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Tests of a Proximity Focusing RICH With
Aerogel as Radiator

I. Adachi, I. Bizjak, A. Gorsek, T. lijima, M. lwamoto, S. Korpar, P. Krizan, R. Pestotnik, M. Staf. Stanovnik,
T. Sumiyoshi, K. Suzuki, and T. Tabata

Abstract—Ysing aerogel as radiator and multi-anodephotomul- investigation of an aerogel based RICH detector not requiring
tiplier tubes (PMTs) for photon detection, a proximity focusing mirrors, i.e., of the proximity focusing type. Such a detector is
Cherenkov ring imaging detector has been constructed and tested being considered in connection with a possible upgrade of the

with beams containing pions, muons, and electrons. The aim is to R .
experimentally study the basic parameters such as resolution of BELLE particle identification system at KEK [7], [8].

the single photon Cherenkov angle and number of detected pho-

tons per ring. The resolution obtained is well approximated by es-

timates of contributions from pixel size and emission point uncer- II. EXPERIMENTAL SETUP

tainty. The number of detected photons per Cherenkov ring is in

good agreement with estimates based on aerogel and detector char-  |nitial tests of the apparatus with cosmic rays were reported

acteristics. The values obtained turn out to be rather low, mainly recently [9]. The present paper describes measurements and re-
due to Rayleigh scattering and to the relatively large dead space be- Y 13- P pap

tween the photocathodes. A light collection system or a higher frac- Sults obtained with the2 beam at KEK. A beam particle—pion,
tion of the photomultiplier active area, together with better quality — muon, or electron—traversing the apparatus is signaled by two
aerogels are expected to improve the situation. The reduction of 5 x 5 cm? scintillation counters which determine the time of
Cherenkc_)v yi_eld, for charged particle impact in the vicinity of the  5rrival. TwoCO, gas Cherenkov counters produce signals only
aerogel tile side wall, has also been measured. upon the passage of electrons so these signals could be used ei-
Index Terms—Aerogel, belle spectrometer, cherenkov counters, ther to select or to exclude electrons.
multi-anode photomultiplier tubes (PMTs). The aerogel radiator and the position sensitive, single photon
detector are contained in a light tight box (Fig. 1), of which
|. INTRODUCTION the entrance and exit sides each have a multiwire proportional

. . : .. chamber for measuring the track of the incident particle. These
.EROGEL.S are materials with den_S|ty_ and refra_lcuve ind x 5 cm? MWPCs, with 15.m diameter, gold-plated tungsten
in the region between gases and liquids or solids. Alrea

. . i ode wires at 2 mm pitch and with 90% Ar10% CH, gas
some time ago, Cantet al.[1] proposed that Cherenkov radla'ﬂow, are read out by delay lines on thheandy cathode v?/ires.

tion from silica aerogels could be used for detection of particles. .
. ) ) After passing through the entrance MWPC, the charged par-
Besides particle detectors like for example TASSO [2], su IQ:Ie hits the aerogel radiator in which it emits Cherenkov pho-

&:&S?nildrg\?ggﬁrasnf&:;?uﬁﬁp“tce a;;f;,?suilioézrgthj; f(';ik:]? [he.rns' Measurements have been made mainly with 2 cm thick
P 9 ques, 9 9 rogel slabs of = 1.029, n = 1.05 andn = 1.07, produced

transpa_lrency, €., Ies_s Raylelgh scatt_ermg peca}me_avall_agl}%the method described in [10]. The position sensitive detector
permitting their consideration as radiators in ring imagin

o . f Cherenkov photons is situated 17—-29 cm downstream of the
ngnggggva(ZL%anceo durgg:igﬁ]'gzgs'Eﬂtrg'r_?ggu?:gug:gtH[ erogel, depending on the refractive index value of the specific
counter for the LHC-B experiment <';1t CERN. The HERME erogel. T.he. detector is 266 array of 16 channel multi-anode
team [6] constructed and operated such a ring imaging i@otomultlp_her tub_es (Hamamatsu PMTs t)_/pe R5900_007M16
tector at DESY. The present paper reports on experimen\f\g}h borosilicate wmdow_ [11.]). at 3.0 mm pitch. The sensitive
' surface of the M16 PMT is divided into 16 4 x 4) channels,

each covering 4.5 4.5 mm?. It follows that only 36% of the de-
Manuscript received December 1, 2002; revised July 2, 2003. tector area is occupied by the photosensitive channels, the rest
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Fig. 1. The experimental setup.
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Fa 2 S es of ¢ hit ot The circl dst eaks and linear backgrounds yields the average values and
1g. 2. ome examples or event nit patterns. € Clrcle corresponds to P
Cherenkov ring of a 3 GeV/c pion given by the measured track position. %ndard c_jeV|at|0_ns O_f the measured Cher?nkov angles.
The main contributions to the resolution in Cherenkov angle
T . . L determined from a single photon (standard deviations of the
the scintillation counter signals. The TDC information is stored> J€termInea frc gep ( . .
peaks in distributions of Figs. 3 and 4) come from pixel size and

for later analysis in a personal computer. m uncertainty in the emission point. For normal incidence of
As only 192 readout channels were available for the 576 P P aintyin ne €l point. -0
racks the first contribution could be estimatedogg, = d -

anode outputs, only part of the system could be read out with the,, ! . . .
4.5 mm pixel size. However, by connecting4 2 x 2) anodes cos? 6.1,/ X /12, whered is the pixel sizefs, is the Cherenkov

t0 one readout channel. the entire s aﬂgle andX is the distance from aerogel to detector. The second
, ystem could be read outwitiy, & o . .
9 mm pisel size. contribution iSoemp, = L - smlech/.X\/ﬁ, where L is the
aerogel thickness. The uncertainty in the track direction is neg-
ligible at 3 GeV/c, but increases at lower momenta. The error
due to dispersion in the radiator (chromatic error) should also be
A few typical events are displayed in Fig. 2. From the photomegligible, but contributions could arise due to possible nonuni-
hit position and the measured direction of the incident chargémmities of the aerogel (position variations in refractive index),
particle, the Cherenkov angle is calculated. Accumulatewnflat aerogel surface, forward scattering of photons, etc.
distributions of hits, depending on their Cherenkov angles, The measured Cherenkov angle resolution, i.e., the standard
are plotted in Figs. 3 and 4. Peaks and rings, correspondingdeviation of peaks in distributions of photon hits versus the
pions, muons, and electrons, are clearly visible. Signals froralue of aerogel refractive index, is shown in Fig. 5 for 3 GeV/c
the gas Cherenkov counters may be used for either selectingimns. Different data points in the figure refer to different values
excluding electrons. Fitting these distributions with Gaussianri parameters such as the radiator thickness, the radiator-to-

Ill. M EASUREMENT AND RESULTS
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Fig. 4. Distribution of hits in the Cherenkay y space (left), and versus the Cherenkov polar angle (right) for 0.5 GeV/c beam particlesinto an)s aerogel
radiator. (a) All beam particles. (b) Gas Cherenkov has been used to veto the electrons.
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pixel size and emission point uncertainty and summing them in
guadrature, one obtains estimates for the resolution, represented
with empty symbols in Fig. 5. It may be seen from the figure that
such estimates give a good approximation to the measured res-
olution.

The other important parameter of a RICH counter is the
number of detected photons per incident charged patrticle. This
is usually parametrized a&¥4.; = Ny - L - sin® 6, Where
6.1 is the Cherenkov angld, is the radiator thickness and
Ny is a figure of merit depending on the radiator and system
transparency, geometrical acceptance of photons (area and
angle), quantum efficiency, photoelectron collection efficiency,
etc. Due to Rayleigh scattering, the aerogel transparency has
a strong wavelength dependence in the region of R5900-M16
PMT quantum efficiency, so one may expect a sensitivity of the
number of detected photons on the particular aerogel sample,
i.e., on the production procedure. The number of detected pho-
tons per Cherenkov ring is shown in Fig. 6 for 3 GeV/c pions.

Fig. 5. The resolution, i.e., the standard deviation of the single Cherenkgyrst one notices that the number of phOtOhS does not increase

photon angular distribution for different values of the detector parameters, for.
a 3 GeV/c pion beam. Full symbols correspond to the measured values, enW

§,h refractive index as may be expected for= 1 particles;

ones to estimates of contributions from pixel size and emission point uncertaif¥e: o sin® f.,. Then it is also obvious that the 4 cm thick

only. X is the radiator-to-photon-detector distanteis the radiator thickness aerogel radiator does not produce two times as many photons as
andd is the photon detector pixel size.

does the 2 cm thick aerogel. And, finally, we see that the 2.8 cm
thick aerogel tile, produced in a different process [12], yields

photon-detector distance and the photon detector pixel size. There Cherenkov photons than the 4 cm thick aerogel [10].
measured values are represented by full symbols, with differdiitat a higher refractive index of the aerogel sample does not
symbol shapes indicating different combinations of parameteecessarily produce more photons, is observed also in Fig. 7.
values. Using the above expressions for the contributions Athough the threshold fon = 1.05 is reached, as expected,
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for a 3 GeV/c pion beamL is the aerogel radiator thickness. Full symbols
correspond to the measured values, empty ones to estimates.
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ring as a function of the distance of the charged particle im-
pact point from the boundary between two tiles. The measure-
ment is shown in Fig. 8, where a dip is seen at the tile boundary
2z = 0 mm. In order to eliminate other geometrical factors, like
for example the acceptance of the photon detector, the measured
yield was normalized to the yield obtained with one tile cov-
ering the entire range. The result clearly indicates the reduction
of yield when the charged particle is closer than about 5 mm
to the boundary of a 2 cm thick = 1.05 aerogel tile. It is
worth noting that a simple model, where all photons hitting the
boundary between the two tiles get lost, accounts for most of the
observed dependence.

IV. CONCLUSION

We have constructed and tested a proximity focusing RICH
detector module with aerogel as radiator and multi-anode PMTs
as position sensitive detectors of individual Cherenkov photons.
The measured values of the basic parameters, i.e., the single
photon Cherenkov angle resolution and the number of photons
tglteetected per Cherenkov ring, look promising. The resolution is
in‘relatively good agreement with estimates based on pixel size

1.029 (full symbols). Squares and circles and emission point uncertainty. The number of detected pho-

correspond to different granularities of the photon detector. The curves are fishs however is sensitive to the particular aeroge| used. It seems
to corresponding data. !

that these differences are due to Rayleigh scattering, which re-
duces the aerogel transparency mainly in the wavelength region

at lower particle momenta than far = 1.029, the saturated of maximal photocathode sensitivity. Photomultipier tubes with
number of detected photons per Cherenkov ring is more ahigher fraction of active area, possibly combined with a light

less the same for both radiators. The above discrepancies caltection system, consisting of lenses or light guides, are ex-
be well understood and have been estimated from the knopected to increase the number of detected Cherenkov photons
aerogel attenuation lengths and the response of the coufitgreducing the dead space of the photon detector. The increase
(Fig. 6). The attenuation lengths at 400 nm for the samplesiofphoton yield, however, is in the latter case at the expense of
Fig. 6 are 36 mm, 15 mm and 7 mm for the aerogel samplas increase in the effective pixel size, so a compromise, opti-
with n = 1.029, n = 1.05 andn = 1.07, respectively, and 36 mizing the final resolution of the charged particle Cherenkov
mm for the 28 mm thick Novosibirsk sample with= 1.05. angle should be found.

It has been already noted by the HERMES group [6], that The information obtained from the results of the present tests
a loss of Cherenkov photons occurs at the side wall boursliggests that a proximity focusing aerogel RICH as required by
aries between adjacent aerogel tiles. We have confirmed tthe BELLE particle identification upgrade is feasible, so inves-
finding by measuring the number of photons on the Cherenkbigations of optimal detector parameters are being continued.
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