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Job monitoring on DIRAC for Belle II distributed computing 
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DIRAC CE 
WNs 

1.Check slots in a site. 

2.Submit pilot jobs to CE. 

Submit Belle II Jobs. 

Many steps →  Need to detect problems in each step 

Sometimes, CE reports incorrect # of running pilot 
jobs due to the problem of CREAM etc.  

In such cases, DIRAC  misunderstands site is full and 

stops to send jobs. This problem can be 

characterized by long-keeping-silent pilot jobs 

(long time since last communication with DIRAC). 

Pilot silent time distribution (in minutes). 

Red line shows the possible maximum 

silent time for normal pilot jobs. In this case, 

CREAM-CE recognizes finished job as running. 

Submission of pilot jobs to CE often fails  because of CE down 
 or problem on VOMS proxy etc. Pilot jobs are sent by  

“SiteDirector”  agent  but  activity  is  not  stored  in  DB.    DIRAC  agent 
 to monitor the activity of SiteDirector is developed and visualized. 

One site 

Each CE 

SiteDirector 

CheckAgent 

submit 

Analyze log 

Site 

https://ekptrac.physik.uni-karlsruhe.de/trac/HappyFace/ 

Submission to batch server often fails because of  

problem on the batch system. If it is failed,  

status  of  pilot  job  becomes  “Aborted”.   

At the beginning of the pilot job, DIRAC client is installed to 

communicate with DIRAC server. Then, sanity checks of the 

computing node are performed. If a problem is found, the 

pilot job stops immediately. 

Ex. CVMFS not properly mounted, disk full,  
      failed to download DIRAC client etc.. 

Pilot life time distribution (in minutes). 

Redline is possible minimum life time  

for normal pilot jobs. In this case, one of  

WNs does not have enough disk space. 

Payload jobs may fail with many reasons. For  
example, failed to contact meta data server 
(AMGA), failed to handle input/output files, 
and problem on program itself. 

“Job  efficiency”  for  each  site. 
Simultaneous failure for all the site  

means problem on central server. 

In this case, AMGA was down. 

• Belle II experiment is a next-generation B-factory at KEK in 

Japan, which will start for physics run  without vertex detector 

in 2017, where 50 ab-1 data sample will be collected for 10 

years, which corresponds to about 5x1010 BB-pair events.  

• We roughly need to handle 1MHS06 cpu resources ,100PB 

storage for one set of raw data and 100 PB one for MC/analysis 

data, finally. 

• In order to utilize these huge resources, we adopt distributed 

computing technique. 

SVD: 4 DSSD lyrs J 2 DEPFET lyrs + 4 DSSD lyrs 
CDC: small cell, long lever arm 
ACC+TOF J TOP+A-RICH 
ECL: waveform sampling, pure CsI for end-caps 
KLM: RPC J Scintillator +SiPM (end-caps) 

KEKB superKEKB 

• Belle II has adopted DIRAC as the distributing computing 

software framework, which can handle grid, cloud and local 

cluster resources. (http://diracgrid.org/) 

• CVMFS is used to provide Belle II software and libraries. 

• At the present, around 40 sites participates (LCG, OSG, HPC, 

cloud and traditional cluster) and more than 25K concurrent 

jobs are handled at peak. 

Introduction Belle II computing Monitoring 
・For the effective use of huge resources, a monitor system 

   for detecting problems quickly and identifying the source  

  is necessary. 

 

・In this poster, we introduce passive monitors, where  

  data existing in DIRAC DB are retrieved  and  then 

  processed and visualized to detect problems. 

 

 ・In some cases, necessary information are not stored in 

   DIRAC DB. In such cases, DIRAC agents which collect  

   information are developed. 

 

 

 

 

 

 

 

・For active way, please visit poster by K. Hayasaka  

  (sessionB, poster 314, booth 18). 

DIRAC DB Monitor server 

process/ 

visualize 

・Developed at Karlsruhe Institute of Technology 

・Modular structure. 

・In the Belle II HappyFace instance, not only 

   for workload management issue but also 

   downtime etc are shown. 

Now, we can detect problems in each step! 
Automate the process (work in progress) 

・Next step is to identify reason (as much as possible) and inform/disable each site. 

・These process should be automated.   

・Combine with DIRAC Resource Status System 

Notice short  

pilot job exists. 

Download and 

analyze log files. 

Identify the reason and 

 problematic WN name. 

Check if the same problem 

happens for a long time in  

the same WN. 

Inform site 

via GGUS 

Disable the site 

Check problem 

is fixed. 

Enable the site 

HappyFace as a platform 1.Check slots in a site. 

3.Submit pilot jobs to batch system 4.Perform sanity checks 

2.Submit pilot jobs to CE 

5.Execute Belle II Jobs 

Example for  
sanity check failure 

Workload management flow in the DIRAC 

Possible to detect problems 

for sites with multiple CEs. 

Example of error message: 
[BLAH error: submission command failed (exit code = 1) (stdout:)  

(stderr:qsub: Queue is not enabled MSG=queue is disabled.] 

 

4. Perform sanity checks 

5. Execute Belle II Job 

                    ・ 

                  ・ 

Pilot Job 

We aim to resolve the problem quickly and maximize the availability of Belle II computing system! 

3.Submit pilot jobs to     

   batch system. 
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four different refractive indices. The n ¼ 1:028
aerogels have better transmittance than the others.
Their average transmission length ðLÞ at 400 nm is
46 mm; while the others are around 25 mm: Here
L is defined by the function: T ¼ T0 expð$d=LÞ;
where T0 and T are the incident and transmitted
light intensities, respectively, and d is the thickness
of an aerogel tile. These aerogels were produced
from the alcogel which was prepared by using
methyl alcohol as a solution.

The refractive indices are well controlled as
Dn=ðn$ 1ÞB3% for all the produced aerogel tiles,
which is essentially the same as the measurement
error of the refractive index determined by
measuring a deflection angle of laser light (He–
Ne: 543:5 nm) at a corner of each aerogel tile.

We carried out a test to ensure the radiation
hardness of aerogels by placing aerogel samples
(n ¼ 1:012; 1.018 and 1.028) in high-intensity g-
rays from a 60Co source [48]. Transparencies and

Fig. 41. Schematic drawing of a typical ACC counter module: (a) barrel and (b) end-cap ACC.

A. Abashian et al. / Nuclear Instruments and Methods in Physics Research A 479 (2002) 117–232 157

PID upgrade in Belle à Belle II	

p Belle PID : threshold-type 
aerogel Cherenkov counter 

p upgrade to RICH-type counter 
p end-cap : Aerogel-RICH 

(talk by L. Santelj) 
p challenge for barrel 

PID upgrade 
p limited space 
ßBelle structure is reused 
p large area 

ànew technology is necessary	
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7 GeV e-	

4 GeV e+	

endcap : 
A-RICH	

barrel PID	

Belle 
ACC	
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cosθc = 1 / nβ	

new technique : Time-Of-Propagation	

p reconstruct ring image 
with timing information 
p high performance 
p compact 
àlarger inner tracker 

p lower amount of material 
àless effect 
for calorimeter 
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charged particle track	

Δ͜ͱͰɺ࣭ྔͷଌఆɺͭ·ΓཻࢠͷࣝผΛ͏ߦɻ

m =
p
√
1 − β2
β

(2.1)

TOPΧϯλʔʹ͓͍ͯɺޫݕग़ثͰಘΒΕΔޫࢠͷҐஔɾؒ࣌ใΛ༻͍ɺϦϯάΠϝʔδ
Λߏ࠶͢ΔࣄͰɺβͷଌఆ͕ߦΘΕΔɻKதؒࢠͱ πதؒͦࢠΕͧΕʹ͓͚ΔϦϯάΠϝʔδͷ

֓೦ਤΛਤ 2.2ʹɺݕग़͞ΕΔޫࢠͷҐஔɺؒ࣌ʹؔ͢ΔγϛϡϨʔγϣϯͷ݁ՌΛਤ 2.3ʹࣔ͢ɻ
Ұͭͷཻ͕ࢠ௨աͨ͠ࡍͷݕग़ޫࢠ Ͱ͋Γɺਤݸ30–20 2.3தͷ੨৭ɺ৭ͷଟͷࣄ
ʹର͢ΔॏͶ߹Θͤɺਫ৭ͷ̍ࣄʹର͢Δݕग़ͷྫΛࣔ͢ɻ

ਤ 2.2: TOPΧϯλʔͷϦϯάΠϝʔδͷ
֓೦ਤɻK தؒࢠ (੨)ͱ πதؒࢠ ()͕ҟͳΔ
ϦϯάΠϝʔδΛඳ͘ɻ

ਤ 2.3: TOPΧϯλʔ໘ ग़ݕͰ(ଆثग़ݕޫ)
͞ΕΔޫࢠͷγϛϡϨʔγϣϯ݁Ռɻ

TOPΧϯλʔͰɺLikelihoodʢʣ๏Λ༻ཻ͍ͯࣝࢠผΛ͏ߦɻ·ͣɺଞͷݕग़͔ثΒɺ
TOPΧϯλʔʹର͢ΔՙిཻࢠͷೖࣹҐஔɺ֯ɺӡಈྔͷใΛಘΔɻͦͷใΛجʹɺՙ
͕ࢠཻి K/πཻࢠͰ͋ΔͱԾఆͨ͠߹ͷޫࢠͷݕग़Ґஔɾؒ࣌Λཧతʹ͢ࢉܭΔɻͦΕΛɺ࣮
ٻͱൺֱ͢Δ͜ͱͰɺK/πΒ͠͞ʢ=LikelihoodʣΛؒ࣌ͷҐஔɾࢠग़͞ΕͨޫݕͷΠϕϯτͰࡍ
ΊΔɻ

2.2 K/πཻࣝࢠผੑ
TOPΧϯλʔνΣϨϯίϑޫͷ์ग़֯ͷࠩΛར༻ཻͯࣝ͠ࢠผΛ͓ͯͬߦΓɺ์ग़֯ͷࠩ
ɺ΄΅ޫݕग़ثʹ͓͚Δޫࢠͷ౸ୡؒ࣌ͷࠩͱͳͬͯݱΕΔɻ͜ͷΑ͏ͳཻࣝࢠผͷݪཧ͔Βɺ

ࣝผྗΛҎԼͷΑ͏ʹۙ͢ࣅΔ͜ͱ͕Ͱ͖Δɻ

S ∝
√
Ndet

σTOP
(2.2)

13

ਤ 1.3 TOPΧϯλʔʹ͓͚Δޫͷ༷ࢠ

ਤ 1.4 ՙిཻ͕ࢠೖࣹͨ͠ͱ͖ͷஅ໘ਤ

ӡಈྔ͕ಉ͡ՙిཻࢠͷ߹ɺ์ग़͞ΕΔνΣϨϯίϑޫ࣭ྔ͕େཻ͖͍ࢠ΄Ͳ์ग़͕֯খ͘͞ͳΔɻͦ

ͷͨΊɺ࣭ྔ͕େཻ͖͍ࢠͷ΄͏͕ੴӳࣹମͰͷܦ࿏͕͘ͳΓɺޫͷ͕ؒ࣌͘ͳΔɻTOP

Χϯλʔ͜ͷؒ࣌ͷҧ͍ʹՃ͑ͯɺࣹʹΑͬͯંΓॏͶΒΕͨϦϯάΠϝʔδͷ 2 Ґஔใݩ࣍

Λଌఆ͠ɺ3ݩ࣍తʹϦϯάΠϝʔδΛߏ࠶͢Δ͜ͱͰཻࣝࢠผΛ͏ߦɻؒ࣌Λଌఆ͢Δͱ͍͏Ͱɺ

TOPΧϯλʔ TOFͷػ݉Ͷඋ͓͑ͯΓɺ·ͨϦϯάશମΛӨ͢Δඞཁ͕ͳ͍ͨΊඇৗʹίϯύ

Ϋτͳݕग़ثΛ࣮͢ݱΔ͜ͱ͕Ͱ͖Δɻਤ 1.5ʹ TOPΧϯλʔͰݕग़͞ΕΔϦϯάΠϝʔδͷྫΛࣔ͢ɻ

ՙిཻ͕ࢠਨʹ TOPΧϯλʔʹೖࣹͨ͠߹ͷϦϯάΠϝʔδΛγϛϡϨʔγϣϯʹΑΓٻΊͨͷͰ

͋Δɻ

9

photosensor	
rec. ring image 

(simulation 
2 GeV/c, θ=90∘)	

Cherenkov 
radiator	
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cosθc = 1 / nβ	

new technique : Time-Of-Propagation	

p reconstruct ring image 
with timing information 
p high performance 
p homogeneous 
p compact 
àlarger inner tracker 

p lower amount of material 
àless effect 
for calorimeter 
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CHAPTER 1. MOTIVATION AND OVERVIEW

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	

e-	 e+	

charged particle track	

TOP counter	

Belle PID system 
(ACC + TOF)	
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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
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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

support frame	

photosensor	

front-end electronics 
(talk by D. Kotchetkov)	

Cherenkov  
radiator	

detector design	

p Cherenkov radiator : 
high-quality quartz bar 
p synthetic fused silica 
p n=1.47 (@λ=400 nm) 

p high-speed photo 
-sensor(MCP-PMT) 
+ readout electronics 

p 16 identical modules 
to form a barrel 
structure 

5 / 19 
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prism	

mirror	

quartz bar	

2.7 m	

2-cm-thick	

45 cm	

quartz bar	

p challenging specification 
p  roughness <6 Å (RMS) 
p parallelism <4 arcsec =24 µm/1.25 m 

p  flatness < 6.3 µm 
p chamfers < 0.2 mm 
p … 

p  two 1.25-m-long 
bars are glued 
as well as a prism and a mirror 

p  results of quality assessment 
p  transmittance >98.5%/m 

reflectance >99.9% 

2nd Mar, 2017 
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PMT͕ͣͭͰ͋Δɻ

ਤ 1.8 MCP-PMTͷߏ

ਤ 1.9 ϚΠΫϩνϟϯωϧϓϨʔτ

MCP-PMTͱੴӳࣹମͷؒʹɺޮࢄՌ੍ͷͨΊʹΧοτϑΟϧλʔΛૠೖ͢Δɻ͜Ε·

Ͱͷ͔ڀݚΒ 350 nmҎԼͷΛΧοτ͢Δͷ͕࠷దͰ͋Δ͜ͱ͕Θ͔͍ͬͯΔ [3]ɻ

1.3.3 QBB

ػ࣮ TOPΧϯλʔͰɺੴӳࣹମɺMCP-PMTɺಡΈग़͠ճ࿏ͷᝑମͱͯ͠ QBB(Quartz Bar Box)

ΕΔɻਤ͞༺͕ 1.10ͷΑ͏ʹ QBBશମͷଆ໘Λ෴͏αΠυϨʔϧɺੴӳ൘ٴͼूޫϛϥʔΛ෴͏Ξ

λʔϋχΧϜύωϧͱΠϯφʔϋχΧϜύωϧɺϓϦζϜɺMCP-PMTٴͼಡΈग़͠ճ࿏Λ෴͏ϓϦζϜΤ

ϯΫϩʔδϟͱίʔϧυϓϨʔτʹେผ͞ΕΔɻϓϦζϜΤϯΫϩʔδϟͱίʔϧυϓϨʔτʹޙड़͢Δ

PMTϞδϡʔϧΛऔΓ͚ΔͨΊͷՃ͕ͳ͞Ε͍ͯΔɻਤ 1.11ϓϦζϜΤϯΫϩʔδϟͷ෦ߏΛ

ද͍ͯ͠ΔɻPMT ϞδϡʔϧΛऔΓ͚ΔͨΊͷωδ͕݀Ճ͞Ε͍ͯΔ΄͔ɺண໘ΛࡱӨ͢ΔͨΊͷ

CCDΧϝϥͱ LEDϥΠτऔΓ͚ΒΕΔɻCCDΧϝϥͱ LEDϥΠτʹ͍ͭͯ 3ষͰड़Δɻਤ 1.12

13

400 µm	

10 µm	
13∘	

Micro-Channel-Plate (MCP) PMT	

p excellent timing resolution 
for single photon (~30 ps) 

p 512 PMTs in total 
p lifetime R&D 
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Figure 1: Result of the lifetime measurement for a typical sample of each ver-
sion of MCP-PMT: a conventional (XM0267), an ALD (KT0074) and a life-
extended ALD (YH0205) MCP-PMT. The dots with error bars represent the
data. A fitted curve (Eq. 1) is superimposed.

and a ceramic block was put to cap the aperture between the
MCP and the side wall to seal the gas. This version of MCP-
PMT is hereafter called conventional MCP-PMT. In the second
step, in addition to the first recipe, an atomic layer deposition
(ALD) technique [15] was adopted to coat the MCP and sup-65

press outgassing. This version is called ALD MCP-PMT. In
the third step, some processes were applied in the production
to reduce the residual gas on the MCP. This version is called
life-extended ALD MCP-PMT. The lifetime of each version of
MCP-PMT was evaluated using 12 conventional, 8 ALD and 870

life-extended ALD MCP-PMT samples.
The lifetime of each sample was measured by monitoring the

QE as a function of ΣQ. An LED illuminated the MCP-PMTs
to load the output charge, which was measured by a CAMAC
ADC. Every few days, the LED was turned off and the hit rate75

was measured for single photons from a laser of a 405 nm wave-
length to monitor the QE. The laser intensity was monitored by
a reference PMT, which was turned off during the LED illumi-
nation.

Figure 1 shows the result of the lifetime measurement for a80

typical sample of each version of MCP-PMT. The conventional
MCP-PMT (XM0267) showed a rapid drop of the QE and the
lifetime was 1.0 C/cm2. On the other hand, the ALD MCP-
PMT (KT0074) had a longer lifetime, 5.6 C/cm2. For the life-
extended ALD MCP-PMT (YH0205), the QE was stable up to85

15 C/cm2 or so, and the lifetime was reaching 30 C/cm2. It
was found for every sample that the QE depression curve is
represented by a quadratic function of ΣQ,

QErelative = 1 − 0.2
(
ΣQ

τ

)2

, (1)

where QErelative is the relative QE to the initial one and τ is90

the lifetime of the MCP-PMT. Therefore the lifetime can be
deduced by fitting this function even before the relative QE
reaches 80%.

For the four life-extended ALD MCP-PMT samples, the QE

sample
0 5 10 15 20 25

)2
lif
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e 
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m

0
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35
conventional
ALD
  life-extended
  ALD}

Figure 2: Lifetime of the 12 conventional, 8 ALD and 8 life-extended ALD
MCP-PMT samples. The filled points show the measured lifetime and the open
square points show the lower bound of the lifetime.

depression was little at ΣQ = 4.0, 4.1, 4.6 and 5.5 C/cm2, re-95

spectively. The LED illumination for these four samples was
stopped at those points to keep them as spares for the TOP
counter. Their relative QE at 4.0-5.5 C/cm2 was still higher
than the one of another sample at 3.3 C/cm2, of which life-
time was measured to be 11.2 C/cm2. Therefore, according100

to Eq. 1, the lifetime of those four samples is estimated as
τ ≥ (11.2 C/cm2) × ΣQ/(3.3 C/cm2) = 13.6, 14.0, 15.6 and
18.8 C/cm2, respectively.

The measured lifetime for all the samples is shown in Fig. 2.
It was found that the lifetime varies broadly sample-by-sample:105

0.3-1.8 C/cm2 for the conventional and 2.6-26.0 C/cm2 for the
ALD MCP-PMTs. That indicates necessity of many samples to
evaluate if each approach is effective for extending the lifetime.
On average, the lifetime is 1.1 C/cm2 and 10.5 C/cm2 for the
conventional and the ALD MCP-PMTs, respectively. The ALD110

coating extended the average lifetime significantly, but still the
lifetime of some ALD MCP-PMTs was not sufficient for the
TOP counter. The further improvement was achieved with the
life-extended ALD MCP-PMTs. The lifetime of all the eight
samples is longer than 13.6 C/cm2.115

3. Peformance degradation under a high rate

The hit rate of the MCP-PMTs at the Belle II TOP counter
is estimated to be about 200 kHz/anode. It is mostly dominated
by single photons which originate from the accelerator beam
background. The performance of the MCP-PMT under such120

a high background was examined as follows. Single photons
from an LED flashed by a 10 MHz clock hit the MPC-PMT
as a background. The background hit rate was changed by at-
tenuating the pulse height of the clock. The gain, relative effi-
ciency and transit time spread (TTS) were measured for single125

photons from a picosecond pulse laser with a CAMAC ADC
and TDC. The gain is defined as the mean of the ADC dis-
tribution. The relative efficiency is measured by counting the
number of the TDC hits relative to the one without LED illumi-

2

·ͨɺੴӳࣹମͱޫֶணࡎͳͲΛؚΊͨશޫֶૉࢠʹରͯ͠ɺҎԼ͕ཁ͞ٻΕΔɻ

• ൃੜͨ͠ޫࢠͷ 80 %Ҏ্͕MCP-PMTʹ౸ୡ͢Δɻ

• ޫ࿏ͷͣΕ͕ 0.5 mradҎԼ

1.3.2 MCP-PMT

TOP Χϯλʔͷޫݕग़ثɺ໊ݹେֶ͕দϗτχΫε*1ͱڞಉ։ൃͨ͠ MCP-PMT Λ༻͢Δɻ

MCP-PMTਤ 1.7ʹࣔ͢Α͏ͳ֎؍Ͱɺ27.6 mm × 27.6 mm × 13.1 mmͷେ͖͞Ͱ͋ΔɻTOPΧϯ

λʔͰҰͨ͋ػΓ Δɻ͢༺ͷMCP-PMTΛݸ32

ਤ 1.7 MCP-PMTͷ֎؍

MCP-PMTͷ෦ߏਤ 1.8ͷΑ͏ʹͳ͍ͬͯΔ [6]ɻޫి໘͔Β์ग़͞ΕͨిࢠΛਤ 1.9ʹࣔ͢ϚΠΫ

ϩνϟϯωϧϓϨʔτ (MCP)ͱݺΕΔԖΨϥεͷ൘ʹΑΓ૿෯͠ɺ16νϟϯωϧͷΞϊʔυͰಡΈग़͢ɻ

MCPްΈ͕ 400 µmͰ͋Γɺ10 µmܘͷແͷখ͞ͳ͕݀։͚ΒΕ͍ͯΔɻ͜ͷMCPʹ 1 kVͷిߴ

ѹΛҹՃ͢Δ͜ͱͰɺ2ຕͰ 106 తͳ৴߸ɺܕΛ૿෯͢Δ͜ͱ͕Ͱ͖ΔɻMCP-PMTͷయࢠఔ·Ͱిݸ

ߴରͯ͠ʹࢠ1ޫ 20 mVɺύϧε෯ 1 nsͰ͋ΔɻMCP-PMTͷੑΛҎԼʹ͛ڍΔɻ

• Ұޫݕࢠग़Մ
• ղؒ࣌ < 50 ps

• Ґஔղ < 5 mm

• ޮࢠྔ (QEɿQuantum Efficiency) > 24 %

• 1.5 Tͷ࣓தͰ༻Մ

MCP-PMT͢Ͱʹྔ࢈ͱੑධՁ͕͍ͯྃ͠ΔɻTOPΧϯλʔͰ༻͞ΕΔMCP-PMTैདྷͷྔ

Ͱ͋Δ࢈ Conventional-MCP-PMTͱྔ్࢈த͔Βण໋ର͕ࡦͳ͞Εͨ Coating-MCP-PMTͷ 2छྨ͕

͋Δɻશ ͷػ16 TOPΧϯλʔͰ༻͞ΕΔMCP-PMT Conventional-MCP-PMTͱ Coating-MCP-

*1 http://www.hamamatsu.com/jp/ja/index.html

12

1-inch-square	

R
e

la
tiv

e
 Q

E	

photo cathode	

MCP (2 layers) 
requirement 

(>80%)	

expected total charge 
(50 ab-1)	

anode 
(4×4 ch)	

photon	after improvement	

HAMAMATSU R10754	

~
1 

kV
/4

00
 µ

m
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Belle

installation	

p module production 
late 2014 – Apr 2016 

p  installation : Feb – May, 2016 
p sag during the period was 

<0.5 mm, within requirement	

2nd Mar, 2017 

XY-stage 

Guide pipe 
Counter weight Slider 

Module + Strong back 

0.5 mm	

monitored sag	

8 / 19 



INSTR-17 

Belle

installation	

p module production 
late 2014 – Apr 2016 

p  installation : Feb – May, 2016 
p sag during the period was 

<0.5 mm, within requirement	

2nd Mar, 2017 

XY-stage 

Guide pipe 
Counter weight Slider 

Module + Strong back 

0.5 mm	

monitored sag	

Installation completed… 

September 5, 2016 PNNL-SA-120657 22 

installation completed 
at 11th May, 2016	

after strong 
back removal	

9 / 19 
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Belle

Front-end 
modules 

PMT  
modules 

Optical 
cookies 

LEDs CCD 
cameras 

Calibration 
fibers Pogo-pins 

performance study after installation	

2nd Mar, 2017 

Prism 
Quartz 

p  items to be checked 
p healthiness of each component 
p calibration to achieve full performance 
p operation in the 1.5-T magnetic field 

p available tools 
p CCD camera 

p directly check quartz 
-PMT optical coupling 

p laser calibration system 
p picosecond laser illuminate all PMTs 

p cosmic ray data 

10 / 19 
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Belle

0 200 400 600 800 1000

200−

0

200

400

600

t=668.9h=687.9
q=11075.7w=15.0

734.5491.76019.0
13.9

925.1
58.99724.597.9

-99999.0-99999.0-99999.0-99999.0

4

s23_BS1_c1_a3_ch7_1 (1)

timing performance	

p waveform time base calibration 
p calibrate non-uniform sample interval 

p response to laser 
p σ ~ 120 ps with above calib. 
p understanding of multiple 

laser path is necessary 
2nd Mar, 2017 

ΔT	

Δ
T	

after calibration 
σelectronics = 30 ps	

~1 ns	

after calib.	

test 
pulse	

チャンネルごとの時間原点を測定する際、プリズム内での反射
によるチャンネル間の光子伝搬経路差を考慮する必要がある。

9

Dt（0/1回反射）~ 20 ps Dt（0/1回反射）~ 150 ps
Dt（0/2回反射）~ 260 ps

レーザー入射口

検出時間分布から、反射しない光子と
反射して到達する光子を区別できるはず。

2経路の光子検出時間分布は
ほぼ重なる。

laser hit timing	

PM
T	

before calib.	

11 / 19 
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p slight tilt of the magnetic field 
àstrong magnetic force to PMTs 
(side tube of the PMT is magnetic) 

p Movement of PMTs causes 
bad and electrical 
optical contact 

FEE	

HV board	

Prism	

B (1.5 T) 

laser hit map ratio 
(1.5 T/0 T)	

“PMT rotation” problem	

2nd Mar, 2017 

PMT modules 
(4 PMTs)	

17

After
(1.5 T)

After
(0 T)

Before repair
(1.5 T/0 T)

After repair
(1.5 T/0 T)

Slot 12

Hitmap

Before
(1.5 T)

Before
(0T)

Ratio

0 T
(after/before)

17

After
(1.5 T)

After
(0 T)

Before repair
(1.5 T/0 T)

After repair
(1.5 T/0 T)

Slot 12

Hitmap

Before
(1.5 T)

Before
(0 T)

Ratio

0 T
(after/before)

1	
0	

2	

no entries 
as no HV	

low hit 
ratio	
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Belle

p slight tilt of the magnetic field 
àstrong magnetic force to PMTs 
(side tube of the PMT is magnetic) 

p Movement of PMTs causes 
bad optical and 
electrical contact 

FEE	

HV board	

Prism	

B (1.5 T) 

laser hit map ratio 
(1.5 T/0 T)	

“PMT rotation” problem	

2nd Mar, 2017 

PMT modules 
(4 PMTs)	

17

After
(1.5 T)

After
(0 T)

Before repair
(1.5 T/0 T)

After repair
(1.5 T/0 T)

Slot 12

Hitmap

Before
(1.5 T)

Before
(0T)

Ratio

0 T
(after/before)

17

After
(1.5 T)

After
(0 T)

Before repair
(1.5 T/0 T)

After repair
(1.5 T/0 T)

Slot 12

Hitmap

Before
(1.5 T)

Before
(0 T)

Ratio

0 T
(after/before)

1	
0	

2	

no entries 
as no HV	

low hit 
ratio	

0 T	 1.5 T	

direct inspection with CCD camera	

13 / 19 
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fix the problem	

p inserting spacer to prevent 
the rotation 
p no rotation of 

PMT modules 
	

2nd Mar, 2017 

Slot 12

Hitmap

Ratio

11

New data 0T

(new data 0T) / (before rotation 0T)

(new data 0T) / (1stshim data 0T)

1stshim data 0T

Before rotation0T

(new data 1.5T) / (new data 0T)

New data 1.5T

17

After
(1.5 T)

After
(0 T)

Before repair
(1.5 T/0 T)

After repair
(1.5 T/0 T)

Slot 12

Hitmap

Before
(1.5 T)

Before
(0 T)

Ratio

0 T
(after/before)

1	

0	

laser hit map ratio (1.5 T/0 T)	
2	

ਤ 2.24 PMTϞδϡʔϧͷ֎؍ɻMCP-PMT4ͭͷ৴߸Λ 1ͭͷಡΈग़͠ج൘ͰಡΈग़͢ɻPMTͷೖࣹ૭ଆʹ

ΧοτϑΟϧλʔ͕औΓ͚ΒΕΔɻ

ਤ 2.25 PMTϞδϡʔϧʹෛՙΛ͔͚Δߏػɻ্෦ωδड͚ͷ෦ʹόω͕ೖ͓ͬͯΓɺωδΛకΊΔ͜ͱͰϓϦζ

Ϝଆʹෛՙ͕͔͔ΔɻԼ෦όωͷઌʹऔΓ͚ͭΒΕͨ PEEKͷϩουͰಡΈग़͠ج൘ʹෛՙΛՃ͑Δɻ

PMTϞδϡʔϧͱಡΈग़͠ճ࿏ͷΞηϯϒϦ

PMTϞδϡʔϧͷಡΈग़͠ج൘ʹਤ 2.24ʹࣔ͢Α͏ʹిۃύου͕͚ͭΒΕ͍ͯΔɻಡΈग़͠ճ࿏ͱ

PMTϞδϡʔϧਤ 2.26ʹࣔ͢Α͏ʹϙΰϐϯͱݺΕΔઌ͕όωͰ৳ॖ͢ΔՄಈܕϓϩʔϒϐϯΛ

Ε͍ͯΔɻ͞ܭతʹଓ͢ΔΑ͏ʹઃؾిͯ͠༺

ਤ 2.27ɺPMTϞδϡʔϧͱಡΈग़͠ճ࿏ͷΞηϯϒϦखॱΛද͍ͯ͠ΔɻϓϦζϜΤϯΫϩʔδϟ؆

ུԽ͍ͯ͠Δɻखલ͕ϓϦζϜʹԿऔΓ͚ΒΕ͍ͯͳ͍ͱ͖ͷঢ়ଶͰɺԞଆ͕ PMTϞδϡʔϧٴͼಡΈ

ग़͠ճ࿏ΛऔΓ͚ͨޙͷঢ়ଶͰ͋Δɻਤதʹࣔͨ͠൪߸ҎԼͷΞηϯϒϦखॱʹରԠ͍ͯ͠Δɻ

1. PMT ϞδϡʔϧΛऔΓ͚Δɻલड़ͨ͠Α͏ʹ͜ͷͱ͖ʹ 1.5 kgf/PMT ͷෛՙ͕͔͔ΔɻPMT

ϞδϡʔϧਨఆنΛͯͬίʔϧυϓϨʔτʹਨʹͳΔΑ͏ʹΞϥΠϝϯτΛ͏ߦɻ͜ΕʹΑΓ

PMTϞδϡʔϧͱϓϦζϜΛඦ µmͷਫ਼ͰΞϥΠϝϯτ͢Δ͜ͱ͕Ͱ͖Δɻඦ µmͷͣΕ

39

temporal failure in applying HV	
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Belle

response to cosmic ray	

p  install trigger counter 
p No tracking 

p data taking with and without 
magnetic-field 
p confirm the counter 

-measure is valid 
 

2nd Mar, 2017 

trigger 
counter	

plastic 
scintillator	

40 cm	

black : 0 T 
red : 1.5 T	

photon hit timing [ns]	

Cosmic ray 
observed! 	

direct hits	

reflected 
hits	

15 / 19 
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Belle

angular response	

p photon yield with 
diagonal and off- 
diagonal hit event 
p less hits when muon 

penetrate off-diag. 
pair of modules 

p well reproduced 
by simulation	

2nd Mar, 2017 

θCh	
θCh	

diagonal module pair 
ànormal incidence	

θCh = Cos-1(1/n) ~ 47∘  
θc = Sin-1(1/n) ~ 42∘	

θc	 θc	

0 T data	

µ	 µ	

slot02 slot03 slot04 slot10 slot11 slot12

# 
of

 p
ho

to
n 

hi
ts

 / 
ev

en
t

0.6

0.7

0.8

0.9

1

1.1

1.2

group1_0T_all_AllPairs_gr.root

0 T
MC

data

group1_0T_all_AllPairs_gr.root

black : MC 
red : data	

R
e

la
tiv

e
 #

 p
h

o
to

n
s 

to
 d

ia
g

. p
a

ir	

1	

0.8	

0.6	

module ID	

diag. pair	

off diag. pair	
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slot01 slot02 slot03 slot04 slot05 slot06 slot07 slot08 slot09 slot10 slot11 slot12 slot13 slot14 slot15 slot16

nH
it 

pe
r 

co
sm

ic
 r

ay
 tr

ac
k

0

5

10

15

20

25

1.5 T
Data

MC

Cosmic ray data : nHit comparison between data and MC

slot01 slot02 slot03 slot04 slot05 slot06 slot07 slot08 slot09 slot10 slot11 slot12 slot13 slot14 slot15 slot16

nH
it 

pe
r 

co
sm

ic
 r

ay
 tr

ac
k

0

5

10

15

20

25

0 T
Data

MC

Cosmic ray data : nHit comparison between data and MC

p comparison of absolute photon 
yield between data and MC 

p agree within ~20% level 
p  Further study on hit efficiency is on-going.	

2nd Mar, 2017 

0 T (diag. pair only)	 1.5 T (diag. pair only)	

*No serious drop in 1.5 T 
*uncertainty of cosmic ray 
mom. and angle 
*PMT gain tuning needed 
	

module ID	 module ID	

top half	 bottom half	

black : MC 
red : data	

0	

20	20	

10	10	

0	

# of hits [p.e.]
0 10 20 30 40 50 60 70 80 90 100

En
tr

ie
s [

/(1
 p

.e
.)]

0

20

40

60

80

100

120

140

160

180

200

220

hit num qual

nhit_qual
Entries  8543
Mean     10.3
Std Dev     14.24

 / ndf 2χ  23.89 / 12
Prob   0.02105
Constant  5.1± 169.3 
Mean      0.36± 20.96 
Sigma     0.537± 7.275 

hit num qual

20	0	 40	 60	 80	

# of 
photons	

black : 0 T 
red : 1.5 T	

photon yield	
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current status	

p after fixing the PMT problem, 
inner tracking detector 
(CDC, talk by N. Taniguchi) as well as 
backward end-cap EM 
calorimeter (ECL) was installed 

p preparation of data taking with other 
detectors is on-going 
àmore detailed analysis is possible 
with track information	

2nd Mar, 2017 

CDC installation 
(Oct, 2016)	

18 / 19 
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summary & prospects	

p  The Belle II Time-Of-Propagation (TOP) 
counter was successfully installed last May, 
and commissioning is on-going 

p We faced PMT rotation problem in the 
magnetic field, it is immediately fixed. 

p Cosmic ray data (without tracking) showed 
reasonable data-MC agreement. Still more 
understanding of hit efficiency is necessary. 

p More detailed performance evaluation will 
be possible using coming “global” cosmic 
ray data with track information. 

2nd Mar, 2017 

19 / 19 
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backup slides	

2nd Mar, 2017 
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expected performance	

p e.g. ~10% (Belle) à ~3% (Belle II) π mis-ID 
at 86% efficiency of 1-2 GeV/c K for 𝐷∗+ → 
𝐷0𝜋+, 𝐷0 → 𝐾−𝜋+  

21 / 19 

2nd Mar, 2017 

K/π separation: efficiency 

N研 研究報告 

                                 p (GeV/c)                           
   

   
   

   
Ef

fic
ie

nc
y 

/ f
ak

e 
ra

te
 

Belle II PID 

Averaged K efficiency 94% 

Pion fake rate 4% 

¾ Belle II PID (TOP+ARICH+dE/dx) performance  
¾ TOP / ARICH event reconstruction software already working well. 

¾ + dE/dx (CDC) information to cover the backward region 

Î a.v.g. K efficiency / pion fake rate improved as expected.  c.f. Belle PID (88%/9%) 

b
a

c
k

w
a

r
d

 
f
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15 2015/03/27 

K/π separation: efficiency 

N研 研究報告 16 
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    Kaons    

    Pions    

Belle PID 

Averaged K efficiency 88% 

Pion fake rate 9% 

Belle PID (ACC+TOF+dE/dx) 

2015/03/27 

slides from K. Hayakawa 
(2015)	
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expected performance	

22 / 19 

2nd Mar, 2017 

PID impact on physics analysis 

N研 研究報告 14 

Belle II 7.5 ab-1 expectation from MC 
with Belle PID with Belle II PID (TOP+ARICH) 

Belle experimental data 
(657 million BBbar sample) 

ΔE: energy difference between 
       reconstructed B0 and beam 

2015/03/27 T. Hayakawa (2015)	
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quartz specification	

2nd Mar, 2017 

�

•
•

Requirement

QA results
Length 1250±0.50 mm

Width 450±0.15 mm

Thickness 20±0.10 mm

Flatness < 6.3 mm

Perpendicularity < 20 arcsec

Parallelism < 4 arcsec

Roughness < 5 Å (RMS)

Specifications

(for the largest surfaces)

5

K. Matsuoka (@KMI2017)	
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Belle

module assembly	

2nd Mar, 2017 

Optics: alignment, gluing, 
curing and aging (~2 
weeks).	

Enclosure: gluing CCDs and 
LEDs, integrating fiber 
mounts.	

QBB: strong back flattening, 
button & enclosure gluing. 

Move optics to QBB using 
the “lifting jig”. 

QBB assembly and gas 
sealing. 

Put on a cart. PMT and front-
end integration, 
performance check. 

K. Suzuki 
(@RICH2016)	
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mechanics	

p requirement for 
Quartz Bar Box (QBB): 
light but rigid 
àaluminum honeycomb plate 
p round shape to have high rigidity 

(×2.8 rigidity than square) 

p strong back 
p support frame 
p removed after connecting 

to adjacent modules 

2nd Mar, 2017 

Quartz 

Module cross section 

PEEK buttons 
Silicon glue 

QBB	

25 / 19 
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2nd Mar, 2017 

p Optics: alignment, gluing. 

θV	

θH	

L-side 

R-side 

θH (R-side)	

θH (L-side)	

θV (R-side)	

θV (L-side)	

|θH| < 40 arcsec. |θV| < 20 arcsec. 

K. Suzuki 
(@RICH2016)	
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2nd Mar, 2017 

Temp. (T), Humidity (H) and Acceleration (G) 
in the M01 transportation. 

H: 20 – 22% 16℃	

20℃	

24℃	

16%	

24%	

T: 16.7 – 23.1°C 

Gx: (0 +0.2/-0.1) G 

Gz: (-1 +0.2/-0.2) G 

Gy: (0 +0.3/-0.2) G 

Outdoor 

Truck 

 0.2 

   0 

-0.2 

-0.4 

-0.6 

-0.8 

-1.0 

-1.2	

A
c

c
e

le
ra

tio
n

 
[G

]	

14:20	 14:40	 15:00	 15:20	 15:40	 16:00	 16:20	

Crane	 Crane	

Time [hh:mm]	

~5 km/h	

Fuji 
Hall	

Tsukuba 
Hall	

~1.5 km	

Module transportation 
p From the assembly site to the 

installation site. 
p Using a transportation pallet, crane and 

truck (~1.5 km @ ~5 km/h). 
p Gently done for all modules. 

2016/09/09	Gx	

Gy	

Gz	

K. Suzuki (@RICH2016)	
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2nd Mar, 2017 

MCP-PMT modules 

September 5, 2016 PNNL-SA-120657 17 

Front	board	(signal/HV	

rouCng,	HV	filtering)	

RTV	to	fix	MCP-PMTs	

to	front	boards	

340	nm	

wavelength	

filter	

PEEK	parts	

precisely	locate	

wavelength	filter	

relaCve	to	front	

board	

Vacuum	chuck	

OpCcally	

matched	

silicon	cast	

in	place	

Removable	opCcal	coupling	is	made	using	a	so<	cast	silicone	

cookie	with	a	drop	of	opCcal	oil	to	make	a	“bubble	free”	contact	

Two	MCP-PMT	modules	mounted	to	prism	face	

J. Fast (@RICH2016)	
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2nd Mar, 2017 

�

Ion

Gas

Ceramic 

block
Al layer

ALD coating on 

the MCP surface

Gas

MCP

Gas

MCP

0

10

20

30

L
if
e

ti
m

e
 (

C
/
c

m
2
)

Sample

Estimation of

the lower bound

0.3-1.7 C/cm2

Average: 1.1 C/cm2

2.5-26.1 C/cm2

Average: 10.4 C/cm2

>13.6 C/cm2

Step 1 (2011) Step 2 (2013) Step 3 (2015)

Belle II beam bkgd. MC

7

K. Matsuoka (@KMI2017)	
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Module	deflec/on	monitors	(3)�
• Portable	pipe	gauge	(Suzuki)�

Used	gauges�

“Joint”�

“Fwd”�

“Bwd”�

“Mid”�

2016.5.20� ���N-lab	mee/ng�

“Joint”�“Fwd”� “Bwd”�“Mid”�

deflection measurement	

p Portable Pipe gauge 

 

p strain 
gauge	

21th Sep, 2016 

Module	deflec/on	monitors	(1)�
• Strain	gauge	(Omori,	Inami)�

2016.5.20� ���N-lab	mee/ng�

An	idea	to	measure	the	module	sag�

16.01.08� N-lab	mee.ng� 
�

Module�

×	

��

An	idea	to	measure	the	module	sag�

16.01.08� N-lab	mee.ng� 
�

Module�

×	

��
16.01.08� N-lab	mee.ng� ��

ãåáâäáãæ� 7�
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deflection measurement	

21th Sep, 2016 

Act.	
# Action

1 Before	the	slider	approach.

2 Sliders	joined.

3 Lifted	up.

4 Set	the	weights.

5 Rotated	to	the	top	position.

6 Removed	OP	spacers.

7 Rotated	to	the slot	position.

8 Moved to	a	lower	position.

9 Slid	in	the	barrel.

10 Tightened	the	shoulder	bolts.

11 Tightened	the	flange	bolts.

12 Removed	the	weights.

13 Removed	the	slider	bolts.

14 Removed	the	upper	L-fixtures.

15 Removed	the	lower	L-fixtures.

Deflection	during	the	installation	(2)
• Summary	of	S06-S01,	S16	(preliminary)

2016.622 19TOP	Parallel	Session	in	B2GM24
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6 Removed	OP	spacers.

7 Rotated	to	the slot	position.

8 Moved to	a	lower	position.

9 Slid	in	the	barrel.

10 Tightened	the	shoulder	bolts.

11 Tightened	the	flange	bolts.

12 Removed	the	weights.

13 Removed	the	slider	bolts.

14 Removed	the	upper	L-fixtures.

15 Removed	the	lower	L-fixtures.

Deflection	during	the	installation	(2)
• Summary	of	S06-S01,	S16	(preliminary)
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11 Tightened	the	flange	bolts.

12 Removed	the	weights.

13 Removed	the	slider	bolts.
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宇宙線データ (タイミング分布)	

p トリガーカウンターの場所を変えながら応
答を確認 

p 想定通りの直接光/反射光の時間差 

21th Mar, 2016 

hit timing	

trigger counter 
in mirror side	

trigger counter 
in prism side	

single peak	

~34 ns	 hit timing	

double peak	

Module#06	
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Belle

宇宙線データ (ヒット数)	

p 1トリガーあたりのhit数 : ~20 
p およそシミュレーションの予想と一致	

21th Mar, 2016 
Photoelectron yield [p.e.]
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# of hits distribution (with full asic event)
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trigger counter 
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trigger counter 
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Module#06	
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筑波実験棟への輸送後のデータ	

p エレキハット前でインス 
トール前に再度測定を 
行う 

p 輸送時に大きな問題が
ないことを確認 

21th Mar, 2016 

Belle II検出器	エレキハット	
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(輸送後)	

Module#09 宇宙線 ヒット数分布(ミラー側)	 TOPモジュール	
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MC simulation	

p TOP, ECL and KLM as well as 
trigger counters were setup 
p prepared by Marko, scinti. by me 

p cosmic ray muons are 
generated from 
the outside of 
the Belle II 
detector 

p with and without 
magnetic field 

7th Feb, 2017 

123

24

CDC ECL KLM

TOF
ACC

SVD

EFC

e-

8.0 GeV
e+

3.5 GeV

SCALE

0          1           2          3 m

KLM

CDC
Moveable

ACC

SVD

ECL

endyoke

Figure 2.1.4. Longitudinal (top), adapted from (Abashian, 2002b), and transverse (bottom) cross sections of the Belle detector.

to the beam and measure the azimuthal angle φ and the
radius of the hit r; on the other side the strips are trans-
verse and measure the z coordinate. The SVT consists of
340 sensors which are aligned in situ relative one-another

using dimuon and cosmic ray events. This local alignment
is quite stable over time: it only needs to be updated when
something ‘significant’ occurs in the BABAR detector hall:
a detector access or a quench of the superconducting coil

3026 Page 24 of 928 Eur. Phys. J. C (2014) 74:3026

cosmic ray generation position	
2016-11-19 01:24:07
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cosmic ray model	

p correlation between angular and 
momentum distribution (from hep-ph/
0604145) 

p  IV : spectrum 
for θ=0 
p BESS results 

were used	

7th Feb, 2017 
2016-11-28 16:08:56
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Part. Phys. 24 (1998) 1805–1822  

colored lines : this model	

θ=0∘	

θ=60∘	

θ=80∘	

This implies that a simple relationship exists in the data that relates the muon
intensity at any momentum and angle to the vertical intensity (Iv) by

I(pµ, θ) = cos3(θ)Iv(ζ). (2)
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Fig. 3. Surface muon intensity is plotted as a function of ζ = pµ cos(θ). Each data set
is scaled by a factor 1/ cos3(θ). Also shown is the best fit, derived from combining
Eqs. 2 and 3 as described in Section 4.

4 Comparison to Spectrum Models

As a side issue, this section discusses the specific form of I, and argues for
the utility of the relationship expressed in Eq. 2. With the combined data,
as shown in Fig. 3, it is possible to compare several parameterizations that
attempt to provide calculations of muon intensity. Four such models are shown
in Fig. 4.

The Gaisser[8] and Bugaev[11] models are both 5 parameter functions which
describe only the vertical muon intensity while the other two models (Bogdanova[9]
and Tang[10]) are recent attempts to better match the angular dependence of
the intensity at the surface. The Gaisser formula is based on the physics of
the muon production in the atmoshpere and was validated with most of the
world’s data at depth. It is not expected to be valid at energies below the pion
threshold (∼100 GeV), but since it is a standard reference of the community,
it is included here for comparison.

The Bugaev work is focused on nuclear cascade models for the propogation of

5

(Fig. 2) if a simple scaling variable is introduced

ζ = pµ cos(θ). (1)

(GeV)µp
1 10 210 310 410

 )
-1

G
eV

-1
se

c
-1

sr
-2

In
te

ns
ity

 (c
m

-1410

-1310

-1210

-1110

-1010

-910

-810

-710

-610

-510

-410

-310

)° = 0θNandi and Sinha (
)° = 0θMARS (

)° = 0θOKAYAMA (
)° = 30θOKAYAMA (

)° = 30θKellogg et.al. (
)° = 60θOKAYAMA (
)° = 75θOKAYAMA (

)° = 75θKellogg et.al. (
)° = 75θKiel-Desy (
)° = 80θOKAYAMA (

)° = 89θMUTRON (

Fig. 1. The differential surface muon intensity is plotted as a function of muon
momentum for all the data sets listed in Table 1.
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Fig. 2. The differential surface muon intensity is plotted as a function of ζ as defined
in Eq. 1. One clearly notices the similarity of spectral shape and the grouping of
the different data by zenith angle.

Based on this observation, a succesful attempt was made to find a scale factor
for all momenta ∝ 1/ cosn(θ). Optimal agreement was found at a value of
n = 3 (shown in Fig. 3).

4
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highlights of analysis (i) 	

p event selection using TOP 
hit itself is possible 
p require hit in a partner module 

and no hits in all the others 
p clear peak structure	

7th Feb, 2017 
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highlights of analysis (ii)	

p reduction of artifacts 
– waveform analysis 
p new cut at the window boundary 
p baseline shift 

p fit ADC count dist. for 
each window 
(take very long time 
to process…) 

p mis-configured asics 
p discard asic data 

with too many hits	
7th Feb, 2017 
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Belle

highlights of analysis (ii)	

p reduction of artifacts 
– waveform analysis 
p new cut at the window boundary 
p baseline shift 

p fit ADC count dist. for 
each window 
(take very long time 
to process…) 

p mis-configured asics 
p discard asic data 

with too many hits	
7th Feb, 2017 
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data taking	

p PocketDAQ with full- 
waveform firmware (20-21) 
p “Vbias” and “Vbias2” values were 

swapped 
àhard to analyze timing- 
related issues, but able to 
evaluate # of photon hits 

p all the 16 slots were readout 
p two kinds of trigger layout 

p manually changed	

7th Feb, 2017 
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estimation of BG components	

p BG sample 
p require hits in a pair of modules 

and no hits in all the others 
except the module of interest 

7th Feb, 2017 
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BG contribution	

7th Feb, 2017 
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p d	

2nd Mar, 2017 
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issues – trig. rate in data/MC	

p reasonable agreement in 0-T case 
p not reproduced in 1.5-T case 

p wrong model? bad trig. counter eff? 

7th Feb, 2017 
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INSTR-17 

Belle

eff. vs HV and thre. (0 T)	

p ΔV = [-80,+100]	

7th Feb, 2017 
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INSTR-17 

Belle

eff. vs HV and thre. (1.5 T)	

p ΔV = [-100, 0]	

7th Feb, 2017 
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Belle
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Scrod77_BS2_c0_a0_ch6(pixel ID = 98), EvtNum : 5 (5)

nHit with loose cut	

p prev. 
p nBins>50 ≥ 3, height > 100 

p new condition 
p nBins>50 ≥ 2, height > 70 
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INSTR-17 

Belle

test in Hawaii	

21th Mar, 2016 

4. Resulting Residual 

14 

Use SSTin period 
constraint to calibrate 
absolute timebase 
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G. Varner	



INSTR-17 

Belle

Setup in Padova - I
Quartz prism equal to those installed in KEK (rejected ‘cause of production damage on a
corner)

A dedicated support for the fibers is

current precision on fiber position ⇠

being produced

mm
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laser system test bench	
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2nd Mar, 2017 A. Morda (@26th B2GM)	

Fit results - pos.0 [ pos.1 - x-axis range [8,10] ns

pos.0 & pos.1 signal PDFs, full signal PDF, bkg PDF, full PDF

Time [ns]
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 0.058±Frac_0 =  0.431 
 0.16±Frac_H_0 =  0.23 

 0.048±Frac_H_1 =  0.527 
 0.021±Frac_L_0 =  0.041 
 0.030±Frac_L_1 =  0.019 

 0.056±Frac_sig =  0.760 
 0.23±a0_bkg =  0.68 

 0.30±a1_bkg = -1.554 
 0.21±a2_bkg = -0.219 

 0.014±sigma_H_0 =  0.076 
 0.0028±sigma_H_1 =  0.0636 
 0.0094±sigma_L_0 =  0.0468 

 0.033±sigma_L_1 =  0.034 
 0.21±sigma_T_0 =  0.29 

 0.013±sigma_T_1 =  0.146 

 pos.1,  channel 0⊕pos.0 
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 0.040±Frac_0 =  0.179 
 0.24±Frac_H_0 =  0.88 

 0.022±Frac_H_1 =  0.616 
 0.044±Frac_L_0 =  0.115 
 0.014±Frac_L_1 =  0.097 

 0.028±Frac_sig =  0.659 
 0.062±a0_bkg =  0.096 
 0.087±a1_bkg = -0.7951 

 0.099±a2_bkg =  0.478 
 0.0050±sigma_H_0 =  0.0703 
 0.0024±sigma_H_1 =  0.0737 
 0.0085±sigma_L_0 =  0.0402 

 0.010±sigma_L_1 =  0.075 
 0.22±sigma_T_0 =  0.24 

 0.0090±sigma_T_1 =  0.1397 

 pos.1,  channel 4⊕pos.0 
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 0.23±Frac_0 =  0.42 
 0.29±Frac_H_0 =  0.25 

 0.091±Frac_H_1 =  0.577 
 0.095±Frac_L_0 =  0.092 
 0.051±Frac_L_1 =  0.128 

 0.18±Frac_sig =  0.79 
 0.38±a0_bkg =  0.70 
 1.2±a1_bkg = -0.83 
 1.1±a2_bkg = -0.10 

 0.023±sigma_H_0 =  0.074 
 0.0062±sigma_H_1 =  0.0802 

 0.028±sigma_L_0 =  0.090 
 0.019±sigma_L_1 =  0.079 
 0.094±sigma_T_0 =  0.253 
 0.089±sigma_T_1 =  0.150 

 pos.1,  channel 8⊕pos.0 

Time [ns]
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 0.12±Frac_0 =  0.44 
 0.11±Frac_H_0 =  0.23 
 0.038±Frac_H_1 =  0.581 
 0.054±Frac_L_0 =  0.107 
 0.043±Frac_L_1 =  0.220 

 0.020±Frac_sig =  0.702 
 0.062±a0_bkg = -0.0591 
 0.085±a1_bkg = -0.7287 

 0.086±a2_bkg =  0.160 
 0.0099±sigma_H_0 =  0.0520 
 0.0100±sigma_H_1 =  0.0839 

 0.012±sigma_L_0 =  0.070 
 0.019±sigma_L_1 =  0.078 
 0.052±sigma_T_0 =  0.160 
 0.0040±sigma_T_1 =  0.1250 

 pos.1,  channel 12⊕pos.0 
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 0.18±Frac_0 =  0.36 
 0.041±Frac_H_0 =  0.058 
 0.068±Frac_H_1 =  0.646 

 0.11±Frac_L_0 =  0.20 
 0.10±Frac_L_1 =  0.19 
 0.028±Frac_sig =  0.605 

 0.17±a0_bkg =  0.35 
 0.24±a1_bkg = -1.887 

 0.19±a2_bkg =  0.15 
 0.0061±sigma_H_0 =  0.0194 
 0.0046±sigma_H_1 =  0.0756 
 0.0098±sigma_L_0 =  0.0639 

 0.032±sigma_L_1 =  0.095 
 0.056±sigma_T_0 =  0.126 
 0.015±sigma_T_1 =  0.105 

 pos.1,  channel 1⊕pos.0 
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 0.13±Frac_0 =  0.31 
 0.28±Frac_H_0 =  0.50 

 0.067±Frac_H_1 =  0.620 
 0.16±Frac_L_0 =  0.41 

 0.075±Frac_L_1 =  0.290 
 0.035±Frac_sig =  0.768 

 2.6±a0_bkg = -7.23 
 2.6±a1_bkg = -7.94 
 1.0±a2_bkg = -1.62 

 0.0081±sigma_H_0 =  0.0722 
 0.0043±sigma_H_1 =  0.0778 

 0.012±sigma_L_0 =  0.098 
 0.025±sigma_L_1 =  0.108 
 0.099±sigma_T_0 =  0.179 
 0.015±sigma_T_1 =  0.085 

 pos.1,  channel 5⊕pos.0 
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 0.047±Frac_0 =  0.473 
 0.025±Frac_H_0 =  0.336 
 0.020±Frac_H_1 =  0.654 
 0.053±Frac_L_0 =  0.268 
 0.028±Frac_L_1 =  0.268 

 0.072±Frac_sig =  0.833 
 0.13±a0_bkg =  0.50 

 0.36±a1_bkg = -0.219 
 0.16±a2_bkg =  0.29 

 0.0061±sigma_H_0 =  0.0798 
 0.0045±sigma_H_1 =  0.0965 
 0.0091±sigma_L_0 =  0.1112 
 0.0061±sigma_L_1 =  0.0905 

 0.21±sigma_T_0 =  0.35 
 0.016±sigma_T_1 =  0.103 

 pos.1,  channel 9⊕pos.0 

Time [ns]
8 8.2 8.4 8.6 8.8 9 9.2 9.4 9.6 9.8 10

Ev
en

ts
 / 

( 0
.0

25
 )

0

50

100

150

200

250

300

350

400

450

 0.086±Frac_0 =  0.702 
 0.093±Frac_H_0 =  0.166 
 0.035±Frac_H_1 =  0.593 
 0.034±Frac_L_0 =  0.072 
 0.032±Frac_L_1 =  0.336 
 0.058±Frac_sig =  0.867 

 0.67±a0_bkg =  0.91 
 0.28±a1_bkg = -0.292 
 0.26±a2_bkg = -0.206 

 0.019±sigma_H_0 =  0.077 
 0.012±sigma_H_1 =  0.081 
 0.017±sigma_L_0 =  0.073 
 0.0082±sigma_L_1 =  0.0552 

 0.045±sigma_T_0 =  0.298 
 0.022±sigma_T_1 =  0.063 

 pos.1,  channel 13⊕pos.0 

Time [ns]
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 0.13±Frac_0 =  0.60 
 0.22±Frac_H_0 =  0.16 
 0.084±Frac_H_1 =  0.561 
 0.077±Frac_L_0 =  0.107 

 0.19±Frac_L_1 =  0.20 
 0.13±Frac_sig =  0.72 

 0.36±a0_bkg =  0.05 
 0.19±a1_bkg = -0.661 
 0.42±a2_bkg = -0.029 

 0.042±sigma_H_0 =  0.074 
 0.0063±sigma_H_1 =  0.0750 

 0.013±sigma_L_0 =  0.062 
 0.047±sigma_L_1 =  0.078 
 0.098±sigma_T_0 =  0.233 
 0.030±sigma_T_1 =  0.133 

 pos.1,  channel 2⊕pos.0 

Time [ns]
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 0.22±Frac_0 =  0.58 
 0.032±Frac_H_0 =  0.034 
 0.080±Frac_H_1 =  0.360 
 0.044±Frac_L_0 =  0.081 
 0.096±Frac_L_1 =  0.593 

 0.035±Frac_sig =  0.815 
 0.23±a0_bkg =  0.49 

 0.12±a1_bkg = -0.285 
 0.16±a2_bkg = -0.196 

 0.021±sigma_H_0 =  0.044 
 0.011±sigma_H_1 =  0.076 
 0.024±sigma_L_0 =  0.076 

 0.11±sigma_L_1 =  0.12 
 0.033±sigma_T_0 =  0.268 
 0.054±sigma_T_1 =  0.136 

 pos.1,  channel 6⊕pos.0 
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 0.24±Frac_0 =  0.47 
 0.66±Frac_H_0 =  0.40 

 0.069±Frac_H_1 =  0.560 
 0.26±Frac_L_0 =  0.48 

 0.079±Frac_L_1 =  0.348 
 0.077±Frac_sig =  0.656 

 0.27±a0_bkg = -0.055 
 0.30±a1_bkg = -0.405 

 0.28±a2_bkg =  0.23 
 0.11±sigma_H_0 =  0.11 

 0.015±sigma_H_1 =  0.099 
 0.012±sigma_L_0 =  0.094 
 0.011±sigma_L_1 =  0.062 

 0.11±sigma_T_0 =  0.09 
 0.024±sigma_T_1 =  0.091 

 pos.1,  channel 10⊕pos.0 

Time [ns]
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 0.13±Frac_0 =  0.75 
 0.077±Frac_H_0 =  0.092 

 0.23±Frac_H_1 =  0.46 
 0.032±Frac_L_0 =  0.056 

 0.16±Frac_L_1 =  0.50 
 0.094±Frac_sig =  0.877 

 1.2±a0_bkg =  0.6 
 0.53±a1_bkg = -0.951 

 1.2±a2_bkg = -0.55 
 0.038±sigma_H_0 =  0.076 
 0.011±sigma_H_1 =  0.064 
 0.0099±sigma_L_0 =  0.0449 

 0.014±sigma_L_1 =  0.069 
 0.034±sigma_T_0 =  0.291 
 0.085±sigma_T_1 =  0.176 

 pos.1,  channel 14⊕pos.0 

Time [ns]
8 8.2 8.4 8.6 8.8 9 9.2 9.4 9.6 9.8 10

Ev
en

ts
 / 

( 0
.0

25
 )

0

100

200

300

400

500

600

 0.17±Frac_0 =  0.78 
 0.38±Frac_H_0 =  0.49 
 0.20±Frac_H_1 =  0.69 
 0.090±Frac_L_0 =  0.079 

 0.19±Frac_L_1 =  0.19 
 0.091±Frac_sig =  0.729 

 0.23±a0_bkg =  0.61 
 0.19±a1_bkg = -0.706 

 0.71±a2_bkg =  0.38 
 0.014±sigma_H_0 =  0.118 
 0.024±sigma_H_1 =  0.099 
 0.025±sigma_L_0 =  0.082 
 0.011±sigma_L_1 =  0.048 

 0.32±sigma_T_0 =  0.35 
 0.027±sigma_T_1 =  0.084 

 pos.1,  channel 3⊕pos.0 

Time [ns]
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 0.20±Frac_0 =  0.57 
 0.065±Frac_H_0 =  0.140 
 0.061±Frac_H_1 =  0.245 
 0.092±Frac_L_0 =  0.124 
 0.061±Frac_L_1 =  0.691 
 0.034±Frac_sig =  0.873 

 0.41±a0_bkg =  0.86 
 0.26±a1_bkg = -0.510 
 0.37±a2_bkg = -0.431 

 0.014±sigma_H_0 =  0.072 
 0.013±sigma_H_1 =  0.087 
 0.092±sigma_L_0 =  0.118 
 0.022±sigma_L_1 =  0.121 

 0.25±sigma_T_0 =  0.34 
 0.11±sigma_T_1 =  0.16 

 pos.1,  channel 7⊕pos.0 

Time [ns]
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 0.11±Frac_0 =  0.58 
 0.028±Frac_H_0 =  0.041 
 0.089±Frac_H_1 =  0.422 
 0.038±Frac_L_0 =  0.055 
 0.081±Frac_L_1 =  0.518 

 0.087±Frac_sig =  0.699 
 0.13±a0_bkg = -0.120 
 0.13±a1_bkg = -0.452 

 0.26±a2_bkg =  0.22 
 0.012±sigma_H_0 =  0.028 
 0.081±sigma_H_1 =  0.122 
 0.013±sigma_L_0 =  0.038 
 0.016±sigma_L_1 =  0.080 
 0.029±sigma_T_0 =  0.195 
 0.024±sigma_T_1 =  0.085 

 pos.1,  channel 11⊕pos.0 

Time [ns]
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 0.20±Frac_0 =  0.36 
 0.11±Frac_H_0 =  0.06 

 0.088±Frac_H_1 =  0.536 
 0.23±Frac_L_0 =  0.59 

 0.093±Frac_L_1 =  0.410 
 0.041±Frac_sig =  0.674 

 0.16±a0_bkg = -0.107 
 0.23±a1_bkg = -0.888 

 0.18±a2_bkg =  0.18 
 0.026±sigma_H_0 =  0.028 
 0.076±sigma_H_1 =  0.125 
 0.018±sigma_L_0 =  0.093 
 0.024±sigma_L_1 =  0.075 
 0.057±sigma_T_0 =  0.087 
 0.0077±sigma_T_1 =  0.0236 

 pos.1,  channel 15⊕pos.0 

One-two evident peaks, very large tails

pos. 0 & 1 components no more distinguishable without fit
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