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Abstract 
Gavrishchuk O.P. el al. Concentrating Lightguide for Threshold Cerenkov Counters: ГНЕР 
Preprint 91173.  Protvino, 1991.  p. 7, figs. 4, refs.: 10. 

Л method of manufacturing lightguides (Winston lenses) is proposed Lo i; rease the effec

tive area of light collection on photodetectors (with diameter of detcctiving area from 45 to 12(1 
mm) and to broaden angular range of radiation detection in threshold Cerenkov counters. 

The concentrating lightguides with height and diameter up to 300 mm were pressure formed 
of 3 to 5 mm thick plexiglass sheets. Dependences pof the light reflection coc: cient on the 
wavelength (for wavelengths between 185 and 650 nm) of the deposited lightguide; ^ presented. 

Аннотация 
Гавришук О.IT. и др. Концентрирующий световод для пороговых черепковских ISTMHKOB: 
Препринт ИФВЭ 91173.  Протвино, 1991.  7 с , 4 рис., библиогр.: 10. 

Предложен метод изготовления световодов (линз Винстоиа) для увеличения эффектив

ной площади светосбора на фоторегистраторы (диаметр катода 45120 мм) и для расши

рения интервала углов при регистрации излучения в пороговых черепковских счетчиках. 
Концентрирующие световоды высотой и диаметром до 300 мм изготавливались путем иы

г«жки из листового оргстекла толщиной 3*5 мм методом пневмо(вакуум) формирования. 
Приводятся зависимости коэффициента отражения светает поверхности напыленного све

товода в диапазоне длин волн 185650 нм. 

© Institute for High Energy Physics, 1991. 



One of the most important problems in gas Cerenkov counters is to ob

tain maximum light collection on the photocathode of the photomultiplier tube 
(PMT). Usually, in order to increase the effective area of the photodetector 
and to broaden the angular range of detected Cerenkov light, a mirror light

guide made of aluminized mylar and shaped as a truncated cone is mounted 
on the photocathode. The geometry of the cone is chosen in such a way so 
that all incoming rays within the maximum angular range, would come onto 
the photocathode after being reflected once. The increase of the angular range 
of radiation detection reduces the entrance aperture of the cone, and this, in 
its turn, reduces the effective area of the light collector. 

However, there exsits a more efficient concentrating lightguide — the Win

ston lens [1]. For a given angle в (in the case of single reflection), it provides a 
greater inlettooutlet size ratio for threshold Cerenkov counters. The reflecting 
surface of the Winston lightguide (Fig.l) with the optical axis Z can be obtained 
by rotating about this axis a parabola branch with the axis Z that makes an 
angle в with Z axis. The latterfflunds orthogonally through the middle of the 
line segment AF = t that makes an angle тг/2  в with Z' and connects a point 
of the parabola (A) to its focus (F). The parabola can be presented in the 
following parametric form: 

X' = 2pxZ', (1) 

where p = tx (1+sinff) and / are the parameter and the focus of the parabola; 
i and в are the input parameters. If the photocathode is positioned along the 
AF segment, the ray directed parallelly to the Z' axis will be focused at F, 
i.e. at the end of the photocathode. The rays with angles smaller than в come 
onto the photocathode with the efficiency of about 80% (considering the 90% 
reflection coefficient) [Ij. 
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Figure 1. Method of constructing the surface of a concentrating waveguide. 

For practical purposes, it is more convenient to fix the parabola branch by 
the following equation in Cartesian coordinates XZ: 

X = h-D + %/D2  C, (2) 

£> = 
Acos9 + 2fsin6 

cos18 
A = Xa + ZsinB, 

B = Za + ZcosS, 

A2  if В 
cos2 в 

X„ = Z0cos6, 
t 

Zo-

f = Z0(\ + sin6), 
where h is the thickness of the lightguide walls, t is the diameter of the PMT 
photocathode, and в is the maximum angular aperture of the lightguide. The 
maximum length of the light collector, Amz, is determined by the point C, 
where the parabola intersects with the straight line coming out of F at an 
angle в to the Z axis: 

: I X (1 + l/sm0)/2if0. (3) 

The maximum entrance aperture of the light collector is Tmai, and its ratio to 
the photocathode diameter equals 

Тт.,/i = II sinB. (4) 

Thus, the shape of the photocathode is determined by the angle в and by its 
diameter t. 
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Figure 2 shows the focusing lightguide with an aperture andge ±20° and 
diameter t=70 mm (for FEU139, FEU110). Formulae (3) and (4) give the 
following theoretical values: L,WJI=377 mm and 7^,1=2.9. Since the line that 
makes up the lightguide surface, has a smooth bend at Z = i/mar, one can 
reduce the length of the lightguide without any substantial loss in T^a. We 
have chosen L = 180 mm by considering a singly reflected ray parallel to the 1/ 
axis and hitting the edge of the upper butt end of the lightguide (Fig.2). In this 
case Г = 160 mm and T/t=2.3, which corresponds to a 5.2 times increase of 
the effective light collection area. A conical lightguide with the same aperture 
angle ±20° enables one to obtain Tjt—\.b and only a 2.25 times increase of the 
effective area. However, since they are difficult to manufacture (especially from 
glass [2]), such light collectors are seldom used in practice [3]. The method of 
producing Winston lenses by pressure forming from plexiglass tubes is described 
inref. [4]. 
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Figure 2. Light collector for FEU139 with an aperture angle ±20°. Points — comparison o/ 
the actual shape of the W^&uide with its theoretical shape. Dashed lines — guide 
boundaries. Inside is shown conical w /̂iiguide with the same aperture angle ±20". 

In order to reduce the amount of work required to manufacture concentrat

ing lightguides, we have designed a set for producing them from plexiglass sheets 
by pressure thermoforming [5]. The choice of the specific technique depends on 
the available equipment and does not affect the quality of the product. 
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The pressure forming set consists of a matrix, a hydraulic press, and an 
oven of the vacuum pump or a pneumo-Iine [5]. The inner surface of the matrix 
underwent mechanical processing by a computer controlled lathe according to 
relation (2) to a high degree of purity. In the course of manufacturing, the 
shape of the matrix was corrected to compensate for the changes of thickness 
in the process of forming and the shrinkage of plexiglass with cooling. 

The matrix was installed into an air-tight parting chamber under the rod of 
the lrydropress. The procedure of forming the light collector was the following. 
A billet made of a 3 to 5 mm thick plexiglass sheet was heated in the oven for 
several miDutes to a state of plasticity (to 140 - 150°C). The temperature was 
measured by a thermocouple embedded into the bulk of the sheet. The heated 
billet was transfered into a heat-shielded container and was positioned at the 
butt end of the matrix, held by a flange. After that the press rod drew out the 
billet to the full height of the product, and the final shaping was done by letting 
in pressurized air until the softened and oriented plexiglass touched the surface 
of the matrix. This set is very simple in operation, but the interacting units 
should be adjusted very accurately, especially when one manufactures items 
of about 300 mm in height. One manufacturing cycle (depending on the item 
height) takes from 15 to 30 minutes. 

The wall thickness of a finished item is 1 to 1.5 mm, which corresponds to 
a stretching coefficient of about 3. It should be noted that such high degree 
of stretching is possible only if the forming temperature (ref.[5]), which was 
determined experimentally for each lot, varies within narrow limits (±10°) [6j. 

Owing to the longitudinal orientation of the material and to the presence of 
the end flange, the manufactured light collectors preserve their form well. This 
has been checked for light collectors that has been in operation for 5 years. 
The end flange is used to connect the ujfliguide to the optical system of the 
Ccrenkov counter. The small head that forms in the narrow part of the man
ufactured items is cut off during further processing to have the photocathode 
diameter slightly larger than t (see formula (2)). This prevents self-screening 
at the edge of the waveguide entrance (see Fig.2). 

The inner surface of the lightguide was coated with a reflecting layer by 
vacuum deposition of aluminum. Experiments have been made where this layer 
was made of MgFi to increase the light reflection coefficient within the wave
length range A=200 to 300 nm. Figure 3 shows the light reflection coefficient ; 
versus A for different substrates. By comparing these data, one can see that 
the reflecting coating on plexiglass is as good as glass mirrors. 
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Figure 3. Reflection coefficient (K, %) of the &4ftfeuide versus wavelength (A). 1 — At plus 
MgF2 on plexiglass; 2 — At without fixing on glass base. 

Using the thermoforming technique, we have manufactured Winston light 
collectors for gas threshold Cerenkov counters to be used in the setups now in 
operation at the U70 accelerator of IHEP, Protvino (VES [7], PROZAM [8]) 
and in those under construction (KMN [9]). 

At present we have all the necessary design documentation and equipment 
for producing Winston light collectors optimized for the following PMT: FEU

143 [10] (в = 18°, ( = 45 mm, T = 150 mm, L = 180 mm), FEU139 (FEUUO) 
[10] (0 = 20", t = 70 mm, L = 160 mm, L = 180 mm), and FEU125 (FEU49) 
(в = 20°, t = 140 mm, T = 290 mm, L = 300 mm), where t is the diameter of 
the PMT ptotocathode, в is the maximum angular aperture, T is the entrance 
window diameter, and L is the height of the light collector. 

In fig.4 we present photographs showing finished Winston lenses after their 
inner surface was covered with a reflecting coating. 

The authors are grateful to O.I.Mikhailov and V.A.Chudakov for their sup

port in introducing the pressure thermoforming technology at the Experimental 
Production Devision. We would like to thank G.V.Goryacheva, I.V.Sokolovskaya 
and K.V.Sidel'nikov for their practical assistance in mastering the technological 
process, and M.I.Chernetsov for depositing highquality reflecting coatings on 
light collectors. 
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Figure -1. Photograps of Winston ICJUSCS for tlie FKU-139 and FEU-125. 
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