TOP counter prototype R&D

— K. Inami (Nagoya university)
b Ve - and Belle-IlI PID group
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ntroduction

e TOP (Time Of Propagation) counter
— Developing to upgrade the barrel PID detector

— For super KEKB/Belle-ll
. Lpeak”8x1035/cm2/s, ~40 times higher than prgsent

— Need to work with high beam BG

— To improve K/m separation power

e Physics analysis
— B>nn/Km, py, Kvv etc. [ir—— ‘
e Flavor tag ! “f,;»»o»ii—&Lii'é!way‘wW =
e Full reconstruction W“‘IIII"”W% =l
e <
8.0GeV

Side view of Belle II detector
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e Position+Time of arrival Cherenkov photons

Simulation
2GeV/c, 6=90 deg.

y —.3000

Linear array PMT (~5mm) g vw.49_9{?fn A
Time resolution c~40ps | __

e 28000
I =
F

20mm

260001 -

L ~2m 24000

Side view of crystal

charged particle

22000} 5

K
BC cherenkovangle
crystal / /nsy 200000978
po° ~200ps |
9 — K 15000}
backward-going < L Lyl =
U

——————> z-component of unit velocity

Different opening angle for the same momentum
—> Different propagation length(= propagation time)

+ TOF from IP works additively.
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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




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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Quartz radiator

Two fused silica bars

[ J
Focusing mirror (R=5m)

o
e Glued

— UV cure type (NOAG3)
Flatness; ~0.2mrad

e Laser depth meter
Laser reflection at mirror

] Illlltl

0.2mrad

0.05~0.1mrad

e Supported by aluminum honeycomb board
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. Photo-cathode MCP plates  Anod
e Micro-Channel-Plate °°C?\°e ,, plates /”Oe

— Tiny electron multipliers |
e Diameter ~10um, length ~400um
— High gain
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

G= <+ o~10um

Photon

Input electron 7
~400um MCP channel )
|
HV 7 [ 10mVidiv
|| S
o 200psec/div
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ulti-anode MCP-PMT <D

Belle I

; Size 27.5x27.5x14.8 mm
\/FZZZ;ZZZZI.ZZZZ;ZZZ; \‘
| P } b Effective area 22 x 22 mm(64%)
if;i s } s if}L Photo cathode Multi-alkali
ISt Q.E. ~20%(A=400nm)
i } L MCP Channel diameter 10 um
g
B E—— . ') Number of MCP stage 2
(22(effective area), Correction efficiency ~60%
27.5mm -
Anode 4 channel linear array
R&D with Hamamatsu Anode size (1ch) 5.3x22 mm
Anode gaps 0.3 mm
e large effective area 64% by square shape
e Position information 4ch linear anode (5mm pitch)



ulti-anode MCP-PMT

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
— Nucl. Instr. Meth. A528 (2004) 768.

Basic performance is OK!
— Same as single anode MCP-PMT

Semi-mass production (14 pieces) 5002

Raise time ~400ps

v

T o —

e —
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PMT performance (TTS) [
zsuuf— w
. . - = -+
e Test 14 pieces with pulse laser 00, 0+34.2x0.4ps
— single photon level 15001
e Readout 1000}
— New PMT base 500 h\l
e HV divider, Fast AMP (1GHz, x20) %3....|....|....|..J.|.\..‘.-. el
0 40 30 20 -10 0 10 20 30 40 50
— Discriminator (Philips, 350MHz) TDC (25ps/bin)
— CAMACTDC (25ps/bin) TTS (ps)
45
el 40ps
70} -
e Result S | a5 |11 T L it it T L L TR o
— 35~40ps 2 Ot A A A A A
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PMT performance (QE) :DZH)

X AT ~ multi-alkali | .
o I,. - Ave. QE at 400nm (%)
d I| _\_K f.'f.'l =
l )
’ r !\\h 25
| b
| 5 20
| QE:24%@400n '
10" ; \
i i 15
| ol

~7200 300 400 500 600 700 800 900

Wavelength [nm] 10

e Typical QE distribution

— Multi-alkali p.c. S A . U K N .
i CEEEETEEEEE IS
e Enough QE

— Some of them are bad. Need to improve.

11
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PMT module

HV divider + AMP + Discriminator
e Small size (28mmWY)

e Prototype

— Fast AMP (MMIC, 1GHz, x20)
— Fast comparator (180ps propagation)
— CFD with pattern delay

e Performance
— Test pulse

e ~5psresolution
— MCP-PMT

] 6<40ps

e Working well
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hromatic dispersion effect <D
ele
@ 0.21 — | Light propagation S o | multi-alkali
___E‘- I Ve|OC|ty |nS|de quartz 8 .......... e ];-<: :>"a\=\=\‘
8 02 I N
o |
> | i
Q.
8 ‘ 10" J \
Q) 0.19 : i : ‘ [ : : _ #\\
300~ 400 500 600 700 200" 30 400 500 600 700 800 900
Wave length (nm) Wavelength [nm]

e Range of detectable wavelength of Cherenkov photons

— Time fluctuation of the Cherenkov ring image
= Time resolution depends on the propagation length.

e Check the degradation of time resolution by beam test
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seam test

With electron beam at KEK Fuji test beam line

Using real size quartz and 10 MCP-PMT
= MCP-PMT: Multi-alkali p.c., C.E.=55%

Quartz + support jig TOP counter Timi N ;
o o o Quartz bar iming counter -
(1850 x 400 x 20mm) — 10mm¢ quartz + MCP-PMT
Oy < 15ps
MWPC 1 MWPC 2
Check MCP-PMT (10 PMT)

Lead glass +
Finemesh PMT

= Ring image
= Number of photons
= Time resolution

14



. D
iming counter D

Belle IT

e Based on our high resolution TOF
] 6=6.2ps with 6um MCP-PMT, Cherenkov light in quartz
and special electronics [NIM A560,303(2006)]

e Time difference between two counters

— Check time resolution . .

AT distribution h3
% - 14.8ps o
10mm¢? quartz + MCP-PMT sof Limited by elec.
O,lelllllllllIIIIIIIILrLr"II:II|I+|I1I|IILIIIIIIIIIII|IIII

-50 -40 -30 -20 -10 O 10 20 30 40 50
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Ing Image

Simulation

500* T
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umber of detected photons
0.12_—
01f Data
n MC simulation
0.08
0.06
0.04-
C Due tp EM shower of beam
0.02f / with MIWPC etc.
0: | T T T B T T R T
0 10 20 30 40

Num. of photons
e Normal incidence (90 deg.)
e Obtained number of photons as expected

e - We can expect ~26 photons/event, if we use full 16 PMTs.
— Normalized by active area (10216 PMTs)
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ime resolution

e TDC distribution of ch.29

— Compare with the distribution expected by a
simulation including PMT resolution and
chromatic dispersion effect

C 250— . . S — 2o R — ;h
2505— Data - m; Simulation
200;— - 1st | A Focus
150 b quartz mirror
100 100:—

: - Beam
S0 s 50:_ J 1850mm / (875mm)
EO_I} 220 I 240 I IZEO‘ ‘ IZS!D\ I_‘?I‘J-OI I ‘SZ‘OI I I31";0 gﬂ_ﬂl I J3;0J I“ru3i;,l'.; I ‘360 MSQDI : :4_I‘]Fl_I I4.%0I I 440 3rd |

[1count/25ps] [1count/25ps] 8 smmlst
_ Resolution(1st peak)
Data 76.0x2.0 [ps]

Simulation 77.7+2.3 [ps] MCP-PMT(ch23)

18



ime resolution vs. propagation length <>
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e Check time resolutions
— For several incidence condition and channel —
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e Data agrees well with simulation expectation.
— Confirmed the level of chromatic dispersion effect
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CP-PMT lifetime B
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e Very high luminosity at Belle-Il experiment
— Expect 20 times more background rate than current Belle

Belle Belle-Il

Luminosity ( /cm?/s) 1 X% 103 8 X103

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

e Round-shape MCP-PMT with Al protection layer

|__Lifetime for CT0790 & YA0071 |  [jnar ey
Prob 0.9997
p0 0.9587 = 0.01203
el -0.003651 = 0.000983

— Good lifetime property

— Correction efficiency ~35%

Al protection layer

electron - E

e_’ 04-

Relative Q.E.(sensitivity)
[=]
(=]

%21 ndf 10.66 /13
Prob 0.6392

po 0.2551= 0.007253 —e— CT0790 - w Al-film
p -0.01278 = 0.0008484

—*— YA0071 - w/o Al-film

positive ion

from . u 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1

0 MCP material 0 5 10 15 20 25

o Out gaseus ] Integrated irradiation(x10" photons/cm?)
1st MCP 2nd MCP L 5 10 15

Ehotocathode Time in Super-B factory (year)



CP-PMT lifetime

e Square-shape MCP-PMT

— Develop new version with Hamamatsu
e Change of internal structure and cleaning method

— Change to put Al protection layer on 2" MCP
e Recover correction efficiency (35%—>60%)

e Expect less effect of 15t MCP to lifetime

— Because of 1/103 smaller number of electrons

MCP Plate

e Lifetime measurement
— Light load by LED pulse (1~20kHz)

—F s

e 20~50 p.e. /pulse — IiDﬁlter(Lir'i} PLP head
— Relative efficiency, gain and TTS % o~

e By pulse laser at single photon level g ~ Egramr

e Monitored by standard PMT - L——Jceriiation PuT

Black Box .:.--:
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CP-PMT lifetime

e Basic performance of new version
— Before aging

Entries 12640 | Q.E.vs.WavelLength XM0020 |
T x2 / ndf 128.5/14 = 24 :
$1000 — f po 902.6 + 24.5 S E
5 - TTS p1 -0.6275 = 0.0358 G 2%
* Il p2 1.246 = 0.036 20¢ :
800 |— 18 :
5 p3 201 9.7 B .
i pa 2.764 = 0.146 e :
600 — p5 4.019 = 0.089 =k
- 12f ;
400/ 10F
C 8
200|— °F
[ af :
[ L R S
(_}40-- Llaioﬂ#*zm Po| PN R P SV S I L
300 400 500 600 700 800 900
25ps/count Wavelength(nm)
Ch Number 1ch 2ch 3ch 4dch
Gain(Mean) 1.2 x 10° 1.2 % 10° 1.2 x 10° 2.7 % 10°
TTS(1st peak) | 31.2+0.9ps | 32.9+ 1.1ps | 33.4 £ 1.1ps | 31.3 = 1ps
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e QE variation
— <10% drop at 350mC/cm? ; sufficient lifetime

Life Measurement |

New square type

ind shape

Relative QE

[ ——— round type (w Al
' square type 1ch(YJ0OO0B)
square type 6ch(YJO00E)
square type 1ch(YJ0O011)
square type 6ch(YJ0O011)
o square type 1ch(XM0020)
i square type 2ch{XM020)
———4—— square type 3ch(XM0020)
(

lOld square type | sauare ype dcnauoozo)

1 1 1 1 | L L 1 1 I. L 1 1 L 1 1 1 1 | |. 1 1 1 L 1 1 L L | ] 1 1 1 | E 1 1 L |
00 50 100 150 200 250 300 350 400

mC/cm?
| | | I | |

0.5 year lyear |.Syear 2year 2.5year 3year
Y @Belle-l]




or final system

}’;_7_7_7_:_7_7_7_17_7_7_7_,7_7_7_7_7_;\‘
e MCP-PMT ich1 §ch2!ch3§ch4ii
— 4x4 channel anodes dchs! | 1}
S R R e e e S
e Reduced occupancy and improve number of ; o
—
| 1

detected photons

e Already have good prototype PMTs

22 (effective area)

— Super-bialkali photo-cathode ) 27.5

e Better QE than multi-alkali p.c.
(20% > 30~35% at 400nm)

e FElectronics

— New ASIC chip (BLAB3) for very high-speed
waveform sampling by Hawaii

— Beam test in this autumn

24
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e R&Ds of TOP counter are in progress!

e Prototype developments
— Quartz radiator
e Enough quartz quality for single photon propagation
— Multi-anode MCP-PMT
e Developing with Hamamatsu photonics
e Very good TTS (<40ps) and sufficient efficiency and gain
e Performance test with electron beam
— Proper ring image, number of detected photons (16 photons)
— Time resolution as expected by simulation
- Confirmed level of chromatic dispersion effect

e MCP-PMT lifetime for Belle-l|

— Obtained sufficient lifetime (>3 Belle-Il years) with improved version
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