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Status of CMS pixel

Current detector cold in clean room except inner layer 1
which will be replaced
Need to characterize radiation damage:
Understanding important for run 3 and phase 2
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Accident with cooling pipes in endcaps, 
solutions are investigated. → How much 
annealing time can we afford? 

Phase 2 detector: what sensor will we 
choose?

Prepare for data taking: improve software, calibrations and 
monitoring tools

UHH contributes  
here!

https://indico.cern.ch/event/808372/contributions/3375587/attachments/1826312/2989053/padeken_LS2_activities.pdf


The pixel plans ahead

3

September 
2020:
Start 
replacement of 
phase 1 layer 1

  Early 2021:
 Start LHC run 3
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August 2020:
Sensor 
qualification:
start production

September 
2021:
CROC=RD53B 
qualification

Early 2022:
Final CROC
Preproduction 
of final sensor

June 2022:
Prepro-
duction of 
final module

June 2024:
Finish 
module 
productionP
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Now would be the time to prepare 
for an excellent run 3

Need test beam data to evaluate our 
future sensor and chip performance

How can you contribute?

http://hilumilhc.web.cern.ch/about/hl-lhc-project


CMS phase 2 pixels
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DESY test beam meetings
CMS sensor meetings 

https://indico.desy.de/indico/event/22221/
https://indico.cern.ch/category/3549/
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DESY test beam: a mini-experiment

1-6 GeV e-e+ up to 10kHz

EUDET DATURA 
telescope with 6 
MIMOSA26 (MAPS for ILC, 50 μm thick, 18.4 μm2) planes with resolution of 5.7 μm

Take shifts! For tests of CMS phase 2 planar and 
3D sensors on RD53A or ROC4SENS (R&D) chip
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See also talk by Simon Spannagel 

Interested? Contact georg.steinbrueck@desy.de 

https://indico.cern.ch/event/731649/contributions/3237242/attachments/1781093/2897603/finnFeindtTB27_03.pdf
https://indico.cern.ch/event/196414/contributions/367222/attachments/287919/402397/DESY-beam-tests-2012.pdf
http://rd53.web.cern.ch/
https://indico.cern.ch/event/663851/contributions/2788211/attachments/1562585/2460787/R4S_RD50-22-11-2017.pdf
https://doi.org/10.1016/j.nima.2018.11.133
https://indico.desy.de/indico/event/17998/logo
https://indico.desy.de/indico/event/21211/session/2/contribution/12
mailto:georg.steinbrueck@desy.de


DESY test beam: characterization of sensors
Test beam data can be used to show 
performance of different sensors like:

● Hit resolution vs angle of incidence
● Efficiency vs bias voltage

We need you to take the data! You will learn 
more about pixel modules and this CMS 
mini-experiment

Test beam schedule: now -- April 21, May 20 -- 
June 2nd, June 24 -- July 2nd, September 2nd 
-- 15, Oct 28 -- Nov 10, Nov 25 -- Dec 8
Shifts: 9-13, 13-17, 17-21:00 6

From Daniel Pitzl 
and Finn Feindt

People needed from this weekend!

http://particle-physics.desy.de/sites/site_particle-physics/content/e252106/e261123/infoboxContent297791/Testbeam_schedule2019v5_ger.pdf
https://indico.desy.de/indico/event/22221/contribution/44/0/material/slides/0.pdf
https://indico.desy.de/indico/event/22221/contribution/44/0/material/slides/0.pdf
https://indico.desy.de/indico/event/22221/contribution/44/0/material/slides/0.pdf


CMS phase 1 pixel detector
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Pixel offline reconstruction, data quality monitoring meetings
Pixel calibration, monitoring, operation meetings
Pixel data acquisition meetings
Radiation simulation meetings

https://indico.cern.ch/category/1358/
https://indico.cern.ch/category/1732/
https://indico.cern.ch/category/6688/
https://indico.cern.ch/category/5025/


Radiation damage: depletion voltages

8
Will the pixel barrel layers survive run 3? Will the pixel endcap rings survive run 3? 

From Finn Feindt

https://indico.cern.ch/event/776012/contributions/3240460/attachments/1765423/2866048/finnfeindt_cmspixRDeMon07.pdf
https://indico.cern.ch/event/776012/contributions/3240460/attachments/1765423/2866048/finnfeindt_cmspixRDeMon07.pdf
https://indico.cern.ch/event/808372/contributions/3375583/attachments/1826265/2988953/20190408_summaryRCWS.pdf
https://indico.cern.ch/event/776012/contributions/3240460/attachments/1765423/2866048/finnfeindt_cmspixRDeMon07.pdf


Radiation damage: charge collection efficiency
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Cold box 
with a 
source

collimator

Module 
goes here 

Trigger, 
readout

Scintillator with PMT

Measure charge collection efficiency, depletion voltage, and leakage current 
for dismounted layer 1 modules in RD50 setup at CERN 
→ possibly also at DESY test beam next year

Matteo



Radiation damage: leakage currents
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Is the fluence z-dependent? 
→ The leakage current hints that
→ but it might be a temperature effect

From Finn Feindt and Thenia Prousalidi
ATLAS radiation simulation results

https://indico.cern.ch/event/769192/contributions/3288031/attachments/1793553/2928723/finnfeindt_cmspixRDeMon11_02.pdf
https://indico.cern.ch/event/769192/contributions/3288031/attachments/1793553/2928723/finnfeindt_cmspixRDeMon11_02.pdf
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/RadiationSimulationPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/RadiationSimulationPublicResults


BRIL radiation simulation: particle rates in CMS vs z

Compare FLUKA simulation with particle rates from data

● Derive fluence from data (for different particle spectra)
● Derive fluence from Hamburg model and measured leakage currents
● Compare charged particle multiplicity with that from data
● Fluence as predicted from cluster charge vs depth vs z
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https://cms-project-fluka-flux-map-paas.web.cern.ch/cgi-bin/step4.py
https://cms-project-fluka-flux-map-paas.web.cern.ch/cgi-bin/step4.py


Offline reconstruction: z-dependence

Z-dependence in quantities like

● Cluster charge vs depth
● Lorentz angle
● Depletion voltage
● Charge collection efficiency
● Resolution

→ simulate with PixelAV software like was 
done for resolution of next pixel sensors in 
DESY test beam

12From Irene Zoi

https://indico.cern.ch/event/787660/contributions/3324192/attachments/1797574/2934279/ccp_2017clusterSize_2018L1z.pdf
https://indico.cern.ch/event/787660/contributions/3324192/attachments/1797574/2934279/ccp_2017clusterSize_2018L1z.pdf


Data acquisition: soft error recoveries and monitoring

Get to know software beyond CMSSW: 
software important for CMS data taking!

● What is the optimal rate of soft error 
recovery so that we have the least 
dead time and the most recovered 
detector parts?

● What are the FED error rates?
● How can we improve monitoring 

during running?
13From Torben Lange

https://cms-mgt-conferences.web.cern.ch/cms-mgt-conferences/conferences/pres_display.aspx?cid=2566&pid=19074
https://cms-mgt-conferences.web.cern.ch/cms-mgt-conferences/conferences/pres_display.aspx?cid=2566&pid=19074


Data acquisition: configuration

● Improved configuration times
● Configuration during data taking
● Configure from a database (now: 

files) → see also work by 
Alexander Froehlich and learn 
SQL: useful in many applications!

● Improve user interface
● More C++11 features
● Use of existing central software 

and methods like done our timing 
and control distribution system 
(TCDS) 14From Klaas Padeken

https://indico.cern.ch/event/775130/contributions/3238332/attachments/1764886/2864899/padeken_daq_2018_LS2.pdf
https://indico.cern.ch/event/775130/contributions/3238332/attachments/1764886/2864899/padeken_daq_2018_LS2.pdf


Data quality monitoring: per pixel single event upsets

Single event upsets can

●  disable a pixel
● change its threshold 

resulting in dead or noisy pixels.

Would CMS benefit from cyclic pixel 
reconfiguration like ATLAS does?
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From ATLAS talk at workshop on 
radiation effects at the LHC

https://indico.cern.ch/event/769192/contributions/3305895/attachments/1793815/2924852/RadiationDamageWorkshop022019_SEU_FE-I4_IBL.pdf
https://indico.cern.ch/event/769192/contributions/3305895/attachments/1793815/2924852/RadiationDamageWorkshop022019_SEU_FE-I4_IBL.pdf
https://indico.cern.ch/event/769192/contributions/3305895/attachments/1793815/2924852/RadiationDamageWorkshop022019_SEU_FE-I4_IBL.pdf


Data quality monitoring: 
dead ROC trend → dead pixel trend

● Dead ROC trend available 
in online DQM

● Gives an estimate of 
recovery success of soft 
error recovery (SER)

● Need dead/noisy pixel 
trend 16

From 
Francesco 
Fiori

See also slides here

https://indico.cern.ch/event/808411/?showDate=all&showSession=7


Commissioning and calibration: test setup

● CCUs were showing strange behavior sometimes disabling DCDCs or 
portcards. Can we reproduce CCU hiccups in the lab?

● How can we properly cool these modules so that they can be operated with 
high voltage?

● Can we improve the functioning of these modules with further calibration? 17



Detector monitoring pages
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From Yuval Nissan

Can we speed up these pages?
Can we add strip tracker monitoring?
Can we add calibration results?

SQL + python

http://tom.cms
https://gitlab.cern.ch/cmspops/pom/blob/master/README.md


Detector monitoring pages: tracker online monitoring

● Pixel database with pixel 
detector components

● Known problems stored in 
database

● Known problems are marked 
on occupancy plots of layers 
and rings
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From Alexander Froehlich
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https://indico.cern.ch/event/807886/contributions/3362710/attachments/1816029/2968110/tom_status.pdf
https://indico.cern.ch/event/807886/contributions/3362710/attachments/1816029/2968110/tom_status.pdf


Detector monitoring pages

New centrally developed framework for 
online monitoring: OMS

Still unsure whether this provides all 
features that our tracker online monitoring 
(TOM) has like our calibration display:
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From Viktor Kutzner

See also here

https://indico.cern.ch/event/807886/contributions/3364917/attachments/1816069/2968374/oms-test.pdf
https://indico.cern.ch/event/807886/contributions/3364917/attachments/1816069/2968374/oms-test.pdf
https://indico.cern.ch/event/791284/contributions/3305157/attachments/1810322/2956239/CMS_Online_Monitoring_System_Lyon1.pdf


You can contribute to CMS pixel!

You can:

● Characterize phase 2 sensors in DESY test beams
● Improve data acquisition software
● Operate and improve test setups
● Test CCUs in the lab
● Investigate per pixel soft error recoveries with dead and noisy pixel trends 
● Investigate leakage currents vs z
● Investigate particle rates and fluence vs z
● Simulate radiation damage 
● Measure depletion voltage and charge collection efficiency in the lab
● Simulate and predict depletion voltages and leakage currents in the endcaps
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Note: this list is not exhaustive!
And unpredictable events can 
expand this list anytime =)


