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CMS DQM : overview
DQM processes controlled through CMS RunControl (dedicated DQM 
data stream: fraction of all events: 5-10Hz)
DQM sources fill histograms (monitoring elements – MEs)

QDQM clients pick up histos and analyze them:
create summary histos
define and apply quality tests

rite o t all res lts in root files

subsystems can write results 
to DB
central file archival
global CMS GUI for shifterwrite out all results in root files global CMS GUI for shifter

Pixel
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pixel DQM : requirementsp Q q
Forward + barrel pixel ~67M pixels
Basic monitoring unit: a module (8k 66k pixels each): 1440 modulesBasic monitoring unit: a module (8k - 66k pixels each): 1440 modules
Need for highly automized system for quality assurance
Monitor detector performance, not physicsp , p y
Extremely fine detector granularity (a pixel: 100 x 150 μm2)

high statistics needed 
fast application (keep CPU and memory usage in online system low)fast application (keep CPU and memory usage in online system low)

Pixel DQM is versatile and powerful
one of the main tools during detector commissioning
monitors detector in real time during data taking (limited statistics)
and offline (full statistics, calibrations and reconstruction)

Lots of tools in common with SiStrip DQM: close collaborationLots of tools in common with SiStrip DQM: close collaboration
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pixel DQM : architecturep Q
DQM calibration & data sources:

Gain: measure gain for each pixel
PixelAlive: detect dead pixels
SCurve: measure threshold for each pixel
RawData: errors from FED’s and data unpacking
Digis: charge (ADC) and pixel positionDigis: charge (ADC) and pixel position
Clusters: charge (e-), size and position
RecHits: position after Lorentz angle correction
Residuals: unbiased track residuals in x & yResiduals: unbiased track residuals in x & y

DQM client & GUI:
Run on data and calib sources
Perform frequent analyses (at lumi section and run end)q y ( )

Summary histos, quality tests, global DQM flags
Pixel specific GUI interacts with client at run time (expert operation)

Tree browsing, TrackerMap 
Hi t i li tHistoric client:

Analyzes distributions and writes some key numbers to the DB
Retrieves numbers from DB and fills historic trend plots
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html - java - ajax – xml – c++
GUI – Action

HTMLHTML

DHTML /
CSS

Java script
calls

Ajax Engine

CSS

responseXMLHttpRequests

Asynchronous communication 
Web Server

DQM Cli minimizes dead time in browser 
Only modified parts of browser 
updated

DQM Client

DQM
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pixel commissioning via DQMp g Q
Pixel commissioning inside CMS ongoing NOW!g g g
basic connectivity tests basic DAC tuning calibration 
data (Gain, PixelAlive, SCurve)
analyze calib data with DQM suiteanalyze calib data with DQM suite

advantage of powerful tools:
summary histos, TrackerMap, reference histos, quality tests, detector 
hi h i ti ffli b ihierarchy navigation, offline browsing

offline shifts at CERN and remote
restricted to offline mode for now due to DB and DAQ slices: est cted to o e ode o o due to a d Q s ces

calib analyzers need info from online DB in offline DB at run 
time; not automized yet
calib runs taken in DAQ slices (per FED)calib runs taken in DAQ slices (per FED)

40 FEDs; each connected to one storage manager 
DQM only set up to run on one storage manager / data stream at the 
time
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pixel DQM for pixel shiftersp Q p
Pre-defined non-expert views (static summary plots) for p ( y p )
shifters

Defined in XML files
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pixel DQM for pixel expertsp Q p p

Pixel specific GUI allows for easy switch betweenPixel specific GUI allows for easy switch between 
global overview plots and detailed histogram and 
alarm folder navigation for efficient debuggingalarm folder navigation for efficient debugging

Spot a problem on overview plots navigate through 
detector hierarchy plot single module distributions on 
demand

One page overview in form of: 
TrackerMap (geometric view)
Summary histos (monitor one variable for all modules 
i lt l )simultaneously)
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Pixel expert GUIp

zoom in 
to see 

module 
plots
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detailed module level information

digi
occupancy

cluster
occupancyoccupancy occupancy

digi
charge

cluster
charge

uncalibrated calibrated
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TrackerMap: synoptic view of pixel detector

color code based 
on mean of a 

chosen variable

display options:
Magnify and overlayg y y
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online experience during global runsp g g
Pixel DQM included in global data taking 
since June
Pi l d t t 1 FPIX l (3 d l )

½ disk 
with PIB

Pixel detector: 1 FPIX panel (3 modules) 
[Panel In a Box]
Central GUI: predefined layouts for shifter 
view + shift instructionsview + shift instructions
Some noisy pixels seen (digis)
Some errors from FEDs
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offline DQMQ
At Tier-0: almost same code as online (but no XDAQ env. not interactive) 
Histogram and bin number limitations (memory): switch off module level histos and 
group together at higher levels instead
Run on full statistics with more evolved calibration input (re-reconstruction)

noisy pixels
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summaryy

Pi l DQM b dd d i CMS DQMPixel DQM embedded in common CMS DQM 
framework + sub-system specific additions 
(Pi l GUI T k M ffli b )(Pixel GUI, TrackerMap, offline browser)
Heavily used for detector commissioning by 
experts
Successfully included in CMS global runsy g
Successfully included in offline processing at 
Tier-0
Looking forward to real data in a few weeks!
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Backup Slidesp
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offline DQM result browsingQ g
Facilitate extensive result browsing offline:g
similar html – java – ajax – c++ code suite as 
online, but no interface with DAQonline, but no interface with DAQ
executable runs on apache web server (cgi-
bin) continuouslybin) continuously
offline browser similar to online GUI allows to 
load any two DQM root output files:load any two DQM root output files:

study details on full statistics
compare with reference histoscompare with reference histos
study trends
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choose input files

shifter + expert actions

detector 
hierarchy trees,

quality test 
results, 

and display 
options
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