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Complete overview of all
detector R&D for the
International Linear Collider (ILC)

Preface:
What this talk

Comparison of different detector
be concepts and design choices

Advocacy for or against detector
concepts conceived of for ILC
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Maxim
Titov

Preface:
W h at t h | S ta ‘ k (see also Gerald Grenier’s talk on SDHCAL specifically!)

will be
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https://indico.desy.de/event/28202/contributions/105643/

C.W. Fabjan (CERN) & T. Ludlam (BNL)

Annual Review of Nuclear and Particle Science (1982)

386 FABJAN & LUDLAM

Table 8 Future role of absorptive spectroscopy

Source of Physics emphasis Calorimeter Technical

particles properties implications
pp (pp) collider  Rare processes: high 44 coverage with Approach intrinsic
collider P lepton, e.m. and hadronic resolution in
. . photon detection; high multicell device;
H I St O r I C a ‘ production trigger selectivity control of
manifestations of inhomogeneities,
heavy quarks, stability
- W= 2% vu
I n t e r ‘ u d e e*e” collider Complex, Precision Very high
high-multiplicity measurements of granularity;
final states total, visible particle
1 9 8 2 (multijets, energy and identification
electronsin jet, momentum
neutrinos
Secondary Similar to first entry; Calorimeter High granularity,
beams with increasing becomes primary high rate
p=1TeV/c energy, stronger or sole operation
emphasis on spectrometer
global features element
Penetrating Detailed final-state Potentially largest Ultra-low-cost
cosmic analysis of events detector systems instrumentation
radiation; with extremely (=10,000tons)
protondecay low rate with very fine
8 September, 2021 grainreadout

Detector R&D for ILC -- PANIC 2021 4


https://www.annualreviews.org/doi/abs/10.1146/annurev.ns.32.120182.002003

Slide credit: Maxim Titov, EPS-HEP 2021

VIP
SOl

Enormous breadth and depth
to R&D community

o Large collaborations: CALICE, LCTPC, FCAL
o Collection of many efforts such as vertex R&Ds
o Individual group R&D activities RPC Muon

o Efforts currently not directly included in the
concept groups (ILD, SiD, CLICdp), which may
become important for LC in future

LCTPC Silicon ECAL Sy
Silicon ECAL (ILD) - GEM DHCAL
(SiD) CMOS MAPS
i Scintillator HCAL 5
ChronoPixel CHICPX SPiDeR
FPCCD
DEPFET RPC DHCAL SDHCAL
- Collaboration
KPIX Dual Readout ECAL High precision design
TPAC

Scintillator ECAL


https://indico.desy.de/event/28202/contributions/105643/

— V— 'inear Collider Collaboration:
Detector R&D Liaison Report

Detector R&D Report
e “Publicize” particular technology and to provide an update
AT of the recent R&D efforts (through ~2020)
- * Provides a “snapshot” for a given technology, without
i information on manpower needs and financial resources to
Nom T R o reach project milestones.
Institut de Recherche sur les lois Pacific Northwest National Laboratory
Fondamentales de l'Uni\fers (IRFU) . 902 Battelle Boulevard . . .
Sl R Provides an entry point for new groups in order to help
maxim.titov@cea.fr ) niversity o 1EROL.
e gene, OR 97603, A them learn about the current landscape of ILC R&D efforts

jstrube@uoregon.edu

* No specific technology choices are made in order keep
various options open for specific sub-detector technologies

@' » advantage that technologies can be further advanced until the project is
approved.

February 2, 2021

Slide credit: Maxim Titov , EPS-HEP 2021
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https://zenodo.org/record/4496000
https://indico.desy.de/event/28202/contributions/105643/

ILC Detector Concept Groups: ILD and SiD

(ILD: International Large Detector and SiD: Silicon Detector)

ILD
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ILC Detector Concept Groups: ILD and SiD

(ILD: International Large Detector and SiD: Silicon Detector)

LD ('L’ & “S”) SiD

Both optimized for PFA (*) Performance: ~ B “Rgcainner” (track separation @ ECAL)

B=35T(“L”)/4T(“S”) B=5T
RECAL,inner =1.8/1.46 m RECAL,inner =1.27T m
" si+TPC tracking Silicon Tracking only
Outer radius: 1.77/1.43 m Outer radius: 1.22 m
Slide credit: Maxim Titov, EPS-HEP 2021 (*) PFA: Particle Flow Analysis
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https://indico.desy.de/event/28202/contributions/105643/

Slide credit: Maxim Titov , EPS-HEP 2021

Tracking and vertexing: complementary approaches

ILD: Silicon + Gaseous tracking

Vertexing

e long barrel of 3 double layers of silicon pixels

Tracking

e Intermediate Si-tracker (SIT, SET, FTD)
* SIT/FTD: silicon pixel sensors (e.g. CMQOS)
0

e SET: silicon strip sensors 2% — 7 ]
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Number of Si hits

SiD: all-Silicon tracking

e short barrel of 5 single layers of silicon pixels

e 5 |ayers Silicon-strip tracker
e 25um strips

e 50 um readout pitch

e Few highly precise
hits (max. 12)

e Robustness, single
bunch time stamping

Detector R&D for ILC -- PANIC 2021
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DEPFET: continuous
readout,

75 / 50 um thick (Belle I1)

Vertex Technologies: State-of-the-Art ~

* Exploit ILC low duty cycle 0(10-3): triggerless readout, power-pulsing

* Readout strategies:

e continuous during the train with power cycling — mechanical
stress from Lorentz forces in B-field

* delayed after the train — ~5um pitch or in-pixel time-
stamping to reduce occupancy

Physics driven requirements

Running constraints
2.8um

Sensor specifications
Small pixel ~16 um
Thinningto 50 um
low power 50 mW/cm?
r of Inner most layer > beam-related background _____5  fastreadout ~71us
Leccececeeeeeeemeeo——-__> radiation damage ------__-____5 radiation tolerance
<3.4 Mrad/ year i
£6.2x10%n,,/ (cm? year)’

_______________ > Air cooling

16mm

Technology DEPFET

2 tier process Industry
(high density pcircuits) evolution

Added value Very Low material

SOl: delayed (example) granular budget
continuous

readout; suited for
3D integration
Fine pixel CCD: delayed readout,
5 um pitch, 50 um thickness

8 September, 2021

Slide credit: Maxim Titov , EPS-HEP 2021
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3D Integration (in-pixel data
processing, on-hold):
MWR in 2010, VIP(ILC)

Chronopixel: delayed readout,
monolithic CMOS, 50 um thick

CMOS (CPS): continuous
readout, stiching


https://indico.desy.de/event/28202/contributions/105643/

Calorimetry needs and
opportunities at future
linear e*e” colliders

* Clear goal: Higgs processes
* In particular: HZ—jets

* QCD measurements
* Including, jet shape and structure
measurements, even at a 250 GeV ILC
* Algorithmic considerations still critical

e Confusion terms in particle flow analysis
(PFA) are very important

* Jet clustering and pairing can degrade
otherwise beautiful detector performance

(*) Also see: Mangi Ruan’s talk at LCWS 2019

Detector R&D for ILC -- PANIC 2021
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Masakazu Kurata’s talk from Wed (17 Mar)
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https://agenda.linearcollider.org/event/8217/contributions/44771/attachments/34967/54047/Jet_Requirement-LCWS.pdf
https://indico.cern.ch/event/995633/contributions/4259674/attachments/2209953/3739945/Jetclustering20210317.pdf

e Particle flow: calo+tracker combined to understand the full event
e Precision Timing: shower particle time-of-flight precision of ~10—30 ps
e 5D Calorimetry: position (x,),z), energy, time of signal — use all info

Developments
i N th e C4a | O rl m et ry * Crystals and ceramics: ultrafast response times, extreme radiation

hardness, cost reductions
e Ultraviolet response & transmission: Cerenkov signals for dual-readout

e Integrated sensor and readout technology with high voltage silicon

e Flexible and sophisticated on-detector electronics systems with FPGAs
(field-programmable gate arrays) and SoC (System-on-Chip)

e Pulsed power systems with low duty cycle, greater physical density

8 September, 2021 Detector R&D for ILC -- PANIC 2021 12




Bohdan Dudar’s talk at LCWS2021 NIMA 830 (2016) 30-35

LSO Ce Ca crystal (5 mm) + FBK NUV-HD SiPM

Albert Doblas’ talk at LCWS2021
Charged pa{ticle N« Electrode

Georr = (14.5£0.5) ps

% uncorrected

+ amp. walk corrects

%EH .’! I

Ly —0154)1—005 005 01 015 02 025 -
Low Gain Avalanche Diodes At =time ., - time . (ns) Inverse LGAD (iLGAD)
Xta

Fast timing
Nearly ubiquitous technology
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https://indico.cern.ch/event/995633/contributions/4259659/attachments/2209010/3738157/Bohdan_TOF_LCWS2021.pdf
https://indico.cern.ch/event/995633/contributions/4259346/attachments/2209820/3739691/20210317%20LCWS2021%20Albert%20Doblas.pdf
http://dx.doi.org/10.1016/j.nima.2016.05.030

ATLAS High
Granularity
Timing
Detecyor
(HGTD)

30—50 ps track
resolution per track

8 September, 2021

Detector R&D for ILC --

Xin Shi’s talk at LCWS2021

Moderator/
Inner part

NIM busy
electronics

PANIC 2021

Outer part

6.5
TOT [ns]
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https://indico.cern.ch/event/995633/contributions/4261856/attachments/2209122/3739956/ATL-HGTD-SLIDE-2021-048.pdf

Adrian Irles’ talk at LCWS2021
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Konrad Briggl’s talk at LCWS2021
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CALICE SiW ECAL, A/SDHCAL

AHCAL: Steel+Scint.+SiPM
SDHCAL: Steel+Glass Resistive Plate Chambers

Detector R&D for ILC -- PANIC 2021
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https://arxiv.org/abs/2002.09556
https://indico.cern.ch/event/995633/contributions/4261854/attachments/2208995/3738436/ecal_v1.pdf
https://indico.cern.ch/event/995633/contributions/4261857/attachments/2209907/3739918/LCWS21-AHCAL-HW.pdf
https://indico.cern.ch/event/995633/contributions/4261863/attachments/2209910/3739845/SDHCAL_red.pdf

Debabrata Bhowmik's talk at LCWS2021

‘a\nErifa Brondolin’s talk at LCWS2021

CMS HGCAL
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(*) See also: Stefano Agiro’s talk on Tue (16 Mar)

0.075 0.100 0.125 0.150 0.175 0.200 0.225

: : i 1/ V Epeam [GGV]
) 5 10 25
Detector R&D for ILC -- PANIC 2021 ember, 2021 Layer depth [Xo] 16



https://indico.cern.ch/event/995633/contributions/4261860/attachments/2209899/3739823/argiro-lcws2021.pdf
https://indico.cern.ch/event/995633/contributions/4261862/attachments/2209225/3738590/LCWs_2021_Debabrata.pdf
https://indico.cern.ch/event/995633/contributions/4259682/attachments/2209012/3738159/20210316_BrondolinErica_LCWS21.pdf
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https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11005

Novel approaches to interpreting and leveraging
modern calorimeter measurements

ASICs

innnni
Advances in
heterogeneous
computing driven by
machine learning

EFFICIENCY
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New paradigms on the horizon

Deep Learning for Pion Identification and Energy Calibration with the ATLAS Detector

Calorimetry with deep learning: particle sim. and reco. for collider physics

ATL-PHYS-PUB-2020-018 Belayneh, et al (arXiv:1912.06794, EPJC 80, 688 (2020))
ECAL input r : HCAL input
(25, 25, 25) (5,5, 60)
Conv3D
Conv3D
(22, 22, 22, 3) ? (053, 20)
Flatten ?
MaxPooling3D MaxPooling3D
Dense 512 (11,11,11,3) (2, 2,27, 10)
Dense 256
iouon Flatten
Dense 128 Dense 128 Dense 6 (3993 —\ r (1080,)
——/Merge
(5073,
Concatenate
Dense 50 (Iigg(s)'e)
Dense
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https://arxiv.org/abs/1912.06794
http://cdsweb.cern.ch/record/2724632/

New paradigms on the horizon

Deep Learning for Pion Identification and Energy Calibration with the ATLAS Detector

ATL-PHYS-PUB-2020-018
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Calorimetry with deep learning: particle sim. and reco. for collider physics

Belayneh, et al (arXiv:1912.06794, EPJC 80, 688 (2020))
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https://arxiv.org/abs/1912.06794
http://cdsweb.cern.ch/record/2724632/

Huge breadth and depth of detector R&D for the ILC

e Well-established ILC Detector Concept groups with robust R&D efforts
e Collection of many efforts such as vertex R&Ds
e Individual group R&D activities

Decades of effort on new approaches to calorimetry are
coming to fruition!

S u m m a r- & e Large-scale prototypes of many highly granular detector technologies for
y ECAL, HCAL, timing, and more
e Upgrades to existing calorimeter systems are being deployed and

CO n Cl u S | O n S commissioned

e New ideas for optimizing and enhancing traditional calorimeter concepts

Interpretation and usage of detector information
undergoing a renaissance!

e Flexible, powerful embedded electronics systems allow for complex on-
detector processing
e High-dimensional data mining and machine learning are going to be

extremely for various measurements and detector concepts should evaluate
these ideas!
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