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Cherenkov Telescope Array (CTA)

cherenkov
telescope
array

e . Image Credit: G. Pérez, IAC, SMM

2



Cherenkov Telescope Array (CTA)
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LST Status

1st Large-Sized Telescope under construction at
Roque de los Muchachos Observatory, La Palma, Spain
As of Feb 17,2018 (~2400 m a.s.l)

.=_Mirror Support Structure
<. without Mirrors
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Credit: Thomas Schweiz'erv,‘_,':' £ :

1st LST is under
construction for the
CTA Northern Array at
La Palma, Spain

Camera, mirrors, and
auxiliary systems are in
the final development
and testing phase

LST First light is
scheduled in 2018



The More Photons, the Lower Threshold & Higher Sensitivity

Cherenkov '
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.. Night-sky background is dominant for lower-energy gamma rays

. Larger mirror area or higher photodetector efficiency lowers the trigger energy
threshold — higher sensitivity



Winston Cones

Event Ex.

\

-

H.E:S.S.'ll Camera

‘. Cherenkov camera = Wih.ston cones + Photomultiplier Tubes (PMTs) + Front-
end Elec. + Back-end Elec.

. Hexagonal Winston cones cover the whole camera to maximize the collection
efficiency and to reduce BG photons




ROBAST
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What is ROBAST?

ROOT-hazad smulatar for ray teacing [RCRAST) & & non-saquential ray-
lracing smukation liceary daveoped for wide use i optical gmuiations of
wamme-ray ad cosmic-nay taleecogea, The Ibrary 13 written in C++ and
Ty tlioas tra grometry lihrary of tha HOO T analysis framesock.

In 2007 ROBAST wae fired develnned 16 simulate the modfisd Baker-
Nunn oplical system of 1he Ashra exgedment, which ie composad of three
aspherica benzsa and aphencal segmented T rrore as ilustratad i Figure
1. In 2000 ROSAST was reRasec a5 an NpeN-saLrme project to be mom
wicely uzad in the coemic-ray and gamma-ray commimnity. It is curantly
Lead by many sub projects of the Cherenkor Talesozpe Array and some

other projects.

If you ame aready Bamilar wih A201 and Ce<, and if you are Inokong for
4 ray-fracing simulator suitad for sosmic-ray 1 ascopss, FODAST i whst
you want Sven if vou gre 3 RCOT/C -+ baginner, 1 /s werth 10 iy ROBAST
and start kkarnng BOCT ard G++ nght now.

Complex Telescope Geometry

Tranks ta the RCOT geometry Focery and additicral RCBAST clucoes,
complax fasscops seamaty with & rumber of segmeanted rirtors and
e secope maste can be bullt. Indead, FOBAST & curmently ueed for optice
simuletiors of sewveral kelescops cesgns of the Cherenkov Teescops
Array;

« Larga-Szad Talsesopa (LST): A pacabolic talascopa campraing of
143 hzxagonal segmentad mirrors with spherical surfaces.

» NMedum-Szed Telescope MET): A Danies-Cotion system
comprising of 48 heagond segmesntaed mirars with spheresil
rurfacee.

¢ 0o A

o

Fig 1. ROGAST 30 mwdel uf the
Asrra optical sysiam (modifiad
Buor-Num optoy wyste)

ROOT-based simulator for ray tracing (ROBAST)

Okumura+ (2015) Astropart. Phys.

https://robast.github.io

Developed for cosmic-ray and gamma-ray telescopes with use of the ROOT Geom library

Open source

https://github.com/ROBAST/ROBAST



https://robast.github.io
https://github.com/ROBAST/ROBAST

Winston Cones

Okumura (2012) Astropart. Phys.
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. Invented by Winston (1970) a.k.a. Compound Parabolic Concentrators (CPCs)
. In 2D space, Winston cones ideally work (100% for 6 < cutoff, 0% for 6 > cutoff)

. Notideal for PMT arrays



Bézier-Curve Profile
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.. Inclined parabola (conventional Winston cones) is not ideal for hexagonal pixels

= Use of a Bézier curve profile = higher collection efficiency & sharper cutoff



UV-Enhanced ESR

Okumura+ (2017) JINST
UV-Enhanced (2017)
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.. 54 additional layers (Ta20s5 & SiO) on 3M Vikuiti Enhanced Specular Reflector
(ESR, ~1000-layer polyester film)

.. ~939% to almost 100% (w/ ~1% err.) in A = 300-600 nm and 6 = 20°-70°
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PMT Characteristics
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Most Sensitive at +60°
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.. CTA LSTs and MSTs will use Hamamatsu R11920-100-20 and R12992-100-05

. Spherical matte-surface photocathode

.. Positional and angular dependence must be taken into account in the design
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Angular Distribution of Incident Photons

Okumura+ (2017) JINST
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.. Also need to consider the angular distribution of incident photons to maximize
the collection efficiency
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Prototype Production and Evaluation

Okumura+ (2017) JINST

Steel Plate

Interface Plate

= . With 25-mm Mask




Results (465 nm)
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Define rel. anode sensitivity (~ col. eff.) because col. eff. @ =

cannot be defined due to the angular and positional dependencies

Reaches 100% and higher in the most important angles
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Measurement v.s. Simulation (465 nm)
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Okumura+ (2017) JINST

ROBAST simulations

» Rel. anode sensitivity

» Collection efficiency

Measured and
simulated values are
consistent within ~5%
(points) for 465 nm

Rel. anode sensitivity
has a bump higher
than 100% due to the
angular dependence of
the PMT sensitivity
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365nmand 310 nm
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.. Performance at 365 and 310 nm is worse than that of 465 nm presumably because

lower reflectance (~93-100%) of UV-enhanced ESR

. Not very consistent with a simulation (PMT angular dependency is different?)

.. But still better by 5-10 points than Al coating cones

16



Conclusion

. Developed new techniques to improve conventional
Winston cones

» ROBAST: New ROOT library for ray-tracing simulations

» Use of Bézier-curve profile

» UV-enhanced ESR (92-100% reflectance for 300-600 nm and 20-
70°)

» Take into account the PMT characteristics in simulation and
design

. Measured performance at 465, 365, and 310 nm

» Rel. anode sensitivity of ~95% to ~105% for the most important
angles

» Better by 5-10 points than Al-coating cones



