Development and Construction
of the TOP counter
for the Belle II Experiment

Tomokatsu Hayakawa
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Belle = Belle II

~ >1000 fb-1

EJ Channel Belle BaBar  Belle II (per year)
BB 7.7 x10% 4.8 x 108 1.1 x 1010
J BYBY | 7.0 x 106 - 6.0 x 108
T 550 fb-" Y(1S) | 1.0x 108 1.8 x 1011
800 | o~ T(2S) | 1.7x10% 0.9 x 107 7.0 x 1019
_ | : | % T (39) 1.0 x 107 1.0 x 10% 3.7 x 1010
wol——+ gt S Y(5S) | 3.6 x 107 — 3.0 x 10°
| | 5 T 1.0 x 109 0.6 x 10° 1.0 x 1010

—

2000 2002 2004 2006 2008 2010 2012

> Belle IT Goal : 40 x present =4 x 10! BB pairs

» Accelerator upgrade (= SuperKEKB): Higher luminosity (x~40)
» Detector upgrade (= Belle II): Precise measurement
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{B B factories in the LHCera
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Unique capabilities of B factories:

zzzzz

» Exactly two B mesons produced (at Y(45))
» High flavour tagging efficiency
» Detection of gammas, s, K s
» Very clean detector environment
=>» can observe decays with several neutrinos in the final state)

» Well understood apparatus,
with known systematics, checked on control channels
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SuperKEKB
- Luminosity -

Peak Luminosity Trends (e'e” collider)
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il =< SuperKEKB
- Nano-Beam Scheme (1) -

> How to achieve L~103: “Nano-Beam” scheme
* double the beam currents
* squeeze vertical beta function (%) atIP (1/20)

o

Beam-Beam parameter
Lorentz factor \ Beam current /
~ I - R Geometrical reduction
L. — = :I:C(;y + L | factors: 0.8-1.0
lf) - = o

Vertical beta function

KEKDB Achieved SuperKEKDB X ~20
Encrgy (GoV) (LER/HER) 3.5/8.0 1.0/7.0
, 0.129/0.000  0.090/0.088 X ~2
By, (m) 5.9/5.9 0.27/0.41
arXiv:1011.0352 1.64/1.19 3.60/2.62 L
uminosity (107*em™s™ ") 2.11 80 €«—m — x ~40

® KMI topics ZoraroorT 5



® K

SuperKEKB

- Nano-Beam Scheme (2) -
KEKB (without crab) SuperKEKB

Beam Size @ IP 100pm(H) x 2um (V)  10pm (H) x 59nm (V)
Crossing angle 22mrad 83mrad

» Nano-Beam Scheme + a factor of 2 more beam current to increase luminosity
» Large crossing angle
» Change Beam energies to solve the probleam of short lift-time for the LER




SuperKEKB

i Bellell . Cdlldlng bunches B
o e -~

‘ New superconducting /

+ 36 ,q permanent final focusing

f\l quads near the IP
h ' ?1 ]

Add / modify RF systems
for higher beam current

Replace short dipdes
with longer ones (LER)

HHHHEH
j#HﬁﬁH#lerH Low emittance

positrons to inject
Redesign the lattices of HER & Darrping ring

LER to squeeze the emittance
TiN-coated beam pipe Low emittance gun
with antechambers Low emittance
electrons to inject

¢

Pasitron source

New positron target /
caphre section

[NEG Pump)
5\

To get 40x higher luminosity

[SR Channed]
[Boam Channel]
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- SuperKEKB/Belle |l schedule

Calendar 2010 2011 2012 | 2013 | 2014 | 2015 | 2016 | 2017
“Japan FY 2010 | 2011 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | -
ar. . an.
: :
/ SuperKEKB construction
1

Belle roll out

KEKB Dismantling KEKB l

Detector upgrade to Belle ||

operation

Fabrication and tests of ring components

Bedle Il roll in § VXD instal

Accelerator tuning
BEAST

Physics run

MR & DR
buildings

Electricity and
cooling facility

DR tunnel

SuperKEKB operation
l Install and set up

| Linac

Linac upgrade [/ operation for PF&PF-AR

Upgraded Linac operation
for SuperKEKB, PF, PF-AR




Timeline & goal
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Integrated luminosity
(ab™)
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Peak luminosity
(em2s7)

70¢

3 Goal of Belle 11/SuperKEKB

50;

40F- Plan to reach 50 ab™

30f- by end of 2022

20F-

10 E— 9 months/year
of Ee i ol o kil SFORNTIPOR
8 Commissioning starts
6 - in early 2015.

. utdown b
o upgrade Data-taking: |
2f—« » Oct. 2016 ,
N . [ . PSR 1
2%12 2014 2016 2018 2020 2022
Calendar Year
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Belle I

» Higher background (x20)
* Radiation damage, occupancy
 Fake hits and pile-up noise

» Higher event rate (x10)
* Levell trigger rate: 20kHz
« High performace DAQ

» Important improvements
*  Hermiticity for full reconstruction analyses
« P and secondary vertex resolution
* Ksand n’identification effciency
* Improve K/mt separation

» Detector components (arXiv:1011.0352)
 SVD:4DSSD lyrs = 2 DEPFET+4 DSSS Iryrs
* CDC: small cell, long lever arm
 ACC+TOF: TOP + Aerogel RICH
« ECL: waveform sampling
« KLM: RPC =» Scintillator + SiPM (endcaps)

® KMI topics

Detector upgrade
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¥s] PBelle II Detector

Belle I
Csl(Tl) EM calorimeter: ) 7 4 m RPC u & K, counter:

waveform sampling - ' -, , scintillator + Si-PM

electronics, pure Csl for end-caps
for end-caps e A

\

4 layers DS Si Vertex
Detector —

2 layers PXD (DEPFET)
4 layers DSSD

50m

i
0\’

%

ime-of-Flight, Aerogel
Cherenkov Counter —
4
parret),
prox. focusing Aerogel RICH
<l (forward) 7

This talk

Central Drift Chamber:
smaller cell size,
long lever arm
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o TOP counter

Belle I

“Quartz” ra?ﬁator (450mmWx2700mLx20mmT)
Read-out end <

(photo-detector) g

; \Mirror end

Internally reflected Cherenkov photons
Bounce off > 100 times at thelarge faces.

Channel Vs. time for 3GeV pions/kaons with beam test setup

time/ns

Erystal

cos®.=1/n6 / 2 I— K

Ay
8

TOF
» Separation power (S)

20

ATOF +ATOP = Vo2 + g2
o 19
TS
* Ndet: Number of photons detected (~20) :
Opp: time resolution (photo-detector + elec.) (~50ps) I: _ -
* Oy chromatic dispersion (>~50ps) T e w ow w
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image (1)

» Pattern in the coordinate-time space
(‘ring’) of a pion hitting a quartz bar.
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10

10

20

0 50
t(ns)
» Time distribution of singals recorded
by one of the PMT channels:
=>» Different for 1 and K
(~shifted in time)
40 50
t (ns)
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<= Optical components

Photo-detector Optical co upﬁ ng Optic G/ glue
(MCP-PMT) o
&
»{o 6‘
R=6500
0 100 mm
%2 0’&
5120.1 $
<—>
1250+ 0.5 mm 100+ 0.15 mm
100 +0. l/ 0.25 mm
74 144 y7i . ] V{4
. Pt vy Bar” x 2 Focusing Mirror
A-cut filter Prism g
7 20 ’;nc ~350 Tolerance Specification | Comments
E 200 ;— nm 517 (Datum A) | <63 pm Equal to 10 waves over full aperture of surface
> 10 GFOUp VE’!OCH’V Of h’ghf sz <6.3 pm Equal to 10 waves over full aperture of surface
::: = 537 (Datum B) | <6.3 pm Equal to 10 waves over full aperture of surface
180 S47 <6.3 pm Equal to 10 waves over full aperture of surface
150E < > . 857 (Datum C) [ <25 um Equal to 40 waves over full aperture of surface
1405 Filter FOCUSIHQ‘ mirror S8 <25 pm Equal to 40 waves over full aperture of surface
E 360 a0 500 &0 7da 6o 500 N ("12‘;0 §1/4/ 82 =4 arcsec 4 arcsec =24 micron runout over 1.25m
81| 88 =20 arcsec 20 arcsec = 2 micron runout over 20 mm
s6 81| 8¢ =20 arcsec 20 arcsec = 2 micron runout over 20 mm
S1_] 85 =1 arcmin 1 arcmin = § micron munout over 20 mm
$3 s1_1 s6 =1 arcmin 1 arcmin = § micron munout over 20 mm
sI 53/ 54 <60 pm 60 microns = 10 arcsec over 1.25 m as projected on datum
2 A note that an angular specification would over-constrain
s4 perpendicularity relative to 51
g3 s5 =20 arcsec 20 arcsec = 44 micron runout over 0.450 m; note that this
tolerance is comparable to the flatness of the surface S5
S5 53_| s6 =20 arcsec 20 arcsec = 44 micron runout over 0.450 m: note that this
tolerance is comparable to the flatness of the surface S6
55 /58 =20 arcsec 20 arcsec =44 micron runout over 0.450 m

» Very tight requirements on material quality and dimensional tolerances.

» Quality Control & Precise Assembly (to be established)
® KMI fopics 2014/06/11 @15
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<O QA: quartz bar (1)

Belle I

» Automatic scan system (Laser + PD)

Bulk transmittance (spec. >98.5%/m)

:1}‘|M'mll]}!;'l!ljwtmi*i}*lMM44r#jm}+q*+mtm+iWlll* :
1. o

b

[ a2 bio : 6 0 6000006000600 00a0
O = o o 0O0CO0O0CO00O00O0 E
o Q O O o ]
[} -
-t_.?.'-"’ _L___-'I"“ 99.2 -
M . 99.66+0.07%/m

M |
Internal reflectance (spec.>99.90% )
PD angle of
| |ﬂ R &

. N L
Mw/ {Jng‘;ﬂf "*I. '““'|n.‘“"“‘:".u.""“""!“"I .... l""! .... prestionen =“=.
/N incidence H N i :
| - . 99.95 +
A < ol “
= ' o Rﬂ .90 \ | ’
) ‘& . °. < g 1
> 3 § - ]f \i Z was
- g 2 , L ——3\ °
, N _Rr)=(-Rr)-FY- = 14 (Nh/L
(I, 1) (I o) EXPK AV + (Nh/L) /]

. o [99.971£0.013%

9.6 5 10 15 20 25 30 35
H Distance [cm|
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<o QA: quartz bar (2)

Belle I

Chip/scratch inspection system
» To check for damage during transportation/handling

Camera B : ’ e ‘

Specularly
reflected light

|| Half mirror

L J Quartz

» Semi-automatic scan system
® Coaxial episcopic illumination
® High-contrast chip images

® Chip size analyzed with
OpenCV-based softwares

® KMI topics 2014/06/11 @17
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aomd QA: prism / mirror

Belle I

th

» Mirror focal leng

Mirror surface

Laser —» \\

Scan

o .rrr - -
S |

EEE MSS 2013 i@ Seoul

Prism 449008 Angle

A-A Radii

s Prototype spec.:
r=5000 + 100 mm 7

-
2
=3

A
-
=
&

Vendor: r= 4960 mm

Ln
2
=

Radius [mm]
2

4700 i i i i i
o 0 40 =] an op 5 120

Beam Separation [mm]

18.0
- Prism 449008 Transmittance
Avg = 18.092 +0.006 99.88
?gEereerx y- | g 987 T = 99.845.40.022
A o
z-¢ stage ©18.093 9986
k] E 9985
[ QR L 101:7. S A R P S R S S QU AP R N N N ) A R I e R
i n = 99.84
Prism on o P
250mm travel x- | o 18091 99.83
2 99.82
stage and 2 10000
| 25mm z-stage Beam Height: 30.50 + 0,38 mm from 53 981 1 2
1 20 a0 0 80 100 120 140 1s0 180 Trial

Position from S6 [mm]

Beam steering
mirror

» Acceptance test system @ UC: working well

® KMI topics
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Gluing succeeded
under clean-room conditions

(class 100-1000)

® KMI topics 2014/06/11 @19
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yommd Quartz procurement

Belle I

> 16 + 2(spare) sets of the components to be produced
* The first set has been delivered & tested
* No problem on packing and transportation
* 2bars, 4 prims and 1 mirror pass acceptance tests.
=> All quartz optics for the first TOP module: Ready for assembly

I [ T

Delivered 2
Tested 1 1 4 2

* 4 bars will be delivered & tested in June.
=> 4 sets of quartz optics will be ready for assembly this summer.

» The delivery schedule has been significantly delayed.
* Delayed 3-8 months.
* Grinding process didn't go well...

» Module assembly procedure has been revised to catch up the original schedule.
* Multi vendor production

« Two TOP assembly lines
® KMI topics 2014/06/11 @20
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vy Photodetectors (MCP-PMT)

977 5 » MCP-PMT
¢ Square-shape to minimize the dead space
« High-gain for single photon detection
= 2x10%at nominal HV
Fast time response
=>» Transit Time Spread (TTS) <50ps

Belle I

10 mm « High quantum efficiency (QE)
27.5 mm > QE >24% (a.v. 28%) @ A=380nm
«~3400V > * Low dark noise rate
= <100kHz

Operativein 1.5 T

SL-10 specification

=—=—00q

ei !

® KMI topics 2014/06/11 @ 2]

Photo-cathode NaKSbCs
Anode 4x4
Collection efficiency  50-55%
Nominal HV ~3.4kV
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vy M CP-PMT measurement (1)

| QE distribution of JT0959 |

Belle I

» Quantum efficiency (QE) b
g [
 Photocathode currenet measurement 20;// \‘\\
- N
— 15F
QEpscp = Ingcp / 1op X QEpp 5 N
10f <<
Pasition scan Iﬁg'ﬁ'ﬁieﬁ“t spot 5 i
| | 0306350400 450 500" 250 600 850
_ D filker x@ iﬁ’ﬁp‘ Wavelength (nm)
IMICP-PIVP [ Output charge distribution (JT0723 ch1) |
]F)Ih ,,,,,,,,, l ,,,,é % 350? Signal
N6 Entries 9627
- 5C ﬁ’téi’; S *00F Gain=(2 015 0.02)< 10° | &S0 289
- S 250F ' )
Light spat Monechromator 8. F _Pedestal
Miarker < 1 e ihisiml anath ersR E ?zgé Mea: 1455005
» Gain and Timie Transit Spread (TTS) 100f
501

« Single photon measurement

LS R | ¥ S R ¥ a—
Output ch C
Reference PMT utput charge (pC)

Entries 1986

TDC after TWC TDG

(400 nm) Slit~ Slit 250F | 4524037

ND filters
MCP PMT . A Fie ey
HV | HV scan i ?f;[ o (g1 427
PUlse Ia . £ { 002+ 0,043
300 % 1.381+ 0.037
E 11 2479+ 0461

200F
Light spcr Position scan —3dB %60 4oL o,,,~(3453+0.92) ps
=1lmm Thr. 10 mV 100E
50F
® KM topics 961070710 2030 40 50”60 7080

TDC (x25ps)



=4 MCP-PMT measurement(2)

Belle IT
T. Yonekura, TIPP2014
» Testin magnetlc field @ KEK = Relative gain
. . & 25F
B 90F COHVEHII(;HSBS\G s 100PMTs ALD
2 g0l s S (400ch) Conventional
il igf e “ 201 Mean: ~0.63 oy ch
s0E- EmrieéLD 304 15i 2(282?:’2;3
50E- RS, S [ Mean: ~0.30
40; ch by ch 10:7
s0F- 96PMTs [Reatirement] Gain in 15T
206 19PMTs 5 “Gainin 0T
10F- i (~2x108)
BTE R s 0 4 50 55w 81”02 03 04 05 06 07 08 08 1
TTS(ps) Relative gain

 TTSin 1.5T: ~40ps
* Gain in 1.5T: enough to detect single photon
* Measurement underway

» Photocathode lifetime improvement

g 1.05| - Lifetime Tesult » Lifetime depends on output charge
2 il « Conventional PMT: ~0.5-2C/cm?
gosst iy « ALD-PMT: > 3C/cm?
“ 09814 e ) ' e

0.85 - il Fg

08 i (c.f.) 2-4C/cm?/50ab! at 5x10° gain

075 - : => The lifetime to be improved further

0.7E ~1 C/em2—>3 €/cm?  |Conventional

0 655' B (p?n.v?n.ti(.)qai)_) (ALD) ALD

0 2 4 6 8 104,15 charge (c/em2) 2014/06/11 23




g \[CP-PMT mass production

Belle I

» 32PMTs/ module =» 512PMTs / 16 TOP modules
» About 50% of the PMTs will be ALD-MCP-PMTs
» Conventinal MCP-PMTs will be used in half-gain operation
* The lifetime is expected be ~2 C/cm?2.
 Still need PMT replacement procedure.
» PMT measurements / inspections are in progress.
 QE measurement: 474
* Gain, TTS measurement: 324 (ALD: 80)
* Gain measurement in 1.5T: 122 (ALD: 22)
 TTS measurement in 1.5T: 117 (ALD: 19)

® KMI topics 2014/06/11 @24
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¥ Front-end Electronics (1)

Belle I

OP Readout

<= 50ps single photon timing COPPER

FINESSE

BLAB waveform
sampling ASIC

Giga-—bit Fiber

6 _1 SR_\ I Transceiver Links

Subdetector Readout Module

[ Sl —
Timing
SN prve ool
ASICs

< _f FPGA
. L1 G.Q.
2

m

‘.\n se0

ﬁw-&

8 COPPER

or ADCS
On or in Detggfor

FPOA Bmnvase gfnssts ol 3 pasts

[ADYdnver (comamon
I'nggegfature extruct (subdet. specific)

8k chankels

3) Ui DAQ transport protocol

Digital control '

1k 8-ch. ASICs

(SCROD)

R "

— N FTSW clock.
trigger.
programming

FTSW
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yoamd Front-end Electronics (2)

Belle I

» High-speed waveform sampling ASICs (“IRS”)
* Developed by Univ. of Hawaii.
» Targeting the timing jitter o < 50ps
* Hardware/firmware/Mechanics development
= 0~60ps with the intermediate board stack
=» Various calibrations and updates are necessary.

LEPs Beam Test Electronics: Intermediate: Final Electronics
e |RS3C/Spartan 6 FPGA e POGO pins e POGO pins

o |RS3C/Spartan 6 FPGA o |RSX/Zyng SOC

2014/06/11 @26
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Mechanics — QBB-

» Quaartz Bar Box (QBB)
» Module container

* Aluminum Honeycomb panels

* PEEK material to support the quartz optics
» Final prototyping / producting: on-going

* Prism/front-end closure

* Optical coupling

* Gas sealing

2014/06/11 @27
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» Guide pipe deflection coupled to strong

Dummy QBB w/ SB (in situ)  pack and QBB because of rigid coupling of
T _g ' T sliders on guide pipe during this test
2,1\ et
L & \Y/ » Design modified to provide clearance so
2 g angle of sliders is not transferred to QBB
§ 10 < -
-12 » New SB =» Maximum deflection
0 10Wsition [AIAP 3000 (simple support at ends) <0.8 mm

» Sliders also modified to minimize the sag.

® KMI topics 2014/06/11 @29



and Beam Test @ SPrmg -8/LEPS (1)

Setup for IRS3B E_.perlment 3 (cose 0.43)
"A- Ay =R 3
g

v\‘——,_‘,

Belle I

» Performace studies using 2GeV/c e+
» Full-scale prototype
» almost the final optics
» 32PMTs for full photo-coverrage
> Two types of front-end electronics
* IRS3 (baseline)
* (conventional) “CFD” modules

TOF wall

TOP counier

Drift chambers
Pb target

(1.5 mm)
Laser (351 nm) ’7‘ ‘
j\F

' ' ¥ (< 2.4 GeV) . | |
Back Compton |
scattering h .

¥ rate: 10k—1M cps (adjustable) Dipole magnet
(0.7T)

TOF counters

TOP counter
TOF

I- Rate monitor
- R H ........ gh-@ - -~ Triggeredthe2GeV/ce’beamwith 5 “IRS3B”: Based on a waveform-sampling ASIC

A T the four trigger c;:unlers N 4x10° samples /sec.
= - o Etwo 40_x~40 mm* and two 5 x 3 mm®) » “CFD”: Based on constant fraction discriminator
- SciFi tracker x/y | y rate: ~30 kHz )
2| pC2 DC3 SciFi tracker x/y « Trigger rate: ~10 Hz MCP-PMT 16 channels are merged into
» DAQrate: ~5 Hz (IRS3B) 4 at the MCP-PMT socket (o ~ 50psec.)
y Floor ~10 Hz (CFD)

® KMI fopics 2014/06/11 @30
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yvamd Beam Test @ SPring-8/LEPS (2)

Belle I

Data (IRS3) MC (IRS3)
- . _ _ | __60 e
£ 2 3 ¥
E.-70 E
80 __
40
90 il

-100 i

-110

i
0 100 200 300 400 500 0 100 200 300 400 500

Channel Channel

» Cherenkov Ring Image (preliminary)
e  Beam conditions: cos6 =0, x =0
*  Time resolution: 156ps (Time jitter (IRS3B) ~ 100pszowoé/H .

® KMI topics
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poamd Beam Test @ SPring-8/LEPS (3)

Belle IT
ch 64
L ch 34
400 n =
- c0s6=0.0 i cos0=0.4
- 1000\
300/ |
: Data(CFD) : Data(CFD)
200;, MC o
100 i
00_ 10000 50000 I‘ ‘“" “ 000 % e 00
nhit
[ c0s0=0.0 it
o 5 c0s0=0.4
s00k- X 15000[
: Data(CFD) , Data(CFD)
400~ MC 10000:— MC
200 5000
05— —=20 40 &0 oL

0 20 40 60

» Data taken with CFD modules
»  Time resolution: 110-120ps
® KMI fopics » Good agreement between data and MC 2014/06/11 @32
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o

Belle I

Physics Performance

£ .

Decay mode n efficiency with f n efficiency with n efficiency with
2% K fakes m rate 4% K fakes m rate 4% K fakes m rate
100ps electronics | 100ps electronics | 50ps electronics
jitter jitter jitter

B=>mmy vs Kny 84.28 +/-0.91 94.13 +/- 0.57 93.22 +/- 0.52

B*=2py vs K*y 80.71+/-1.07 93.19+/-0.67 92.55 +/- 0.62

BY=2py vs K*y 81.50+/-0.78 92.63+/-0.49 92.13 +/- 0.46

B+=>mnnd vs Ky 83.55+/-0.76 94.03+/-0.46 93.47 +/- 0.43

BO=mmmy vs Koy 79.50 +/- 0.67 91.48+/-0.45 92.56 +/- 0.38

B*=2>nman% vs Knx® | 75.00+/-0.72 90.50 +/-0.44 91.01 +/- 0.38

BO = mammy vs Krmoy 76.33+/-0.37 \ 90.00+/-0.33 192.20 +/-0.31

S A

» TOP Beam Test performance implemented in BASF2 for Belle II Physics Studies
=>» Negligible improvement from electronic resolution 100ps =» 50ps

(Beam test performance adequate to do 1-2% measurement of |V 41/ V1)
® KMI fopics 2014/06/11 ©33



- Quartz/ QBB

Belle II

Clean room 1
Ire winaing machine etc.

ATLAS immovable devices ®

Clean booth 2

Quartz testing

>000

Quartz storage

A

Buffer
room 2

3700
2500

oy o

> Belle II TOP fabrication line constructed @ KEK-Fuji
» Class 100-1,000 large cleanrooms
» Quartz testing / handling / assembly procedures: well established
» Quartz Bar Box assembly under preparation

® KMI topics 2014/06/11 @34
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yoamd PMT module assembly

Belle I

» PMT module 4 MCP-PMTs
S— A-cut filter

> Ontical coupling

MCP-PMT Wavelength cut filter
|

L pr
prism - |:|

Silicon rubber

~1.5kgf/PMT

. , . Clean bench for optical cookie &
» TSE3032 silicon rubber: optical cookie PMT module @ KEK

« Easy to remove MCP-PMTs from quartz prism
» Procedures for optical coupling are being finalized.

® KMI topics 2014/06/11 @35



3 Access Window/Hatch

i
PMT module

TOP module

» PMT modules/Readout blocks to be assembled from Access Window
* C(lean env. (~class 1,000) needed to install PMT modules (contacting to prism).
=>» Class 1,000 clean booth prepared.
» Access Hatch to replace/(re)install PMT modules / readout blocks (in-situ).

 The details of the procedures to be tested.
® KMI topics 2014/06/11 @36



ey Cosmic Ray Test (CRT)

Belle I

Cosmic Ray Test stand @ Fuji | 5 Cogmic Ray Test stand for the Belle II TOP counters
v Muon filter (3~0.999) _
\ =2 GasChe, Range Stack =
! v Timing/trigger counter
=>» Belle TOF (custom) |

v’ Stand ok
= ~2-4 TOP module s oiﬂn g Itk

L n I I 1 I
0 10 20 30 40 50 60, vel & phmgo

Data(CFD)

CO2 GasC

Trigger/Timing

counter (0~40ps) Number of photon hit

= * Upgrade: on-going
‘ | * Muon Tracker
(Dummy)TOP > ATLAS Drift Tube
| « Stand, module handling

Range Stack

+ Slow control/monitoring
(Steel, Tm) * Quartz
* Gas

TOF counter * (leanliness

ATLAS

Drift Tube
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e CRT w/ “IRS” readout

® KMl fopics will start shortly.



(1) Class 100-1000

clean room
for Quartz
(2) PMT assembly =
Space B
(3) Mechanics / Readout
Electronics

15t TOP module assembly is scheduled to start this summer
® KMI topics 2014/06/11 @38
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< Summary

Belle I

> 15t full scale prototype of the Belle Il TOP counter successfully
assembled @ KEK-Fulji.
» Performance of the prototype counter tested using
2GeV/c e+ beam at LEPS and cosmic muons at KEK.
 Several feed-backs have been obtained to the front-end
electronics and the opto-mechanical components.
» Production of the MCP-PMTs is going well.
 Inspection procedure is mostly established.
» Mass production of the quartz optics in progress
« Acceptance testing: on-going @ KEK and Cincinnati.
* Procurement schedule still notional.
» Detecotr development / assembly procedures are being finalized.
« Turning into the construction phase targeting the installation in
Feb./Mar. 2015.
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Complementary to LHCDb

Uih=ervable bixpected th. | Expected exp. bacility
BICCUTRCY uncertainty

CEM matrix
Via| [/ — mie] A 0% K -factory
Val [B — At R L%
Vil [By — =év] " 47 |
sin|2a ) [efl D i B - 10 JLH
3 1.5° belle L1
iy wh 3~ LHCIs
CPV
S8, »rud) i 0.0l LHCh
S(B., —+ d) e .05 LECH
S8y —+ ) shad s Belle 11/LHCH
S(Bs —+ 'K b 002 ol
S(Ba » K*( + Kin")) i 0.03 Bollc 1T
5B, = o)) = 0,05 LHChH
S(Ba —+ 7)) 0.15 Belle 1
-1::.,_ ik R LHCH
A%y Bhe LI LHCh
.-"If_u-lfﬂd — &%) " LLIMIG Bedle 11

. TR 1|r"|'ﬂ.:||!'=
BlH — T E e 31
B — [k R
Bl Hy — qur) o i I 1
BB, — ug) T 10% LHC
pern o Apm(B — K pp) ¥ (035 LHCL
BB - K" = B [ '.
BB — & 17 Belle 1
B(B, — ) 0.25.107% | Belle IT (with 5 sb—!)
BN — i) B 1% K -factory
B(K — exv)/B{K — pmv) e 0.1% K -factory

" charm and 7

BT = ptv) = 3.10°7
2/PleMI topics LA
arg(q vl o e 1.5%

->Need both LHCb and
super B factories to cover
all aspects of precision
flavour physics

adapted from G. Isidori et al.,
Ann. Rev. Nucl. Part. Sci. 60, 355

(2010)
B. Golob, KEK FF Worksho

Feb. 2012 2014/0851 42 g



Power of ete-, example:
Full Reconstruction Method

e Fully reconstruct one of the B mesons to
— Tag B flavor/charge
— Determine B momentum
— Exclude decay products of one B from further analysis

Decays of interest
B->X, | v,

<:| B2>Kvv
B->Drtv

(BGEVJ

Y(4

reconstruction
.c‘." =lis B>Dr etc. (0.1~0.3%)

= Offline B meson beam!

Powerful tool for B decays with neutrinos
KMI topics 2014/06/11 43 g9



