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SV e . == NOVOSIBIRSK CONFERENCE HAS
A LONG-STANDING TRADITION
(SINCE 1977)
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Will it look like in Feb. 2050
@ Budker / Novosibirsk ???



INSTR2020 in Budker INP / Novosibirsk: Highlights

Welcome address by A. Vasil’ev (Minister of Science & Innovation - "
Policy of Novosibirsk region) and P. Logachev (Director of BINP) Visit to BINP Facilities:

91 (non-RU) /108 (RU) participants;
~ 85 talks and ~ 95 posters

Music Concert
(Filarmonica-Quartet):

“‘LUNCH OR SKI”:



Science is getting more and more global ...

Towards 2020 Update of European Strategy for Particle Physics

March. 2020
Strategy Update
submétted to Council

next step

Electroweak & Higgs
Physics Briefing Book

Strong Interactions

-> Need to present and discuss new large scale
projects in an international context before making
choices

-> Need to present physics case(s) always taking
into account latest results at existing facilities

- Need to present (additional) benefits to society
from the very beginning of the project

-> Need to have excellent communication and
outreach accompanying all projects

LHC and HL-LHC Exploitation

Next Step at the Energy Frontier
(FCC/ILC/CLIC) and R&D beyond

Accelerator-based Neutrino Programme
(US & Japan) via Neutrino Platform

Rich Diversity Physics Programme
Beyond Colliders

EPPSU becomes public in Budapest (May 2020) at the Special Session of the CERN Council



CERN: Promote Knowledge Transfer Through People

Number of Users from MS, AMS and NMS institutes

« The Largest PhD Factory
| NMs| . ~40% in the WOI’Id »

" AMS|
aMS |

-> ~ 1000 PhD students
per year, working @ CERN
receives PhD degree from

their home universities

Where do they go?

2,000
0 f- - n a § 3 a a What type of organisation do you work in?

Year V ‘ ' . ® |ndustry
A%Q ® University
= Research Institute
. ‘ B Gowt. / International Org.
>3000 PhD students " Otter

In LHC experiments

Which domain do you work in?

Age . ® Computing

. . . . ® Consulting
Distribution: ° Physics

® Engineering

® Finance

Communications

® Others




European Strategy Discussion on (Future) Instrumentation R&D

ESPP Symposium: https://indico.cern.ch/event/808335/timetable/#all.detailed

R&D Focus
for Particle Physics

* 70-20-10 guideline: : 5 13-16 May 2019 - Granada, Spain
* 70% on NOW — current detectors
» 20% on NEXT - future detectors
* 10% on HORIZON - blue sky R&D

* NOW and NEXT should be driven by
well defined or prospective requirement
* HORIZON should be driven by
technology and what’s possible
* Need more connection Lo other fields Mw'l;;?“:
* % of what resources ? Money, time (g3 15

European Strategy

AT GOOGLL, WA w2

May 15, 2019 F Foeta, Techoobogmcal Challenges
Humans
Commumty messages. * The current career model just-doesn’t-work-very-well is broken
* Except for very few geniuses, one cannot be expert and innoyative
) simultaneously in physics analysis, detectors, computin mar

» Importance (at appropriate level) — “blue outreach...

sky” R&D * Recruiting: |fvou fail discovering new physies ye 4

develop a new detector
* Essential to attract brilliant young physicis =

» Recognition of excellence in * Training: go in the lab and get that \

i i iti + Education and expertise transfer neces’ A

instrumentation > Career opportunities S e s T N\

for detector physicists in * Career: this guy only knows about detectors

universities/research institutes must be should we really hire him/her ?
» Career opportunities for detector physicists mu

greatly strengthened and kept open in a Creatly threngthanid sHd ket chehs o Systen
systematic wa
y y May 1420190

F.Forta. Techinologuoal Challonges




Shaping the Future of Particle Physics: Long-Term Options

Possible scenarios of future colliders Proton collider mmmm= Construction/Transformation: heights of box construction cost/year
B8 Electron collider

Preparation
3 Electron-Proton collider P

rid-wide

CepC: 90/160/240 GeV = y . o
100km tunnel 1:/2_5,5:’::5: 2 . e r, S U 2 S enarii for
astructures
o available

5 years

8 years

HL-LHC: 13 TeV 3-4 ab!

LHeC: 1.2TeV FCC-eh: 3.5 TeV 2 ab™?
2 years 1.
1.7 B/ 6 yea 0.25-1 ab"°

SEEEE EEENEEEEE EEEEENEEE EEESEEEEN IEEEEENEEE EEENEEEEE SEEEEEEEE EEEDE
2020 2030 2040 2050 : 2070 2080 102090

»> Global vision for our field going beyond regional boundaries
» CERN is playing a major role in this global endeavour




The Role of Big Laboratories

BIG LABORATORY = RESEARCH INFRASTRUCTURE
- KNOWELEDGE FRONTIER / INNOVATION / EDUCATION / OUTREACH

~3
‘! g
Ry

To advance future accelerators it is important:

> maintain accelerator expertise in all regions;
» ensure long term stability in all three regions;

» engage all countries with particle physics communities
=> international cooperation is vital (“sociology“);




KEK Status: SuperKEKB / Belle Il and JPARC

SuperKEKB and Belle-Il: 8 x 10% (40 x luminosity)
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collision point Belle Il detector

| Positron ring | ]

A. Paladino

v Verification of nano-beam collision
scheme (L ~1.1 x 10%* — similar to KEKB)

v' Beam backgrounf is still high compared
with KEKB/Belle (due to the lack of
vacuum scrabbing time)

v First physics papers submitted (Z’)

JPARC:

v' HyperKamiokande projet approved last
month: construction 2020, operation in 2027



Experimental Program at IHEP CAS J. Wang

Collider Experiments:

Ground /
underground

Construction siwsed at 019
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Budker Institute of Nuclear Physics: From VEPP to Tau-Charm Factory
VEPP-2 VEPP-3 VEPP-4M " o

G A —4 % AT, VEPP-

Collider 2E, Gev Detectors Operation
VEP-1 (ee) 0.32 2 detectors 1965-67

VEPP-2 1.4 3 detectors 1967-72 * e+e- collider

* Beam energy range from 1 to 2.5 GeV

VEPP-3 2.0 2 detectors 1972-  Extremely high luminosity {~ 10% cm2-5°}

(booster and Nucl. Phys) = Longitudinal polarization of ¢lectron beam at the IP.

The facllity can study:
* tauleptons

VEPP-4 11.0 OLYA, MD-1 1980-85

* charmed particies

VEPP-2M 1.4 OLYA, ND, CMD 1974-2000 * light quark spectroscopy
SND, CMD-2 in the unique manner,

VEPP-4M 11.0 KEDR

VEPP-2000 2.0 SND, CMD-3

Tau-Charm Factory L. Shekhtman
N. Muchnoi §

VEPP-4M / VEPP-2000 with 3 detectors are , s
in operation (~ 15 years of future physics): T R T T
-> high precision measurements of
particle masses (e.g. J/y, D, t-lepton) 4th generation low-emittance synchrotron
-> study of e+e- 2 2(3,4) h cross sections facility @ 3 GeV — construction start next year




LNF Frascati Laboratory Research Activities

AdA was the fisi motter anfimaotter sioroge ring with o single

mognet (weak focusing) in which e+/e- were stored at 250 MeV Traditlon: Had ron PhySICS (2001 - tOday
Accelerator History: DA®NE e*e- collider: c.m. energy.1.120 GeV)
- Implemented Crab-Waist collision scheme

1 amgren Sakam 11 W8 S In B

P. Gianotti

DAGNE

Precision Physics
Sub-nuciear/nuclear
(KLOE-SIDDHARTA-PADME)

Large involvement in accelerator & detector
activities: today, LNF is exploiting new
possibillities (e.g. use of plasmas in RF acc. fac.)

PADME Experiment: searches for Dark Photon

vacuum
8GO crystal chamber with
calorimeter \ veloes ; diamond
y _ dipole sensitive
oy -  magnet target
PbF, Cherenkov ! B g
Small Angle Calo ' . positron
< | F) beam
beam G”"”H o " ‘\ .
b L v Mimosa
WAL B beam
— ey 5 monitor
Timepix )

beam

monitor D. Domenici




FAIR: Facility for Antiproton and lon Research

g/
Ring accelerator Ring accelerator
Linear sis18 si5100

accelerator / ’ 5
L 4
. » <Lz

Production of ne|
exotic nuclei

Production of
antiprotons

Status of FAIR Project: Civil Construction F_\|R s s
Progress since ground breaking event 4-July-2017

fo ‘ﬁ’%’r 2019 -

The FAIR science: four pillars FAR ==

atomic physics, biophysics,
plasma physics, material research, APPA

nuclear- and quark-matter C BM

other applications

nuclear structure and
nuclear astrophysics NuSTAR

hadron structure and dynamics PANDA

Schedule for FAIR Science FAR ===

Working towards the completion of FAIR by 2025/26

Major thrust is on construction of FAIR accelerators
and experiments.

At the same time staged approach to FAIR science
and progressive commissioning of accelerators
and detectors

FAIR phase 0 : start in 2018/20189

FAIR day 1 configurations/ phase 1 experiments
with FAIR accelerators progressively approaching
design parameters = 2024/25 ...

Full FAIR operation 2025/26+



Antiproton Facility PANDA @FAIR: Detector Challenges
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Assembly in preparation. and CERN



Cutting Edge Science Relies on Cutting Edge Instrumentation

Detectors / Instrumentation for Energy Frontier are (often) driving the progress

The Energy Frontier:

nergy FI‘O
g,
Q.

» Hadron Colliders (HL-LHC):
- Reduce granularity to < 50um
- Rad. hard, low mass vertex sen. Origin of Mass
that withstand 107 n/cm?
- Triggering at L > 10%%/cm?/s
» Lepton Colliders (ILC/CLIC):
- 5 mm point tracking resolution
- Hadronic jet energy resolution of Sy -
30%/sqrt(E) try Dark Matter

The Intensity Frontier: Origin of Universe The Cosmic Frontier:

Unification of Forces
Find a low-cost photodetector for ; Reduce background in DM
300kton water (105 PMTs) xeyond'”{ﬁ‘;“s'izzf,g’,‘; Mode! detection to 1 nuclear recoil/ton/yr
DUNE: Develop an robust and Develop different detection
operable 20ton Ar(Xe) TPC detector techniques for DM
Develop ps level TOF techniques for Expand the depth of observation

rare decay tagging in the galaxy to probe DE

—
é/ Proton Decay
&)
W
3 >
rontier The

What will be the role of qguantum sensors in Particle Physics?



LHC Accelerator Complex: Glorious Run 2

Experiments enjoying a large data sample of Runs 1 and 2:
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» LHC peak luminosity: ~2 x 103 cm=2s-?
(2 x nominal): thanks mainly to brightness
of beams from injectors and * <30 cm

» Fraction of time in physics: ~ 50%

» Integrated luminosity in 2018:
~ 66 fb-t ATLAS, CMS (goal was 60 fb-1)
~ 2.5 fbt LHCDb (goal was 2 fb-1)
~ 27 pbt ALICE




LHC Run 2 is over, ... welcome to LS 2
Revised Schedule for Run 3 and HL-!_HC

LS2 extended by 2 months (injectors and fixed target start in 2020)
Run 3 extended by 1 year - LS3 begin in 2025 E—

LHC

T T Ve are here -5...
14 TeV

LS1 EYETS LS2
13 TeV 13- 14 TeV
Diodes Consalidation
‘j"'”“m‘ pdimone HL'LH,C 510 7.5 x nominal Lumi
Installation

enorgy

splice consobicd
button collimators lr- aelor
1

R2E projoct 19 11 T dipole coll
Civil Eng. P1-P5
sos [ soe_| o ----- ||||m»

ATLAS - CMS
ESsEEN 3000 fb-1
lurninosity 4000 (ulllmafﬂ)

ATLAS - CMS

1.1'n ';]n
ML upgrade

upgrode phase !

- 2umeiml o, RUALICE SLHOD
upgrode

LS2 Overview: LHCb

New Readost Doasrds - PClexphoss  fies

X
| Barrel HCAL u 1t Phose | )pq rada |
* Replace rad _, d » ’ -
SPM+ dacth seg

,MAGNtY\ t

New Trigger Detectors (FIT,




Worldwide LHC Computing Grid (WLCG) Collaboration

Initiated in 2002, an International collaboration was launched to distribute/analyse LHC data

~170 sites, 42 countries

> 2 million jobs/day  10-100 Gb links

Tier-0: datarecording, S - : :
i E: o - o o Computing power in 2020
distribution i s 7% e
: - ‘& & P o v' CPUs: 6.500.000 of

Tier-1: permanent e ,: L today’s fastest cores
storage, re- o s Q # = (6.5 million)
processing, e - (;& -
analysis ey © - \

L - o - v’ Storage: Disk: 575 PB
Tier-2: Simulation, w - . v' Tape: 800 PB

- - =L

end-user analysis

Challenges on HL-LHC computing:

v HEP computing much more
capacity is needed

v New computing models and

more efficient software have to

be developed

» Additional resources are needed — Cloud Computing, High-
Performance Computing H 2LIX
N

Cloud resources are much more
competitive in terms of cost than in the past

> Increasing usage of HPC resources in the mid to long term future,
usage of best technologies available

BULA =6

THESCIENCECLOUD

An important resource as supplement to the existing resources

» Modern tools and methods are used - Big-Data, Machine

Learning - Deep Learning
Used in many ranges —
of application in HEP e

(monitoring, analysis
optimization. particles classification N. Krammer




LHC Computing - Towards a Change of Paradigm ...

Machine Learning in HEP has a long history:

e c=2 e Discovery of single top quark at FNAL (all before the LHC)

1992. Low Maarcd| 19 Ml 1992 4 1) heviren
. RESEAUX DE NEURONES
e e

Courtesy of
J.-L. Faure

2009:

08 3 0.2 04 0.6 0.8

CDF Combination Output DO Combination Output

Computing infrastructure so far has been largely based exclusively on X86 architecture

using CPUs. GPUs are gaining a lot of popularity as co-processors due to the success of
Machine Learning and , Artificial Intelligence®.

v' ALICE will employ a GPU based Online/Offline system (02)
v CMS is porting part of their trigger software to run on GPU processors
v LHCb is exploring GPUs for their online data reduction

v ATLAS is developing algorithms to run on GPUs E. Elsen

High Performance Computing often employ GPU architectures to achieve record
breaking results (towards exa-scale)

- this will requite a fundamental re-write/optimization of the LHC software



State-of-the-Art in Tracking and Vertex Detectors
3 major technologies of Tracking Detectors:

Silicon Microstrip/Pixel Detectors: Gaseous (MWPC, TPC, RPC, MPGDs):
7 A ‘ / S\‘\\.\‘o R

Fiber Trackers: e.g. LHCb Upgrade: 6 layers of scintillating fibers 250um readout by SiPM array

12 layers covering a
sensitive area of 6 x 4.8 m2
result to the largest
high-precision scintillating
fiber tracker

A. Massafferri




Si-Vertex and Tracking Detectors in HEP: State-of-the-Art

Low mass, pixelated, radiation hard vertex detectors are % “ Hadron vs Lepton
needed for the LHC ILC, CLIC, FCC, B-factories, ...: & _ Colliders:

Spatial resolution

Major challenges:
granularity, speed, material budget, radiation resistance

Sensor-type options (can be thinned to become flexible):
v' Hybrid pixel detectors (planar and 3D-sensors — most
rad-hard technology to-date)

PaEpng eLa ey
Radiation hardness

Readout speed

v CMOS technologies (MAPS, HV/HR-CMOS)

Full depletion monolithic

Ex. Si-sensor main designs

Planar Si-sensors n-in-n = n-in-p 4y / P ———
—_——
e # Belle-1l Pixel

ST 3 B R B R L j
n' pixel (0V) ~Guard Rings B - et — P e || DEPFET
precise timing

e -, /
NS E
Y septon toarawy !

thegieted v

5
g
3

14um

MAP CMOS Tower Jazz Techno. (0.18 um) HV CMOS modified large (left) small (right) collection electrodes

DZ/\'/iACPeS ' : - : - : S ... Mimosis CBM




Si-Vertex and Tracking Detectors @ LHC (Hadron Colliders)

All LHC experiments are based on hybrid pixels = admirable achievement in complex
engineering / integration

Ongoing R&D effort for HL-LHC (Phase Il): Fast readout / Radiation hardness needed
v' Readout in 65 nm technology (RD53 — ATLAS and CMS FEE ASICs)

v' Small pixel sizes 50 ym x 50 ym

v' Output bandwidth 8 Gbit/s

Energy:87 , What’s Next in HEP
nergy: 8 TeV, 13/14 TeV ]
P ~3x10%4 om—2s—1 - (some observations):
'—l

Luminosity:

Sl

v. Going to smaller node sizes does
not necessarily guarantee radiation

“‘ * = hardness improvement (e.g. RD53)

W i ATLAS 1BL

10 e t Barrel Stri APy |
z A * Loag Barvel Sirfhs T

v' The impact of “digital” is still very
small in HEP, replace “quantity” of
data with “quality” of data

1 E

= CMS Phase | l

v" More exotic technologies (TSVs,
T T wafer stacking, a_dv. packaging...)
silicon headad for may become available also for low-
new construction volume, but history teaches one
D, A should bet on mainstream
opportunities




Belle Il Pixel (PXD-DEPFET) and Silicon Strip Detector (SVD)

Pixel and SI-Strip
Detectors
@ INSTR2020 |G

* Layer2 of 4 DEPFET sensaes - AN

o rutd o 22 moc L 120 men ’ . - SHkon wertes aetecror (WO

= Mure tathres Swinils o batbus sades r . of doutie-vded slcon stnp 1emades, 172 In total
g SIrips On the p-side, 753 (312) shps on the n-side

& 1e 3980304, 135 mm: L« 600 frim

& Toral seasnr aren 1.2 m*

Requirements ATLASpix CLICTD
(CLIC Tracking Detector)

o
Silicon Pixel Detector R&D for CLIC: © 4 HV-MAPS (designed

for ATLAS-ITK) ! ie:ijal(rsi?nl?:ridos?

* monolithic CMOS _— oy M 110 mm (pixel size) 130 ym
2, 38 s timing resolution

- ATLASpix simple . D " ~5ns

180nm HV '(_:M OS prOCESS y ’ - - at ~480e thres [not )el v!ul!y optimiz

with a large collection electrode N ; : material budget
S : < 200 ym 62-100 ym 300 ym

CLICTD \ ‘ {50 pm possible) | (40 um to be testad)
180nm CMOS imaging process ENITel=\e[=11 efficiency
with small collection electrode > 99,7-99.9%

ATLAS Strip Detector System for HL-LHC:
17,888 strip modules required (barrel + end-cap)

Preliminary "
LS, stream 1, ASIC 5
8 soov,5.1-10%n,,cm=7g X

A. Rodriguez

EEE R

T e : Irradiated
A '
. e . module
’ — == ] +  performance
h N QRERDSAR :
. . - QRBU=2R :
Long Strip module ! Short Strip module RO module i _ [ RETRTIC-N, OI Poy OR WO PP
= = 0.5 0.7 08 0.9 10
k - p— : Threshold [fC)




More than ASICS and sensors, we have to take of all aspects —
mechanics, Integration and cooling, etc ...

Trigger

Data Transmission

Mechanics Integration

Keeping the radiation budget under control needs efforts in all areas below:
» Advanced powering schemes

» Advanced materials and integration

» Heat management (cooling) integrated in the detector design



Optical Links, Powering Schemes, Mechanics and Cooling

v' Current link implementation based on
vertical cavity surface emitting lasers
(VCSEL)

v" Higher bandwidth requirements could be
addressed by silicon photonics and
Wavelength Division Multiplexing (WDM)

Belle Il PXD Support and Cooling Block (SCB)
printed in stainless steel potential of additive
manufacturing has to be exploited also inside
trackers

» DC-DC powering widely accepted in HEP
> Serial powering will be used in Phase-2 pixel detectors

|Where

Fromt-end

"ol module C-DC Patch panel
LpGET, VIRx+ C-DC Patch panel
Poel modules

{Endcap calonmeter Séhcon modules, LpGET, VIRx+ C- Patch panel or front-end

;Ban-l calonmeter Crystal ADC )C-DC Fromt-end

:Muon systam (GEM) Chambers o-DC Front-and

irll\’l-'l-g detector Readout, LpGBt, VTRx+ C-DC Fromt-end
Strip madules, LpGBT, VTRx C-DC Front-and
LpGBT, VTRx+ C-DC Patch panel
Puel modules

Tile calormmeter Electronics 2C-DC Patch panel

{Uquid argon calonmater Electronics -DC Front-end

i?-‘uov\ MACIOMmeg as GBTx, VIRx C-DC Fromt-end

! Poal modules, GBTx C-DC Patch panel

ip\hé' tracker Fber modules, GBTx, FPGA -DC From-end
Foel modules C-DC Front-end

Silicon modules C-DC Patch panel

~ 280mm 50 bar, 1.7 gr

ALICE ITS2 Stave

CLICdct Vertex Forced Air Cooling




Are We on the Verge of the CMOS Revolution in HEP ?

CMOS image pixel sensor invented in the early ‘90 BRGNSV NTOSNSNNERER /L track resolution achieved:

CMOS MAPS for charged particle tracking was
Initiated for ILC in 1998 (many deployed by
nuclear physics community these days)

MAPS Radiation tolerance: ~102 neq/cm2
Partial depletion extends the operability of
MAPS to ~10%° neg/cm2

ALICE ITS Upgrade @ LHC

Ultra light system to improve IP resolution by = 3
- Installation in LS2 2019-2020
- 7 layers of MAPS =~ 10 m? with 12.5 Gpix

- e.g. 28x28 um2 & 0.3% X0/layer from 20-40 mm

New ITS Layout

Also proposed for CBM MVD @ FAIR

Vertical residual | mini-vecto

.....

|||||

A Rave

STAR HEAVY Flavour Tracker @
RHIC(2014):
Ladder with 10 MAPS
sensors (~2x2 cm each)
mounted on carbon

on ~0.16 m?(Si);
50 um thin sensors;
20 to 90 kRad/year

Recent advances:
» Moving towards smaller feature size
(180 nm, Tower Jazz)
> Higher-resistivity substrates
(few kOhm cm) - HR-CMOS
» Promising timing performance (double-sided
CMOS ladders = mini-vector concept)




Advanced Concepts in Gaseous Detectors
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Pestov

Counter
V.Peslov 1982

__ o

RPC

Resistive Plate Chambers
R.Santonico R.Cardarelli 1981
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Multiwire Proportional Chamber i
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Gas Electron Multiplier ~ N AR -4
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Micromegas
L.Giomataris et al 1996




The Evolution of Drift Chambers at e+e- Colliders

past present
= MARK2 Dnift Chamber MARK2 Drift Chamber VEPP2000 CMD-3 Drift Chamber
MARK3 DR Chamber PEP-4 TPC VEPP4 KEDR Dnft Chamber
DORIS e PEP MAC Drift Chamber BEPC2 BES3 Dnft Chamber
ARGUS Dirift Chamber
i HRS Dt Chamber S.KEKB Belle2 Drift Chamber
SRS OO BEPC BES12 Drift Chamber
VEPP2/4M KEDR Drift Chamber
— e future
) Drit Chamber
DELPHI TPC ILC ILD TPC I
LR L3 SiD : S A
OPAL Drift Chamber cLuc | cuc | S
LA . MARK2 Drit Chamber FCC-ee &b/ 3 i
SLD Drift Chamber oo P c"""”'"‘ :
Baseline TPC [ St
DAPHNE KLOE Dnifi Chamber CEPC
e S | IDEA Drift Chamber
TRISTAN | Vvenus Drift Chamber PEP2 R Drift Chamber SCTF 8INP PP
TOPAZ TPC KEKB Belle Daft Chamber STCF HIEPA Drift Chamber

Lesson #1 - from "open" to "closed" cell

closed cells limit the very long tails in the drift time distribution

° Closed ‘wallc maala tha tima ba dictanas ralatinne lace dAanandant leam

metac | egson #3 — small cells and He gas

« square

« smalldi *

.. but .

» portions
envelop

« small ra
use of il
contribu *

« some pt

He radiation length 50x longer than Ar

slower drift velocity implies smaller Lorenz angle for a given B-field

He has a smaller cross section for low energy photons than Ar

small size cells limit the electron diffusion contribution to spatial resolution
small size cells provide high granularity (improving occupancy) and allow
for a larger number of hits per track, improving spatial resolution

but

portions of active volume not sampled between the cylindrical envelope of
axial wires and the hyperboloid envelope of stereo wires

accumulation of trapped electrons and ions in a region of very low field
longitudinal gain variation at boundaries between axial and sterao lavers
spatial resolution dominated by ionization statistics fo
adding more quencher o compensate, mitigates the |

Lesson #4 — full stereo configuration

« no gaps between axial and stereo layers which may trap ions and
electrons in reainns of verv low elentric fieid

con
larg
ma>
tWO -

C

but

* Ope
fron
* comn
Z (re
* con

F. Grancagnolo

Lesson #5 — summary

the configuration offering the best performance in terms of
momentum resolution is one with small, single sense wire closed
cells, arranged in contiguous layers of opposite sign stereo angles,
obtained with constant stereo angle transverse projection

+ the gas mixture is based on helium with a small amount of quencher

(90% He / 10% iC H,;, KLOE gas) which, besides low multiple
scattering contribution, allows for the exploitation of the cluster
timing technique, for improved spatial resolution, and of the cluster
counting technique, for excellent particle identification

suggested wire material is Ag coated Al, but lighter materials are
under scrutiny (like metal coated carbon monofilaments)



Drift / Multi-Wire Chambers @ INSTR2020

Drift Chamber of the MEGII Experiment:

wmall ocll chamber mvtallaty

Belle Il Central o
Drift Chamber:

=t 1

7 G. Tassielli
LR ] " ‘. CDC acceptance
| ! S | | CDC full layer
acceptance
1) 38

60 out of 1200 wire broken (corrosion issue)

N TN

N tull layer

e 'a\cceplance’!
. : Install chamber in 2020
e e for final commissioning
i : / data taking
24
3
Small-Strip Thin Gap Chambers for ATLAS Novel Focal Plane Detector Concepts

for the NSCL/FRIB S800 Spectrometer

_~Plastic Scintillotor
e TCF

Muon Spectrometer (NSW) Upgrade

™
Reactzon target
D . P U d Z h a 100-400ne cne

Hodu:coné
e e tagg-y

e
Two C20Ce 1 t—v wte 300D ow stecthve o
filled wak CPENAORICH

) Slaw detector P ow rete («8Mz) i -) Sow detactor P low rute («5kNz)
~) Low SNR =) Pagrtion recalution # <imm PWHM

Installation of a first i =y, | i /> i | | Arhs protdems
NSW in ATLAS in i - \
autumn 2020 Goal: development of new readout concept based

on a Hybrid MPGD-stricture (MM +THGEM)

to replace cathode-readout drift chamber



Some Detectors in Particle and lon Physics using TPC

PEP4 (SLAC) v" Invented by David Nygren
(Berkeley) in 1974

v' Proposed as a central tracking
device for the PEP-4 detector
@SLAC 1976

» More (and even larger) were
built, based on MPWC readout

» New generation of TPCs use
MPGDs: e.g. T2K, ILD (ILC),
ALICE TPC upgrade

ALEPH (CERN)

- ‘?‘A



Time Projection Chambers @ INSTR2020

CYGNUS-TPC project multi-ton gas target for
DM as various TPC detectors distributed in
underground labs. Combine:

TPC with MPGD readout for CepC Collider:

Operate TPC at higher luminosity

= MPGD (GEM) + Optical readout > No Gating options H. Qi
= Negative lon TPC technique

G. D’lmperio

_ Option 1: Pad TPC based on GEM or MM
CYGNO roadmap and synergy with INITIUM Option 2: Pixel TPC / GridPix

RO CYGNO-Phasel  CYGNO-Phase2 - Complementarity with ILC TPC developments

2

G ROMAILNF  @LNF & LNFILNGS 2 g 1BF of double mesh MM @USTC/ Jianbei Liu

| s ‘ CAGNO

18 sCMOS
1x1m? area
2 x 50 cm drift realons

erc

- N
. omy .
{ -—-v‘--ﬂ-rbv%i‘--—‘—~-~"-— S
W00 o 0 YOux C

Gain (I

S. Movchan
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Technology-oriented R&D COLLABORATIONS

Originally: ”Cell” approach, oriented to select the different LHC experiment detector
technologies - CERN DRDC program (90’s)
- http://committees.web.cern.ch/Committees/obsolete/DRDC/Projects.html

Today: Successful approach to streamline effort/resources, handle new techniques and
common components to on-going detector engineering developments or production:

RD42 — Diamond detectors

RD50 - Silicon radiation hard devices

RD51 — Micropattern gas detectors

RD53 — Pixel readout chip for ATLAS and CMS

- In general, large collaborations of interacting institutes
- Good model, allows to consolidate resources — especially peope
- CERN is central, but support needed from other labs and agencies

Other R&D Programs - ILC and CLIC

= CALICE high granularity electromagnetic and hadronic calorimeters (since 2001 for ILC)

- Developments of Monolithic Active Pixels (MAPs) (since 1998 for ILC)

Complementary/commonalities of technical options in different program can be exploited

- CALICE enabled high granularity calorimetry choice for CMS HL-LHC upgrade
- MAPs enabled application in EUDET telescope, STAR (RICH), ALICE ITS, CBM vertex



Micro-Pattern Gaseous Detector Technologies (MPGD)

» Micromegas

> GEM

» Thick-GEM, Hole-Type and RETGEM

» MPDG with CMOS pixel ASICs (“InGrid”)

» Micro-Pixel Chamber (mPIC)

Micromegas

Anode Mesh
@‘W“JTWW}
‘: ag } .,‘h T A AR A A
“;;: %,‘:L "| a2 B a
‘;’ Q{l‘ ' " ‘: €Y VY Y Y
-.s ; ‘b‘ . :‘:‘. B &l a0 Uat ]
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THGEM | |

2 = nversion G 'V\o"
: ::‘7 ot tim o ole \
o \ v 1t ._‘ ! .
ooy’ whee o { ‘1;!_,
Transfer Gap Ver. % e :':?do Strip
¥ ] S

Rate Capability:
MWPC vs MSGC

Drift Chamber

gain _,

=

~ Relalive

Cathode Plane

1E,
MHSP Top
\ Cathode Strip

| |

Induction Gap




World-Wide RD51 Collaboration
Started in 2008: approved by the CERN RB for the third 5-years term (2018-2023)

WG1: Technologies & New structures = R&D
support for experiments and LHC upgrades

WG2: Characterization & Detector physics
WG3: Training and dissemination

WG4: Software & Simulation Tools

K. Gnanvo

Expertise & people Tools & facilities Activities

/ \ /Detector
CERN GDD team GDD Lab MPT Workshop Thin Film Lab physics Generic R&D

L Ul

80 »

P -
== 1

Meetings &
RDS51 groups Test Beams Simulation Tools Electronics conferences Industrialization &

. ‘ oA -—ms > . - —
955 i

RD51 proposal for extension beyond 2018: arXiv: 1806.09




Developments of scintillation light readout of
MicroPattern Gaseous Detectors (MPGDs):
GEMSs, Micromegas, ...

v

ANANEA NN

Optical Readout of MPGD’s @ CERN GDD Lab

Optical TPC (Combined electronic + optical
readout)

X-ray fluorescence High-res beam profile
Ultra-fast optical readout (TPCs, beam monitoring)
Low-material budget, online beam monitoring ,
Detector physics studies .
among other applications...

Courtesy CERN GDD group

Particle tracks X-ray imaging

Optical TPC Low-material budget, online beam monitoring

Beam
X7Y position

Jitra-high-spesd - OQ
camera

mags disiribution

Beam profie
processing

Pariicle beam

Electronic signals from
transparent ITO anode

Ultra-fast CMOS: image sequence at 700 kHz < 0.7 mm water equivalent thickness



MPGD Applications @ INSTR2020

MPGD with VMM3 ASIC and SRS: Cylindrical GEMs for BES-IIl Experiment:
X-Ray Imaging / Fluoriscence

the RD5S1 collaboration fo

nberg

MPGDs for CePC Digital calorimetry:

» GEM (dead area using self-strechning
technique is hard to reduce);

» RWELL with resistive layer DLC (diamond-

» Like carbon)is promising

D. Hong

E. Kulish




Development of Large-Area MPGDs for Colliders

GEMs for CMS Muon System Upgrade: Resistive MM for ATLAS NSW Muon Upgrade:
v' Single-mask GEM t(instead of double-mask) Main issue encountered: HV unstability
v' Assembly optimization: self-stretching technique: ==>found to be correlated to low resistance of

resistive strip anode
==> applied solutions + passivation in order to
S. Calzaferri deactivate the region where R<0.8 MQ

Time to assemble chamber: 1 day

i i

Validated Super Chambers GEM Super Chamber mountted in the GEM Super Chamber installed on the
lowered to CMS installation jig nose of CMS experiment

experimatal cavern

L

Different Resistive protection approach with Micro-Megas

High rave detectors

“study ki it

2 "DLL" Sequential Build Up

Simple DLC material ready for large-size detectors; need to improve « DLC+ » material (Cu adhesion)



R&D on Resistive MM and pWELL for High-Rate Applications

Pixelated Restitive MM Studies for high rates (~10’s MHz/cm?):

PAD-Pattemed resistive laver Doutide DLC (Diamond Like Carbon)
unifonm rasistive layer

l"".'i.

Aoty

X = Mesh
v PAD-P (pions) BB Dusd

Reosistive pad

® DLC20 (pons} .
A S8 (pons) = = W Embedoed resistor
T T S — - -~

reschution

« Embedidad resistors by Scoresn-Printing
> « Resstve pads by paste filling of photosrmaging
v Y 4 created vassals * Same concapt of uRW
(gee G.Barcivennl &t al, 2015 JINST 10 @006
520 530 580 « @ach pad is totally separated froen the others, tor
Ampltication voltage (V)

« Double DLC layer with connestion vias 1o grouncd

the anode, as will &5 1or the resstve part
nary “faw® mm

» Quite significant charging-up that nevertheless saturate > Best performance with the “low resistivity” DLC

at 0O(1MHz/cm2) (~20 MW/D) and with fine network of grounding vias(~6 mm)
» Degraded performance on energy and spatial resolution » Robustness not yet at the level of PAD-P a the

compared to DLC DLC-SBU technique promising but not yet conclusive

LWELL Studies for high rates (~10’s MHz/cm2):

Conductive vies M. Giovanetti

-+ CC
- u-TPC
— Combined A Rate 2 10 MHz/cm2

[ x:5G1 =502
“x:DLR e n';: SG1
*x" 8G2 *n' SG24+

Space Resolution (um

% ; : Pre-preg
Double-Resistivereadout :
Layer (DRL): 3

ilver Grid ($G):

10 21
Flux (MHz/cm®)
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“Intelligent Trackers”: Frontier Application for HEP?

| : ; Trigger has to become ,smarter‘ = use tracker
CMS Level-1 Trigger System: information in an earlyL1 trigger stage
@ Successive steps: rate reduction, increased granularity and complexity.

@ v' Cannot send all hits to trigger at 40 MHz - local
= Level-1 Trigger (L1) ”‘ “intelligence” needed to reduce rate (only tracks

St e with pT > 2 GeV are sent to tracker trigger)
¢ Calorimeters and muon :

detectors v

| ~40 iz

Level-1 Trigger

“Particle Flow” approach now possible at L1
trigger — use information from all detectors (e.g.
| ~100 iz .o ' High-Level Trigger (HLT) trigger on secondary vertices using NN or
e MO« Software "anomaly detection” by machine learning)

¢ Full-detector information
o ~300ms

“stub’

‘\> pass
(A PERRERERPERER | P
l1+4 mmI

y -
|(_7. PEPFREP

N

“Mini-vectors” concept for ILC Vertex Detector: it

<« 105 rate reduction!

M. Leitner

B ithout trigger DOUBLE-SIDED CMOS LADDERS for ILC:
- Develop concept of 2-sided ladders using 50 um LSSCL:;;S: |hr: ghfil phr?]::Iggtil:lggln; %n Lt cf; e
thin CPS = “mini-vectors” providing o J J
high spatial resolution & time stamping :
time stamp& 16x64 pm?2
- Realization of double-sided ultra-light ladders (PLUME)
equipped with two complementary types of CPS

- Introduce NN in CPS to mitigate data flow from
beam-related background

~ spatial resolution




Advanced Concepts in TRIGGER @ INSTR2020

LHCDb High Level Trigger System: FPGD-based algorithm for PANDA CALO:

Baseline DAQ GPU-enhanced DAQ

1200

From CPUto [JEEECETTIES pcolions ¥ oF I

40 Tois | 40 Thits ‘ 1000 4 ’ Linear CFD

GPU-accelerated Ly =y . : -
o281 . (Cevent buiding ) OEE0)  (event buikding Major nmprovement in time resolution
3 xBS servers X006 servers ano +
trigger 800

Coo iR | 0500) —r 5 Reason: ' . .
St XY GPUS ' CFD uses linear interpolation
(~OX1000) X84 servers — 600 1 OF uses known pulse shape
HLT ) 3avhes) ¢ =Canstant term decreased by > 50%.

Under investigation: [ -
- OL1000) 288 servers
in a few months [ o ] [ oy 1 «
( )

-
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(Allen project)
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A. Poluektov 80 Ghits y w0 cbats | yy |

worage storage Method allows to reconstruct pile-up events

Belle-1l Level-1 Trigger System:
Main triggers (CDC and ECL) worked as expected

Belle-1l Calorimeter Trigger:
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ATLAS TRIGGER / ELECTRONICS @ INSTR2020

ATLAS NSW MM Electronics for HL-LHC:  ATLAS MDT Electronics Upgrade for Phase-Il:

fag/Or
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TIMING Detectors with a few 10’s of picosecond resolution
LHCb TORCH 15ps5$ Focusing

—

Fast development of precise timing sensors

Photon [ ™

{one of many)
Collision ————
e — |
e L

* Expected to install in (wagI'apm] detector

Potential
photon paths

— Pileup rejection in HL-LHC - 4D tracking for
ATLAS/CMS ~ 10’s of ps & 10’s of ym per MIP/pixel

— Reconstruction in calorimeter 2 CMS HGCAL

— Time of flight and time of propagation (PID) 2>
new RICH DIRC applications ~ 10’s of ps & 10’s of : »
Mm per MIP/pixel) : / 2

— General push for higher luminosity at LHC, Belle-ll, | " LGAD 30 s
Panda, Electron-lon Collider e

MCP-PMTs

Challenges:
— Radiation hardness
— Large background environment
— \Very large detectors applications 2

2 . | Experiment or Maximum rate Maximum
System aspects of timing (e.g. Bacn tust anode charge
precision clock distribution systems) g ——=

Pands Endeap

; MCP-P TORCH test T4 Clem’

[ MCPPMT | Belloll | <aMHuMCP iphotoms) | - | %0130 puphowoa”
40MHzem (tracks) | - | <34 Jsingle sensor
| Bomiest |

) g Beam test (electroes)
|__SIEMT (hi Beam test - quictz rad_ < 107 eeutronsicar

SIPMT (high gai Beam fest - scint. tiles "< 10" neutronsicar

" Mesaued 15 4 ot
** Papoct in the fimal experiment
*0¢ Suxus of the present gxpenment




Examples of High resolution Timing Detectors at a
level of ~30 ps for MIPs, and ~100ps for single photons

ATLAS High-Granularity Timing TORCH DIRC at LHCDb: - :
Detector (HGTD) with Low Gain ALICE-like MRPC TOF counters:

Avalanche Diodes (LGAD):

Cathode pickup S i
electrodes | |

Ditferential signalto |\ \\
front-end electronics \




JTowards Large Area in Fast TIMING DETECTORS

Large Area Picosecond PhotoDetectors (LAPPD):  Generation-1 detectors: Strip line readout is

now commercially available from Incom, Inc.
Requires large-area, gain > 107, low noise, low-power, long life,
o(t)<10 psec, o(x) < Imm, and low large-area system cost

Realized that an MCP-PMT has all these but large-area, low-cost:

(since intrinsic time and space scales are set by the pore sizes- 2-20p)
Incoming

@& charged particle

window ——

Radiated Cherenkov
Photocathode on & photon
inside of window : Photo-electron

. y from cathode
Pair of micro-

channel plates ——3

Output pulse of

L e—"10" electrons
3> -

. US provisional Patent (62928598) submitted for a batch
RF strip- &&= s production using 'air-transfer’, capable of

line anode — .
Electronics for LAPPD - V. Shebalin talk $00's of modules /week

Gaseous Detectors: Micromegas with Timing RD51 PICOSEC-Micromegas Collaboration

Cherenkov radiator + Photocathode + MM Timing (MIP test-beam): Csl/DLC PC:

£/ nal = 7326/ 48

: .n'"} o= 27451 4+ 00004 ns
E 6 = 24pS ‘ ) 0,=208+03ps
x | { 0323884 Lips

1 \ Oy 2040308

Normalized sample’s QE performance

[ z
26 2,65
Signal Arrival Time (ns)

auer

A;F. B.runb
Towards large-area: stability (res. MM), PC robustness, large-area (from single to multi-pad)



TIMING DETECTORS for ATLAS / CMS Phase-ll Upgrade

High-Granularity Timing Detector (HGTD) for ATLAS Phase-Il Calorimeter System:

Low Gain Avalanche Detectors (LGADs) readout by FEE ASICs (ALTIROC):

S
08y
== HV connector

HY wire-bonding

Bump.donding

Si1MeV,, ,, fluence with SF 1.5 [cm”

g

after irradiation:

c ~ 50ps

L. Garcia

HGTD Test Beam Preliminary
RUN 10924 CNM WUS100¢ (Ga) Je15n _|

AL
-~
et ene g

40 50 60 70

Radius [em]

MIP Timing Detectors (ETL & BTL) for the CMS Phase-Il Upgrade:

BTL: LYSO bars + SiPM readout: ETL: Si with internal gain (LGAD):
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LGAD sensors are common ATLAS/CMS development




Detector / Materials R&D for Fast TIMING Applications

ATLAS AFP-TOF Detector in LHC Run 2:
pileup suppression; possibility for a dedicated trigger
Operated in 2017; will be re-installed for the LHC Run3

' L /‘
Sir ,

p?

5 L
"'?’ 'l.»
_ToF: Ceren oV "o

4 Trains x 4 Bars "
o= 36‘p‘§/8ar Ve

- SiT: 3D Pixels
S50pum(x)*x250pum
g,=7 um/track

Shes T. Sykora ~ ‘
McCPp.-. ey 8" f

_ P-PMT | P ‘
3D-Trench Silicon Sensors R&D for LHCD :

Frist 3D-trench batch
Delivered in June 2019

Trench geometry
(TIMESPOT)

~ 27 ps
(70 MeV pion test-beam)

BEM NV (0.0 &V WO 1182 mm ! VEGA3 TERCAM

View Befit: 103 g Dot 56 ‘N’

A. Lal

e Mcio nana Faoury

SEM MAG I Tk Datefavay | 1IN

Timing Wall Detector for HF CMS (3 < n <5):
Timing Wall Module (TWM)

TWM- extended logical continuation of PPS approach - the measurement of
weakly scattered beam protons. Long flight base allows to detect protons in high

rapidity region.
TWM consists of two parts:
1. Timing Part - Quartz Tile with PM MCP Readout (direct
b 8 Cherenkov light), ¢=10° (matching with HF), 4.8 < < 6.4
2. R-spatial Part - for R measurement and Time correction
= (scintillator LSOIGAGG + quartz fiber).
Repeats Quartz Tile geometry with equal rapidity Interval

n= 0.2 or with equal Time spread.

Multipurpose scintillation materials
Materials allowing at the reshuffling of their composition a detection of different kinds of

the ionizing radiation )
M. Korzhik

Example:

/ dopedwithCeorPr:
Xerays
a-particles
soft y-quanta




Advanced Concepts in CALORIMETRY

2 concepts:
homogeneous crystals & sampling

Main techniques, depending on applications:

Crystals (ultimate resolution)

Scintillator (sampling)

Liquid Noble Gas (intrinsic rad. hard)
Particle flow calorimetry (SiwW-based, 5D)
DREAM (Dual readout)

AN NI N NN

Silicon sensors expand from trackers to
calorimeters (if budget allows):

- ECAL +
HCAL endcaps
v' Proposed: o | /1] flllingeRasERassat
- preshower- 4 forward Si-layers

(low gain) for precision timing

v" Proposed: few Si-layers for
(in shower maximum)

v'  Possible: applications in near detector
systems In
v Possible:




ATLAS Calorimeter & Upgrades @ INSTR2020

ATLAS LAr Performance / Upgrade for Phase-l:

LAr impurities remained stable during Run 2
LAr provides the most precise timing in ATLAS

U8 pprrimrr o rrTr iy
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ATLAS Tile Calorimeter Performance:

Hadronic scintillator-steel sampling calo Instantaneous lumi Test-beam with new readout electronics
(measure 4-vectors of jets, MET, L1 trigger) measurement:

~ ATLAS miermal Frotoss % Data BWMC
Tia Calonmedar

F 4 Duta 2015 (=13 TeV

——— Polt tit: Hx)e 13455801 832 2~ 0.405 2000

ATLAS Preliminary b« 008 2002

Wr hadronk - Tie Calorimeter

and-cop (HEC)

EBC.mod 22.ch 17 current [nA]

0.0
R
1]
-0.02
S04 o e =
018 015 02 021 022 028

Current/f(x)

Inst. Luminosity [10%cm?s




LHCb and CMS Calorimeter Upgrade @ INSTR2020

LHCh Calorimetry Upgrade: Radiation Hard Scintillating crystals:

Phase I

» PS/SPD removed: no need for particle ID in LO

» No change in the present ECAL and HCAL

Phase II:

» Central area: radiation doses of up to ~ 1 MGy and
neutron fluences of up to 6-10'° 1MeV neg/cm ?

(scintillating garnet crystals) | {l:/?wﬂc)
| oh/Me

T = | B decay time (ns)
i Y. Guz

> Outer area: Shashlik is a viable option
» Middle area: not defined yet (e.g., PWO?)

CMS ECAL Laser Monitoring for HL-LHC:

1.0%

Refraction index |

CMS 2017 Preleninary

mass

Inner region, nPV = 10

Energy estimation using XGBoost

AEE =
1.1 }%”’E & (1.120.1)% & (0.620.1) GeV/E
=1 ! 4|{?

W e e Y P—

e b

FOAL Tanw Beam Energy (GeV)

._l < ;'.lvf' =0 s N
date { d:lyv"-.nhl

noemaized 0
-4

lls energy estimation
5xb5 cells energy estimation

improvement

- at h|gh plle up

- o= = Barrg! lavel, remain performing

Phase-Il Upgrade: EB upgrade (pin-diodes,
fibers) + EE complete replacement (Si-based) 02 00 woo%

E gen [GeV]




Crystal Calorimeters @ INSTR2020

Belle Il EMCAL Performance: SND EMCAL @ VEPP2000:
Use Csl(Tl) Pulse Shape Discrimination to improve particle ID Nal(TL) crystals: use timing info to

(hadron component of scintillation emission is present) separate bkg. events near threshold

signol
e'e”—> nonti—n

Eb=951 MeV

Sl i \ 2101132 - 25

T TT NI RIS

Mu2e EMCAL crystal calorimeter: AMORE Experiment: Neutrino Ovpp Decay

B = crystals, each readoUNIEEE Use of Metalic Magnetic Calorimeter using crystals

S nnyren(ave) at 10-30 mK temperature

paramagnetic sensor:
Au:Er MH Lee

Bignal Shape of MMC
'

EMCAL
Installation in
MUZ2E exp.hall

is planned

in 2021

S5QUI0 loop

thermal hink

R. Donghia

R&D ongoing on various low bkg. Molybdate
crystals (FOMOS Materials, Russia)




Advanced Concepts in CALORIMETRY for ILC

CALICE collaboration pioneered developments of highly granular calorimeter concepts

CALICE Highly Granular Calorimeter:
From proof-of-principle with the first generation physics prototypes

Development and study of finely Ce el Si-W ECAL Sc-W ECAL Sc-Fe(W) AHCAL  GRPC-Fe DHCAL
segmented/imaging calorimeters: ,

Tinological prototypes

Sc-Fe AHCAL GRPC-Fe SDHCAL

| LumiCal: 2 BeamCal: Particle identification in the SDHCAL
= precase luminosity =2 inst. lumi

measurement ] % measurement / USing BDT (CALICE'CAN'ZOlg'Ol)

10+ - 500 GeV @ I1L.C - . beam tuning,
102 -3TeV & CLIC $::0 beam diagnostics

0.24=—————————F——— =
0,22 CALICE SOHCAL Preliminary (7" Pion simuiation | j
PpA: |{ 7} Electron simulation | -
0.2:'_ o ‘ ~ Dion
0.18F ¢ ) 1 Elactron
0.16F
014
0.12F
0.1
E

0.0BE

LumiCal Two Si-W sandwich EM calo ata - 2.5 m from the IP (both sides)
30 7 40 (ILC/CLIC) tungstendisks of 3.5 mm thickness

BeamCal very high radiation load (up to IMGy/ year} = similar W-absorber,
but radiation hard sensors (GaAs, CVD diamond)

LumiCal ASIC wir, l<40pum wl(:)<500pum

Allgnment

CVD S
Diamun%

'-’!‘ ;.

JUAERERAYAN

04 0.6
BDT response

Lasor ahgnmont system (LAS) based on
F Scanning Interferomatry (FSI)




Highly Granular Calorimeter for CMS Phasell Endcap Upgrade

Similar trend as developments within the
CALICE collaboration - aggressive time scale,
reality check for LC driven ideas

|~
Key parameters: N B
» HGCAL covers 1.5<n <3 i E sl
» Full system maintained at -30°C IS 77 IS ¢
» ~ 600 m2 of silicon Al T R
» ~ 500 m2 of scintillators {7 I—— 0
» ~ 6M silicon channels, ~0.5 and ~1 cm?2 cell-size [ ) R

[ PESSETETTTY

» Power at end of life ~120 kW of which ~20% is
sensor leakage current

ILD/SiD ECAL: 2500 (1200) m?2

Wirebond protector S5 > | CMS HGC Si-pad preliminary,,

oty

Readout chips
Prirgod careuit Boand

Y
'Z Vawx
- B 11 v A LSO C0000.0.00
— I e e e e
. W e el 008 32 Cot AR
BT ey pave sndeten
. WIS g Al P ORCO 0N AN
WAT L ey e wveamen

o1 4,12 [ne]

Parameters of the EE and FH p 4 [ 3
EE | FH | Total & .
380 [ 209 | 58 >30psatS/N>20

Area of silicon (m?) | 380 | 200 89 . S
Channels 1AM | 15M | 61M A Si-Sensor technology as for . 50 GeV elet'

Detector modules [ 139K | 7.6k | 21.5k . ‘ e A
\\'rti;;l:l (one endcap) (tonnes) 7162 | 365 | 527 traCker targetlng 8” Wafers ‘0

Number of St planes 23 12



ASICs: Evolution of Technologies

frst MOSFET 4 (TSV) e N

Through-Si Vias ID(FFY+ JD, -
25D A5 3GHz

v" More and more functions are

- \Q

integrated inside chips (ASICs P F vl N
.J '5 'Pf o,“ ,.:\**t é-core IT 46nm

@«; 2

Evolution of technologies make them
more and more performant but more and
more complex

T
Kintels0s6 ‘953‘;‘(3“\;@

*iﬂlﬁ 0285

Transistor channel length L
Number of transistors / die

» Cost increases... (MPW costs): A s spacing deem

> — 350 nm : 1 k€/mm? - 100
1960 1970 1980 1990 2000 2010 2020 2030 2040

> — 130 nm : 2 k€/mm? Year

> — 65 nm : 6 k€/mm?

Chlp size also... ihllh(”(: \:l‘l'm:(:l R :l\:m’h: )1(1:1 AM
= CERN targets - 65/130 nm
Applaions to:

= High energy physics (CMS, CEPC)
« Astrophysics (CTA, EUSO)

. - - R L4 A g
BEECalorimeters: SIROCICMS  EASIHOC(ssomogropht) - o toatepeptny (R0
CITIROC(CTA) +  Medical imaging
. A X Startup company : WEEROC
— Require highly integrated R/O .. ___ Linked to CAEN

electronics: System On Chip

— Low power, low noise, high speed, large
dynamic range

— Timing capability down to a few tens ps
— Lots of system issues




State-of-the-Art in Silicon Photomultipliers

Most recent, and arguably most popular, solid state photon detector is the SiPM

Change of SiPM parameters after

A. Gasanoy, V. Golovin, Z. Sadygov, N. Yusipov (1989) very high neutron irradiation:

A new

® sfter 2E14 n, T=-37 C Hamamatsu

& after zm'::;/". (HDRZ):
/ 250000

Number of
photoelectrons [p.e.]

A Nnew
200000 | @ after 214 n, T=-37C S

) ¢ after 2E14 n, T=-30 C
Si0,#SisN, substrate 6% 150000

p-epi layer

”
v-vB[v] 2 100000
n*/p junctions Vbias™ Vao

Significant progress in understanding of SiPM

physics was achieved during last 5 years: 8 P ;Zii7nc,r=.s7c .
g L W
E wt
2 o
5 i
v" Reduced correlated noise é —
= cross-talk, afterpulsing 2 cexipabat )
v" Improved PDE (50-65 %, blue-green light) o Lkl
v Reduced dark noise ey
: ; 02 04 06 08 1 12
v" Encouraging results with 15 ym cells V-VB [V)
(FBK, HPK) and operation at -30C The HPK and FBK SiPM are still operational
indicate ability to operate up to _ after =~ 2x10 neq/cm? = main limitation is due to
=~ 2x10 neg/cm? Y. Musienko  hjgh power dissipation, caused by dark current

Increase, limiting to operation at AV ~< 1V



Some Examples of SIPM Applications in Experiments

T2K Near Detector: Large scale (-60000)  CMS HCAL Phase | Upgrade: replacement of HPDs
use of SIPMs: Sci-detector with WLS fibers with 20 000 SiPMs - higher QE, better immunity to
S magnetic fields, depth segmentation, timing (kill bkg)
| Light yield | .
Hamamatsu MPPC: —_—

Active area:
1.3 x 1.3 mm?2

HB, HE, HO similar technalogy: scintillator tiles with Y11 WLS fiber readout, brass IR
(steel for HO) absorber. HPD was selected as the CMS HCAL photodetector. 2
The CMS HCAL photedetector upgrade was proposed after several years of

succeasful coeration of the HPDs at the LHC,

SiPM:
2.8-3.3 mm diameter

Y. Musienko

SCIFI Tracker @LHCD: 6 layers of 25 m KLOE2 Calorimeter: SiPM will be used to read-out
long Sci-fibers readout by 128 SiPM array LYSO crystals and W/Sci tiles with WLS fibers

MNCAlT Mo onsrms ~ A ~rirmalk =k T~
VCALT - uadrup ole CALorimeter with Tiles

* 128 (2xE€4) channal SiIPM arrays
+ 250 pm charnel pitch (= fibre diameter)

Hamamalsu
* high pholon detection efficiency ~45%
* low crosstalk prebabikty < 10% i/ &
« neutran fluancae 1-10% n_..'cm: {(1MaV) Y, e
cooling needed to reduce noise 25
R
—

* smal datance betwsen fbess and slicen

Hamamatsu

o, = 1 ns for cosmic muons

4x26=108 pueis
par channel




Advanced Concepts in PARTICLE IDENTIFICATION

Essential to identify decays when Excellent PID capabilities by combining different
heavy flavour are present: everywhere  techniques over a large momentum range

1PC + s TN IR nnnnnm

(dEdx)
A BT L
]

Admirable workmanship in radiators -
and light transport:

HMPID (RICH)

v" Vacuum Photon Detectors TR

— Photo Multiplier Tubes
— MCP-PMT

PHOS

N
— Hybrid Tubes * p (GeVie)
v' Solid State Photon Detectors » Threshold Cherenkov Counters (Aerogel + PMT)

— Silicon-based (MPPC, CCD)
» RICH Detectors measurement of Cherenkov

v' Gas-based Photon Detectors angle / particle velocity or yield) :
- Photosensitive (TMAE/TEA) in gas
- MWPC/MPGD + Csl - TOP principle: 1-time of propagation + Cherenkov
angle (instead of 2D imaging)
v' Superconducting Photon Detectors - RICH+TOF: Measure timing of Cherenkov light
— Transition Edge Detectors - ALICE MRPC.: Gaseous timing
— Kinetic Inductance detectors - TRD: Cluster Counting method (dN/dx)

More = P. Krizan review talk



Photon Detection in RICH Counters

Photon Detector is the most crucial element of a RICH counter

LHCb RICH | and Il Upgrade for Run-lil: NA62 RICH:
* New photon detectors for v' 17mlong, 200m3 vacuum tank with Ne radiato
RICH1 and RICH2: MaPMTs v' Photon detectors: 2000 PMTs
 New electronics @ 40 MHz v' Good test for GPU-based online selection
* New optics layout for RICH 1 (RICH participates in the trigger)

Cherenkov angle resolution: A. Papanestis

Contributions RICH1-2015 RICH1- RICH2-2015 RICH2-
to resolution HPD Upgrade HPD Upgrade
(in mrad) MaPMT MaPMT

Chromatic 0.84 0.31

Pixel 0.60, 0.19
PSF=0.86 0.41 (large)

Emission Point  0.76 0.27
Overall 1.60 . - 0.45

COMPASS RICH Upgrade:

Replace 8 MWPC’s/Csl with S. Dasgupta
hybrid (THGEM /Micromgas)

WIS COMPASS

quartz event
display

* Exploring a possibility to use more robust PC:
hydrogenated nano-diamond crystals
 R&D towards compact RICH for the future EIC




Irends in Aerogel Radiator RICH devices

Use of focusing configuration: ARICH (Belle), FARICH (PANDA, ALICE, Super c-t)

Thicker aerogel =2
parallax error increase

F ocusing

BELLE-II ARICH:
Two 2 cm thick layers of aerogel radiator:

Photodetector:
*  Silica aerogel radiators: S THAPD) Hybrid Avalanche
to produce Cherenkov photons 7 s sl photo-Detector (HAPD)
- 248 aerogel tiles in total. ‘ to detect Chrenkav photons
= 420 HAPD:s in total.
Readoult electroings:
Mounted on the backend to

[ser uiu._!‘

readout photon signals.

Helle 11 20009
pretiminary \

Good agreement between
) DATA and MC

2 3
thararim Xy

SAER SO e | | Tt panel

Forward RICH for PANDA:
Focusing 2-layer aerogel configuration

DiRICH FEE (GSI)

* Designed for H12700 reacout
¢ 12x32ch preamprdiac+TDC

* 2 Ghbps output link

| Mirrors

\‘ o Flat

] * 2 mm float glass

Aerogel radiator

¢ Focusing 2- of 3-layer aerogel

* nel.08 Photon Detector

¢ 3x1m'area H12700 MaPMTs (Han

o OR, mm'

* B7% active/total an
* SaB anode pixels of

Test-beam results in
good agreement with MC



Many Clever Techniques for Ultra-Fast TOF and TOP

Fast progress in new DIRC (Detector of internally reflected Cherenkov light)
- RICH/TOF counters with excellent timing (MCP-PMTs)

GLueX DIRC @JLAB:

Four BaBar DIRC bar boxes transported safely

from SLAC to JLab, comblned with new

A Mirror
Box

Barrel DIRC Design:
based on BABAR DIRC and SuperB FDIRC
with key improvements
« Barrel radius ~48 cm,
expansien volume depth: 30 cm
« 48 narrow radiator bars, synthetic fused silica
17 mm (T) x 53 mm (W) x 2400 mm (L) ’ Endcap Disc D'RC (EDD)

4 Compact photon detecion ) * Four intpersdin
30 om fused siica expansion volume " !‘\;7:1”"':':::’“ Pt S sl S
8192 channels of MCP-PMTs
in=1T B fisld

4 Focusng optes: spherical lens system

: -r
* Fast photon detection CLMe wih focuing elments
fast TDC plug TOT elactronics, Y9Nl NGS5 RN Saeenin

C. Schwarz

Belle-Il TOP Detector:

Based on a DIRC concept: instead of 2D-imaging,

= Cherenkov ring imaging with precise timing

vQuartz” optics {2 700 )
MCP_ m Mirror end

M /,A(mnwn.u
PMT w450 mm, 20 tnm -~

Internally reflected Cherenkov photons
bounce off 2 100 times at the large faces.

cos@, =1/n6 / 6.
BT /' S
N~ 7/ <
: TOF
V. Shebalin |y

O30p

V7 .tv'f

. R =
-

Conventional: " E
slot10-16 W slot03-09

- =~

PMT hit rate follows
17" background campaign
+ 120 MHz/PMT const,

4 6.5 3months | § PMT gain is 3ES.
Operation «» « > o . s

PMT replacement

Janf2019 2020 2021 2022 2023 2024 2025 2026 2027 2028




Particle Identification (PID) for Electron-lon Collider

RICH Detectors for Particle Identification @EIiC MRICH:

TOF (and/or dE/dx in TPC): can
cover lower momenta

v" dRICH: dual-radiator (aerogel & C2F6) RICH
v" mRICH: lens-focusing modular aerogel RICH
v hpDIRC: compact fast focusing DIRC

J. Schwiening

GEM

solenoid coil (1.5-3T) 10x100 GeV
Q*> 1 GeV®
) |
LN B
el 2 L ;8
=il he ' — = pe— e i
o
I [ Central trackor 8 \ :
2 H ,
Endcap |
B |

trackers

. |
§ -
3.2m HL‘!JII‘,‘

Generic R&D: combination of proximity focusing RICH + TOF with fast new photo-
sensors (MCP-PMT or SiPM) using Cherenkov photons from PMT window

Cherenkov photons g Cherenkov photons
from aerogel y 22 from PMT window can
. ‘ v 1302 be used to positively
identify particles
below threshold
in aerogel

Cherenkov photons :
from PMT window i Py . i
e P. Krizan
aerogel MCP-PMT timie [ Ibin=25px]
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Ultra-High Energy Cosmic Rays: Present and Future

Telescope Array Collaboration: Arrival directions of highest energy cosmic rays:
PP < L TA) detecto Large Scale Anisotropy and Hotspot
c—w |,

Vit riace Detector (s An anisotropy is seen for cosmic rays above cutoff energy

: (E > 57 EeV, 168 events) by TA in 11 years.
— Post-trial significance to see this level of flux enhancement
o~ A — anywhere in TA's field of view is 0.2% (2.9 o).
.\ 12 telescopes
m.:. 5 Biack Rock Mesa (8R)
1 .

The TAIGA experiment - a hybrid array for
very high energy y-ray astronomy (> 30 TeV)

& cosmic ray physics in the Tunka valley Dots - 2MASS catalog Heliocentsic velocity <3000 /s (D<~45 Moc (=156 M s} §

M iyrs] )

The main idea: A cost effective way to construct a large area installation is

commeon operation of wide-field-of-view timing Cherenkov detectors (the non- S|g nificance of excess (re d/ yEIIOW)
Imaging technique) with a few relatively cheap, small-sized imaging Air

Cherenkov Telescopes. IS close to Super Galactic Plane!
V. Budnev TAx4 has partially

p started:
TA SD — TAx2.5 now

H. Sagawa




Advanced Detector Concepts for HypeK Experiment

Third Geéneration Water Cherenkov Detector Hyper-Kamiokande

| 237(187 fiducial) kton
Data taking to begin in 2027

will start data taking in 2027
- 237kton water tank (FV=187 kton ~8 x Super-K)
- 40% photo coverage with 20 HK PMT

Super-Kamiokande
50(22.5) kton
Data taking since1996

Kamiokande
4.,5(0.68) kton
1983 - 1996

%30

I

ND280 scintillator detectors (FGD) for T2K
SuperFGD concept with 3D fiber readout and MPPC

T T

~

-
\.
.
-

S. Fedotov |

7
3

HyperKamiokande goals: search for CP violation @ 5c, proton decay, neutrino astrphysics

New upstream tracker (ND280) to reduce syst.:
» 2 high-angle Horizontal TPC

» 3D fine-grained scintillator target SuperFGD

» TOF system around new tracker

ND280 TPC with Resistive MM for T2K
Resistive MM tested @ CERN & DESY:

~100cm I C. Jesus-Valls

Drift volume

MicroMegas

esolution [um)|

Module Frame

M Central cathode
(MF)

Installation is
scheduled for fall 2021 Drift distan



Advanced Detector Concepts for Neutrino Physics

A coherent elastic neutrino-nucleus

Next generation of Ovpp experiments: _
scattering (CEVNS): n + A 2 n '+A%

probe the inverted hierarchy region

L. Arazi COHERENT Collaboration (LAr detector):
Escoded Ay Komd AXD Zon i » First measurement (3o level) at the SNS (Oak
: Ridge) in agreement with SM (within 1o)
v'  Background for future Dark Matter searches

Lifetime ~1077-107%

INVERTED < years:1signa

in a tonne of

>’ J] 3 » i ] i
g 00 W : volume per year

NORMAL ) Lifetime ~10%° years.
—¥ 1 signal event in 100
tonne of active
volume per year

Multitarget experiment

Distance
I\#L;?gee‘ir Technology |Mass (kg) from A. Kum pan

source (m) evnr
|

Scintillating

crystal 146 19.3 8.5

Csl[Na]

Single-

phase 24 275 20

LAr

KamLAND-Zen

., | Use different technologies/approaches: i‘

N - e s W G W D o W N W W W

Scintillating
crystal 185 — 3338

Germanium detectors
Bolometers

Loaded liquid scintillators
Liquid Xe- TPCs

High-pressure gaseous Xe-TPCs
(Others)

RED-100 is a two-phase noble gas emission detector.  The sensitive voluse 38 cm in diam., 41 cm in

Contains ~200 kg of LXe, =160 kg in sens. voluma, height, s defined by the top and bottom

~100 kg n FV. optically transparent mesh electrodes and
fiwld-shaping rings.

Nossass PMT
arvay

wran
Hamamenin




Ar-based Detectors for Dark Matter Searches

2017 - Global Argon Dark Matter Collaboration e

New design: No liquid scmtillator. No water. LAr only! Great simplification. Overall need: AAr ~(700 +120)
tonnes plus 50 tonnes of UAr.

PMT: ~ SIPMs designed and developed for LAr use in collaboration with FBK,

Acrylic TPC. Move from teflon to octagonal sealed acrylic vessel surrounded by the acrylic Veto,
; Enhanced Speculare reflector (ESR) to improve the light collection in the TPC &\Veta
[ITO = Clevlos. new conductive polymer, no copper rings.

DarkSide, DEAP-3600, miniCLEAN, ArDM

Y. Suvorov

UAr as targer materal. New global commurety, joint effort towards the DS-20k & later ARGO [URANIA ARIA)
ProtoDUNE type cryostat (DurkSide-20k 1s @ recognised experiment ot CERN)

ARGO

_' 300t

detector

Hamamatsu

G i Liie Ar-Scintillation and —Electroluminescence
i B i for WIMP Dark Matter Searches

Construction of LAr high field / high light yield det.

b o Pam s Slow component
= PAL "y & IMT averaoe
Trigger Is PMT R6041- | SiPM-matrix and 4PMT average

taken from 506 MOD *-! <
J— [ Time conslu{)

S$2: by
threshold EL gap
on sum of

4PMTs A
. Drift region g—

Slow component contribution [%]

Unusual slow component has been observed in
electroluminescence signal (S2) of two-phase Ar




It was an exciting week with a lot of presentations and discussions !

TIME TO RELAX and HAVE a SAFE TRIP HOME !

&

THANKS A LOT TO THE LOCAL ORGANIZING COMMITTEE

FOR THE EXCELLENT CONFERENCE !l






