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Job monitoring on DIRAC for Belle II distributed computing 
Y. Kato (KMI,Nagoya U.), K. Hayasaka (KMI, Nagoya U.), T. Hara (KEK),  
H. Miyake (KEK), I. Ueda (U. Tokyo/KEK) for Belle II computing group 

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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outline	

p  e+e-àπ+π-γISR 過程の断面積はミューオンg-2 (aµ)の
理論計算の入力値であるが, この測定の不定性がaµ
の計算値の不定性を決めている 
àBelle IIで精密測定を行う(目標精度:0.5%) 

p  同時にe+e-àµ+µ-γISR過程も測定し, 比をとることで測
定の不定性を削減する 

p  今回の発表 
p  ππ/µµの識別

p お互いがお互いのBGになる. 
p 識別効率の向上が重要 

p  µµのcorrelated efficiency loss 
p 2トラックが互いに近いと, それに伴う 

識別効率の低下が起こりうる 
p BaBarでは大きな系統誤差の要因だった  
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analysis procedure	

p basic event selection 
p ≥1 γ with E*>3 GeV 
p # of tracks == 2 
p for both tracks, 

p p>1 GeV/c 
p nHitCDC≥5 
p PID cut 

(based on likelihood ratios) 

p remarks on sim. condition 
p still using MC8 
p first show plots BGx0, then discuss BGx1 
p assume 100% trig. eff. 

3 / 13 

PID cut 
1.  muon ID 

2.  kaon ID 
fail muon ID && 

 
3.  pion ID 

fail both muon and kaon ID 

used detectors : 
CDC, TOP, A-RICH & KLM	

13th Oct, 2017 

beamBG存在 
下ではよくない 
カット	
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KLM gap veto	

p muon ID eff. deteriorates 
in KLM module gaps 

p  in kaon ID, muons are 
usually identified 
as pion 
àmuon ID ineff. 
    ~ pion fake rate 

p  try to avoid these 
regions to reduce 
fake pions(µàπ)	

4 / 13 

Belle

KLM structure

Belle II Trigger/DAQ workshop – August 23, 2017 Dmitri Liventsev (VPI/KEK) – KLM trigger status and plan – 2 of 9

• KLM is divided into a barrel and endcaps;

• The barrel is divided into forward and backward halves,

• eight sectors (octants) in each half,

• 15 layers in each sector;

• Endcaps are divided into four sectors (quadrants) each,

• 14 layers in the forward endcap;

• 12 layers in the backward endcap;

• Two inner barrel layers

and entire endcaps

are instrumented with

scintillator strips;

• 13 outer barrel layers

are instrumented with RPCs.

D. Livenstev	

φ (calculated from truth mon.) [deg]	

θ 
[d

e
g

]	

single muon MC : µ+ identified as π+	
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KLM-gap veto cut	

p veto regions in track pT-φ plane 
(φ is measured with respect to gap angle φ0) 

p defined for each of particle charge 
and θ direction (endcap or barrel) 

p require at least 
one track to be 
outside this veto 
region 

2017-08-31 22:36:19

1 2 3 4 50
5

10
15
20
25
30
35
40
45
50

Entries  29720

Mean x  0.008125±  2.622 

Mean y  0.07151±  15.05 

Std Dev x  0.005745±  1.052 

Std Dev y  0.05056±  9.262 

       0       0       0

   12597   16778     345

       0       0       0

0
10
20
30
40
50
60
70
80

Entries  29720

Mean x  0.008125±  2.622 

Mean y  0.07151±  15.05 

Std Dev x  0.005745±  1.052 

Std Dev y  0.05056±  9.262 

       0       0       0

   12597   16778     345

       0       0       0

(TMath::ATan2(pi_P4[1],pi_P4[0])*180/TMath::Pi()+382.5)%45:TMath::Hypot(pi_P4[0],pi_P4[1]) {1/(1+TMath::Exp((-1)*(pi_muid_DLL.CDC+pi_muid_DLL.TOP+pi_muid_DLL.ARICH+pi_muid_DLL.KLM))+TMath::Exp((-1)*(pi_muid_DLL.CDC+pi_muid_DLL.TOP+pi_muid_DLL.ARICH+pi_muid_DLL.KLM-pi_Kid_DLL.CDC-pi_Kid_DLL.TOP-pi_Kid_DLL.ARICH-pi_Kid_DLL.KLM)))<0.1 && nCands==1 && pi_nCDCHits>=5 && pi_TruthP>0.1 && pi_mcPDG<0 && TMath::Abs(TMath::ACos(pi_TruthP4[2]/pi_TruthP)*180/TMath::Pi()-75)<45}

µ events identified as π (µ+)	

track pT [GeV/c]	tr
a

c
k 
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n

g
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 φ
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 φ
0 [

d
e

g
]	

barrel 
(40∘<θ<130∘)	

R = 2.5 m	

R = 2.0 m	
±1∘	

φ∗
= cos

−1
cBR

2pT
φ∗

= cos
−1

cBR

2pT

φ∗
= cos

−1
cBR

2pT
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when track φ=90∘	

φ	
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KLM gap veto cut – µ- 	

p veto regions are 
defined in the 
same way with µ+	

2017-08-31 22:58:30
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(TMath::ATan2(pi_P4[1],pi_P4[0])*180/TMath::Pi()+382.5)%45:TMath::Hypot(pi_P4[0],pi_P4[1]) {1/(1+TMath::Exp((-1)*(pi_muid_DLL.CDC+pi_muid_DLL.TOP+pi_muid_DLL.ARICH+pi_muid_DLL.KLM))+TMath::Exp((-1)*(pi_muid_DLL.CDC+pi_muid_DLL.TOP+pi_muid_DLL.ARICH+pi_muid_DLL.KLM-pi_Kid_DLL.CDC-pi_Kid_DLL.TOP-pi_Kid_DLL.ARICH-pi_Kid_DLL.KLM)))<0.1 && nCands==1 && pi_nCDCHits>=5 && pi_TruthP>0.1 && pi_mcPDG>0 && TMath::Abs(TMath::ACos(pi_TruthP4[2]/pi_TruthP)*180/TMath::Pi()-75)<45}
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(TMath::ATan2(pi_P4[1],pi_P4[0])*180/TMath::Pi()+360)%90:TMath::Hypot(pi_P4[0],pi_P4[1]) {1/(1+TMath::Exp((-1)*(pi_muid_DLL.CDC+pi_muid_DLL.TOP+pi_muid_DLL.ARICH+pi_muid_DLL.KLM))+TMath::Exp((-1)*(pi_muid_DLL.CDC+pi_muid_DLL.TOP+pi_muid_DLL.ARICH+pi_muid_DLL.KLM-pi_Kid_DLL.CDC-pi_Kid_DLL.TOP-pi_Kid_DLL.ARICH-pi_Kid_DLL.KLM)))<0.1 && nCands==1 && pi_nCDCHits>=5 && pi_TruthP>0.1 && pi_mcPDG>0 && TMath::Abs(TMath::ACos(pi_TruthP4[2]/pi_TruthP)*180/TMath::Pi()-32.5)<7.5}track momentum [GeV/c]	
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(TMath::ATan2(pi_P4[1],pi_P4[0])*180/TMath::Pi()+360)%90:TMath::Hypot(pi_P4[0],pi_P4[1]) {1/(1+TMath::Exp((-1)*(pi_muid_DLL.CDC+pi_muid_DLL.TOP+pi_muid_DLL.ARICH+pi_muid_DLL.KLM))+TMath::Exp((-1)*(pi_muid_DLL.CDC+pi_muid_DLL.TOP+pi_muid_DLL.ARICH+pi_muid_DLL.KLM-pi_Kid_DLL.CDC-pi_Kid_DLL.TOP-pi_Kid_DLL.ARICH-pi_Kid_DLL.KLM)))<0.1 && nCands==1 && pi_nCDCHits>=5 && pi_TruthP>0.1 && pi_mcPDG>0 && TMath::ACos(pi_TruthP4[2]/pi_TruthP)*180/TMath::Pi()>130}

backward 
endcap	

forward 
endcap	

barrel	
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トラックをKLM表面まで 
外挿してその位置を使うほうが良い?	
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PID performance – µµ mode	

p require at least one track to be outside 
the veto regions 

p MC stat. : 
~5 fb-1 equiv. 

p µµ-ID eff. 
p ~80% 
p loss by veto cut: 

5% 
p ππàµµ bkg. ratio 

p ~0.4% 
(Mµµ<1 GeV/c2) 

dimuon mass [GeV/c2]	

7 / 13 

BGx0, 5 fb-1	

blue : ππ sim (bkg) 
before/after µ-ID	

1	 2	 3	 4	 5	

black & red : µµ sim. (signal) 
red : µ-ID for both tracks	
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PID performance – ππ mode	

p  ππ-ID cut efficiency 
p  69% 
p  loss by veto cut: 8.8% 

p  µµàππ background 
p  0.15% (<1 GeV/c2) 
ßfactor 5 reduction 
due to the veto cut 
p  same level as BaBar 

p  required statistic 
p  5.3k evts / 5 fb-1 
à>100 fb-1 

possible in early stage 
of Belle II run 

(BaBar : 232 fb-1 PRD86 032013) 

2017-09-04 02:57:41
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Belle II MC	

black & red : ππ sim. (signal) 
red : π-ID for both tracks	

blue : µµ sim (bkg) 
before/after π-ID	

0.2	 0.6	 1.0	 1.4	 1.8	
Mππ [GeV/c2] 

background level 
(red points : BaBar)	

1	

10-2 

10-1 

10-3 

ρ peak	

BGx0, 5 fb-1	
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summary table	
µµ efficiency	 ππàµµ BG	 ππ efficiency	 µµàππ BG	

no veto cut	 85.2%à84.6%	 0.39%à0.37%	 75.3%à75.3%	 0.83%à0.64%	

loose veto	 80.9%à81.0%	 0.39%à0.38%	 68.7%à69.1%	 0.15%à0.17%	

tight veto	 58.2%à58.6%	 0.40%à0.37%	 46.2%à46.7%	 0.10%à0.03%	

2017-09-04 19:52:27
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loose veto, BGx0 
(red points : BaBar)	1

10-2 

10-1 

10-3 

loose : require at least one track to be outside of the veto regions 
tight : require both tracks to be outside of the veto region	

àthe loose cut is effective, and gives small enough BG 
(same level as BaBar)	

NoBGàWithBG	

M<1 GeV/c2	

no veto, BGx0 
(red points : BaBar)	
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study of correlated eff. loss for µµ	
p  eff. loss when two tracks are close to each other 
p  compare µµ simulation results (require PID cut for 

both tracks; red) and single µ sim. results (apply 
weight as product of two µ eff. ; blue) 
p 赤と青の違いがcorrelated eff. loss (赤のほうが下がるはず) 

p  analysis procedure 
p  efficiency mapをsingle µ　MCで予め用意しておく 
p  Eff. for a single muon is 

given as a function of 
p mom. (50 bins, 0-5 GeV/c) 
p cos θ (15 bins, 17∘-150∘) 
p φ%90∘ (15 bins ; 6∘ step) 
p charge (+ and -) 

p  KLM上でのhit位置を解析的に 
計算し, その距離差でcorrel. 
eff. loss を見る.	
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correlated loss	

p  KLM上のヒット位置の距離 
p  low massでは近いところで

低下がみられるが中質量で
は差がない 
(もっと統計がいる?) 

p  トラックの外挿で求めた 
位置を使うほうが良いか?	
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other variables	

p 2トラックの開き角 
p あまり効果はみられ

ない	
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summary and prospect	

p  µµ<->ππ cross feed was studied for eeàππ 
cross section measurement 

p KLM module gaps give large cross feed, 
especially for µµàππ fake events. This can 
be reduced drastically by introducing veto 
cuts. BG level is the same as BaBar. 

p Correlated efficiency loss in the µµ mode is 
studied, but not yet well described (what is 
directly causing the loss?) 

13 / 13 
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µµ/ππ cross feed	
p µµ mode (“loose cut”) 

p at least one µ is outside 
the veto regions 

p efficiency ~ 80% 
p -6% due to the veto cut 

p background ~ 0.4% 

efficiency 
(red / black)	

ππ contamination 
(blue / red)	
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µµ/ππ crossfeed	

p ππ mode (loose cut) 
p efficiency ~ 70% 

(-8% due to the veto cut) 

p background ~ 0.15% 
factor 5 reduction	

efficiency 
(red / black)	

ππ contamination 
(blue / red)	
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