Prospects of aerogel R&Ds
at the BINP
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e ASHIPH technique for future colliding beam experiments
e FARICH method for PID in wide momentum range
e Ultralight aerogel based RICH for PID above 20 GeV/c
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MCP PMT

fall

Manufacturer: "Ekran FEP"(Novosibirsk)
Borosilikate glass window

Multialkali (Sb-Na-K-Cs) photocathode
MCPs with channel diametr of 7 um
Maximum QE=23% at A=500 nm
Photoelectron collection coefficient ~0.6
PDE=QE*CE=23*0.6~14%

Axial magnetic field

Power supply 3+4 kV

Upgrade of the SND ASHIPH system

MPPC (Multi-Pixel Photon Counter)
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Manufacturer: "Hamamatsu"

Effective photosensitive area/channel
3X3 mm

Number of cells/pixel 3584

PDE—=40% at A=500 nm

Any direction magnetic field

Power supply <100 V (Vpr=53 V typ.)
High level of DCR (0.5 Mcps)

Change of MCP PMT to MPPC will alow us to increase N, by factor of 2+2.5!!!
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SND ASHIPH upgrade status

ASHIPH for SND (VEPP-2000, Novosibirsk)
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e There are two ASHIPH subsystems (with n=1.13 and

L L AN il
L] w m 30 00 Ss)w 0 ™ 800 90 1000

Npe from parametric simulation n=1.05) for both of them new PDs based on MPPC
@ 9 counters 26x10x3 cm? in 1 layer (Hamamatsu) are under construction.
@ WLS(BBQ) 260x17x3 mm? * Test beam results with relativistic electrons performed at
@ 5%x9—45 SiPMs 3x3 mm?2 the BINP beam test facility are in good agrement with
@ Two system options: aerogel with n=1.13 and simulation and expectations.
n=1.05 (thickness 3 cm)  Upgrade finalization is expected in 2026-2027
@ n=1.13 - N,.(B=1) =~ 20 * See more details in publications:

e 7/K-separation >50 — 0.3=1 GeV/c * Int.J.Mod.Phys.A 39 (2024) 26n27, 2442005
(thr. ~4ph.e.) e Phys.Part.Nucl. 56 (2025) 3, 687-691
@ n=1.05 - N,.(8=1) ~ 10

@ e/m-separation >40 — 0.1+-0.4 GeV/c
(thr. ~3ph.e.)

Upgrade is already in progress!
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ASHIPH system proposal for SPD-NICA

e 2 endcaps with 2 layer per each

e Each endcap formed by 25 sectors (trapezoidal shapes)

e Each layer is shifted by ¢ one from another at half of period: 3600/25.2

e Each sector is divided by two segments along radius of the system to form two light separated
counters: «small» is the closest to beam-pipe and «large» at the far distance from the beam-pipe

WLS (BBQ)

298>
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ASHIPH system concept for experiment at VEPP-6

. Inner tracker
@ oDrift chamber

‘ PID system

. Barrel calorimeter

() SC coil

Q Endcap calorimeter

O Final Focus Lenses

‘ Muon system

. Yoke

t[cm]/n : 8[cm]/1.05
* Nyp.(B=1)=20
* 300 counters 45x17x4 cm3 in 2 layers

*  WLS - BBQ 45x20x3 mm3
* (6+12)x300=1800+3600 SiPM 3x3 mm?

/K- separation:

e > 40 —-0.5+1.5 GeV/c (threshold ~5pe)
e > 2.50 - 1.5+2.0 GeV/c (threshold ~10pe)

An universal detector concept for experiments
at the VEPP-6: #
e L~ 1034%cm2s1 !
e 2E = 2+4(5) GeV ;
ecte— collider T N
e Magnetic field—1+1.5T R

||T|||TII||||||I||I|||II|
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TCF (Hefei)

ASHIPH system proposal for
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Thickness of ASHIPH system for the STCF

Substances and details

«G10-  X,=32.17 g/cm?; p=1.8g/cm3 > X,= 32.17/1.8=17.87 cm
*« PMMA - X,=40.55 g/cm?; p=1.19 g/cm3® > X,= 40.55/1.2=34.08 cm
* Quartz - X,=25.66 g/cm?; p =2.40 g/cm3 > X,= 25.66/2.4=10.69 cm
« Peltier module for cooling system (like ceramics) —

X,=27 g/cm?; p=25g/cmd® > X,= 27/25= 10.8cm

* Aerogel n=1.03 — X,=27.25 g/cm?;
p =0.14 g/cm3 > X,= 27.3/0.14=196.04 cm
» Aluminum 2> Xo= 8.9cm
« Carbon fibre = 0.5V X,(C)=42.7/2.=21.3 cm + 0.5V X,(epoxy)=43.25/1.39=32.5cm
[https://cds.cern.ch/record/1279627/files/PH-EP-Tech-Note-2010-013.pdf],
then 1.69/X,=0.5-2/42.7+0.5-1.39/43.25 > X,=42.92g/cm? and p(CFRP)=0.5*1.39+0.5*2=1.7g/cm3
2>Xo(CF)=42.9/1.7= 25.32cm

2 layers of the cylindrical system with 180 cm and 200 counters for perpendicular tracks:

*12 cm of aerogel (n=1.03) - 12/196 =6.1% X,
*WLS averaged for whole barrel: 200-0.3:6-50=18 000 cm3/(r-:@-200) ~ 0.15/34.1 =0.45%X,
*Electronics averaged for whole barrel: 200-6-6:0.2=1440 cm?3/(r-2-200) ~ 0.013/17.9 =0.07%X,

*Peltier modules (2 modules 3:3=9 cm? with 0.5 cm thick per each counter) averaged for whole barrel:

200-2-9-0.5=1 800 cm3/(1-2-200) ~  0.016/10.8=0.14%X,

In TOTAL 6.8%X, + wall’s material for perpendicular tracks.

4 )

SUMMARY:

e ASHIPH system could be as
thin as 9%X, if its frames will be
made from CFRP (Carbon Fiber
Reinforced Plastic)

e And it could be 13%X, if its
frames will be made from A/

e In any case it semms like
ASHIPH is the most thin reliable

specialised PID system now
-

J

The walls of the counters will be 1 mm thick, therefore 4 mm from cylindrical shapes of the system plus rear edges of

the counter’s boxes averaged for whole barrel part of the system: 200-6-0.1-(50+20+50+20)=16 800cm3/(1mt-2-200)~0.15cm

* If the wall’s will be made from Al 0.55cm/8.9 cm= 6.2%X,
* If the wall’s will be made from CF 0.55cm/25.3 cm=


https://cds.cern.ch/record/1279627/files/PH-EP-Tech-Note-2010-013.pdf

ASHPH-SiPM prototype assembled/tested @ FDU
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STCF beam test campaign 15 - 29 October 2025
at PS-T9 (CERN)
LG T

a3 d < ECAL (array of 25 pCsl crystals painted by NOL-9)

Lo CsF1> RICH based on MPGD with Csl-PC as photon
detector

Jir ~ + Barrel DIRC-Like-TOF (BTOF) based on fused silica
; and MCP-PMT (Hamamatsu)

* Barrel ASHIPH (BASHIPH) based on aerogel with
n=1.05 and 1.03 plus NDL-SiPM and FDU-

readout

5 prototypes were tested:

* Transition Radiation Detector (TRD) for some
space experiment

4 beamline rearrangements were performed during
the week from 22 to 29 Oct. 2025

ECAL first
RICH first
DTOF first
TRDT first
BASHIPH was always at the 2" or 3" positions

FTCF2025-Huangshan, HSU 10



BEAM conditions

Mixed hadrons: pions and protons in general

Particle selection preformed by ToF counters 5GeV/c I —
based on PLEX+MCP PMT (o;~ 20 = 30ps) s oot

. . Std Dev 0.1164
Total material budget at the beam line 7o | " 22/l 58119
without ECAL is about 1X, beam spot Cciar 13.21 s 18124000
increased from @5 mm at the beginig to °F | stdDev 0.1308 Sigma___ 004249+ 0.00092

50 mm at the end (~7+8 m) 500

Active trigger area ©18(10)mm at the
distance 3.9 m = track selection efficiency
is about 7+15% 300

At the most stable configuration were 20
collected about 1.6M hadron tracks with
BASHIPH prototype (half in n=1.05 and half 1o
in n=1.03):

e 1GeV/c 40k
2 GeV/c 17k (44k)
3 GeV/c 413k
4 GeV/c 860k
5 GeV/c 110k

red is strong selectiowithjcgordinates and amps.
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ampSiPM

Rough data from ASHIP-SiPM

Time of Flight [ns]
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e FARICH system for the SCTF project
e FARICH system for the SPD-NICA experiment



FARICH system for the SCTF project

Endcap part Sketchs & key elements

Particle

A 4

e 2x55 trapezoidal aerogel tiles in end caps:
® 2x1000 MCP PMTs 34x34mm? from “Ekran FEP”
e MICP PMTs can operate without cooling

= 4

The first square MCP PMT produced in Russia

All details and components are produced in Russia

* 33%33 mm? total area
» 27%27 mm? sensitive area

181,92
3166

Cooling system radiator FEE (FPGA-TDC)

Lge = 60.52 + 0,83 mm

Measured angle resolution

Hitmap with ROI * 8% 8 pixels with 3X3 mm size
E""“I'm‘a‘g”" 900 Entries radhi 101570 T >
w m| *u wz| | Single PE resolution 7.5 mrad was measured | Barrel part Sketchs & key elements
N,,, o oms It corresponds to:
£ 500 R 5384060 . . . .
o uaus|| e Exccelent m/K—separation in whole e 275 aerogel tiles 200x202x35 in barrel part

[ |R(track) . . . . . .
CIR(SPR) operation momentum range e only SiPM will operate in magnetic field

[y e * Reliable p/m—separation up to 1.5 GeV/c || e effective cooling system is required

~100 el >
=100 -50 0 50 100 00 20 40 60 80 100 1 4
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Several R&Ds on reconstruction of events in the FARICH

400 | “ogpVELL s gns § fadlg Voo 28T R T
4 "ff"*?:-'- t‘-‘i”".‘;"‘? .5-’5‘-!"5‘:-"':" * LPI group developed classical approach so called “slider box”
AR iR LR, : calle

TEL I .I:-';L"!;"r: — X,Y-scan of the PD area is performed with fixed geometry box to search
te A WA, e, _ - _ _ ed
] -"’?.'::!":!_«(.&.i':’.“;':‘::??:}ﬁ-‘ Ly its position when the maximal number of hits are inside the box

: .53’"""“'-';*}”..,,.;-.‘;,'5'.'.'-‘5 — The scan on time axis is also performed to find the time gate with
A maximal number of hits
i;:‘-:‘.“ﬁ*". T"'&‘*“*g:r,_ﬁ i — It was shown that such method works very well until the
oo " %<1 : s ._-t'-. -.'O}jt:‘ DCR~105Cps/mm2
) :3'} *oﬁ ::.':':!."“o'W';-ﬂ'.”.:!;;. Bulletin of the Lebedev Physics Institute, 2023, Vol. 50, No. 12, pp. 534-539.
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400 % N;ise R '.:‘;‘f,'sii.’-:":i,'w.q*.,.;,.g.t e HSE group developed reconstructions algoritms based on ML aproaches
400 200 5 200 50 — It was shown that CNN could help to suppress nose pile-up suficiently
Xhit, mm without degradation of events reconstruction efficiency up to
DCR~105cps/mm?.
— ML based algorithms are working in case of DCR~10°cps/mm?2, however
with some less reconstruction efficiency.
Physics of Atomic Nuclei, 2023, Vol. 86, No. 5, pp. 864—-868.

Hits/(0.070 ns)

Single FARICH event in with DCR ~ 108 cps/mm?.

Details on recent progress of R&Ds in these groups see in two topics:
Foma Shipilov & Platon Rogozhin

Thit, ns



PID based on FARICH for the SPD—-NICA experiment

Electromagnetic calorimeter ~ Magnet  Range system Vertex detector end-cap -

Zero degree calorimeter 0.04
Time-of-flight system /
0.035
Straw tracker @
‘ 0.03

Vertex detector

Beam pipe 0.025

" BBC MCP detector
0.02

ASHIPH
FARICH

Range system end-cap

Electromagnetic calorimeter end-

3,
“£0.015
Time-of-flight system end-cap

Beam-beam counter 0.01

rrrryrrreyrrrry rrrrfrrrTrfrrTeprrTd
| | I I | !

Aerogel Cherenkov detector

0.005

Straw tracker end-cap

Two options of PID system based on aerogel are considered now:
e ASHIPH system based on aerogel with n=1.02+1.03 and SiPMs for t/K—separation at P=0.6+3 GeV/c
e FARICH with 4-layer aerogel with n,,,=1.05 and multi-anode MCP PMTs for ni/K—separation at P=0.4+6 GeV/c

FTCF2025-Huangshan, HSU 16



FARICH system for the SPD-NICA

Rectangular MCP PMT with active area S0x50mm

* Construction and design are under development in Novosibirsk
by BINP and Ekran FEP in close cooperation

» All details and components will be produced in Russia
Goal parameters:
* 62X62 mm? total area
* 5050 mm? sensitive area
* 16X16 pixels with 3X3 mm size
* Multi-alkali or Bi-alkali PCs extended in blue region
* Fused silica entrance window
* Gain >5-10°

4-layer aerogel tiles

PMT

29(92

Expected system parameters (obtained in G4 simulation)

Hits map (B=1) Noe(B=1)

hitmap

SPD — FARICH system concept

hnpeeltrk

340935

Entries  7¢

-
o Moan x 04233 8000

Moany 00006461

Aerogel:
* 2 end-caps x 74 tiles (4 form-factors)

* 4-layer focusing aerogel:
— Ny <1.05 (to be optimized soon)
— Total thickness 35+40 (to be optimized)
— Focus distance ~20 cm
Position-sensitive MCP-PMT:

Mean 1

5 | —+— wn-separation
' —— m/K-separation

7000 StdDev 3

40

6000

5000 30

4000

Separation, ¢

3000

\\‘\\\\‘\\\\‘\\\\
.
e T =
= .,
=1

2000

Npo(ROI)=12.84::0.01 20
—2 x 2200 PMTs ~33%33 mm?

1000

|:| Nye(All)=13.510.01
(pixel 3x3 mm?) from Ekran FEP (soon) e Gaale £
—2 % 550 PMTs ~60x60 mm? g RS, T e e e e
(pixel 3x3 mm?) from BINP & Ekran FEP’s R&D .




QE (arb. un)

Photocathode & MCP optimization at “Ekran FEP”

Multi-alkali PCs options and Cherenkov spectrum
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- — - Cherenkov spec (in arb. un.)

green-multi_2
— UV_multi(expected)[1,2]
— UV_multi_1

| -

—— UV_multi_2

200

300

400

500

600 700 800 900

wavelenath(nm)

The advantage of “UV_multi” PC (Quartz) is

factor of 2 in comparison with standard “IR_multi” PC

“UV multi” OF based on data from papers:

1. Orlov, D. A., et al., High quantum efficiency S-20 photocathodes in photon counting
detectors. Journal of Instrumentation, 2016 11(04), C04015—-C04015
2. Milnes, J., et al., UV photocathodes for space detectors. Proceedings Volume 12181,

Space Telescopes and Instrumentation 2022: Ultraviolet to Gamma Ray, 121813B (2022).

Comparison of PMTs with and w/o ALD MCPs

Relative Gain

3.5

2.5

1.5

0.5

For Up¢ 11cp=300V Relative Gain dependence on MCP's voltage
:_ Relative Gain dependence on MCP's voltage
- —&— Stand. MCPs
- —ii— ALD MCPs
- —a— ALD+SEE MCPs
: 1 | 1 | | N I — | N S ‘ N I | N S | I I | 1
1600 1700 1800 1900 2000 2100 2200

MCP?

The advantages of ALD MCPs are:
— longer PC lifetime by order
— better PE collection efficiency
— higher gain under smaller voltages

in comparison with traditional.

FTCF2025-Huangshan, HSU

18




Multi-layer focusing aerogel radiator optimisation

Npax=1.05—> Na=1.04 —to increase Cherenkov angle difference at the high momentum range;
tor=35 mm —> t,,=40 mm — to compensate the Npe decrease connected with decrease of refractive index
Apix=3 mm —> Apix=6 mm —to decrease the number of electronics readout channels;
Niayer=4 —> N.e=3 — to improve stability and reliability of production technology
4-layer aerogel optimized for pixel 6x6 mm 3-layer aerogel optimized for pixel 6x6 mm

e L,. = 60 mm for all aerogel tiles e L., = 60 mm for all aerogel tiles

These new aerogels were tested in June 2025 with relativistic electrons at the BINP

FTCF2025-Huangshan, HSU 19



Beam test results with relativistic electrons: June 2025

FARICH ring
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FARICH ring
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YII\T' mm

25000
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20000 |

4-layer, n,,,,=1.04, t=40 mm

2 hRad3
E 1 ndf 2083 /77
E p0  2.1520+04 = 7.919e+01
b o1 25.75 = 0.01
‘ p2 2274 = 0.006
F p3 1286 = 13.5
E p4 46.37 = 0.07
b 5 12.4 0.1
aw i PR P L
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R, mm

3-layer, n,,.,=1.04, t=40 mm

- hRad3

b %2/ ndf 2016/ 79
o p0  3.145e+04+ 9.170e+01
[ pi 48,56+ 0.01
[ p2 2.454 % 0.005
_' p3 1296+ 12.7
L p4 48.05+ 0.07
- p5 12.69+0.05

1111 I 1111 ol Ll
20 30 40 50 60 70 80 90

R, mm

900

800

700

600

500

400

300

200

100

1000

800

600

400

200

Num. of ph.e. (ROI)

hNPhE

16.66 + 0.04423
Std Dev 4.139 + 0.03128

Mean

L R B o o o o e R R R R e R

v b b b by

5 10 15 20 25 30
ph.e.

Num. of ph.e. (ROI)

hNPhE

18.65 + 0.0432
4.65+ 0.03055

F Mean
Std Dev

v b v by v b by

5 10 15 20 25 30
ph.e.
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Cherenkov angle

hAngle
10000 = Entries 164710
[ Mean 2251
r Std Dev 31.62
[ %2/ ndf 2479 /181
8000 p0 9112+34.3
[ ~
- 2w O1pe = 10.7 mrad
r p 42.4+ 6.1
6000 |- p4 2276+ 0.4
F p5 58.38 + 0.33
r I
4000 - 6I'>B 11 mrad
i p x ~ 4.2
_ C 10.7mrad /
2000
: v Npe
Py el I |
0 50 100 150 200 250 300 350 400
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Cherenkov angle
hAngle
14000 Entries 236643
[ Mean 2383
r Std Dev 26.54
12000 ¥ [ ndl 1736/ 182
: p0 1.342e+04 + 3.870e+01
10000 - pl 2382+ 0.0
: . i O1pe = 11.6 mrad
[ p3 4964+ 55 ~~
8000 - pé 236.14 0.3 lpe ’
: p5s 64.451 0.36
6000 |- !
r 615B 11 mrad
4000 N ~ ~ 4.1
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The compact FARICH prototype with full ring detection

= | : 7 834,00 mm| e e T
ﬁ) | : | N eameaz=
—— 8 -
, 6 Sl
. 0 J
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0 :{ H | : ]
2 HH ‘ I
FARICH compact prototype based on MCP PMT: i (i &
* Readout system (based on DiRICH+TRB3 boards from GSI) is ready 67 maaa=d) gl
*FARICH prototype based on 12 PMTs H12700 + MCP PMTs is expected in Feb. 2026! C =
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Aerogel prototypes @ SPD-Phase0

[ ] [ J
is expected in Feb.2026 3
Concept of the experemental setup MCP PMTs i 2 X i
Y L=
\ o 0O 99— Lo
FARICH N = ”
MCP PMT '__—:— -8
TRG I o=
& =3
W-target - A =3 o
== Beam-Pipe Gl
— 5 SN -
Xe* — ————— ~ = %if"'
R N N R el ,: ASHIPH-SiPM prototype could be installed
o 3 8 B 8 2 8 together with FARICH prototype at the line
| | | | |
3
S
g 10* Condition of the simt
[aW particles p ™+ ™ 2H SH 3He 4He
10° : % 74.26 4.03 6.18 5.16 1.26 0.98 0.52
10? MK‘W ’ average
H momentum 3.02 0.90 0.93 2.96 3.12 3.10 3.19
| ‘ GeV/n
10 2 f »ﬁl
MIW ““ VWI]H Volkova K. & Volkov L
‘ | 18  FTROF2025-Huangshan, HSU 22
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Aerogel based prototypes callibration options
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FARICH:

— Calibrate dependences of Cherenkov angle
and its resolution on particle velocity
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ASHIPH-SiPM:
— Calibrate dependences of Ny¢(V)
— Calibrate underthreshold efficiency
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e (FA)RICH based on n=1.008 aerogels for the CEPC
e FARICH with dual aerogel radiators



Motivations for nt/K—separation above 20 GeV/c

* Future e*e” H-factories such like FCCee (CERN) and CEPC (China) have
extensive physics programe at Z-pole (/s = 91.2 GeV).

» Expected 4%x10'% Z-bozons ([ Ldt ~ 100ab™1) will provide extensive

statistic of bb, ¢C and t71~ for precise flavor physics investigations.
[arXiv:2412.19743v2 [hep-ex] 31 Dec 2024]

* /K- separation is needed not only to supress combinatorial background
and to separate similar topology of final states like:

Bly = mtn™,Blsy > KTK~, B3y = K*n™ and so on.

* Baseline option of the CEPC detector is able toC}orovide n/K— separation at
the level of 20 up to 20 GeV/c by combining ¢£/,, and ToF techniques.
[Y.Zhu et al., NIM A 1047 (2023) 167835]

» i/K—separation at the level = 30 in wider momentum range is highly
desirable for such experiments.
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RICH detectors capability for m/K—separation

n / K separation

§n=1 .05: 10 ph.e./cm

(G4sim: Hamamatsu S14161-305HS)
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e At least 5 hits have to be
detected to reconstruct Cherenkov
ring.

e Thickness of Cherenkov radiator
should be:

— 21 cm for n=1.05 (aerogel)

— >4 cm for n=1.008 (aerogel)

— 215 cm for n=1.002 (CsF45)

e Some focusing system is needed
to provide impact from thickness
at the level of few mrads for base
200+300 mm!!!
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transmission

0.5

0.6

0.4

(Novosibirsk)

i

0.2

a, 0.909+0.0037
L 46.38+0.6561

4
L =4.6 cm (C=0.0056 Hm / )
cm

300 400 500 600 700

d A, nm
I (Y _Cd
T=—=aqa,-e el Yoo =a,-e *

d — thickness of a sample,

A — wavelength in nanometers,
Lsc — scattering length at 400 nm,
ao — surface scattering coefficient,
C — clarity coefficient
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RICH based on aerogel n=1.008: some beam test results

Hitmap with ROI

Tbeam e @2.5GeV 80:_ Emr:u“?gees 1600 - winpim 140:_ Entries fraday 11320
° taer=25+25=50 mm - :3; osmos 1400:_ Mesn 778 - SN::agev 25.222
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|':fll,‘l" s n | ey 07is E 0:_ ¥ 80~ Reai 26.31=0.18
:.-':'i"l..:’ - S.E:ID;Y: 15.75 o - 800 g - 4578 = 0.025
L Ho af s Nyo(ROI)=7.76+0.03 sl
o el A _60F- [ ] Nye(All)=11.42+0.05
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YIS :;:T.-_‘h:';_ EarAp ST X, mm Ry MM
L e A B o 3
50 40 30 20 -10 OUTPUT:
TBeam results reconstructed w/o track information: e SiPM based photon detector with
* MaPMT H12700 with QE(400nm) = 20% PDE(400nm)=45+50% will alow us to
* Pixel 6x6 mm detect 10+20 ph.e. for relativistic tracks
e Aerogel: e RICH based on aerogel with n=1.008
— stack of 3 tiles 25+25+25=75 mm and pixel 3x3mm is able to provide /K-
— refractive index n=1.008 separtion at P=10 GeV/c
* L;=235 mm e Proximity focusing system and PD
Geantd sim.: with o, < 1 mm is required to reach
e t,.=60 mm ni/K-separation above 20 GeV/c

e =250 mm FTCF2025-Huangshan, HSU 28
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FARICH option for m/K—separation above 20 GeV/c

Gradient aerogel n_.,=1.008; pixel=0.7mm

8-layer aerogel n.,.,=1.008; 0, =0.2mm

Radius photoelectron distribution
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Focal distance is 300 mm

PDE for MPPC-S14160 (Hamamatsu)
pixel =3 mm with o, = 0.2mm
See data-sheet PSS 11-3030-S (NDL)

* N,.~16
0£7~0.33 mrad!!!

Radius photoelectron distribution

hrad

Entries 100
Mean 31.57
Sid Dev  0.2927

II[IIIIIllIIIIIIIII[IIIIIll 1
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radius, mm

Refractive index profile
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1.0075
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1.0065
1.006|-
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radius, mm

The possibility to produce of gradient aerogel was demonstrated in
NIM A766 (2014) 88-91 and NIM A766 (2014) 235-236

* N,.~16
0t"~0.33 mrad!!!

FTCF2025-Huangshan, HSU

It looks good enough for reliable m/K—separation @ 30 GeV/c
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FARICH for m/K-separ
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tion at 30 GeV/c: G4sim results
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Some practical results of 2025

n=1.0080 a0 87.57 £ 0.2989
L.  40.65+ 05761

C— g '
n=1.0055; d=17.4 mm ?
n=1.0064; d=15 mm ., | os
B e ST | n=1.0048; d=15.4 mm
'~ n=1.008; d=17 mm : Al 06

3,  84.95+0.2799
L, 41.06 +0.6024

a,  97.93+0.3095
L, 40.12 +0.5082

A 97.36 £ 0.2904
L, 37.21£0.4757

Lgc = 40 mm 0.4
| foralltiles

S S e — - -

= 0.2

|Il[lllllll|lll|lll|l

1 ] 1 1 1 1 1 1 1 l 1 J 1 1 l 1 1 1 1 l 1
300 400 500 600 700
A, nm

In 2025 for the first time ultra-light SiO, aerogels with high transperancy were produced in Novosibirsk!
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Ultralight aerogel FARICH beam test results and G4sim.

YHIT‘ mm

Yyr: MM

60

40

700 10 20 30 40

FTCF2025-Huangshan, HSU
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FARICH ring R distribution Rres Num. of ph.e. (ROI)
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: o, wms=ons | | petween G4sim and TBeam is
3000 N, 1455 =14.6
i i 20.8120.21 Obse rved
- S, 1.179 = 0.104 :
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FARICH for the CEPC project

IDNTL &
1750 UInN R®
e
o® 9
1500 «©
Y
o0
_.a\/
1250 1 e

1] D G o

(Focusing aerogel tiles) Gholon Detectora

90 trapezoidal tiles 1030 sensors 2.7x2.7 cm

30 tiles per end-cap

25 tiles per end-cap

1124
28

20 tiles per end-cap

15 tiles per end-cap
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FARICH with dual aerogel radiator

Combination of the from two beam tests:
e e S e To fill the focusing effect pixel size was decreased with help of mask
(@] . « o
(0 Q@ from 6x6 to 3x3mm > Geometrical Efficiency ~0.25
— | () . .
ok > * 4-layer focusing aerogel with n;,,=1.046 and t=35 mm (N.=3.8);
LN
S § = e stack of 3 samples aerogel with n=1.008/1.0064/1.0055 and
— s
Main idea of concept
FARICH rin R distributi
¢ FARICH with nmale.OOS will prOVide: c ° hFarichPostCor2 ] i hRad3
Y SN o 2 o 472 i - e
e reliable p/m—separation: k o : : oy 12000 | [ |
— from 0.8 to 2 GeV/c if pixel 6x6 mm; or L 5L §c e
— from 0.8 to 2.5 GeV/c if pixel 3x3 mm. “r woo| [t o meserm
. T[/K_Separatlon- 0 _ l‘éﬂtzagev :162; Sig_noi 6.065 + 0.072
. 8000 - |2/ ngt 36.41/35
. . _op L L | C_Light 355.7+9.5
— from 1.1 to 10 GeV/c if pixel 6x6 mm; “f wool Ao 28585009
I [ Sig_Light 3.083+ 0.114
—from 1.1 to 13 GeV/c if pixel 3x3 mm; “or - ool Lo ssmosoen
* Production of additional aerogel will take about 10% of total T e L‘.
system Cost -60 -40 -20 0 20 40 % s?nm 0 70 8[2 mn?‘O
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Summary

The aerogel is a material with tuneable refractive index in wide range from 1.002 to 1.2

Recent progress in production of highly transparent aerogels in Novosibirsk allows us to
consider several proposals of aerogel based PID systems tor the future colliding beam
experiments:

* FARICH for SCTF project

* FARICH for the SPD-NICA experiment

* FARICH based on ultra light (n<1.008) multilayer focusing aerogel for the CEPC project
e ASHIPH-SiPM for the

Considering the SiPMs as photon detectors for the Cherenkov counters allows us to achieve
new performance of the ASHIPH technique and propose new ASHIPH design for the several
colliding beam experiments:

. UpFrade of the SND detector ASHIPH counters for the future experiments at the VEPP-2000 e*e™
collider (Novosibirsk)

* ASHIPH-SiPM counters are considered as backup option of the PID system for the SPD-NICA
experiment (Dubna)

* PID system based on ASHIPH-SiPM for the VEPP-6 project (Novosibirsk)
e ASHIPH PID system for the STCF project (Hefei)

In 2025 the ASHIPH-SiPM prototype was tested with hadron beams at the CERN T9-PS beam
test facility for the first time. The results are coming soon!
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Highly transparent aerogels with n>1.05

multilayer_aerogel/op461110/100323_461f10_3.dat: d=35.0mm

=
a, 0.9562 + 0.003828 % I
Lec 61.19 + 0.834 £ z
§ |
08
08— a, =09775£0007375
n=1.07 ., 4273701315
a =0.95/1+0.001094
04 n=1.08 T 4765201377
p0 0.8406 + 0.0009505
n=1.09 pt 60.84 +0.4708
0.2
4 0 | | | | | l | | | | ‘ | | | | | | | | | |
200 300 200 500 600 700 200 300 400 500 600 700
. A.nm " ” A, nm
The Largest focusing aerogel: The "new” aerogel samples
® Npax=1.05 with different refractive indexes:
e 4 |layers from n=1.06 to 1.09
e 230x230x35 mm (thickness ~ 22 mm)

FARICH based on 4-layer aerogel with n,,,,=1.08 will provide p/m—separation from 250 MeV/c!!!
FTCF2025-Huangshan, HSU
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Recent beam test results

Hitmap with ROI
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