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!Abstract. The present paper describes the characterizacases of events that are of very high energy but too di
tion of an industrial production of a large number of piecesand if possible under less favourable night sky radii
of UV optical filters proposed for the AUGER Fluores- rates. Therefore, we need an appropriate optical filte
cence Detector. The filter pieces have been tested and thejgn, so that, we achieve the optimum spectral tran
have nearly 92 % peak transmittance, between 320-400 nrtence and consequently we obtain an improved signg
for an incidence angle range from 0 to 30 degrees, and typtection sensitivity.

cally 0.5 %, in average, in the range 400-700 nm, in the The existing commercial optical filters do not seem t
same range of angles. The filter pieces were also charaoptimised, for the purposes of FD of AUGER, and thu
terized in terms of the integrated signal yield in the air fluo-extensive R&D has been conducted in optical filters de
rescence radiation and also in the typical night sky back{Fokitis, 8/2000) and production tests (Fokitis, 11/2Q
ground radiation (optical noise). The experimental resultsSince then, the effort was focused in production of af
of the overall performance of these filters lead to the conypriate optical filter in industrial custom-made mode by
clusion that they achieve an increased signal-to-noise ratitical Coatings Japan (OCJ). We report on the evaluati
in comparison to that of absorption filters commercially such optical filter production. In Section 2 the optical n
available. We explain that the interference filters provideand the effect of the atmospheric conditions are desc
more flexibility and thus can be adjusted more easily to thdn the Section 3 the characteristics of the optical fil
needs of FD telescopes. which were designed for the FD prototypes of AUGER
discussed in comparison with other candidate filters, as
as a specific way for mounting the above filter array.
1 Introduction conclusions and prospects are given in Section 4.

This work deals with the issue of determining the optimum
optical filter for the ground-based air Fluorescence Detecto? The EAS detection in various atmospheric conditior
(FD) of the AUGER Observatory. We take as a main ex-and optical noise
ample the FD prototypes, the first of which has started suc-
cessfully taking data in Malargue Argentina. 2.1 The influence of the atmosphere

There are already more experiments which are using or are
planning to usethe technique of atmospheric fluorescence The noise in the UV region cannot be ignored but c¢
(Abu-Zayyad, 2000; TA Collaboration, 2000). The main also be avoided since it coincides with the optical 1
objective when designing such optical filters is to rejectpass-band. The only remedy against this noise is to inc
much of the background of the night sky radiation and sethe average filter transmittance in the UV region and
lect, at the same time, as much as possible of the air fludncrease the SNRIn conditions of increased optical noi
rescence UV radiation produced by an Extensive Airthe EAS reconstruction and determination of the ener
Shower (EAS). As a result, the signal-to-noise ratio (SNR)the primary particle includes a significant error due tc
of each pixel detector of the FD camera should be maxilow SNR in the signal detection. The use of a satisfa
mised for all the events of the Extreme High Energy Cosoptical filter is important in ensuring an optimum, i.e.
mic Rays. The SNR must be retained high enough, even ioreased SNR, under variable optical noise and atmos
conditions, changing within certain limits. We give belo
! Correspondence toE. Fokitis description of the expected form of the EAS signal, the
(mailto:fokitis@central.ntua.gr) tical noise, and its fluctuations.
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The EAS signal is caused mainly by the molecular, atomiaatio of the SNR, using a filter, over the SNR without it
and ionic de-excitations of atmospheric air caused by theur analysis we use more accurate expressions for the
electrons and positrons of the EAS. This spectrum is chamdetermination (Hamamatsu, 1994; Hamamatsu, 1996)
acterised by some strong groups of lines around 337, 353NR for these two cases is given by:

and 392 nm. Details of this spectrum are given in (Elbert, . S _ S (1)
1993; Fokitis, 8/2000; Kakimoto, 1996). The air fluores- ST = N 5im

cence radiation may be att_enuated due to atmospheric .a\R/'here S and B are the total photon rate of the air flus
sorption and scattering. This effect can be estimated using, ce (signal) and the total photon rate of the optical |

atmospheric conditions which include various levels of b - .
X (background) detected by the pixel detector, respecti
aerosol (Jakovides, 1997). The aerosol presence, and e p?ime in)the symbolsymeanz the use of the fiItF()er. r

fluctuations in concentration and height of the boundarybe shown that the improvement factor is given by:
layer, may produce a reduction of the signal at the pixel po- '

sitions. In the experimental study below, we shall consider R= SNR' _ E / (S/2B)E, +E, 2
the performance parameters of the optical filter candidates SNR ° (S/2B) +1
in the presence of various degrees of atmospheric attenugmere the quantitiesES/S and E=B'/B are the detectio
tion. efficiencies for the signal and the background, respecti
_ _ ) which are also called “performance parameters” of the
2.2 The night sky background considerations ter.
o ) o As we see, the factd®® depends on the performance
The most significant component of the optical noise is thameters as well as on the ratio S/B. If the latter rat

night sky background radiation (NSBR), which is a compli- mych less than 1 (low signal level compared to b

cated function of time, within the n|ght duration. The inten- ground),R can be approximated by the expression:

sity of the NSBR depends on the viewing direction and the E

aerosol loading in thatmosphere. It has been observed that R, =— (

the presence of increased aerosol content, mainly in the \/E_b

Planetary Boundary Layer (PBL), increases the night skylhis quantity can be used to evaluate the performance

background in the zenith angles 60-87 degrees, in which theptical filter, under the condition that the sigisais large

Auger FDs will be observing. We also have the influenceenough to provide a trigger. Such cases are typical whe

on it by the human artificial light. Some of these considera-are near the detection limit, where SNR approache:

tions have been described in (Maltezos, 2000). threshold value 5. The determinationRyfcan be done b
We only describe briefly the conclusions of this work: As measuring thé&', Sin the Laboratory, by using the air flu

the night sky background increases, the threshold of the inrescence discharged lamp, and by measuBind in the

cident photon ratesy, , of the EAS event, required to trig- natural night sky environment.

ger the FD array, also increases. A necessary condition forTo compute thes,, we consider that SNf (the trigger

triggering is that a certain sequence of pixels gives an SNihreshold), specified by using the particular filter. The l¢

at least 5. In the next section we determine the aboveondition, after some calculations, leads to the express

threshold by considering, as part of the FD apparatus, the n? SOBE,
optical filters under study. Smin = ———H+ 1/1+ (4
2SE, n’

where b is the absolute NSBR photon rate incident to
3 Experimental methodology for evaluating the per- pixel detector and the quantiti&andB must be used aft
formance of various optical filters normalisation to 1.

Below we present the main parts and characteristics ¢

3.1 The methodology and the experimental apparatus experimental set-up for these tests: A schematic diagr:

the apparatus is seen in Fig. 1. This apparatus can a
Here we present the results of the performance of the optimodate large filter pieces for characterisation, and is
cal filters, produced by a proprietary methodblefsma ion  a low-pressure air-fluorescence lamp and photon cou
processof OCJ by coating multilayers on Tempax, 2 mm method based in bi-alkaly photocathode. This apparat
thick, UV-glass substrate of Schott, Germany. These opticabortable and has been transported outside Athens,
filters can have an essentially constant performance fodarker place 5 km away from the city of Eretria in E
over 20 years, according to manufacturer’'s specificationghere we evaluated the capability of the filters in rejec
under normal laboratory conditions of low humidity. the NSBR .We proceed to present the obtained results.
We have given some more details for the method we used
in (Maltezos, 2000). Below, we describe briefly the main3.2 First results on large area interference filters
points of this method. The performance of a pixel detector
(a photomultiplier with an optical filter in front) in detect- The OCJ Company has measured the transmittance of
ing the atmospheric fluorescence is expressed via the s@ieces of large area filters (170 mm x 170 mm), under
called “improvement factor”, R, which has been initially mal incidence, and two typical curves are seen in Fi
introduced by (Elbert, 1993). This quantity is defined by the




669

while results from HiRes filter and the expectation from theFor b 5 times larger, that is 542.5 ph/we get 191.9 ar

Telescope Array Project filter are seen for comparison. 192.7 respectively. The corresponding values for an
optical filter are 141 for the low value of b and 181 for
o Sonometr higher value, respectively. These results indicate that
Ny " [—— [rves ] filters approach well the expected performance of the
\ Inp. collimator “\ T 7 2 out. collimator N\ filter.
] N, lamp Furthermore, the atmospheric absorption and variou

ceptable deviations from what we call U.S. standard at
phere should be considered when we present improve
factors. By using absorbing liquids with detection ¢
ciency of 21 % and 18 % in the air-fluorescence signa
have obtained the improvement factors of the OCJ

samples at normal incidence angle. The resulting valu
R, are 1.74 and 1.66 respectivelhe average value &,
without absorption is 1.74. We observe that even at
levels of atmospheric absorption, these filters retain

improvement factors.

Due to the relatively high cost, at present, of the
layer filters, it is proposed that these should be placet
in front of the camera at a safe distance from it. A pos
configuration is based on plane hexagon filter pieces
proximating the spherical surface of the camera, ca

We observe a steeper slope in the cut-off region in the caJQ“”d in (Fokitis, 11/2.00.0)' It is obwous.that the d!StI’I
of OCJ filter, and an average UV transmittance larger that'on Of the angles of incidence on the filter array is ¢
the HiRes type filter. Also, the OCJ filter rejects better theS'_mllar to t_hat on the window of the respective PN
optical noise in the range 410-460 nm than the TAP ﬁlter.Slnce the filter pieces are somewnhat thin, a special p

The results of detection efficiency for various incidence an-dure ha_d to be established for carrying out water-jet cu
0 obtain hexagon shape. It can now be successfully

gles are also seen in Fig.I8can be seen that up to about to . . . )

25 degrees angles of incidence the response is rather coffith small risk of breaking or damaging the filter. We
stant. For higher angles, up to 35 degrees, the detection el worklng. to complete the optimisation of th‘? moun
ficiency and the sensitivity in the opticabise is reduced. of such a filter array tp ensure good mechanical sta
In Fig. 4 we present the experimentally determined im-and minimum obscuration .
provement factorR,, as a function of the incidence angle
for two OCJ filter samples. In the same figure the corre-
sponding improvement factor for the absorption filters from
(Abu-Zayyad, 2000), is also shown. TO€J filters tend to 100
have systematically higher improvement factors up to inci- 90 - oG
dence angles 32 degrees. Near 20 degrees, the best per- 80 1 — OCIv2b
formance is achieved by the OCJ filter, due to the strong 70
suppression of NSBR. 601

We should also note that the improvement factor must be ig:
measured under very typical night sky noise levels. Our re- 30 4
sults, in natural background radiation, included some low 20 |
level of artificial light coming from Eretria. This fact corre- 10 4
sponds to conditions of increased optical noise in UV re- 0 ———— =
gion, mainly from the lines 365 nm and 405 nm of mercury 250 300 350 400 450 500 550 600 650 700
lamps and lesser to the presence of lines from sodium lamp Wavelength (nm)
spectrum. These conditions of optical noise flux correspond
to nearly 6 times more than that expected for very darkFig. 2. The transmittance curves of OCJ (a,b), HiRes and
night sky sites; they give roughly the same radiation withscope Array filters, at normal incidence, are seen for compari
1/4 of moon phase, a case where the FD could retain data
taking. We plan to do measurements in darker areas so that
we study the improvement factor in lower level of night sky4 Conclusions and prospects
radiation fluxes.

Considering a typical NSBR spectrum and the Eq. (4), wdVe have studied the first large area OCJ filters, obta
can deduce the required value gf,dor each specific opti- the performance for various incidence angles. Altho
cal filter type considered. For example for an expected lovihis optical filter is more expensive than equal size ab
background rate, b=108.5 pis/per pixel detector, we ob- tion filter, it could make a low cost filter if it is placed n
tain for OCJ filters §,=147, and 149 phé respectively. the camera of the Auger FD.
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Fig. 1 A top view of the experimental set-up for measuring the
integrated signal yields of the filter pieces.
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Fig. 4. The improvement factor obtained using two filters sarr

from OCJ (circles and square points respectively) as a funct
Fig. 3. The detection efficiency of air fluorescence for two filters angle of incidence. The horizontal line refers to the filter us:
samples as a function of angle of incidence. the HiRes experiment.
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