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Belle - Belle |l

O The Belle experiment finished data
taking at Jun, 2010
—>upgrade to Belle Il is on-going

O Belle ||

O x40 luminosity by accelerator upgrade
(KEKB - SuperKEKB)

Oinfegrated lumi. : 1 ab'(Belle) > 50 ab-!

O detector upgrade
Oouter structure is reused

Oto handle higher rate
and improve performance

?th Nov, 2016
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energy frontier case

O high energy pp collision
( ATL AS CI\/\S ) e >

OMost hadronic objects |
are observed as a P
bundle of particle trac [
—>do(can) not identify e
track by track

Oleptons (especially muons) |z
are identified frack by track i@

from ATLAS public page
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BELLE 5 pisss:
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O energy in calorimeter (E/p)

O hadrons (protons, kaons, piéns)
O fime of flight, dE/dx - protons

O Idenftification of high-p kaons and pions is
achieved with dedicated PID detectors.
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tools to |den’r|fy parficles

i TOF distribution
in Belle (<1.2 GeV/c)

NIMA494 402-408

O Time Of Flight

oTOF=L/v |
odE/dx (energy Ioss)

OBethe-Bloch formula AT
0 Cherenkov radiation .

Oocos 0= 1/(np) B=v/c>1/n

Oradiator is chosen Y U

for mom. range of interest

9th Nov, 2016
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Cherenkov radiation for PID

NIMA453 321-325

o Kaons “

0 threshold type N o

Ouse Cherenkov fthreshold; fﬁ

see “hits” or “no hits” -

Oex) Aerogel Cherenkov - B i ;ef_)w %
Counter (ACC) in Belle Belle ACC

Oring imaging Cherenkov counter

Omeasure the Cherenkov angle to get
velocity information

?th Nov, 2016



RICH type PID de’rec’roﬁw[w\

OBaBar DIRC

(Detection of Infernally ReflecTec% /&
IS

Chrenkov light)

Oquartz bar
+ “standoff box" (i
filled with water)

oLHCb RICH

il
oC,F,,or CF,gas 5
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Time-Of-Propagation counter

LTS

iy

/Tt

Onew idea :
use propagation time
of Cherenkov light

Detected
photons

to reconstruct ring iMages  ../-—“———emwa
setdngimage
Odo not need large space L ] ation)
fo expand ring images Cor
>compact detector oo momeniu
AT~ 150 P> (S’rfpe(;g;gr’fj total internal reflection and incident pos.)

# of reflection ~ 100 angle diff. : ~0.6°

photo sensor propagation length ~5m for3 GeV/c

measure hit timing 9th Nov. 2016
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challenges

O extreme timing resolution for each
single photon (<50 ps)
Onot only for photo sensor,
but also for readout electronics

O mechanical property of radiator
Oflatness, alignment...

Oradiation tolerance

?th Nov, 2016
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TOP counterin the Belle Il exp'f

| Bellell  «w
Belle Il ——f e |
Oreplacement of ACC | s ize-

Ohigher performance e |, et | BT
threshold type el o el drl
- RICH type == P

Ocompact TV i H

large fracker detecftor, ] Belle |

improve momentum resolution . ¥ |
. Belle PID system

Oless material (ACC + TOF)

ess scattering, better energy resolution
for calorimetry

?th Nov, 2016
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Mirror

detector overview

o 2-cm-thick quartz bar %

O aluminum
honeycomb structure Qi 927

O photo sensor : | prism
micro channel plate photo sensor

(MCP) PMT (MCP-PMT)

O 16 identical modules =
to form barrel structure | ==

Fwd endplate
" Fwd fixture

_‘ Z spring
#~" PEEK spacer

@ . PEEKbuttons

support
structure

Readout cover

?th Nov, 2016
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from production to installation

» KEK == 7 Tgukubd hall

O module production
at Fuji hall
—inifial operation
test

O tfransportation to

/'/~1 5 km \“~

]
=

=5km/h

Tsukuba hall
—->2nd check before
Installation

\“‘ —J— ‘:;_/*

g LSRR X
A ) (.”7 .
. w _:
RN S a-
‘“‘._J = Pl — '”Z |- 1T F.‘ ;"

main gate

O commissioning
after installation
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Niflal test items  mcremr

Olaser 400TM S e
OPMTs and readout slectronics T
electronics ek
otest of laser system itself jaser [
O CosSMIC ray TOP module  Mgger counter

dresponse to real
Cherenkov emission

ONo precise tracking
—->check only hit time distribution and
the numlber of hits per event

?th Nov, 2016
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data analysis scheme

2005 A / waveform data

(photon candidate)

Owaveform readout ¢, .-
0~3 GHz sampling S0l ¥
. . Q -
—~offline analysis g so | } ffffffffffffffffffffff threshold..
fo extract hit timing o=t ay _A/onc
Oexternal trigger 40 50
timing [Nns]

(laser timing, coincidence timing of
cosmic ray counters)

Othis is femporary readout scheme;
INn the real experiment, only energy and timing
information is read

?th Nov, 2016
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first complete laser dato

observed laser hit timing

657

z 50 - Mean  239.8 « 0.04351
[Te) . «
s [ -l NS RMS  0.2958 = 0.00p556
O clear sharp peak o poeen | 6
o040 Overflow 0
L - O""O.] 6 NS 22 / ndf 10.8] /10
ol Prob 0.p681
O All channels (512 ch. 3 Consiant 405705
: Mean 239.7% 0.0
[ Sigma  0.1642 = 0.p108
are workin g. :
10 _—
obm Lo o L, o L o 1 g
238.5 239 239.5 240 2405 241
Hit timing [ns]

hit rate map (2D) it vt met for ModuleGo3

| s

9th Nov, 2016




18 /29

first complete laser dato
observed laser hit fiming _
N R Mean  239.8 = 0.0)1351
SFE1ns o] o
Oclear sharp peak 00160 K
OAll channels (512 ch.) ™t o ]

are working. pripr—

. 2 |2 e

OReflected signals were * it from itor
reflection

/

also observed. ‘
~30 ﬂSJﬂJ[‘
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hit rate map (2D)
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20

hit rate map for ModuleC03
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cosmic ray datfa
O timing distribution (fo frigger timing)
O clear hit peak of cosmic ray
Oreflection by the mirror is seen in the
expected fiming
élm; L \ .........
fo ‘5 \“h hit timing 3 hit timing
“F [ single peak - double peak
o 2 I -
Mgdufﬁ I N LN 4 R R

hit timing - ref timing [adc sample] hit timing - ref timing [adc sample] Jov, 2016
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cosmic ray data

TDC (ps)

Ocount # of hits in each event

O consistent with simulation
expectation (~20)
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module test schedule

Date (JST) | Major Activity
Mon Apr 18 FujiM16 Tao, Maeda  Drmitr, Kichimi, Umberto  Hulya
TueApr19  Install MO7 Tao, Maeda  Dmitr, Umberto Hulya

Wed Apr20  Install M14 Maeda Dmitri, Kichimi, Umberto  Hulya
ThuApr21  Install MO2M15 Maeda Dmitri, Kichimi, Ale Boqun

[ ) [ ] [ ] Fri Apr 22 Tsukuba M11 Maeda Dmitri, Ale, Umberto Boqun

O Testing should finish S
Sun Apr 24 Maeda Dmitr, Ale Hulya

Mon Apr25  Tsukuba M10 Maeda Kichimi, Ale Kichimi

g Tue Apr 26 Maeda Kichimi, Ale Hulya
IN S months S —c—
ThuApr28  Tsukuba M16 Tao, Maeda  Kichimi Kichimi

Fri Apr 29 Maeda Kichimi Hulya

Sat Apr 30 Maeda Hulya Hulya

I the 16 modul e T -

D O e O U eS MMy 2 st produdeion e Soen

Tue May 03 Maeda Ae Bryan

nin both Fuji and Tsukuba S ———

FUJI test s’ro nd Tsukuba test s’rawrowd

2 A
tested at the same time. 9th Nov, 2016



22 /29

INstallation
Bell2 Collaboration o

Installation Of The Belle || TOP Detector

OThe first module was et yivisawm
installed in Feb, and
the rest iIn Apr-May
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operation after installation

OMany components to be used in the
real exp't are available.

Oneed to find problems before
Installation of inner detectors

Oconcern . operation in the magnetic
field

Operformance of MCP-PMTs
Omechanical effect to PMTs

?th Nov, 2016
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operation in the mag.-field

—

O problems in the first magnet excitation

llllllllllll

llllllllll

force in 1.5-T field et

1111111111

—->motion of PMTs broke opftical
and electrical contant

_ oard stac
L | ! 2016.07-26 1054 14 = =
' P
20T il =
t“ |
) X

9th Nov, 2016



readout

CounTermeasure W% elec’rromcs
. ] I

O protection to the <i
movement in the I

_ mognehc field -

silicon rubber
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IN-situ cosmic ray do’ro’rdkmg )

O trigger counters were
prepared for the in-sifu
cosmic ray data taking

Oreuse of scintillator bars
and PMTs from the Belle
TOF counter

Onon-magnetic support structy

gtrigger rate
0 0.05 Hz in the 1.5-T field
O2-week data taking with the field

9th Nov, 2016
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cosmic ray data

O cosmic ray signals are
successtully observed in
both O-T and 1.5-T field

O no drastic drop

INn # of photons black : 0T

red: 1.5T7
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current status

O After the performance test in the
magnetic field, no serious problems
were found
—>inner detector (CDC) was installed

Belle2 Collaboration @ belle2collab - 10514 H

Belle Il Central Drift Chamber was
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summary and prospect

O PID is an essential part of flavor physics.

O The Belle Il TOP counteris a novel PID
defector, using propagafion time fo
reconstruct Cherenkov ring image

O We successfully finished detector
iInstallation and commissioning, where we
confirmed good

o Still, we do not succeeded in evaluation of
PID performance.
->Wwill be done in Belle Il global cosmic data
taking.

?th Nov, 2016



