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@ |ntroduction

» Terminology
» Review Tracker Alignment and Millepede strategy
» Current Millepede strategy (‘Adun' (2/3 step))

» Tests with new Millepede strategy on simulated events
(reversibility, weak modes)

s Data from 3" reprocessing
» Latest alignment results on CRAFT data

@ Conclusion & Outlook
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idi Millepede

» Millepede II: global approach to minimize track y* taking into
account correlations between alignment and track parameters

» CSAO0S8 strategy: single sided module aligned in u, w, y double
sided & pixel modules in u, v, w, y — total number of
parameters: 44244 (Markus Stoye)

» CRAFT promt reco: following strategy from CSAQ08 +
adjustments to data (Torino)

> Double sided modules treated as one unit!

= CRAFT re-reprocessing: treatment of double sided modules
as two separate module-units (Aachen)
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idi Millepede Align
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» 2d-modules aligned as one led to large movements of the
modules within a string/rod compared to survey
measurements

> Necessity of separate module-unit alignment for 2d modules
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Millepede Align

Check that correction in
dw of module-units in 2d-
modules do not swap
place (2mm in TOB, less
In TIB)

Not seen In CRAFT data

DS Module

dw

Stereo

2 mm
module

‘i\_‘

RPhi
module

sqrt(dx*dx+dy*dy) {(sublevel==5)&8&(detDim==2)} htemp
Entries 2160
r Mean  0.01404
C RMS  0.008178
80—
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idi Current Millepede Align

s Separated module-unit alignment of 2d-modules increases
number of parameters to more than 55.000 (current pede limit
(being fixed by V.Blobel) ~46.340 parameters)

> 2 step approach due to limited number of parameters

> Hard hit cut necessary to loose some modules and get below
parameter limit

» Adun 0: module-unit alignment of 2d-modules in u,w and y +

large detector structures (all 6 degrees of freedom),(450 hits,
89% of the module units,~95% pixel modules)

> Adun 1: Single&Double sided
module alignment in u,w and y + ., YD o r utre)
B in TIB (150 hits, ~97% of , be=——= ’
modules aligned) PEY =

» Use of presigmas to suppress
global movements/distortions
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Adun Strategy on
Simulated Events




idi Adun Strategy from '

s Test Adun strategy on simulated events

» Start from CRAFT Adun geometry received from data as
misalignment (only parameters misaligned that get aligned
with Adun)

 Adun 0: required number of hits per strip module 450
required number of hits per pixel module 25

* Adun 1: required number of hits per strip module 150

required number of hits per pixel module 25
» Usage of pre-sigmas, no further fixation of reference system
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Adun Studies on Simulatec

Entries 2381249
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» Track based validation as estimator for $oor — mameane
. o« - c O 200
the quality of the y*-minimization: £”
» Nearly complete recovery in x*
@ Distribution of median of the residuals on

module similar to ideal geometry except
in TIB (Ac=2um) oo

°* -0 004 -0.002 | 0 0002 0004
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Geometry Comparison Adu

(1) ) (3) » Qverlay detector, then
subdetectors, remove global
T shifts to investigate module
suett||subat — T movement within the

Subdet bubdet2 Subdet1 bubdet2

subdetector
ﬁ‘ﬁ

Overlay Trackers, Remove Tracker Overlay Subdet1, Remove Subdet1

Subdet1 Subdet2 Level Global Displacement, then Level Global Displacement, then
compare modules compare modules
TIB half
. Azvs. .
4 barrels Fo4r Aligned vs | Fo— Aligned
Lot ; Sl
Startin g No3- 'n“ startlng ~;.'ssﬂ"o.us:— gam geometry
a eometr < <o.08f i
geometry | % 9‘ Yy ’ : vs ideal
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* Slight overcorrection of TIB half barrel movement in z
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idi Adun Studies C

s Test Adun strategy on simulated events
» Start from Ideal geometry -~ Adun0 - Adunl
s Adun O: required number of hits per strip module 450

required number of hits per pixel module 25

» Adun 1: required number of hits per strip module 150

required number of hits per pixel module 25
» Usage of pre-sigmas, no further fixation of reference system
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Track Based Validatic

> Global x* and the residuals on subdetector-level do not show a

large

changes
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i Geometry Comparisc
Distribution of the median of the residuals in TIB . . . .
g » Distribution of median of the
3%r residuals slightly worse for aligned
£ sl than for ideal geometry in TIB
» Geometry comparison shows small z
movement of TIB half barrels but
also systematic effects in x,y
0008 0,002 0 0002 0.004
median(x’pred-x’hit)[cm]
.0015 Effect Iin MM;—. i L
0.001 Az much u.|:||:|1: T
0005 smaller
0 20|.Lm, but ’
0008 additional gEre3 14
o001 effects in ‘
[N 2y ana ax g
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S Geometry Comparisc

Distribution of the median of the residuals in TOB

& 2000F- » Distribution of median of the
— - Adun0 I: p =-0.01um, ¢ = 2.48um
= AdunOAdunifromideal: i = -0.03um, ¢ = 6.67um

§uon residuals slightly worse in TOB as
3 well
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» (Geometry comparison shows
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» Consequences on tracking?
» Use tracks of high p_ muons to investigate influence of
distorted tracker geometry on tracking parameters
Entries 17871 Entries 17871
Mean -0.05278 . Mean -0.005116
Pull of p_ Eggﬁﬂ?&“ 1-05;; Pull of d impact parameter Eggmw 1-2833
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1200 e e f000F P
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%0 _h '5 _ﬁ '2 |:|| 1', : i é ;'; 10 O5 20 5 -0 5 0 .rl) 1Lo 1}5 2|o 25

— significant impact on d_ parameter, p_rather unaffected
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Systematic Distortions: Fixing the REIEICHOSISISIN.

Entries 17871
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idi Summary of Studies

» Misalignment can nearly be recovered in terms of x*

» Only small sensitivity in z, half barrel movement of TIB
recovered/slightly over-corrected

» Even starting from ideal geometry half shells drift apart
by 20 um

» Elliptical distortions can be attenuated by fixing the reference
system (TOB Barrel)
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i CRAFT Data Fro

» Data of 3" reprocessing shows better performance due to
former alignment and calibration procedures

» + corrected cabling maps in TPE and TEC

» Increased number of pixel hits due to correction of Alignment
Positioning Error (APE, important for pattern recognition) in
Pixel, still only few hits in TPE (at least 20 hits)

> About 3Mio tracks after standard cuts:

@ At least 10 hits per track
@ 2 hits on 2d-modules
@ P = 5GeV

min
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idi Track Base

» MP aligning with Adun strategy (Aachen/Torino)

» HIP: local alignment done iteratively, all 6 degrees of freedom for all
modules (Johns Hopkins)

» SuperHIPMPmerged: HIP alignment starting from MP Adun geometry

x2Indof Moan S
RMS 2.507
3 Underflow 1]
" X 1 {Il Overflow 2.123e+06
- .
E 300 &, _
s - Design e Best performance by
g 2s0— i HIP e e SuperHIPMPmerged
g E . """"" MillePede Sm:lserﬂow 1%
= I Overflow 4.917e+04 . .
200 I SuperHIPMPmerged Enties 3159851 * MP limited by nhumber
50l £ G RMS  oses of parameters (not all
E Overflow _‘2.721e+04 modules aligned
100— = ~97%)
501 ks =
0 - :n__.---r"""'_.'__l EE o R T B PR DS W ;
0 2 4 6 8 10
¥2/ndof
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Distribution of the Meeé

Distribution of the mean of the residuals in TEC

.i.ti.
n

Distribution of the mean of the residuals in TIB
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» Adun Alignment compared to Design (HIP sees the same but
not that large ~2mm effect + correlated distortions in TPB)

= Movement of 2 TIB half barrels physical?

» Small quenching effect in y visible as before in simulation

-0.2 -0.2

[azvez ] layvs.r )
0.3 04 !
0.2 I ' l 03 i - I
0.2 ; 1 E I
0-1 TIB half barrels o I :
0 shifted towards ] E
each other by 0 I
-0.1 ~3mm each 0.1 ] 1
| i

-0.3
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" CRAFT Validation: Track SpitnGu

g Original Cosmic Track

F original Cosméc Track

» Split cosmic track along distance of closest approach to
beamline

» Fit top and bottom part separately and compare resulting track
parameters
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Track S

Entries 63225

0.06

» Very similar behaviour of
difference in track parameters
except for A6 - MP and
SuperHIPMPmerged have

larger z-movement of half
barrels in TIB
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it Conclusio

» Stand alone alignment with about 3.9 Mio. tracks from cosmic
muons already allows a good alignment in most of the detector
regions

» Separate alignment of 2d-module units improves the alignment
results a lot and is integrated in both alignment strategies

» Posing problem in due to parameter limit in current pede
executable (being fixed by Blobel)

» Coherent results from both algorithms (HIP and MP) + best
performance achieved by combining the two
(SuperHIPMPmerged)

 in terms of ¥ and residuals, no statistical limitation in strip
barrel region
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it Conclusio

» y“invariant modes:

@ Simulation: for Adun starting from misalignment TIB half barrel
movement over-corrected by 1 mm in non-sensitive coordinate

Z

@ simulation: elliptical distortion using MP Adun starting from
IDEAL - fixing reference system can help

@ Check also trajectory model

» Data: large movements of the TIB half barrels — seen by both
algorithms: real or fake?

» Track splitting shows no big differences between the algorithms
except for AG which is correlated to the z movements in TIB

» Redo exercise for CRAFT09 coming soon

> Need of complementary data coming from the beamspot
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idi Geometry Comparison S

» Qverlay detector, then

T“k) IDEAL * > subdetectors, remove global
shifts to investigate module

I — s i movement within the

subdetector

— AdunC:)L lay Trackers, R Track Overlay Subdet1, R Subdet1

. Starting

o gﬁrggﬁ Geometry:
- T 1 rAphi-

misalignment
of up to 3 mm
In TIB, else
<lmm

» Shift in Az of
| i+ the 2 TIB half
R 1 e s S SWSUREESREES T ST barrels towards
zlom] z[em] each other
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iti Backup: Geometry comp
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idi Backup: MC
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Backup: Adun Studies on SifUEICOIDEI .
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aligned object (Ac=2um)
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* RMS in endcaps ~ 300um

@ best performance of
SuperHIPMPmerged object,
especially in endcaps (TID and
TEC)

In TIB (all 6 dof aligned by both
algorithms)

RMS in barrel region ~ 70-80um

Slightly better performance of MP
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