1 Production of a New Generation of Silica Aerogeland its Application for the KEK B-factory ExperimentT. Sumiyoshi1High Energy Accelerator Research Organization (KEK)1-1 Oho, Tsukuba, Ibaraki, 305, JapanAbstractLow-refractive index silica aerogel is the most convenient radiator for threshold-type Cherenkov counters, whichis used for particle identification in high-energy physics experiments. For the BELLE detector at the KEK B-Factory,we have produced about 2 m3 of hydrophobic silica aerogels of n = 1.01 - 1.03 using a new production method. Theparticle identification capability of the aerogel Cherenkov counters was tested and 3 s pion/proton separation hasbeen achieved at 3.5 GeV/c. Radiation hardness of the aerogels was confirmed up to 9.8 Mrad.Thanks to the improved transparency, aerogels prepared by the two-step method can be used as radiators for notonly threshold-type, but also for Ring Imaging-type Cherenkov counters. The newly developed aerogels will be usedextensively for particle identification devices in future high-energy physics experiments.1. IntroductionIn high-energy physics experiments, the identification of particles is very important in theunderstanding of detailed dynamics of underlying interactions. One method for such particleidentification involves detection of the Cherenkov light emitted by charged particles passingthrough transparent materials. This light is produced only when the velocity of the particle isfaster than the velocity of light in the material, this condition is expressed as:n b > 1,(1)where n is the refractive index of the material, and b is the velocity of the charged particle inunits of c (velocity of light in vacuum). Figure 1 shows n b = 1 lines for pions and kaons. In thisfigure, condition (1) is satisfied for the regions above each line; hence, the hatched area is theregion where pions emit Cherenkov light and kaons do not. Thus, if we select a material with n =1.01, then only pions will emit Cherenkov light in a momentum range between 0.98 GeV/c and3.48 GeV/c. The figure indicates that a material having a refractive index of less than 1.03 isindispensable for pion/kaon separation, at a few GeV/c, with a threshold-type Cherenkov detector.However, it is very difficult to attain such a low refractive index with most materials. The onlycandidates other than silica aerogels are liquid Helium (n = 1.024) or pressurized CO2 (n = 1.02 1 Author�s e-mail: takayuki.sumiyoshi@ kek.jp, tel: +81-298-64-5333, telefax: +81-298-64-2580.

2at 25MP), neither of which allows for easy handling. For this reason, a large number ofexperiments [1] have used silica aerogels as the radiator for threshold-type Cherenkov counters.The first successful demonstration of this technique was by Cartin et al. in 1974 [2]. Before thisexperiment, a fine grained silica powder, mixed with air, was tried to achieve a low-refractiveindex material [3]; however, the number of observed Cherenkov photons was quite smallcompared with later silica aerogel experiments.

3detector; Section 3 describes the production methods and the quality of the aerogel produced;Section 4 evaluates its performance. Other applications for high-energy experiments are alsobriefly discussed.

4Five aerogel tiles are stacked in a thin (0.2mm thickness) aluminum box (12x12x12 cm3). In orderto effectively detect the Cherenkov light, two fine mesh-type photomultiplier tubes (PMT�s) [13],which operate in a magnetic field of 1.5 T, are attached directly to the aerogels at both sides of thebox. We use PMT�s of three different diameters: 3� (R6683), 2.5� (R6682), and 2� (R6681) forsilica aerogel of n =1.01, 1.015 and 1.02, respectively. The inner surface of the box (except for thephototube windows) is lined with a diffuse reflector (Gortex sheet [14]) to obtain a uniformresponse. The total volume of aerogel needed for the ACC is about 2 m3. For the study of CPviolation, the ACC is required to distinguish pions and kaons with a resolution better than 3s.

5In order to surmount this problem, a two-step method was proposed by R. Hrubesh et al.During the first step, less water then required, to complete the hydrolysis, is used to obtainpartially hydrolyzed silica precursor. For instance, the complete hydrolysis of one mol of tetra-alkoxysilane requires 4 mol of water; however, they only added 1.3 mol of water. Later on, all thealcohol is distilled off, and the remaining silica precursor is diluted by a solvent without alcohol,such as acetonitril. In the second-step, the silica oil thus produced is further processed to make agel by adding extra water with a base catalyst. By adopting such a procedure, the reverse reactionof hydrolysis is inhibited, and we can make a silica aerogel with porosity as high as 99.9% ormore. The silica aerogel thus produced has different microstructure from that of conventionallyproduced ones, namely having much smaller pore size.

6in aluminum molds coated with a thin PTFE film. The molar mixing ratios of the oligomer,methanol (ethanol), water, and ammonia are optimized so that the transmittance of dried aerogelsare as high as possible. The molar mixing ratios of the materials are summarized in Table 1.Typical gelation time ranges from a few minutes to 10 minutes depending on the densities. Foraerogels of density greater than 0.1g/cc, we adopted methanol for the solution, instead of ethanol,for better transparency.Table 1. The molar mixing ratios for the preparation of alcogels of four different indices (n = 1.01, 1.015, 1.02, and1.028). Here, we assume that the molecular weight of MS51 is 470. We used methanol as the solution for n = 1.028alcogels.Refractive index MS51ethanolwaterNH3 1.01 1139.718.252.466 1.015 189.6621.570.8324 1.02 157.5625.480.2810 1.028 156.95(methanol)25.060.15783.2. Surface Modification for a Hydrophobic Property Silica aerogels have been used in several experiments; however, their transparencies becameworse within a few years of use [15]. This phenomenon may be attributed to the hydrophilicproperty of the silica aerogels. In order to prevent such effects, we have made our silica aerogelshighly hydrophobic by changing the surface hydroxyl groups into trimethylsilyl groups [16]. Thismodification can be done at any one of the three stages: before the drying, while drying, or afterthe drying; we adopted the first option for simplicity. After one week of aging, the alcogels aresubmerged for three days into a solution, which is a mixture of hexamethyldisilazane and ethanolwith a volume ratio of 1:8. As a result of this treatment, our silica aerogels are still as transparentas they were when they were produced about two and a half years ago. Since such processedaerogels are highly hydrophobic, these aerogels are easily shaped into any form by using a water-jet cutter without any damage to the transparency.3.3. DryingAfter three weeks of aging, including the surface modification, the alcogels are dried withCO2. Figure 5 shows a flow sheet of our drying facility. The autoclave volume is 140 litres (550mm in diameter and 590 mm in height), and can produce about 38 litres of silica aerogel in onebatch. After seven months of operation (two batches/week), we have completed the production ofabout 2 m3 of silica aerogels.

7

8

9several irradiation stages. Up to 9.8 Mrad, which corresponds to more than ten years of running atthe KEK B-Factory, no deterioration on the transparency and no change in the refractive indiceswere observed, as shown in Fig. 8. In order to cancel out effects other than the radiation dose, weuse transparency ratio, pulse height of the irradiated sample, illuminated by a blue LEDnormalized by that of nonirradiated sample (reference), which was kept in the same condition(humidity, temperature, etc.) as the irradiated one.1sregions obtained from the measurements at the production time.4. Performance of the Detector4.1. Performance of the Single Counter ModulesThe performance of single ACC modules has been tested using a 3.5 GeV/c negative pionbeam at KEK PS (p 2 beam line). The number of photoelectrons obtained for 3.5 GeV/c pions are18.2, 20.3, and 20.3 for n = 1.01, 1.015, and 1.02 silica aerogels, respectively. Using equation 3,

1 0 our photon detection system has higher than 70% efficiency. Typical pulse height distributions for3.5 GeV/c pions and protons observed by an aerogel counter (n =1.015 with two 2.5� PMT�s) areshown in Fig. 9. Pions (above threshold) and protons (below threshold) are clearly separated bymore than 3s. This separation is maintained even in a high magnetic field (1.5 T). We also foundthat cracks in the aerogel do not make a difference in the light yield. Although the precursor forthe preparation of alcogels is different, our silica aerogels have shown performance as good as theaerogels produced by the Jet Propulsion Lab [20]. In terms of the performance in aerogelcounters, we believe that there is no significant difference between the aerogel produced by ourmethod and one produced by the normal two-step method in Caltech.

1 1 5. Other ApplicationsSince our successful mass-production of silica aerogels, several experimental groups havedecided to use silica aerogels for their particle identification devices. For example, the cosmicanti-matter search experiment, the LHC-B experiment, and the internal polarized targetexperiment (HERMES) [22].The BESS detector [23], which was launched in a balloon to an altitude of around 10,000m,has successfully completed its role for the observation of anti-particles in primary cosmic rays.Antiprotons are separated from other negatively charged particles by using information from theaerogel Cherenkov counter. A schematic drawing of the BESS detector is shown in Fig. 10. Asuperconductive solenoid combined with a tracking system determines the momenta of chargedparticles, and the signal on the aerogel counter, where the charged particles are expected to pass,is checked. Recently, a space station experiment, Anti-Matter Spectrometer (AMS), has beenproposed [24] for a search of anti-matter nuclei in space, and it was decided that a silica aerogelCherenkov counter would be used for isotope separation.

1 2