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Part I

Sensors, modules, assembly
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TEC sensors

● Details can be found in CMS Note 2003/020

TEC Ring 4 (HPK)
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TEC/TID sensor sketch (not to scale)

● Ten(!) different sensors for TEC

● (TIB: 2, TOB: 2, 
TID: 1 own + 2 shared w. TEC)

● Sensor layout in reality:

– Outer shape

– Active area

– Strips

– Bonding pads

– Bias ring

– Guard ring

– Alignment markers

● Outer shape and active area 
are trapezoids

● Strips have radial topology 
(i.e. constant angle between 
strips)

TEC ring 1 HPK, CMS Note 2003/020
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TEC sensor manufacturers and implications

● Two sensor manufacturers: Hamamatsu (HPK) and ST Microelectronics 
(STM)

– Ring 1-4: HPK only

– Ring 5-7: HPK and ST

● Most should be HPK, only few ST. Exact position and number of ST 
modules is available from TrackerDB, but not known to CMSSW.

● Differences between HPK and ST:

– Sensors active area and total area are different.

– The ST sensor active area width or length differs by -19...28 micron depending 
on the sensor type. Also strips have different length.

● Only important for efficiency studies, not for alignment

– The thickness of the active area also differs but is a manufacturers secret

● Will have impact on w position of sensor  already studied (B. Hoob.)→

● Equivalent angular width and strip positioning for ST and Hamamatsu

– According to e-mail conversation with Pisa group

●  → In CMSSW geometry, all sensors are assumed to be HPK sensors.
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TEC module layout

● Ring 1-4:
single sensor

● Ring 5-7:
two sensors

● Ring 1,2,5: Normal and 
stereo modules 
(sensors are the same, 
only different frame!)

● CMSSW description of 
two-sensor modules: 
One large sensor 
covering full area, no 
inactive zone between 
sensors

● Strip pitch in two-
sensor modules 
matches only if sensors 
exactly placed! 

Are all two-sensors modules built in the 
same way?

● In principle, yes. There were exact 
specifications. 

● Practically, no.
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TEC module assembly

● First source of systematics: 
Difference between optimal 
placement (“pisa mask”) and 
nominal assembly drawing

● Mostly identical values, some 
differences ~ few micron (i.e. 
below assembly precision)

● Largest Diff: Ring 5N, 5S
Both HPK and ST versions ~50µm

All values in mm

Ring 5S, HPK
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Tracker endcap assembly logistics

US = Fermilab and/or UCSB
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Did gantry centers use nominal values?

● Gantry module assembly precision ~10µm

● After module assembly (and curing of glue) sensor positions are 
measured by gantry

– Extract values from TrackerDB and see if they agree with the specs

– 25 different datasets: 10 geometries x number of gantry centers, 16 histos each

S
en

so
r 

2
Y

   
  

   
  

X
S

en
so

r 
1

Y
  

   
  

   
X

P1
P4P3

P2

Sensor 1 coordinates
X Y

P.1 70.5703 25.1085
P.2 74.9423 134.18
P.3 -7.2109 134.176
P.4 -2.82912 25.1054
Sensor 2 coordinates

X Y
P.1 75.0008 134.901
P.2 78.8947 231.921
P.3 -11.1528 231.922
P.4 -7.25882 134.901

R7N_Fermilab_HPK
Small game: Compare the numbers!
(Left: Measured mean; Right: Optimal)

Result: Good agreement within 10 µm
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Differences between gantry centers

● Ring 7 comparison between gantry centers
● Black:

R7N_Lyon_HPK

● Red:
R7N_Fermilab_HPK

● Green:
R7N_UCSB_HPK

● Blue:
R7N_Lyon_ST

● Notable differences in modules positions. 
Different for sensor 1 and sensor 2, about 10–40 µm.
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Part II

Module representation in CMSSW
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TEC/TID sensor layout

● Sensor layout in reality:

– Outer shape

– Active area

– Strips

● Input to CMSSW geometry:

– Outer shape

– Active area

– Number of strips

● In CMSSW, strip positions are 
calculated from number of 
strips and active area

●  → Active area is different in 
reality and CMSSW simulation

– Size is adjusted in CMSSW to 
reproduce correct angular pitch

– In reality, more space next to first 
and last strip

TEC ring 1 HPK, CMS Note 2003/020

http://cern.ch/Martin.Weber


14http://cern.ch/Martin.Weber TEC modules and alignment

Input to CMSSW geometry

1. Extract sensor values from CMS Note, put in C++ class

2. Extract sensor positioning values from module assembly drawings
(gap between sensors in two-sensor modules)

3. Consistency check for two-sensor modules: Compare expected strip 
position with actual strip position
(continuing strips from first module to second module  → 10 µm syst!)

http://cern.ch/Martin.Weber
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Input to CMSSW geometry (II)
Validation

3. Create .xml files for CMSSW geometry description

4. Validate: Run CMSSW and watch creation of RadialStripTopology 

RadialStripTopology: constructed with strips = 768 width = 3.464828e-04 rad  det_height = 
1.108580e+01 ctoi = 2.867290e+01 phi_edge = 1.330494e-01 rad  y_ax_ori = -1 y_det_centre = 
0.000000e+00
RadialStripTopology: constructed with strips = 768 width = 3.464828e-04 rad  det_height = 
1.108580e+01 ctoi = 2.867290e+01 phi_edge = 1.330494e-01 rad  y_ax_ori = -1 y_det_centre = 
0.000000e+00
RadialStripTopology: constructed with strips = 768 width = 3.464477e-04 rad  det_height = 
8.816000e+00 ctoi = 3.670801e+01 phi_edge = 1.330359e-01 rad  y_ax_ori = -1 y_det_centre = 
0.000000e+00
RadialStripTopology: constructed with strips = 768 width = 3.464477e-04 rad  det_height = 
8.816000e+00 ctoi = 3.670801e+01 phi_edge = 1.330359e-01 rad  y_ax_ori = -1 y_det_centre = 
0.000000e+00

http://cern.ch/Martin.Weber
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Validation (II)

● Validation: Convert values back to input values (i.e. those from sensor 
drawing)

● Validation: Compare to values from sensor drawings (page 14)

● Result: Excellent agreement within < 1 µm!

http://cern.ch/Martin.Weber
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Summary and conclusion

● Sensor description in CMSSW has been validated

– Optimal description, i.e. equivalent to sensor drawings!

● Precision of module assembly has been assessed from measurements

– Effect 1: Module drawings 
Some module drawings were slightly wrong, 2nd sensor ~ 50 µm in x! 

– Effect 2: Gantry implementation of module drawings 
Sometimes, wrong input values used on gantry: ~ 10 – 40 µm in x!

– Effect 3: Differences between STM and HPK sensors
Not assessed, assume everything to be HPK sensors, ~ ?? µm

– Effect 4: Gantry precision
Statistical scatter of module x with RMS ~ 10 µm

● Conclusion: 

– In principal, a complicated SQL query + math gymnastics can give precise 
module position of 2nd sensor

– Experience:  Better measure position with real data! (á la Claus...)

– Also verify the strip pitch from data!

http://cern.ch/Martin.Weber
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BACKUP
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● Ring 5N (Brussels confused P1,P2,P3,P4 for sensor 1during DB upload)

● Black:
UCSB HPK

● Red:
Brussels HPK

● Green:
UCSB ST

● Blue:
Brussels ST

http://cern.ch/Martin.Weber
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● Ring 5S (Brussels confused P1,P2,P3,P4 for sensor 1during DB upload)

● Black:
UCSB HPK

● Red:
Brussels HPK

● Green:
UCSB ST

● Blue:
Brussels ST

http://cern.ch/Martin.Weber
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● Ring 6 (Brussels confused P1,P2,P3,P4 for sensor 1 during DB upload)

● Black:
UCSB HPK

● Red:
Brussels HPK

● Green:
Brussels LAS
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