http://cern.ch/Martin.Weber



TEC Integration and Alignment

e TEC-Integration in Aachen HiaexEdencieal

- All petals integrated

- Six from eight sectors tested

- Katja Klein, Lutz Feld, Richard Brauer, .. |
e Cosmic muon trigger g
- 10 cm lead shielding

- Took = 1000 tracks for each sector

* Track reconstruction working

- Much progress on TEC+ geometry,
module layout, ...

e Started Alignment studies

- Kalman Filter algorithm implemented,
still in development phase...

- Work in progress...
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In order to reconstruct
tracks, the ideal geometry
had to be refurbished

CMSSW geometry before
O0_7_0 was wrong

Picture shows e.q.
Difference in z position
(along beam) in cm

Differences up to 1.5 cm
corrected

Correction was a
collaborative effort of M.
WIlochal, M. Weber, R.
Ranieri, S. Banerjee

Huge amount of work

- ~ 2 month

Ideal geometry
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Where are my tracks?

CMSSW assumed hybrid always
on smaller side of module

Only true for ring 7

Leads to swap of local x and y
axis

Zig-zag pattern observed in event
displa
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B Software assumptions

=

localP = localPitch(localPosition(mp));
* CMSSW SOftware was nOt sp2 = merr.uu() * localP*localP;
i sl2 = merr.vv() * locallL*locallL;
‘C‘Iapable to han_dllle th|S spl = merr.uv() * localP*locall;
|nverted y aXlIs return LocalError(lc2*sp2+1s2+*s12-2¥1slc*spl,

1slc*(sp2-s12)+(1c2-1s2) *spl,
1s2#sp2+1lc2*sl2+2*1slc*spl);

* Changes to the Geometry }
and the software module float
builder Iead tO Zero TrapezoidalStripTopology: :strip(const LocalPoint& 1lp) const {

float aStrip =

reconStrUCted traCkS In TEC ((lp.x()*theDistToBeam/(theYAxOr+*1lp.y()+theDistToBeam) ) - theOf

aStrip = (aStrip >= 0. 7 aStrip—r10.);

® Inverted y aXiS had to be aS:rip =Sia5_trip <= theNumber0fStrips ? aStrip : theNumber0fStr:
. . return aStrip;
implemented in the module } ’
tOpO|Ogy MeasurementPoint
TrapezoidalStripTopology: :measurementPosition(const LocalPoint& 1j
t .
* Changes to the reH:;:urementPoint(((lp.x()’+=theDistTOBeamf(theYAer=+=1p.y()+the[):
“TrapezoidalStripTopology” ; - 1p.y ()/theDetHeight);
were implemented to CMSSW
HeasuremenhError
. . Tr idalStripTopol - 3 tError( tL 1Point& 1p,
* But: Trapezoid assumption L net LocalErrors lerr
fl 1t,1c2,1s2,1s1c;
turned out to be wrong, Float Torall localps .
radial instead oot =12, %p2-spl

1t = -1p.x)/(theYAxOr*1p)y()+theDistToBeam);
1c2 = 1./(1 %ktxlt);
1slc = 1t*lc2;
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What the heck is a topology?

* Module topology

- Converts local coordinates
to global coordinates

- Converts strip number
(measuring phi) in x and y

* CMSSW: Trapezoid

- Means constant pitch “d”
along module y axis

 But: Sensor is radial ke

- Means constant angle a
between strips

- CMS Note 2003/022 Vi

e Sensitive coordinate
wrong up to 100 pm!
e Has been corrected
- Not yet committed
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Error in pm:
Trapezoidal
instead of
radial
topology

- TEC ring 1

Strip number



by Corrections to module layout
2 y

e Wrong values in CMSSW
for sensor layout used

- Mean pitch (average along

local y) . ro
- Distance rO from active |
center to crossing point of
strips
- Active area width and length —
* Corrections sum up to
total of 5-200 um for a 5. -
module TEC module  recor0/pm truer0/ym recopitch/pm  true pitch / pm
* After fixing this, nice Ring 1 268296 277660 9.10 %.78
tracks are being Ring 2 3o7861 367080 12800 121.93
reconstructed Ring 3 48146 WTI0 14082 14079
* Many more cross-checks Ring 4 001201 561680 12627 12617

were performed
* Not yet committed to CMSSW

RWTH, 7

* Very time-consuming!
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’// Reconstructed tracks from sector 2
p —

Examples for
tracks

Blue: Cluster
(1-dim)

Green: RecHit
position

Red: Track
and impact
points
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Track residuals

. a——
£ 1600r
* Look at track residuals o 1400 Residual
* Non gaussian tails -'E 1200
e Strong multiple scatterin § 1000
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Estimate disk rotation
from track residuals

Compute residual in ¢ for
Back-Petals, convert to
ring 6 position

Compare with results from
Laser Alignment system

TEC LAS & Metrology S2 D19 R4 & R6 I

T osF = LAS Ring 4
& = LAS Ring 6
l;; 0.4 o Met Ring 4
§ 0.3F Met Ring 6
=) - I 1
8 0.2} x j
S 01 } L it [ 1
oF-1 11 ! - L
SO * i ! I b
E= I R AR 1 f
- . L [
0.2 1
0.3F _
o4F Laser alignment
g system
] o A B R A R
-600 -400 -200 0 200 400 600

http://cern.ch/Martin.Weber

Fit to track residuals (biased)

T 0.3 :
E - Residuals from +
© - tracks (sector 2)
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Disk number

LAS only using back petals

Disk number is 9.5to 17.5
for TEC back petals

Good agreement observed
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Alignment

* Kalman
Filter

Evolution of alignment constants with tracks for three different runs

= 015 015
- [Angle disk 1 [Angle disk W [Angle disk 3
s —— Run 21825 ——Fun 21525 = :f f —— Run 21525
- = — Aun 21540 — Run 27540 - FLUILY — Run 21540
__ —— Run 27541 ——— Run 21541 o‘n‘lf—‘r. —— Run 21541

implemented...

L]

* Suffering .
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Conclusion

-

* Many corrections to CMSSW were necessary
- TEC geometry
- Module orientation, local y axis change
- Module topology

- Module parameters (pitch, distance to active area, ...)

* After corrections, residuals in good agreement with Laser Alignment

 Kalman Filter Alignment

- Preliminary version working
- Suffering from multiple scattering
- Improvements foreseen

- Comparison with Millepede planned (Hamburg contacted)
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