)}4%4 () Developm of Large Area Silica Aeroge

wwouice Used as RICH Radiate ne.Belle.ll Experi

2012 FEFE NS/ MIC/ RTED

Makoto Tabata"?, Ichiro Adachi3, Yoshikiyo Hatakeyama#4, Hideyuki Kawai?, Takeshi Morita?, Keiko Nishik:

and Belle ICH Group

'Japan Aerospace Exploration Agency (JAXA), Sagamihara, Japan, *Chiba University, Chiba, Japan, 3High Energy Accelerator Research Org
*Nihon University, Setagaya, Japan, >Tokyo Metropolitan University, Hachioji, Japan

Introduction 5 Gevic UK ‘ -~ Be"e | detecter 1 Silica aerogel as Cherenkov radiator
» Belle Il experiment at SuperKEKB (super B factory) e \ T * Tunable refractive index n
* A probe of new physics n = 1.003-1.11 (our conventional production method)
* Flavor physics and CP violation measurements n = 1.05-1.26 (novel pin-drying production method)
» Upgraded particle identification (PID) detector (under * Long transmission length
development) for the forward end-cap * Hydrophobic = Maintenance free
* Aerogel-based proximity-focusing ring-imaging * Relation between n & density p: n-1 = kp (k: constant)

T8 Aerogel disk

Cherenkov (A-RICH) counter - ~ sFocusingaerogel radiator with dual refractive index
 Expansion gap: 20 cm (radiator to photo-detector) g \ s Duallayer: n =1.045 & 1.055 (up & downstream)
* Our goal: K/m ID capability more than 40 at 4 GeV/c e Belle IT = Focus Cherenkov photons on photo-detectors
A-RICH Detector Configuration * A-RICH counter components Aerogel Radiator Tlllng Scheme
N * Radiator * Large area: 3.5 m? CAD view
PrototypeA RICH counter \,“. —~ »q " o
= s TR 43 * Photo-detector * Two-layer configuration: 2 cm thi{d{<:1d, < @hee X

;#‘F Focusing dual radiator /

‘“perogel” F”ﬁ Front: e"f":slfg/tl'_fggxﬁ » Read-out electronics » Wedge shape tiles
i/ s e o ¢ K/m identification concept 18 X 18 X 2 cm? tile preparation
4 - Measure Cherenkov angle 9, Cut out with a water jet cutter
9,,(m)-9,(K) = 21.6 mrad * Total number of tiles: 248

. ‘. at n =1.055 and p = 4 GeV/c * Refractive index combination

ET:E:fk |« Basic performance in a beam test . Primary O
‘ g ' * Angular resolution: ~14 mrad = 1.045 (conventional) + 1.05: (s e g% 1):4

sl | 8 - s P TR - # of detected photons: 10-15 . Backup KL

i OSItIOI‘l sensmve photon sensor array‘ « K/t identificati R

: “144 ch hybrid avalanche photo-detector (HAPD)” nt identification capability: 5-60 = 1.045 (conventional) + 1.05} (conve |

New Aerogel Production Technique - Pin-drying Method -

* Production procedure

Optical transmittance
Pin-drying process

e Conventional

Before After
A. Our conventional method — 80
1. Wet gel synthesis & aging  B. Pin-drying method 8 /improvement
¢————— Add pin-drying process S
2. H}ldroPhoblc treatment (the other procedures g
3. Rinse in alcohol @ e (e e ey ] i W C n = 1.056, thick = 2cm
4. CO, supercritical drying method) il _Shrinkage * Pin-drying

with no cracking, SRR
* Aerogel’s refractiveing e - (lncrease silica density) s O | 400 600

* Wet gel synthesis process (recipe of chemicals for sol-gel step) (Enclose a wet gel in a semi-sealed container Wavelength [nm]
* Pin-drying process (monitor wet gel’s weight to control density) with pinholes)

Large Tile Production and Optical Performance

* Conventional method
* Final dimensions: 18 X 18 X 2 cm3
* 3 batch (84 tiles) trial production
= Crack-free yield: 96%
Key: Slow pressure ramp up/down
in the supercritical drying
= Reasonable transparency
s Ready for mass production
* Pin-drying method
* Trial dimensions: 17 X 17 X 2 cm3
* First crack-free sample (obtained)

Tile Density Uniformity Measurements

* Measurement concept
- Exponential attenuation law of X-rays in materials: I/l = exp(-u,.x)
X = pt: Mass thickness, p: Aerogel density

Sample by the conventionalmethod °

I/l : X-ray transmittance, u_: X-ray mass-absorption coefficient, t: Aerogel thickness
* Measurement items
 X-ray fluorescent (XRF) analysis for mass-absorption coefficient
» X-ray absorption measurement for X-ray transmittance
* Thickness mapping using a measuring microscope
* Requirements: Highly transparent and uniform tiles, [6(n-1)/(n-1)| < 4%
(all Cherenkov photons pass through the downstream layer)
* Pin-drying aerogels are transparent, but

N =1.045, A; =43 mm

Transmission length A; at 400 nm Density uniformity scan

» Excellent transparency 79 [petter transparency their uniformity needs to be improved 0.22
* Further trial in progress 6o . . . X-ray device 0.21 Corner D
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