@KEK

HIGH ENERGY ACCELERATOR RESEARCH ORGANIZATION

Status and Perspectives of High
Quality Silica A

Ichiro Adachi

2018.08.03 o
L u . Chereggkov light imaging in particle and nuclear physics experiments » Cherenkov

detectors in astroparticle physics « Photon detection for Cherenkov counters
« Pattern recognition and data analysis  Alternative PID techniques » Technological
aspects and applications of Cherenkov detectors « Novel Cherenkov imaging
techniques for future experiments « Remembering Pavel Cherenkov

International Advisory Committee: Local Organizing Committee:
« Eugenio Napgi (INFN, Bars, Italy) — chair W « Pavel Pakhlov (LPI RAS, Mascow) — chair
« Silvia Dalla Torre (INFN, Trieste, ltaly) &N « Viadimir Ainutdinov (INR RAS, Mezcow)
« Antonello Di Mauro (CERN, Geneve, Switzerland) « Viadimir Alexeev (LPI RAS, Moscow)

+ Jurgen Engelfried (University of San Luts Potost, Mexico)

+ Roger Forty (CERN, Geneva, Switzerland)

« Greg Hallewell (CPP, Marzeills, France)

+ Neville Harnew {University of Oxford, United Kingdom}

« Werner Hofmann (MPI, Heidelberg, Germany)

» Toru lijima (University of Nagoya, Japan)

- Sama Kargar {University of Maribce and Jozef Stefan
Institute, Lyubljana, Sloventa)

 Yurty Bashmakov (LPI RAS, Moscow)

« Alexander Bortsov (LPI RAS, Moscow]

« Elena Cherenkava (LPI RAS, Mozcow)

« Sergey Cherepnya (LPI RAS, Moscow ]

« Maxim Chuyashkin (ITP RAS. Moscow)

« Lygenty Kravchenko (BINP/NSY, Novosibirsk)

« Bayarto Lubzandorzhiev (INR RAS, Mozcow)

« Evgeny Malinovskly (LPI RAS, Moscow}

+ Evgenty Kravchenko (BINP/NSU. Novosibirsk, Russta) « Anatoly Petrukhin {MEPH, Moscow)

« Jochen Schwisning (GSI, Germany) « Andrei Polonzki (INR RAS, Mascaw)

« Jacques Seguinot (Collége de France, Parts, France « Elena Solovieva (LPI RAS, Moscow)
Honerary member) g « Timofey Uglov (LPI RAS, Moscow)

+ Gary S. Varner (University of Hawati, USA) P.A. Cherenkov . « Valentina Zhukova {LPI RAS, Moscow)

Sspae
Dusivcckiin 70 e
WHCTHTYI v
Organized by: & wonae  ~.. 3 g 3 Supported by: =i

Russsan Acadeazy of Sceces

10th International Workshop on RICH Detectors, RICH2018, Moscow, Russia 1




Cherenkov detectors with aerogel radiators

E.A.Kravchenko

Novosibirsk State University
Budker Institute of Nuclear Physics

We have already had a review talk !
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Two aerogel production facilities...
From the other point of view...
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Comment...

Belle aerogel Cherenkov counters

1991 KEK and Matsushita started joint effort in

O - o agm B | ACC
producing low refractive index silica aerogels. = —
2* FM-PMT » 2 2.5° FM-PMT x 2,/ 3" FM-PMT x 2
240 modules 300 mo?g!_o‘lv_ ¥ 360 modules

e 1992 — seminar of A.Onuchin at KEK on

: — -Endcnp ACC
aerogel threshold detector development 2 ey
« 1994 — approval of KEKB with Aerogel | ] - —
Cherenkov Counters as baseline for PID 25
«  Very intensive R&D both on aerogel . g CCCrmOmC= ¢+ (38041
production and detector design S N
« 1124 detectors equipped with 2024 Fine . ‘ ’
Mesh PMTs (2, 2.5, 3 inch) R v v =
° n=1 .01_’1 .03, VZ=2000 I, h|gh ‘ ’ October { = 1.24) (’/

transparency hydrophobic aerogel
 Npe =20—26(!) ,,
- In operation 1998-2010 I

 Full success of the project!

01.08.18 RICH2018, Moscow 12
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Silica Aerogel

* Highly porous material of silica clusters
* 3 dimensional network of (SiO2)n
* Micro-structure smaller than the wavelength of visible light.
* More than 90 % air inside volume

secondary globule
~50nm at maximum

silica globule (SiO2)n
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Production Process

* Two subsequent reactions for sol-gel polymerization

nS1(OR)4 + 4nH,0O — nS1(OH)4 + 4nROH Hydrolysis

nS1(OH)s4 — (S102), + 2nH>0 Condensation
Alco-gel

* Hydrophobic treatment
e Introduced in 1990’'s at KEK

* Aging
e Stabilize 3D network of SiO> clusters

e Supercritical drying (SCD) to convert from alco-gel to
aerogel.
e Critical point
e CO2: T=31°C & P=7.4MPa
e Methanol : T=240°C & P=8.1MPa
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Unique Features

* Excellent thermal insulator * Fragile
* Especially localized pressure

e If pressure is widely uniform
over aerogel surface, aerogel
tiles posses some rigidity.

thermal insulation
liqdow

N DAY
‘{ D R

/
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Optical Quality

* Refractive Index
* Density (in other words)

* Fraction of silica clusters defines material density.

* Transparency
* Transmission length
e Clarity parameters

 Uniformity and dimensions of silica clusters are related
to transparency.

* For high transparency, synthesis parameters (gelling time etc)
should be optimized.
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Refractive Index

* Unique refractive index

e It is related to quantity of SiO2 clusters.

Cherenkov radiation

Threshold momentum P is related to refractive
index (n) of radiator medium and incident particle
mass (m) .

Pih=m / V(n2-1)
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1.E+03
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Refractive Index Measurement

* Refractive index is calculated from a deflection angle in
Fraunhofer method.

eroge

Laser Omin
7 /

Rotating table

@rism formula W

N = Nair * Sin((a+0min)/2)[1/sin(a/2)]
Omin = tan"1(dmin/L)

Screen

\_ J
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Transmittance

* Transmittance is measured using a spectrophotometer.
At KEK, aerogel tile is placed by 10 cm from a light-integrating

sphere.
a T = To exp(-d/A) I

To: initial intensity
d : thickness
A\ : transmittance length

g
~—

: ‘ - ;
. Acrogel 3
N\ <K e

'Light source Y /\()\) = 'd/ln(T/TO)

iy
A(A=400nm) often used to
. @aracterize aerogel transparency

e S

Light-integrating spherg s*® *

Clarity parameters also used.
N\ depends on the position, T = A exp(-C - t/A%)
where aerogel tile is placed In
the spectrophotometer.
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Transmittance

* Transparent for visible light region

* This makes photon detection more straightforward.
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Aerogel Production Centers

e Japan
» KEK/Chiba/Panasonic groups
 Panasonic no longer deal with aerogel production.
 Technological transfer to Japan Fine Ceramics Center (JFCC).

e SCD is outsourced to Mohri oil company.
e Facility with 70-liter dry volume

* Chiba university has their own SCD facility.

 Only academic center to handle aerogel production from synthesis
steps to SCD.

* Russia
* Budker INP and Boreskov institute of Catalysis.

* Their own SCD facilities.
* Please see a nice poster
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History of Aerogel Radiator &
Development of Cherenkov
Counters
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History of Aerogel Radiators

Ul
o
|
I

r 1st generation: 1970’s ~ 1980’s \
T TASSO/PETRA
n=1.025 ~ 1.055

transmission length at 400 nm (mm)

20 + 1st application for collider experiment
L Issue on long term stabillity J
| | | | | g
| | | | | | |
1.010 1.040 1.070 1.100

refractive index
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History of Aerogel Radiators

{Ne(t)D 1 T T T
{Ne(0)) NIMA248(1986)118

1

+ new
Miliipore

1 Npe decreased by 0.5/yr

P

08
06 Aerogel —
04 : $ TASSO = ﬁ
i o EHS |
02 — _
L l { | - - ) ) \
" TTem wm wm e ) 1st generation: 1970’s ~ 1980’s
Fig. 24. Photoelectron yield of the TASSO aerogel counters for TASSO / PETRA
relativistic particles along the time of operation. The wield
decreases with a slope of 0.5 yr '. The arrows show the Nn=1.025 ~ 1.055

improvement obtained when new aerogel and new millipore

was recently installed in one cell. The data from the EHS 1st application for collider experiment

detector [16] indicate a similar decrease but suggest an

exponential decay with a time constant of 7.5 yr. ISsue on Iong term Stablllty J
= —
2 I
O
| -
+ | | | I I >

1.010 1.040 1.070 1.100
refractive index
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History of Aerogel Radiators

=

= " 2nd generation: 1992 ~ 2002 A

S 50 T Belle Aerogel threshold counter/KEKB

< HERMES RICH/HERA

o T n=1.010 ~ 1.030

< New production method

=% -+ Hydrophobic feature NIMA668(2012)64

Q High transparenc

_ K g P y J

o 20

B [1

g .

- I

(©

-

5 | | | | .
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refractive index
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History of Aerogel Radiators
A e )

3rd generation: 2002 ~ 2014
Belle Il Aerogel RICH/SuperKEKB

A n=1.030 ~ 1.080
— New solvent
Cherenkov image from high density gel

\_

20 T
I

transmission length at 400 nm (mm)

1.010 1.040 1.070 1.100
refractive index
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History of Aerogel Radiators

( 4th generation: 2008 ~ \
111 Fixed target experiment/J-PARC
n=1.050 ~ 1.25

New technique

K Expanded to higher density j

Ul
o
|
I

IV

N
-
I
I

I

transmission length at 400 nm (mm)

1.010 1.040 1.070 1.100
refractive index
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Developments of Cherenkov
Counters Based on Aerogel

/Iong term stability issue \
Threshold Counter CTASSO

I-generation
Belle )

II-generation

Many fixed target
experiments

III-generation

Imaging Counter
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Belle ACC

e 1st large detector using the 2nd generation hydrophobic

aerogels. o
e 1st corporation with Panasonic —
P n=1028 Barrel ACC n=1.013 TOF/TSC
.\\ 60mod 60mod. / §
e Low index

*1.010~1.030

n=1.020 n=1.015 n=1.010 / ~
240Kd. ﬁAO/r'K)d. 3Kd_ A /
y

DTN ATNGY DN SO, NN D B N AN NN NN ™ " NN AN N O NN NN E n d' a D AC C
v -

ﬂ% n=1.030

» Tile size dimensions st | | S FMEMT § o

CcDE B "
¢ ~100x100%x20 mm2 mg ﬁ;-ﬁ:,."fw =i

al ®, ‘ ‘

o
P~

e Total volume ~ 1.0m3.
e Home-made

Fine-mesh PMT

120 mm
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Highly transparent aerogels in the 3rd generation
allows us to have another direction.

Refractive index in
aerogel can be tunable.

Adjustable index
for more photoelectrons

Panda

Belle Il ARICH

refractive index
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Belle II RICH

* Aerogel in the 3rd generation used.
* Highly transparent tiles with refractive index > 1.03
* Dual Cherenkov radiators consisting of 1.045 (upstream) and
1.055 (downstream)

4cm thick single index aerogel

NIMA548(2005)383

5000}
o =22.1 mrad
4000F Npe =10.6

3000}

2000F

0 G e 0s
rad
: 8000 0.6
Focusing 2cm+2cm dual aerogel ; g
7 000;' 0.4 |-
6000F o =14.4 mrad e
. Npe =96 [
5w0_ pe 0.2 B \‘
4000} o L
>
3000 L s ,
2000 / e [lp.e.)[= 14.4 mrad
0.4 [rinighaa Npe ~9.6
1000 {k\—/ [ s (track)| = 4.8 mrad
0 nnnnnnnnnnnn FI B S Er—r— -0'6-lllllllllllllllllllllll

0 0.1 0.2 0.3 04 0.5 0.5 -0.25 0 0.25 0.5
rad rad
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Belle II RICH
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Talk by S.Kononov

Panda FWD RICH

Barrel DIRC | Disc DIRC Forward RICH

mirrors

Radiator

Panda spectrometer *  Focusing 2- or 3-layer aerogel
* 40 mm thick

*  No gaseous radiator

N AN NN A A A RTN
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Talk by S.Kononov

Panda FWD RICH

Single ring option

n<n

Focusing aerogel improves proximity focusing design by
reducing the contribution of radiator thickness into the
Cherenkov angle resolution

Multi-layer monolith aerogels have been being produced
by the Boreskov Institute of Catalysis in cooperation with
\the Budker INP since 2004.

~

First sample of 4-layer aerogel

=3

3-layer aerogel 115x115x41 mm3

\

T.lijima et al., NIM A548 (2005) 383
A.Yu.Barnyakov et al., NIM A553 (2005) 70
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CLAS12 RICH

* Challenging design due to the constraints from the present
CLAS spectrometer.

e 2 layers of 30 mm thick slice aerogels (n=1.05). Two
reflections (one for spherical mirror and the other planer
through aerogel medium) before photon detector

aerogel
spherical
spherical mirror
mirror 7
plane plane £ Kaon
mirror mirror O L~
Cherenkov Cherenkov
photo ns | photons
> Kaon
photon E photon
detectors detectors
aerogel aerogel
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E. Kravchenko

CLAS12 RICH

Production of large aerogel tiles

20
18

— Aerogel block 30 mm

& 165: Aerogel block 20 mm
* 200x200 mmz2, 20 and 30 mm § 1af
. QO 12—
thickness 5 o
S 8 T
¢ L..(400nm)>43 mm S of
c 4;
~ 2
(mean ~50 mm) £ il I L Ml |

light scattering Iengthm oy M

* New CNC cutting machine
(diamond wheel). The cutting
accuracy is 0.25 mm.
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E. Kravchenko

CLAS12 RICH

Planarity of large aerogel tiles

4 Rerogel Biock 20
e The aerogel tile planarity is measured 325 i _QEIZSZIEIZE‘.EESEE e 1713

mechanically in 49 points (7x7 grid with ~ , s

step 30 mm). The planarity criteria is 325—

defined as the difference between the 5@

maximum and minimum values of the 512:

coordinate field after alignment N —1 ] T

procedure. Selection criteria: Yone e

« the aerogel tile 30 mm, planarity up to 2 mm; planarity, mm
* the aerogel tile 20 mm, planarity up to 4.5 mm,

but the average planarity of all blocks does not

exceed 3 mm.

Long-term stability
Monitoring is essential.
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4th Generation

* High refractive index (>~1.14)
* Transparency limited by solvent in synthesis step.

e Difficult to produce alco-gels since too much silica particles can
not undergo smooth gelation.

* This results in non-transparent aerogel after supercritical drying

10
0

Process. 70 = Conventional
S 0 | (Ethanol)
£ . = Conventional
= 50 (Methanol)
g 40 = Conventional
= (DMF)

S
3 30
s 20
%)
<
S

1.00 1.05 1.10 1.15 1.20 1.25 1.30

refractive index
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4th Generation

Synthesis process targeting n~1.06, then alco-gel obtained
is partially evaporated in controlled environment to get
target index(=density).

Pin-drying(PD) method by Chiba university group

70 = Conventional
S (Ethanol)
£ 60 . = Conventional
= 50 (Methanol)
) .
S 40 = Conventional
= (DMF)
S 30
A artially evaporated
té 50 . ‘P Y P
A ®
S 10 N
e synthesis Dl

1.00 1.05 1.10 1.15 1.20 1.25 1.30

refractive index
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4th Generation

Synthesis process targeting n~1.06, then alco-gel obtained
is partially evaporated in controlled environment to get
target index(=density).

Pin-drying(PD) method by Chiba university group
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4th Generation

70 = Conventional (Ethanol)
~ ® Conventional (Methanol)
& 60 o ® Conventional (DMF)
&
-, 0 PD (Methanol)
=S 50 2
S .
S 40 [ Y PD aerogels
~ [
Q30 _ ¢
g .
S 20
n i _ .
§ 10 b _ High transparency obtained !
= e

0 I I I I I
1.00 1.05 1.10 1.15 1.20 1.25 1.30

refractive index )
Key Issues

Tile size and uniformity
Duration of production
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Talk by M.Tabata

HELIX RICH

* HELIX is a magnet spectrometer for a balloon experiment
around the south pole. Launch ~ 2019-2020.

Univ. Chicago ...

The Ring-imaging Cherenkov Detector

- Proximity-focused RICH w/ SiPM readout
- Design goal : Ap/p ~ 4x10* for Z>3

- Requires detector developments to reach goals

Presented at ICRC 2017

Bottom TOF
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Talk by M.Tabata

HELIX RICH

Cherenkov radiator system using 4th generation aerogel
e N=1.15 Aerogel from Chiba university group
e 36 tiles with 100x100x10mms3
 Target transmission length at 400 nm > 30 mm

Simulation
1 cm thick f SRS |
A 1 cm thic ol g i
o ;{ cobrs
200: ' - ;
. i | ;
1 . .
£ i s,“ ' —F
0 .
£ 'y - r_,,a‘

-200+

Readout via Cable 400+

(Flexible Printed Circuit) Focal Plane

64 Ch S1iPM modules (6 mm pixel) S N S e e i e e e L
Thin Aluminum Plate mm
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Application Related Issues
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Long-Term Stability

* In Belle aerogel Cherenkov counter we measured light output
from PMTs for each counter by eliminating LED light.

Fine-mesh PMT

Aerogel tiles of n=1.01-1.03
They are hydrophobic

120 mm

* Check long-term stability.
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Long-Term Stability

* \Very stable output has been obtained.

e This is a mixture of stabilities of:

* Aerogel transparencies
* PMT gain

Transparency for hydrophobic
aerogel tiles at Belle is stable.

O. 4_ .................................................................................................................................
O 2 ___________________ pmt62524 ______ 1 ________________________________

Int L (fb_1)
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Tile Dimensions

* If radiator medium needs to cover large area, basically big
size tile reduces boundary region, where less Cherenkov
photon yield is expected.

* Handling point of view, large tile needs more attention not
only in production process but also in construction stage.

* Crack-free yield/Tip-lost-at-corner yield/Related to thickness

u‘ " ] \ g

o . . =‘-'ﬁ o ‘ij PR
Depends on tile index. N TS _

* Optimizations in SCD step. |~ ===
e Pressure control — ¢ —

M. Tabata et al., The Journal of
Supercritical Fluids, Vol.110, April 2016,
Pages 183-192
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Density Uniformity

* Uniformity scan was done using X-ray tomography device.

X-ray A=0.156nm

d) beam spot < 1mm

density relative uniformity preliminary value:
. 5(n-1)/(n-1) ~ +/-0.02
g :— | | edgle — need further studies
.
109mm i E L —
1% 10 12 4 5 8 <
dge distance [mm] : ,:: mlddle;
‘::k = s = | | .é
< T
SR center D
O 3 ¢
T, ;
i w8 " 8 g 8
D e 3
5 |
Index (Fraunhofer method at 405nm) o < E
= 1.0577 +/- 0.0006 ) UM ST U AT S I IO
Edge distance [mm)] 1 0

ST YT YA~ e .

Distance from edge(mm)
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Meniscus (1)

Aerogel tile has meniscus structure.
Meniscus structure partially related to production process.

Meniscus
o N
\ /
Aerogel tile

This could be a (potential) problem when Cherenkov radiator is
organized by stacking # of aerogel tiles.
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Meniscus (2)

* The best way is to remove tile edge regions, where there is
meniscus.

* Hydrophobic feature allows us to use a water-jet machine
without deteriorating optical transparency.

* In case of hydrophilic tiles, diamond cutter can be used for
machining (like CLAS12 aerogels from BINP).

Belle II case

10th International Workshop on RICH Detectors, RICH2018, Moscow, Russia



Housing

* To construct aerogel radiator system, each tile has to be
fixed into the detector container.

* Aerogel is fragile and the way to fix tiles is rather limited.
* Metal screws can not be used.
* Wrapping transparent film and glue

* Directly glue r
* One can not replace tiles.
e Strings

Belle II case
Glass fiber

It is not a problem, but
(potential) worry...
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Chromaticity Dispersion

* Refractive index measured with lasers having different wave-
length.

e Fitted with Sellmeier equation : n% - 1 = ayA?/ (A2- Ay?)

1.070 ' . - | -
- ® n=1.045
1065, m n=1055"
x - 'o'. o
o0 1.060F . i
_g e % ]
J o TR % .......................
o 1.095 2/ ndf 0.007 /1 |
= \ a, 0.1132+0.0005 '
@© 1.050 N\, 81.0+5.4 ]
y—_
CGE) 1.045 | Entries 3 + % |
" 2 /ndf 0.003/1 b
1.040 5 0.0863 £ 0.0002 ]
1035 [, 868+28 | . |
200 400 600 800

Wavelength [nm]
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Forward Scattering

* Forward scattering mainly on aerogel surface reported by
P.Wang et al. in J. Non-Crys. Solids 145(1992)141.

 Sharp peak in forward, unlike Rayleigh scattering.

1.01
Qdetector 2 ] (b)
77 5 1
67 2 g ;
!/, ~
/0 . — 4
c sample v//scattermg volume t::
= — 2 ol
& £ ]
© ° ] contributions
x 5 from surface
ﬁ 5 from bulk
y-direction S t-L \M___
- laser || X

(b) b 0.01 T . . T T
eam 0 30 60 90 120 150 180
scattering angle ©

* Further systematic studies done by R. De Leo et al.
NIMA457(2001)52. Matsushita aerogel used.

* This effect contributes as one of components in background.
Need to measure this effect for recent samples
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Radiation Damage

Transmittance Refractive index
’\%1 04 - I I LI I I B ’E ]03 _"‘ UL L B BRI |
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No deterioration up to 9.8 Mrad
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Summary

* Aerogel is an unique material and has been developed as
Cherenkov radiators since 1970's.

* Aerogels in the new generations from Russia and Japan are
widely used as Cherenkov detectors in various experiments.

* Transparent tile allows us to take the new direction.
* Focusing scheme of multiple aerogel layers

* For the 4th generation aerogels, experience at HELIX RICH
gives us further information on applications.
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Silica aerogel Is attractive
material as Cherenkov radlator
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Hydrophobic Treatment
e -OH group in alco-gel is replaced into -O-Si(CH3)s

* -OH group is likely to be charged and reacts with water.

hexamethyledisilazane
(CH3)3-S1-N-Si-(CH3)3
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Tile Machining

No degradations in transparency due to this machining

UV-Vis spectra for typical aerogel tiles
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Small chips found in some tiles

If missing area > 0.4 % w.r.t. whole
Missing area > 0.5% surface (~1.0 cm?2), the sample is
removed from candidates.

20-mm (Tile thickness
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New Aerogel Tile

* Large tile of 180x180x20 mm3 with no cracks
* Optimization of pressure control in supercritical drying process.

* 3 times longer duration from operating point to atmospheric
pressure introduced by Chiba university group.
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Crack-free yield ~ 87%
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Drawback is to need more
. time for tile production.

AN 9757973

M. Tabata et al., The Journal of
Supercritical Fluids, Vol.110, April 2016,
Pages 183-192
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Supercritical Drying

Phase diagram

Supercritical Fluid

Pressure

Drying through supercritical
region, instead of passing
through liquid-gas boundary.

Temperature
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