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Introdu
tionWill fo
us here on low-level results from the sili
on strip tra
keronly, 
overing all aspe
ts needed to get the system to work� For results on the operation of the CMS pixel dete
tor
→ K.E
klund� For results on the tra
king performan
e of the CMS tra
kingsystem
→ A.Venturi� For studies of beam-ba
kgrounds in the CMS pixel dete
tor
→ H.SnoekErik Butz, MIT 2/ 31



Introdu
tion � The CMS Sili
on Strip Tra
ker� Largest sili
on tra
ker ever built (a
tivearea ∼200 m2)� 5 m long, 2.5 m diameter� Approx. 9.6 million ele
troni
 
hannels10 layers in barrel region (4 Inner Barrel(TIB), 6 Outer Barrel (TOB)) and 9 dis
sin the end
aps (up to 14 Hits per tra
k)� Analog readout� First �all-sili
on� 
entral tra
ker
� Angular 
overage down to 9◦ to thebeam-pipe (|η| < 2.5)� 4 layers (3 rings) 
ontain stereomodules for 2-D hit re
onstru
tion

Stereomodule+ Pixel dete
tor (>60 Mio 
hannels (not 
overed))
Erik Butz, MIT 3/ 31



The Modules of the CMS Sili
on Strip Tra
ker

APV Readout Chip Front-End Hybrid
Wire Bonds Sensors� p+-implants in n-type sili
on bulk,n+-ba
kplane for ohmi
 
onta
t� 320 µm and 500µm thi
k sensors used� Strip pit
h 83µm� 205 µm� AC-
oupled ReadoutModules� Analog readout: APV25 readout 
hip,128 
hannels × 192 
ell pipeline bu�er(4.8µs laten
y for Level 1 triggerde
ision)� Readout in Peak- or De
onvolutionMode� Data transfer from tra
ker volume viaOpti
al linkErik Butz, MIT 4/ 31



Readout Modes of CMS Sili
on Strip Tra
kerStrip Tra
ker 
an be read out inpeak- or de
onvolution mode(sampled every 25 ns)
signal for bu
ket k in de
onvolution mode:dk = w3pk−2 + w2pk−1 + w1pk3-sample FIR �lter

� Peak mode: read out single point from shaper� Used at low luminosity� More robust to possible timing misalignment� De
onvolution mode: 
ombine signal from threereadout bu
kets to shorten pulse duration to
<50 ns (removes pile-up from subsequent events)� De
onvolution mode suitable for high luminosity(25 ns bun
h spa
ing)� Comes at the 
ost of higher noise 
ompared topeak mode

Erik Butz, MIT 5/ 31



Power system. 983 PS Modules 29 Crates 29 Bran
h Controllers 8 Main Frames
� PS system provides 1.25 and 2.5 V low voltage and between 20 and500 V of high voltage to modules� 356 
ontrol groups, 1944 power groups, 3888 HV 
hannels� Tra
ker 
an do transition from HV OFF to HV ON in about 75se
onds� Power to tra
ker 36 � 49 kWPower system is working reliably with low PS ex
hange rate and stable performan
eErik Butz, MIT 6/ 31



Cooling the CMS tra
ker. � An e�
ient 
ooling of the sili
on tra
ker isessential for the operation of the tra
ker,espe
ially to mitigate the e�e
ts of irradiation� Thermal s
reen around tra
ker volumeensures stable temperature of 18◦C for ECAL� C6F14 used as 
oolant� Tra
ker is 
ooled by two plants:- 1st plant: leak rate that is 
lose to zero- 2nd plant: two line 
losed due to high leakrate; leak rate is low when a few lines (5) areex
luded� Operational temperatures: -20◦C to +15◦C,4◦C 
urrently� Plan is to lower temperature after the2011/12 LHC shutdown

.

Erik Butz, MIT 7/ 31



Commissioning Pro
edures� Strip tra
ker has analog readout� digitization only done in the Front End DriversNeed to:� Internally time align
→ Syn
hronization of 
hannels� Tune laser gain� Optimize 
hip parameters� Optimize pulse shape to ideal�� Determine Noise and Pedestals
→ For FED data redu
tion� Syn
hronize with CMS
→ Align sampling with physi
sevents

.
Erik Butz, MIT 8/ 31
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Commissioning Pro
edures� Strip tra
ker has analog readout� digitization only done in the Front End DriversNeed to:� Internally time align
→ Syn
hronization of 
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Status of A
tive ChannelsChannels in readout. Per
entage Modules totalTIB/TID 96.25 3540TOB 98.33 5208TEC- 99.13 3200TEC+ 98.81 3200Tra
ker 98.1 15148
.
Temperature in TIB Layer 1 and 3. � TIB/TID: 92.9 % operational in 2009

→ 
ould be in
reased to 96.25 % in 2010
→ possible by in
lusion of modules whi
h rely on passive
ooling from neighboring 
ooling loops for the time beingErik Butz, MIT 9/ 31



Status of A
tive ChannelsChannels in readout � graphi
ally

Situation of the strip tra
ker in June 2010
Outer BarrelInner Barrel End Cap (+ side)

End Cap (- side)Inner Disk (- side)
Inner Disk (+ side)
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Status of A
tive ChannelsChannels in readout � graphi
ally

Situation of the strip tra
ker in June 2010
Shorted power group 1 Control ring not working

Various HV o� 
hannels in Layer 3/4
Erik Butz, MIT 10/ 31



OperationFirst 
ollisions in 2009

One of the �rst 
ollision 
andidates in CMSErik Butz, MIT 11/ 31



OperationFirst 
ollisions in 2009� CMS tra
ker has been operated su

essfully from the �rst 
ollisions inNovember 2009� Cautious operation during LHC ma
hine development (also in 2010), but tra
kerfully on with HV at nominal operation voltages for �rst 
ollisions� Operated in peak mode for most 2009 runs.
Erik Butz, MIT 12/ 31



OperationFirst 
ollisions in 2009� CMS tra
ker has been operated su

essfully from the �rst 
ollisions inNovember 2009� Cautious operation during LHC ma
hine development (also in 2010), but tra
kerfully on with HV at nominal operation voltages for �rst 
ollisions� Operated in peak mode for most 2009 runs.
Adjustment: 10.1 ns Trigger Fine Timing� �rst trigger �ne timing performed� starting with TOB only� provided useful input for 
orre
tion oftiming for operation in de
onvolutionmodeErik Butz, MIT 12/ 31



OperationCollisions in 2010

High energy 
ollision 
andidate during media event 30th Mar
hErik Butz, MIT 13/ 31



OperationCollisions in 2010. � Following the �rst su

essful trigger �ne timing,strip tra
ker was operated in de
onvolution modeduring all of 2010� Uptime > 90 % (in
luding ine�
ien
ies due totime alignment runs at very low luminosities)� E�orts ongoing to eliminate or mitigate problems� Items:� DAQ software/driver 
rashes (only fatal at statetransitions)� E�orts to redu
e 
on�guration time� PS system was improved a lot from 2009 to 2010
→ mu
h less time needed for HV HV OFF→ONtransistions

.CMS overall e�
ien
y91 %, in
luding time forvarious timing s
ans
Example:� Strip Tra
ker 
aused8% of total CMSdowntime betweenLHC �ll 1101 and1119� Overall CMSe�
ien
y in thisperiod: 95 %Erik Butz, MIT 14/ 31



Trigger Fine Timing � Part II� For ea
h subdete
tor, one layer is put into de
onvolution mode while the rest iskept in peak mode.� Sampling point is determined per subdete
tor

2009 2010� small (2.5 ns) additional shift observedFine timing adjustments on all 
omponents provides optimal 
harge 
olle
tionErik Butz, MIT 15/ 31
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h subdete
tor, one layer is put into de
onvolution mode while the rest iskept in peak mode.� Sampling point is determined per subdete
tor

2009 2010adjustment: 10.1 ns� small (2.5 ns) additional shift observedFine timing adjustments on all 
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olle
tionErik Butz, MIT 15/ 31



Signal-to-Noise Performan
e with 7 TeV BeamsExamples (all other subdete
tors in ba
kup)

� Corre
ted for tra
k angle� obtained during 
ollisions, tra
ker operating in de
onvolution modeResults very good and in agreement with expe
tationsErik Butz, MIT 16/ 31



Dete
tor e�
ien
yHit �nding e�
ien
y

� Overall e�
ien
y: 99.9 %� Parts with lower e�
ien
y are due to lo
alized problems
→ Can be reliably identi�ed

Good ModulesAll Modules
Erik Butz, MIT 17/ 31



Dete
tor e�
ien
yIne�
ien
y

only about 11 out of almost 15000 a
tive modules ine�
ientErik Butz, MIT 18/ 31



Streamlining OperationsData suppression in HV o� periods� when 
hange of LHC beam 
onditions mode requires tra
kerto be on standby (LV on/HV o�), the data is suppressed atFEDs to redu
e bandwidth loadTransistionto HV ON Transistionto HV OFF
Redu
tion of data volume for HV o� periods working su

essfullyErik Butz, MIT 19/ 31



Data Quality Monitoring. . � Dete
tor performan
e aremonitored using the DQM system� online to give promptfeedba
k during data taking� o�ine to analyse the fullstatisti
s and 
ertify data� The full tra
ker re
onstru
tion
hain is monitored throughhistograms on� Status of Feds , O

upan
y,Clusters, Tra
k parameters� Module level histograms arefurther pro
essed to� Create summary histograms� Perform Quality Test� Produ
e global DQM �agsErik Butz, MIT 20/ 31



Data Quality Monitoring

DQM working smoothly sin
e very �rst 
ollisions with rapid feedba
k to data taking

. .Quality Monitoring of the datahappening both 
entrally fromCMS and lo
ally from subdete
torshifters/experts
→ 
entral DQM run 
ontinuouslyand always in 
ollision mode
→ lo
al instan
e with morequantities monitored, highergranularity (300 k histograms)

Erik Butz, MIT 21/ 31



DAQ Tools� Operation very smooth, so fo
us moves to upgraded monitoring� The so-
alled `spy-
hannel' Separate data stream in parallel to normal datataking via S-LINK64Dete
tor FED DAQ HLT StorageSpyDAQ Lo
alStorageSLINKVME.Captures full raw-data frame . � Provides 
ompletenon-zero suppressed datain
luding error bits, et
. . .� Read at low rate (max 0.3Hz)Erik Butz, MIT 22/ 31



DAQ ToolsSpy Channel Appli
ations� Cal
ulation of noise thresholds taken during physi
sdata-taking (no need for separate 
alibration runs)� Stability of readout� Monitoring of� FED hardware� FED zero-suppression� Dete
tor e�
ien
ies� . . .Spy 
hannel is a powerful tool whi
h will provide 
ru
ial information about thelow-level performan
e of the dete
tor during running.Erik Butz, MIT 23/ 31



OutlookStrip tra
ker is performing very well, providing high quality data forphysi
s analysis

Spe
i�
 energy loss K0s mass plotErik Butz, MIT 24/ 31



OutlookStrip tra
ker is performing very well, providing high quality data forphysi
s analysis

Spe
i�
 energy loss K0s mass plotMu
h more of this by A.Venturi later today

Erik Butz, MIT 24/ 31



Summary� CMS sili
on strips tra
ker has been operated su

essfullyduring 2009 and 2010, re
ording high quality data from thevery beginning� The Signal-to-noise ratio is 
onstantly high and in agreementwith expe
tations in both peak and de
onvolution readoutmode� The hit �nding e�
ien
y is 
lose to 100 %� A thorough data quality monitoring is in pla
e� The power and 
ooling systems are working reliably� Spy 
hannel will provide handles to monitor and possiblyfurther improve the performan
e of the systemErik Butz, MIT 25/ 31



Outlook on Operations� Improve monitoring of the system� spy 
hannel� improved DAQ monitoring� Wire bond prote
tion being deployed� Keep up reliability of the PS system� Prepare for LHC long te
hni
al stop� lowering of temperature:
→ poses demands on� 
ooling and� humidity� . . . many more . . . .� First and most importantly:Deliver high quality physi
s dataErik Butz, MIT 26/ 31



Thank you for your attention
Erik Butz, MIT 27/ 31



Ba
kup
Erik Butz, MIT 28/ 31



Signal-to-Noise Performan
e with 7 TeV BeamsInner Barrel/Disks Outer Barrel
TIB TID TOB� Corre
ted for tra
k angle� Inner Barrel and inner disk have thin sensors (320 µm)outer barrel has thi
k sensors (500 µm)� obtained during 
ollisions, tra
ker operating in de
onvolution modeResults very good and in agreement with expe
tationsErik Butz, MIT 29/ 31



Signal-to-Noise Performan
e with 7 TeV BeamsEnd
aps
TEC+ thi
k TEC+ thin
TEC- thi
k TEC- thin� End
aps have both thin and thi
k sensorsResults 
ompletely 
ompatible with results from barrel dete
torsErik Butz, MIT 30/ 31



Layout of Cooling Plan

Erik Butz, MIT 31/ 31
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