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Aerogel RICH story:
optical property improvemets vs time

UV-VIS-NIR Spectrum of Silica Aerogel
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improve of transmittance: n=1.03, t=1cm
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'95 T.Ypsilantis, J.Sequinot, NIMA368(1995)
'96: first focalized RICH with aerogel at CERN




'96: 5cm of Matsushita aerogel, n- 10GeV/c
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HERMES 27.5 GeV e*- long.pol on p,d,3He-

long.trans.pol
1) Gas Cherenkov: DIS . (94 - 97)
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2) RICH: SemiInclusiveDIS (98 - '07)

detected

M
\@/‘”' o (ep — e'hX)
dgtected W

probability that struck quark

of flavour f fragments into

hadron of type /7 with energy
fraction z

distribution
function

do"(z) « > 0, (x)®do, ® D{ " (z)

fragmentation

function
z=E, /v

7



'97: the HERMES dual radiator RICH proposal
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Designing a RICH
| N

Aerogel wall

11x11x1 cc
2 om| I: Aerogel :I Mold

o e paricts

® Array of 425 tiles/half “‘i
# Stacks of 5 tiles v )
® Black tedlar foil around i/

edges ~_

#» Lucite end window \ K ot Ties

# Dry N, atmosphere Dry N, flow in aerogel!

| Hydrophobic aerogel from Matsushita |
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Designing a RICH

Mirror array

Spherical array ] )
T

4 x 2 mirror segments "H /

Focal length =110 cm i/

Graphite fibre composite
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E75" PMT - dominant pixel contrib
ol

Designing a RICH

Photon detector

1934 PMTs/half in
hexagonal close-pack

Philips XP1911/UV
green enhanced

Soft steel matrix for mag-
netic shielding

-'--Jl--
|- ASTogEe 35

| Mx‘-—._rP-HJIiC-l-c#
- I| "*—HH

e -,
AN/ TN
Ky —, I, J ! |
- , -

Philips PMs XP 1911/UV 0.75”

& PM1
= PMO3
& PMO&
T PMOE
o PMIG
o PM11
A PMI12

E j
o3 153 J

S 10




Photon detector

Photon detector

» Light collecting funnels (@)=
to cover 92% of focal — . g
p|aﬂe N =X

funnels:
pixel contrib.even larger!
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Photon detector

Read-out system

#» PCOS4 system
Like MCs

# Digital read-out
® Threshold =0.1p.e.

PMT's: fired-not fired!
L -
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Building a RICH

W






Building a RICH

L 12 km of cables J



Building a RICH




Building a RICH
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Timelines

November 96: original discussions

December 96: first HERMES RICH-meeting
March 97: proposal accepted by HERMES
Spring-summer 97:

Autumn 97: test aerogel-PMT prototype @ CERN
March 98: test PMTs

Easter 98: start assembly

May 98: install 2 RICH-detectors

August 98: first rings
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Recognizing rings

# Difficult alignment procedure
» aerogel tiles
» mirror position, tilt, segments
s focal plane
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Recognizing rings

# Difficult alignment procedure e
’7 s aerogel tiles misidentified a
s mirror position, tilt, segments T

s focal plane

# Reconstruction of Cerenkov angles: IRT, DRT
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T - Cher. y’s = photoelectrons
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geometrical contributions to 60,

: 00
1) plxel (F)pixel :(@> - 2.30 o /pe

2) focal plane _
a) (gele)opt.aber.: (d/R)?=0.5% : I

90= o/2R(50/0)... . =03
a)+b) (Sele)mirror: 0.6 %/ pPE

3) point emiss. (86/0) ;= 0.7 % / pe
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aerogel opt. properties contrib.s to 56,

»+ 1) n dispersion in the different tiles
-+ 2) chromatic dispersion n(\)
- 3) forward scattering

- 4) tile surface irregularities

aerogel Selected 850 ftiles over 1200
11x11x1 cc from Matsushita
2 planes, 5 rows, 17 columns, 5 layers

- -, _./’
-

L ;,__.'
one aerogel radiator

7
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Optical characterization of n=1.3 aerogel of the HERMES RICH
E.Aschenauer et al., Nucl. Instr. and Meth. A440 (2000) 338



1) ndispersion (633 nm)

minim.deflec.

| = 4m — high precision
on/n=10+

Screen 4
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2) chromatic dispers.: n (A) meas.

50 833 nm 214 nm 1om
][\u, j\s_, e
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1.03 1.032  1.03 1.032 g
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3) forward scattering

due to large inhomogeneities (a;) of &, mostly on the
surfaces

responsible of fuzzy vision of objects through aerogel
influence dNpe/d3 not Npe
forward peaked (# Rayleigh isotropic)
dep. on pH of solvent used in gel

diaphragm

Rayleigh-Debye (Mie) scattering theory with a variable
e =633 A aperture
—— A=325nm 5
2~ 1 o o)
T a,=60 pm | @ |—————> | |©
& ac > N laser H S ——— %
10 == O A
FS e

10

5 cm of aerogel:
23% of Cher.ph. are FS @1.55 mrad = 66,

I§a<yl7;igh (@) = (56FS): 0.4 % /pe
9 FS QC 29

i
=]
Lh
T

d*Tes(B)/(dB*dx) (rad™ ¢




4) surface Irregularities

Aerogel Tile Shape avoid internal reflections
black tape on lateral s/u:rfaces
11.4cm P
AI moving table
- )]
59) 0 04%/
— | — 5 =U.4%/pe ' . :
0 Jsurt, Oc P pe start point dist.
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exp.- calc. angle resolution (%)

HERMES Oc for single pe

Pixel 2.3<+ e i Y
Mirror 0.6 |\+|pe - 10
Point emiss. 0.7 ¢= e 2;6/; i
n disp. 0.5 p
Chromatic 1.3 <

Forw.Scatt. 0.4

Surface 0.4

Total (calc.)/pe 2.9 - o

Total exp.)pe 33 M ” /Gf g
o /ring

39/3 =11
Npe (exp.) 10 Npe=10: 3.3c k/=m sep. (4GeV)

Npe=6: 2.50 k/=m sep. (4Ge¥)



RICH stability 1998
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Reconstructed Cherenkov An

RICH stability 1999
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RICH stability 2000
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RICH stability 2004
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RICH stability 2005
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gle (rad))

Reconstructed Cherenkov An
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RICH stability 2006
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RICH stability 2007

GCrMQ
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Ocring> n (e*>56eV) plot vs day
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average h (e*>56GeV)
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pe reconst.starting point distribution
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The LHCDb detector

Forward spectrometer (running in pp collider mode).
A dedicated B-physics experiment at the LHC

Ecar, HCAL M4 MS
SPD/PS M3 Acceptance
M2 Vertical 250mrad
f Magnet 5 RICHZ M1 I Horizontal 300mrad
. TITZ to 10 mrad
RICHI - =
240 A TT/
rte =
0gato
= : M =
N —
15’ I =
% il e | p . N
% / L1l ..
i / ] ]

Two RICH detectors provide
p/K/p identification

K/n separation 2-150 GeV/c 2



The RICH Radiators

Neville HARNEW, RICH2007 15-20 October, Trieste

041 RICHI RICH?
. ‘ Photodetectors .

035§ u L

0.3 |8 ’ & ’
0.25 ol

E DE Flat Mirror
=]

015 e

0.1 o : _

. Spherical
3 ST . Mirror
b S A CF,
DDS |-| “ ._l_: 5 :r'.-. o _ —k L e L P i
: RN Pl Aerogel C.Fio
0L N,
0 25 50 \75 100 125 150 17§ 200
piGeVic)
Silica Aerogel C,F,, gas CF, gas Expected photon yields — for
n=1.03 n=1.0014 n=1.0005 isolated saturated particles
1-10 GeV/c Up to ~70 GeV/c Beyond ~100 GeV/c
| |
RICH1: ; Aerogel | C,F,, | CF,
251250 mrad vertical 150100 mrad vertical,
25[1 300 mrad horizontal 150 120 mrad horizontal 5.3 240 | 184




RICH-1 LHCD

gl
2,00 e

mirror

Beam
pipe

e Track

BINP-Novosibirsk:
20x20x4 cm3
n=1.03  hygroscopic
A=0.96 C=0.005 (+=4 cm)
A (400 nm) = 4 cm
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The PhotoDetectors

WNANI¥A

i VB .
3 23mm [
g ") - .
rrrrrerd] [N
LALAEERES )
Bl tdendd
: , yi4144419 |{Dynode
@Bialkali Photocath. D=110 mm, QE(320nm)>20% ;;:;1;;;3 Chain
@0verall D=125 mm 82% active area stritrriil
@ voltage -16 KV | | ——|:
(JElectron optics: cross-focussed RERRERE
64-Channel MaPMT:

@ demagnification 2.3

@Anode: Sipixel :1 mm x 1 mm (320x32 matrix) _ _
2048 pixels, size at photocath. 2.5 x 2.5 mm? pixels, size 2.3 x 2.3 mm?

Hamamatsu R7600-03-Mb4
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C.D'Ambrosio, RICH2007, Oct 16, 2007



4 HPD & AEROGEL from Novosibirsk: test beam
C.Matteuzzi, INFN Milano

N, Yyield

| No filter | Filter D263
: (0.3 mm)
4 cm
DATAMC (9.7 11.5(6.3 7.4
8 cm

DATA MC (12.214.7 |9.4 10.1

t=4cm Npe ~10

3919 :ﬁ%/pe

033 = 0/ ring
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03/3(/pe)(%0) and Npe for HERMES with
old (t=5cm A=2.3 cm) and new (t=4cm A=4cm) n=1.03 aerogel
old (1") and new (2.5x2.5mm? ) pixel size

old new v ———
. Pixel 2.3+—0.3 L
* Mirror 06 0.5 s USRS WS S -
e Point emiss. 0.7 0.6 : t ;
e ndisp. 05 0.5 0 oo SV
e Chromatic 13 14+ S
e Forw.Scatt. 04 04 Npg et HERMES..
o Surface 04 04 - A
e Total (calc.)/pe 2.9 1.8 L et HEEHMESTE:':&E ------ !
o Total (exp.)/pe 3.3 (2.0) B0 i § i '
o Npe (Ca|cl) 12 18 8 -u:.;.+:.
» Npe (exp.) 10 SN R A T
o Total /ring 1.1 . ’ tem) .

f

6c k/n sep. (4 GeV) 47



BELLE upgrade (KEK L=10% —»~2*10%)

e S Aerogel Cherenkov counter
—Salr &Y "%~ + TOF counter

. R 25 = “TOP” + RICH

3.5GeV et

et

ngaukjng + dE/dx
Il cell + He/CH,
= remove inner lyrs.

""-.ﬁ_ !

Mew readout El 'I \T 5
£ _I -
| i \, 1/ K, detection

mt;ng = 2 pixel lyrs. 14/15 lyr. RPC+Fe
+ 3 yr. D50 - tile scintillator
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BELLE Aerogel RICH R&D
Chiba-KEK-Nagoya-Ljubljana coll.

r focusing proximity focus

Aerogel radiator Aerogel radiator  pporodetector
¢ sem (1cm-2cm)
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02 beam test results

New aerogel from Matsushita & Chiba-U.
A(400nm)=3cm, n=1.05 t=2cm

H8500-M64 PMT flat panel, 6x6 mm2 pixel,

very clean rings observed !

033 =4.5 %/pe, Npe =6.3, 3(/ring) = 5.6 mrad
0.-0, (4GeV, n=1.05) = 23 mrad — 4 & sep. possible
03/3(/pe) accounted by point-emiss. & pixel contr.s

pe  Cherenkov angle Mumber of hits
" 400
'g 3500 _-:B}-:D.;Hd-r!l:dF 1§m —_
E e :_ﬂ,:ﬁ.irnmd Eﬂm __
2500 _— 250 |
= 59/9 F4.5 %o ™ 59/9 /ring
T 150 -
1000 - 100 |-
s00 ! 50 - NIM A521(2004) 367
0 M. ;LT-IE_‘_ 0 n R N L L i

Toru lijima, RICH2007 @ Jgieste

0 a2 4 o8 0




B o/pe vst o/pe Vs n
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£ D el
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20 14| ) .
1 e od
15 ;
10 [
10 8|
; (=2 Ch
4T
. . . 2 F
30 40 50 o0 s
thickness (mm) 902 703 104 105 106 107

Refractive index

t < 2cm: pixel
t > 2cm: point.em_ .

o
8 f Z 710F X/ ndf 9751 | 74
s 04 F 266.9
> f : : P 0.1423
= 03[ SRR 600 0.1953E-01
3 1322
02 ¢ 500 |- 0.2289
r 0.1819E-01
0.1 § oo 1 2170
ok 0.3074
3 0.2501E-01
01F 300 [ 47.71
- - - [ -88.41
e T d e 9
) ] " :
03 F
F 100
04 F
_05:H‘m‘HmH‘m‘H‘m‘HmHmuu\uu\uu\uu 0 L Ll Ll | L
505 204 03 02 01 0 01 02 03 04 05 0 005 01 015 0.2 025 03 035 04 045 05
tx(rad) Cherenkov angle 8 (rad)
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RICH with Multilayer Radiators

NIM A548(2005)383

= Demonstration of principle
O 4x4 array of H8500 (85% effective area)
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7K separation with focusing configuration ~ 4.8c @4GeV/c
Toru lijima, RICH2007 @ Trieste >



n multilayer aerogqel

monolayer, multilayer

nl n2 "3/’,/
=

/i
i
JIANY

|:| raw cata

—— averaged to 3 layers

—— averaged to 14 layers




aerogel RICH summary

aeroRICH CERN-test HERMES HER(new) BELLE BELLE

year ‘96 ‘08 ‘02 '04 ‘07
type foc. foc. foc. prox. prox-2lay.s
n 1.03 1.031 1.03 1.05 1.047-1.057
A (cm) 2.3 2.3 4 4.5 5 |
t (cm) 5 5 4 2 2 l
00/0 (%)(/pe) 8 3.3 (2.0) 4.5 4.6
Npe 12.8 10 (15) 6.3 10

50/0 (%)(/ring) 2.3 1.1 (055) 1. 15 |
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