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Belle II experiment

« Belle experiment
— KEKB accelerator/Belle detector: B-Factory experiment
— Discovery of CP Violation in B system
— Verification of Kobayashi-Maskawa mechanism
— Finished in 2010.6

« Upgrade to SuperKEKB accelerator / Belle II detector
— Integrated Luminosity: 50 ab!
— Physics Goal: Search for New Physics

End-cap K/n ID (PID):

electrons Belle
7 GeV/c =
3 , ; Threshold-type Cherenkov Counter
—— Momentum range: up to 2 GeV/c

a1

positrons | Aerogel RICH counter

Belle IT Detector ~SS / ). 4Gevic | Target: 40 n/K separation
’ up to 4 GeV/c
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Aerogel RICH (A-RICH)

Proximity-Focusing Ring Imaging Cherenkov counter
using aerogel as radiator

Principle of A-RICH 1. Produce Cherenkov light in

the aerogel.
| Photon detector: | 2, Detect photons as a ring
| 144-ch HAP image using a position
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sensitive detector array.

3. The radiation angle 6 is
calculated.

4. K/mID is performed by the
equation:
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Charged
particle

m = Z—?\/nchSQQC —1
c

Radiator: Hit information Abc =0 — 0o (K
Silica aerogel — Front-end electronics © N 2(5(;1& d c(K)
=>» Poster by M. Tabata @ 4 GeV/c, n=1.05
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Aerogel RICH (A-RICH)

Proximity-Focusing Ring Imaging Cherenkov counter
using aerogel as radiator

Requirement
JR WS el * Position resolution ~5 mm
| 144-ch HAPD - Single photon sensitivity
3 imee=al * Tolerance to magnetic field
=i Nl - Radiation hardness
g | NG
L |
§f+§+ » High-gain, low-noise Amp.
Charged "‘g g - Hit/No-Hit for each ch.
partide Ll | (]| |- Space is limited (5 cm)
e

T

Hit information

Radiator: :
Silica aerogel — Front-end electronics We are developing
144-ch HAPD and
> Poster by M. Tabata Electronics for it.
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| 144-Ch HAPD Hybrid Avalanche Photo-Detector

We have been developing the HAPD
with Hamamatsu Photonics K.K.

since 2002.
420 modules will be installed in Belle II.

Structure of the HAPD

Bombardment Gain:

Photo cathode photon ~1,700 Specification
(bi-alkali) P
\ # of channel 12 x 12 = 144
re Cathode tube size 73 X 73 mm?2
Vacuum tube @ photo-electron § — _\;?vlt_:glf/ effective area ~65%
" W S—— pixel size 4.9 X 4.9 mm?2
Bias voltage , APD
ixelated APD
200~400V; | P H : £ capacitance 80 pF
Ava anc48 Gain: typical QE 28% @400 nm
~N
Total gain ~7 x 104
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| 144-Ch HAPD Hybrid Avalanche Photo-Detector

We have been developing the HAPD
with Hamamatsu Photonics K.K.

since 2002.
420 modules will be installed in Belle II.

Pulse height distribution

1200

1000

Specification

Nl # of channel | 12 x 12 = 144
L;f = tube size 73 x 73 mm?2
= effective area ~65%
> pixel size 4.9 X 4.9 mm?2
0 . ‘ . ‘
0 500 1000 Om:i(t)(;ms:g(;(; ) [:;(C):OCh] 3000 3500 4000 ca p ﬁ\cl?tgnce 80 pF
Good single photon separation typical QE 28% @400 nm
in every pixel. Total gain ~7 x 10*
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Radiation Hardness of HAPD

HAPDs will be used in radiation environment for 10 years operation.

Neutrons: 1x1012 neutrons/cm2 (1 MeV equiv.)

N
P+
Neutrons induce lattice defects in APD bulk region. 5 hT+I
They cause increasing leakage current. o
= S/N become worse ﬂfe-
We changed P and P+ layer structure in APD. N* APD

Thinner P : To suppress increase of current.
Thinner P+ : To improve bombardment gain.

0.1

Previous APD =

©
o
@

We confirmed History of radiation test

o
o
o

t
£
' < I .
Eg'ggegg Eg’ser E , 2011: Thinner P/P+ layer
u I s 3 N
) o ew APD ~ -
increase of S 0.02 = S I%OIdZ 2013: disted
leakage current. < d . ro uction type Is Irradiate
0 50 100 with expected neutron flux
Avalanche Gain
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Radiation Hardness of HAPD

HAPDs will be used in radiation environment for 10 years operation.

Gamma-ray: 1 kGy !

Charge-up around the structure on
APD surface occurred by gamma-ray. =

Breakdown voltage is degraded. / —
= lowers Avalanche gain.

_ Charged up
We changed surface structure on APD to preventit, | 5 Breakdown
and carried out radiation tests after neutron test.

Surface structure on APD

70 - «chipA
o Dose dependency | ,ChiEB _

o e, hi Breakdown is not observed
50 || o chipC

chipD up to 1 kGy radiation.

e
o

o

Current[uA]

N W
o

Trial samples have sufficient
neutron and gamma
0 a0 400 600 800 1000 1200 radiation hardness for Belle II.

Dose[Gy]
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| Readout Electronics

« Hit/No-Hit information original ASIC and

* Space s limited related circuit for A-RICH.

« Readout ASIC
— 36 channels/chip (=4 chips for 1 HAPD)
— variable shaping time

« 100~200 ns for noise reduction
due to neutron irradiation

Neutron test in 2013

- High-gain, low-noise Amp. [> We developed

[_KA067/200ns//A36_344_8.5k.dat | [ KA067/200ns//A36_344 8 5k dat [ KA067/100ns//A36_344_8.5K.dat | [[KA067/100ns//A36_344_B.5K.dat |
#3000 : | Entries 2048 = [ Entries 2048 |
B F o =t

4500 = = 45001 . .

S Shaping time 200 ns zx1 | Shaping time 100 ns

3500

Noise level: 5,700 e- = | Noise level: 4,700 e-

3000

T[T [T T T T[T [T T T

2500 | S/N(M2-M1/ped): 4.77266 |09 25007 S/N(M2-M1/ped): 5.20823 |oa7 :
20 & R o - =il We confirmed
00 gg 1232!;%1; 231 1500 f— S2 13.03+0.25 . .
o p10 -9.800 + 0.202 10005_ S?o -4.14";16;0.11662 noilse red UCtIOn
B e with shorter
Pulse height (ADC ch) Pulse height (ADC chy ~ Shaping time.
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Readout Electronics

« Hit/No-Hit information original ASIC and

* Space s limited related circuit for A-RICH.
« Readout ASIC Readout scheme

— 36 channels/chip (=4 chips for 1 HAPD) Front-end

— variable shaping time HAPD _ Board

« 100~200 ns for noise reduction ASIC
due to neutron irradiation

 Front-end board
— FPGA

* Process Digital hit signals treatment
« Setting ASIC parameters

« Merger system
— Merge data from 5~6 FE board
— Suppress size of signals 5 Belle2Link

- High-gain, low-noise Amp. [> We developed

Trigger in

Merger
S. Iwata Technology and Instrumentation in Particle Physics 2014 10
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Status of Development
I



HAPD

« Mass production already started QE Measurement Resuit
quirement
— 420(main)+Spare = 450 in total = e
— Delivery Schedule 28°/°>(2Téyl§/'ca”y> S0.9%
- Aug. 2013 ~ Sep. 2014 ’ (#safnmes; 1;)3)
- 30 ~ 40 samples every month

Good Sample Selection

* Quality check is on-going at KEK. pummmmrrrrs

— Quantum Efficiency (QE) Good 134 (86%)
— Defdkchannel check Low Quality 5 (3%)
« Leakage current Under )
« Noise level Investigation 1> L)
 Gain Rejected 2 (1%)
« 2D Hit-map Checked
(Total) .
(Mar. 2014)

S. Iwata Technology and Instrumentation in Particle Physics 2014
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Readout ASIC

« The ASIC is designed Shaper
in order to satisfy our e s Ty f R
requirement.

Amplification Discriminator
 ASIC production had
been finished.

— 2,500 samples had been

—Vth

CMOS 0.35 pm
@ TSMC/X-FAB

produced.
* We WI” ChOOSG gOOd ] Gain linearity of each
ChlpS from them. 6::§_ """ 1 p e setting satisfies
— 1,680 chips are needed. .. | LLPhoton separation

|

" |Mean 8.6 mV/fC

— Test system 1S o : : (RMS 0.8 mV/fC)
developed for this e / i B
purpose. wE : "

. #chann
r 864
1L, 0 H.‘s " 1l HIH'UZHI _
S. Iwata Technology and Instrumentation in Particle Physics 2014 13
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Readout ASIC

« The ASIC is designed Shaper
in order to satisfy our e s Ty f R
requirement.

Amplification Discriminator
 ASIC production had
been finished. CMOS 0.35 pm

@ TSMC/X-FAB
— 2,500 samples had been T e

produced W LTCC packaged

0 1 2
« We will choose good
ChIpS from them. Dead channel Appearance
— 1,680 chips are needed.
— Test svstem is 6,480 CI‘_L _ 47 ch_.
deveIoYoed fOI’ thIS (= 180 chips) (in 30 chips)
purpose.
S. Iwata Technology and Instrumentation in Particle Physics 2014
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Related Electronics

Connector side

 Front-end board
— 4 ASIC and FPGA

— The final version is
under designing

 Merger system

— Designing the final version. Merger Prototype
« Merge data from 5-6 HAPDs
« Send data to central DAQ
« Trigger/clock distribution
- Configuration for the front-end =
— Communication test is i o |
on-going with prototype. L

S. Iwata Technology and Instrumentation in Particle Physics 2014 15
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| Mass Production Status

. HAPD . Trends of HAPD Production
. - [Number of HAPD
— Delivery is delayed about R /JJ
I r
a few months. 5
) . 2 100
— Quality check of delivered HAPDs ¢ |
are mostly done. =
o™ TR R R R ST BT
< Investigation of Noisy Sample " Weekfrom Sep.2013
We found some samples Noisy sample 30min after HV ON
are noisy in 2D hit-map. o e -
This noise occurred o . oo
after light exposure. = - o
Noise in most samples of this reason - s o
disappear in ~30 min ‘ : k- Frnamitm—
after light exposure and HYON. Noise disappexgml)‘ed
= ~30 min: 10 samples, >1hour: 7 samples
S. Iwata Technology and Instrumentation in Particle Physics 2014 16

June 6, 2014 @ Amsterdam



Mass Production Status

- HAPD:.

— Delivery is delayed about
a few months.

— Quality check of delivered HAPDs
are mostly done.

 Electronics:
— The ASIC production was finished.
— Quality check is on-going.

« We developed the test system for
produced ASICs.

— Front-end board and Merger are
under final design.
« Mass production will start in this year.

N
o
o

Number of HAPD
o S g

n
o

S. Iwata

June 6, 2014 @ Amsterdam

Trends of HAPD Production

T [Number of HAPD

= Delivered
Measured

Technology and Instrumentation in Particle Physics 2014
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I Schedule

2014 2015 2016

] ] >

I I

HAPD | :

Production & Check : :

N I

ASIC )[FE board)| Counter |

Check  Production | Assembly :

I

Merger :

Design =» Production

Belle II Start

Aerogel> Cosmic test Installation
Production Assembly
&
Check Productions of most components will finish in this year.

Counter assembly will start in 2015.
After counter assembly, we are planning the cosmic test.

S. Iwata Technology and Instrumentation in Particle Physics 2014
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I Summary

The Belle ITI experiment will start from 2016.

We have been developing Aerogel RICH (A-RICH) using
144-ch HAPD for the end-cap PID device.

We have been producing components of A-RICH.

HAPD:

— Mass production had been started in 2013.

— Noise issue are found, further investigation is on-going.

— Delivery schedule is delayed, it will finish in this year.
Readout ASIC:

— Mass production had finished = ASICs are under quality check.
Other Electronics:

— Production of Front-end boards and Merger system will start in
this year.

All components will be ready in this year. We will start
assembling the A-RICH counter in 2015.

Plan

S. Iwata
June 6, 2014 @ Amsterdam

— After assembly of the counter, we are planning the cosmic test.
— Installation of A-RICH in the Belle IT is in 2015.
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SuperKEKB accelerator

Belle Il

New IR
—

B e 70
> : . }
£ w-Belle2 Schedule Wit reach 50 ab:
4 a :
'\l ? £ 50F
J E~ [ .
v _ 3 T 40 ‘ Physics run
A TE _F starts end of 2015
s : o
! o 20— Commissioning
1 ' S : starts end of JFY 2014
£ 10:—
o: i I n i n l i n i l i I
Low emittance f‘z 31035 8f- 1
mvm to imject I ', Positron source 'g - 6:—
Dampingring SR~ — A Shutdown
: ‘ ' f:E 4 for upgrade
‘i’/ ::: CA I
© C | | — | |
e & D10 2012 2014 2016 2018 2020 2022
Yea
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Tolerance to Magnetic field

HAPD
Scattering radius of photoelectrons

E-field
~ 7 kV

>
Pthoto-
electrons

| )

B-field 1.5T

Frequency
Frequency

r F.- L ulh\
w/ B-field . W
N - i

! N‘XV/O B- ﬁeld : ‘IIllIIII\ I
0 v nght incidence pomt (mm)

5 60 "0 80 90
nght incidence point (mm)

Colored lines show detection efficiency of each channel.

APD pixel

Technology and Instrumentation in Particle Physics 2014 22
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Neutron Test 2013

J-PARC MLF

P - LanFFEBWaR (FPRTFHE/ 5 24 HF FBbaR)

Niaterial and Life Science Experimental Facility Neutron Scattering / luon Sdence Facility

BT

Buil :Erg dirmension
B :Tom
widh
®S - 1588m
Length
s 30m

B AR TR oo
{ Targdlun:l(ehﬂndingmcm ;%FF JAaS 1 22m

0. Hall Height

canlmg systems

BOPHFE— LS ERE
23 nevtron beamlines wil be Installed in
experimental halls under present design

BL10 TR

NeutrOn Beam-line for Observation and

* RS TESEEE R > TR TE — LR
1E$_§L:_HG)EL@E?E—L&:L—E—ICE{#I%::&

I EFIuii—

HIEEEE

IGD mm 10 meVi
25mx {£EI5 m x m=30m R R
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| Gamma-ray Hardness

Chip Current VS Bias

Bias voltage scan during the irradiation
v-ray dose: ~950Gy

chip current

100

90

80

=4=—KA067_chipA
=he=KAG67_chipB
==KA067_chipC

70

=8—KA067_chipD
60

——KA075_chipA

nt[pA]

——KAO075_chipB
50

KAQ75_chipC

Curre

=4=KAO075_chipD
m—KA079_chipA

40

KAO79_chipB

30

KA079_chipC
KAO79_chipD

20
==K A082_chipB

——KA082_chipD

150 200 250 300 350 400

Breakdown is not obseVed up to maximum bias voltage
for all the HAPDs

S. Iwata Technology and Instrumentation in Particle Physics 2014
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Readout ASIC

« ASICs: 2500 chips

S. Iwata

— Already finished mass production.

— Quality check is on-going.

— We developed the test system for
mass productions.

« Max. 6 ASICs are available.
« Adopt removable sockets
« TCP/IP communication
— We are preparing
automatic test software.

Technology and Instrumentation in Particle Physics 2014
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Front-end Board

« Front-end boards are under final design.
— 4 ASIC + Xilinx FPGA (Spartan6) | Connectorside
— Correct hit information from HAPD |
— Set ASIC parameters
— HAPD bias voltage distribution

« Basic performance are
confirmed by beam test.

_ @DESY, 2013

« Mass production will be start
In this year.

Attached on HAPD

- o \
- T J
4 o~ T TR £
N g,
\ -

’ \ e o

{ o o T SN
435 % o ol . o R
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Merger system

« Merger Board: > 72 units

« Specifications are almost fixed
— Collect hit data from 5~6 FE boards

— Distribute the trigger | vData transfer
— Set parameters Optical connector v Trigger, Clock

= Belle2Link v JTAG for FPGA

Prototype of Merger Board

(Virtex5) —imaamamn - MY i

Interface connector Bk Kl j |
for front-ends [ s NS RN 8 15 00 mim

KEK Electronics System group

has been developing. 150 mm

S. Iwata Technology and Instrumentation in Particle Physics 2014
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Merger system

« Communication test with Prototype is
on-going.
— Slow control for FE boards by Belle2Link
— Readout from 1~multi FE board(s)
— Configuration of FPGA on a FE board

The merger board send
a test trigger to FEEs. -

e

: Red cable

— FEE power line

Basic functions
were confirmed,

N | AR **= connecter #0I
o\ — D) e v"‘-_’\_\f -‘-;
= FE boards generated test data. ﬁ

Mass production
had started from April.

S. Iwata Technology and Instrumentation in Particle Physics 2014
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| QE measurement

Overview of QE measurement system
Measure currents of HAPD

using pico-ammeter and Calibrated ((Vieasured
compare it to that from QEnarp =( QErD x|IHAPD/IPD
|HAPD
reference PD.
: HAPD e
Move HAPD on the stage and Light -

measure current when illuminating SCURCE watierEnEe ED) 0

~1mm size spot light (50 times/point).
— 2D QE map on photocathode.

HV
[ HAPD | pinhole A =400 nm
HV signal, Half mi
) alf mirror
| HAPD_I b|aS,
pico- signal, guard
-500 V] ammeter ;
I8 SELLLEE y bias,
T guard
I||—|<]—§— o—1T\—M\ I
il j @ LN | movable stage
e NT By Y. Y
o v Y. Yusa
No APD/bombardment gain .. i .
2 (Niigata Univ.)

S. Iwata
June 6, 2014
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 Noisy HAPD Issue

Source of the time dependent noise

Possible source: |- HV and/or bias

2. exposure to the light

B2z | L] s B

3508 - o -

.E 3500
o - T o
T . = .
Q o)
3 h = 0
Qo _ o
10 20 30 40 50 60 x(mZno) C 535: : m
Y— Y—
o m" o
Seems the ST * .
prObIemiS szx ﬂ::-:rr_:x"l"n-:r
related to . 3 hrs 3 hrs 3 hrs 6 hrs 1hr 1hr
exposure to light. Hv
bias
Off ———_—_. ] |
Exposing A
to the light
(opened the : : : :
black box) Noise increases after exposing HAPD to the light s .
By H. Kakuno
(Tokyo Metro. Univ.)
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Investigation for productions

Some troubles are found from some HAPDs.
They are also investigated by our system.

“ QE 2D Distribution

« We found some samples with funny structure of QE
by our measurement system.

« This problem is not resolve, we and Hamamatsu
Photonics are researching about the detail cause.

Typical sample oz,  Pointed o,

—_—

5 E 60 35 E
30 >
25
20

15

10

« (Srgm) x (mm)

60

40

Diagonal
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Hamamatsu people
also observe

same structure.

They try to understand
why this structure
appears.
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