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Belle II Aerogel RICH Counter

Particle ID plays an essential role in B factory experiments.
o Especially K/11 ID tells us flavor transition of b quark.

Belle Il - attack New Physics in flavor structure
Distinguish B->nn from Kn, B2>py from K*y, etc. 2 PID up to 4GeV/c

Upgrade of Belle endcap PID
<2GeV/c by threshold-type aerogel Cherenkov counter
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Concept of Belle II Aerogel RICH

 Proximity focusing RICH based on silica aerogel radiator

Target: more than 4g K/t separation at 4 GeV/c

Essential components

=t Silica Aerogel
= Refractive index ~1.05
~60mm Highly Transparent
i
Photodetector : 144ch HAPD
iy Large sensitive area
_ ,_—-% High sensitivity to single photon
Charged particle HHHH .y . 2
i Position resolution of 5x5 mm
| Immunity to high magnetic field (1.5T)
Silica aerogel Photon detector
Readout electronics
07— 0 K ~23mrad (n=1.05)@4GeV/c Readout 10° channels at once
> angle resolution: g,/ va N%< 6mrad - Development of dedicated ASIC
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144ch Hybrid Avalanche Photo Detector

« We have been developing a new 144ch Hybrid Avalanche
Photo Detector (HAPD) with Hamamatsu Photonics since 2002.
Specification
quartz N Bialkali Peak QE 32%
photo cathode

Effective area ratio 64%

-Vacuum Capacitance 80pF
tube Bombarding gain 1300 ~ 1800

Avalanche gain ~50

T 68KV
A photo cathode ' gig(s)\\//oltage Total gain 10* ~10°

voltage

v ¥ Indf 1.201e+07 {1222
i Const_p  1.51de+04 + 17.53
l - Mean_p 1.39e+04 + 14.25
Fk :I.S F k :IS = Sigma_p 5575 + 13.69
] r . . Const_s 1293 + 13.81
D E 0 Mean_s 1.0362+05 + 107.7

L Sigma_s 9159+ 124.8

- Const_s2 282.3+1243

- Mean s2 1.94Be+05+628.5

r Sigma_s2 1.435e+04 + 889.8
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Quantum Efficiency

HAPD QE has been greatly improved with
“super bialkal” technology by Hamamatsu.

" Wavelength dependence Uniformity
= 32% 360nm
i -, -=-super Bialkali &
25 By -=Conventional 10
B0 - 25% bialkali
%15 360nm
10
5
% 2 4 6 8 10 12
0
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wewel4&:—:r'lgﬁ’r?Lij| (nm) %

Peak QE ~32% has been achieved

*NoPott | (bialkali average : 25%) AT

14

x(point)

Good uniformity

011 e5




HAPD Performancein B=15T

Measured with
“Ushiwaka” magnet

one row scan

confirmed 5mm
resolution

15mm
(light  reflection)

Reduction of
backscattering
effect

20 40 60 80 20 40

We have confirmed HAPD achieves 5mm position
resolution and has improved performance in 1.5T.




ASIC for Readout of 144ch HAPD

We need high density front-end electronics including high-gain and low-
noise amplifier for A-RICH.
—» We have been developing ASICs for front-end electronics.

We planed to readout output of ASIC with FPGA.

Circuit configuration (SA series)

input DOU?\
—N hit info. [ Shift regig'_c?_r_ ______ N trigger
INERNANE

SA02 (36¢h)

Preamp Shaper Comparator *

I « FPGA | ... : [tobackend
ASIC - ) i

4 step variable gain preamplifier.
4 step variable shaping time shaper. (250-1000ns)
Comparator for the digitization of analog-signals.
(We need only on/off hit information)
*We have developed new ASIC SA01(12ch)
and SA02 (36¢h).

board

° | °
01t Connectors for HAPD  ASIC (SA02) July 6. 208




Readout test of HAPD with ASIC

Threshold scan result (SA01) 55,‘

Distribution of output ASIC for 100 LED light e ‘3322.‘.?;
irradiations at each threshold voltage. I a——— ‘ I

=
Auty

ch21

Erltl'iES 39“35 I i Invert
: Mean 0.178 ‘ 0ff] On
7 AMS 0.2733

'HAPD(HV:8kV, Bias:290V)
Total gain : ~32,000

/2>

| Analog monitor output

Result h

*Noise : ~2,000e-

*Pulse height
1p.e signal : 32,700e"
2p.e signal : 66,200e-

- i | L ] .
-0.5 0.5 S/N : ~17

. “Threshold [V]
Clear separation between 1p.e and 2p.e!

*\VVery high S/N ratio (target > 7)!

Good performance of readout system with ASIC + FPGA has
been confirmed.




Aerogel RICH Beam Test

7 KEK Fuiji test beam line
&y e W )
3/

2 GeV/c
electron

AYASS
r NG
| F # &
~ B

! (5 “ ' ~
n=1.054"n=1.065_ . .

.- . : -
| [ S S

20 mm thick ea(‘:'h \’\'.

» Performed at Fuji test beam line in KEK November 2009.

» 6 HAPDs from recent batches (max QE 30%, avg. QE 24% @400nm).

* Aerogel radiators with improved transparency are used.
e Transmission length@400nm > 45mm

o ‘Traék'parameters are measured by two MWPC:s.
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Beam Test Result

| RICH Hit Map, w.r.t. track | rich_2d_1

Entries 412449

Event Display sy acam

ahistmiki

Clear ring imaqge observed ; - e
6000 | o ¥t 1435/28

Cherenkov angle resolution: g = 13.5 mrad g | costant 61281304

FRean CLIDET « 0,000

shgmia 0.271340 » 0.00007

# of photoelectrons: 15.3 : Do -mesams

BO slope 1715 » 604
1

! ! From naive calculation "’m:n'?.:;;ffz:il
6.6 0 K/1T separation
at 4 GeV/C aChieved ; 0.1 D.IE 03 04 05 06 0.7 D.IE 09 1

Cherenkov angle(rad) 10




Performance of RICH with HAPD

 New 144ch HAPD

o0 Large effective area.

o High sensitivity to single photon
o Position resolution(5x5mm?)

o Immunity to 1.5 T magnetic field

e Silica aerogel by new method
o Highly Transparent

« Readout ASICs

‘ The prototype RICH using HAPD

achieved enough performance for Belle II.

Remaining concern :

Radiation tolerance of HAPD in Belle 11
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Neutron Irradiation Test of HAPDs

Neutron damage of APDs is the most significant concern.
In Belle Il 1 year, 101 n / cm? is expected
- target: Belle Il 10 years, 102 n /cm?

Neutron irradiation tests are performed using reactor
“Yayol”.
~ energy spectrum

Reactor “Yayoi” of Tokyo Univ.
i' . AP i N

- e -
L= ] L= ] L=
& i

(=
L=
[T,

[
L=

Heutron number (neutron/cm“sgec)
-
L=

: 8 2 - T R R W T
Flux: 2x10° neutrons/cm=/sec at W=500W 10-%0-%0-10-%0"20"%0-20-210-210° 10° 102

Average energy. 370keV Neutron energy (MeV)

e
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Influence of Neutron Irradiation

Quantum efficiency Increase of leak current / APD chip
<14

4 before
¢ after 5x1011 neutron/cm?

4

t (p

=
(oo T

Increase of leak curren

L 4
4

8
6
4
2
0

L 4

400 450 500 550 601
Wavelength(nm) Oirradiation fevel fx10'‘heutrdn/cm®)

No degradation in QE
Increase of leakage current in APD
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Increase of Noise by I,..,

5x101 jrradiation

\ 1p.e. cannot be separated

1
\

l‘-

Aleak [UA/36Ch]

b

: Pulse Height

1x10 jrradiation
|

‘ 1p.e. | h 1p.e. separation

gets worse
AeA S

A : Pulse Height
Pulse Height

neutron dose [x10" net

Before irradiation

Noise from increased I, must be reduced to
keep 1 p.e. detection capability. e
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ASIC and HV Optimization

Shot noise by leakage current o \/ I

Ieak E

Improvement
Shorter peaking time
Increase HV (bombarding gain)

5x10'! n/cm?
HV:-7kV  Peaking time: 1us

HV: -8.5kV, 250ns
SIN=7

A

M2.00us A Ext F 796mA
200mv MiI.0OOus A Ixt J 7TeTmA

i+~ 4.44000us
i+ 3.04000us

Iv ht .

g raticule Xy D pl ay Colo
h v Full Pale ll
J Normal

H invert Bandwidth Fine Sale oosuion  Offset
L. Full 200mV  _; sodiv 0.000V

1/4 t= 0.5 x noise
Bombarding gain 1300 - 1700,1.3 x signal

Achieved enough S/N=7 after 5x10'! n/cm?(Belle II 5 years)




More Improvement for Belle II 10 years

5x1011 n/cm2? S/N=7 has been achieved
1x10%2 n/cm? expect S/N ~5 = need more improvement

APD structure

Shorter peaking time

Avalanche Amplification

Pt region - new readout ASIC (SA03)
4 with t,.,,=100ns (current:250ns) under
about ff devel t
Jopm P . 5.3) More bombarding gain T

—> APD with thinner P* layer
N Reduction of I,

> e Make thinner APD to reduce neutron

hou ‘30’ induced lattice deficits
mi N * Contribution of N-layer (hole) is about

y 1/100 of that of P-layer (e).
Nt~ ; : electron - Thinner P layer
APD samples with various thickness of P and N

°N layers are irradiated in 2010 Jan and June at



\1 1/ INCULLIVUIL 111dU1dliVUll 1oL

Results

APD A leakage current (1012n/cm?2)

* Increase of I, depends on
thickness of P layer

* No dependence on N layer
thickness

Confirmed [, reduction by
thinner P layer

0,2 . A5280
#5266
r'E‘D’ls -5252
0,16 5256 )
o014 - Thick P <
391y  Ws74
E 5289
E_ 01 528 * Cu.rrent,
0,08 c3eg 3 th!ck N,
0,06 5257 ¢ , thin N
0,04 ‘* , © A €
0,02 b e d® I
. M: ww = thin P
0 20 Gﬁ(?n 60 &0

2> New HAPD sample with thinner-P APDs is
produced and irradiated in 2010 Nowv.

® NDIP2011
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Thin-P HAPD Irradiation Test Result

ThinP

Before
S/N=12.2

HV B.5kv
Bias 270V
(Gain 40)

After

standard

| | Before
S/N=12.1

-
L]
L
|
i
-
Ll
3
Ll
'
| -

HV 8.5kV
Bias 390V
= 0

= (Gain 32)

S/IN=7.1
T Bias 270V

After
S/N=6.1

HV 8.5kV
Bias 390V

Better S/N of HAPD with thin-P than the
standard has been confirmed.




Conclusions
e New 144ch HAPD has been developed for Belle || Aerogel

RICH counter.

o0 Large sensitive area

o High sensitivity to single photon

o Position resolution of 5x5 mm?

o Immunity to high magnetic field (1.57)

« Excellent PID performance of RICH with HAPD has been
confirmed.

- More than 50 K/t separation demonstrated from test
beam experiment.

« Remaining concern: Radiation tolerance of HAPD
o Neutron damage manageable up to 5x10'* n/cm?

o Itis confirmed that HAPD with thinner-P APD reduces neutron

iInduced damage.
® NDIP2011 July 6, 2011 @19




Future Plan

Further studies of HAPDs for radiation hardness.
o Gamma ray irradiation is under study.

Prototype Aerogel RICH test with hadron beam is
scheduled in September, 2011 @CERN (SPS).

Fix specification of HAPD and prepare for HAPD
mass production.
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Single photon Response

Pulse height distribution for

Single photon irradiation R, S : Preamp.:
< ndf 1.201e+07 / 1222 . B CCEL il
Const p  1.514e+04 + 17.53 % ] 580K
Mean_p 1.39e+04 + 14.25 ; :
Sigma_p 5575 + 13.69 SR Shaping amp.:
Const s 1293+ 13.81 e. ;
Mean_s  1.036e+05 =+ 107.7 " Clear Pulse
Sigma_s 9159+ 124.8 : 417

Const_s? 2923+ 1243 =

Mean_s2 1.948e+05 + 628.5
Sigma_s2 1.435e+04 +889.8

1 ys peaking time

7\ I PR VLT

3 Tofl' 2500 3000 3500 4000
Electron[e
[e] O 1pe.

144ch HAPD has excellent single photon
detection performance
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Test in magnetic field

Performance of HAPD in the 1.5T magnetic field is
measured using a special equipment to scan the HAPD
surface with pulse laser.

® NDIP2011

PLP

HEEIE! Black box
optical fiber
<€ \ +-8-m >
G-10 bar
HAPD Lerjs : spot size i
| ASIC
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X
y
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Effect of magnetic field

Image Distortion effect by side wall

Photoelectron backscattering

At the same
Electric potential

Photon

T Glass
Photo cathode
Equipotential
\ surface

Ceramic
Photoelectron

Distorted electric field near the side wall
carries photoelectrons to the neighboring
AD pixel.

Photon

glass|
PC

20 mm, p.e. _
. . — backscattering
- . - .

‘ ~
* / *

1
40mm ( max )

The photoelectrons hitting the AD
are backscattered and spread
within  40mm.

HAPD performance is expected to be improved in a magnetic field.

® NDIP2011
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Dual-layer Focusing Scheme

« Cherenkov angle resolution of
proximity focusing RICH:

Oy VN, o o vd

= Limited by radiator thickness.

o Increase effective thickness without
degrading the angle resolution

-> Focusing scheme
[T. lima, et al. NIMA 548,383 (2005)]

o Transmittance of larger n (>1.05) is very
Important.

- Highly transparent aerogels have

been produced by new method.

Re(;?active [M. Tabata et al. Conf. Rec. IEEE NSS 2005, 816;
indices NIM A623, 339 (2010)]
n; <n,
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