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KEKB Upgrade

Target Lum. = 8x103°cm-2s-"
- Higher beam currents ~ , _ 1. (1+0§\+I*§fy
 Smaller beam size Zer,\  ©Ox) By
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aon Momentum Distribution

Particle ID in Belle
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Motivation for PID upgrade

To cope with increasing background.
O TOF may not survive
O ACC seems to be OK

Improve separation for K/, and also for u/m hopefully.

Extend momentum coverage in the forward endcap. j L

O Endcap-ACC (n=1.03) functions
only for flavor tagging in Belle

Reduce material thickness, and
more homogeneous distribution.

0 30% in total = 18% (ACC) + 12% (TOF)

0 PMTs dominate for ACC |

e

Physics Targets

OB =2 ain/Kr, Dn/DK
OB =2 py/K*y (b—>dy/sy)
OB 2> KIl, Kvy

OFull reconstruction

OLess systematics for precise
measurements




* To cope with increased background (present x ~20)
« To improve the performance.
— Target: > 40 at 4 GeV/c
— Novel Ring Imaging Cherenkov Counters
w/ advanced radiator & photo-detection technologies

Tight space limitation
Barrel: AR =10-20cm
Endcap: AZ = 28cm

8.0GeV

+ dE/dx for low momentum.



Impact of PID improvement

BO—pY Luminosity loss / gain
WD dE/dx NA | As good A-RICH A-RICH

BRL as Belle +TOF

4 , )
Lc::’ dEfdx | 339, —33% -30% -30% Completely different
TOF NA a4 330, 00 o world with excellent

—_— PID detectors!
As good - 0% ~ /
g 1% < o7 +5% +5%
as Belle | (definition)
\/
TOPopt0 | 479 +50% +57%
, <
TOP opt.2 +70% +72% +82% (TOP+ARICH)
BO—>mtn”
WD As good | A-RICH 200
BRL
As good 0% +6%
as Belle . gdefinition)/'/_(’\
TOP opt2 +16% < +23%, 0 A
0.4



Key Technology: Photodetectors

+ High gain, Q.E., C.E. = MOPPMT
. . . icro-channel-plate
Good time resolution - = HAPD
* Good effective area Hybrid Avalanche Photodiode

in magnetic field (1.5T) m Geigermode-APD
PMT MCP-PMT |HPD /HAPD Geigermode-APD
Gain >106 ~106 ~103 ~106
X10~100 w/ APD
Quantum Eff. ~20%, ~400nm (bialkali) > 50%, ~600nm
Collection Eff. | 70% 60% 100% 50%
Time ~150ps <100ps
resolution SOz SR Depends on readout | To be checked
ERICIE] x A Depends on angle o
iImmunity
Problems lifetime Noise, size




Time-Of-Propagation Counter

Accurately polished quartz & precision timing




NIM A479(2002)1

NIM A453(2000)331

NIM A595(2008)104

Focusing DIRC/TOP

Use of total internal reflection in

accurately polished quartz bar.
A concept was invented by B.Ratcliff et al.

DIRC (Detector of Internally Reflected Cherenkov light)

TOP (Time Of Propagation) Counter

Measurement coordinates

(X,Y)

(X, TOP)
Nagoya, Ohshima et al.

(X, Y, TOP)

New Trend;
3D imaging !




== TOP counter

e Cherenkov ring imaging using timing information

e Very compact, suitable for collider geometry.

Simulation
2GeV/c, 6=90 deg.

|dea developed by Nagoya (Ohshima et al.)
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TDC (ps)

26000
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photon detector 22000 :+-¢-+
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————> z-component of unit velocity 1200&0 ....10 0 1' 20
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Difference of path length — Difference of (TOP) o-ray,

150~200ps from TOP + TOF from IP had. int.
with precise time resolution (s~40ps) for each photon

Side view of crystal v
/charged particle




Focusing TOP n (A)=n (A)=A-dn (A)/ dA

e Remaining chromatic effect makes

~100ps fluctuation for TOP. §7 v
e Use A dependence of Cherenkov angle "
to correct chromaticity 6.0)= cos_‘(n(A 6 )

— Reconstruct ring image from 3D
informations (time, x and vy).

\

Rotate
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% Side view




MCP-PMT

. Photo-cathode MCP plat Anod
e Micro-Channel-Plate RO TP (T

7

— Tiny electron multipliers

e Diameter ~10um, length ~400um

— High gain el el —

e ~10° for two-stage type
— Fast time response
Pulse raise time ~500ps, TTS < 50ps

— can operate under high magnetic field (~1T)

. Channel
= <«— ¢~10um

Input electron —
AN A L / \\\ 7 2SS ] BAD 71 ! ' i !
Wi, ~400um HeF chamnel N
R FVI 10mV/div
11— A
N |

200psec/div




Developed by Nagoya and Hamamatsu

« Square-shape multi-anode MCP-PMT 1’
~ Multi-alkali photo-cathode EEER
— Single photon detection 4§§]{§4§h
— Fast raise time: ~400ps P E g
— Gain=1.5x10° @B=1.5T S N S |
— T.T.S.(single photon): ~35ps @B=1.5T (22(effective area)
— Position resolution: <5mm 27.5mm
« Semi-mass-production (14 PMTs)
so00f~ H g‘m UL [ multi-alkal
5
2000/ 0=34.2+0.4ps | f[ \\
i | Y
mé_ MK whko|.. QE:24%@400nm |

950 40 30 -20 -10 0 10 20 30 40 50

TDC [1count/25ps]
TTS<40ps for all channels

Wavelength [nm]
Ave. QE:17%@400nm

Improvement by Super Bialkali 2> >25%




L SL10 basic performance (for single photon)
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MCP-PMT Lifetime
m Feedback of ions from MCP

surface or out gases causes PC Luminosity
deterioration. (/cm2/s) 1x1034  8x1035
= Aluminum protection layer Num. of detected 5, 68000

photons (/cm2/s)

(either at 15t MCP or 2" MCP)

can be applied to block IFB at SuipubCharge(mC/ AT ~120
: .. cm2/year)
some loss of signal efficiency
or gain. |__Lifetime for CT0790 & YA0071 |  [Z7nar YT
= Prob 0.9997
— £ 0 0.9587 = 0.01203
Al protection layer 2 il :1 -0.003651= 0.000983
w T
g o =
electron -E W oal :
e d -
—9 %_’4 :
bositive ion < ! 2 [ ndf 10.66 /13
from : Prob 0.6392
0 MCP material 0.4 po 0.2551= 0.007253 —e— CT0790 - w Al-film
o0 Out gaseus = pi -0.01278 = 0.0008484
L] 1st MCP 2nd MCP
Photocathode 402 .“'"v-“\ —a— YAQ071 - w/o Al-film
n|||||||||||||||1|||||||||||||
I I 0 5 10 15 20 25
TeSt Wlth ear“er Samples Of i Integrated irradiaticm(><1li.'l13 photons/cm?)
round-shape MCP-PMT. 0 5 10 15
Time in Super-B factory (year)




= QE variation
O <10% drop at 350mC/cm? ; sufficient lifetime

Life Measurement

w
o
Q
=
k|
Q
2
— 8 - ——®—— round type (w Al)
0-6 S P \ \‘ ....................... ,., ........................ , Squaretype 1Ch(YJ0006) .....
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2GeV electron at Fuji beam line.
Real size quartz and MCP-PMT
MCP-PMT: Multi-alkali p.c., C.E.=60%

Entries 349084

TDC [1count/

Time distribution (ch29)

- Simulatio
200_7 1st

25ps]

ch
Number of detected photons

150

100—

0.12F s
‘”' ata T T e e 9 B
0-03;‘ ME simulation [1count/25ps] [1count/25ps]
oo AL Ao T Recolution(isipeai)
0.04~ Data 76.0%£2.0 [ps]
002 _ Db b b hower of beam Simulation 77.742.3 [ps]

0(; TR . R Good agreement between Data/MC 4

Num. of photons



" Final System

t Focus mirrar
MCP_PMT 20mmt quartz T O 00)
p— -
Backward Forward
« MCP-PMT E'I_cztj1ji;;h%_c;1_3irgtf:ii
— 4x4 channel anode | 1ch| -
- Reduction of occupancy A _
« Increase in Npe N .
— Super bialkali photocathode 22 (effective area)
« QE: 20% - 30% (or more) ¢ 215

— Arranged in 2 layers

 Electronics

— New ASIC chips (BLAB3) for very
high-speed waveform sampling.




Proximity Focusing Aerogel RICH

Highly transparent aerogel + Photon Imaging




= Aerogel radiator (n~1.05, ~2cm)
n=1.028 Barrel ACC :;;1 2,1,3

Somod: n=1.020 n=1.015
240mod. 2‘:4006.

+ photodetector (Ax ~ 5mm)
//E;‘ldcap ACC

n=1.030
zzamod.f

= Proximity focusing geometry

0 No mirror complex. S
O Suitable for collider and space \/: - PMT/\

experiments.

m >40 K/ for 0.7<p<4.5 GeV/c Eoaion sarativs, pil size= m)
@ 4GeV/c, 06(m)=310mrad.
6(n)—6(K)z23mr'ad. geﬁicgfnf:tnmk) _ =
= Distance between aerogel to - P o cherges track
photodetector = 200mm. B ]
= Track Incident angles = 17-34deg. T
F 200 mm -




Aerogel Radiator

e Developed by collaboration w/ Matsushita.
o Hydrophobic for long term stability
e 2005: Improved transmission by new recipie.
e 2008: New method (pin-hole drying) for Glass case
higher index.
§ 60 " “Strainer (15 cm)
350 © dinhole drying method
S’ R o% Tﬁ ME solvent =
40 —
§ %9 d o R g
S § B
£ 30 . ig
= o
.i.; 20 Imporommnt o [_Er]'][% Dﬁ%ﬁjﬁ% s By
.3 g %0 — Pinhole drying Iﬂ»;'tl““jy\‘l = 2008
-§ 10 B ‘C.A\Wf?l»l\,“l\\f?l"y‘(‘i‘: o 2005
2 B—_ Utilizationin s © 2001
S
3:‘ 0 | | | | |
1.00 1.05 1.10 115 1.20 1.25 1.30

refractive index @405nm



RICH with Multiple Radiators

NIM A548(2005)383

= Demonstration of principle
0 4x4 array of H8500 (85% effective area)

N

s | Oc= 29 m rad

Conventional | Npe=10.

4cm thick aerogel
n=1.047

2 layers of 2cm thick
n,=1.047, n,=1.057

//\\

L
. 0.4 .2 A .2 04
0 jrad) nifrad)

/K separation with focusing configuration ~ 4.80 @4GeV/c



" New 144ch HAPD

Hybrid avalanche photo-detector (HAPD)
developed with Hamamatsu Photonics

4 avalanche diode (AD) chips

O
B T > (refer as A-D) are enclosed in one
3 HAPD
CRipeals Chipes| ok Each AD is pixelated to 6x6 pads
0 C ‘g’
package 73x73mm?
sensitive area 64%
Bi-alkali . photon . .
photocathode ~ : # of pixels |144(36x4chips)
h 1 av-~-8kv
7 capacitance 8opF
weight 220¢g




Response

single photon response

2000] (i Pedestal
e | Y pedestal

"4

Z ol | 5.6x10%[e]

\G = 0.1 x 104

pulse height spectrum
(HV:-8.5kV, bias:343V)

blue LED illuminated

multiple photons response

[ chipD_ch22_multi |

S/N = G/Upedestal ~ 16 i AD(:T

Clear single photon signal observed



" QE Improvement

m Trial being made to aoplv the SBA technologv to HAPD

photc QE history for produced HAPD samples
\?40
0 5 T
35 - 3 30
7 | | 2 2 '\=\/
=
s L2, N /N~
20 236G \_/‘_‘ Y
15 368
10 - 8 =+ QE(Peak)
*8 5 -~ QE(400nm)
5 - -
0. w w w w w w w w w w w w ()] w
I I I I I I I I I I I I XI I
200 T T 3T T VT VT VT VT VTV T TV T
S 33 83 23333333 3

Serial Number

12

14
x(point)

HAPD w/ QE(400nm) >30% possible !

—25

—20

=15

10



« Custom-made ASIC chips have

been developed for 144ch HAPD.

* manage ~80K channels

« prototyping almost completed after several

--»Analog monitor signal

Shift Register

iterations
ASIC chip r
Amp EComparator
Output P>
=
ASICPoE] Vg,
gain (4 steps)
peaking time(4 steps)

offset(ch-by-ch)
coarse:4 bit/fine: 4 bit

Parameters

FPGA

v

2000

g
£.

Nqi;e [elec
=
=]

500}~

| Noise(capacitance—dep | x? / ndf 8122/8
2500 const 7.757 £0.155
slop 554.3 +18.26

|
|
|
|
|
l Shapingtime:1000ns

~1200electron @BOpF

|
: (HAPD d3Q18ELa’ 1200 €
l

GU:

| | oA | 1 | I | I | I | M |
20 40 B0 80 100 120 140 160 180 200 220 240
Input capacitance [pF]



=t = .
2 2
Photon C S 0
Photo cathode,, 10 )
Metal Equipotential 4 'ﬂ
surface ‘ ' .
C . 0 1048 ‘ ‘I{AIJI‘ '#' |45
eramic | ,
Photoelectron “l i"“'
- j
\ A4 - )
S GE— e— ~ v 40 60 0 S0 90 100
Jo SO 60 0 SO w 10
light incident position(mm) light incident position(mm)

Image distortion near the wall can be removed in the magnetic field.



Electron Back-scattering

 Photoelectrons back-scattered onto the APD surface :
significantly reduced when B-field turned on

photoelectron
Residual spread can be
“ considered as other effect
— ?prr such as light reflection




=~ HAPD Aging

Tested at Ljubljana.

Monitoring currents from 3 chips.
Monitoring ADC from 3 channels (chip B)
Gain at 6x10* (APD~50, bombarding~1200)
1MHz / ch - 4days / TOP year

ous |Mean from Gauss fit (blue ) -

Pulse Helght
8
o

&
o

B

1505 |-

100}

50— ¢

PDE (7]
N
in
[

LEDon 7

h After 27days

b
clev v b gy

300 400 500 600 700
Alnml

No degradation is seen after 27 days (~25 Belle Il RICH years)




Estimated neutron dose = 1x1012
neutron/cm? for 10 years in Belle Il
detector.

- Bulk damage (lattice deficits)

Neutron irradiation tests are carried
out using a research reactor (“Yayoi”
at U.Tokyo).

Observed increase of leak currents
- Noise

Single-photons can be detected by
optimizing the readout (shaping time,
bombarding HV).

APD w/ thinner p-layer are being
tested to minimize the effect.




“focusing” configuration
of 2 aerogel layers.

A
. ~
-~
N
n=1.054 n=1.065
20mm / each
[ RICH Hit Map, w.r.t. track | rich_2d_1 ahistmiki
Entries 412449 Entries 64801
Mean x -0.09929 C Mean 0.3082
Meany -0.4329 N AMS 0.07419
x 4324 6000 I ndt 1435/28 —
i : e amm| Bop, = 13.5mrad.
= EE ONp=153
4000 :_. BG slope 1715+ 69.4
E # of tracks :2700I » ~60 K/J-E @ 4GeV/C
3000}~ # Photons : 41339.7 +- 227.3
r Photon/track: 15.31 +- 0.08
- BG / track : 2.00 +- 0.03 o .
2000} % Slight dependence on
1000f- the track incident condition.
001 02 03 04 05 06 07 0808 1




Other Possibilities

MCP-PMT
= High gain (~10°)
= Good time resolution(~50ps/p.e.)

= Stable operation.

= Need

O Smaller pore size (25u > <10u)
0 Better collection eff.
O Lifetime ?

BURLE 85011-501

Geiger-mode APD

High gain(~10°)

High Q.E.(>50%)

B-field immunity independent
of the direction.

Concerns
O High noise rate (~200KHz/mm)
O Size (~1xlmm?2 > 3x3mm?)
O Radiation damage ?

Light collector
[13~5mm (IN)
->01-2mm(OUT)

Cherenkov Photons
17deg max. for n=1.05

\\\\\
1L
.\‘lli‘ |

AW
PCB board/

Readout ASIC



= RICH w/ TOF Capability

» Possible PID improvement in low momentum region.

+ Two timings can be used:;
- "Ring hit" : Cherenkov photons from aerogel.
0pho’ron ~ 6OPS » Otrack ™ 6OPS/Squ(9) ZZOPS
- "Window hit": Cherenkov photons from glass window of PMT
Otrack ~10ps possible (from the TOF R&D @ Nagoya).

F"V'u Ring Hit
Aerogel  z\top e ATOF1 + ATOP
IP _.z="
® <:: X\ >
SS3 Window Hit

ATOF1(K-x) ~

»
» <

ATOF2 w/ L+D

A

L~1.8m D~ 0.2m




Start counter:

HPK R3809U MCP-PMT

1cm quartz radiator Aerogel
Start time resolution = 10ps radiator

n/l FTA820 amplifier (ORTEC)
note- ) .
1045 1.053 (eﬂ\‘q\%ém/ge\ <_‘ L-edge discri (Phillips)

Multi-anode MCP-PMT

BURLE 85011-501
13 channels readout by

KC3781A TDC (Kaizu works)

N ! e U
-] —
| - (=)
Cherenkov photon
MWPC || from window MWPC

Time resolution for “window
hits” (Time walk corrected)

160

TOF test w/ beam =t

L

and p (2GeV/c)

120

7100 G

4

80

60

40

20

o

= ==
-20-15-10 -5 O

TDC count(/25psec)

Pl 2 5.0
90 P2 0.9900. AT
= P
gso el 14
=
3+1 < 2+1 3
[N H] ==
4 i -lpS 60 o= l—ia. ups
50
40
30 ﬁ
10
L ] o
= 1o My —
5 10 15 20 20-15-10 -5 O 5 10 15 20 25 30

TDC count (/25psec)

Improvement in K/x
separation

P RICH +TOF
(6eV/c)

1.0 2.90 » ~4G
2.0 470 ~Ho




Large advantage over other photodetectors

G-APD for RICH

Higher PDE (photo detection efficiency)

Expected Npe (n=1.03,1cm)
17 for MPPC(HC100)
4.1 for PMT (QE

Concerns

High frequency noise.
Small size.

veak=207%, CE=70%)
Complete immunity to B-field

E> Light guide to improve

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

gz g

B ST RSN KD
L ¢ o
#

#  aerogel

transmission

*, SiPM PDE
YHamamatsu)

S/N and geometrical factor 0.

« Rad. hardness




MPPC array on 3D stag
Aerogel n=1.03, d=10m

Test w/ 120GeVr beam at CERN

Detector module with 8x8 array of % 3
SMD MPPCs at 2.54 mm pitch. - EJHEEREE T
Light guides were machined from & B
plastic (HERA-B lens material).

Hits detected by multi-hit TDC

. total noise rate ~ 35MHz (~600kHz/
MPPC, ~2.4MHz/ch.)

« Time window of 5ns around the peak.

Measured number of photons
(extrapolated to full ring)
1.6 wo LG, 3.7w/LG

X5 (if n=1.05,4cm)

X2 (if polished LG) mwp Npe~37 w/ LG ?!!!

e
m

- .
- Fain N ey
v (]
1B
’ AFArRirare m =
- - A de sl - il
ey o | e lel -
- - - I —
- Ll e | L |
-
[




« Belle Il employs RICH detectors to improve PID (K/x in GeV region);
— TOP counter w/ focusing for barrel
— Proximity focusing aerogel RICH for forward-endcap.

« Novel ideas are employed to overcome the performance limitation;
— TOP w/ focusing > Chromatic dispersion
— A-RICH w/ multiple radiators = Emission point uncertainty.

* New multi-pixel photodetectors have been developed;
— MCP-PMT for TOP
— HAPD for A-RICH

« R&Ds are nearly completion, and designs are being finalized.

« Production of components (photodetectors, radiators etc.) are
starting.

Stay Tuned !



=" Backup Slides



= Belle U ole rade Better background tolerance
Better performance

ECL Japan, Taiwan,Russia

Wave sampling + pure

Japan, Russia, U qn Csl crystal(endcap) PID
Threshold Aerogel + TOF
KL/u detection , — . TOP + Aerogel-RICH
RPC — Scintillator Japan, Slovenia,US
+SiPM(endcap) / /

-

=
r
! i
( 4
/
y /S /e

. A

~ o ( i
(.

SVD
4-1yr DSSD — 6lyr DSSD
(option: striplet / pixel ) |/

Super small cell
Longer lever arm

apan

2
CLL I\
L)

Co

Japan, Korea, Spain, Eermany, Chez, Polland, Australia, Austria, US,
India



« Highly integrated readout

 High-speed waveform sampling

 Buffered LABRADOR

TABLE 1I: BLAB2 ASTC Specifications.

I[f.em | Value |
Photodetector Input Channels 16
Linear sampling arrays/channel _2v 6
Storage cells/linear array Az 1

Sampling speed (Giga-samples/s)

2.0-10.0

Outputs (Wilkinson)

Integrated
Photodetector
packaging

BLAB2 ASICs recently received: now being tesf

Oscilloscope in ASIC !

32

)24

—
—
=
N
.

>
- 1N Wiy,

BLAB2 ASIC

Hawaii

BLAB2 ASIC works fine.
12ps timing resolution
—->BLAB3 ASIC
Higher sampling rate
Lower noise
—> Better time resol.

Measured timing jitter between two channels (same BLAB2).

improve this result, reduce tails.

0.1
time (ns) o8

p— HISTO } BLAB2: Timing Jitter
£ 1 - = Entries 9439
g 1400— Mean 1.713e-06
g i B 22 ps RMS RMS 0.02194
: ‘ - ~ 12 ps 2/ ndf 1389131
g - e 1200 Ocore = 2£PS Constant 1503+ 21.6
E S CH1 - Mean  0.001508 + 0.000169
E t, 1000— Sigma 0.01195: 0.00010
E 1 N
" E At=t,-t -
vl / t? 800
: ! CH2 600—
: v 400~
=> Good timing calibration is 200
vital! Ongoing improvementsin [ i
H H Co o[ | | J]—]If—\_lll;ll
calibration procedures may e e X




e Required specifications;

e Candidate providers;

(probably) need two providers
for in-time construction.

Synthetic fused silica (ex; Corning 7980, Shin-etsu Sprasil)

Index tolerance: +0.001
Flatness: 10A over full aperture
Roughness (r.m.s.):5 A

Angle bet. planes: 90+1/60deg.
Chamfer: <0.20mm

Okamoto Optics (Japan)
Zygo, 0S|, ... (US)

Nagoya, Cincinnati
Consultation to SLAC.

40mm




Structure designing Nagoya, Hawai, KEK
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XTOP modules

f-ECL flange

PMT/electronics access

panel (sheet metal w/EMI
gaskets) is removed in this
example for visibility.

b-ECL flange

Electrical and fiber cables
remain attached to electronics
when access panel is removed.

f-CDC flange In reverse, all modules are

fully cabled before the access
panel is replaced.

Structural Analysis PMT Housing

2470 x 201mm wide Fixed support at the Max deflection ~430pm

Mass = 21.53kg bECL contact surface. Max stress ~38.2MPa

Applied force = 2.94kN

6mm thick aluminum



