
Journal of Instrumentation
     

Design, performance and perspective of the NA62-RICH
To cite this article: M. Turisini 2020 JINST 15 C09013

 

View the article online for updates and enhancements.

This content was downloaded from IP address 128.141.192.182 on 11/01/2021 at 14:59

https://doi.org/10.1088/1748-0221/15/09/C09013
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjstOrgilPnf8fYKBPsZRYcN6aDqucLRW5NMogM6Da8nb5BHNgxKbwF8hWd1RQM3etqVG6vIUJSJLJF_R29E6ipj2BaJuKBAj7leiCx_YzvVWh6gaziDQsjvPfZf_Nw7jNuyD5RfeMEd44i2xbNVF8t1mnJZEE3N_bUsVrnTrzHogZL9LhouFTRIwNTybXVmgVKi9Qp9LdQFdSzAUYxgIx_Wt6716XY78cRJu8gQJ017J84TJaQtz&sig=Cg0ArKJSzEGIgzBWI5jr&adurl=http://iopscience.org/books


2
0
2
0
 
J
I
N
S
T
 
1
5
 
C
0
9
0
1
3

Published by IOP Publishing for Sissa Medialab

Received: May 15, 2020
Accepted: May 30, 2020

Published: September 3, 2020

International Conference on Instrumentation for Colliding Beam Physics
Novosibirsk, Russia
24–28 February, 2020

Design, performance and perspective of the NA62-RICH

M. Turisini on behalf of NA62 collaboration

Dipartimento di Fisica e Astronomia dell’Universitaà e INFN Sezione di Firenze
Sesto Fiorentino, Italy

E-mail: matteo.turisini@fi.infn.it

Abstract: NA62 is an experiment designed to measure the branching fraction of the ultra-rare
decay of the positively charged kaon into a pion and a neutrino-antineutrino pair. The specialties
of its Ring Imaging Cherenkov detector (RICH) are the muon-pion separation, the sub-nanosecond
timing and the participation in the lowest level trigger of the experiment. These characteristics
made the NA62-RICH crucial for the physics data taking that run in the three-year period 2016–
2018. Two aspects are currently under consideration to increase the impact of RICH in the broad
NA62 physics program: a better time resolution to cope with higher intensity beam and the online
extraction of high level features to be used in the trigger logic. This paper describes the RICH
detector and presents its possible upgrades.
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1 The NA62 experiment

NA62 is a challenging experiment designed to study the rarest decay modes of the K meson with
an innovative decay-in-flight technique. The first goal of the experiment is to probe the channel
K+ → π+νν. Such a process is strongly suppressed and its branching ratio has an extremely clean
theoretical prediction [1] equal to (8.4 ± 0.1) × 10−11. Therefore its experimental determination
constitutes an excellent test for the predictive power of Standard Model and can shed a light on the
physics beyond it. In order to keep small the systematic uncertainty and collect enough statistics
required to measure such a tiny quantity NA62 has been designed with two main characteristics:
the ability to handle a very high intensity beam and a strong background rejection performance.

A layout of the apparatus is illustrated in figure 1, it took physics quality data in 2016, 2017 and
2018. The complete analysis is currently ongoing while a first physics result obtained on a partial

Figure 1. Schematic view of NA62 detectors.
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sample was published in 2019 [2]. The beam and the detectors are comprehensively described in
a dedicated publication [3], here a short description of the main elements is provided to introduce
the RICH role in the experiment.

NA62 is a fixed target experiment located in the North Area of CERN where protons extracted
from the SPS complex are exploited to produce a positively charged hadron beam of 75GeV/c
momentum using a beryllium target. Hadrons are received in spills of 3.5 seconds duration with
a nominal rate of 750MHz. The presence of a kaon is determined by means of a differential
Cherenkov counter (KTAG) while a magnetic spectrometer made of silicon pixels (Gigatracker,
GTK) is used to measure the particle direction and momentum before its decay. In addition a
scintillator system (CHANTI) placed after the last tracking station is used to veto possible inelastic
scattering in the GTK.

The beam contains 6% of kaons and only 10% of them are expected to decay in the 60
meters long fiducial region. However the particle rate on the detectors involved in the final state
determination is as high as 10MHz. These detectors are an ultra light magnetic spectrometer
composed by 4 straw chambers (STRAW), a fully hermetic large angle gamma veto system (LAV),
an electromagnetic calorimeter (LKr) for small angle gammas, a plane of scintillator tiles behind
an iron block to veto muons (MUV3), a group of hadronic calorimeters to identify pions (MUV1,2)
and the Ring Imaging Cherenkov (RICH) detector.

The RICH is placed after the last STRAW chamber and is designed to suppress muon contami-
nation in the pion sample by a factor 100 in the momentum range from 15 to 35GeV/c. Being very
precise in time and practically free from random coincidences the RICH has been used offline to
realize the time match with the originating kaon and online to determine the presence of charged
particles in the decay products with a simple multiplicity based algorithm.

2 The RICH detector

The RICH project started long ago with the aim to provide NA62 with an extra muon rejection
factor on top of kinematics and calorimetry. In fact the main source of background is the process
K+ → µ+ν with a branching fraction of 63.6% that is ten orders of magnitude larger than the
signal expectation. Thus an impressive rejection power at the level of 10−12 is required to keep the
experimental uncertainty at 10%, comparable with Standard Model prediction. Given an estimated
rejection factor of 10−5 from kinematics and 10−5 from hadronic calorimeters, the RICH was
required to provide a muon suppression of the order of 10−2. After an initial Montecarlo simulation
finalized the geometry optimization, an intense test campaign with two prototypes of increasing
complexity was conducted to validate the project and its constituting elements [4, 5].

A summary of the design and two key performances are presented here. For a complete
description of the RICH characterization and optimization please refer to [6] which was recently
published.

2.1 Design

The Ring Imaging Cherenkov (RICH) is a classical focusing RICH with 17 meters focal length
and neon gas as radiator (n − 1 = 62.8 × 10−6 at 300 nm and 0.996 atm). Neon guarantees a
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Figure 2. Pictorial view of the RICH detector.

pion threshold of 12.5GeV/c and minimizes the multiple scattering for downstream detectors, but
imposes an impressive longitudinal length because of the small value of the refractive index.

The passage of undecayed beam particles takes place through an inner pipe (10−5 mbar) as
sketched in figure 2. Consequently a dual optics setup composed by a mosaic of spherical mirrors
has been chosen together with two identical photo-detection surfaces (Disk) located at the opposite
endcap of the vessel. Details on the mirror system are presented in [7] and an exhaustive description
of the iterative alignment procedure can be found in [8]. The orientation of each mirror is adjusted
until a deviation smaller than 1mm is found on the focal plane between theCherenkov ring center and
the expected position predicted by track extrapolation from the STRAW spectrometer. Considering
the 17 meters of focal length, this corresponds to a final angular precision of 30 µrad.

Light is detected using 1952 compact photomultiplier devices (PM) with near UV extended
photocathode response, 20% quantum efficiency at peak wavelength (420 nm), 280 ps transit time
spread and a minimum gain of 1.5 × 106 at 900 Volts (Hamamatsu R7400U-03). Because of the
small active area (8mm diameter) a light funnel systemwas adopted resulting in a 18mm pixel pitch
and a minimum dead space on the PM Disks. Frontend electronics are mounted at the proximity
rack and organized in 32-channel custom boards. They are built around the 8-channel NINO
discriminator ASIC [9] offering 25 ps time jitter for charge greater than 200 fC and LVDS outputs.

Four boards are used to read out the logic pulses, process the data and encapsulate them
in UDP packets for transmission over the NA62 acquisition network. Called TEL62, they are
general purpose readout boards housing FPGA devices (Altera Stratix III) and large memory
buffers to provide flexibility in hardware design and handle the quite uncommon 1ms trigger
latency requirement of the experiment. A fifth TEL62 is used for triggering purpose reading out
the RICH with coarse granularity (244 cells). Timestamping is obtained by means of TDC boards
called TDCB, a CERN standard module for LHC providing 100 ps resolution.

In 2017 and 2018 an interesting pilot project ran parasitically to test a possible online recon-
struction of the Cherenkov rings based on custom high speed network interface called NaNet [10]
and a Graphical Processor Units (NVidia Pascal P100 GPU). A description of the TEL62 board with
detailed information on hardware, baseline trigger logic and RICH-GPU trigger implementation
can be found in [11].
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Figure 3. PID performance using 2017 data.

2.2 Performance

The discrimination power of the RICH detector for the πνν study can be appreciated in figure 3
where the offline reconstructed ring radii are plotted against the particle momentum from the
STRAW magnetic spectrometer. The distributions due to different particles are clearly visible. In
particular the separation between pions and muons is evident in the momentum range from 15 to
35GeV/c indicated by the two vertical red lines.

Even more interesting is the ring time resolution which measures how blurred is the ring image
in time. This figure of merit is calculated by randomly splitting the hits of a ring in two groups,
getting the time centroid of each group (T1, T2), plotting the time difference between the two values
and getting half sigma of the fitted distribution. Figure 4 shows a typical example of this calculation
where a clean positron sample was used to get a result independent from the momentum range
(β = 1). From data analised so far the ring time resolution is always at the level of 70 ps. A
more rough estimation can be obtained dividing the transit time spread of the PM quoted by the
manufacturer (i.e. 280 ps) by the square root of the average number of hits, which in the case of
2017 data is equal to 〈Nhit〉 = 14.1, giving about 74 ps. The two values are pretty in agreement
indicating that the major source of degradation is the jitter introduced by PMs.

During 2019 the software calibration suite of the RICH detector was expanded with new tools
to perform periodical checks and prevent sub-optimal running conditions. In dedicated tests with
the hadron beam off, it was verified that PMs are operating in an almost saturated regime and only
a small improvement in detection efficiency (at the level of 0.1%) can be achieved by refining the
discrimination thresholds. On the other hand 1% of useful detection area (less than 20 PMs) can be
recovered by replacing noisy electronic channels and low gain PMs with spares in view of the data
taking restart in 2021.
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Figure 4. Distribution of (T1 − T2) for a positron sample from 2017 data. The gaussian fit gives a standard
deviation σ ' 0.14 ns. For the definition of (T1 − T2) see text.

3 Perspective

The NA62 collaboration plans to scale at 100% beam intensity in 2021 (before it was typically
60%) in order to reach O(1013) kaon decays for the πνν analysis and test solutions for a possible
increase of a factor 4 in NA62 beam intensity.

With a higher beam intensity a better RICH time resolution would be required to cope with
increased particle rates and accidental backgrounds. This could be achieved by improving the time
resolution of individual readout channels and by increasing the number of hits per ring as discussed
in 2.2. The lighter impact solution involving the readout system is to replace the installed PMs
with more recent devices (Hamamatsu R9880U model) having the same form factor but offering
smaller transit time spread (200 ps) and higher quantum efficiency (30%). In this scenario the
maximum obtainable performance is estimated to be at the level of 50 ps. Only a change in the
photo-detection technology and consequently a complete redesign of electronics and services would
allow the detector performance to go well below this value.

The most promising development line is related to the RICH role in future trigger strategies
of the experiment. Together with the πνν measurement completion, the search for exotic particles
are growing in importance seen the potentiality of NA62 in performing rare physics detection. In
particular, with its low noise, the RICH can identify events with more than one lepton in the final
state. In this view the real-time extraction of high level features like number and geometry of
the rings can increase the purity of the selection, save readout bandwidth for additional physics or
control samples and eventually increase the possibility of new discoveries. Three factors could open
the way to get an online rings reconstruction at a rate higher than 10MHz: the use of a custom fixed
latency link like the one adopted in the past years for the GPU-based reconstruction pilot project, the
availability of latest generation acceleration boards with their huge density of programmable logic
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and the use of High Level Synthesis (HLS) tools that allow specialized hardware design starting
from C/C++ code instead of using traditional Hardware Description Language (HDL) techniques.

4 Conclusion

NA62 tookK+ → π+νν data in the three-year period 2016–2018with the RICH as a crucial detector.
The RICH provided additional muon rejection on top of calorimetry based particle identification.
Moreover the RICH participated in the lower level trigger logic with a simple algorithm based on
the number of hits and provided the experiment with a high resolution time reference on the passage
of charged particles at the level of 70 ps.

In view of a high luminosity running condition a drastic improvement of the RICH time
resolution can be obtained only with a significant upgrade of the photosensor technology and
related frontend electronics.

Thanks to the experience gained in the past with custom fixed latency link and GPU-based
ring reconstruction and considering the presently large availability of fast data transmission links,
parallel configurable devices and High Level Synthesis tools, the RICH can play an important role
in rare physics search by providing real time high level features information to the lowest level
trigger of the NA62 experiment.
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