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Talk Outline “Frozen smoke”...
The lightest material in solid form

m Introduction

~1 Particle ID in Belle

-1 Why Aerogel-RICH ?
Requirement for Photodetector
Results w/ Flat Pannel PMT
Development of Hybrid Photodetector (HPD/HAPD)
Remarks
Summary
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Particle ID In Belle

W- VoowH
m Physics Targets fep- BBP - S .k
Flavor tagging
B->nn/ Kn/ KK, B>DK/ Dr K aon Momentum Distribution
Low momentum p/x at Super-B o 4.2 Two-body
m Arg in B=2KIl g) ) _ B mTKIKK g
S aspb-cos 2P
m Present PID s | (tagging) ol
dE/dx + TOF + ACC(threshold) 25
Eff.(K>K) ~90% / fake(r>K) ~10% T
Lack of high momentum PID
in the forward endcap A
(almost) no w/n for Pr<1.0GeVic o SRR

Pvs cos"@gs@:harged)

m Upgrade target = K/n separation for 0.7~4 GeV/c @ >4c

(similar yw/n separation for P< 1GeV/c)
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Possible Upgrade Plan

m Barrel> TOP (Time- Of—Propagatlon) Counter &TE
m Endcap-> Proximity FoCusrp erogel RIC____

Barrel PID > TOP o T ' "\ ndcap PIEL
. [ N | > Acrogel-RICH

Photo detector
(position sensitive, pixel size=6 mm)

Aerogel radiator
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~ Quartz (1.47)

Why Aerogel for RICH? « /"~ cr i

s
m Less material p~0.1-0.2 g/cm3 8
m Compact ring «»background 3 3 __serogel (1.03)
m Large AO, < small chromatic error / Aot 4)
Separation power _AG, g f G20l
S=< N, |
B  Qunz(147)
Single photon resolution : '-~.~.C5F12 (i)
Optics (emission point, mirror, ...) =
Pixel size in photodetection R i .0014)
Chromatic dispersion X "
m Quartz ~5mr G”D s
= C.F,,(lig.) ~3mr 3 __
= Aerogel ~2mr (%) Wt L W
>:< NIM A457(2001 )52 " II .lfr-:lr:i'l.-.'.'l.-.u |'|:|:I.'|.|_'I:'|Ir-

mm), Aerogel fills the gap also in RICH application (new trend)
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Proximity Focusing Aerogel RICH

m For Belle upgrade in the forward endcap Design values

m >4c Kinfor 0.7 <p<4.5GeVic Npe ~7.5
m Proximity focusing w/ n =1.05, 2cm. % 11mr
No mirror complex
—> suitable for collider geometry
Thin radiator o (chr) 2.0mr
- light yield enough ? o
m Photodetection in B=1.5T w/ 5 X 5mm? (position sensitive, pixel size=6 mm,

granularity. ===» HPD (baseline)

o (pix) 6.4mr

c(em) 8.6mr

Aerogel radiator
(n =1.05, 20mm thick) -~

m The major R&D items B g ook
Photodetection in 1.5T = -
Aerogel improvement I

-} |
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Photodetection for Aerogel RICH

m Rayleigh scattering dominates in aerogel T = A4.¢ <“/*
> Short wave length suppressed.

> Detection in visible wavelength region

> Vacuum based device w/ bialkali/multialkali photocathode.

Unscattered photon spectrum

' Expected photon spectrum @ each step
for various thickness

” n=1.03, 5cm wann £ i K
:rlL .. Aeroge| thlI;,H'HEEE'—_LJ_?FH’I
ool Generated photons g ST

Arbitrary
Arbitrary

R
f "1l I: ]
=] Il'l‘/ Unscattered photons i [ mren, "
o ' Detected photons ' A N
b s i oEe G,
ot - s =
’ — povaamy & o "

_—

i
L__,_..r-"”'_ B

T —*-—-__
SO, o A B . O] PP B S
K i [T ] Tiwe

Walte fEnui i) W enite fenh fitin)
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Photodetector Requirements

Single photon counting in visible A region with good

m Position sensitivity ~5mm
m QE.xC.E. >20%
m Magnetic field immunity 1.5 T

m Effective area >70%

++ ASIC development to readout many channels. O(10°)

m Hybrid photodetector (HPD) |deal (probably)
m MCP(micro-channel-plate) PMT C.E.<60%
m Flat Panel PMT don't work in 1.5T

No device on market satisfy the requirement
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Flat Panel PMT (HPK H8500)

m Large effective area, 84%
1 64ch (pixel size = 6mmx6mm)
1 aligned with 52.5 mm pitch

m Response for Cherenkov photon

n
5 L
ST Flat Panel PMT (H8500)
w L HV = 1100/
120 -
100 [ near cherenkov peak

e

m Still under developing... o
—>Large variation among 16 PMTs

o Q.E.: 16~25% ( @400nm ) ol
1 Gain : 1~6 x 106 b o * for the best PMT

0 250 500 750 1000 1250 1500 1750 2000
Pulse height (ADC ch)
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Beam Test w/ Flat Panel PMT

m Demonstration of principle
4 x 4 array of H8500 (85% effective area)

m o, ~14mr

m Npe~6
~9 if normalized to the best PMT sensitivity
) 46 K/n at 4GeV/c
Event by-event hit record Accumulated hit record
oy
E 1wl
o M
@ @ B
ﬂ— 10
ey e a2
E’ E T '

PR IR S R BT S R
-lJ.ﬂ -ﬂ.-l 42 1} 62 a4 AOAa

4, {mad)

Impact point of the incident track

N —— , Ring expected from tracking
CICI 50 II' 50 JOCI CICI 50 CI
x i [rrrn]
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Hybrid Photodetector (H PD)pad PD (CERN/LHCH)

m Marriage of vacuum photocathod Sketch by I YPSIlantlS .

and silicon device technologies. \ ;

41,

m Photoelectrons are accelerated w/ 10-20KV, \
bombarded on Si and lose its whole energy.
m Create electron-hole pair per 3.6eV loss. \

==> Gain = 3000-5000 / pe

m  No multiplicative process

Much less gain fluctuation for each photoelectron. Conventional PMT
m Geometry: Electrostatic / proximity focusing
m Sensor: PD / APD &> Operate in B field

&> Additional 10-100 gains
2004/3/9 R ESEEEERFIFES 12



B M.Matthias et al,
- [EEE2003 NSS-MIC Conf.
Si pixel array

cf) Pixel HPD @ LHCb+DEP T erami cat

VACUUM

Photocathode
(—20kV)

/

Photoelectrons

m  80mm ¢ photocathod window
to cover 70% of 2.6m? total area
m Electron optics
1 20KV-> 5000 e/ photon
1 Cross focusing (x5 demagnification)
m 8192 pixels (62.5umx500um)
—>1024 super-pixel (0.5mmx0.5mm)
m  LHCBPIX1 chip bump-bonded in vacuum

Electrode

\ Solder

bump
bonds

Binary
electronics
chip

Cannot be used in B field.

2004/3/9 Mt ERERBEIEERRIMESR 13



"
Our New Development

12x12 HPD photocathode _
m Proximity geometry for use in Y
strong B filed 10KV I le'
15~25mm

Large effective area
m Consider both PD/APD options  Ppixel PD or APD

Package 72Xx72mm? 0720, 2 30L0. 5
Number of pixels | 12x12 (6x6/chip) 144-M.3 4y ¢ i A
Pixel size 5x5mm? o !
Effective area 64% 2’ : é
. =

PD APD ! =
Gain 2000 20000 | EZEZE:?_:EEE | Il %%
Cd 10pF | 80pF | :
| (leak) 10nA 30nA : -

2004/3/9 MO ERERBIEERER MRS 14
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Ptototype Test [Single Channel HPD]

TO-8 type (sensitive area = ¢$8mm)
V,y = -8KV

Veias = -80V e
Gain = 1500 e/photon <00

Count

0 0.2 04 0B 08B 1 1.2 1.4 16 1.8 2
ADC count
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Prototype Test [3x3 HAPD]

Diode= [15mm/ch
VHV = -8KV

VBIAS = 320V

Gain = 26000 e/photon
Cd=73pF /1 =14nA
Surface irradiation type

Larger noise than HPD
m Low yield of APD?

2004/3/9

HECLLLEL L1
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Irws sxASRE
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Count

350 |

300
250 f
200
150
100
50

0 0z 04 06 08

ADC count
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Prototype Test [3x 3 HPD]

m Photon counting test in progress

H

m Back irradiation type W
= No serious problem in production . "

B 1 0K v el i 2600 a0 S50 =30

m EB gain = 2100 @ 8KV o

8 B B E B

Pholocatods Appied Valage [-kv)
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Status of 12x12 H(A)PD

m The bulb part is made of ceramic.
m Vacuum leak test is underway.

m 4x(6x6) HPD/HAPD installed in the ceramic case by a
transfer technology.

The 1st prototype coming soon.

No photocathode
In this sample

2004/3/9 HotEFERE EERRIMAR
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Development of Readout ASIC

m Total #channel in the real system = 120K
m Photodetector characteristics

Gain ~ 2000 (HPD) / 20000(HAPD)

Cd ~ 10pF(HPD) / 70pF(HAPD)

Leak | ~ 10nA(HPD) / 30nA (HAPD)
m Small space

—_ =

m Need
High density front-end electronics
High gain w/ low noise amplifiers
Deadtime less readout scheme (pipeline)

—_ =

m ASIC development

2004/3/9 MO ERERBIEERER MRS
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ASIC for HPD/HAPD Readout

m Basic parameters (Rohm 0.35um CMOS)
Gain = 5V/pC
Shaping time = 0.15us
VGA =1~16
Pipeline readout w/ shift register
18 channels/chip
smW/channel

m 1sttrial at VDEC

4.93[mm]
AMP Comparator Shift register

Shaping

@—D—D—D—‘? Output)
Pre AMP Variable L Threshold Volt.

gain AMP

2UU‘+IOIU THWI B TTAE PR R ERRIRIVIOLE 20
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Remark: New Optics in Aerogel RICH 7 Preliminary

m [s there any way to increase L and hence improve Npe without
diminishing o(emission) ?

Yes, probably o el

m Aerogel features;
Index controllable at mixture
- O0c can be chosen at wiill.

m |dea: stack (more than) 2 aerogel
Wlth dlffe rent indices. Aerogel radiator Plhotoderector

n1>n2 - completely separated rings low index @ndex
(velocity measured twice).

n1<n2 - focusing to compensate
the increased thickness.

Dual Aerogel RICH !?
S t U d I es are [ n p 140 g éSsS. Aerogel radiator Photodetector

I ESERIMAES 21
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Remark: GaAsP Photocathode?

m Sensitive in longer wavelength (<700nm)
Lead to less chromatic error
Aerogel is more transparent
m QE as high as 40% (or more) at peak
- compensate N, loss due to 1/A? dependence.

100 [

Champtien dets of
opraliminary test tubes

=

Quantum efficiency (%)

Erctatips HPD st : M.Suyama et al,
— IEEE2003 NSS-MIC Conf.

0.1

200 :m:u 400 ﬁilm Etlm ?t;u:n m:,u:: 900 Dream in fUture 7

Wavelength (nm)
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Summary o He. %’)TJ:O& l T9,

56 ¥ D FE 52

m HPD
B=1.5T

m Flat Panel Npe
Large effective area

ap g KER-P5SE —
= L
0y e
b L, g insr e Tubs
1997 | m [IT |
-._ﬂ"' ;
f : -"-'I

Ribia Aavagel  Cewevm Mg
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Backup Slides
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Limitation of RICH

Investigation by P.Glassel [ NIM A433(1999)17 ]

Pmin limited by the decrease in N/N___,
Chromatic error dominates @ P,

Prox/Prin = 4~7

Need two/three radiators to cover wide region.
Aerogel fill the gap also in RICH application.

Table 3
Examples for chromatic aberration limits

Radiator LiF C.F,, Cglky, ™ He

L lem lem O5m 2m [0 m

i .35 |62 | & 4] | 20
Bandwidth (eV) 6-7.7 6-73 55-77 5.5-T7.7 3.5=10
a7, = A xﬁ 0.009 00028 30x107" 12=107" 5= 107"
e [mrad) 54 28 (.45 (.40 013

ru (mrad) |.R 0.9 014 013 0042
Chromatie/'mse 5 5 [0 3 (RA]

3 separ, K
s 1! i"-"l"l ol o T .:"” | LI _-'hl_-'h'”
Prin (X eV (10 LR 11 8 23

2004/3/9
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Chromatic Error in Aerogel
R.De Leo et al., NIM A457 (2001) 52

2004/3/9

1.0315 - 1
\i r‘
1.031
-
O
c
o
Z1.0308 |
T
o
o 103
o
e
[T
o
3 1 L 1 [
D2as 0.3 0.4 0.5 0.8 0.7

wavelength (um)

Fig. 2. The refractive index of one Matsushita agrogel tile mea-
sured at six wavelengihs, The solid, dashed. and dotted lines are
fits 1o the experimental data based on Egs. 3 4 and 7. respective-
Iy, with calculated values pormalized o the experimental value
o the relractive mdex of serogel al 633 nm.
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cf) LHCb RICH

m Three radiators to cover 1~100 GeV/c
m RICH1: Aerogel(n=1.03) 5cm 1-10 GeV/c
C,F,, (n=1.0014) 80cm 10-60 GeV/c
m RICH2: CF,(n=1.0005) 2m -100 GeV/c
m Photodetection by HPD array
2.5 X 2.5mm granularity, total area = 2.6m?
Design values
Aerogel | C,F, CF,
Npe ~7 ~31 ~23
o 2.0mr 1.3mr 0.6mr Or
c (pix) 0.6mr 0.6mr 0.2mr 20:_
o (opt) 0.3mr 0.7mr 0.3mr 5 '
o (chr) 1.6mr 0.8mr 0.4mr > A0r
100 K/n for 10-40 GeV/c 60f
3o K/r for 30-90 GeV/c
2004/3/9 R RS RS EERRITRS

VELO exit window

Magnetic
shielding

RICH1 mEm)

Aerogel

Plane

Photon
Detectors

Spherical
Mirror

| Beam pipe

!
N g o——=

| [[ > Track
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Improved Aerogel by Matsuhita/KEK

m  Optimization for n=1.05

n=1.01~1.03 range was optimized
in the Belle construction, but not
for n=1.05

- Cooperative research with
Matsushita Co. Ltd.

m Improvement in transmission length,

A(@400nm)

15mm =2 45 mm [n=1.05]

Solvent

methyl alcohol
—>di-methyl-formamide(DMF)

Precurser

Methyl-silicate-51 from
different company

Studies are still in progress...

2004/3/9

Transmission length (mm)

*Novosibirsk’s one : hydrophilic
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A
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&

(0]e)

"« Chiba-U. (MtOH)
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—®-NOVOSIDIFSK-(F1Om)
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Test w/ Flat Panel PMT

S, Nt n/K separation

“F aTl
I al Cherenkov angleftrack for
B g m Measuqad MNpe WE'.”" ~13 mrad rl(pseudo)K ( @ 4 GeV/c)
: give naive resolution per track: 2
ot Peeudo K == (1.1 GeV/ic)
< cu/sqrt(Nge) ~ 5.3 mrad g . F
*contribution from bkg. is small L% g T
zail /K sep. @4 GeVic 2 ~ 4o 175
- m Nge is strongly affected by f0 |

125 |

performance® of PMT

MNormalized Npe
with the best PMT =~9

- better separation is
expected in near future

T E
75 |

50 E

28 2

T IR | W L [l L i
L'L"..? 022 24 028 028 0.3 032 034

& (rad)
NB. pseudo K has some effect
from multiple scattering

*Q.E and threshold cuts to the
, pulse height distrbution

[ VAV, A
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Dual Aerogel RICH

Pion and kaon rings for the two dual radiator shemes
Pion and kaon rings for the two dual radiator shemes

nl>n2 nl<n2

b /K p=30GeV/c =20

p=3GeV/c,0,=20°
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" N IEEE2003 NSS-MIC Cont.
Proximity Focusing HPD N—

T6x 18 rFent
Muir—atkali Bl picals Cmramic sdewall

R&D by KEK+HPK e g
m Proximity focused structure |

for operation in strong B field.
m Acceleration voltage = 8KV /%’

l
asnn s e e | aars

= Avalanche diode o L o
1 8x8 pixels 1500
: - Photocathode: -9 KV
0 2x2 mm2/pixel il i Total gain: 4x104
m Total gain = 4x104 1000
old AD

0
0 500 1000 1500 2000 2500 3000 3500 4000

Qutput pulse height (ADC count)
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MCP-PMT

Electron amplification in micro

channel (¢ ~10um)

Fast/small transit time spread

Gain saturation
B field immunity

Geometrical apperture ~ 60%

¢ without Al film at MCP-in

2004/3/9

R&D in progress for
Focusing DIRC (SLAC)

TOP (Belle/ Nagoya)

Gain ~O(10°%) w/ 2-3 stages

AR

-3

[ AR

Vo

16000 et 200060
14000 R:‘I‘;n 1.1-8
12000—7ﬂ rrrrrr 1p€ rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
10000
|| 2p.e
. 8000
Photon counting In B=1.5T | [!
6000
w/ 6pm MCP-PMT | || | ||| |3pe
(HPK R3809-U50-11X; Nagoyal R&D) |- 1,
2000 [ ] LJE
$4Eﬁ§¢#iﬁﬁiﬂr%f§ E;J?‘J %0 100 110 120 130 14ﬁ50 160
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HPK MCP-PMT

R&D at Nagoya

m 1x4 linear-anode MCP-PMT newly developed for TOP readout.

_________

]
__________

‘ 22 (effedtive area)
27.5

10 T— — E—— —
Gain (HV) 2x106 (-3.5KV) I G Y IAES S RN - 30 | N
MCP hole dia. 10um —— -
. = 50
Geometrical 50% 2 B vs TTS o |3.2kv
collection eff. = ¥
#pixel /size 1x4 [ SGmmx22mm e f
L, o [ I S Mg e T
Effective area/ 40T — i,
ectiv 64% - T~ A A [3.3kV
Total area - S P i (N 1 A -
Confirmed gain > 106 and TTS = 30ps(ep}—F—=+5+—+—4—| | -o{3 skv
In B=1.5T magnetic field.
> Remaining issues: cross talk, life, deadtime etc.
206 0.4 0.8 1&_”}?
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Test of 18t batch sample

m Linearity (left)
m Channel-by-channel offset variation

I:'IUU_ ?5:_ [ ]
| |
50 F
< 400 '
E 25 -
- - [ »
& i } |:|-_
%:mn_ E .
i — a5 [ n
il b] B
Ej L &q E .- . n l.. -
2 200 o .50 F .
E [ - m =
5 75 F
& ool
L 100 F
- 11 ST T T S
04 5 1 - 3 0 2 4 6 8 10 12 14 16 18

Num. of Photoelectrons ch
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