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e Physics analysis, Flavor tag, Full reconstruction

o TOPAVUYA—DIREEFREE
° iﬁq{to)tmo)lliﬁbn:l:ﬁﬁ T
- FRRHIBMCP-PMTOERAY [ ﬁw r—
- BRBESTAOMERE

8.0GeV

Side view of Belle II detector



TOPAOVA—|RIE

o FILYITHDEIFELE + FFfE]

y

Linear array PMT (~5mm)

Time resolution c~40ps

X

Side view of crystal

charged particle

QC cherenkovangle K
crystal / /

o
W/{
gz

backward-going - I_ »>

= z-component of unit velocity

RICEEEDHFICK L TELEIHAESH
> RS IniB R (= EERRE)

+ EEANLDTOFLMEMIZHEANIZEFE

rkee -ﬁ"‘*--._

nJ

—~3000

_w400mm &

F.

20mm 26000

2GeV/c, 6=90 deg.

& 1 23000F
178

Simulation

i - Ii [} {.] i I.“ i 20




I8

e MCP-PMT
- EAICAIFaRRL
e XEBEEDLIEAN_ZALH X EZE
- BTHEHA
e GaAsPJtEM
- Super BialkaliJt & M|

o JOMIAT
- REHRZE+MCP-PMT
- E=LTAb
o BRI RNDIREL(2008/6,12)
o JA—NAIZ—DENMEIREE(2010/11)

o ERMEICMITEAF
— Belle-IIFEEHAR T2 IK ZE L
- HBEARRERE
— TRGTHRMT 4




FEIMCP-PMT
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e large effectivearea 64% - w _ + L
e Position information  4ch (5mm pitch) e 6=34.20.4ps
e Single photon detection 2000,
e Fast raise time: ~400ps 15000
e Gain: >1x10° at B=1.5T ok
e T.T.S.(single photon): ~35ps at B=1.5T
e Position resolution: <5mm mg_ J/K
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MCP-PMTZfn
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Belle Belle-II

Luminosity ( /cm?/s) 1Xx103% 8 X 103

Num. of detected photons (/cm?/s) 3400 68000
Output charge (mC/cm?/year) ~6 ~120
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8 EIMCP-PMT for TOP

<22 (eﬁective area;

27.5

e High time resolution
e large effective area
e Position information
e Sufficient lifetime

Size

27.5x27.5x14.8 mm

Effective area

22 x 22 mm(64%)

Photo cathode

Enhanced Multialkali

Q.E. ~28%(A=400nm)
MCP Channel diameter 10 um
Number of MCP stage 2
Collection efficiency ~60%
Anode 4x4
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?
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Prototype overview
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Focus mirror
* Chromaticity correct

Quartz radiator (Fused silica)
*Flatness:<1.2um/m
*Roughness:0.5nm

Photon detector Filter (A>400nm)
*Time resolution =Suppression of

= Efficiency chromatic dispersion
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TOP counter o
Timing counter i

Quartz bar
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TOP counter for Belle |l

e Quartz radiator o
ocusing mirror

e With mirror and expansion block R=6.5m

e Mechanics, Quartz Bar Box (QBB) \
d,

e MCP-PMT + Readout electronics
e 32 PMTs x 16ch =512ch

16x2 MCP-PMTs
Readout electronics



Beam test at Spring-8 LEPS
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Triggered the 2 GeV/c e* beam with
the four trigger counters
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*y rate: ~300 kHz
*Trigger rate: ~10 Hz
*DAQ rate: ~5 Hz (IRS run)

~10 Hz (CFD run)



CFD readout for beam test

e CED readout CFD fjule prototype

— Used already at previous beam tests

— 1x4 readout.
¢ 4-channels are combined (128ch/module).

— Suitable back-up for beam tests.

e Good resolution (~40ps for single photon)
— With MCP-PMT and CAEN VME TDC (V1290A)
— Confirmed by laser

HV board

=
IiE

Socket

4 CFD boards

PMT module for beam test PMT modules mdunted



TOP counter in LEPS beam line




Ring image

e Normal incidence, CFD readout
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o
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Number of detected photons per event

e Number of hits was obtained as expected.
— Peak: 25 hits for normal incidence, 15 hits for tilted track

— Considering path length, photon acceptance, QE (av. 29%
at peak), cross-talk/charge sharing (~13%), etc.

— Tail component is due to the delta-ray and shower tracks
in the front of TOP counter (trigger and Scifi tracker) and
nhit TOP radiatderisehicidence nhit 66-deg. tilted track

Data
MC

15000
10000

5000

b o0 T a0 %0 0 20 40 %0
Number of hits Number of hits



TDC distribution

e Good agreement
between data and MC

expectation.

— Background component
(especially for the data

before first peak)

e Due to delta-ray/showering
tracks by the electron beam
interaction with the

material in front of
detector.

— Tail component

e Reproduced by cross-talk
hits and background

Data
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10000

Data

<
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BG from o-ray

10000

Normal incidence

Cross-talk and BG

Mirror ref.

Time (ps)
66-deg. tilted track

Mirr?r ref.

Time (ps)
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MCP-PMT

33

) Photo-cath
e Micro-Channel-Plate oto-cathode MCP plates  Anode

\ | /
— Tiny electron multipliers iin
e Diameter ~10um, length ~400um
— High gain Photon
S e ~ =
e ~10° for two-stage type
— Fast time response
Pulse raise time ~500ps, TTS < 50ps L
— can operate under high magnetic field (~1T)
__ Channel Sin le photon
G= — ¢~10um
Input electron —1 il
~400um MCP channel N7 ] -
|HV' E -"}/ __10mV/div
] ]
v 200psec/div




Quartz radiator

e Made by Okamoto optics
— Size;91.5x40x2cm3
— Flatness: <1.2um/m

......

— Roughness: <0.5nm L N S
e Check the quality for time resolution P o

— Single photon pulse laser
[1 A=407nm 47.2 deg. MCP-PMT

— MCP-PMT
— Several incident position

Quartz

e > No degradation of time resolution

— Enough quartz quality 'g‘_
D—r&—A—& g

b 4 o

Q1 ik—A—A—J :

- A —A—aA -
17=5mmi i:

4d0mm = AN DU AR RN I A
910mm 20 200 400 600 800 1000 1200

Propagation length [mm]
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HV divider + AMP + Discriminator
o /PEL(28mmW)

o FHIERE

— BEE7YF(MMIC, 1GHz, x20)
- %‘E])/Yb—’;‘! (180ps propagation)
— CFD with pattern delay

o THHE

— Test pulse

e ~5psresolution

— MCP-PMT
e 5<40ps
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Configuration study

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)
f —
Backward Forward
MCP-PMT ,:Fsﬁueﬁg'igggmj MCP-PMT
— —

Backward Forward



Performance

Focus mirror Focus mirrar

MCP-PMT {sphere, r=7000) MCP-PMT (sphere, r=5000) MCP-PMT
ﬁ e ——
I I I
Backward Forward Baclward Forward
1-bar 2-bar
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Performance similar (weighted) for physics case studies
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Performance check

e For physics cases From TDR
e Check by three simulation program

Table 7.8: Efficiencies and fake rates obtained from simulation for] B — 7w,| 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 95.8 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 08.1 97.5 1.4 1.5 2.4
1-bar SBA 95.4 97.2 98.5 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 efliciency (%) 7 fake rate (%)
Geometry Photocathode | GSIM Geant4 stand-alone | GSIM Geant4 stand-alone
2-bar MA 07.4 99.5 99.1 0.9 0.3 0.9
1-bar MA 96.8 99.1 98.6 1.0 0.5 2.1
2-bar SBA 97.7 99.8 99.6 0.8 0.1 0.4
1-bar SBA 97.4 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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Comparison

Focus mirrar Focus mirror

MCP-PMT (sphere, r=7000)  MCP-PMT (sphere, r=5000) MCP-PMT
f lj:j I'/ |f'f—
Backward Forwarg  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)




Structure

\ TOF support brackst \ TOP QBB(Quartz bar box)

7?7min. / B00Max. 1 1590 50 >~
1000 1650 (20) L

cDcC

IDS({Inner detector support) and CDC-SC{Suppornt cylinder):t

End PID
EACC
|\ R1145 EACC

e Check possible detector size and support
— Quartz length, width, thickness
— Minimize dead space and material



Structure design

 Maximize the single module performance
under the following constraints.

— Reuse the existing ECL container.

— Quartz bar dimension
* W:400-500 mmx T:~720 mm
* 16 azimuthal segments (¢ =22.5 deg.)

* Maximize the azimuthal coverage (n, = 95 %)

ocaie iz Min. R 1247.7(R 1250 BECL inner wall)
B-ECL wall

TOF support bracket:H=8.5,1=1

/" TOP Radial support:G10=2 1= [ Min. space

[ 75" g | / M3 Bolt/Nut:Max. 4.5
B )T [ T [/ R12432

: i ' t=1.5 ECL wall

o . PMT access window cover:Max. t=4
" |DS support and Support cylinder zoncos7e




GaAsP MCP-PMT: Q.E. &3 %0
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GaAsP MCP-PMT E K14 ge

o —YFHESTRFDH Nk, ADC, TDCH T

pgedesétal

count

; ! ; 3000} TTS~35pS .................
ph otcg) n
peak’

. 300F1 | Ga|n~
Single p e. | o 64x10€

20mV/div 100 ——

T T T eA

(o]] o R =] 000720 140 760 180 o0 010 20
ADC /0.25pc

Time /25ps
SRR ERETREHC DI ’
0 35p50)+ » B U\ERFfE] 47 2 5E
o N—DHI b : #kHz

— MCPIEBIEERITIE R (CEN{E
—- SEEORFM D RRREIC TEET DL




