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What is a RICH?  5

RICH: Ring-Imaging CHerenkov counter
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Background of RICHes  6

Examples
• The First RICH tested at CERN

Performed with the photo-ionization process

• The Aerogel RICH Counter in the KEK Belle II experiment
To separate K from π and to provide discrimination between π, μ and e—

GSI developed a RICH for heavy ions in 1993.

Δβ(σ)/β = 0.077% with β = 0.8269 (129Xe) was achieved.

Radiator: Liquid C6F14

Photon detector: Gas detector with TMAE (tetrakis ethylene)
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Fi g. 1. Aper t ur e angl e Oe = ar csi n( n si n ( 9, ) of t he Cher enkov
l i ght cone emi t t ed f r omdi f f er ent t hi n r adi at or s as a f unct i on

of t he par t i cl e' s vel oci t y 0=v/ c.

t he pr oduct i on of heavy pr ot on- and neut r on- r i ch nu-
cl ei by f r agment at i on of r el at i vi st i c xenon pr oj ect i l es
was i nvest i gat ed. Taki ng advant age of t he speci f i c geo-
met r i cal shape of t he mi d f ocal pl ane of FRS (Axf o,. =
160 mm, 0yf o~ <_ 6 mm, f or det ai l s see r ef . [ 4] ) , we
chose a desi gn wi t h f ocusi ng opt i cs t hat al l owed t o
r epl ace a t r ue t wo- di mensi onal measur ement of t he
compl et e Cher enkov r i ng by t he l ess di f f i cul t measur e-
ment of t he r i ng pr oj ect i on ont o t he f ocal x- axi s. Fi g. 2
shows a schemat i c vi ew of t he RI CHdet ect or wi t h a
si l i con det ect or ar r ay [ 6] mount ed i n f r ont , whi ch pr o-
vi ded t he i on' s nucl ear char ge Z and f ocal posi t i on as

VUV-Mi r r or
Fi g. 2. Schemat i c vi ew of t he RI CH- det ect or . The l i qui d
C6 1714- r adi at or cover s t he mi d f ocal pl ane of FRS. Acyl i ndr i -
cal mi r r or f ocuses t he Cher enkov l i ght cone emi t t ed f r om t he
r adi at or ont o t he ent r ance wi ndow of a VUV- phot on det ec
t or . The r esul t i ng i nt ensi t y di st r i but i on of t he phot oel ect r ons

pr oduced i n t he dr i f t vol ume i s i ndi cat ed schemat i cal l y .

/ ARI CHdet ect or f or vel oci t y det ermi nat i on of heavy t ons

wel l as t he event t r i gger . The whol e set up was mount ed
i n a l i ght t i ght vacuumchamber .
The r adi at or i s posi t i oned i n t he f ocal pl ane of t he

magnet i c spect r omet er . Acyl i ndr i cal mi r r or t i l t ed wi t h
r espect t o t he beamaxi s f ocuses t he emi t t ed Cher enkov
l i ght cone ont o t he quar t z ent r ance wi ndow of a
VUV- phot osensi t i ve gas det ect or . The phot on det ect or
i s mount ed bel owt he i on beamt o pr event t he passage
of hi ghl y i oni zi ng heavy i ons . I t consi st s of a smal l dr i f t
vol ume on t op of a mul t i pr opor t i onal count er (MPC)
and i s oper at ed wi t h t he VUV- sensi t i vevapour TMAE.
Due t o t he i oni sat i on ener gy of TMAE (10 =5. 4 eV)
and t he UV- cut of f of t he quar t z wi ndow(Ey =7. 2 eV) ,
t he det ect or i s onl y sensi t i ve t o t he VUV- par t of t he
emi t t ed Cher enkov r adi at i on .
As t he cyl i ndr i cal mi r r or f ocuses onl y i n ver t i cal

di r ect i on, t he shape of t he i nt ensi t y di st r i but i on of t he
phot oel ect r ons pr oduced i n t he dr i f t vol ume by i oni sa-
t i on of TMAEmol ecul es i s a nar r ow, l ongi sh el l i pse.
Fi g. 3 i l l ust r at es t hi s di st r i but i on r esul t i ng f r oma de-
t ai l ed Mont e Car l o cal cul at i on f or a l ant hanum i on
wi t h vel oci t y / 3 = 0. 85, t aki ng i nt o account t he pr oduc-
t i on of t he Cher enkov r adi at i on, t he VUV- t r ansmi ssi on
of t he devi ce as wel l as t he det ect i on ef f i ci ency of t he
phot on det ect or [ 7] . Due t o t he homogeneous el ect r i c
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Fi g. 3. ( a) I nt ensi t y di st r i but i on of phot oel ect r ons pr oduced i n
t he dr i f t vol ume. The x- y pl ane denot es a pl ane par al l el t o
t he ent r ance wi ndow. The di st r i but i on r esul t s f r om a Mont e
Car l o cal cul at i on f or a Lant hanumi on wi t h vel oci t y 0 =0. 85
and a Oxr ad=4mml i qui d C6 F14r adi at or . ( b) Pr oj ect i on of
t he di spl ayed i nt ensi t y di st r i but i on ont o t he x- axi s of t he
phot on det ect or . The anode wi r es mount ed al ong t he x- axi s

have a spaci ng Ox = 2. 6mm.

Aerogel RICH Counter

RICH of GSI (1993)

(J. Séguinot and T. Ypsilantis, NIM 142, 377 (1977).)

(K. Zeitelhack, et al., NIM A 333, 458 (1993).)

PTEP 2016, 033H01 S. Iwata et al.

Fig. 1. Horizontal cross-section of the Belle II detector.

Fig. 2. The principle of π/K identification for the ARICH counter. The solid-line and dotted-line cones
illustrate the emitted Cherenkov light for a pion and a kaon, respectively.

2.2. Aerogel radiators
The silica aerogel radiator tiles of the ARICH counter are required to have a long transmission length
and refractive indices in the range 1.04–1.05 for optimal counter performance in the required momen-
tum range. We successfully established a method for large-size (180 × 180 × 20 mm3) hydrophobic
aerogel production with high transparency [7,8].

The single-photon Cherenkov angle resolution and the number of detected Cherenkov photons
per track are important parameters for high-precision measurement of particle velocity (aver-
age Cherenkov angle) with the ARICH counter. For a normal proximity-focusing RICH counter
[Fig. 3(a)] the contribution of the radiator thickness to the resolution of the average Cherenkov
angle σd is proportional to d/

√
Npe, where d is the thickness of the radiator and Npe is the num-

ber of detected photons in the ring. If the absorption length is large compared to d, the number of
detected photons increases linearly with the thickness and σd is proportional to

√
d. The thinner

aerogel can improve σd due to the decreased uncertainty of the emission point of a Cherenkov pho-
ton, although the detected photons will be decreased. We verified that the optimal thickness of the
aerogel for the ARICH counter should be around 20 mm [9,10].
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(S. Iwata, et al., PTEP 033H01 (2016).)

RICHes have been mainly used for particle physics experiments.



The conventional method: Time-of-flight (TOF) measurement

Motivation and Advantages of a RICH for Heavy ions  7

TOF measurement with high accuracy requires very long flight paths. 

but

Our RICH for Heavy ions (HI-RICH) → High precision, compact and low-cost detector

It requires 30 m to obtain velocity resolution for 5.0σ separation of mass number 
A = 100 with detectors of σ = 100 ps. (with β = 0.7)

F1F2F3
F4

F5
F6

F7

TOF (46.6 m), Bρ, ΔE → Z, A/Q, P
A schematic view of BIgRIPS beam line at RIKEN 

(T. Tubo, et al., NIM B 204, 97 (2003).) 



Aims of the experiment  8

Velocity resolution Δβ(σ)/β = 0.075% with β = 0.71

1. To develop HI-RICH which has sufficient performance for 
“particle identification” of the secondary beam 

2. To understand tendencies of velocity resolution and 
detection efficiency

5.0σ separation of mass number A = 132

=



Experimental Methods



Accelerator and Beam Line  10

1st Dipole 
Magnet

F0

Product Target Station

Plastic Scintillator

3rd Dipole 
Magnet

F1

F2
F3SB2 Course

S. Yamaki et al., NIM B 317, 774 (2013). 
M. Kanazawa et al., NIM A 746, 393c (2004).

Primary Beam: 132Xe54+ 420 MeV/u

HIMAC (Accelerator)
• Accelerator for Heavy ions 
• Synchrotron 
• 800 MeV/u (Max.)

Slit

National Institute of 
Radiological Sciences

1st Dip. 3rd Dip.

Primary 
Beam

7.977 7.938

Secondary 
Beam

7.047 7.008

Bρ [Tm]

Secondary Beam: 113Sn50+ 390 MeV/u (typical nuclide)



Experimental Setup (Unit: mm)  11

H12428

H12428

H12700
H12700

H7546

H7546

8×8 Multi-anode PMT × 6 → 384 channels

F3PL: Plastic Scintillator (common trigger)

IC: Ion Chamber (ΔE detector)

PPAC: Parallel Plate Avalanche Counter (position detector)
Radiator

HI-RICH

50
50~100

(manufactured by HAMAMATSU)

A schematic view of HI-RICH
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PMTs’ Pixels and Quantum Efficiency (QE)  12

H7546A-203 H12428A-203 H12700A

Max. QE 
(@ Peak Wavelength) 43% (@ 350 nm) 43% (@ 350 nm) 33% (@ 350nm)

Pixels 
(Unit: mm)

0.3

2 2.88 × 8=23.04

6 
× 

6=
36

6.
25

6.
25

6 × 6=36 6.256.25



Radiators, Filters and Circuits of HI-RICH  13

• Synthetic quartz (SiO2) (n = 1.48) 
‣ 25 mm × 25 mm × 0.48 mmt 
‣ 25 mm × 25 mm × 0.95 mmt 

• BK7 (n = 1.54) 
‣ 20 mm × 20 mm × 1.06 mmt

Radiators

Filters (Edmund UV U-360)
• U360 Band Pass Filter 
‣ The center of wavelength: 360 nm 
‣ Peak transmission: 70% 
‣ Thickness: 2.5 mmt

Filter

PMT

Circuit Diagram

PMT1 Discri.

TDC (128ch) ×3

F3PL L

PMT2 Discri.

PMT3 Discri.

(64 ch)

F3PL R

Discri.

Discri.
Coin.

start

common 
stop

CAEN V1190 
Multi Hit 

VME
PMT4 Discri.

PMT5 Discri.

PMT6 Discri.

(64 ch)

(64 ch)

(64 ch)

(64 ch)

(64 ch)

start

start

start

start

start

Resolution: 
100 ps/ch

Window width: 
1 μs



Results & Discussion
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Time spectrum of a channel (all events)
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T.T.S. (FWHM) = 0.35 ns (catalog value)
(T.T.S.: Transit Time Spread of PMTs)

Detected Cherenkov photons (all events)

The center of beams

Results of the primary beam with a radiator (SiO2) thickness of 0.48 mmt are shown below as an example.



Multiplicity 
 = The number of hit channels in an event.

Simulation  16

Considered fluctuation: 
1. Energy loss of beams in a radiator 
2. Angles of emitted photons by dispersion of wavelength 
3. Positions of emitted photons in a radiator

If a photoelectron reached a position of a PMT channel, the channel was considered to be hit. 
This process was repeated with all photoelectrons.

Some events were selected by each multiplicity gate.

Multiplicity
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/β
 (%

)

(& Multiplicity spectrum (histogram))

40 50 60 70 80 90 100
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exp.

A comparison of multiplicity dependence of velocity  
resolution between sim. and exp. of the primary beam.

The number of photoelectrons were 
considered as Poisson distribution.



Primary Beam (132Xe54+ 420 MeV/u)  17

Thicknesses of radiator (SiO2) [mmt]
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θC = radiation angle
Z = atomic number
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(Simulated Detection efficiency ε = 100%)

0

dNphoton
dλdx ∝ Z2 sin2 θC

λ2



Primary Beam (132Xe54+ 420 MeV/u)  17
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Primary Beam (132Xe54+ 420 MeV/u)  17

Thicknesses of radiator (SiO2) [mmt]
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Secondary Beam (132Xe54+ 420 MeV/u + Be target 2mm)  18
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Secondary Beam (132Xe54+ 420 MeV/u + Be target 2mm)  18
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Experiment

Results and Discussion

• Primary beam was 420 MeV/u 132Xe54+ beam.

• The experiment was Performed at NIRS.

• In the secondary beam, the target of material was 2 mm-thick Be. 

• In the primary beam, Δβ(σ)/β = 0.050% and ε = 99.9% are achieved with β = 0.71 
for primary beam.

• In the secondary beam, particle identification was successfully performed with 
HI-RICH and Ion Chamber.

• Multiplicity dependence of velocity resolution is well reproduced by the simulation.


