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TOP counter

e smple
 high performance

TOP counter
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Photon
detectors
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Principle

Z)JKX v > o Time Of Propagation

— L 1
TOP(GC,CD) - ( Vo) ) X qz(Gc,CD)
group light velocity £

Photon
[J detectors

Horizontal angle 7

gz ; Z component unit vector

p=3GeV/c, L=2m, 8in=90.

Butterfly-shaped mirror € (normal incident angle)
(Focusing mirror)

ATOP = 200ps

TC/K 17 +
TOP : 67>06K - TOPr<TOPK % 68l
TOF : pr > B > TOF*<TOFX | F

16.6

-2 ATime=ATOP + ATOF
200ps = 160 ps + 40 ps) -10 0 10

Horizontal angle ®  (degree)
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Uncertainty of TOP ATOP Gtop

. PMT's T.T.S = w
HPK R5900.U-L16 2 10 \\\\ Chromaticity /
e N IV
T.T.S = 75ps 2 N 7 TTs
Q.E. - 20%(bi-alkali) o N\ /
ch.pitch = Imm \ /
Aberration /
« Chromaticity (Quartz) 10 \,x /
reflection index n=1.471 40 20 0 20 40
AL =65nm (A=300-600nm) ® (degree)
on ~100ps @ L=2m, Bin=90,
(Ny=500/10mm)
4 )
« Aberration of ® It 670p ~ 150pS,
r=250mm, |®@|< 45° ATOP 15— S~65
d®/dx = 0.5/mm \ OToP N(€xp.)=30

J
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Cherenkov Angle
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emirror-TOP
Bar-TOP

Beam test
Ring image

\ Time resolution
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R&D

/good timing resol utio?

workable under 1.5T
position sensitive
- Finemesh PMT
- MCP PMT,

- HAPD
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proto-type TOP counter

PMT
HPK R5900-U-L16

orrs = 715ps

Linear array 16 anode(1mm pitch)
Photon

. effective area = 40%
detection

collection efficiency = 50%
Total 96¢h (6 tubes)

— e

Prototype counter
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Beam test result : mirror-TOP counter
- Ring image -

« ADC & TDC distributions
single photo-electron peak

4GeV/c T@L=1m SIGNALs

# of entries

100 200 300
ADC  (ch/0.25pC)

168480

1640

(chi0.25ps)

1800

TOP 1560

100 150 200 250 300

Clear Ring Image !! ADC (e 25p0)

TDC
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Beam test result : mirror-TOP counter
- Time resolution -

TDC distribution . bar 1l . :';
Tneanenes 8 400
E 0=83ps c
% % 300
osconcompanen @ 200
‘ et )
' ° TDC (1ns) ’ g 100
0 L=0.1m 0.6m 11lm 1.7/m 2.3m
o 1 2 3 4

path length (M)
With improved polishing accur acy of the quartz bar,

ot = 300ps— 150ps (@L=2.3m)
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Crystal bar

Interf He- Cd laser
| nter EI‘DgI‘Ell‘[lS (A=638.4nm)
bar 1
% 300mm . w g

W

=

=

< V I s

,', 10 times better !!!
bar 2 Polishing accuracy
300mm |  bar. 1 = bar.2

polish | 2om | 0.5 n0m
figure | Sum | 06pm |
squreness | 2mrad 0.3 mrad |

edge radius | 50 um 5 um

Athick = A2
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Polish company

e ZyQo

Insync
DIRC

bar-TOP

+ BINP (Russia)

0.4mrad
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Further smplified TOP counter

TOP counter : smplicity and compactness

Photon detector

The advantages of ssimplicity

To measure TOP and X - No extraperts ere necessery.

- #of det. photons areincreased by 1.7.
|P| < 45°--> |d| <80°
- #of channels are decreased by < 1/5.
- total polished areais decreased.
--> quality is easy to control.
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X Xtrue

(IX| < 200mm)

To measure
X instead of ®

In practice, the width isfinite.
The photon direction is reversed

Principle of bar-TOP counter

17.4

(ns)

17.2

TOP

16.8

16.6

Bar width = oo

=700

in TOP vs. Xtrue

on the side plane
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Xtrue
The ring image can be obtained
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we can reconstruct

60 mm

7

-30 0 30

X (mm)

If the timeinterval islarge enough,

cherenkov ring by analysis.
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simulation study - barTOP counter -
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The bar width get wider, we can solve X-TOP correlation.
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proto-type counter

PMT
HPK
R5900-U-L16

| Quartz bar spec.
Quartz : sprasil P20 (Synthetic fuad slica,
miade by shin-etsu co. )
size 1 1000mm X 200mm X 20mm
surface :  0.5nm(rms ), fieure < 2pm
squrness @ < 0.3mrad. edge radivs < 5Sum
polished by Okamoto optics work,inc
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KEKn2 line,
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Beam test result
- bar-TOP ring image -

3GeV/c

-100
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-50

x=-50mm, L=30mm
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time resolution (ps)

beam test result - resolution -

mirror-TOP o

mirror-TOP . %
40 par -ToP
300 -
00 | bar-TOP

20°<d<60°
100 - c=130pS L=17m
0 L=0.1m 0.6m 1.1m 1.7m 2.3m mlrror_TOP

0 1 2 3 4
path length (M)
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/gc;dti ming resolution 100ps |

workableunder 1.5T
position sensitive  1mm

- Finemesh PMT

-MCPPMT
- HAPD

\—SiPM /
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Fine-mesh PMT L 24(HPK)

- single photon irradiation -

TTS orrs(ps)

300
LA A A
A
200 |
0O O ()
O
0
O
100 @ e * °
A L24-a
o L24-B
® L 24-y
0 L ‘ | ‘
0 0.5 1 1.5

2003.3.4

B strength (T)

M.Hirose, et a. NIM-A460(2001) 326
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HAPD
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S.Matsui, et al. NIM-A463(2001) 220
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MCPPMT

500ps/H-div & 50mV/V-div

2003.3.4

HPK R3809U-50

Spectral resopnce 160-650nm
# of MCP 2
Gain 2 X 10M6
pulse shape

rise time 150 ps

fall time 360 ps

FWHM 300 ps
transit time 3350 ps
T.T.S. (FWHM) 25 ps

1000

# of entries

%0 0 10 20
TDC (ch/25ps)
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Belle detector

T
et 2.0m el
3.5GeV _. r=;1 m

400mm  bar-TOP
bar 3.3m X
channel  (5mm pitch)
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1280ch.
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Kaon Momentum Distribution
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Hard to separate n/K around 6in = 45, p=3.5GeV/c region.
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Belle detector

| o=120ps

100+

50 F

- beam test

|:Il 1 12 13 14
TDC  (ns)

_ ?

— Q.E. GaAs,GaAsP
> HPK BURLE MCP

m) Ba TOPcounter & MCPPMT
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bar-TOP & MCP PMT

e A>450nm
Gyys =20PS
-1 L | ] ] |
50 75 100 125
0, (degree)
40 /K
- MCP TOP counter Belle

Background ch
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— bar-TOP, mirror-TOP
* ring image
e timeresolution

9

* Bdlle
bar TOP& MCP
background

- MCP + Ga As
multi-ch MCP
BURLE
HPK MCPPMT
BINP(Russia) MCP
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beamtest

50mmx 50mm
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