International Workshop on Outlook for INO, IICHEP
and beyond

-
e B

= L L
e ——————

=

=
S|

Status and outlook for particle
| detectors

Peter Krizan
University of Ljubljana and J. Stefan Institute




A ‘typical' particle physics experiment 1: ATLAS

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

Muon Detectors Electromagnetic Calorimeters

ATLAS

Solenoid CERN AC - ATLAS V1997
Forward Calorimeters

End Cap Toroid

i Inner Detector ' .
Barrel Torold Hadronic Calorimeters Shigding
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A ‘typical' particle physics experiment 2: Belle II

KL and muon detector:

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps ,
er 2 barrel layers)
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EM Calorimeter:
CsI(TI), waveform sampling
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Pure CsI (part of \g\\\\
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electrons (7GeV gation counter (barrel)

) Aerogel RICH (fwd)

p
Beryllium beam pipe
2cm diameter

Vertex Detector /
2 layers DEPFET + 4 las .f,r,./

,-; \ = | : | positrons (4GeV)

Central Drift Chambe
He(50%):CoHs(50%), small cells, lohg
lever arm, fast electronics
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A ‘typical' particle physics experiment 3: LHCb
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A 'typical' particle physics experiment 4

HyperKamiokande

260 kton ultrapure water
190 kton fiducial mass: 10xSK

Innermost volume viewed by 40,000
of new 50 cm PMT

©)

50000 tons of magnetized iron plates
29000 RPCs (2m x 2m)
132m X 26m X 20m cavern




Contents

Introduction

New sensors for tracking (and vertexing)
Particle identification

Low level light sensors

Large volume detectors

A very broad topic for a single talk — very hard to cover all interesting
developments - Some subsample, also partly reflecting my own interests,
Feb 19+20, 2021  hopefully broad enough to be interesting for everybody



Where are we?

Intensity frontier:
o Belle II started taking data
e LHCb is being upgraded

Energy frontier:

e ATLAS and CMS are getting ready for a major
upgrade in the next long shut-down

e ALICE is being upgraded

Electron-ion collider experiments:
e Preparation with a very tight schedule

Underground experiments

e INO: gearing up — prototype studies finished, all
detector components ready for industrial prodution

e HyperKamiokande: production of photosensors started




Tracking (and vertexing)

Various needs:

« Lower energies (Belle II): precision tracking and minimal
multiple scattering, few particles in the final state, no event
overlap

« LHC: precision with a high density of particles, multiple
overlayed interactions within the same event, high radiation
load

ExpMC 2 Exp 25 Run 1886 Event 1
Eher B.OD Eler 3.50 Dote 1031120 Time 90922
B EL L E TrglD O Detver 1 MoglD 21 BFfeld 1.50 DspVer 7.50
Plol(ch) 0.0 Etot(gm) 0.0SVD-M 1COC-M 2KLM—M 0 CMS Experiment at the LNG; GERN
% Data recorded; 2016-Oct-14 09:56:16.738852 GMT

Run./ Event /1.5 283171/ 142530805 /.254 %,

real-life event from a high pile-up run
Vs =13 TeV , pile-up = 100
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Vertexing at Belle II:

Momenta of charged particles from B meson decays: p < 4 GeV/c

Beryllium beam pipe
2cm diameter

Vertex Detector /// //

2 layers pixels + 4 layers/str
.

.......

@ o | Beam Pipe r=10mm
| DEPFET pixels
Y Layer 1 r=14mm
) Layer 2 r=22mm
| DSSD silicon strips

Layer 3 r= 39mm
Layer 4 r= 80mm
Layer 5 r = 104mm
Layer 6 r=135mm




ereeaperemel T Pixel detector: 2 layers of DEPFET sensors

FET gate

amplifiepr
clear gate — ’{

L1 L2

# ladders (modules) 8 (16) 12 (24)
Distance from IP (cm) 1.4 2.2
Thickness (um) 75 75
#pixels/module 768x250 768x250
#of address and r/o lines 192x1000 192x1000
Total no. of pixels 3.072x106 4.608x106
Pixel size (um?2) 55x50 70x50

60x50 85x50
Frame/row rate 50kHz/10MHz 50kHz/10MHz
Sensitive Area (mm?) 44.8x12.5 61.44x12.5

| ( DAQ, data red.uction\
Data [y Gpiicalfiber] ROI selection

Optical transmitter PDock Box Ll [ )
] Hub [y opG@iGher ] FTSW, clock, trigger
[ Camera link cable 1 (DHH) ] {
| Ethernet cable I L

| |
Patch | i cable)y ™ [10ptical fbe data) 1 I Ethernet 1

Panel

i P bie I .
| ! Power cable i [ owver ca I | LMU I Ethernet |
\ 7 [ Power cable lI| PS

Capacitors ~2m / ~ 15m

Slow control

Capacitors
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Key R&D aspects for Belle IT PXD

Low-mass modules
— Unique all-silicon module, self-supporting 75 pm thin silicon > 0.2% X,
— Active pixel sensor - amplification of signal from thin silicon
— Low power dissipation in sensitive area

Dedicated read-out ASICs
— Three types of ASICs (DCD, DHP, Switcher)
— Fast front-end ASIC allowing fast read-out for acceptable occupancy
— On-module data reduction

Module assembly procedure
— All assembly steps compatible with low-mass modules

Low-mass support structures within the sensitive
volume and efficient thermal management
- CO, cooling

Feb 19+20, 2021 INO2021




SVD: four layers of double sided silicon strip detectors.

Main R+D areas:

Origami chip-on-sensor concept (readout chips on top of the sensors with flex pitch
adapters bent around the edge to reach the bottom sensor side) for good S/N with
fast readout and moderate material budget

Excellent time resolution (~4ns) thanks to multiple recorded samples and waveform

fitting

CO, dual-phase cooling

Feb 19+20, 2021
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(HEPHY)
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(TIFR)

L
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\ R . Cooling pipe
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BWD module & ooling pipe
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Belle II vertex detector in action




LHCb Upgrade: in progress

Shde View BaAL, HEAL M4 MS
New scintillating M3
Magnet fibre tracker (SciFi) |5

New silicon upstream

Tracker |

Vertex ' - ‘LI
Locator
New PIXEL

vertex detector
(VELO)

R S I R ST

/K 10 | | New RICH2
New RICH1 optics s photodetectors
and photodetectors |

and calorimeter systems
EREE
upgrade »

New electronics for muon L

« 50fb!, 2x1033 cm-2s-1
« All front-end electronics read out at 40 MHz
« 30 MHz avg. input to a full software trigger
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LHCb Vertex LOcator upgrade

The upgraded VELO is being installed to take data in Run III
Operation @ 40 MHz and 2x1033 cm2s! and at 3.5 mm
from the beams, 2.8 Tb/s data rates,

8 x 10> 1 MeV n,, cm max fluence

—100
=. 90

LHCb simulation

m

oo
o

70
current VELO

IP, resolution [
o)
-

30
20
10 upgraded VELO
0O 1 - 2 3
1/pT [GeV¢]
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Micro-channel cooling

LHCb Vertex LOcator upgrade

— 500 um thick silicon substrate with integrated
micro channels (70 um x 200 um) :

e same thermal expansion as sensors
e |ow material

e high thermal efficiency
e cooling power ~50 W

— pressure: 14 bar @ -30 °C, 60 bar @ 22 °C

y [mm]

40—

20|

0|
W s
200 | g
200

§H

-20

Circuitry
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The HL-LHC environment

Radiation levels up to:
— Fluence of 2x10'°1 MeV n,,/cm?

— Total Ionizing Dose (TID) ~ 1 Grad

— Pileup up to 240

CMS Experiment at the LHC, CERN
' Data recorded; 2016-Oct-14 09:56:16,738952 GMT
¥ | Run/Event/15:283171./ 142530805/ 254

real-life event from a high pile-up runin 2016
Vs =13 TeV , pile-up =~ 100
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Silicon particle detectors:
directions for the future

e Extreme radiation hardness — 3D detectors (hybrid technology —
possibly also developments into monolitic)

e Large area coverage for position resolution (mass production) —
depleted CMOS sensors (fully monolitic or hybrid ASIC)

e Timing detectors — LGAD with a possible application of 3D (hybrid
technology)

Feb 19+20, 2021 INO2021 Peter Krizan, Ljubljana



3D detectors

Both electrode types are processed inside the
detector bulk instead of being implanted on the
wafer's surface.

< The edge is an electrode. Dead volume at the
edge <5 um!

. -..\ -'_E ------ = A - .
electrodes ‘ >
n-active edge l I — b By
B
Key advantages : : N N o T S N
eBetter charge collection efficiency over the large
fluence range (up to 3e16 cm2— close to 100%) Limitations
eFaster charge collection (depends on inter-column *Columns are a dead area (aspect ratio ~30:1)
spacing) — very promising for timing applications - but most of the tracks are anyway inclined
eReduced full depletion voltage and by that the *Much higher inter-electrode capacitance
power (hence noise), particularly if small spacing is
eLarger freedom for choosing electrode desired
configuration e Availability on a large scale
eRecent progress allowing also single sided *Time-scale and cost

processing
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Low Gain Avalanche Detectors (LGAD)

e APD-like devices which allow segmentation and high voltage operation close to breakdown
e Pioneered by RD50 and getting more and more attention worldwide (HPK, FBK, Micron)

Key properties

Schematic view of device

ATLAS High Granularity Timing Detector Test
Prototype (2x2 array)

Passivation {, -\‘
_ - ek .. e =l ——
Lo E
T NRing T M’ 1-{/ T B=
CStop PStop ITE  P-type Multiplication Layer  gigh o 3
p-type FZL 1
Lowp 2
p-type CZ I’ g

» Gain very sensitive to p+ layer doping and process parameters (~1e16 - 1e17 cm=3, ~2 um deep)
* Gains of up to 100 achieved giving excellent timing resolution of 26 ps for thin LGADs
* Currently the best technology for achieving excellent timing measurement for MIP — will be employed at

ATLAS and CMS experiments after the upgrade

Limitations:

* Radiation hardness — problem of acceptor removal which decreases the gain with fluence (intensive
search for solution: carbon coimplantation and understanding removal mechanism)
* Regions around the electrodes do not have gain — fill factor improvement

Feb 19+20, 2021
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Depleted-CMOS detectors

e HV-CMOS process which allows monolithic detectors with application of external HV depletion

e First devices produced showing huge potential in all respects: scalability (12” wafers), cost and
integration (everything integrated on chip electronics + detector)

Pixel i ¢ Pixel i+1

NMOS

. T
P-Well
HV deep N-well
14""1 o IW tesissisiatsesatsesatsasattasstsasied
~1000 e
Depleted
@
~1000e '
P-substrate - Not depleted

Key properties
* Different substrates often limited by vendor — up to full depletion of 300 um
* Excellent position resolution

Limitations:

* Radiation hardness — problem of acceptor removal which changes detector performance

* Speed - for timing applications is not yet optimal

* SOl substrates or different other designs/processes including “Shallow Trench Isolation” affect
charge collection
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Particle identification

Essential: reduces the combinatorial background and allows to tag the
flavour of decaying particles.

x 10
1500

2

1000

entries per 5 MeV/c

500

0

Without PID

10000 |
8000 |
6000 |
4000 |

2000 |

898 0.99 I 1.0f 1.02 LIO_? 1.4 105 106 107

K*K" invariant mass (GeV)

)| Without PID
With PID |-
L.75 i.8 1.85 1.9 1.95

T/ cannnn /f"n‘flnz\
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O>KHK-
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150}
100}
50t

098 099 1 101 102 103 104 105 106 1.07

kaon - kaon invariant mass ( Ge Wczj



The LHCb RICH counters

BEAT, HeAb Mg M5 250 mrad
SPD/PS M3
RICH2 M| M2
T3
T2
Tl
10 mrad
L] | |
2 Ff5 _ﬁ
Vertex Trigger: PID: Kinematics:
reconstruction: Muon Chambers RICHes Magnet
VELO Calorimeters Calorimeters Tracker
Tracker Muon Chambers Calorimeters
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LHCb RICHes

Need:

(1024 elements)

Particle identification for momentum range ~2-100 GeV

Photocathode
(-20kv)

VACUUM

ePhotosensor granularity 2.5x2.5mm?

eLarge area (2.8m2) with high active area fraction

eFast compared to the 25ns bunch crossing time
. - 0 max

eHave to operate in a small B field mofe 242 mrad

i Aerogel
200

-3 radiators (originally)

eAerogel |

'C4F10 gas < 100 —
I C4F1p0as

.CF4 gas 50 i ———— 4 -~ 53 mrad
I s e 32 mrad
: ?K’ CF, gas

1 10 100
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LHCb RICHes

Flat mirrors Spherical

Mirror Support Panel

Central Tube
Photon funnel+Shielding

Magnetic shielding
(16 tonnes of iron)

Photon detectors

Feb 19+20, 2021 INO2021 Peter Krizan, Ljubljana



LHCb RICHes: performance

LHCDb : o
fs=137ev Preliminary

O O ALLK-7)>0

Efficiency

® B ALLK-7)>5

jn ® g W g
(-
—— O i

0 20 40 60 80 100
Momentum (MeV/c)

Efficiency and purity from data - excellent agreement with MC

Performance of the two RICHes essential for the big success of
the LHCb experiment
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LHCb particle identifica upgrade(s)

Photosensor: Hybrid Photon
Detector with 1 MHz max. readout

rate

Next upgrades

TORCH (Time Of internally
Reflected CHerenkov light)
ToF resolution ~10-15 ps
(per track) using micro
channel plate PMTs

Feb 19+20, 2021

focussing bloc%

photon
time-of-
propagation

radiator plate |}

particle "

INOZUZ1

_—
MCP sensors ‘
SA\Y

K-m separation (Ng)

100 ¢

10

: ; /) '
: :. H "- bt
H 1 o) \
[ H : “‘ \\
AN
time-of-flight | « 1 i
1
particle Momentum (GeV/c)
I

MaPMTs from
Hamamatsu

Upgrade IA: New optics, photo
detectors, new electronics

TORCH RICH radiator gas:
CFo CF,

10 100
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D

(;%) Bel Ie II PI D Systems Endcap PID: Aerogel RICH (ARICH)

200mm

oV P\"om“

—| Barrel PID: Time of Propagation Counter (TOP) crere™

Focus mirror
MCP-PMT (sphere, r=7000) \

Backward Qua rtz radiator Forward _
Focusing mirror Aerogel radiator

Small expansion block n~1.05

Hamamatsu MCP-PMT (measure t, x and y) Hamamatsu HAPD
+ new ASIC

[\

5 55 55 55 55 5
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PID Devices: ARICH

I i

Endcap PID: Aerogel RICH (ARICH)

-

5 55 55 55 55 5

Aerogel radiator
n~1.05

L 4 r,.f’f;f'jxf’// /S S ST S
- i y i LSS /S 1930 e S |~
'y LLLLL ff\A/xﬁ/f\/Q/(/\/ﬁ/ﬁ/{ AVIaW 1 V4
¥ . m— S _f-
3 — ] A—
\ TOF support brackst TOP QBB{Quartz bar box) :"ET;
777min. | BOOmax. 1550 &0 b
1000 1650 i 3
(20) B
= coe o
z IDS(Inner detector support) and CDC-SC(Support cylinder)t b1
= I bl
(5] |t
& (R
:
I
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oLk
N
o
o
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Radiator with multiple refractive indices

Small number of photons from aerogel = need a thick layer of aerogel.
How to improve the resolution by keeping the same number of photons?

normal

ny=n,

- stack two tiles with different refractive indices:

“focusing” configuration = “focusing radiator"

¥/ ndf 2467. / 116
6000 | Pi 5495.
P2 0.2965
P3 0.2072E-01
P4 85.32
so00 b Ps 796.0

nf= 7.69
nb=1.09

2000

1
0 0.1 0.2 0.3 04 0.5
0 (rad)

8000

6000

4000

2000

n,<n,

I

¥/ ndf 1095/ 116
Pl 7289.
P2 0.3074
P3 0.1428E-01
P4 74.49
&) 884.4

nf=7.46

nb=0.83

04

0.5
0 (rad)

tv(rad)

v




5 The big eye of ARICH

ST y
- M I-p!;'

I

i 4

Photo-sensors: 420 HAPDs

Multialkali
photocathode\ :
L N\ ¥

-10kV

~20mm

fixel APD
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Performance in the early Belle II data

[ Cherenkov angle distribution in efe” — ,Lﬁ,u_]

Overall a very good

09— | —— DATA (mu-mu bucket 6} ﬁ
0BE- | —MC /L’ dt =0.3 fb
07 —
= 60cm < r < 95cm
06
0.5 E—
04 f—
0sE- Preliminary
0.2 E—
DIIIIIIIII[I |I||‘[‘!-TTT||||||||||1||||||_||11I1|||
0 0.05 0.1 0.15 2 0.25 0.3 0.35 04 0.45 0.5
0 [rad]
g [
s 1=
2 i
W 0.95—
x C |
- Preliminary
0.8 ;
- f | B
B R = T
[ e 0y . i I (PP
0.6% 005 041 015 02 025 03
7 mis-ID Rate

INO2021

|
DATA DATA/MC agreement !

0 = 12.f mrad

MC
Ngig=11.27 /track
oc=12.75 mrad

T e

%504 03-02-01 0 01 02 03 04 05 05504 -03-02-01 0 01 02 03 04 05

Chrenkov ring (accumulated)

Refinements of PDFs are underway, further
improvements of performance expected



Barrel PID: Time of propagation (TOP) counter

One of the new generation devices inspired by K or 1t
the DIRC counter of the BaBar experiment

e Cherenkov ring imaging with precise time measurement.
e Reconstruct Cherenkov angle from two hit coordinates and
the time of propagation of the photon
— Quartz radiator (2cm thick)
— Photon detector (MCP-PMT)
e Excellent time resolution ~ 40 ps
e Single photon sensitivity in 1.5 T

Peter Krizan, Ljubljana
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TOP image reconstruction

Pattern in the coordinate-time space (‘ring’) of a pion
and kaon hitting a quartz bar

Time distribution of signals recorded by one of the PMT
channels (slice in x): different for = and K (~shifted in

time)
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The name of the game: analytic expressions for the 2D likelihood functions

—->NIMA A595 (2008) 252-255



TOP R+D areas

o Very fast photosensors for operation in 1.5 T field (MCP PMTs)
e R+D to mitigate aging of photocathodes in MCP PMTs (ALD)

400

300

200

100

IIIIIIIIIIIIIIIIIIIIIII

-]T0886 th

AN

Entries 2459
Mean 20.52
RMS 172.2
x? / ndf 50.12/28

Constant 411.8 + 14.7
Mean -38.43 + 1.35
Sigma  41.77 +1.48
Constant2 53.75 + 5.29
Mean2 70.31+ 8.59

Sigma2 132.7 £ 5.7

%00

0

500 1000 1500

time (ps)

time measurement

installation methods
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Typical examples of each type

Life-extended ALD

(YH0205)

[S—

relative QE
at 400 nm

09: (KT0074)

S R R PN ey o e 5 e 175
Conventional [ ;
(XM0267) - d ! |

0.7H Aging studies

0.6[1.0 | 56 . | | . 294

0 5 10 15 20 25 30

accumulated output charge (C/cm®)

Very fast and compact readout electronics with waveform sampling for a precise
Production of large quartz pieces, construction of modules, mechanics and

Analytic expressions for the very complex 2D likelihood functions.
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PID for PANDA

v =

I]“DEI L]

—
T

C

Forward

Muon

TOF Wall

Detectors

\ lil =

Peter Krizan, Ljdbljana
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(panda Barrel DIRC

Based on BABAR DIRC and SuperB FDIRC with
key improvements

Fused silica prism

Fused silica bars

Barrel radius ~48 cm; expansion volume
depth: 30 cm.

48 narrow radiator bars, synthetic fused
silica 17mm (T) x 53mm (W) x 2400mm (L)

Compact photon detector:

30 cm fused silica expansion volume -
8192 channels of MCP-PMTs in ~1T B field
Focusing optics: spherical lens system AN

Fast photon detection:
fast electronics — 100-200 ps timing

=  [Focusing
b Lens triplets

DIRICH front-end
electronics

=A similar detector is also considered for the barrel region of the EIC detector

Feb 19+20, 2021 INO2021 Peter Krizan, Ljubljana



PANDA Barrel DIRC

Fused Silica

NLAK33a

PANDA DIRCs—3 PANDA Operation Time [a] focusing a
0 10 20 30 40 50
g B T T l T T T T l T T T T
>25 -
2
@
o N
lq:, 20 L T . e e
E
2 d
s F
215 e
- 400 nm PHOTONIS MCP-PMTs
1 1 1 1 1 L 11 L | 1 1 - 1 - 1 1 1 . 1 1 1 1 1 1 L 1 Il 11 1 L 1 1 1
00 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000
integrated anode charge [mC/cm?]
—— PHOTONIS 9001223 —m— PHOTONIS 9001332 —@&— PHOTONIS 9001393
—@— PHOTONIS 9002108 —#— Hamamatsu KT0001 —¥— Hamamatsu KT0002
~— Hamamatsu JS0022 —&— Hamamatsu JS0035 Hamamatsu JS0018
Hamamatsu JS0027 —e— Hamamatsu YH0250

=A similar detector is also considered for the barrel region of the EIC detector



107

Momentum

PID devices for the Electron Ion Collider

e (ummm

B barrel

10x100 GeV
Q2> 1 GeV2

e-endcap

3g[h

I
\
I
Endca pGMt ke

I‘i Central tracker I

GEM
trackers

3.2m
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— p/A

5m

rapidity

(top view)

h-endcap: A RICH with two radiators (gas + aerogel) is
needed for
/K separation up to ~50 GeV/c dRICH

e-endcap: A compact aerogel RICH which can be projective
/K separation up to ~10 GeV/c mRICH

barrel: A high-performance DIRC provides a compact and
cost-effective way to cover the area.
n/K separation up to ~6-7 GeV/c DIRC

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

12
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EIC detector PID: mRICH
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EIC detector PID: dRICH

Modular
aerogel
RICH solenoid coil (1.5-3T)

L

Dual radiator RICH: aerogel and gas
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SiPMs as photon detectors for RICH detectors

SiPM: array of APDs operating in the Geiger mode.

Characteristics: . (Ta-25C)
« low operation voltage ~ 10-100 V 3 N
. gain ~ 108 ;- [\ 1000
. peak PDE up to 65%(@400nm) % // \\<
PDE = QE X €_¢ge, X €4, (Up to 5X PMT!) 2 [] \N -..950!-‘.
* €ge0 dead.space between the cells g // P \Q\ 025U
. time resolution ~ 100 ps c @ 7‘/ Sy %
« works in high magnetic field 5 10— \\EE
. dark counts ~ few 100 kHz/mm? 0

200 300 400 500 600 700 800 900 1000

« radiation damage (p,n)

WAVELENGTH (nm)

Not trivial to use in a RICH where we have to detect single photons!

Dark counts have single photon pulse heights (rate 0.1-1 MHz) — and this
gets worse with n irradiation...
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SiPM as photosensor for a RICH counter

Improve the signal to noise ratio:
eReduce the noise by a narrow (<10ns) time window (Cherenkov light is prompt!)
eIncrease the number of signal hits per single sensor by using light collectors

Example: Hamamatsu MPPC S11834-3388DF
e 8x8 SiPM array, with 5x5 mm?2 SiPM channels
e Active area 3x3 mm?

First rings with SiPMs

= NIM A594 (2008) 13; NIM A613
(2010) 195

] |
( |
P Gy el e iy Bl oo jor =

e
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SiPMs: Radiation damage

INakamura JPS meetlng Sep. 2008
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Expected fluence at 50/ab at Belle II:
2-20 1011 n cm2
- Worst than the lowest line

—>Need cooling of sensors with wave-form sampling readout electronics, and preferably
also some annealing method

Considered for RICHes in the EIC detector, the next LHCb upgrade and for the Belle II
upgrade by the end of the decade



Gas based photo-sensor:
THGEM + micromegas

Ty Developed for COMPASS
O i bt o i R R “Drift with CsI as the
phosensitive substance.

L

1 L
‘ i\ “—J— e H‘Ih '-'--h-'-'bi‘ o - l

O L
0 A

o

Hybrid RICH for EIC: to increase the number of photons in
the far UV, remove the window. - CsI might not be
o000 _ robust enough (humidity, ion bombardment).
G
-]
(&, T T Looking for alternatives: nano diamond

photocathodes — interesting, but still some way to go
INO2021 Peter Krizan, Ljubljana




LAPPD Large Area Picosecond
Photodetectors (MCP-PMT5s)

Attempt to produce less expensive large area
single-photon sensitive devices

PROs:
elarge area 20cm x 20cm
echeaper than the conventional MCP PMTs

LAPPD™ Design

CONs:

egain drop in magnetic field
eSmall PDE compared to SiPM
eLifetime limitation due to
charge collection (for high rates)

* Two-part Glass or Alumina packaging (Lower Tile Assembly)

= Signal and high voltage delivered on strips passing under a frit bond
(i.e. no wall or anode penetrations)

¢ Active area: 195 x 195mm

-'i-Transparent Photocathode

Photon - electron \ S '

Pair of 20 x 20 cm ALD-GCA-MCP

1 electron = 107 electrons w

Glass Spacers (3)
Provides window support >~
. Patterned Anode /
Interesting also for large volume Collect electron signal
Cherenkov based neutrino detectors.
Feb 19+20, 2021 INo RDINCOM 2015.08-13 Nucear hysiS S



Neutrino detectors

The name of the game: find a technology you can ‘
afford to cover huge target+detector volumes/masses.

ICAL

e 50k tons of magnetized iron plates

e 29000 RPCs (2m?) in 1.3 T field - g
e inal32m X 26m X 20m cavern /;//m S S /

Shaded Plot
|B| smoothed
1

1.71036
1.62484
1.53933

0.940721
0.855208
0.769691
0.654176
0.59866

0.513145
0.42763

0.256599
0.171084
0.0855687
5.33811e-005
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ICAL detectors

e Total number of RPCs in the ICAL = 3 x 150 x 64 = 28,800

e RPC: float glass electrodes — Readout strips (X)

e Gas: freon/isobutane/SF; Grath
o Total RPC surface area ~ 10° m? coating Gas gap =
e Total gas volume ~200 m? i High resistivity electrode

e Iron plates: 56mm thick, 40mm gap  'nsulater ~swrmrE——

ICAL prototype
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Summary

Detectors for particle physics experiments are our discovery tools — well
designed and well functioning devices have been essential for our present
understanding of elementary particles and their interactions.

A very vibrant research area: a large variety of new methods and techniques
has either been developed recently, or is under commissioning or early
data taking.

New challenges are waiting for us when planning the next generation of
experiments
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Community-wide detector R+D efforts

Detector R+D effort in US: DOE Basic Research Needs Study on HEP Detector
Research and Development

2019-2020: workshop and a comprehensive report

https://science.osti.gov/-
/media/hep/pdf/Reports/2020/DOE_Basic_Research_Needs_Study_on_High_Energy_Physics.pdf?la=en&h
ash=A5C00A96314706A0379368466710593A1A5C4482

European Strategy 2020 - ECFA charged with organizing detector R+D
roadmap, https://indico.cern.ch/event/957057/overview

e Nine task forces (gaseous detectors, liquid detectors, solid state detectors,
photon detector + PID, quantum and emerging technologies, calorimetry,
electronics+on-detector processing, integration, training)

e Each TF will organize a symposium (end March-early May),
https://indico.cern.ch/event/957057/program
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