas:
with cluster countin MPGD, RPC, .
at 2% level

WP7: Timin detectors
*WPS8: Reaction/Decay TPCs

. sljﬁg, on , fensors, Electronics,
are 00ls, Gas P i !
( g P roperties ]

* Development of infr.
; astructur
Production techni ° and

: iques
. Tra/ning

Challenging
mechanics &
mat. budget < 1% X0

Additional wp on beyond
fundamental physics also considered

Barrel technical
challenges: low mass,
large area

Endcap: moderate

technical challe.ngf:.m‘s detectors for tracking & muon 1D

2023.10.13 - Paestum . Second ECFA Workshop - Riccardo Farinellj: Gaseous detectors for tr,
ac

M.C Fouz

ILD meeting, 7 Nov 2023
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Riceardo Farinelll

Two muon beam tests performed at CERN-HS8 (By > 400) in Nov. 2021

- g=
Tracking: Drift Chamber activities
Data throughput
b test in 2023 on going at CERN and an
iai«ﬁgtzegtzix ES:S-:AT%aE 2%324 with 11 and K (By = 10—-140) to fully

exploit the relativistic rise.

i 2023 to develop and measure
Testbeam campaign on 2021, 2022 and C . A \
the performance of cluster counting technique (wire and cell dimensions,

i ili iti iri stem
Electrostatic stability condition apd New wiring sy: i
tested different wire materials and diameters in the assembly of drift tube

electronics and software algorithms)
He:lsoB 90/10,

prototypes.
on FEM analysis. Construction of a full scale prototype starting from 2024.

Simulation of the drift chamber in Geant4 and DD4HEP to validate the geometry

20 pm (W+Au)
* 25 um (W+Au)
® A0 pm (Al+Au)

Simulation of the mechanical structure to support 10 tons on each endcap based

wbeam
165 GeV

1500

and the signal reconstruction.

He:lsoB
80/20,
B5(3TABAG
20 pm (W+Aw)

® 25 ym (WA

\

W beam
(40,80, 180 GeV) Trigger, 1Sem

coverage

1

Zo0 ool N i " ‘
Tracking: Time Projection Chamber - Pixel activities

400

current resolution in the full ILD
assuming 6 mm pads

out
manifold

tests already indicate excellent

test beam, pixel based
GridPix at full coverage

‘
(40 cm) )
INFN 207
* Timepix3-based GridPix detector module
F. Petro,_ tracking and dE/dx performance
H.Qi - Prototype with 160 GridPixes covering an active area of 320 cm2 (10M pixel
detector) also built and tested in beam at B=1T in DESY in June 2021 , to prove
large-scale production, integration, and readout
easier assembly, better co verage) O AR S e — — =
* dN/dx cluster counting: should be feasible with high granularity readout = method, i o b
" A metl , drift lengti
low power consumption, to be addressed by dedicated R&D. 3 O cluster counting, gﬂm mm
eantd) foresee, compared to pad TPC ; T3 Sluster couning. 1000 mm
e charge summation, 200 mn
‘9: * charge summation, 1000 m
_'5 test beam, pad-based.
° W AsianGEM
& GridGEM
®  Micromegas

)

Tracking: Time Projection Chamber - Pad activities
mm challenging for
full simulation studies (G

ment ongoing (lower power consumption, easier assembly,
g
5

GridPix at 60% coverage

Resistive High granUlarity Micromegas £
* particle tracking and trigger operation up to rate £ emc
O(10 MHz om-2) with stable HV behaviour, £ %
< 700 um spatial resolution for perpendicular tracks; & i : -
< 10 ns time resolution; o AN . [ T
d constructive techniques 4 i FEe w/‘6mm pads:
4 AREE Slane * Timepix4 de velop.
,
padsof0.8x28mm? = better coverage)
— ~20x20 cm? anodic plane , o -, -
Padsof 0.8x 7.8 mm2 ,%,% =
o w
T
21
a
=
o empirical expectation
=00 e Y x (pad size) 013
0
pad size / /m 000

* Reached a consolidate
for large area detectors, to be considered in future
experiment proposals (tracking,

muon and calorimetry)

200400 a0 g0

-
TPC pi. n;w

6nm UV laser to generate pseudo.
cept)
MM grig (InGrid)
on Timepix chip

Single chip
2017

2, 5 4% )
Modu/e-2019

, = 400v

Em=200v/cm , E.=200v/cm v,
* Ve

2023.10.13 - Paestum - Secand e .

ial * T?Kgas
= AiC4H10(95/5)
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\J-RWELL activities

i n.
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p-RWELL 2D (TOP 1/0)

RWELL 2D (Charge Sharing 1/0)
-

p-RWELL b

M

ANEN

for large area production (i.e. 1525 m2).

Reduce the number of channels to reduce the muon system cost and match the \DEA

requirements.

Efficiency

640

660

680
uv vl

Muo
N System: RPC activitieg

point,

c°mparab
I
90% for £ gzefr

Aging eff
ec|
detectors uts o be

The engineering and industrialization of the py-RWELL technology is one of the main goals

Optimization of the layout is needed to improve the performance and reduce the dead-area.

Resistive layer studies are needed to define a stable manufacturing process to deposit DLC;
study possible surface resistivity of DLC changes during the detector manufacturing; study the

DL C stability under long-term irradiation.

Several

date (a ead) Used Ir nd
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traﬂuoropropene (C3H2
Gwp1 ~ 6

o
8

Current de
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RPC EcoGas@GIF++ collaboration created
in 2019 within ALICE, ATLAS, CERN EP-DT,

CMS and LHCb/SHiP experiments to search ,
for an eco-friendly RPC gas mixture

GWP(CHF)~6



Superconducting Detector Magnets

Two Talks

A\ 4

\ 4

16

R&D ON SUPERCONDUCTING DETECTOR
MAGNETS FOR A FUTURE HIGGS FACTORY

THE SUPERCONDUCTING THIN SOLENOID FOR IDEA.
A TRADITIONAL DESIGN OR A STEP TOWARD NEW
TECHNOLOGIES?

M. Mentink

M.C Fouz

M. BRACCO

ILD meeting, 7 Nov 2023




Superconducting detector magnets 17

— The relevant parts of superconducting detector although highereeclency commerciaily
magne’rs were reviewed. See details available cryocoolers are expected this year and the next

Summary. R&D f * Compact and modular, contributing to enhanced reliability and
. o s ,
UPerconducting gee M. Mentink SECORENIE o e adye
ctor Magnet techno| * Low-maintenance, closed-circuit without liquid helium = Only

modest amount of helium needed, important given future helium
availability constraints and rising price of helium

* Allows for localized liquefaction (less overall heat load), and
compatible with thermosiphon cooling

* Localized helium gas circulation for thermal-shield cooling

associated technologies

HTS-based high-e

fficiency curr
ent- z g 5 TR
magnets y nt-leads to reduce cryogenic power requir Expectation with novel solution: 10x reduction in power
L superconducting detector consumption needed for maintaining the current lead
~ Quench detection and protection temperature - Currently under investigation, in context of
*  Existing technology works well for ¢ i | SIS

* Smart structures such as honey-
combs, to increase effective
thickness and resilience against
buckling

* Smart materials, such as carbon-
based materials

*  Ultra-transparent vacuum vessel technology:

* Effort within EP R&D WP4 to optimize transparency through smart geometries (suciras-honey-comb structure) and novel
materials (carbon-based vacuum-vessel wall)

e Conductor technology for superconducting detector magnets o
« Commercial availability of work-horse aluminum-stabilized Nb-Ti conductor has been an issue in recent years, therefore an

inter-departmental effort at CERN with KEK support was organized to see how availabi.lity may be re-estagli.she;d o
« Other conductor types may be of interest as well, although there are presently no obvious fully developed, just-as-good,

and commercially-available candidates (that | know of) 1 E J

Under investigation in context of CERN
EP R&D Work-package 4

Aluminum-based honey-comb
vacuum-vessel technology, as
demonstrated previously at KEK
(Courtesy A. Yamamoto)

—

8

Figure 2. Floneycomb panel configuration in the prelimisary design.

M.C Fouz ILD meeting, 7 Nov 2023
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Superconducting detector magnets 18

M. Mentink

: g Detector
Organized by CERN and KEK):

Alumij -stabilj
intere:tum stabilized condyctor Was a topic of key
Workshop included world-
institutes and industry
Findings: On-going R&D effo
industry, but no commercial
years

agnet Workshop (2022, co-

Wwide répresentatives from

rt at IHEP with Chinese
availability since a few

- er typical
Superconducting Detector Magnet Workshop,
* Following this: Since 2023, organization of inter-departmental  held at CERN in 2022 " On-going effort to re-establish availability through CERN EP Rgp

working group and associated steering committee at CERN (indico.cern.ch/eventy/scmu) e

Supported by KEK exp ert'se, for th e purpos e Of re- p;";;‘\']’:":u Straightening  Cleaning  Heating  Cladding  Coolng  Puling  Qualty Control v:ﬁ%?se °

Aluminum-stabilized Magnesium-diboride:
o * Of interest for superconducting busbars and magnets

Rl R | Demonstrated for superconducting busbars, through LHC Hi-lumi superconducting link proj
* Would allow operation at elevated temperatures (10-20 K),

establishing availability in context of CERN EP R&D

SCcable  Suaigroner
&

* Plans [17]: .
* Currently on-going: Effort to collaborate with industry

using existing facilities on re-establishing conductor

‘ i * -goi : . _— "y id
e co-extrusion process 21 Co-e;)gt::'lllesg f/f,ocrfsciﬁf}gfiffo‘;fﬁon On-going effort at INFN Genoa to investigate feasibility for proposed Alice-3 solenoi
’ S ’
cold-working facility

Courtesy B. Cure [17]) . . i i-2223
Fut ptions, depending on budget availability: Setup ( " + Aluminum-stabilized high-temperature superconducting (HTS) conductor (ReBCO / Bi-2223)
e Futureo , G . ing busbars and magnets .
el nstitute o st for superconducting bus : fh o ;
of a dedicated facility in industry or at| \?\/f lnIt(‘?leraellow opefation over wide temperature range (4-77 K) and wide magnetic field range, sgnificantly P
« Wou

the limits of niobium-titanium

ect

Top view

M.C Fouz ILD meeting, 7 Nov 2023



Superconducting thin solenoids 19

Thin solenoids

Later, aluminium stabilised conductors have been manufactured by co-extrusion, CMS conductor =

in such a way that the superconducting cable is embedded in pure aluminium matrix . - =

Thin solenoids are based on adiabatic stability Aluminium stabilised =
@ The co-extrusion technology was cable reinforced with =

applied for the first time in the CDF EBW Aluminium alloy =

Aluminium stabilised NbTi conductors magnet (FERMILAB) in 1984 Superconducting cable a=

Pure Aluminium

oS

Co-extrusion is an expensive and delicate industrial process.
Very few firms have the expertise to perform co-extrusion.

EB welding

Lol

Would it make sense to use other superconductors?

6

Aluminium alloy

Michela Bracco

(T

0,
Il

o
‘01 sSRZS EU FP7 project to study superconducting shields

pace Radiation

Spocs Rediation to protect astronauts from space radiation

M. BRACCO

€ superconducting thin solenoid for IDEA. e s
A traditional design or a step towards new technologies?

SECOND * EC FA*WORKSHOP
on e*e” Higgs /Electroweak /Top Factories

CINFN

Conductor: Titanium clad MgB, tape + Aluminium strip

Summary

T//Mng ratio 2.7/1
75 um thick insulation
Total conductor cross section: 9.25 mm?2
Average mass density : 3000 kg/m3

MgB, could be an excellent candidate to replace NbTi in detector magnets

Detector magnets wound with MgB, conductors can operate at T > 10K, possibly up to 20 K.

Consequences of higher operative temperature are:
e higher stability (aluminium is required for protection, not as stabiliser)
e higher thermal conductivity (better indirect cooling)

S — e higher refrigerator COP

MgB, conductors are already used to wind magne}s_ D

R&D is necessary to develop suitable conductors.

Detector magnet design should be rethought based on MgB, conductor features (as an

example, the quench issue of MgB, detector magnets could be faced via controlled insulation
technique)

Open MRI based on cryogen free magnet
wound with magnesium diboride tapes
(ASG Superconductors)

ILD meeting, 7 Nov 2023



Activities in the US towards an e+e- Higgs factory -

Solid State

~Significant interests in monolithic CMOS technology
* EICis developing MAPS based tracking

detector fi j
based on 12” wafer, 65 nm Towerlazs ollowing ALICE ITS3
* Basis of tracker & calorimeter rea

M.C Fouz

Other Detector R&D areas

**»Gaseous Detectors:

= MPGD facility, high resolution/fast timing detectors with ec
<> Particle ID:
= Dedicated TOF detectors using LGADS to improve 1t/K separation
3* Readout/ASIC developments:
= 28 nm developments, coping with high rates, density, power, ...
<> Trigger/DAQ:

= on-detector real-time data processing
<*Quantum:

= Explore engineered materials that can improve efficiencies via doping
*In addition, we have a dedicated group to address the software needs.
»U.S. groups eager to get engaged in this process and collaborate with Europe, awaiting

P5 process to conclude and funding to enable this engagement. We are hopeful of a
limited level of funding support beginning 2024 and ramping up in subsequent years.

ILD meeting, 7 Nov 2023

physics and detectors
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) . ¢ EM resolution.
- hanis ] taining superior
. Hybrid MECTEV jets while main

for 50-150 GeV)

roles:
inue to play key
where U.S. has and ca.f;‘ Cgm&: gas calorimeters
° as ) i for Liquitie
% Thrust are End electronics 10
o Cryo Front

ih fi mentation
- led with fine €& rmance
| lectronics: coup i uperior pe
Supertof Yichons mg\tlc s\Jr:dcﬁrrent ATLAS) provides supP
mpare
(12 layers €O

Hybrid dual readout calorimeter

Srini Rajagopalan

See talk



https://agenda.infn.it/event/34841/contributions/212393/attachments/111460/159080/ECFA-USplans.pdf

Activities |
in the US towards an e+e- Higgs f
actory -

Detectof R&D and detectors
&Funded r&D efforts of interest 10 o+e- already On oing in U.SiN several areas as -
y ong g ,
part of efforts in sip/ILD for |LC or for |DEA and ALLEGRO for FCC-ee.
= Significant overlap In detector concepts amongst the e+e- collider options. SYLV\,f, ja@ -
&U.S. Higgs Factory coordination group, bringing together the ILC, FCcC and c opaLaw
communities, have organized themselves along techno\og'\ca\ themes:
= A community driven pottom-up proposa\ has been developed, documenting the interests and See—talk
expertise of the U.S. groups. This was submitted 0 ps5 for their consideration :
https:/ /arxiv.org/ abs/ 2306.13567 M OVi N f
= This proposa\ also cerved asa starting point for discussions with the DRD groups: Coordinators g 0 rWa rd
are actively engaging with the ongoing DRD efforts and are in direct commun'\cation with the SWe
DRD : « WE €xpe :
‘ . g.roup c‘onvenors | | | f0||0wiFr)1 ct the Higgs Factory to b
&|n addition, high level discussions aré ongoing between DOE and CERN to enable . g the completion of H e the next high priori
cooperation in DRD projects. . coc-ee' ILC and C3 all have ch L-LHC. priority Energy Fronti
« There already exists strong collaboration in many focused R&D topics between U.S- and rEC'ZrF::rab!e approval timel: allenges, ler project
European groups. important to support and strengthen this. e PS town hal me;:?nl'nes for ILCand Fcc
makes it essent g at BNL. were a
U.S. Hi o : . targeting thesessenpnal for these ¢ dvocated by the
o 88S FaCtOr'y C _ **We are Waiti Projects, at least OMmmunities t Proponents .
h Solid State: A. A oordinati De alting fo for the 0 coordin dUrlng th
%*Calorimeter: H. C’;’fesyan, C. Haber, C. Verni On Gro Up C 7'8, 2023 r PS prOCeSs t next few yEars ate on deteCt e
e, C Tully A. Wiis ks " We look . 0 conc| until re ctor tech
etector: M. i kf Clude Spect nologi
h Readout/ASICs: or: M. Hohlmann, G. = o In an 0 Orwar to ) Re orti Ive pro' gles
e e L 9P PORISBlatned to b epe e
SParticle ID: M. 4 iragli, J. Z O At :
’:'QUantCue /'D. M. Artuso, G. Wils hang ACtlve & ng oe are p g e releas
*Soft m: M. Demarteau I 2olE toen 8agem Fask to th INg a priorit; i ed
- ware: H. Gray, O, G , C. Pena, S. Xie 'nt ga e NSF D e agenci rItIZed I|St nEXt ge
) ix-‘jfﬁdos:./. Braul i ' . utsche, J. Strube e”\atlona“ t h _OE alreg €s. of short-t Neration
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. rne Appro val status
ILC:

Cier

ECFA activities towards an e+e- Higgs factory

- Under consideration by the Japanese Ministry /
B i o Jo ry / Government as a

- 2023: increased resources, ILC Technolo i
i : gy Network esta,
incl. CERN (coordination for Europe) % e,

FCC-ee: - Feasibility study ongoi ]
m/:d-tferm }r/epoﬂyexpgg;‘g% ir‘:ele:)gg;%g:%gorgg's S
- Priority 1 for CERN / Europe (CERN Count’:il)
- Outcome (technical feasibility, costs, ... ) decisive for Europe
-TDR in preparation, incl. cost review
- A./of of progress on the technical side
- Aiming for approval in next 5

* CEPC:

- Ranked 1st jn Chinese HEP pres.“e/:;rtigéan =)
* CLIC: -07725/b/e a/terﬁative for CERN

P theioeranuggjl/D /?Z%r;g/;r;gg a Project Readiness Report (PRR )
Cccc: - R&D towargs g de

2" ECFA Workshop,

D

Paestum, 12t October 2023

DDA G ock

L —

. DRDC has been setup and is complete:
http://committees.web.cern.ch —

Members - Referees

BENTVELSEN, Stan

issued
Recommendations on approva‘ are eXpeCted to be 'sS BRESSLER, Shikma
by the DRDC early December .

Board
> Final decision on approval by the CERN Research
shortly after

FORTY, Roger
GEMME, Claudia
GIL BOTELLA, Ines
MERKEL, Petra
i i 4, PESARES!, Mark
. Start-up of new Collaborations in January 202 ==
Members Ex-officio
i i i ALLPORT, Phil
During 2024 Memoranda of Understanding with Funding e
’ Agencies are expected to be signed.
i i -like meetings
Funding-agency involvement is planned v12 I:ieBn:;k
(Details are still under discussion with CERN manag

Detector R&D Committee (DRDC)

BERGAUER, Thomas  HEPHY, Vienna, Chairperson

CERN, Scientific Secretary

NIKHEF
Weizmann Institute of Science
iversi
Helmholtz Institute Mainz and Johannes Gutenberg University
CERN
INFN and University, Genoa
CIEMAT
Fermilab
\mperial College

1JCLab - Laboratoire de physique des 2infinis

ECFA Detector panel (EDP) Co-Chair

ECFA Detector Panel (EDP) Co-Chair
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)
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Where do we go from here?

Results of the study will be documented in an ECFA report

This report is a key input for the next update of the European Strategy of Particle Physics (ESPP)
(targeted for 2026/2027)

Submission date of FCC Feasibility study: end of 2025

(= Dec. 2025 is a reasonable assumption for the input date for the strategy process)

More details about the plans will be presented by Aidan Robson tomorrow, at the end of the workshop
(driven by Main Editors (Aidan Robson, Christos Leonidopoulos) and WG conveners,

obviously timeline will be adapted to changes of strategy timeline)

We should use the remaining time to achieve as much as possible
(Focus topics; eventually expand to enlarge the scope (additional topics))

One more ECFA workshop planned: ~ autumn 2024;
Call for hosting the next ECFA workshop will go out soon

‘CFA Timeline

@ Aim for full report outline structure by spring 2024
@ Try to identify lead authors for sections shortly after
® Largely final inputs come by May 2025

@ Intensive editing session summer 2025, leading to version to
be shared among projects

@ Final iteration autumn 2025
Submission end 2025

Aldan Robson
ing, 7 Nov 2023
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