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History

Aerogel RICH

1977 — first successful demonstration of the
Ring Imaging CHerenkov counter;
J.Seguinot, T.Ypsilantis, NIM 142 (1977) 377;

mid 1990-th — improvement of silica aerogel
transmittance makes possible its use in RICH
R.De Leo, et al., NIMA401 (1997) 187.
Aerogel RICH for HERMES and LHCb
experiments were proposed
LHC-B LOI, CERN/LHCC 95-5 (08/25/1995),

T.Ypsilantis, J.Seguinot, NIMA368 (1995) 229.

1998 — HERMES RICH with a dual gaseous and
aerogel radiator.
D. Ryckbosch, NIMA433 (1999) 98;

2003–2004 — idea of a multilayer ’focusing’
radiator came up.
P.Križan, talk at SuperB wokshop in Hawaii, Jan 2004

A.Yu.Barnyakov et al., NIMA553 (2005) 70

producer year Lsc(0.4µm)
Novosibirsk ’02 5 cm
Matsushita ’96 2.3 cm
Airglass ’80 1 cm
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Novosibirsk experience

Works at Novosibirsk (BINP & BIC)

1986 — beginning of aerogel development in Novosibirsk
by collaboration of Budker INP and Boreskov Institute of
Catalysis.
Since then a substantial progress in aerogel transparency
have been achieved:
Lsc ≈ 5 cm, Labs ≈ 5–7 m @ 400 nm, n=1.006–1.13.
Production:
KEDR (VEPP4-M) — 2000l of n=1.05,
SND (VEPP-2000) — a few litres of high density aerogel
of n=1.13,
DIRAC-II — very light aerogel of n=1.008.

2002 — started works towards aerogel RICH.
LHC-b RICH: 20l, n=1.03, record breaking dimension
200× 200× 50 mm3,
AMS RICH: 60l, n=1.05, dimension 115× 115× 25 mm3.

2004 — multilayer focusing aerogel was proposed. 4-layer
aerogel tile was produced for the first time. Toy simulation
program using Geant4 has been developed.

Lsc = 44 mm at 400 nm
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Proximity focusing RICH

σ1ph = σchrom ⊕ σthick ⊕ σpixel

Reconstruction flow

Photon hit position Cherenkov angle

Particle direction

Particle velocity

Momentum

Particle ID
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Contributions to resolution

σtrack =
σ1ph√

N
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FARICH concept

Single ring (focusing) Multi-ring (defocusing)
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Thickness optimization

thickness, mm
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Particle velocity resolution

γβ
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Focusing deterioration at different momenta

radius, mm
34 36 38 40 42 44 460

500

1000

1500

2000

2500

3000
sum

L1

L2

L3

L4

radius, mm
18 20 22 24 26 28 30 320

200

400

600

800

1000

1200

1400

1600

1800

2000

2200
sum

L1

L2
L3

L4

Photon radius distribution for π at P=5 GeV/c (left) and P=0.53 GeV/c (right)

in 4-layer aerogel optimized at β = 1.

FRRC seminar, 06/10/2009 FARICH S. Kononov 9/31



Focusing deterioration for inclined particles
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FARICH validation

3-layer aerogel 100× 100× 41 mm, Lsc = 45 mm (400 nm), focusing at 20 cm

for π @ 4 GeV/c.
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X-ray scan of aerogel density

designed measured optimal
# t, mm n t, mm n n
1 12.5 1.050 12.6 1.046 1.046
2 13.3 1.044 13.2 1.041 1.040
3 14.2 1.039 15.2 1.037 1.035

Simulation parameters:

Distance between PMT and
aerogel — 200 mm

3 options:

1 designed
2 approximation by 3 layers
3 approximation by 14 layers
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Comparison of ideal and real aerogels with simulation

Velocity resolution as function of βγ. π/K-separation (≥ 3σ up to 8 GeV/c

Npe = 14
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SuperB FARICH project

Barrel EMC

L(Y)SO
EMC

DIRC
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FARICH sideview.

Photon detector

MRS APD (CPTA, Moscow) or
Burle/Photonis MCP PMT;

Pixel size 1–2 mm;

Packing efficiency ≈ 50%;

SiPM: PDE=40% @ 600 , MCP
PMT: QE=24% @ 400 nm;

Gain 105 − 106;

Time resolution ∼ 100 ps

Number of channels ∼ 105;

Aerogel

4-layer focusing aerogel, 35 mm
thickness

n1 =1.07

Lsc = 5 cm @ 400 nm
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PID at SuperB

SuperB FARICH 3σ momentum range
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Future Focusing DIRC

FARICH project for SuperB

Perfomance comparison of the present and fu-

ture focusing DIRCs with the FARICH project.

DIRC data: talk of J.Schwiening “Status of the Fo-

cusing DIRC” at RICH’07
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FARICH for ALICE HMPID upgrade (project)

Current parameters

Expansion gap of 500 mm,

CPTA MRS APD with � 1 mm,

Winston cone of � 3 mm to improve
light collection,

Aerogel of 2-3 layers with n1 = 1.05.

Working momentum range of FARICH for

ALICE:

solid — required, open — possible.
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Test beam construction at VEPP-4M

Objectives

Measure the velocity resolution of FARICH and compare with calculations,

Look for other contributions to resolution,

Development of the SuperB FARICH prototype,

R&D of other detectors
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Forward Spectrometer RICH for PANDA

Artistic view of the PANDA Detector
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Re-use of the HERMES RICH (option)
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My calendar plan

 
����� �����	�	�� �������	�� ����� ����� �����	���� 

���� �������	�� –  
30 �!	� 2009 ��� 

������������	�� ���������	��, ����� 1. 
������� �������, ��� ������" 	���"���� 
ForwardRICH ��������, �#�	��� �����$ � 
%&&�����	���� ��� 	������ ���	��&���#�� 
�����# � ����$��� ���������� � �����	�� 
������������, ���������� �������	�� 	� 
���������	�' ������� �������	�� �����#.  

(		���#��		�' �����  

1 �!�� 2009 ��� –  
30 ��	����� 2009 ��� 

������������	�� ���������	��, ����� 2. 
���������� ������	�� ��	&����#�� 
ForwardRICH ���������, ����������� 
������	�� �����	�� &���		�� ��������� � 
�����	���� ���� ���������. 

(		���#��		�' ����� 

1 ������� 2009 ��� –  
10 �	���� 2010 ��� 

)��������� �������� ����������	��. 
)��������� �������� ��� ������������	�� 
����������	�� ���	�" �����	��� ��������� � 
Geant4: �����	�� ��������, �����	�� 
�������� ����	�����#�� �������� �����#. 

(		���#��		�' ����� 

11 �	���� 2010 ��� –  
30 ����� 2010 ��� 

*�������#�� ���������. 
� ����+�! ����������	�� ����������� 
���	�� �����	�� ���������. *������������� 
�%�������' ����	������' �������� � 
�������	����		�� �����$�	�� &���		�� 
���������. ���������� ��������	�� �� 
�����'���� ������� �����	�� ���������. 

(		���#��		�' ����� � 
&�	���	�' ����� 
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Conclusion

Aerogel produced in Novosibirsk by BINP&BIC has excelent transparency
and well fit RICH applications. A wide range of dimensions (up to
20× 20× 5 cm3) and refractive indices (1.006–1.13) is available. Aerogel
for LHCb and AMS RICHes has been produced and shipped.

Focusing Aerogel RICH seems to be most advantageous where there is a
space limitation OR a wide momentum range is needed to be covered.

Real focusing aerogel samples with 2-3 layers and a good quality were
produced.

The simulation software has been developed and is being used for
optimization of the SuperB FARICH and ALICE FARICH projects.

The electron test beam in BINP to be set up by Fall 2009.

Application of FARICH for the PANDA FS is reasonable.
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Backups
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BaBar DIRC
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Background from particle interactions.
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Momentum precision enhancement with FARICH

σp

p
= γ2 σβ

β

Momentum, GeV/c
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Momentum resolution for FARICH and KEDR DC for particle angle

θ = 30◦ from beam direction.

FARICH (D = 200 mm, GaAs pc., 4-layer aerogel)
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Two ring FARICH.
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Berrel ATC of the KEDR detector before in-

stallation.

KEDR subdetectors.
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Simulation with Geant4

The processes defined:

for charged particles: Cherenkov emission, multiple scattering, magnetic
field;

for optical photons: Fresnel refraction and reflection, Rayleigh scattering
g, bulk absorption.

Model:

Dispersion of aerogel index of refraction is obtained by scaling quartz
index proportionally to density;

No scattering on aerogel-air boundary;

Scattered photons are discarded in the simulation;

Exact knowledge of particle position and direction is assumed.
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Quantum efficiency
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Chromaticity
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