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e MCP-PMT
- EREICAIFIT=Fam L
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- EFIEHRR

e GaAsPItEME
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« JOMIMT
- REIRZE+MCP-PMT
- E=L7Ak
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— Belle-IIFEEEHAR T2 IK ZE L
- HBEARREF
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27.5mm

R&D with Hamamatsu

Large effective area  64%
Position information  4ch (5mm pitch)

Single photon detection

Fast raise time: ~400ps

Gain: >1x10° at B=1.5T

T.T.S.(single photon): ~¥35ps at B=1.5T
Position resolution: <5mm
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o IRFEMBelleEERD201ZED/\vD TS50 FIRBICTHAIBPMTH A E

Belle Belle-lI

Luminosity ( /cm?/s) 1Xx103 8 X103

Num. of detected photons (/cm?/s) 3400 68000
Output charge (mC/cm?/year) ~6 ~120

o NEMCP-PMT
- PIIREEEEATEILT, +HRLBFMEER

|__Lifetime for CT0790 & YA0071 |  [jnar preTy

Prob 0.9997

_ | 5 .
Al protechon Iayer £ po 0.9587 = 0.01203
b= p1 -0.003651 = 0.000983
E
@
(= 2
electron g 0.8
e—’ o i
2 L
—o e
o [ 2 1 ndf 1066713
Prob 0.6392
positive ion 0.4 po 0.2551= 0.007253 —e— CT0790 - w Al-film
from p -0.01278 = 0.0008484
o MCP material B
0 Out gaseus 021 —e— YAQO71 - wio Al-film
L 1st MCP 2nd MCP L | | | | |
Photocathode uD 1 1 1 1 5 1 1 1 1 10 1 1 1 1 15 1 1 1 1 20 1 1 1 |25 1 1 1 1
Integrated irradiation(x1 0" photons/cm?®)
Q 5 10 15
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o ABIMCP-PMTODFE &5 EIE
- PIWIREEN O TEEFM THEENHIEH
- EFHEOE—HFEIOAIEEDENCONVTER
e MCPEAIEDREIN L EH AN EEAEELEFD
Before After
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shield
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Life Measurement

New square type
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e GaAsPHEMEIIFEZHEINmLEETT . EHEHNEE

e Super bialkali J¢ & EDE B
— 28% for super bialkali and 24% for Multi-alkali
— BRHAEFEH20%0R LN RANHD

QE distributions for recent samples

400nm
30— ' S ' o ' '| —— typacal MultiAlkali XM0061
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e Super bialkali¥t BEIMCP-PMTICHEVTH
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{22 (effec‘tive area)

27.5

High time resolution
Large effective area
Position information
Sufficient lifetime

D
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Size

27.5x27.5x14.8 mm

Effective area

22 x 22 mm(64%)

Photo cathode Super-Bialkali
Q.E. ~28%(A=400nm)
MCP Channel diameter 10 um
Number of MCP stage 2
Collection efficiency ~60%
Anode 4 x4
Anode size (1ch) 5.3x5.3 mm
Anode gaps 0.3 mm
c<40ps

64% by square shape
4x4ch matrix anode (5mm pitch)

>1C/cm?

11
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Prototype overview - -
Focus mirror
*Chromaticity correction

Photon detector Filter (A>400nm) Quartz radiator (Fused silica)
*Time resolution *Suppression of . FIatness:<1.2um/m
= Efficiency chromatic dispersion *Roughness:0.5nm

12



HERFTR

e SREMEAZEIIR2MK
— 91.5x40x2 cm3, FARIE
- EmE™%: <1.2um/m
mEHEE: <0.5nm
e JA—NAITF— (R=5m)
e &/
EmEE; ~0.2mrad
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] Illlltl

0.05~0.1mrad

o FIINZNLZFrRERE

0.2mrad
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“w 02— Light propagation S
| velocity inside quartz g -

é / §'\€‘ é —- multi-alkali

10"

Group velocity (m/n
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KEK Fuji test beam line, &

Quartz + support jig

Timing counter ‘ By

s
=
‘ TOP counter

Quartz bar :
(1850 x 400 x 20mm) —> 10mm¢? quartz + MCP-PMT
Oy < 15ps
MWPC 1 MWPC 2
SRERS
» T A—=D
RHEALFE
i RS 43 AR AL MCP-PMT (10 PMT) Lead glass +

Finemesh PMT

| ] 16




JODA A=V - R HFE

Simulation
500

!l

400

300

L

200

TDC [1count/25ps]

100

Data

0.08 MC simulation

o HIFEINBIITAA=Y-
RESLFRHEIF

0.06

0.04

0.02

N et 17



D
O

Belle IT

—=—chd

- r—=180 e

250— Data B cht
- st Q. L . : . 5 5 5 -

- 1 — 160 Simulation.........._____.. T — e

200~ (Ch29) c = e

- - : i : : ~=—ch1d

[ o 140 __ .......................................................................................................................................................................... ch1d

= =

— : : : : : [reh2i

- [r— 120 e ............................. ............................... ............................ rom——

100 (@] C 5 i i - i 5 chaz

L (7] - <Zrchad

- w 111 RN UM WSO SRR [ ¢ e ch2s

50— ch2é

L js - Sch2e

= T [} A | \ [P OO R | [ kit | m Bu -*—z:;z

%0 220 240 260 280 300 320 340 E e chas

o = -#-chiad

[1count/25ps] = o s

<f-ch3?

m Resolution(1st peak) B [ b

1500 2000 2500 H-chat

Data 76.0%2.0 [ps] ez

Propagation length [mm}===

[ ==

Simulation 77.7x2.3 [ps]

o BAFSN SRR AERE
o (BIBHERHKFIEERE
- BAMHRICLIHESREOEL

18



ocusing TOP B

Belle IT

_ . P e |
o JA—NAIT—DEAILLNE S EREL A
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e CERN SPS T4-H6B
— pion; +120GeV

Veto counter

MWPC Timing counter
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Trigger
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Trigger 5x5mm?

Trigger
Trigger 99
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- RERFOFHBEIE, MCP-PMTDEFENE
— v #R1Mrad, FHEF102n/cm2E TRIER L

Optical glue

1

, - ¢20mm $20mm
Prototype overview

MCP-PMT entrance window I Quartz bar(Fused silica)

| SUPRASILP20_bar 6cm | | newsilica_bar 6cm | fused silica corning7980_bar 11.1cm |
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Time of Flight measurement with MCP-PMT

— K. Inami, Proceedings for In the Proceedings of International Symposium on Detector Development
for Particle, Astroparticle and Synchrotron Radiation Experiments (SNIC 2006)
e A 5-ps TOF-counter with an MCP-PMT
— K. Inami, N. Kishimoto, Y. Enari, M. Nagamine, T. Ohshima, Nucl.Instrum.Meth.A560:303-308,(2006)
e Lifetime of MCP-PMT
— N. Kishimoto, M. Nagamine, K. Inami, Y. Enari, T. Ohshima, Nucl.Instrum.Meth.A564:204-211,(2006).
e Timing properties of MCP-PMT
— K. Inami, Proceedings for International Workshop On New Photon Detectors (PD07), PoS
PD07:020,2006
e Cross-talk suppressed multi-anode MCP-PMT
— K. Inami et al., Nucl Instrum Meth A 592 247 (2008)
e Development of TOP counter for Super B factory
— K.Inami, Proceedings for 6th International Workshop On Ring Imaging Cherenkov Counters (RICH
2007), Nucl.Instrum.Meth.A595:96-99,(2008).
e Likelihood analysis of patterns in a time-of-propagation (TOP) counter
— M. Staric, K. Inami, et al, Proceedings for 6th International Workshop On Ring Imaging Cherenkov
Counters (RICH 2007), Nucl.Instrum.Meth.A595:252-255,(2008).
e Photomultiplier tubes with three MCPs
— A.Yu. Barnyakov, K.Inami, T.Mori, T.Ohshima, et al., Proceedings for 10th International Conference
on Instrumentation for Colliding Beam Physics (INSTR08), Nucl.Instrum.Meth.A598:160-162,2009.
e Development of a TOP counter for the super B factory

— K. Inami, Proceedings for Workshop on fast Cherenkov detectors: Photon detection, DIRC design and
DAQ, JINST 5:P03006,2010.
e Lifetime-Extended MCP-PMT
— T.lJinno, T. Mori, T. Ohshima, Y. Arita, K. Inami,et al, Nucl.Instrum.Meth.A629:111-117,2011.
e Performance Test of TOP Counter Prototype
— T.Mori, Proceedings for IEEE Nuclear Science Symposium 2010
e Lifetime of HPK Square-shape MCP-PMT
— T.Mori, Proceedings for WORKSHOP ON TIMING DETECTORS
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Time of Flight measurement with MCP-PMT, K.Inami

— K.Inami, In the Proceedings of International Symposium on Detector Development for Particle,
Astroparticle and Synchrotron Radiation Experiments (SNIC 2006), 2006/4/3 - 6, SLAC, USA

e Timing properties of MCP-PMT, K. Inami

— Workshop on timing detectors, 2007/3/8-9, Paris, France

— International Workshop On New Photon Detectors (PD07), 2007/6/27-29, Kobe, Japan
e Development of TOP counter for Super B factory, K.Inami,

— 6th International Workshop On Ring Imaging Cherenkov Counters (RICH 2007), 2007/10/15-20,
Trieste, Italy

e Tests of MCP-PMT for the TOP counter, K.Inami

— Workshop on timing detectors: Medical and Particle Physics applications, 2008/10/15-16, Lyon,
France

e R&D of Particle identification devices with high precision timing,K.Inami

— The 1st international conference on Technology and Instrumentation in Particle Physics, (TIPP0O9)
2009/3/12-17, Tsukuba, Japan,

e Development of time of propagation counters, K.Inami
— Workshop on Fast Cherenkov Detector, 2009/5/11-13, Gie 8 en, Germany
e TOP counter prototype R&D, K.Inami

— 7th International Workshop on Ring Imaging Cherenkov Detectors (RICH 2010), 2010/5/3-7, Cassis,
Provence, France,

e Performance Test of TOP Counter Prototype, T.Mori

— |EEE Nuclear Science Symposium 2010, 201/10/30-11/6, Knoxville, TN, USA
e Lifetime of HPK Square-shape MCP-PMT, T.Mori

— WORKSHOP ON TIMING DETECTORS, 2010/11/29 - 12/1, Krakow, Poland
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—  $#5K—{Z"Lifetime and radiation hardness of MCP-PMT for Belle Il TOP counter”
e HAYEZRS 2011F RS 2011/3/25-28 Frim K=F
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- HHFEHE “Belle | TOPHIA—EMEFH16ch MCP-PMTDERE”
— HEBN “Belle I R M FHRIEBTOPH I VA—NE R FOMET R4 R ER”

26



OPFAFEMRELH B

Belle IT

e TOPHVUVA—DRIBHZEN{ERRFIEERLICFIFTZRFE

e MCP-PMT
- BEMICRUTTS(<40ps), TR BTM1UNMFoNEEaiERE
- REEEORRICENFaizR LSBT
— Super BialkaliJt & E DG F
o« RHEAFHOIE L, +HLFROER
e JOMMMTDEF -E—LICLSEBEET
— YOO A=Y BH I FHEDEFEBNFONTE
- BRI fEEEDIIB KRS
> BRI RORESTIREL
- 22=HIVT35- AWV AFE R TR E D fEEEN M. ETH TR

o ZFEMRMEICHITILEHERLETE
— TOPRIRDEREIL . ZHFHEEARDEF
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. Photo-cathode MCP plates  Anode
e Micro-Channel-Plate \ - pla

\ | /
— Tiny electron multipliers il
e Diameter ~10um, length ~400um
— High gain Photon| || |-
e ~10° for two-stage type
— Fast time response
Pulse raise time ~500ps, TTS < 50ps —
— can operate under high magnetic field (~1T)
Channel | _Single photon
<« ¢~10pm
.... Input elecgrgrl /\ /%\\% /, " 5 ; /
: ~400um MCP channel ./,
it P omva
A 200psec/div
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Quartz radiator

- s A

e Made by Okamoto optics
— Size; 91.5x40x 2 cm?3
— Flatness: <1.2um/m

Ta - bR IEEERE S .

— Roughness: <0.5nm 1 LT
e Check the quality for time resolution .

— Single photon pulse laser
] A=407nm

— MCP-PMT
— Several incident position

e - No degradation of time resolution
— Enough quartz quality R
DA —Ah—& =
v 200 3
L i S
Ok —A——At
17=5mmi |: : :
440mm = A PR R RN R I
910mm 20200 400 600 800 1000 1200

Propagation length [mm] _
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HV divider + AMP + Discriminator

o /NEL(28mmVY)

. HIER
— EE7VT(MMIC, 1GHz, x20)

— %E]\J}“/—Q (180ps propagation)

— CFD with pattern delay

o [EHE
— Test pulse

e ~5psresolution

— MCP-PMT
e 5<40ps
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e (Quartz

| SUPRASILP20_bar 6cm | | newsilica_bar 6cm | fused silica corning7980_bar 11.1cm |
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e Two options

— 1-bar/2-bar configurations

e Use the similar detector components and technologies.
— Same quartz radiator size, same MCP-PMT, same mirror shape

— By simulation studies and prototype operations, we have
confirmed the robustness against the timing jitter, tracking
resolution, production readiness etc.

Focus mirror

MCP-PMT (sphere, r=7000)
_— |
Backward Forward
MCP-PMT (s T )00) MCP-PMT
— e

Backward Forward
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Focus mirror
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Focus mirror
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MCP-PMT (sphere, r=7000) MCP-PMT (sphere, r=5000) MCP-PMT
I — =
Backward Forward Backward Forward
1-bar 2-bar
= 1 ——B_E=§__E -g— ] D & —p—g f L = = 8- gy (1.0GeV/c)
0 95 D gs :_ ...................................................... D P[ [ZOGQVIC"I
' = = A A g l30Gevic)
C —#— e {A.0GaY/ )
0.9 0.9 R P Rt i S
0.85 8- g (1.0GeV/c) 0.85 =g e,
B gg(2.0GaV/c) o
A gy (3.0GeV/c) e e e
08 g Q.gfw::- 08
| =
0.75 I 0.75 e -
ion fake rates
- L = U =
: B o ¢ ; - E ¢ = : c)
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E & oy [3.0GeV/c) L E \{ eg{3.0Gaic)
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Timing fluctuation (25ps)

Performance similar (weighted) for physics case studies
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e For physics cases From TDR
e Check by three simulation program

Table 7.8: Efficiencies and fake rates obtained from simulation for] B — 77| under the set of
assumptions described in the text.

K efficiency (%) 7 fake rate (%)
Geometry Photocathode | GSIM Geant4d stand-alone | GSIM Geant4d stand-alone
2-bar MA 05.8 97.3 96.2 2.6 2.4 3.7
1-bar MA 03.4 95.5 96.7 5.2 3.9 3.1
2-bar SBA 96.7 98.1 97.5 1.4 1.5 2.4
1-bar SBA 95.4 97.2 08.5 3.3 1.9 1.4

Table 7.9: Efficiencies and fake rates obtained from simulation for| B — p~.|under the set of
assumptions described in the text.

K efficiency (%) 7 fake rate (%)
Geometry Photocathode | GSIM  Geant4 stand-alone | GSIM Geant4 stand-alone
2-bar MA 97.4 99.5 99.1 0.9 0.3 0.9
1-bar MA 96.8 99.1 08.6 1.0 0.5 2.1
2-bar SBA 07.7 99.8 99.6 0.8 0.1 0.4
1-bar SBA 07.4 99.6 99.5 0.7 0.1 1.0

Nagoya Hawaii Ljubljana
e Chose 1-bar configuration due to practical considerations
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MCP-PMT (ophere 000y MCP-PMT FLogus mirtor yo) MCP-PMT
f lﬁj If |f'fr
Backward Forward  Backward Forward
1-bar 2-bar
Structure / Needs expansion block Need forward PMTs + readout
configuration Strong bar box (between 2-bars)
TOP-CDC gap Somewhat larger (~¥25mm) Minimum
Acceptance Larger in forward region (better There is a small polar angle gap
overlap with endcap PID) between the 2-bars
Readout Backward At both ends
Construction Needs test of prototype 2m prototype
Performance Better in the most forward Better for mid-forward polar angles
acceptance Slightly better overall
Note Track extrapolation resolution Timing determination (<30ps) for
(<2mrad) forward (Need precise calib. of 25ps)
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"L TOF support bracket

\ TOP QBB(Quartz bar box)
777min. /_800max. 1 1590 ] %
1000 1650 i20) ,

coc 280 -
IDE(Inner detector support) and CDC-SC{Support cylindsr)
[} i

T &
[ 4 <
3
85 el

B =
w b

e Check possible detector size and support
— Quartz length, width, thickness
— Minimize dead space and material
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 Maximize the single module performance
under the following constraints.

— Quartz bar dimension
e W:400-500 mm xT:~”20 mm
* 16 azimuthal segments (¢ = 22.5 deg.)

E 4
— Reuse the existing ECL container. N

* Maximize the azimuthal coverage (n, = 95 %) =
ocaie lic Min. R 1247.7(R 1250 BECL inner wall)
{ B-ECL wall
TOF support bracket:H=8.5,1=1 - | ﬁq ace?
/ TOP Radial support:G10.t=2 ~ | / ; - Space
25" 5 | / M3 Bolt/Nut:Max. 4.5
A B = S S R R 12432
' " t=1.5 ECL wall
T “R1180
/' R 1166
/ R 1162(Current IDS)
. " PMT access window cover:Max. t=4
' 1DS support and Support cylinder soncon
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