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Belle à Belle II	


p The Belle experiment finished data 
taking at Jun, 2010 
àupgrade to Belle II is on-going 

p Belle II 
p ×40 luminosity by accelerator upgrade 

(KEKB à SuperKEKB) 
p integrated lumi. : 1 ab-1(Belle) à 50 ab-1 

p detector upgrade 
p outer structure is reused 
p to handle higher rate 

and improve performance 

3 / 29 

9th Nov, 2016 



KMI topics 

Particle ID in Flavor Physics	


p B mesons have various 
decays modes 

p need to identify particle 
flavor of each observed 
track to examine various 
B meson decays precisely 
p example of problematic cases 

p BàKπ / Bàππ
p BàK*γàKπγ / Bàργàππγ
p smaller decay rate 

in pion modes (|Vub|) 
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Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016)

ACP (B+ → pΛπ0) = 0.01 ± 0.17
ACP (B+ → K+ ℓ+ ℓ−) = −0.02 ± 0.08
ACP (B+ → K+ e+ e−) = 0.14 ± 0.14
ACP (B+ → K+µ+µ−) = 0.011 ± 0.017
ACP (B+ → π+µ+µ−) = −0.11 ± 0.12
ACP (B+ → K∗+ ℓ+ ℓ−) = −0.09 ± 0.14
ACP (B+ → K∗ e+ e−) = −0.14 ± 0.23
ACP (B+ → K∗µ+µ−) = −0.12 ± 0.24
γ(B+ → D(∗)0K (∗)+)γ(B+ → D(∗)0K (∗)+)γ(B+ → D(∗)0K (∗)+)γ(B+ → D(∗)0K (∗)+) = (70 ± 9)◦

γ(B+ → D K+π−π+, D π+π−π+) = (74 ± 20)◦

B− modes are charge conjugates of the modes below. Modes which do not
identify the charge state of the B are listed in the B±/B0 ADMIXTURE
section.

The branching fractions listed below assume 50% B0B0 and 50% B+ B−

production at the Υ(4S). We have attempted to bring older measurements
up to date by rescaling their assumed Υ(4S) production ratio to 50:50

and their assumed D, Ds , D∗, and ψ branching ratios to current values
whenever this would affect our averages and best limits significantly.

Indentation is used to indicate a subchannel of a previous reaction. All
resonant subchannels have been corrected for resonance branching frac-
tions to the final state so the sum of the subchannel branching fractions
can exceed that of the final state.

For inclusive branching fractions, e.g., B → D± anything, the values
usually are multiplicities, not branching fractions. They can be greater
than one.

Scale factor/ p

B+ DECAY MODESB+ DECAY MODESB+ DECAY MODESB+ DECAY MODES Fraction (Γi /Γ) Confidence level(MeV/c)

Semileptonic and leptonic modesSemileptonic and leptonic modesSemileptonic and leptonic modesSemileptonic and leptonic modes
ℓ+νℓ anything [a] ( 10.99 ± 0.28 ) % –

e+ νe Xc ( 10.8 ± 0.4 ) % –
D ℓ+ νℓ anything ( 9.8 ± 0.7 ) % –
D0 ℓ+νℓ [a] ( 2.27 ± 0.11 ) % 2310

D0 τ+ντ ( 7.7 ± 2.5 ) × 10−3 1911

D∗(2007)0 ℓ+νℓ [a] ( 5.69 ± 0.19 ) % 2258

D∗(2007)0 τ+ντ ( 1.88 ± 0.20 ) % 1839

D−π+ ℓ+ νℓ ( 4.2 ± 0.5 ) × 10−3 2306

D∗
0(2420)0 ℓ+ νℓ, D∗0

0 →

D−π+
( 2.5 ± 0.5 ) × 10−3 –

D∗
2(2460)0 ℓ+ νℓ, D∗0

2 →

D−π+
( 1.53 ± 0.16 ) × 10−3 2065

D(∗)nπℓ+ νℓ (n ≥ 1) ( 1.87 ± 0.26 ) % –
D∗−π+ ℓ+ νℓ ( 6.1 ± 0.6 ) × 10−3 2254
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BðB ! ð!; !Þ"Þ
BðB ! K#"Þ ¼ 0:0284% 0:0050þ0:0027

'0:0029; (3)

where the first and second errors are statistical and system-
atic, respectively.

Using the prescription in Ref. [6], Eq. (3), for example,
gives jVtd=Vtsj ¼ 0:195þ0:020

'0:019ðexpÞ % 0:015ðthÞ. This is
consistent with determinations from B0

s mixing [14], which
involve box diagrams rather than penguin loops. We also
find BðBþ ! K#þ"Þ ¼ ð384% 17Þ ( 10'7 and BðB0 !
K#0"Þ ¼ ð378% 8Þ ( 10'7 (statistical error only), in
agreement with the world average.

From Table I, we calculate the isospin asymmetry
!ð!"Þ ¼ #

B0

2#Bþ
BðBþ ! !þ"Þ=BðB0 ! !0"Þ ' 1 and find

!ð!"Þ ¼ '0:48þ0:21þ0:08
'0:19'0:09: (4)

The result is in agreement with the previous measurement
[3] and is only marginally consistent with the SM expec-
tations [6,7].

We also calculate the direct CP-violating asym-
metry ACPðBþ ! !þ"Þ ¼ ½Nð!'"Þ ' Nð!þ"Þ*=
½Nð!'"Þ þ Nð!þ"Þ* using a simultaneous fit to Bþ !
!þ" and B' ! !'" data samples. We consider system-
atic errors due to the fitting procedure, asymmetries in the
backgrounds, and possible detector bias estimated using a
B ! D$ control sample. We use the measured asymme-
tries [14] for Bþ ! K#þ", !þ$0, !þ%, and B ! Xs" and
assume up to 100% asymmetry for other charmless had-
ronic B decays. We find

ACPðBþ ! !þ"Þ ¼ '0:11% 0:32% 0:09: (5)

The result is consistent with the SM predictions [6,16].
In conclusion, we present a newmeasurement of branch-

ing fractions for B ! !" and B ! !", a measurement of
the isospin asymmetry, and the first measurement of the
directCP-violating asymmetry forBþ ! !þ". The results
are consistent with SM predictions. We improve the ex-
perimental precision on jVtd=Vtsj determined from penguin
loops, finding good agreement with the value determined
from box diagrams [14].
We thank the KEKB group for excellent operation of the

accelerator, the KEK cryogenics group for efficient sole-
noid operations, and the KEK computer group and the NII
for valuable computing and SINET3 network support. We
acknowledge support from MEXT and JSPS (Japan); ARC
and DEST (Australia); NSFC and KIP of CAS (China);
DST (India); MOEHRD, KOSEF, and KRF (Korea); KBN
(Poland); MES and RFAAE (Russia); ARRS (Slovenia);
SNSF (Switzerland); NSC and MOE (Taiwan); and DOE
(USA).
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FIG. 2 (color online). Projections of the fit results to Mbc (in
j!Ej< 0:1 GeV and 0:92 GeV=c2 <MK$) and !E (in
5:273 GeV=c2 <Mbc < 5:285 GeV=c2 and 0:92 GeV=c2 <
MK$) and for B0 ! !0", MK$. Curves show the signal (dashed,
red), continuum (dotted-dotted-dashed, blue), B ! K#" (dotted,
magenta), other backgrounds (dashed-dotted, green), and the
total fit result (solid).

PRL 101, 111801 (2008) P HY S I CA L R EV I EW LE T T E R S
week ending

12 SEPTEMBER 2008

111801-5

signal	


BàK*γ BG	


from Review of Particle Physics, 
~15 pages for B+	


PRL101 111801	
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energy frontier case	


p high energy pp collision 
(ATLAS, CMS,…) 
p Most hadronic objects 

are observed as a 
bundle of particle tracks (jet) 
àdo(can) not identify particle flavor 
track by track 

p leptons (especially muons) 
are identified track by track  
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PID algorithm in general	


p muon 
p penetrating track through 

the outer detector 

p electron 
p energy in calorimeter (E/p) 

p hadrons (protons, kaons, pions) 
p time of flight, dE/dx à protons 
p Identification of high-p kaons and pions is 

achieved with dedicated PID detectors.  
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Fig. 5. Time resolution for !-pair events.

Fig. 6. Mass distribution from TOF measurement for particle
momentum below 1.2 GeV/c.

3.2. Calibration and time resolution using !-pair
events

Muons from 150 K !-pair events corresponding
to an accumulated luminosity of 250 pb!" are used
for calibration. Electrons in Bhabha events are fre-
quently accompanied by back splash from the CsI
calorimeter behind the TOF counters and thus do
not simulate hadrons as reliably.

The following empirical formula is used for the
time walk correction to get a precise observed time:

¹!"#
$%&

"¹
'("

!(z/<
)**

#S/!q#F(z)) (1)

where ¹
'("

is the PMT signal time, z is the particle
hit position on a TOF counter, <

)**
is the e!ective

velocity of light in the scintillator, q is the charge of
the signal and S is the coe$cient of time walk, and

F(z)"!#$
"
!#%

A
!
z!. (2)

The coe$cients, 1/<
)**

, S and A
!

for n"0}5 are
determined by minimizing residuals de"ned as
dt"¹!"#

$%&
!¹

+'),
for all available TOF hits. Here,

¹
+'),

is the time of #ight predicted using the track
length calculated from the "t to hits in the BELLE
CDC. The optimization can be done for all PMTs
together or for each PMT separately.

Fig. 5 shows time resolutions for forward and
backward PMTs and for the weighted average time
as a function of z. The resolution for the weighted
average time is about 100 ps with a small z depend-

ence. This satis"es the design goal, and we expect
further improvement. The distribution of the "tted
residuals dt shows an oscillatory behavior of ampli-
tude of $25 ps as a function of z after calibration.
This indicates the "fth-order polynomial F(z) does
not match the data well, and a better choice of the
formula may give us further improvement.

3.3. #-/K- separation

Fig. 6 shows the mass distribution for each track
in hadron events, calculated from Eq. (3). The par-
ticle momentum P and path length ¸

+(!.
to the

TOF counter are from the CDC track "t assuming
a muon mass and c is the light velocity:

mass&"! 1
"&

!1"P&"!!c¹!"#
$%&

¸
+(!.
"

&!1"P&. (3)

There are clear #, K and proton peaks. The
data points (circles) are in good agreement with
the MC prediction (histogram) [9], assuming
#
'()

"100 ps.
When the time walk correction (TWC) coe$-

cients optimized for !-pair events are applied to
hadron events, we observe a systematic deviation of
dt, which is about !30 ps for kaon tracks. There-
fore, the TWC coe$cients are corrected for
!30 ps when they are applied for hadron events.
Fig. 7 shows the dt distribution as a function of
particle momentum for #, K and proton after this
correction. Di!erent behavior patterns are seen for

318 H. Kichimi et al. / Nuclear Instruments and Methods in Physics Research A 453 (2000) 315}320

π	


K	
 p

tools to identify particles	


p Time Of Flight 
p TOF = L/v 

p dE/dx (energy loss) 
p Bethe-Bloch formula 

p Cherenkov radiation 
p cos θ = 1/(nβ) 
p radiator is chosen 

for mom. range of interest 	
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θ	
v	


β=v/c>1/n	


TOF distribution 
in Belle (<1.2 GeV/c)	


ionizing pion, Bhabha or m-pair tracks, respec-
tively.

The likelihood for each particle is defined
assuming Gaussian distribution for dE=dx dis-
tribution:

PCDC
i ¼

e"w2i =2
ffiffiffiffiffiffi

2p
p

sdE=dx

where sdE=dx is resolution of dE=dx and w2i is
defines as

w2i ¼
ðdE=dxÞmeas: " ðdE=dxÞi

sdE=dx

" #2

where ðdE=dxÞmeas: is the measured energy-loss
and ðdE=dxÞi is the expected energy-loss for the ith
particle species (e, m; p; K or p).

2.2. Time-of-flight

The ToF system is installed in the Belle barrel
region and consists of 128 plastic scintillation
counters viewed by 2-in. fine-mesh PMTs at each
end. The obtained ToF resolution is less than
100 ps which provide 3sp=K separation below
1:2 GeV=c: Fig. 2 shows the ToF resolution as a
function of hit position.

The likelihood of the ToF system is defined
assuming Gaussian distribution for ToF distribu-
tion. The time difference from the expected time
assuming ith particle is defined as Dk

i ¼ tkmeas: " tki ;

where k is 0 or 1 which indicates PMT of two ends
of a ToF counter. The w2 is defined as w2i ¼
DT
i E

"1Di; where D is a vector whose element is Dk
i

and E is a 2% 2 error matrix. Then the likelihood
is defined as

PToF
i ¼

e"w2i =2

Qndf
l¼1

ffiffiffiffiffiffi

2p
p

sToF

where sToF is ToF resolution.

2.3. Aerogel Cherenkov counter

The ACC consists of 1188 counter boxes and is
divided into the barrel part and the forward
endcap part. The counter itself is silica aerogel
which is the colloidal form of SiO2: Each counter
box is viewed by one or two fine-mesh PMTs.
Momentum of decay products of B-pp or
B-Kp strongly depends on its polar angle. Since
the refractive index is optimized to separate these
two decay modes, the refractive index of aerogel of
the barrel part depends on the polar angle. For the
forward endcap part, refractive index is tuned for
flavor tagging. Since there is no ToF counter, ACC
has to cover a lower momentum region.

Fig. 3 shows the number of photo-electron (Npe)
distributions for each refractive index.

The likelihood of ACC for each particle species
(PACC

i ) is determined from these Npe distributions

Fig. 1. dE=dx vs log10 p plots for electron, pion, kaon and
proton.

σ(ToF) vs. Zhit

-70 -30 10 50 90 130 170
Zhit (cm)

0.05

0.10

0.15

0.20

0.25

σ
(T

O
F)

 (n
s)

Forward endBackward end
The weighted average of both ends

Fig. 2. ToF resolution vs hit position. Triangle shows resolu-
tion using only forward PMT. Reverse triangle shows resolu-
tion using only backward PMT. Circle shows resolution using
both forward and backward PMTs.

E. Nakano / Nuclear Instruments and Methods in Physics Research A 494 (2002) 402–408 403

Belle dE/dx 
in CDC	


pK	
π	

NIMA494 402-408	
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Cherenkov radiation for PID	


p threshold type 
p use Cherenkov threshold; 

see “hits” or “no hits” 
p ex) Aerogel Cherenkov 

Counter (ACC) in Belle 

p ring imaging Cherenkov counter 
p measure the Cherenkov angle to get 

velocity information 
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Fig. 4. Relative gain of FM-PMTs in a magnetic field when they
are placed parallel (03) or tilted by 303 w.r.t. the "eld direction.

Fig. 5. Pulse-height spectra (in units of photoelectrons) ob-
served by the barrel ACC for electrons and kaons. Kaon candi-
dates are obtained by dE/dx and TOF measurements. The
Monte Carlo expectations are superimposed.

Fig. 6. The average number of photoelectrons !N
!"

" for each
(a) counter row in the barrel ACC and (b) layer in the endcap
ACC.

with a bialkali photo-cathodes and 19 "ne-mesh
dynode stages. The diameter of e!ective photo-
cathode area is 39 mm, 51 mm and 64 mm for 2, 2.5
and 3 in. tubes, respectively. A typical quantum
e$ciency of the photo-cathode is about 25% at the
wavelength of 400 nm.

The gain of a FM-PMT decreases as the mag-
netic "eld strength increases, as shown in Fig. 4.
The reduction of gains at 1.5 T is &10!" and
&10!# when the angle between the PMT-axis and
the "eld direction is 03 and 303, respectively. The
FM-PMTs for the BELLE-ACC use "ner meshes,
and have about 10 times higher gains than conven-
tional ones [8].

The FM-PMTs are operated at more than
&1!10$ gains, with cathode-to-anode high volt-
age of about 2300 V. The output signal is ampli"ed
by a fast linear ampli"er to yield more than 5!10%
e!ective gains.

3. Performance in collision data

The BELLE-ACC, both the barrel and endcap
parts, was constructed, installed into the BELLE
detector successfully by December 1998, and then
the initial calibration of the detector was carried
out with cosmic rays. The BELLE detector has
been rolled into the interaction point and commis-

sioned with e!e! beams since May 1999. In this
section, performance of the BELLE-ACC obtained
from early BELLE physics runs, are brie#y
reviewed.

Fig. 5 shows the measured pulse height distribu-
tion for the barrel ACC for e# tracks in Bhabha
events and also for K# candidates in hadronic
events, which are selected by TOF and dE/dx
measurements. The "gure demonstrates a clear
separation between the light-velocity and below-
threshold particles and also excellent agreement
between data and Monte Carlo simulations [9].

Nima=24058=HR=VVC

324 T. Iijima et al. / Nuclear Instruments and Methods in Physics Research A 453 (2000) 321}325

Belle ACC	


NIMA453 321-325	
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123

28

direction the thickness of drift cells ranges from 15.5 mm
to 17 mm. In the innermost layers the cells are smaller
and signals are read out by cathode strips. Staggering of
the neighboring radial layers within a super-layer in the φ
direction by half cell helps in resolving left-right ambigu-
ities.

The CDC read-out electronics consists of Radeka-type
pre-amplifiers which amplify the signal and send it to mod-
ules performing shaping, discrimination and charge(Q)-to-
time(T) conversion. These modules are placed in the elec-
tronics hut and are connected to pre-amplifiers via ∼30 m
long twisted pair cables. The technique used is a simple
extension of the ordinary TDC/ADC readout scheme, but
allows Belle to measure both, timing and charge of the sig-
nals, using multi-hit TDC’s only.

In summer 2003, the cathode part, which corresponds
to the inner most three layers, was replaced with a new
chamber in order to provide space for SVD2. The new
chamber consists of two layers with smaller cells about
5 mm × 5 mm due to limited space and reducing the
occupancy. The maximum drift time becomes shorter; less
than 100 nsec in the 1.5 T magnetic field.

The high voltage applied to the sense wires was kept for
11-years of operation without serious radiation damage.
After detailed alignment and calibration, the overall spa-
tial resolution is around 130 µm, as expected. The track-
ing system consisting of the SVD and CDC provides rather
good momentum resolution, especially for low-momentum
tracks thanks to the minimization of material inside the
inner radius of the CDC:

σpT /pT = 0.0019pT ⊕ 0.0030/β [pT : GeV/c].
The resolution on dE/dx, which is important for PID,

was 7% for minimum-ionizing particles. The r−φ trigger
of the CDC provides a highly efficient and reliable trigger
signal. The z trigger that uses the cathode strips works
well in reducing the rate of the charged trigger by a factor
of three without sacrificing any physics events.
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Figure 2.2.4. Belle CDC structure.

2.2.3 Charged particle identification

Principles of the charged particle identification and their
technological realization used in both detectors are de-

scribed in the following. Readers interested mainly in the
methods and performance of the PID systems may obtain
more details from a separate chapter on charged particle
identification, Chapter 5.

2.2.3.1 BABAR

Figure 2.2.5. Principle of the BABAR DIRC (Aubert, 2002j) –
note that this schematic is inverted with respect to the other
pictures showing longitudinal sections of BABAR or of one of its
components: the forward (backward) side of the detector is on
the left (right) side of the picture.

Many detectors contribute to the BABAR PID system:
the SVT and DCH via measurements of the specific en-
ergy loss dE/dx for charged particles crossing their active
area; the EMC for electron identification and the IFR for
the muons. But its main component is the DIRC which
dominates the π/K separation power at high momentum
by measuring the emission angle θC of the Cherenkov light
produced by a charged particle crossing a quartz bar ra-
diator (see Fig. 2.2.5). The dimension of each quartz bar
is 4.9 m × 6 cm2.

Charged tracks crossing a quartz bar at a velocity
greater than the speed of light in that medium produce
light through the Cherenkov effect. A fraction of these
photons propagate to the backward bar end through total
internal reflection – the forward bar end is instrumented
with a mirror to reflect forward photons backward. Then,
they exit the quartz bar through the quartz wedge which
reflects them at a large angle with respect to the bar axis.
Traveling through the ultra-pure water contained in the
SOB, they are finally detected by one of the 10,752 PMTs
located about 1.2 m away from the bar end (located be-
yond the backward end of the magnet). Not only the po-
sitions of the detected photons but also their arrival times
are used to reconstruct the Cherenkov angle at which they
were emitted.

The large water tank of the BABAR DIRC was sensitive
to backgrounds resulting mainly from neutrons interact-
ing with the H2O molecules. Moreover, it was a permanent

3026 Page 28 of 928 Eur. Phys. J. C (2014) 74:3026

RICH type PID detector	


p BaBar DIRC 
(Detection of Internally Reflected 
Chrenkov light) 

p quartz bar 
+ “standoff box” (image expansion, 
filled with water) 

p LHCb RICH 
p C4F10 or CF4 gas 
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4.9 m	
 1.17 m	


p	
p	
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Time-Of-Propagation counter	


p new idea : 
use propagation time 
of Cherenkov light 
to reconstruct ring images 
p do not need large space 

to expand ring images 
àcompact detector	
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K or π 
(know momentum 
and incident pos.)	


photo sensor 
measure hit timing	


angle diff. : ~0.6∘ 
for 3 GeV/c	


# of reflection ~ 100 
propagation length ~ 5 m	


total internal reflection	

Δt ~ 150 ps (3 GeV/c K/π,  

2-m propagation)	


Δ͜ͱͰɺ࣭ྔͷଌఆɺͭ·ΓཻࢠͷࣝผΛ͏ߦɻ

m =
p
√
1 − β2
β

(2.1)

TOPΧ΢ϯλʔʹ͓͍ͯ͸ɺޫݕग़ثͰಘΒΕΔޫࢠͷҐஔɾ࣌ؒ৘ใΛ༻͍ɺϦϯάΠϝʔδ
Λߏ࠶੒͢ΔࣄͰɺβͷଌఆ͕ߦΘΕΔɻKதؒࢠͱ πதؒͦࢠΕͧΕʹ͓͚ΔϦϯάΠϝʔδͷ

֓೦ਤΛਤ 2.2ʹɺݕग़͞ΕΔޫࢠͷҐஔɺ࣌ؒʹؔ͢ΔγϛϡϨʔγϣϯͷ݁ՌΛਤ 2.3ʹࣔ͢ɻ
Ұͭͷཻ͕ࢠ௨աͨ͠ࡍͷݕग़ޫࢠ਺͸ Ͱ͋Γɺਤݸ30–20 2.3தͷ੨৭ɺ੺৭ͷ఺͸ଟ਺ͷࣄ৅
ʹର͢ΔॏͶ߹Θͤɺਫ৭ͷ఺͸̍ࣄ৅ʹର͢Δݕग़ͷྫΛࣔ͢ɻ

ਤ 2.2: TOPΧ΢ϯλʔͷϦϯάΠϝʔδ఻೻ͷ
֓೦ਤɻK தؒࢠ (੨)ͱ πதؒࢠ (੺)͕ҟͳΔ
ϦϯάΠϝʔδΛඳ͘ɻ

ਤ 2.3: TOPΧ΢ϯλʔ୺໘ ग़ݕͰ(ଆثग़ݕޫ)
͞ΕΔޫࢠͷγϛϡϨʔγϣϯ݁Ռɻ

TOPΧ΢ϯλʔͰ͸ɺLikelihoodʢ໬౓ʣ๏Λ༻ཻ͍ͯࣝࢠผΛ͏ߦɻ·ͣɺଞͷݕग़͔ثΒɺ
TOPΧ΢ϯλʔʹର͢ΔՙిཻࢠͷೖࣹҐஔɺ֯౓ɺӡಈྔͷ৘ใΛಘΔɻͦͷ৘ใΛجʹɺՙ
͕ࢠཻి K/πཻࢠͰ͋ΔͱԾఆͨ͠৔߹ͷޫࢠͷݕग़Ґஔɾ࣌ؒΛཧ࿦తʹ͢ࢉܭΔɻͦΕΛɺ࣮
ٻͷҐஔɾ࣌ؒͱൺֱ͢Δ͜ͱͰɺK/πΒ͠͞ʢ=LikelihoodʣΛࢠग़͞ΕͨޫݕͷΠϕϯτͰࡍ
ΊΔɻ

2.2 K/πཻࣝࢠผੑೳ
TOPΧ΢ϯλʔ͸νΣϨϯίϑޫͷ์ग़֯ͷࠩΛར༻ཻͯࣝ͠ࢠผΛ͓ͯͬߦΓɺ์ग़֯ͷࠩ
͸ɺ΄΅ޫݕग़ثʹ͓͚Δޫࢠͷ౸ୡ࣌ؒͷࠩͱͳͬͯݱΕΔɻ͜ͷΑ͏ͳཻࣝࢠผͷݪཧ͔Βɺ

ࣝผೳྗΛҎԼͷΑ͏ʹۙ͢ࣅΔ͜ͱ͕Ͱ͖Δɻ

S ∝
√
Ndet

σTOP
(2.2)

13

rec. ring image 
(simulation)	
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challenges 	


p extreme timing resolution for each 
single photon (<50 ps) 
p not only for photo sensor, 

but also for readout electronics 

p mechanical property of radiator 
p flatness, alignment… 

p radiation tolerance 
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1.3 The Belle II overview

Figure 1.9: Upgraded Belle II spectrometer (top half) as compared to the present Belle detector
(bottom half).

The design of the Belle II detector follows to a large extent the scheme discussed in the Letter
of Intent [5] and its 2008 supplement, Design Study Report [6], with one notable exception: a
pixel detector now appears in the innermost part of the vertex detector. Other modifications are
due to the change in the accelerator design from the high current version to the “nano-beam”
collider, and are associated with the larger crossing angle, the need to have the final quadrupoles
as close as possible to the interaction point, and the smaller beam energy asymmetry (7 GeV/c
on 4 GeV/c instead of 8 GeV/c on 3.5 GeV/c).
For the Belle II detector, our main concern is to maintain the current performance of Belle
in an environment with considerably higher background levels. As discussed in detail in the
2008 Design Report [6], we evaluate the possible degradation of the performance in a high-
background environment by extrapolating from the present operating conditions of KEKB and
Belle by accounting for the scaling of each component of background with the higher currents,
smaller beam sizes and modified interaction region. From these studies, we assume a conservative
factor of twenty increase in the background hit rate. The physics event rate will be about 50
times higher.
The following changes to Belle will maintain a comparable or better performance in Belle II:

• just outside the beam pipe, the silicon strip detector is replaced by a two-layer silicon pixel
detector based on the DEPFET technology;

• the silicon strip detector extends from just outside the pixel detector to a larger radius

14

Belle II	


Belle	


TOP counter in the Belle II exp’t	


p replacement of ACC 
p higher performance 

threshold type 
à RICH type 

p compact 
large tracker detector, 
improve momentum resolution 

p less material 
less scattering, better energy resolution 
for calorimetry 
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Belle PID system 
(ACC + TOF)	


e-	
 e+	
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第 1章 TOPカウンター用MCP-PMT 5

端に接着されるプリズムとミラーによって構成され、光検出器MCP-PMTはプリズム端面に設置
される。波長分散効果の対策として波長カットフィルターとフォーカシングミラーを導入してい
る [16]。2枚の石英板を光学接着材で接着し、石英板の両端にそれぞれプリズムとミラーを接着す
る。そして、筐体である Quart bar box(QBB)に入れる。そして、オプティカルクッキーと呼ばれ
る光学接着用のシリコンゴムを用いてMCP-PMTをプリズムに接着する。

図 1.4 TOPカウンターの模式図 図 1.5 TOPカウンターの各部品の模式図

1.2.2 TOPカウンターの粒子識別原理

図 1.6 TOPカウンターの粒子識別原理の概略図。赤線と青線はそれぞれ Kと π 中間子からの
チェレンコフ光

石英輻射体に入射した荷電粒子が石英輻射体内でチェレンコフ光を放射する。放射されたチェレ

quartz 
(n~1.47)	


mirror	


prism	


photo sensor 
(MCP-PMT)	


45 cm	


2.4 m	


detector overview	


p  2-cm-thick quartz bar 
p aluminum 

honeycomb structure 
p photo sensor : 

micro channel plate 
(MCP) PMT 

p  16 identical modules 
to form barrel structure	
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Belle II TOP detector

16 modules at R = 119 cm

Quartz bars:
2⇥ 45 cm2 in cross section
2.6 m long

Spherical mirrors:
radius of curvature: 7 m

Expansion prisms:
100 mm long, 51 mm high

MCP-PMT:
Hamamatsu SL-10 with
borosilicate window and
NaKSbCs photo cathode
2 rows of 16 per module

M. Starič (IJS) Performance studies of the Belle II TOP counter 5 December 2013 5 / 22

support 
structure	
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from production to installation	


p module production 
at Fuji hall 
àinitial operation 
test 

p transportation to 
Tsukuba hall 
à2nd check before 
installation 

p commissioning 
after installation 
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Fuji hall	


Tsukuba hall	
KEK	


~1.5 km	


~5	km/h�

Fuji�

Tsukuba�

~1.5	km�

インストール現場への輸送 
• 2016年1月25日: 実機1号機(M01)
の輸送無事完了。 
– 専用輸送パレットでクレーン・車両運搬。 
– 現在までに実機7台輸送済み。 
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It has been confirmed that a beam-beam parameter of up to ∼0.05 can be achieved in
a collision with a finite crossing angle, both theoretically and experimentally. However, a
head-on collision greatly improves the luminosity, according to beam-beam simulations.
For instance, a beam-beam parameter of 0.14 is expected from strong-strong simulations
and 0.28 from weak-strong simulations. This improvement provides a luminosity of 2.5-
5×1035 cm−2s−1. Therefore, a crab crossing scheme, which effectively creates a head-on
collision, will be used at SuperKEKB. In order to implement the crab crossing, crab
cavities will be installed in both rings. We have designed and developed new crab cavities
that can be used at large beam currents. The crab crossing has the potential to achieve
a beam-beam parameter greater than 0.05, which needs to be confirmed experimentally.
We have a plan to test the crab crossing scheme at KEKB in 2005.

The KEKB collider achieved a luminosity of 1034 cm−2s−1 in 2003. The design of
SuperKEKB has evolved from the experience of KEKB. A luminosity of 1035 cm−2s−1 is
a new frontier for the next generation of B factories.

New beam pipe
& bellows

Crab cavities

Energy exchange
C-band

More RF sources

More RF cavities

Damping ring

Positron source

SuperBelle

New IR

Figure 1: Schematic layout of accelerator upgrade for SuperKEKB.

342

2号機: 輻射体製作状況 

2015/03/23 2015年年次大会、早稲田大学 11 

石英板 透過率
[%/m] 

内部表面反射率
[%/bounce] 

岡本光学Sr#2 99.62+-0.06 99.997+-0.004 

岡本光学Sr#4 99.57+-0.07 99.993+-0.005 

¾ 石英板の光学測定 
• 透過率(要求 > 98.5%/m）  
• 内部表面反射率(要求> 99.90%/bounce) 
Î 要求を満たし、また一様性もよい。 

¾石英輻射体の組立(接着) 
• 接着用光学ステージにてアラインメント中。 
• 新手法による接着を順次開始。 
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initial test items	


p laser 
p PMTs and readout 

electronics 
p test of laser system itself 

p cosmic ray 
p response to real 

Cherenkov emission 
p no precise tracking 
àcheck only hit time distribution and 
the number of hits per event 
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MCP-PMT	


laser	

clock	


readout 
electronics	


quartz	


λ=400 nm	

trigger	


TOP module	
 trigger counter	
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data analysis scheme	


p waveform readout 
p ~3 GHz sampling 
àoffline analysis 
to extract hit timing 

p external trigger 
(laser timing, coincidence timing of 
cosmic ray counters) 

p this is temporary readout scheme; 
in the real experiment, only energy and timing 
information is read  
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first complete laser data	


p clear sharp peak 
p All channels (512 ch.) 

are working. 
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first complete laser data	


p clear sharp peak 
p All channels (512 ch.) 

are working. 
p Reflected signals were 

also observed.	
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cosmic ray data	


p timing distribution (to trigger timing) 
p clear hit peak of cosmic ray 
p reflection by the mirror is seen in the 

expected timing	
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hit timing	


trigger counter 
in mirror side	


trigger counter 
in prism side	


single peak	


~34 ns	
 hit timing	


double peak	


Module#06	


mirror	
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cosmic ray data	


p count # of hits in each event 
p consistent with simulation 

expectation (~20)	
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m =
p
√
1 − β2
β

(2.1)

TOPΧ΢ϯλʔʹ͓͍ͯ͸ɺޫݕग़ثͰಘΒΕΔޫࢠͷҐஔɾ࣌ؒ৘ใΛ༻͍ɺϦϯάΠϝʔδ
Λߏ࠶੒͢ΔࣄͰɺβͷଌఆ͕ߦΘΕΔɻKதؒࢠͱ πதؒͦࢠΕͧΕʹ͓͚ΔϦϯάΠϝʔδͷ

֓೦ਤΛਤ 2.2ʹɺݕग़͞ΕΔޫࢠͷҐஔɺ࣌ؒʹؔ͢ΔγϛϡϨʔγϣϯͷ݁ՌΛਤ 2.3ʹࣔ͢ɻ
Ұͭͷཻ͕ࢠ௨աͨ͠ࡍͷݕग़ޫࢠ਺͸ Ͱ͋Γɺਤݸ30–20 2.3தͷ੨৭ɺ੺৭ͷ఺͸ଟ਺ͷࣄ৅
ʹର͢ΔॏͶ߹Θͤɺਫ৭ͷ఺͸̍ࣄ৅ʹର͢Δݕग़ͷྫΛࣔ͢ɻ

ਤ 2.2: TOPΧ΢ϯλʔͷϦϯάΠϝʔδ఻೻ͷ
֓೦ਤɻK தؒࢠ (੨)ͱ πதؒࢠ (੺)͕ҟͳΔ
ϦϯάΠϝʔδΛඳ͘ɻ

ਤ 2.3: TOPΧ΢ϯλʔ୺໘ ग़ݕͰ(ଆثग़ݕޫ)
͞ΕΔޫࢠͷγϛϡϨʔγϣϯ݁Ռɻ

TOPΧ΢ϯλʔͰ͸ɺLikelihoodʢ໬౓ʣ๏Λ༻ཻ͍ͯࣝࢠผΛ͏ߦɻ·ͣɺଞͷݕग़͔ثΒɺ
TOPΧ΢ϯλʔʹର͢ΔՙిཻࢠͷೖࣹҐஔɺ֯౓ɺӡಈྔͷ৘ใΛಘΔɻͦͷ৘ใΛجʹɺՙ
͕ࢠཻి K/πཻࢠͰ͋ΔͱԾఆͨ͠৔߹ͷޫࢠͷݕग़Ґஔɾ࣌ؒΛཧ࿦తʹ͢ࢉܭΔɻͦΕΛɺ࣮
ٻͷҐஔɾ࣌ؒͱൺֱ͢Δ͜ͱͰɺK/πΒ͠͞ʢ=LikelihoodʣΛࢠग़͞ΕͨޫݕͷΠϕϯτͰࡍ
ΊΔɻ

2.2 K/πཻࣝࢠผੑೳ
TOPΧ΢ϯλʔ͸νΣϨϯίϑޫͷ์ग़֯ͷࠩΛར༻ཻͯࣝ͠ࢠผΛ͓ͯͬߦΓɺ์ग़֯ͷࠩ
͸ɺ΄΅ޫݕग़ثʹ͓͚Δޫࢠͷ౸ୡ࣌ؒͷࠩͱͳͬͯݱΕΔɻ͜ͷΑ͏ͳཻࣝࢠผͷݪཧ͔Βɺ

ࣝผೳྗΛҎԼͷΑ͏ʹۙ͢ࣅΔ͜ͱ͕Ͱ͖Δɻ

S ∝
√
Ndet

σTOP
(2.2)
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module test schedule	


p Testing should finish 
in 5 months 
p all the 16 modules 
p in both Fuji and Tsukuba	
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Fuji test stand 

Two modules can be 
tested at the same time.	


TOP modules	


Tsukuba test stand 

TOP modules	


electronics hut	


Belle II detector	


last production 
module	
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installation	


p The first module was 
installed in Feb, and 
the rest in Apr-May	


22 / 29 

9th Nov, 2016 

Module installation (1) 
• Feb. 10, 2016: 1st module installation (M03). 

2016.5.20� N-lab	mee/ng�  �

Module installation (2) 
• May 11, 2016: last module installation (M10). 

2016.5.20� N-lab	mee/ng� !�
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operation after installation	


p Many components to be used in the 
real exp’t are available. 

p need to find problems before 
installation of inner detectors 

p concern : operation in the magnetic 
field  
p performance of MCP-PMTs 
p mechanical effect to PMTs 
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operation in the mag.-field	


p problems in the first magnet excitation 
p PMT side tubes were magnetic 
àstrongly affected by magnetic 
force in 1.5-T field 
àmotion of PMTs broke optical 
and electrical contant 
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0 T	
 1.5 T	
 CCD camera	
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countermeasure	


p protection to the 
movement in the 
magnetic field 
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readout 
electronics	


silicon rubber	


insert plastic spacer	
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in-situ cosmic ray data taking	


p trigger counters were 
prepared for the in-situ 
cosmic ray data taking 
p reuse of scintillator bars 

and PMTs from the Belle 
TOF counter 

p non-magnetic support structure 
p trigger rate 

p ~0.05 Hz in the 1.5-T field 
p 2-week data taking with the field	
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trigger counters	
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cosmic ray data	


p cosmic ray signals are 
successfully observed in 
both 0-T and 1.5-T field 

p no drastic drop 
in # of photons	
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current status	


p After the performance test in the 
magnetic field, no serious problems 
were found 
àinner detector (CDC) was installed 
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summary and prospect	


p PID is an essential part of flavor physics. 
p  The Belle II TOP counter is a novel PID 

detector, using propagation time to 
reconstruct Cherenkov ring image 

p We successfully finished detector 
installation and commissioning, where we 
confirmed good  

p  Still, we do not succeeded in evaluation of 
PID performance. 
àwill be done in Belle II global cosmic data 
taking. 	
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