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>
Belle spectrometer at KEK-B

u and K; detection system
(14/15 layers RPC+Fe)

Aerogel Cherenkov Counter
(n=1.015-1.030)

Silicon Vertex De!:ect
(4 layers DSSD)—__ -

=g\ g > - Electromag. Cal.

P i W S \ Segr | (CsI crystals, 16X,)

Central Drift Chamber
(small cells, He/C,Hg)

N
S ToF counter
1.5T SC solenoid

Accumulated data sample >600 M BB-pairs
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PID upgrade in the endcap

n=1.013 M3
B
S e TSI b o B e G n=1.010
‘i HGF EDC A
1500 ° 1
X 4 AEROGEL
3 FMPMT RICH —""
2.5" FMPMT -

==

improve K/r separation in the forward (high mom.) region for few-body
decays of B mesons

good K/r separation forb ->dy, b -> sy
improve purity in fully reconstructed B decays
low momentum (<1GeV/c) e/u/r separation (B ->KIl)

keep high the efficiency for tagging kaons
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Proximity focusing RICH in

the forward region

K/m separation at 4 GeV/c
0.(n) ~ 308 mrad (n = 1.05)
0.(r)— 6.(K) ~ 23 mrad

do.(meas.) = o, ~ 13 mrad

aerogel photon detector
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With 20mm thick aerogel and
6mm PMT pad size

~ 60 separation with N,.~10
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_,.: Beam test: Cherenkov angle
=== resolution and number of photons

Beam test results with 2cm thick aerogel tiles:

excellent, >4c K/n separation NIM A521(2004)367

(a) Cherenkov angle ) Number of hits

(b
400 =
200 e = 0.322 rad

-:Npe}z 6.2
800 O, = 14.8 mrad *

Entries

o 0.2 0.4 0.6
8 (rad) M

but: Number of photons has to be increased. 2>
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What is the optimal radiator thickness?

Use beam test data on o, and N,
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= Radiator yvith m_ultiple
GeLLE refractive indices

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

measure overlaping rings

—>"focusing” configuration
normal

Nnq{| N N{=N, Ny | N2 ni<n;

/i
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Beam tests 20cm Py

Photon detector: array of  °; o-
16 H8500 PMTs a1 | o
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- fi : NIM A565 (2006) 457
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{"D . . .
<SS Focusing conﬂ_gu_ratlon -
n,-n, variation

. upstream aerogel: d=11mm, n=1.045

. downstream aerogel layer: vary refractive index

. measured resolution in good agreement with prediction

. wide minimum allows some tolerance in aerogel production

NIM A565 (2006) 457

(mrad)

0 0.002 0004 0006 0008 0.07 . 0012
refractive index
difference
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OELLE
Single photon resolution
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Multilayer extensions

Number of detected

—"
o0

—"
=

A (Bmm)
e (10mm)

Resolution{mrad)

—"
£
TT

[y
g

...
=
I

(] e = -]

A &

Fi

Gy

=%

Ll Ll LLl Ll III|IIIIIIIIIIIIIIIIIIIIIIIIIIIII
5 0 15 20 25 30 35 40 45 S50

nq| Mo

M\

thickness{mmj)

Ny=No<Ns

Npe
o
(=)

juy
L]

pho . Resolution per track
( mm) N £ o (5mm)

e (10mm) pe £ » (10mm)

F ® gs__ A

- . 3

- A & 6 ®,

- A® )i it . .

- & n

Y z

: ¥e} =o,/V (N

o'”'é"Hllo'”'1|5””z|o”"zlsmlslou”_1,|5””4|0“"4|5'”'sn} traCk 0 V( pe)
thickness{mm) 0

] 5 ll] 15 20 25 ]-ll' ]-5 40 45 50
thickness{mm)

.Multiple layer radiators combined from
5mm and 10mm tiles

. obtained Cherenkov angle resolution per
track is around 4.3 mrad

— 7t/K separation at 4 GeV better than 5¢
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L[> Photon detector: H(A)PD
Multialkali _ . 12 x 12 channels
photocathode : . 65% effective area

(59mm x 59mm)

-10kV 'L'm'g 1.6 4 3.5
15~25mm | .
Pixel PD or APD T e
. tests with single channel and 3x3 channel .
device look promising '
o <P A b
9oL 12 X 12 channel
ol B version: problems with
S 1 T — et S€@NING @Nd activation

R&D project in
collaboration with HPK
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MCP-PMT
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/S Photon detector: MCP-PMT

OHELLE

BURLE 85011 MCP-PMT:

. multi-anode PMT with two MCP steps
. 25 um pores '

mﬁlti:_a__g o_d_g__..Pﬁ;iTs

. bialkali photocathode
. gain ~0.6 x 10°

. collection efficiency ~ 60% — e e
. box dimensions ~ 71mm square

. 64(8x8) anode pads

. Tested in combination with multi-anode PMTs

. pitch ~ 6.45mm, gap ~ 0.5mm . 6,~13 mrad (single cluster)

. active area fraction ~ 52% . number of clusters per track N~ 4.5
. 64~ 6 mrad (per track)

>~ 4 ¢ /K separation at 4 GeV/c

. 10 um pores required for 1.5T

. collection eff. and active area fraction should
be improved

. aging study should be carried out

IPRDO6, Siena Peter Krizan, Ljubljana



TOF capability
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With the use of a fast photon detector, a proximity
focusing RICH counter can be used also as a time-
of-flight counter.

Cherenkov photons from two sources can be used:
. photons emitted in the aerogel radiator
. photons emitted in the PMT window

Cherenkov photons
from aerogel

“a
STOP

START

track

I

.

Cherenkov photons_{¥
from PMT window

aerogel MCP-PMT

t(kaon)-t(pion) (2m) [ps]

-4GeV/c /K
e T']”P ]”{ 'f”f”f”l'{‘”} i
1.5

2.5

i

3 3.5 4
momentum [GeV]

05 1 2

Beam tests: study timing
properties of such a configuration.
9
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%HLLED from the ring
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> TOF capability: photons

counts

. obtained time resolution for Cherenkov
photons from the aerogel radiator is 50ps,
and agrees well with the value from the
bench tests

. resolution for full ring (~10 photons)
would be around 20 ps

60

DI:IIDIZI i
DDDD 30
O

20

C X?/ndf 60.75 / 20
N 525.7
500 - Mean -0.2194
C Sigma 1.997
400
00 G ~ 50ps
200 |-
100
0 _I RN B Jll‘l‘,‘l-'*ﬁ--JmJ danakdo!
-100 -50 0 50 100

time [1bin=25ps]

. distribution of hits on the MCP-
PMT (13 channels were
instrumented) - left

. corrected distribution using the
tracking information - left
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. sl st
o TOF capability: : ey
OELLE - -
window photons
. expected number of detected Cherenkov 600
photons emitted in the PMT window (2mm) ;
is ~15 400 | o ~ 37ps
. expected resolution ~35 ps - _
200 |-
*§200 X' /naf 117.0 / 62 e T S
= Pl iy 920 10 0 10 20 30
S P2 40.18
175 P3 1.505 TDC [1bin=25ps]
b 2 . TOF test with pions and protons at
150 P6 1.848 2 GeV/c
125 p = 2GeV/c . distance between start counter and
1wk o~ 38ps MCP-PMT is 65cm
75 EM L
50 E
50.2 -
25 ok
020 30 .6I0I...7-IEJ 0; .,1115,1..;l.,.z-ls.,l.‘J;,..,;s...14

time [1bin=25ps] Siena
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=4 Time-of-flight with photons

from the PMT window
Benefits: Cerenkov threshold in glass (or quartz) is much
lower than in aerogel. o 04 Cherenkov angie
N aerogel, n=1.05
= -
Aerogel: kaons - e
o 0.2 K
(protons) have no ;
signal below 1.6 GeV P
(3.1 GeV): identification o - - g
in the veto mode. T ﬂ_>
Il]I'l]' II}F F 1.5 2 235 3 A5 4
Threshold in the window: K p Bl

Window: threshold for kaons (protons) is
at ~0.5 GeV (~0.9 GeV): = positive identification possible.



A Time-of-flight with photons

from the PMT window - 2

Window: threshold for kaons (protons) is at ~0.5 GeV

(~0.9 GeV): - positive identification possible below
threshold in aerogel.

OHELLE
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Cherenkov angle
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Also: pion PID becomes
more reliable around the :
pion threshold in aerogel B

(~0.5 GeV) T ¢ |

g
W P

Threshold in the window: = K p
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SO Summary

OHELLE

. A proximity focusing RICH with ~ 20 cm radiator to photon detector

distance and ~ 6xémm? pads is being developed for the upgrade of
the Belle forward PID.

. Single refractive index radiator has an optimal radiator thickness of

~ 2 cm; increasing the thickness results in degradation of Cherenkov
angle resolution per track.

. Way out: use of multi layer radiator with varying refractive index

. Expected performance of the focusing configuration: excellent p/K
separation up to 4 GeV/c

. More studies are needed to decide which radiator configuration and
photon detector we should use for the Belle PID upgrade

. Such a counter can also be used for TOF measurement
— extend PID capabilities into low momentum region
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