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Topics in the session

Performance of the LHCb RICH detectors during the LHC Run Ii Antonis Papanestis
ALICE-HMPID performance at 13TeV Vs during LHC Run2 Giacinto De Cataldo
Construction and Performance of the NA62 RICH Massimo Lenti et al
The Belle Il imaging Time-of-Propagation (iTOP) Detector James Fast
Aerogel Ring Imaging Cherenkov at the Belle Il spectrometer Rok Pestotnik et al
The PANDA Barrel DIRC Detector Jochen Schwiening
The GlueX DIRC Detector Maria Patsyuk et al
The new large-area hybrid-optics RICH detector for the CLAS12 spectrometer Marco Mirazita
Overview of LHCb-RICH upgrade Sajan Easo
The TORCH detector R&D: status and perspectives Thierry Gys
The RICH detector of the CBM experiment Tarig Mahmoud et al
The Endcap Disc DIRC of PANDA Michael Diiren et al
The Forward RICH Detector for the PANDA Experiment Sergey A. Kononov et al
Cherenkov Detector work at Stony Brook University Thomas Hemmick
A study of the attainable Cherenkov angle resolution in cylindrical mirror-based Biplab Dey et al

Focusing DIRC designs using BaBar style radiators

The Future of RICH Detectors through the Light of the LHCb RICHes Carmelo D'Ambrosio et al

+ Many presentation in other sessions and also poster session



Cherenkov radiation

e “A charged particle with a velocity v
larger than the velocity of light in a
medium emits light.”
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Cherenkov ring imaging

e Radiation in limited region

e Photons collected by photon sensor pixels
— Radiator length

° Nphotons

— Optics design

~ L and image resolution

e Proximity/mirror focusing
— Sensitive wavelength and pixel size of sensors
e N

~ 2 . .
ohotons 1/A\? and image resolution

e Notes on reality
— Chromatic dispersion by refractive index change
— Detector space, cost, etc.




RICH counters

e QOverview of recent counters
— (From my viewpoint, for selected counters ...)
— Categorized by the radiator type

e (as
— LHCb RICH, CBM RICH, NA62 RICH

e Aerogel
— Belle Il ARICH, CLAS12

e Quartz
— Belle Il TOP, PANDA DIRCs, TORCH

Target
n momentum
~1 ~100GeV

~1.5 ~1GeV



RICH using gases

e Ring imaging through focusing mirror (or vessel window)
— Limit radiation region by mirror (or window)
— Focus on photon sensor, depending on the Cherenkov angle

e Low refractive index
— Higher beta threshold - Target momentum: higher, O(10GeV)

e Narrow Cherenkov angle

— Larger optics region

e Advantage to cover large area



LHCb RICH
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e Separation of ©/K/p | <
e RICH-1; C,F,,, n=1.0014, <60GeV 5’“
e RICH-2; CF,, n=1.0005, <~100GeV

e Focusing mirror optics o
.

Pixel HPD array

- Will upgrade optics and PMTs
in 2019-2020
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CBM RICH

Tracking, momentum, V°: MVD+STS+dipole magnet

L Sepa ration Of e/TC/(K) fOI’ < 10 GeV| - Event characterization: PSD
* Hadron id: TOF

PY Rad iator; C02 gas : ;.’e:otogwllté RICH+TRD or MUCH
. . High speed DAQ & trigger
e Focusing optics

— glass mirror: R=3m
e Photodetector (55k Ch.)

— MA-PMTs
— Enhanced UV sensitivity using = e N
wavelength shifter? (parking position)
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NA62 RICH
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RICH by aerogel

e Ring imaging through proximity focusing or mirrors
— Cherenkov light comes out directly from radiator of finite region.

e Aerogel improvements
— Transparency
— Tunable refractive index
— Larger tiles
- Allow more desirable detector design.

e Easy to maintain, once constructed



CLAS12 RICH
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Belle Il ARICH

e Separation of ©/K/p for 1 —4 GeV
e Proximity focusing optics
e Two layer aerogel

— Toincrease Nphoton

— Different index to focus, to improve ring
image resolution

¢ n;=1.045, n,=1.055
e HAPD for readout

— Work in magnetic field

Focusing aerogel Photon
radiator detector
* | nqf mp ny<ny "'
¢ 7
L
-
1 Charged
~ particle >
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Fused silica (quartz) based RICH

e Ring imaging by DIRC (Detection of Internall ‘
Reflected Cherenkov light) |

— Larger (n>1.414) index radiator

e DIRC concept

— Charged particle emits Cherenkov light. P;I‘Ticlie —
Solid rack UE
— Some Cherenkov photons pass though the radiator radiator .\\ Opties Detector
. . it Surface
because of the totally internally reflection. ||: N

Mirror

— The Cherenkov angle conserved through the

Cherenkov Photon

radiator. Trajectories

— Photons exit to expansion region with focusing optics.
— Photon sensors detect the image.

e Thinner space for radiator and optics in the active area
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Separation of nt/K for < 4 GeV

Narrow quartz bars with large expansion
volume
— High quality surface of quartz

~ . Mirrors

— ~6000L ultra-pure water for expansion

~10000 standard 1” PMTs
Excellent performance, stable operation

Quartz Wedge

s Quartz Window

2.4mrad (pp)

- BABAR |

B * Data 15000

o — Monte Carlo Simulation ; "

L | | £ 10000

: E

- 5000

i I [ | [ | | [ | | [ () lesiennn 1 ' | L |

-1 -0.5 0 0.5 1 -10 0 10
oS e BC' wac (measured) - B (1) (mrad)
track

J.Schewing@RICH2013



FDIRC R&D

e To improve for future experiment (intended for SuperB)

— Smaller expansion volume, photon detectors with smaller pixel and fast timing, etc.
— To be less sensitive to background

Picture of the
— Toimprove Cherenkov angle resolution ontics ot TN PMT
. full Geant4 Vs lane
e Focusing block attached to bar Shnulaton NS .

— Reduce volume and photon sensor area

e Faster photon detector and electronics

— For chromatic dispersion correction

- Prototype works well

Nominal run
All angles
|dTOP; | < 2ns

End of the bar box
(12 parallel quartz bars)
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TOP R&D for Belle |l

Cherenkov ring imaging based on
the precise timing information

Difference of path length - Difference of

Time of Propagation (TOP) Side view of crysta O
e Measures TOP + TOF (100-200ps) from IP / qé; — K
crystal
» Key technologies: Wﬁ
. . . . 9z T
— Single photon detection with precise S : :
timing (o<50ps for single photon) o 2 component ot univeociy

— Accurately polished large quartz bar

e Chromatic dispersion on light velocity smears the
timing resolution by ~100ps.

e Use A dependence of Cherenkov angle to correct
chromaticity
=» Focusing mirror on bar end, to measure 6_

— Long focusing length enlarges y difference.
e AB.~5mrad = Ay~14mm for 2.5m length

JOMIp snoo4

A[ side view




Belle Il TOP

e Separation of ©/K/p for < 4GeV
* Wide bar with focusing mirror and expansion ——- -

——

— Focusing mirror: R=6.5m, Expansion:10cm

e 512 MCP-PMTs with 5X5mm? pixels

— With fast readout electronics

e Construction/installation finished
MCP-PMTs Quartz 2.7m Mirror

MCP-PMT module with
Hamamatsu 1” MCP-PMT




Panda DIRC at barrel

e Separation of /K for < 3.5GeV

e Based on BABAR DIRC with
improvements
— Lens focusing
— Compact expansion block
— Fast photon detection (MCP-PMT)

e Prototype tests and optimization
in progress

Photon detectors

/ and electronics/'

2500m =

|

100cm

|

Radiator bars

Focusing optics
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Panda DIRC at endcap

e Separation of /K for < 4.5 GeV

e lLarge quartz plate + ROMs
e ROMs (read-out modules) consists
— Light guide, focusing element
2” MCP-PMT
e Prototype tests in progress

bar focusing
element

(FEL)

4 independent quadrants made of
fused silica and equipped with a total of
108 read-out modules (ROMs)

71

optical bandpass filter
(control of photon rate
& dispersion mitigation)

single photon sensor

(position z(p) +time) Laser Calibration |

.

trapp
interr
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TORCH at LHCb
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GlueX DIRC

Insert DIRC
¢ here!

e Separation of /K for < ~5 GeV

— Improve momentum range from T forward calorimetgf
arre. time-o "
current detector

e Recycle BABAR DIRC quartz bars

e Focusing block
— Design based on FDIRC
— Use water and mirrors

e 2” MA-PMT (Hamamatsu)

photon bea

forward drift
chambers

central drift
chamber

\
‘\U J superconducting
magnet
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Summary

e RICH detectors perform excellent particle identification in
particle and nuclear physics experiments.

e Gas RICHs work stably in many experiments.

e Aerogel improvement (transparency, index tuning, larger tile)
is crucial for new aerogel RICHs

— Increased number of photon, focusing scheme, large size detector

e (Quartz radiator becomes popular. Many ideas coming.
— Focusing optics + fast MCP-PMT+elec.

e Let’s learn news and details from the presentations in this workshop.

Thank you very much.



