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The Compressed Baryonic Matter experiment

Online data processing:
® triggering and storing interesting events
® full event reconstruction

® reduction of data rates from 1TB/s to 10GB/s

Data processing

Online
processing
Node 1

Beam Monitoring Magnet [l MUon Ci (MucH);or I Transition Radiation
= (8MON)and T, [ Micro-Vertex Detector (MVD) Ring Image Cherenkov (RICH) Detector (TRD)
System Silicon Tracking System (STS) FLES | timeslices

triggered events

Timeslices
(shared memory)

Online

processing
Node N

triggered events

CBMQ@FAIR (Darmstadt, Germany):

® exploration of QCD phase diagram at large pp TS Unpacking | dis [ Localreco | his
® fixed-target setup, under construction (available Global reco | Mecks

from 2028, test mini-CBM setup takes data) §| TS Unpacking .dis | Local reco | bits T
® high interaction rates — 10 MHz hits

hit multiplicity trigger

digis

® free-streaming readout, software event triggering
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Data quality assurance in CBM

QA-task(module) — fixed set of reference histograms: Tonine A | T =L T T =l 3

Online
® detector subsystem calibration and occupancy "'&iiisl")g Algo 15011 | | Algo 25)..
® reconstruction algorithms performance ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
= data-driven automatic and systematic bug/malfunction monitoring e S S
{processing | Algo 1 Algo2 | ... |AlgoK

. . ! (Node N)
Online scenario: 1

® processing data from each reco algorithm for selected nodes e :

® performance-critical = limited number of histograms

® monitoring (no analysis step)

Offline scenario:
® post-processing of stored reco events
® available for simulated data as well

® analysis step: data-driven problem detection and validation (Cl)
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FairRun
- fTask: FairTask 4
+ (virtual) AddTask(FairTask;
+ (virtual) Init()

TTask

- Tasks
+ (virtual) Exec()
+ (virtual) ExecuteTasks()

+ (virtual) Finish()
) 1 3
FairTask

Histogram registration

and configuration

+ (virtual) Run() + InitTask() CbmQalO
+ ExecuteTask() ~fpvObiList
# (W‘“a:l ‘F"“Oh - fConfigNode: YAML::Node
. # (virtual) Finish() + MakeQaObject<T>(args...)
FairRunAna # InitTasks() + SetConfigName(name)
+ Init() #ExecuteTasks() # ReadSpecificConfig()
+Run() # FinishTasks() # Write ToFile(pOutFile)
[ 1
Cbma: I CbmQaTask
+ AddTask(FairTask) +Init()
+ Init() + Exec()
+Erec) ] ] + Finish()
Signature of histogram | |+ (virtual) InitQa()
+ Finish() constructor + (virtual) ExecQa()
+0) + (virtual) Check()
+ SetConfigName(name) + (virtual) CreateSummary()
+C QaObjects(): bool
Init histograms and data
UserQa

Fill histograms per event

- fph_Histo: TH1*
- fph_HistoN: TH1*
- fplnputData: TClonesArray

+ InitQa()
+ ExecQa()

+ Check()

+C )

Framework:
® 3 set of histograms, filling approach, validation criteria of
histogram properties from user

® tasks are processed sequentially on a single thread

® 3l details are unified and automatised

Initialization 1.1.0.1. Init()
1.1.0.2. InitQa()
3.1i.1 Check()
Analysis 1. Init() 3.3.i.1. CompareQaObijects| 3.1.i.1. Check()
3.5.i Finish()
| 3. Finish() |
FairRunAna | |m"“" 1ager | CbmQaTask UserQal
1.2. init status

3.2. overall check status
3.4. comparison result
3.6. histograms written

3.1.i.2. check status map
3.3.i.2. comparison result
3.5..1. histograms written

Analysis step:
® check of histogram properties, requested by user

® compare of current histograms with the benchmark ones
(different code version, geometry, ...)



Offline scenario for data QA

QA check-list:

TGNORED ed checks provide a reason of failure ® data-driven checks: properties
! .
TOMED s irfiows .62 < -01 - 25 1 . of collected histograms
0.1 - 3.5 x 8.861186

TGNORED mean underflow: -8.373886 <

~__ ® multiple checks for each

~ Some of properties can QA-task

be ignored for final

® failed checks are collected by
station_position. ailed IGNORED Out of range z = +-1.88 cn: 18% (st. 8), 61.8% (st. 1), 66.8% (st. 2), 100% (st. 3) the Q/—\-manager and trlgger
station_pos asse

on_ordering
list for the task CbaCaInputQaSetup

list for the task CbnCalutputQa C |-teStS
Finished successfully Resulting check-list
status triggers Cl tests
ALL ok

<DartMeasurenent. nane="NaxMenor uneric/double">1148</Dar theasurenent>
<DartMeasurenent._nane="CpuLoad" d '>8.8412</Dar theasurenent>




Online scenario for data QA

TotalSums1D
TotalSums - fTotSumwW
=A - fTotSumWw2
- fTotSumWXx
__________________ - fTotSumWX2
{Axes, Storage, TotaiSums |
Histogram Zr
. . . - fHistogram: bh::histogram<Axes, Storage>
Avoiding ROOT dependencies on the data processing e eloar ¢ TotalSums2D
nodes for performance - Title - fotSumWXy
. - fEntries - fTotSumWy
= custom histograms: = - fTotSumwY2
. <<bind>>
L4 based on BOOSt: :hlStOgram Axes=Axes1D_t, Storage=bh::weight_storage,
) . ) . TotalSums=TotalSums1D H1D
® ROOT-like basic interface (ctors, fill, reset) o + Filox w)
. . . Axes=Axes2D_t, Storage=bh::weight_storage,
e fully reproduce statistical properties (errors, TotaiSums=TofaiSums2D H2D
moments) <<bind>> + Fill(x ,y, w)
Axes=Axes1D_t, Storage=RootStyleProfileStorage,
TotalSums=TotalSums1D Prof1D
<<bind>> + Fill(x ,y, w)
2D_t, Storage=/ torage,
TotalSums=TotalSums2D Prof2D
+ Fill(x,y, z, w)
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Online scenario for data

Histogram monitor (histserv):

‘ Dataz:Init() and Data::Send() must be called manuJHyl%

UserQa
“int ® standalone process, has ROOT
HistogramSender < + Exec()
+ ProparoAndSendisg<Obi>(obj. zma flags) | | |- ata: Data ® receives histograms from multiple reco nodes via ZMQ_PULL
- fHistComCh: tr H - fpSender: HistogramSender* . . .
 fzmaContext smatsortext P | | ion ristor o socket (a single socket both for configuration and content)
- s t H - fph_Histo2: Prof2D*
- poesnmesenm NI ® no information on source QA-modules
message, CanvasConfig and PadConfig are : S s I . .
helper inerfaces ‘T + MakeObj<Obj>(...args): Obf" ® updates histograms to the web-interface
+ )
+ Send(histoSender)

+ AddC:
CanvasConfig

i S AddPadConfigpad) | - fHistograms: HistogramContainer S histserv
71+ AddPadConfig(pad) e e .
+ ToString(): string

canvases
- fsName, fsTitle

- fvsPadConfigs: vector<string>

algorithm

HistogramContainer m ’:‘
+fvH1: forward_list<H1D> —_
PadConfig +fvH2: forward_list<H2D> 1. init
+ RegisterObject(name, opt) + fvP1: forward_list<Prof1D> m
+ ToString(): string +fvP2: forward_list<Prof2D> — istogram
UserQa

- GridX, fbLogY, .. + fTimesliceld m Q
- fvObjectList: vector<pair<string, string>> - serialize<Archive>() e

1.1: init histos
and canvases

QA modules:

. . 1.3.2.1: 1.3.1.1
qa::Data ZMQ_PUSH: 0.7 ZMQPULL: Y receiver canvas | | | prepare
® keep histograms on stack in lists \;j status ||| canvas
1.3:hic
® hide details from user 1.2: hic config msg config msg

. . . . config
® send histograms to the histogram monitor via decoder [——>
32.a

ZMQ_PUSH socket after each processed TS canvas

config 7/9

canvas
store




Online scenario for data

ROOT hitp server x o+
<« C  ® localhost:8091 o w 2

ROOT online server 8 vs @ at first hit

JSROOT version 6:3.x 24052022 ©

X*/NDF at first hit

Hierarchy n jsan and xml format

@niong [simple s

| e o T

@ roor o]
» Reset_Hist

> Seve Hst 4
 Siop_Server

5 RavDn

BCysTs

& <3 canases

e
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Histogram web-interface:
® ROOT THttpServer

® shows/stores integrated histograms and(or) histograms vs. timeslice ID
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® Flexible and user-friendly data QA framework is implemented and used in the CBM experiment:

- offline QA is a part of official Cl tests as a machinery for problem catching
- online QA performed successfully in mini-CBM runs in spring of 2024

® Several features under development:

- version control: histogram comparison in different setups for different code version
- configurable histogram property checks in the online scenario (YAML and Ul)
- combining of the online and offline QA-frameworks (a single UserQA class for both scenarios)

Thank you for your attention!
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