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DETRIWGN

IEINEIENS (r

u = preferred measurement direction

v = second direction in detector plane

w = normal to detector plane

o, B, y specify rotations around u, v, W axes
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ViiSaligIERESCENarios

& HIE: similar tor CSAO6 scenario

5

= TOB HJ]L?IJJUHMI dt redrievel

= DS AU, Av, Aw: £100 um; Aa, AP, Ay: £ 1 mrad
- £100 um; Aw, AB, Ay: £ 1 mrad; but layer 6 fixed
% m Pixel & end caps fixee

= in total M

m Laser alignment dy: use 10 pb scenario

m features TEC misalignments of moderate size, since at 10 pb* we
assume already existing Improvements from laser alignment

m 50 free parameters
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- AllejalrplEpiee
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Outer Barrel (TOB) Endcaps (TEC)

Inner Barrel (TIB) Inner Discs (TID) Optical Fibre

il
imulated Iaser eventshwere digitized on the grid & copied to
[Skipool at CERN

[ECONSHUICEHIESEIMEAM PESItioNS
calculate & store alignment parameters (per disk: x, y, ©)
m this took 1:19 hours

m Second step:

m Vvalidate by redoing| the same steps using the aligned geometry from
previous step
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- Fitted Gaussian width improves from 81 uym - 68 um
m consistent with expected resolution
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REMmindeEVethedoeleogy. of Track-Based

AllGRMEREVEHIEESHT
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HIP algerithm:

“Hit Impact Poeint™

fit alignment
parameters locally
for each object >
few degrees of
freedom per fit

well' manageable
from mathematical
point of view.

needs many cycles
of Iteration

needs dedicated
farm infrastructure

sed 1n CSAQOY

MillePede algorithm:

m glebal fit off all track &
alignment parameters

W sophisticated
mathematical
procedure to handle
large number of fit
parameters

m MillePede-Il suitable
to fit O(100000)
alignment parameters

m choice of several
internal fit methods

V. Blobel
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WerdiewsierivillePede-Based
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Step 2: global fit of alignment
parameters

e cannot be parallelized

- e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = e

AlCaR AlignmentProducer ' CAF
CaReco _> (Mille mode) Binary file
. L
; - AlignmentProducer
AlCaReco - (Mille mode) Binary file
AlCaReco ; AlignmentProducer
- (Mille mode)

~ - - e e e e e e e e e e e e e e e e e e e e e e e e e e e Em e e e e e e e e e e e e e e e e e e e e e e e e e = R e e e e e e e e e = == —

Global fit

AlignmentProducer

(Pede mode)

______________________________________________________________________________________

Geometry
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IRCESTS: [lurnaround

. 4
oI preblems, inttotal 3f of 49 AlCaReco files were
XC uded iemi production = affected jobs resubmitted
m fEmaininerstawstics: 1.65 M event

- | CPU time [min] Wall time [min]
j Incl. resubmissions

ille (16 jobs) 5 (per job) 78
- | Pede 32 109

Total ﬂZ 187

m Three hours of latency until upload of first constants is already fair

m could be further reduced by running more Mille jobs in parallel, and a
dedicated server for Pede with local storage (since 1/0 dominated)
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NEVWERVIDIERESS Operation of

WilllePacla

t timelin CMS. Motivation:

Misaligned Aligned Aligned Aligned
Database
Geometry Geometry M1 Geometry M2 Geometry M3
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vieusly  applied alignment
mprevement of alignment constants
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m Fast convergence,
already pass 2
corrections are small

Important validation
method, which is
Independent of MC
& can be also
applied with real
data
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AlGRmEnt P‘e’!?a
(Allgnead
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eter Residuals
SEOMIE s MC Truth)

I

— misaligned

— Pass 2

Pass 1 results are already

guite good

m though essentially no
optimization of
MillePede parameters
for CSAQ7 scenario has
been done

Second pass still gives
visible improvement

m depends in general on
size of misalignment
(reevaluation of
expansion coefficients)

if no big misalignments,

one pass is pri)bably

sufficient



AlGRmEnt Parameter Residuals:
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DAnalySIsIe Hit REsiduals

-

[
| Mean residual x os track [ hMeanAft
Entries 2496

Mean 0.003231
RMS 0.02673

| RMS residualxos track |
Entries 2496

900 Mean 1.063
RMS 0.08501
800+

—— before
700

—— after
alignment

600
500
400
300

200

m This validation method Is based on histograms of the “Alignment Monitor”
(by Jim Pivarski & Chung Khim Lae). Residuals are normalized to
estimated error.

> After alignment, the individual residual distributions are well centered, and
their RMS width is significantly reduced
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Analysisiei HitRESIduals (cont’d)

Tolal X residual pos track hTotalAft
.“_,10 Entries 8568486
~ Mean 0.00262

- before RMS 1.122

—— after
alignment

m “Total residual™ = sum of the individual residual histograms.
(Residuals are normalized to estimated error.)

m After the alignment, the total residual distribution is much narrower
& 1ts RMS width close to ideal
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Algorieslng

pproach
iEratenrerganized in 10 parallel jobs
20 mipttes; CP |

n perrormed WiArfive iterations

Jolas wererrun evernight
\ m after initial problems with database access &
Insufficient local storage
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iteration iteration iteration

vo b b b b o b b L v b b b hn b e b Fiooa b b oo oo b b b b L
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IEEATGRIMENI
- RESO)UEIIS,

Y

Stereo 2.5 19 16
Mono 1.2 Fixed Fixed

Stereo 0.77 8.3 10
Mono 0.54 Fixed Fixed

m Largely similar reselutions as with MillePede-I1
m In general better than in CSA06 (higher statistics)
m Angular resolutions for TOB rods still under study
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Mean residual x pos track | hMeanAft
2496

Entrles
Mean -0.001614
RMS 0.08076

04F

- il

| Total x residual pos track | __hTomlatt
mires

Mean -0.0002151
RMS 1.122

Plots based on hit residuals
resemble those from MillePede
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B 7% utu mass
resolution

m Improvement
after alignment

— after IS Visible
— before = close to ideal
| — ideal

geometry

95 100 105 110
Z mass (GeVic?) ent Studies for CSA07 21




SUITIIEI

3 - v S :
SUCCESSIU Eercisediproduction-style alignment

el CK Igorthms & laser alignment
SOMENMpetepitcEVEIOPMENTtS @de & lessons learned
work flew enigrid & CAF (Laser)
NEWNBIeELCtioNn SYS'Eer & multi-pass approach (MillePede)
storageiissuesi(MillePede & HIP)
| esolution stilllimproves with number of events (HIP)
Turmaround Il real-time Is very encouraging

m e.g. 3 hours until upload of first constants in MillePede

= also validation of constants has been exercised

[Note: more detailed results regarding alignment performance are available
under https://twiki.cern.ch/twiki/bin/view/CMS/TkAlignmentCSAOQ7 ]
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Ofl:

rMJJrlonJr/ [T ACCESS 1O 1255 ST rrnge (CASTOR) is still a topic
= NIayE) there 2lis a “training| effect” — data samples under frequent use seem to
OPEIALENMBIEISIMOOLNIY
We snoulcNereESEERe! [Cated patct er for the Pede step
= WIth amelEsMEMOR" & '
_| Jrnorov% ELlferlfOIJFJ(I f0)f
WE Shnould iereseernon-u orage for job steering directories etc
(AES; a few G5
m Mmass storage output could already now be moved to TkAlign CASTOR disk pool

i

Credits '

m | would like to thank Gero Flucke & Chung Khim Lae for their help during the
preparations. Thanks also to Volker Blobel for his advice on using his
MillePede-11 program.
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Fhe ‘SAO/ Viisalignment

misalignediat detector (“de ”) level
- AU, AV, AW 2100 um; Aa, A,D, Ay: £ 1 mrad
| - =100 pm; A&,.,'AF’ Ay: £ 1 mrad
| [OBNmISaligned at rod level
m DS: AU, AV, AW: £100 pm;  Aa, AR, Ay: £ 1 mrad
m SS: Au : £100 pm; Aa, AB, Ay: £ 1 mrad
‘ = except for layer 6 (fixed)

m Pixel & end caps fixed
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eSAOAMISalignment
lo (ceniele))

|
|

m [OB
m [OB

m total:
i
: already a respectable problem (—~1/5 of full tracker parameter set)

B use “GMRES™ method of MillePede-II instead of traditional
“Inversion” method
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Table 6: Values used in the misalignment scenarios. Installation uncertainties and applied misalignments are given as well as misalignments used in previous scenarios. For the
misalignment scenarios, RMS values are given together with scaling factors (comparison to initial uncertainties). Uniform distribution is denoted as Uxx, where xx signifies
the range +xx pm. Gaussian distribution is denoted as Gxx, wb]ere o = xx. If not mentioned, the distribution is Gaussian. Angular misalignment ¢ = o, 3, 7 is expressed in
prad.

Updated Scenarios Previous scenarios
initial unceriainties 10pb—* 100pb—! First Data Long Term
2,4,z Scale @ 2,92 Scale b x,u, ¢ T, U2 : X, Yh 2

IPB
Dets G60 60 1L.0OD 10 0.17 4 . G13 G13
Rods Us0 10 035 10 0.35 ] G5 G5
PixelHal{BarrelLayers U100 10 017 5 0.08 3 ] : Gio G10
IPE
DetUnits G5, G100 5 LOO . 5 1.00 i Dets G5 G5
Panels G10, g:G200 10 L.OD 200 10 LOO — —
Blades G10, ¢:G200 10 1.00 5 10 1.00 Ly 5 Petals G2.5 G25
HalfDisks G50, ¢=G100D 10 020 5 0.20 v 2 EndcaplLayers G5 - G5
1B
Dets G180 180 1.00 0.17 U200 G20
Rods G450 100 022 63 0.07 : U200 G20
BarrelLayers G750 100 013 i 2 0.02 5 G105/G500 G10.5G50
TOB
Dets G32 32 1.00 - 1.00 U100 G10
Rods G100 100 1.00 40 0.40 1 U100 G10
BarrelLayers G67/G500 5 G6.7/G50
HalfBarrels ra: G60, z: G500 | 60/100  1/0.2 10 2 33004
1EC
Dets G22 22 1.00 30 Z LOO 50 , Uso 3
Petals G70 70 1.00 30 33 0.79 20 : U100 G10
Endcapl.ayers rg. G60 z: G150 | 60V150 15 : 3 ) - G57/G500 j G5.7/G50
yyia]
Dets h 54 .00 250 i 093 230 U105 G105
TIDRings : 183 .00 850 : 027 230 U300 G30
TIDLayers n 251 071 380 ) 0.07 40 U400 G40

[
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AliGnRmEnt Parameter Residuals:

B e el

TIB Layer 1 - MillePede-lI T TIB Layer 1 - MillePede-ll ﬁ::::t_:aif TIB Layer 1 - MillePede-ll :Pta:s':)‘gzgg — M Sa“gned
I = ¢ S R 3 ANS 122
ff 7o ;
E | AV o | AW
oF 7of
sof sof
o o —— Pass 2
aof 3
5 ok
2f 5
3 au_—
.gc-n 200 -100 - 0 : 1mﬂ .2‘:'}\'; i]_;n%?:' gm m _\w[“m] For dOUble'S|ded TI B
Sensors, parameters a
TIB Layer 1 - MillePede-ll %:‘:%: _ TIB Layer 1 - MillePede-l Elm‘j%? TIB Layer 1 - MillePede-lI P:fl‘ g and v have generally
| S wE we_inf B better resolution than for
“r | Aa s | AP o | AY single-sided ones
aof %t 3 = not surprising, since v
E 2} 140} coordinate is important
b 2of 120f- for their determination
L o 100
20f- s0f
: m_
10 ﬂ a0f-
e :
-M-?;ZE-‘{CD‘U‘ .-;Jl:' .UI 5;0 1000 151CD 2000 &DU 1500-1000 -500 O 500 1000 1500 20 -2%60 -1500-1000 -300 O 500 1000 1500 2000

Act [urad] A [urad ] Ay [urad]
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AINRIVIS

er by Layer

o(a) [mrad]

o(pB) [mrad]

o(y) [mrad]

Layer 1 1.9 23.3 12.2 0.092 0.153 0.020
Layer 2 4.1 35.0 27.1 0.167 0.335 0.032
Layer 3 1.0 0.699 0.288 0.126
Layer 4 1.1 0.879 0.308 0.178
TOB o(u) [um] o(v) [um] o(w) [um] | o(a) [mrad] | o(B) [mrad] | o(y) [mrad]
Layer 1 0.7 8.7 11.4 0.022 0.079 0.003
Layer 2 0.7 10.2 13.9 0.026 0.099 0.002
Layer 3 0.8 0.053 0.146 0.003
Layer 4 0.8 0.058 0.178 0.003

| LS 0.7 0.080 0.173 0.002




