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OutlineOutline

Aims for tracker alignment within CSA07Aims for tracker alignment within CSA07
CSA07 studiesCSA07 studies

Laser alignmentLaser alignment
TrackTrack--based alignment based alignment 

with MillePedewith MillePede--IIII
with HIP algorithmwith HIP algorithm

ConclusionsConclusions
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AimsAims

Exercise Exercise full alignment workflowfull alignment workflow on CMS CAFon CMS CAF
starting from starting from AlCaRecoAlCaReco format (centrally produced)format (centrally produced)
read misaligned geometry read misaligned geometry from databasefrom database
write aligned geometry write aligned geometry to databaseto database
validationvalidation of resultsof results

Use 2 different algorithms for trackUse 2 different algorithms for track--based alignmentbased alignment
HIP (already used in CSA06)HIP (already used in CSA06)
MillePedeMillePede--II (new)II (new)

Extend statistics to 1.7 million  ZExtend statistics to 1.7 million  Z µµµµ eventsevents
Perform laser alignment studyPerform laser alignment study
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Definition of Alignment Definition of Alignment 
Parameters (Reminder)Parameters (Reminder)

u = preferred measurement directionu = preferred measurement direction
v = second direction in detector planev = second direction in detector plane
w = normal to detector planew = normal to detector plane
αα, , ββ, , γγ specify rotations around u, v, w axesspecify rotations around u, v, w axes

ROD level:ROD level: DetDet level:level:
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Misalignment ScenariosMisalignment Scenarios
MillePedeMillePede--II & HIPII & HIP: similar to CSA06 scenario: similar to CSA06 scenario

TIB misaligned at detector (“TIB misaligned at detector (“detdet”) level”) level
DS: DS: ∆∆u, u, ∆∆v, v, ∆∆w: w: ±±100 100 µµm;   m;   ∆α∆α, , ∆β∆β, , ∆γ∆γ: : ±± 1 1 mradmrad
SS: SS: ∆∆u : u : ±±100 100 µµm;   m;   ∆α∆α, , ∆β∆β, , ∆γ∆γ: : ±± 1 1 mradmrad

TOB misaligned at rod levelTOB misaligned at rod level
DS: DS: ∆∆u, u, ∆∆v, v, ∆∆w: w: ±±100 100 µµm;   m;   ∆α∆α, , ∆β∆β, , ∆γ∆γ: : ±± 1 1 mradmrad
SS: SS: ∆∆u : u : ±±100 100 µµm;   m;   ∆α∆α, , ∆β∆β, , ∆γ∆γ: : ±± 1 1 mradmrad; ; but layer 6 fixedbut layer 6 fixed

Pixel & end caps fixedPixel & end caps fixed
in total 11880 free parametersin total 11880 free parameters

Laser alignment studyLaser alignment study: use 10 pb: use 10 pb--11 scenarioscenario
features TEC misalignments of moderate size, since at 10 pbfeatures TEC misalignments of moderate size, since at 10 pb--11 we  we  
assume already existing improvements from laser alignmentassume already existing improvements from laser alignment
50 free parameters50 free parameters
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Laser AlignmentLaser Alignment
Simulated laser events were digitized on the grid & copied to Simulated laser events were digitized on the grid & copied to 
the CAF disk pool at CERNthe CAF disk pool at CERN
First step:First step:

misalignmisalign
reconstruct reconstruct laser beam positionslaser beam positions
calculate & store calculate & store alignment parametersalignment parameters (per disk: x, y, (per disk: x, y, ϕϕ))
this took 1:19 hoursthis took 1:19 hours

Second step:Second step:
validate by redoing the same steps using the aligned geometry frvalidate by redoing the same steps using the aligned geometry from om 
previous stepprevious step

Outer Barrel (TOB)

Inner Barrel (TIB)

Endcaps (TEC)

Inner Discs (TID)

Beam Splitter

Optical Fibre
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Laser Alignment: ResultsLaser Alignment: Results

Residuals of laser hits in the TECResiduals of laser hits in the TEC

Fitted Gaussian width Fitted Gaussian width improvesimproves from 81 from 81 µµmm 68 68 µµmm
consistent with expected resolutionconsistent with expected resolution
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Reminder: Reminder: MethodologyMethodology of of TrackTrack--BasedBased
AlignmentAlignment MethodsMethods UsedUsed in CSA07in CSA07

HIP algorithm: HIP algorithm: 
“Hit Impact Point”“Hit Impact Point”
fit alignment fit alignment 
parameters locally parameters locally 
for each object for each object 
few degrees of few degrees of 
freedom per fitfreedom per fit
well manageable well manageable 
from mathematical from mathematical 
point of viewpoint of view
needs many cycles needs many cycles 
of iterationof iteration
needs dedicated needs dedicated 
farm infrastructurefarm infrastructure

MillePede algorithm: MillePede algorithm: 
global fit of all track & global fit of all track & 
alignment parametersalignment parameters
sophisticated sophisticated 
mathematical mathematical 
procedure to handle procedure to handle 
large number of fit large number of fit 
parametersparameters
MillePedeMillePede--II suitable II suitable 
to fit O(100000) to fit O(100000) 
alignment parametersalignment parameters

choice of several choice of several 
internal fit methods internal fit methods 

V. Blobel
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Workflow for MillePedeWorkflow for MillePede--Based Based 
Alignment in CSA07Alignment in CSA07

AlignmentProducer
(Mille mode)

Binary file

AlignmentProducer
(Mille mode)

Binary file

AlignmentProducer
(Mille mode)

Binary file

Global fit

AlignmentProducer

(Pede mode)

AlCaReco

Misaligned 

Geometry

Step 1: track-level analysis & 
track-by-track matrix elements:

Step 2: global fit of alignment 
parameters

• can/should be parallelized • cannot be parallelized

… …

AlCaReco

AlCaReco

Aligned 

Geometry
Database

CAF
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CPU Resources & TurnaroundCPU Resources & Turnaround
Due to Castor problems, in total 3 of 49 Due to Castor problems, in total 3 of 49 AlCaRecoAlCaReco files were files were 
excludedexcluded from production from production affected jobs affected jobs resubmittedresubmitted

remaining statistics: 1.65 M eventsremaining statistics: 1.65 M events

Three hours of latency until upload of first constants is Three hours of latency until upload of first constants is already fairalready fair
could be further reduced by running more Mille jobs in parallel,could be further reduced by running more Mille jobs in parallel, and a and a 
dedicated server for dedicated server for PedePede with local storage (since I/O dominated)with local storage (since I/O dominated)

1091093232PedePede

187187432432TotalTotal

787825 (per job)25 (per job)Mille (16 jobs)Mille (16 jobs)

Wall time [min]Wall time [min]
incl. resubmissionsincl. resubmissions

CPU time [min]CPU time [min]
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New: MultiNew: Multi--Pass Operation of Pass Operation of 
MillePedeMillePede

AlignmentProduce
r (Mille mode)

Binary file

AlignmentProduce
r (Mille mode)

Binary file

AlignmentProduce
r (Mille mode)

Binary file

Global fit

AlignmentProducer

(Pede mode)… …

AlignmentProduce
r (Mille mode)

Binary file

AlignmentProduce
r (Mille mode)

Binary file

AlignmentProduce
r (Mille mode)

Binary file

Global fit

AlignmentProducer

(Pede mode)… …

AlignmentProduce
r (Mille mode)

Binary file

AlignmentProduce
r (Mille mode)

Binary file

AlignmentProduce
r (Mille mode)

Binary file

Global fit

AlignmentProducer

(Pede mode)… …

Misaligned 

Geometry

Aligned 

Geometry M3
Database

Aligned 

Geometry M1

Aligned 

Geometry M2

Pass 1 Pass 2 Pass 3

Tested for the first time in CMS. Motivation:Tested for the first time in CMS. Motivation:
validationvalidation of previously applied alignmentof previously applied alignment
possibly possibly further improvementfurther improvement of alignment constantsof alignment constants
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(Validation of) Alignment (Validation of) Alignment 
ParametersParameters

Fast convergence, Fast convergence, 
already already pass 2 pass 2 
corrections are smallcorrections are small
Important validation Important validation 
method, which is method, which is 
independent of MCindependent of MC
& can be also & can be also 
applied with applied with real real 
datadata

Pass 1
Pass 2
Pass 3
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Alignment Parameter Residuals Alignment Parameter Residuals 
(Aligned Geometry (Aligned Geometry vsvs MC Truth)MC Truth)

misaligned

Pass 1
Pass 2
Pass 3

Pass 1 results are already Pass 1 results are already 
quite goodquite good

though essentially no though essentially no 
optimization of optimization of 
MillePede parameters MillePede parameters 
for CSA07 scenario has for CSA07 scenario has 
been donebeen done

Second pass still gives Second pass still gives 
visible improvementvisible improvement

depends in general on depends in general on 
size of misalignment size of misalignment 
(reevaluation of (reevaluation of 
expansion coefficients)expansion coefficients)
if no big misalignments, if no big misalignments, 
one pass is probably one pass is probably 
sufficientsufficient

σ~2 µm
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Alignment Parameter Residuals:Alignment Parameter Residuals:
TOB Layer 1TOB Layer 1--5 only5 only

misaligned

Pass 1
Pass 2
Pass 3

TOB rods have generally TOB rods have generally 
better resolution than better resolution than 
individual sensors, in individual sensors, in 
particular for angles particular for angles αα
and and γγ

much higher leverage, much higher leverage, 
except for except for ββ

Detailed resolution table Detailed resolution table 
can be found in appendixcan be found in appendix

σ~0.8 µm
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Analysis of Hit ResidualsAnalysis of Hit Residuals

This validation method is based on histograms of the This validation method is based on histograms of the “Alignment Monitor”“Alignment Monitor”
(by Jim (by Jim PivarskiPivarski & Chung & Chung KhimKhim LaeLae). Residuals are normalized to ). Residuals are normalized to 
estimated error.estimated error.
After alignment, the individual residual distributions are After alignment, the individual residual distributions are well centeredwell centered, and , and 
their their RMS width is significantly reducedRMS width is significantly reduced

before 

after 
alignment

before 

after 
alignment
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Analysis of Hit Residuals (cont’d)Analysis of Hit Residuals (cont’d)

““Total residual”Total residual” = sum of the individual residual histograms. = sum of the individual residual histograms. 
(Residuals are normalized to estimated error.)(Residuals are normalized to estimated error.)
After the alignment, the total residual distribution is After the alignment, the total residual distribution is much narrowermuch narrower
& its RMS width close to ideal& its RMS width close to ideal

before 

after 
alignment
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HIP AlgorithmHIP Algorithm

Intrinsically Intrinsically iterativeiterative approachapproach
each iteration organized in 10 parallel jobseach iteration organized in 10 parallel jobs

1515--20 minutes CPU per job20 minutes CPU per job

performed with performed with five iterationsfive iterations

Jobs were run overnightJobs were run overnight
after initial problems with database access & after initial problems with database access & 
insufficient local storageinsufficient local storage
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HIP Convergence Behavior (TIB HIP Convergence Behavior (TIB 
DetsDets Layer 1)Layer 1)



7-Nov-2007 R. Mankel, Tracker Alignment Studies for CSA07 19

HIP: Alignment Parameter HIP: Alignment Parameter 
ResolutionsResolutions

Largely similar resolutions as with MillePedeLargely similar resolutions as with MillePede--IIII
In general In general better than in CSA06better than in CSA06 (higher statistics)(higher statistics)
Angular resolutions for TOB rods still under studyAngular resolutions for TOB rods still under study
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HIP Validation (I)HIP Validation (I)

Plots based on hit residuals Plots based on hit residuals 
resemble those from MillePederesemble those from MillePede
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HIP Validation (II)HIP Validation (II)

ZZ00 µµ++µµ-- mass mass 
resolutionresolution

improvement improvement 
after alignment after alignment 
is visibleis visible
close to ideal close to ideal 
geometrygeometry
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SummarySummary
Successfully exercised productionSuccessfully exercised production--style alignment style alignment 

with two trackwith two track--based algorithms & laser alignment  based algorithms & laser alignment  
Some important developments made & lessons learnedSome important developments made & lessons learned

work flow on grid & CAF (Laser)work flow on grid & CAF (Laser)
new production system & multinew production system & multi--pass approach (MillePede)pass approach (MillePede)
storage issues (MillePede & HIP)storage issues (MillePede & HIP)
resolution still improves with number of events (HIP)resolution still improves with number of events (HIP)

Turnaround in realTurnaround in real--time is very encouragingtime is very encouraging
e.g. 3 hours until upload of first constants in MillePedee.g. 3 hours until upload of first constants in MillePede
also validation of constants has been exercisedalso validation of constants has been exercised

[Note: more detailed results regarding alignment performance are[Note: more detailed results regarding alignment performance are available available 
underunder https://twiki.cern.ch/twiki/bin/view/CMS/TkAlignmentCSA07https://twiki.cern.ch/twiki/bin/view/CMS/TkAlignmentCSA07 ]]
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LessonsLessons
Reliability of access to mass storage (CASTOR) is still a topicReliability of access to mass storage (CASTOR) is still a topic

maybe there is a “training effect” maybe there is a “training effect” –– data samples under frequent use seem to data samples under frequent use seem to 
operate more smoothlyoperate more smoothly

We should foresee a dedicated batch server for the We should foresee a dedicated batch server for the PedePede stepstep
with ample memory & local disk spacewith ample memory & local disk space
improves turnaround for improves turnaround for PedePede

We should foresee nonWe should foresee non--user level storage for job steering directories etc user level storage for job steering directories etc 
(AFS, a few GB).(AFS, a few GB).

mass storage output could already now be moved to mass storage output could already now be moved to TkAlignTkAlign CASTOR disk poolCASTOR disk pool

I would like to thank I would like to thank GeroGero FluckeFlucke & Chung & Chung KhimKhim LaeLae for their help during the for their help during the 
preparations. Thanks also to Volker preparations. Thanks also to Volker BlobelBlobel for his advice on using his for his advice on using his 
MillePedeMillePede--II program.II program.

CreditsCredits
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The CSA07 Misalignment The CSA07 Misalignment 
ScenarioScenario

TIB misaligned at detector (“TIB misaligned at detector (“detdet”) level”) level
DS: DS: ∆∆u, u, ∆∆v, v, ∆∆w: w: ±±100 100 µµm;   m;   ∆α∆α, , ∆β∆β, , ∆γ∆γ: : ±± 1 1 mradmrad
SS: SS: ∆∆u : u : ±±100 100 µµm;   m;   ∆α∆α, , ∆β∆β, , ∆γ∆γ: : ±± 1 1 mradmrad

TOB misaligned at rod levelTOB misaligned at rod level
DS: DS: ∆∆u, u, ∆∆v, v, ∆∆w: w: ±±100 100 µµm;   m;   ∆α∆α, , ∆β∆β, , ∆γ∆γ: : ±± 1 1 mradmrad
SS: SS: ∆∆u : u : ±±100 100 µµm;   m;   ∆α∆α, , ∆β∆β, , ∆γ∆γ: : ±± 1 1 mradmrad

except for layer 6 (fixed)except for layer 6 (fixed)

Pixel & end caps fixedPixel & end caps fixed
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The CSA07 Misalignment The CSA07 Misalignment 
Scenario (cont’d)Scenario (cont’d)

#free parameters:#free parameters:
TIB TIB DetsDets DS:   768 x 6 = 4608DS:   768 x 6 = 4608
TIB TIB DetsDets SS:  1188 x 4 = 4752SS:  1188 x 4 = 4752
TOB rods DS:  180 x 6 = 1080TOB rods DS:  180 x 6 = 1080
TOB rods SS:  360 x 4 = 1440TOB rods SS:  360 x 4 = 1440

total:                            11880total:                            11880

already a respectable problem (~1/5 of full tracker parameter sealready a respectable problem (~1/5 of full tracker parameter set)t)
use “GMRES” method of MillePedeuse “GMRES” method of MillePede--II instead of traditional II instead of traditional 
“inversion” method“inversion” method
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Misalignment ScenariosMisalignment Scenarios
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Alignment Parameter Residuals:Alignment Parameter Residuals:
TIB Layer 1 onlyTIB Layer 1 only

misaligned

Pass 1
Pass 2
Pass 3

For doubleFor double--sided TIB sided TIB 
sensors, parameters sensors, parameters αα
and and γγ have generally have generally 
better resolution than for better resolution than for 
singlesingle--sided onessided ones

not surprising, since v not surprising, since v 
coordinate is important coordinate is important 
for their determinationfor their determination

note 
change 
of 
scale!
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σσ((γγ) [) [mradmrad]]σσ((ββ) [) [mradmrad]]σσ((αα) [) [mradmrad]]σσ(w) [(w) [µµm]m]σσ(v) [(v) [µµm]m]σσ(u) [(u) [µµm]m]TOBTOB

0.0320.0320.3350.3350.1670.16727.127.135.035.04.14.1Layer 2Layer 2

0.0200.0200.1530.1530.0920.09212.212.223.323.31.91.9Layer 1Layer 1

0.0030.0030.1460.1460.0530.0530.80.8Layer 3Layer 3

0.0020.0020.0990.0990.0260.02613.913.910.210.20.70.7Layer 2Layer 2

0.0030.0030.0790.0790.0220.02211.411.48.78.70.70.7Layer 1Layer 1

0.1780.1780.3080.3080.8790.8791.11.1Layer 4Layer 4

0.1260.1260.2880.2880.6990.6991.01.0Layer 3Layer 3

0.0020.002

0.0030.003

σσ((γγ) [) [mradmrad]]

0.1730.173

0.1780.178

σσ((ββ) [) [mradmrad]]

0.0800.0800.70.7Layer 5Layer 5

0.0580.0580.80.8Layer 4Layer 4

σσ((αα) [) [mradmrad]]σσ(w) [(w) [µµm]m]σσ(v) [(v) [µµm]m]σσ(u) [(u) [µµm]m]TIBTIB

Parameter Residual RMS Parameter Residual RMS –– Layer by LayerLayer by Layer


