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Ø  Introduction to STAR HFT pixel detector 

Ø  Survey and Track Based Sector Alignment 
 
Ø  Summary on Alignment Status 
 

2 



Overall Survey Plan�

Pixel Support Tube (PST) 

(truncated) 

kinematic mounts 

sectors 

3 

D tube 

Steps: 

1. Sector survey 

2. Kinematic mounts survey 

3. PST survey 

4. Mock PST survey 

5. PXL half survey 

Pixel&detector&
•&&The&innermost&subHdetector&of&HFT&
•&10&sectors&
•&3&ladders&at&outer&layer&and&1&ladder&at&&
&&&&inner&layer&for&each&sector&
•&&~436M&20×20μm&pixels&
•&&Resolu8on&~&10&μm&

Three&sectors&(sector&2,4,7)&have&
been&successfully&put&into&STAR&
detectors&as&pixel&detector&prototype&

3&

In Run-13, three sectors (sector 2,4,7) 
together with full supporting set have 
been successfully put into STAR 
detectors as pixel detector prototype 
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Pixel detector 
ü The innermost sub-detector of  HFT 
ü 10 sectors 
ü 3 ladders at outer layer and 1 ladder  
   at inner layer for each sector 
ü ~356M 20.7×20.7μm pixels 
ü Resolution ~ 10 μm 
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4 7 

Support structure 
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�  The goal of  the survey is measuring within the hit 
error any deviation for each component from their 
designed position 

�  Survey work has been done deep into the sensor level 

�  Survey information was written to pixel geometry 
database 

Pixel Sector Survey Work 
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Pixel	  Detector	  Sector	  Survey	  
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 Sensor Level Measurement Precision  
～10 micron 

 Pixel Sector 



Sector Survey of Pixel Detector 

Sensor to Ladder alignment à By survey 

Ladder alignment in sectorà By survey 
Sensor surface à By survey 4 

Sector Survey�

•  3 tooling balls on each sector are 

used to define sector coordinate 

•  2 features on each chip/wafer are used to 

define chip local coordinate 

•  Each chip is scanned with 121 points to get 

the surface profile 

Thin Plate Spline 
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Pixel Sensor 
20.7x20.7 mm2 

  ( Survey Repeatability < 10μm ) 
  

Please refer to F.Videbaek and J.Bouchet’s talks 



Track	  Based	  Alignment	  Procedure	  
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The sector alignment is based on minimization of the residuals 
between the track projection and the hit positions of all detectors 
starting from initial sector internal survey information. 

- Track prediction in local system 

Similar algorithm in global coordinate system  

- Track direction tangents 

- Hit position on measurement plane 

- Misalignment parameters 

Residual 

Sensor Local Coordinate System 



zP (cm) 

－815.5+-4.5   －1730.0+-9.0   367.2+-4.1 

Example - Pixel Sector 4 
Shift alignment Parameters 
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Shift Alignment 
zP

-z
 (

cm
) 

dX (micron)  dY (micron)  dZ (micron) 

•  Hit global coordinates : x, y, z 
•  Hit local coordinates : u,w,v 
•  Track projection position after 

TPS correction:  
     Global Coordinate: xP, yP, zP  
     Local Coordinate: uP, wP, vP 

Global Residual along Z : dZ = zP-z 



jz*(-vx*y+vy*x) (cm) 

zP
-z

 (
cm

) 

t
0

t
max

           Drift Time (time bins)

Figure 4. Drift time distribution used for average drift velocity estimation

3.4.2. Alignment For small misalignments, we can assume a model where the hit position
deviations from tracks are linearly proportional to the misalignments through derivatives of
track projections to measurement planes with respect to misalignment parameters (e.g. first
order of a Taylor expansion).

• The derivatives take as a condition that both the track prediction and the hit stay on a
measurement plane after applying the correction (see Appendix for details)

• Global alignment: ~

X

hit

� ~

X = @
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X/@

~�⇥ ~� ⌘ G⇥ ~�
• Local alignment[7]: ~u

hit

� ~u = @~u/@
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• Misalignment parameters have been calculated as slopes of straight line fits to histograms
of the most probable deviations (X

hit

- ~

X or ~u

hit

� ~u) versus the corresponding derivative
matrix (G

ij

or L

ij

) component[8] (see examples in Figs. 5 and 6)
• For alignment we use good (with well defined parameters) tracks fitted with the primary

vertex. Use of primary tracks significantly improves precision of track predictions in Silicon
detectors and reduces influence of systematics

• Precision of the method is checked with simulation. Accuracy is ⇡10 µm in a detector
position and ⇡0.1 mrad in its rotation

• There is a problem when a starting point is far from minimum because there are significant
correlations among alignment parameters. To solve this problem as the starting point we
use Least-Squares Fit with above derivatives to get first approximation for the parameters.
The precision of this method is less than slopes method but it does provide a reasonable
approximation to use slopes.

Track – Pixel Hit Based 
Alignment Algorithm  

Rotation Alignment 

  1.20+-0.02      2.20+-0.02      -25.19+-0.13 

Example - Pixel Sector 4  
Rotation alignment Parameters 

(See Backup for Detail) 
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Global Coordinate System 

Matrix Element in Global Alignment Algorithm 



d
Z
 (

cm
) 

jz*(-vx*y+vy*x) (cm) 

After Correction – Pixel Sector 

10 

After correction, significant reduction of misalignment can be seen 
Shift along global Z (Left) and Gamma rotation (Right)  

Figures are shown for Sector 4 after correction  
 

After Correction After Correction 

d
Z
 (

cm
) 

Z (cm) 



d
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d
X
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After Correction – Component Ladder 
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After correction, significant rotation correction can be seen in the 
component ladder (layer2-ladder12) of the sector 4 

Before Correction After Correction 



I.  Survey work of  under sector levels has been well finished. For 
the upcoming run14, pixel survey will be done up to the half  
pixel level. PXL alignment will basically rely on the survey 
measurement. 

II.  Alignment software for above sensor levels has been set up 
and macros to generate the geometry tables and overwrite 
these geometry are ready. 

III.  The effectiveness of  small angle approximation in current 
alignment algorithm in dealing with cross-talk between 
rotations and shifts are under investigation by way of  
realistic simulation. 

IV.  Pixel sector alignment and alignment performance check 
with pixel hit in tracking are on-going 

Summary- Pixel Alignment Status 
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Backup - Pixel Hit resolution  
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P   (GeV/c) T 

PXL Performance�

•  2D correlation between measured pxl hit 

and TPC track projection on a sensor 

•  Double difference of hit and track projection 

positions between 2 overlapping sensors 

•  Single sensor resolution = 20 / √2 = 14 microns 

~ 12 microns resolution of designed goal 

16 Qiu Hao (LBNL) 

Sector 4 
Ladder 4 
u direction 

Double Hit Resolution 
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With TPS correction, a few microns’ improvement of  the pixel hit 
resolution can be seen especially in the relative high pt region 

After TPS correction  
Single sensor ~ 14micron @ 1GeV 



• Calibration/alignment procedure for Run VII (Au+Au 200 GeV) is under way.
• First physics checks (Run V) look fine. Silicon detectors:

– improve momentum resolution for global tracks,
– improve primary vertex resolution,
– greatly improve track selection (based on DCA),
– sharpen (multi-)strangeness physics, and
– provide other non-physics side benefits: Use of the SVT and SSD as a high resolution

microscope to undo TPC distortions and as a distortion monitor in high luminosity
runs.

• STAR Silicon Vertex Tracker and Silicon Strip Detector are sharpening our physics.

6. Appendix. Jacobian of measured hit position deviation from predicted track
ones with respect to misalignment parameters.
6.1. Misalignment of the detector in Global Coordinate System (GCS)
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• Calibration/alignment procedure for Run VII (Au+Au 200 GeV) is under way.
• First physics checks (Run V) look fine. Silicon detectors:

– improve momentum resolution for global tracks,
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• First physics checks (Run V) look fine. Silicon detectors:

– improve momentum resolution for global tracks,
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– provide other non-physics side benefits: Use of the SVT and SSD as a high resolution

microscope to undo TPC distortions and as a distortion monitor in high luminosity
runs.

• STAR Silicon Vertex Tracker and Silicon Strip Detector are sharpening our physics.

6. Appendix. Jacobian of measured hit position deviation from predicted track
ones with respect to misalignment parameters.
6.1. Misalignment of the detector in Global Coordinate System (GCS)

• ~

j = (j
x

, j

y

, j

z

) - track direction cosines in GCS on measurement plane
• ~

X = (x, y, z) - track prediction in GCS on measurement plane
• ~

X

hit

= (x
hit

, y

hit

, z

hit

) - hit position in GCS on measurement plane
• ~v = (v

x

, v

y

, v

z

) - direction of normal to measurement plane in GCS
• ~� = (�

x

, �
y

, �
z

, �
↵

, �
�

, �
�

) - misalignment parameters: shift and rotation with respect
to X,Y,Z axises, respectively

~

X

hit

� ~

X = @

~

X/@

~� ⌘ G⇥ ~�G =
0

@
�1 + j

x

v

x

j

x

v

y

j

x

v

z

j

x

(�v

y

z + v

z

y) �z + j

x

(v
x

z � v

z

x) y + j

x

(�v

x

y + v

y

x)
j

y

v

x

�1 + j

y

v

y

j

y

v

z

z + j

y

(�v

y

z + v

z

y) j

y

(v
x

z � v

z

x) �x + j

y

(�v

x

y + v

y

x)
j

z

v

x

j

z

v

y

�1 + j

z

v

z

�y + j

z

(�v

y

z + v

z

y) x + j

z

(v
x

z � v

y

x) j

z

(�v

x

y + v

y

x)

1

A ~�

6.2. Misalignment of the detector in Local Coordinate System (LCS)

• ~u = (u, v, w ⌘ 0) - track prediction in LCS on measurement plane
• (t

u

, t

v

) - track direction tangents in Local Coordinate system (LCS) on measurement plane
• ~u

hit

= (u
hit

, v

hit

) - hit position in LCS on measurement plane
• ~

� = (�
u

, �

v

, �

w

, �

↵

, �

�

, �

�

) - misalignment parameters shift and rotation with respect to
local u,v,w axises, respectively

~u

hit

� ~u = @~u/@

~

� ⌘ L · ~� =
✓
�1 0 t

u

t

u

v �t

u

u v

0 �1 t

v

t

v

v �t

v

u �u

◆
~

� =
✓

u

hit

� u

v

hit

� v

◆
=

✓
��

u

+ t

u

(�
w

+ v�

↵

� u�

�

) + v�

�

��

v

+ t

v

(�
w

+ v�

↵

� u�

�

)� u�

�

◆

References
[1] “The STAR time projection chamber: a unique tool for studying high multiplicity events at RHIC”,

M.Anderson et al., NIM A499: 659,2003.
[2] “The laser system for the STAR time projection chamber”, J. Abele et al., NIM A499: 692,2003.
[3] “Correcting for distortions due to ionization in the STAR TPC”, G. Van Buren et al.,NIM A566:22-25,2006.
[4] “The STAR Silicon Vertex Tracker A large area Silicon Drift Detector”, R.Bellwied et Al., NIM A499: 640,

2003.
[5] “The STAR silicon strip-detector (SSD)”, L.Arnold et al., NIM 2003 A499: 652, 2003.
[6] “SVT Alignment”, STAR SVT review, 2004, Marcelo G. Munhoz, private communication.
[7] “Sensor Alignment by Tracks”, V.Karimaki et al.,CMS CR-2004/009 (presented at CHEP 2003)
[8] “Alignment Strategy for the SMT Barrel Detectors”, D.Chakborty, J.D.Hobbs, October 13, 1999. D0 Note

(unpublished)

• Calibration/alignment procedure for Run VII (Au+Au 200 GeV) is under way.
• First physics checks (Run V) look fine. Silicon detectors:

– improve momentum resolution for global tracks,
– improve primary vertex resolution,
– greatly improve track selection (based on DCA),
– sharpen (multi-)strangeness physics, and
– provide other non-physics side benefits: Use of the SVT and SSD as a high resolution

microscope to undo TPC distortions and as a distortion monitor in high luminosity
runs.

• STAR Silicon Vertex Tracker and Silicon Strip Detector are sharpening our physics.

6. Appendix. Jacobian of measured hit position deviation from predicted track
ones with respect to misalignment parameters.
6.1. Misalignment of the detector in Global Coordinate System (GCS)

• ~

j = (j
x

, j

y

, j

z

) - track direction cosines in GCS on measurement plane
• ~

X = (x, y, z) - track prediction in GCS on measurement plane
• ~

X

hit

= (x
hit

, y

hit

, z

hit

) - hit position in GCS on measurement plane
• ~v = (v

x

, v

y

, v

z

) - direction of normal to measurement plane in GCS
• ~� = (�

x

, �
y

, �
z

, �
↵

, �
�

, �
�

) - misalignment parameters: shift and rotation with respect
to X,Y,Z axises, respectively

~

X

hit

� ~

X = @

~

X/@

~� ⌘ G⇥ ~�G =
0

@
�1 + j

x

v

x

j

x

v

y

j

x

v

z

j

x

(�v

y

z + v

z

y) �z + j

x

(v
x

z � v

z

x) y + j

x

(�v

x

y + v

y

x)
j

y

v

x

�1 + j

y

v

y

j

y

v

z

z + j

y

(�v

y

z + v

z

y) j

y

(v
x

z � v

z

x) �x + j

y

(�v

x

y + v

y

x)
j

z

v

x

j

z

v

y

�1 + j

z

v

z

�y + j

z

(�v

y

z + v

z

y) x + j

z

(v
x

z � v

y

x) j

z

(�v

x

y + v

y

x)

1

A ~�

6.2. Misalignment of the detector in Local Coordinate System (LCS)

• ~u = (u, v, w ⌘ 0) - track prediction in LCS on measurement plane
• (t

u

, t

v

) - track direction tangents in Local Coordinate system (LCS) on measurement plane
• ~u

hit

= (u
hit

, v

hit

) - hit position in LCS on measurement plane
• ~

� = (�
u

, �

v

, �

w

, �

↵

, �

�

, �

�

) - misalignment parameters shift and rotation with respect to
local u,v,w axises, respectively

~u

hit

� ~u = @~u/@

~

� ⌘ L · ~� =
✓
�1 0 t

u

t

u

v �t

u

u v

0 �1 t

v

t

v

v �t

v

u �u

◆
~

� =
✓

u

hit

� u

v

hit

� v

◆
=

✓
��

u

+ t

u

(�
w

+ v�

↵

� u�

�

) + v�

�

��

v

+ t

v

(�
w

+ v�

↵

� u�

�

)� u�

�

◆

References
[1] “The STAR time projection chamber: a unique tool for studying high multiplicity events at RHIC”,

M.Anderson et al., NIM A499: 659,2003.
[2] “The laser system for the STAR time projection chamber”, J. Abele et al., NIM A499: 692,2003.
[3] “Correcting for distortions due to ionization in the STAR TPC”, G. Van Buren et al.,NIM A566:22-25,2006.
[4] “The STAR Silicon Vertex Tracker A large area Silicon Drift Detector”, R.Bellwied et Al., NIM A499: 640,

2003.
[5] “The STAR silicon strip-detector (SSD)”, L.Arnold et al., NIM 2003 A499: 652, 2003.
[6] “SVT Alignment”, STAR SVT review, 2004, Marcelo G. Munhoz, private communication.
[7] “Sensor Alignment by Tracks”, V.Karimaki et al.,CMS CR-2004/009 (presented at CHEP 2003)
[8] “Alignment Strategy for the SMT Barrel Detectors”, D.Chakborty, J.D.Hobbs, October 13, 1999. D0 Note

(unpublished)

• Calibration/alignment procedure for Run VII (Au+Au 200 GeV) is under way.
• First physics checks (Run V) look fine. Silicon detectors:

– improve momentum resolution for global tracks,
– improve primary vertex resolution,
– greatly improve track selection (based on DCA),
– sharpen (multi-)strangeness physics, and
– provide other non-physics side benefits: Use of the SVT and SSD as a high resolution

microscope to undo TPC distortions and as a distortion monitor in high luminosity
runs.

• STAR Silicon Vertex Tracker and Silicon Strip Detector are sharpening our physics.

6. Appendix. Jacobian of measured hit position deviation from predicted track
ones with respect to misalignment parameters.
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