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Aerogel Manufacturers

Budker (Russia): past reference = not an option

ASPEN US): initial contacts with CUA (Tanja Horn) —> dismissed program

Aerogel Factory (JP):
Spin off from BELLE-1l aerogel development at Chiba University
- Performance as a function of n ?

- Mass production capability ?

‘ ID=TSA2-1a

“n=1.0206
Ar=35.8mm
+=20.5mmt

- Maximum uniform aerogel volume ? - e

- Mechanical properties ?

Initial goals (synergy with ALICE):
Study reproducibility
1st batch: 1.0206, 1.0206, 1.0199, 1.0204
2" batch: 1.0201, 1.0207, 1.0210, 1.0218

Negotiate large (20x20 cm?) tiles
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Handling

Within sealed envelops and inside a dry-cabinet (few % RH)

Clean Storage

Use gloves & mask
Touch from sides
No sharp contacts

. Contalbrigo RICH Consortium - 16" June 2023



CLAS12 Specifications

OPTICAL:

Density 0.223<p<0.245 gr/cm3

Refractive index  (n?=1+0.438 p)  1.0477 <n<1.0523

Scattering length L, >43 mm
Absorption coefficient A>0.95
MECHANICAL.:

No bubbles, crackes; chips limited to less than 1 % area .

Side to side length variation Algge < 0.25 mm
Tile to tile thickness variation AHge < 1.5 mm
Surface planarity AS s < 1 % of lateral side
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Light Transmittance
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CLAS12 Experience

Collaboration with Budker and Boreskov Institutes of Novosibirsk

Flexible geometry, mass production capability

Achieved ~ 0.0050 um* cm clarity for large tiles (LHCb had 0.0064 um#* cm for n=1.03)
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Past Standards
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Light Transmittance @ EIC

Quality assurance

Nominal 2021 and measured 2021
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Chromatic Dispersion @ CLAS12

Measured by prisma method:

Chromatic dispersion

= 1.051
: —— Fit of data ® n(450nm)=1.04961
1.0505 - —— Model (R. De Leo, NIM A 457, 2001) ® n(500nm)=1.04898
i ® n(550nm)=1.04883
1.05 | ® n(600nm)=1.04862
i ® n(650nm)=1.04874
1.0495
1.049
1.0485
1.048 i 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1

400 450 500 550 600 650
Wavelangth (nm)

Refraction index

Measured by prototype with optical filters:
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Expected value from density:
n(400nm) = [1+0.438p]%/2 = 1.0492
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Chromatic Dispersion @ EIC

Chromatic dispersion measured by
prototype with optical filters (n=1.02)
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Forward Scattering @ CLAS12

Description of the setup
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Scattering of the light in the medium due to
the anisotropy of the dielectric properties
caused by density microscopic fluctuations

Analysis steps:

- Reference beam profile taken without aerogel
- Extract laser beam profile and compare
with reference measurement
- Extract angular dependence of light intensity
after passage through the aerogel
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Forward Scattering @ EIC

X profile - no Aerogel Y profile - no Aerogel
h_Empty_X h_Empty_Y
I |—Data Entries 1280 : 9000~ |— Data Entries 1024
L Ei Mean 0.001165 } C Ei Mean ~0.00104
10000 | Ft Std Dev 0.1074 - |~ Fit Std Dev 0.1246
|~ Peak 2/ ndf 6255/ 165 8000[~ |- peak x2/ ndf 8661/216
| Bkg Ko 9836+ 28.0 E ~ Bkg Ko 8704+ 19.2
- % 0.07451= 0.00018 7000 %% 0.09711x 0.00017
8000 u 0.0002731x 0.0001534 r " -0.001007 + 0.000179
I~ KB 951.7+ 183 6000 - KE 179.5+7.7
N 0O aero gel - g 0.1717 = 0.0008 r o 0.2485 = 0.0027
6000 5000~
r 4000
4000 C
L 3000
- 2000
2000 C
I \(\ 1000f-
0-||1_|||_||| . l_IIIJ_III_II 0:||]_|||_|A| D h |||J,|||_|‘
-1.5 -1 -0.5 0 0.5 1 1.5 -1.5 -1 -0.5 0 0.5 1 1.5
X [mRad] Y [mRad]
hAIIX hAIlY
hAIIX hAIlY
: - — Data Entries 184320 ; B — Data Entries 147456
) 7000~ . Mean -0.004532 } 6000 . Mean 0.006644
— Fit — Fit
o Std Dev 0.1887 - Std Dev 0.2053
[ |- Peak *2 [ ndf 3.675e+04 / 436 [ |— Peak ¥/ ndf 3.014e+04 / 442
6000~ K, 6000+ 3.3 S K 52412 3.0
|~ Bk " — Bk i
3 9 % 0.1008  0.0001 5000 N 9 % 0.1165 = 0.0001
i w -0.003681= 0.000040 - w ~0.003943 + 0.000045
5000~ Kg 10872 2.2 C K 968.82 2.2
C 9 0.2801= 0.0002 4000 Oy 0.309+ 0.000
4000 r
3 x 2 cm aerogel - :
3 3000
3000~ -
s 20001
2000 N
1000F- 1000~
0'..,_.|._,-/T/J..|..\N\~..L.|._,.. N S By /A T W0 S
-1.5 -1 -0.5 0 0.5 1 1.5 -1.5 -1 -0.5 0 0.5 1 1.5
X [mRad] Y [mRad]

M. Contalbrigo RICH Consortium - 16%™ June 2



Surface Scan @ CLAS12

Scan of aerogel surface
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Surface Map @ CLAS12

Touch
Machine

Touch
Machine

0O v M
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Surface Scan @ EIC

TOUCH PROBE
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Test-beam

Operative prototype commissioned (‘21-'22). Double ring imaging achieved.
Performance in line with expectations except for aerogel single-photon angular
resolution (worse by a factor 1.5-2).

Reference readout from CLAS12 RICH:
H13700 MA-PMTs + ALCOR3 ToT chip
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Working Reference

https://docs.google.com/document/d/1YpN7gx85JjoQnoBINbID61INIB1YhRGWBh2GIKZ2ST-0/edit

Aerogel Characterization
Protocol under definition for the EIC dRICH Detector

dRICH aerogel is assumed to shape a cylindrical volume of about 90 cm radius and
4 cm thickness radiator with a nominal refractive index of n=1.02.

Based on the past achievements, the baseline aerogel element is assumed to be a
tile of 2 cm thickness and maximum lateral dimension of 20 cm, that can be shaped
by water jet (or mechanical) cutting. The tile dimensions are maximized to limit the
edge effects and shaped to best cover a circular area.

The quality assurance tests should guide the R&D towards the dRICH specifications
and serve as a reference for acceptance during production. They represent the
current understanding and could evolve in time.
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