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Introduction ==

Current BELLE performance

Physics Requirements

Flavor Tagging . |

ik E

Bt E 1
Detector Line-up

dE/dx (CDC) B A dE/dX-5%

TOF (only Barrel) ST AT ~100 ps (r=125cm )

Barrel ACC [ n = 1.010 ~ 1.028
Endcap ACC [ | N - 1.030
( only flavor tagging )
| : : : —
0 1 2 3 4

PID Target:

We cannot PID at high

momentum region in the forward
endcap

Present endcap-ACC is used
only for flavor tagging

.y

Further Improvement
on ©/K separation
with the start of super KEKB

n/K separation > 4c @4GeV/c
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Upgrading BELLE Detector

Two new particle ID devices, both RICHes
apenis |

_ T\/‘ ' L
[ ‘ Inside of BELLE detector L

AN SRS S e e o

=i &

a-
Endcap: Proximity Focusing Aerogel RICH(A-RICH)
Barrel: Time of Propagation Counter(TOP)
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Opticalimprovement ~ CPUmize parameters

Focusing radiator
Basic principle

MCP-PMT R&D
aging GaAsP
Operation in B field
Photo-cathode study

TOP

Basic design
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Endcap: Proximity Focusing A-RICH

* PID by Cherenkov ring image
emitted from aerogel radiator

* Cherenkov angle /K
(4GeV/c, n=1.05)

oF — 6" = 23mrad

Photon detector

aerogel

_Angle distribution 7ofdeteciedphotons - Typical beam test results

@ w400
= 900 6> = 0.322 rad £ [ Me>=82 | - 4GeV/c, 2cm thick aerogel
w800 fFo,=14.8 mmd L

700 “

o n/K separation ~ 4.0c

400 It seems to reach our

R target, but

200

o Can we improve the

Q a.z2 0.4 0.6

~ ®  ®  separation over 46?
NIM A553(2005)58-63 © 2% N SEP o
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Focusing configuration

How to increase the number of photons without degrading the
resolution?

Use radiator with gradually increasing refractive index in
down stream direction

Normal configuration Focusing configuration

n; =n,

n, n, N, Ny

j><

aerogels aerogels
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4cm thick aer

n=1.047

b ih4 .- R

e
T
e reiel )

' 6c=22.1mrad 5
' Npe=10.7

A1)

2 layers of 2

n,=1.047, n,=1.057

A

200 |

7K separation with focusing configuration ;-

~ 4.8c @4GeV/c
| :

fOCUSIn S o TcsC:14.4mrad

| Npe=9.6

000

a 0. ox a1 a4

NIM A548(2005)383 0 radd)
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Optimization of dual radiator indices =z

Upstream aerogel: n;=1.045

Downstream aerogel: n, is changed

fixed

\
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N{<No
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resolution (mrad)
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Data points: Dec. 2005 beam test
physics/0603022
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e Measured resolution is in good agreement with expectation

e \Wide minimum region allows some tolerances(~0.003) in

aerogel production
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New idea A-RICH
RICH w/ TOF

Photon detectors R&D

HAPD
MCP-PMT

Optimize parameters

Optical improvement

Focusing radiator
Basic principle

TOP

MCP-PMT R&D
aging GaAsP
Operation in B field
Photo-cathode study

Basic design
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Photon Detectors for A-RICH H

* Requirements
— Working in B=1.5T
— Pixel size ~5-6mm
— Good sensitivity to single
photon

— Large effective area

 Candidates

— HAPD with large effective area
— MCP-PMT
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Photon Detectors for A-RICH; HAPD b

demerits merits
— Low gain (~10%) — High efficiency
— High noise rate — High energy resolution
multi-alkali HAPD prototype design e e
Photo—cathode photon e S 4 3.5
< lo.2 H—
— g Il =
- 10ka €~ Pixel APD t |i| =
| = g
1m — E:E:E%{}:EEE e e A R — é #
00— g : E B
B0 Good sensitivity to — | 2
700 ———1— single photon = ires . .
£ 600 S 1 Now studying with
b8 Problems I
3 ‘5‘% @5‘ L HPKI
mg? e difficulties of sealing
g | ] e activation of photocathode
VR TIR OR TU T a sea changes the properties of APD

ADC
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Photon Detectors for A-RICH; MCP-PMT

BURLE 85011 MCP-PMT

photo- Bi-alkali
cathode
MCP 25um pores,
2 MCPs
gain ~ 0.6 X108
collection |~ 60% demerit
efficiency . active area
dimensions | ~ 71mm square
# of 8X8 m _
channels - High gain _
sitch . 6.45mm « Good time resolution
active area | ~52% . .
v 0270 Can we use this merit?
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A-RICH with TOF using MCP-PMT

New ideal Fast photon detector enables A-RICH to have TOF info.

MCP-PMT
Concept in Belle detector Xx%\i‘“e
aerogel
xxe‘e‘\\b &0%6\
Q <
/K 4GeV 5595
[POo= = = = = = = = = = = - - - - =
‘ 1.8m | 0.2m V Cherenkov lights from
PMT window
Cherenkov photons Aerogel mmmp ATOFing(1/K) ~37psec
emitted in the pygigiass m—> ATOFuindow(n/K) ~47psec
window @4GeV/c

TTS of BURLE MCP-PMT can reach 19 psec for multi photons
Stor (@K) > 2.4 o for multi photons?

PID can extend lower momentum region
—> ATOF(=w/k) is bigger
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A-RICH with TOF Beam test results
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BELLE

50

40 |

w0 F

20

o

= 2/ ndf 60.75 7 20 | S
Read 13 channels 3 Conii 5257 |
5 =500 - Mean 02194 |~
[ = Sigma 1.997
9 w |
W E o ~ 50ps
- " ring image point
_ 100
i C 4 [ | | 0 1 T |}| 11
7 20 40 -100 -50 0 50 1c

* TTS(ring image point) ~50psec
— Time resolution per one track (N,,~10) ~20psec
 TTS(PMT window hit point) ~37psec —

time [1bin=25ps]

:

S0

A

400

200

K/ ndf 813/ M
X Cionstiant LT
Mean L SO E -]
Sigma 1479
- PMT window hit point
- o~ 37ps
T ‘.'.I.k(\\.l....l....
-20 -0 il 1t 20 &l

TDC [ 1bin=25ps,

n/K separation with MCP-PMT
Stor ~ 2.20 @4GeV/c
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A-RICH with TOF PID at low momentum b=

CoHEngs

200 xiret | TOF test with pions and protons
2 400 18

173 5 il at 2GeV/c

” i

o [EF I N

Photons from PMT window

125

p = 2GeV/c
n/p are well separated

10

75

Even In distance between start
counter and MCP-PMT is 65cm,
Instead of 2.0m in Belle

30

N LA N gty igic.n Al
UE’U 30 40 5 60 o .
time [ 1hin=25ps| A-RICH with TOF

using MCP-PMT

At this test, n/p separation with MCP-PMT |, is very promising

Siop ~ 4.80 @2GeV/c
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Basic principle
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MCP-PMT R&D
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Barrel: TOP counter

Cherenkov ring imaging is used as timing information
y

)IK > +400mm
Linear-array type z x I‘

photon detector

Side view of crystal p=3GeV/c, L=2m, 0in=90.
cherenkowangle (IlOI'mal inCident angle)
crystal / / 90 G /
or®

K

backward-going /"}-‘- C > LR ATOP = 200pS

—r 7 nponent of unit v

n(1)B ‘

Difference of path length

— Difference of time of propagation (TOP)
(+ TOF from IP) 10 0 10
With precise time resolution (c~40ps) Horizontal angle @  (degree)

cosl,. =
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Photon Detector for TOP: MCP-PMT bt

B Requirements: ® 3 MCP-PMTs studied:
B Good sensitivity to single W BURLE (25um pores)
photon j ® BINP (6pm pores)

B TTS~30ps (single photon) B HPK (6 and 10um pores)

® working in 1.5T D

B=0T: all samples have good TTS(~30ps)
B=1.5T: BINP and HPK samples have
high gain(~10°) and good TTS(~30ps)
> NIM A528 (2004) 763

These samples were round shaped (1ch.)

1L

We've developed square shaped (4ch.)
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MCP-PMT aging

Study of tubes w/ and w/o

Al protection layer

A=400nm

< |
E = T 1 S S ST S
electron - © 1gn J = |§
L A ! é ‘
ne : :

—0Q G—

ik RS R _— < APK W/ Al
ReRklve o o HPK w/o Al
e avRussian w/ Al |.

o MCP material 0. ARyt — _
o Out gaseus oa Russian w/o Al

2nd MCP ] e e — — e —

1st MCP

i

Photocathode
Prevent feedback ions from 0 5 10 DAL AT
Integrated irradiation (x10~~photons/cm~)

reaching the photo-cathode 5 - e .
Time in Super B-factory (year)

(It reduces collection efficiency by 60%)
HPK w/ Al survives over 13 years of operation!
Al layer is necessary
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MCP-PMT with GaAsP =2

EXpeCted performance §/40_ _—_E/;l-ﬁtllkglli(a“ ...................................................................................
bialkali photo-cathode: B TEs |
. 1C] 0] Ep s S A S S S S S S
n/K separation at 4GeV/c < 4c [
. : 7 Y G R R R .
—> chromatic dispersion 4 1/ 1\
AO.Z]. : : : : : : : AN [ ~ N\ e e
_ ............ |_|ght Ve|OC|ty|n quartz 15
e 10H | ?
s 1 N~
Yl N

300 400 500 600 700
photon lambda(nm)

GaAsP photo-cathode:

m Higher Q.E.

m At longer wavelength
—|ess dispersion

Group velocity (m/ns

300 400 500600 700 _
Wave length (nm) /K separation > 4o

4GeV/c
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GaAsP MCP-PMT development b=

e Square-shape MCP-PMT with GaAsP photo-
cathode Is under development with HPK
° F”"St prOtOtype r/:_____:________,_____i‘f

— The same type
as previous tubes

) 22(effecfive area).

 Performance test

27.5mm
— Galn
— Time resolution CAMAC
36dB
PLP I PMT ATTN AMP |—| DIV ADC
FitoriBps FILTER | GATﬂ\ 25ps/1bi
DISC TDC
there 100mV there 20mV ('
DISC START
BLACK BOX
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GaAsP MCP-PMT performance 2

B Wave form, ADC and TDC dlstrlbutlons

<—ped estal
8 600} e

TT§S~3§5ps
3000_ .................

count

2000_ .............. .................

300F| b

............... 0...64><l()6 1000 _____________ _________________

100F o

EL ; i
0900 120 140 160 180 20

ADC /0.25pc Time  /25ps

e Enough gain(~10°) to detect single p.e.
e Good time resolution (TTS~35ps) for single p.e.
e Next

> Check the performance in detall
> Life time of GaAsP photo-cathode tube
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Summary

We are studying new types of RICH for super KEKB

Aerogel RICH counter for endcap

- Test the focusing configurations
* We studied about optimal parameters

- More studies: RICH with TOF (using MCP-PMT)
« Extend PID ability into low momentum region

TOP counter for barrel

- V Both RICHes(A-RICH, TOP) look very promising  PS)
- A n/K separation can be over 4c @4GeV/c

- M But there is still a lot of work to be done!

—_—— g - - = - - -

* It will reduce the effect of chromatic dispersion
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Tasks for practical use

— Photon detectors
e Develop HAPD & MCP-

PMT in parallel
— Readout system T10P
« ASIC — MCP-PMT
— Mechanical design « Make practical tube
 Line up of photon ° Aglng of tube with GaAsP
detectors and radiators _— Readout system

. TAC

— Test of prototype

 Line up of photon
detectors and radiators
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Backup
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Optimal aerogel thickness

u
= [ .
gt Cherenkov angle resolution per track
= I
B [ =10
3. O pc B | A index1.045 TML=44mm
E [ O = E o .
3 - track N E' S index:1.049 TML=38mm
g pe % 5 @ index1.062 TML=32mm
. g - - A
i A 5 T:_ ™ &
1F Epri= '3 re
7 8 P
I:ITI?I/!I : Illl I:Iﬂl _'I-I- II-lll IJIII 1] & 5:_
thickness [mm] 4;
s
2F-
e
“:I||IIIIIIIIIIIIIIIIIIIIIIIIII
il 1] i Al ddi Sl il

thickness{mm)

=105 — The best resolution ~ 5.5mrad

& M= 1,051

R ORI o e at 2cm thick aerogel

@ e 20 A 40 &l o]
thickness (rmim)
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RICH with TOF =

ATOP(K- ) ~-5psec
(Difference of TOP from emission
point of Cherenkov light to PMT)

A TOF (K- 1) ~42pseE

Aero g el p
L
.AfGeV

'f 1.8m

! /ITOF, ~37psec

/ITOF, ~47psec

) Cherenkov photons
ATOF,(K-7) ~47psec generate in glass
(Difference of TOF from IP to PMT) PMT

Time resolution of 10 psec has been achieved with HPK MCP-PMT
@ Nagoya university.

Time resolution of BURLE MCP-PMT can reach 19 psec for multi photons.
- More than 2.4 o for multi photons?
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A-RICH with TOF using MCP-PMT

Setup of beam test

Start

counter
MCP—PMT

L

quart

Beam

IdMN

MCP-
SBURLE 80011

5,08
@)
@0

oV

ISSQISV

Cherenkov photons

from PMT window

RGN
£¢O %%IIII

PMT

rlgger

The 3rd SuperB workshop, SLAC

A
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IdMN

7>
</[O
BELLE
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K/mt separation by TOF

>
o

B Good performance in lower momentum region

B Enable PID under thres

2GeV/e m/K: At ~ 180ps

Il

tf kerom )-tf pion ) (2m) [psf

i

3 ) 5 2 ] | J.5 f

4.5

P PMT momentum [GeV]

June 14-16, 2006

(0)

—

RATION POWER
o

SEPA

nold P, of aerogel

;S(t(/n) > 100

‘rihg ihwagje pbint

' -

: oyl

g

v @

4 . .

BT A O
oo g o % %' v"@ """ % %
e 4 ¢ [ ]
) y @ _:
b Vit ee
- v_ @
el Yy
=

0 05115 2 25 3 35 4 45
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TOP counter MC N

Expected performance

Separation 4GeV/c

c 8-
- - g
bi-alkali photocathode: B Muiti-Alkali
: 27 ¥ GaAsP(cut Lambda<42{lnm)
n/K separation at 4GeV/c<4c ¢ | |
. 6
(because of chromatic
o3 dlsperS|on) 5
> _ .
E I ............ |_|ght Ve|OC|ty in quartz 4:
N’ 3|l
> |
.g )
e
o
8 0 60 80 100 | :’20 |
(5 019F /g — GaAsP photocathod groietdearee)
00~ 200 200 a0 00 n/K separation at 4GeV/c > 4s

Wave length ("m)  |ess dispersion
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TTS

— 100 ;
= @ HPK w/ Al @ BINP w/ Al (#32)
(=8 O HPK wio Al & BINP w/ Al (#35)
D ¥ BINP w/ Al (#38)
': A BINP wio Al (#6)
80 = O BINP w/o Al (#11)

g - '. g
_________ ; - e e - _-_ -_— g -
D 200 400 600 "800 1000 1200

Integrated Charge(mecrr?)
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Cross-talk of MCP-PMT

SL10: cross-talk problem solved
by segmenting electrodes at the MCP
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R&D of Readout ASIC for TOP

7>
</[O
BELLE

o Time-to-Analog Converter = Time resolution <~20ps
o Double overlap gates - Less dead time (—100ns)

o 0.35u CMOS process
o 2nd batch TAC-IC was submitted to VDEC (U. Tokyo)

INPUT

GATE1 J

GATE2 |

AOUT1

AOUT?2

1) DIRECT INPUT

RST1

2| IBADING-3DGR COMPARATOR A T
3) COUSTANT-FRACTLON COERAT%%DTM l i1 _»,,7}0[]“%1 (BT (I
N SHLL
125ps Iy ‘s i’—‘ A g
- —L J: mol | PP o
< GATRL )
T 1 7 5ps TS BST2 .
o 0 TAIC
' > l , i V1% I/V CONVERTER
J nmwﬂ ¢ T
< ﬂ . 5L
T2 H __EI"“ }
i éy il
| vi=kxT1lem| @ ]
Eden oo o8
______ ﬁ: ﬁr Ew E éi % % gﬂ
_¢_V2 KxT2 GE B W ST s

June 14-16, 2006
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Readout Electronics

m Aerogel RICH readout
e Total ~ 100k channels!
e Readout scheme - pipeline

v Only record hit information

m Basic parameters for the ASIC
e CMOS-FET
e Gain=10V/pc
e Shaping time=0.15usec

o VGA=1.25-20 | 3rd batch was submitted to
e 18 channels/chip VDEC (More protection to

e Power consumption : 5mW/channel noise was done )

>
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e Quartz: 255cmtx 40cmWx 2ecmT
— cut at 6=46deg. to reduce

 Multi-anode MCP-PMT

— Linear array (5mm pitch), Good time resolution (<~40ps)
— Three readout plane

MCP MCP
20mm¢ (7 4
725mm | 1125mm  700mm
YA
X

1180mm

particle
Forward ) Need
18 Quartz units,

4320 MCP channels

IP y
>
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Photo-
detector

* Aerogel radiator

— Hexagonal tiling to minimize
aerogel boundary

— side length, 125 mm
* Photo detector

L
. I

-

— Total PD : 564, 6 sectors
— Cover 89.0% of area

L L L L L
- 1000 750 500 250 o 50 s00 730 oo 1250
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