Option of aerogel threshold Cherenkov
counters for the Super Tau-Charm facility

E.A.Kravchenko

behalf of BINP Aerogel team



 ASHIPH counters
» Basic option (2 layers, n = 1.03)

* Advanced option (3 layers, n = 1.03 and 1.015)
* Prototype and electronics
« Conclusion
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Threshold aerogel Cherenkov counters

Due to absorption and strong
light scattering in aerogel
photon detector must be
close (10-15 cm) to particle
trajectory

~15cm

Direct light collection

Pro: Simplicity
Con: Counter size limited — large PMT number&area — high total cost

ASHIPH — Aerogel-SHIlfter-PHotomultiplier

Suggested by A.Onuchin et al. for PID of the KEDR detector [ NIM A315 (1992) 517 ]

PMT

WLS

40--60 cm
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Pros:

« Large light collection area

 Small PMT (up to 10x smaller p.c. area in comparison with direct LC)
 Low cost

Cons:
* Particle acceptance loss due to WLS
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ASHIPH technique at e*e~ collid

er experiments
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ASHIPH system proposal for STCF (basic)
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ASHIPH basic optin, expectations

MCP PMT - SiPM
Gives increase of

amp. by 2-+-2.5 times

KEDR experimental data STCF proj. param. sim.
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For future collidung beam experiments with high intesity interaction
high operational rate of the detector subsystems is required:
for future Super Charm-Tau factory time between two bunch-crossing about 6 ns is expected!!!

WLS(BBQ)-> WLS(NOL-

old) =~ 17 ~05+1 ted!!!
20.11.2024 1 ___13) F”ItC(F ns - o;(new) ns is expected!
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Advanced option (1)

Objectives:

w/z identification is needed in the Pmin(y) and Pmax(p) for t—py P(w) for D—mpv
momentum range below 900 MeVIc
(muon system provides p/n
identification at higher momentum) SO 2.0 Do

. : S 1.5 -

Premises from physical program: SE " 1.51

T—py: Minimum and maximum of muon 1 ,/ 1.0-
momentum depends on E_,, and ?\\
spreads from 500 to 1600 MeV/c 05 —— 0.5

Muons from D-meson and t decays have - 0.0 | | | | |
momentum from ~250 to ~1000 MeV/c oL y 5 0.00 0.25 050 0.75 1.00 1.25

: : 25, o p(u), GeV/c
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Advanced option (for the discussion)

The suggestion is to have 3-layer system: 1 layer, thickness 6 cmn = 1.05
+ 2 layers, 6 cm thickness (1 thick with 12 cm possible) with n = 1.015

Use of SiPM open the possibility to have ID above 11 threshold
This will provide p/1 identification from 450 to 800(9007) MeV/c
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Some prototyping and beam test results

SND ASHIPH counter was upgraded _ o
and tested with relativistic electrons (2.5 GeV) ASIPH Prototype signals, 2.5GeV e- incident

at the BINP beam test facilities. g 2p
g 20F ®  Measured
@ 18 f— s« MC, after corrections
163— . .
= ]
= L] L]
- - . . |
« Beam test results and GEANT4 = 1 o v
simulation are in good agreement = ’ :
» Expected effect of Amp. increas is =
demonstrated!!! =
FTCF2024 DD_IIIILIIIl:lzlllI:;IIII4|IIII5|IIIIB|IIII;LIIllslllllglllll
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Design of ASHIPH prototype for STCF (Hefei)(1)

Is coming soon!!!

Main goals:
» To test light collection uniformity
* To test and chose WLS dye:
— BBQ (=15 ns)
— NOL-14 (z=0.74 ns)
* To test and chose SiPMs
— Hamamatsu
— NDL
— JoinBon and ...
* To test and develop FEE
* To test 1/K-separation and chose aerogel

20.11.2024
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DeS|gn of ASHIPH prototype for STCF (Hefei)(3)

\_—__—__f— / 486,00 mm

It is ready to

/' 216,00 mm

:
te

Main goals:

» To test light collection uniformity
* To test and chose WLS dye:
— BBQ (=15 ns)
— NOL-14 (z=0.74 ns)
* To test and chose SiPMs

— Hamamatsu

— NDL

— JoinBon and ...
* To test and develop FEE
* To test /K-separation and chose aerogel

st!!!

LA

IE

F ks £ )

3 arrays 5 SiPMs each were made from MPPC S13365-

3050NE-16 (Hamamtsu)
« 3 channels of V1742 (CAEN) degitizer will be used to

readout



PreAMP

Rp SiPM

+8V
GND
-5V

R match

Out

Gain: +20 V/V

1000V/A

Bandwidth(-3dB): 400 MHz
Baseline noise(RMS): 300uV

Output impedance: 50Q

For more information see : https://link.springer.com/article/10.1007/s41365-023-01328-7
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(Xiaolong Wang Group,
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ASHIPH prototype Il — wis test stand

Coat with teflon e eeeeping
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VARAPURNGALUMA  JKpaH  Kypcopel Mamepenna Martem. AHanNM3  YrunuTel Momowe

WLS 116x17x3
(BBQ)

Monoca Mpon. CBA3b BXOAE i

20MHz DC 500 Yepeaexne
1 sweep |

BelpasHuBaHne VHTepnonauMa

ops ____J Nuneiinas |
DeficTans ¢ ocuunnom. C4

-- EE- —

18.11.2024 12:16:08
TELEDYNE LECROY
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SiPM (NDL} Aerogel

Beam trajectory
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ASHIPH prototype at the BINP beamline

ASHIPH

h NS prototype and .
Tracker based S - -~ SR points for beam Trigger counters

on GEM ,. ! crossing based on
R S P MCP PMT

D mover to 7 Nl AC _ _
scan =37} | | a e § el | Radiator for SiPM

Light collection S - e & cooling and
Iniformi T e e thermostabilization
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Summary

« Two options of ASHIPH system are considered for STCF:

* single index n= 1.03, total thickness 12 cm
* two indices n=1.03 + 1.015, total thickness 18 cm

* The first ASHIPH prototype for STCF at BINP is produced and prepared for the
beam test:

+ WLS plate based on Plex with BBQ dope Aerogel of n=1.03 for half volume of the prototype and with n=1.05

* The special stand for WLS testing is designed and produced
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Additional slides
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Requirements on aerogel tiles for use in

threshold Cherenkov counters (1)

Index of refraction of aerogel is selected considering Eos—
physics tasks and working regions of other PID o8
methods: KEDR - 1.05, SND - 1.13, DIRAC - 1.008 :::
, 1 i
lon~7* (1= | HB=1, (1) <<t = Iy ~p o V
Variation of index of refraction from tile to tile: e ‘:: 00000 1000 T T nomentum: Mevic
- in one counter n=1.050+0.002E=) p=0.234+4%==) 4% variation Bl
of Cherenkov light intensity from different tiles -- much less than 5
light collection variation within the counter. .
 The momentum of the Cherenkov threshold is also vary — this M B )
does not matter because it is out of working region . i{ _________________ e +
The density of all tiles is measured 2 3 i ‘T
N : n“ =1+ 0.438 * cm 04 |-
to determine index of refraction. plg/em]
20.11.2024 FTCF2024 : 17
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Requirements on aerogel tiles for use in

threshold Cherenkov counters (2)

At A=400 nm
LSC~ 40 mm’ Labs~ 4-5 m ‘ Aerogel transmittance 6.251
At )\=3OO nm €03 T low limits T S ::::
g | 50.9;
L.~12mm, L .~0.5-1m L €0
dN/dA ~1/A2 =
In aerogel counters with the diffusive light . SAN-96-105 05
5 . . . . O =96-1. A
collection the light absorption in aerogel is o SANOLLI3 -
the main effect defining the number of 0
detected Cherenkov photons. o1k
' 250 300 350 400 450 500 550 T R T T
wavelength, nm wavelength, nm
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Requirements on aerogel tiles for use in

threshold Cherenkov counters (3)

« The method was developed for the
measurement of the light absorption length in

aerogel PTFC teflon wroppig ==y j_’j\ g :::. M/'P/’/j?:‘é
. . g . scottering cavity % | Lﬂﬁﬁ =09 Zil //
 The simplified stand for relative control of the
light absorption in each tile was used for | ‘ S

entrance quality control. More than 15000 light
tiles were tested for KEDR ATC system.

176
=)
(2]

A R

! 0.8 E %

! 0.7E //( /“/ |
|

|

|

|

/ /,

0.2: =09.06:01 bcfumit: exposure
Wl\ = 7"%* e —— § : B - 02.07.01 after exposure
22X ‘% 2 \ |< oaf, »--05.07.01 after baking
AR A A Y A T OE | | | o |
Z //// 2o !/// Z 250 300 350 400 450 Wa‘5’(e)|0ength 5n5':)'|
i T 1 ’
/ B140 /

nerogel/ /PTFE teflon wroppir

FTCF2024 19



Requirements on aerogel tiles for use in Ring

Imaging Cherenkov counters(0)

8

Aerogel transmittance Chi2 / ndf = 6.25127 / 10
Transparency requirements: §09 ot =ssorass-camaris
o V.9
Lsc ( _ Eos|
N,, = Ng—\1 —e Lsc 2
out O h So7f
« L, at400 nm (maximum of QE) for h ~ 4 0.6
cm must be about 3-4 cm. 0.5/ L g e R
: g 0 Lo (400) - (5
* There are no requirements on L, for 04 ()
RICH detectors 0.3
" CLAS12 i
m 0.2
18/ ] —— Aerogel block 30 mm -
@ 16; —— Aerogel block 20 mm 0.1
s M L0 | | | | |
_012} 0\\\\\\\\\\\\\\\\\\\\\\\\\\
‘S 10F 200 300 400 500 600 700 800
S JF wavelength, nm
g g
E o
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Requirements on aerogel tiles for use in Ring

Imaging Cherenkov counters(1

laser beam

The are refractive index

0.02|

0:| I |ETCF202«41 L

0 10 20 30 40 50 60 e

- yllr L O L ____._
(density) variations within T) . dn n-s
aerogel block: : T dy  h
& moving table
* they could be measured h
using optical methods, o 003,
* main variations are close to %o °°“

aerogel tile surfaces

0.002|

0.001|-
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Requirements on aerogel tiles for use in Ring

Imaging Cherenkov counters(2)

« Refractive index (density) variations can
be measured with X-rays also.

« Density variations [dp/p= dn/(n-1)] can
reach ~5%. This is comparable with
refractive index dispersion over
wavelength

 Variations could have constructive or
destructive effect on RICH performance

 Regions with large variations close to
aerogel tile edges can be cut away

20.11.2024 FTCF2024 22



Requirements on tile dimensions
and form:

* The size of aerogel tile ought to be
as large as possible. This
minimizes edge regions where
only part of Cherenkov light is
coming out. Maximum size for
Novosibirsk aerogel is 20x20 cm.

* Accuracy on tile dimensions are
about 0.1-0.2 mm. This Is required
to fit the support frame

20.11.2024 FTCF2024
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Requirements on aerogel tiles for use in Ring

Imaging Cherenkov counters(4)

 RICH can also measure charge of the particle (AMS02).
The variations of the thickness of the tile must be as law
as possible (<0.2 mm for AMS02).

IChNZZ - h

 The bottom surface of the tile can be cut with dimond
wire to satisfy this requirement

« The unflatness (planarity) of aerogel surface can affect
accuracy of Cherenkov angle measurement.

« Special touch stand was developed to measure thickness
and planarity of the tile. For 30 mm thickness CLAS12
tiles height difference does not exceed 2 mm.

20.11.2024 FTCF2024
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Aerogel tile
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Methods of mechanical processing of the
aerogel(1)

Polishing is used mainly for production
of tiles for threshold aerogel counters.
Abrasive paper or abrasive wheel can
be used.

After polishing aerogel surface is cloudy.
This does not play significant role for
threshold counters.

L
S
P s
-
G
&
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Methods of mechanical processing of the

aeroggI(Z)

WY
NE

« Cutting of aerogel:

» to give the required size,

« Toremove meniscus, chips and 473
areas with large density variations, “ ="

« 2 dimond wheel mashines

* bottom wheel position and moving
table (by hand)

« top wheel position and fixed table,
2d moving wheel with stepper
motor
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* Aerogel produced in B
Novosibirsk is hygroscopic: | % *

« Toremove absorbed water
baking can be used (several

hours at 400-500 C). Optical
transparency is to 100%.

« Aerogel need to be stored Iin
dry conditions. We use dry
cabinet (0-2% humidity level)

20.11.2024 FTCF2024



ASHIPH long term stability

rotot I_?,/pe of the endcap
HIPH counter are under
operatlon since 2000. From
time to time it is tested in
Cosmic Ray Telescope
(CRT). Its S|gnal degradation
now has stabilized at the
level of 60% from initial
value.

— f,.-ndf 1.14 /24

= N_ (D) 9017 = 0.1121

— 1 2.797 = 0.3381

= - =) 2t &= & =2} | =) ]
L 'l 'l |||

— Const. level 0.6518 = 0.01147

1 1 I [ 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1
10 12 14
Time, years

=
%)
=
=]
=]
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Layer 1
Layer 2
Layer 3
Layer 4

Aerogel sample

n
1.050

1.041
1.035
1.030

FTCF2024

= 100x100x31 mm?
= Lsc(400nm)=43 mm
. n2=1+0.438*p

29



Aerogel RICH for CLAS12
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Aerogel development has
started in 1986 (KEDR
detector project)

More than 3000 liters have
been produced:

2000 liters — KEDR and SND
ASHIPH counters

~1 m? LHCb RICH,
~ 2 m? AMS02 RICH
~ 5 m? CLAS12 RICH

FTCF2024

n =1.006 — 1.06 (1.13)
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Aerogel degradation due to water
adsorption(2)

The refractive index (n-1) and light
scattering length depends on amount
of adsorbed water and are changed
less than 10% after water adsorption of
2-4% of aerogel mass.
The light absorption length (L) in
different aerogel samples after baking
is the same, but after water
impregnation could be very different
It is possible to make aerogel selection
after water impregnation
One atom Fe is able to attract 6
molecules of water
To achieve maximum degradation of
L., it is enough to adsorb 1ppm of
water.

(NIM A598 (2009) 166-168)

Low limit

L e R > TTTTerrosl LeCCTrrrs _
102}
Block 9 after baking

O Block 3 after baking

10 m Block 9 saturated with water
O Block 3 saturated with water

250 300 350 400 450 500 S50
FTCF2024

WL, nm
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