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Introduction: The NectarCAM project is a collaboration of 16 institutes from France, Germany and Spain to build cameras that will equip the
medium-sized telescopes (MST) of the next generation of gamma-ray observatory, the Cherenkov Telescope Array (CTA). The camera counts 265
focal plane modules, with 7 PMTs per module. In this communication, we describe the system that we developed to perform the gain calibration of
every PMT-module, which also enables the mirrors alignment and the study of the optical Point Spread Function (PSF) of the telescope.

Requirements and purpose of the system Tested paint applications
_ _ * Bicron paint: Saint-Gobain BC-620 (not on sale anymore) then Eljen EJ-510.
PSF study and mirror alignment  Brush-painted application | Easy application but the varying amount of
 The surface towards the mirrors has to provide a diffuse-reflectivity » Air-brush application. }paint led to irreproducible patterns.

>90% within 450 nm - 700 nm.
* The reflective surface has to be greater than a 170 mm-diameter disk
and has to be located (25.6 + 5.0) mm away from the focal plane.

Tested screen shapes
200 mm x 200 — 1600 mm x 200 | @384 mm screen,

. The reflective surface has to be movable across the entire focal plane, ;m:t - htscre_zn' - ?Tt " hicre%n' _OnF_’t'C?' :bers light
without shadowing the PMTs when not in use. The positioning >0 dl e e ulbe e s njecto
accuracy along both X and Y axes must be <5 mm. Proof of concept: Good optical results for SPE

* fishtail-based light injection calibration Large size for PSF purpose
SPE calibration * homogeneous surface emissivity

* The gain of each PMT must be calibrated In the single photoelectron || pimensions to be optimized (PMTs Dimensions to be optimized (PMTs Light leakage at injection
(SPE) regime. Accuracy on the gain measurement of the || arscan, PSF study) oer scan, PSF study) groinli ?ma” area for SPE
photodetection chain has to be <3%. calibration

* The larger the surface the better, to perform the SPE calibration scan Final system: dip-coated octagonal screen
of the complete focal plane modules as fast as possible. % o

2854 mm ‘
« > (]
1 | §'] Current setup of the dip-
12 pulsed LEDs for ns-long | 1 ‘ Y coating machine. The front
flashes and 1 DC LED for night Typlcal _steps of_ the ] | | W L panel of the tank s
sky background emulations dlp-coatl_ng tec_hnlqge. I | (. /> \ . transluc_:ent SO the user sees
| A possible sintering e s the paint level to obtain the
10 mm-thick PMMA step can be added. 1 | N A desired pattern. The vertical
plate. Both sides | o i & rail is also visible; the motor is
are white painted. : 1 at the bottom.
| |
immersion withdrawal consolidation
drying
_ N:viscosity [Pa:Ss]
Different regimes give the thickness h of the dry coat [2!: U: rising speed [m-s]
— ‘ 1/ : ' 3
e e e L 2 o1 _ nuy /2 p: density [kg-m-]
CAD front view of the camera, with the screen In RERe/ird > A0 - 57 1 = 0 (pg) g: gravitational acceleration [m-s2]

Its parking position. Focal plane is in four-color.

a\Ys| o o
Draining if 103 m-s ' < U <102m-s~1: h = 0.94 ( (nU) ) °L y: Iinterface surface energy [J-m™~]

y(pg)3 K: related to inorganic materials [no dimj
Intermediate if 10™*m-s" 1< U <10 3m-s 1 h=kDU/3 D a |iquid_materia| constant [m1/3.S-2/3]
- r Capillary if U < 10~*m -s~1: h = = - film width [m]
Aluminum frame for handling  Fishtail light guide, to inject the LU J' E: evaporation rate [m3-s]
and mechanical connection to light from the LEDs towards o _ _ _
the XY motorization. the edge of the screen. In our case rising speed Is made at 2 mm/s and drying Is done at room temperature.
[1] Sol-gel technologies for glass producers and users, J. Puetz and M. A. Aegerter
[2] Fundamentals of sol-gel dip-coating, Chapter 10, C. J. Brinker and A. J. Hurd.
Emissivity performances and SPE acquisitions Towards production and reliability of the device:
An XY table in a dark room enables to perform the scan of the screen. The goal Is to guality and performance after ageing
retrieve the SPE spectrum t the nominal gain over the largest area of the screen. NectarCAM cameras will equip the MSTs of CTA array, for an expected lifetime

Sl LR AN T g e (o8 racton of maimum) of 15 years. Hence, risk management and a spare policy has been set up to

45| Flasher 6] O 1>50% ensure a reliable device. We tested the mechanical behavior of each individual

Sy C(:\:T 33%< 1 <50% compopent and every system. _For the Iinstrument performance, we assessed
2o%<1<35% the optical results after mechanical and thermal ageing.
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| <20%
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Details of the setup in the dark room. Light-intensity contour map of emissivity [,
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SPE spectra obtained In
different light intensity points *:
(a) high, (b) medium, (c) low 3.
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@ ®) ) Different sizes of scratching performed on the screen. Critical size
[3] Design and characterization of a single photoelectron calibration system for the NectarCAM IS 2 mm: if any damage is greater, the screen must be replaced.

camera of the medium-sized telescopes of the Cherenkov Telescope Array, B. Biasuzzi et al.
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Conclusion and perspective: As a reliable and reproducible paint application, dip-coating technique has) e necarcAM project of CTA. The. authors are. aratoful for

fruitful collaborations with colleagues from the CTA Consortium,

become our standard technique for the calibration device. This system will equip all the CTA NectarCAM| i articular from the MST Stucture and NectarCAM projects.
cameras. Similar instruments could be Iintegrated in other CTA cameras or in characterization benches.| e authors acknowledge support from P2IO LabEx (ANR-10-

LABX-0038) in the framework “Investissements d’Avenir’ (ANR-

Further than the requirements, we target an optimized paint pattern and a better understanding of dip-coating. ;t;ﬁséfe‘)?:g’;k:gazgsed by the Agence Nationale de Ia



