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HFT	  Survey/Alignment	  work	  update	  
S.	  Marge*s	  

BNL	  Workshop	  	  	  July	  11,	  2013	  

•  Overall Survey status and plans for all three systems 
•  some of the issues encountered and discussed 

•  Alignment work progress 
•  with Ideal and Survey geometry as input 
•  with dirty and cleaner data 

•  masking, beam constraint, space charge 
•  Plans for all three 

•  Using the pxl ladder overlap 
•  checking/monitoring 



Overall	  Survey	  Status	  	  
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•  PXL 

•  Run-13 prototype exercise very useful 
•  All 3 sectors measured, 3 times, methods/structures established, 

data extracted and put in “geometry”-form in Db  
•  Chip surface variations mapped and in Db 
•  Extensive studies of repeatability, time-dependencies  
•  Methods etc ported to other systems 
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•  PXL 

•  All 3 sectors measured, 3 times, methods/structures established, 
data extracted and put in “geometry”-form in Db  

Overall Survey Plan�

Pixel Support Tube (PST) 

(truncated) 

kinematic mounts 

sectors 

2 

D tube 

Steps: 

1. Sector survey 

2. Kinematic mounts survey 

3. PST survey 

4. Mock PST survey       not done 

5. PXL half survey 
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•  PXL 

•  All 3 sectors measured, 3 times, methods/structures established, 
data extracted and put in “geometry”-form in Db  

7 

Sector Survey Results�

•  all 3 sector has been surveyed >= 3 times 

3 

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 
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•  PXL 

•  Chip surface variations mapped and in Db 

8 

•  11 × 11 measurements on each chip, more than 5000 steps, ~7.5 hours in all 

•  ~1 hour with some manual work, the rest is automatic 

•  a maximum variation of ~50 µm in local y direction   > position resolution of the PXL detector 

Sector Survey Results�

16 

•  Survey results are transferred to offline geometry DB parameters 

•  There are more number of free parameters than needed, we minimize deviation from 

designed geometry at each detector level. 

•  From STAR global to chip, rotation + shift is the only correction. 

global = tpcOnGlobal * idsOnTpc * pstOnIds * pxlOnPst * HalfOnPxl * sectorOnHalf * 

ladderOnSector * sensorOnLadder * sensorLocal 

 

•  Within a sensor, the surveyed profile is described by the Thin Plate Spline (TPS) method, 

which fill up the whole profile from the finite number of survey measurements. 

DB�

TPS 
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•  PXL 

•  Extensive studies of repeatability, time-dependencies  

The Ladder Extension 
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•  Mar 19 - Jan 29 

•  Slope of difference in local x direction can not be explained by error for tooling ball measurement 

•  All ladders “grows” longer from Jan to Mar, but at a little different ratio (7e-5 ~ 15e-5) 

•  The reason still to be explored. 

20 microns 

 from sensor 1 to 10 
30 microns 

 from sensor 1 to 10 

25 microns 

 from sensor 1 to 10 

15 microns 

 from sensor 1 to 10 

The Ladder Contraction 
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•  April 05 – Mar 19, sit in a tube during the days between 

•  All ladders get shorter 

14 microns 

 from sensor 1 to 10 

16 microns 

 from sensor 1 to 10 

14 microns 

 from sensor 1 to 10 

8 microns 

 from sensor 1 to 10 No Apparent Change with Dehydrant 
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•  April 09 – April 05, sit in a tube with dehydrant 

•  No large deformation 

Feature Distance within a Sensor 
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•  Both measurements average at ~ 2.4 microns longer comparing with design  

•  ! extension ratio 18e-5  

•  ! ~ 4 microns over the sensor length 

•  Sensor by sensor fluctuates, this fluctuation pattern can be observed repeating between the two 

measurements 

•  The difference of the mean between the two measurements are barely noticeable << the ladder extension 

Jan 29 Mar 19 

Measured distance – designed distance vs. sensor Id 

mean: 2.42 microns  mean: 2.45 microns  
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•  PXL 

•  Extensive studies of repeatability, time-dependencies  
•  This year’s sector construction done with reduced standards 

The Ladder “Sagging” 
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max difference: 

25 microns 
max difference: 

45 microns 

max difference: 

15 microns 

max difference: 

8 microns 

•  Mar 19 - Jan 29 

•  A small slope of difference in local z direction can be explained by error for tooling ball measurement (several 

microns) 

•  But all 3 top ladders show similar large scale pattern, with 2nd order deformation, lowest at the middle of the 

ladder 

•  The reason still to be explored 

Repeatability within Sensors�
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•  use the average of the nearest 2 measurements out of 4, to get rid of outliers 

•  the nearest 2 measurements are usually repeatable within several microns 

minimum difference between 4 survey runs 

point by point  

ladder 1 sensor 10 

maximum (minimum difference between 4 

survey runs) in different sensors 
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•  IST 

•  Survey done at two places: Fermilab and BNL 
•  All ladder survey completed – also the mounting positions on ISC 
•  Data organized according to system conventions and structures 
•  Some initial tests with geometry -> O.K. 

2013-7-10� ��

Survey$;;$sensors�

CMM:$
OpLcal$ Gaging$ Products$ Avant$ 600$ Automated$
video$measuring$ system$with$ ~60x45x30(z)$ cm$
travel$ range$ and$ ~0.5$ micron$ XYZ$ scale$
resoluLon$
$
Operator:$
Gordon$Gillespie,$Michael$Roman$

•  Locate$ the$ reference$ points$ by$ measuring$ 8$ points$ along$ the$ circle$ of$ the$ hole,$ and$
determine$the$center$of$the$circle.$

•  8$ points$ on$ the$ surface$ of$ each$ end;cap$ are$ measured.$ The$ reference$ X;Z$ plane$ is$
obtained$by$a$global$fit$to$these$points.$$

•  ~20$minutes$for$one$set$of$measurement.$
•  Two$sets$of$measurements$for$each$stave.$

2013-7-10� ��

Local$coordinate$system�

+Z$(west)$

u$(x)$

v$(z)$

w$(y):$point$outward$from$sensor$exposed$surface$

1$2$3$4$5$6$

IST$ladder$local$coordinate$(u,$w,$v):$
(1)$center$of$six$silicon$sensor$area$(not$equal$to$the$ladder$center)$
(2)$round$point$at$east$end$cap$(posiLon$of$this$point$is$fixed$on$the$plasLc$tube)$

IST$sensor$local$coordinate$(u,$w,$v):$center$of$silicon$sensor$acLve$area$(not$equal$to$the$
sensor$center$due$to$different$dead$edge$size$in$±u$direcLon)$

u$(x)$

v$(z)$

w$(y):$point$outward$from$sensor$exposed$surface$

+Z$(west)$

Reference$point$2013-7-10� ��

Survey$;;$reference$point/plane�

The$above$sensor$numbering$is$only$for$survey$data,$which$is$different$form$the$real$sensor$offline$
numbering$scheme.$
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•  IST 

•  All ladders survey completed – also the mounting positions on ISC 

2013-7-10� 	�

Survey$–$tube$plasLc$mount$locaLons�

•  Reference$point$(O’$and$O)$locaLons$are$measured$
•  Angle$plane$are$measured$both$on$east$and$west$sides$$$
•  Flatness$of$angle$plane$<$15$um$

2013-7-10� ��

Survey$;;$sensors�

•  The$sensor$center$locaLon$can$be$determined$by$
these$measured$points.$

2013-7-10� ��

Survey$results�

Based$on$the$IST$survey$data,$the$IST$sensor$surface$is$not$flat$and$the$two$end;caps$seems$
to$be$rotated$relaLvely$to$each$other.$
$$$$$$$(1)$flatness$measured$for$each$sensor$at$UIC;FNAL$is$smaller$than$50$um.$
$$$$$$$(2)$flatness$measured$for$each$sensor$at$MIT;BNL$is$smaller$than$(around)$100$um?$
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•  IST 

•  Data organized according to system conventions and structures 
•  Some initial tests with geometry -> O.K. 

2013-7-10� ���

Check$with$current$GEANT$geometry$parameters�

IST$hits$discreLzed$global$posiLon$(MC$data:$StIstFastSimMaker$with$current$GEANT$geometry)$$

IST$hits$discreLzed$global$posiLon$(cosmic$data$run$3020:$calculated$by$StIstDbMaker$with$Db$
tables$from$current$IST$GEANT$parameters)$$

2013-7-10� ���

Db$tables$for$StIstDbMaker�

•  GlobalXYZ$=$TpcOnGlobal*IdsOnTpc*PstOnIds*IstOnPst*istLadderOnIst*istSensorOnLadder�

TGeoHMatrix$parameters$for$ideal$geometry$(No$rotaLon$or$translaLon$):$�

TGeoHMatrix$parameters$for$ladder/sensor$geometry$(current$IST$GEANT$geometry$dev14,$
based$on$SolidWorks$drawings$rev.$August$2012):$

1st$ladder$Db$table$
;0.9405848 $;0.3395589 $0.0 $1.77085$
$0.3395589 $;0.9405848 $0.0 $13.77975$
$0.0 $0.0 $1$$$$$ $0.0$
$

1st$sensor$on$Ladder$
1 $0 $0 $0$
0 $1 $0 $0$
0 $0 $1 $;19.3250$

2013-7-10� ���

Db$tables$for$StIstDbMaker�

•  GlobalXYZ$=$TpcOnGlobal*IdsOnTpc*PstOnIds*IstOnPst*istLadderOnIst*istSensorOnLadder�

TGeoHMatrix$parameters$for$ideal$geometry$(No$rotaLon$or$translaLon$):$�

TGeoHMatrix$parameters$for$ladder/sensor$geometry$(current$IST$GEANT$geometry$dev14,$
based$on$SolidWorks$drawings$rev.$August$2012):$

1st$ladder$Db$table$
;0.9405848 $;0.3395589 $0.0 $1.77085$
$0.3395589 $;0.9405848 $0.0 $13.77975$
$0.0 $0.0 $1$$$$$ $0.0$
$

1st$sensor$on$Ladder$
1 $0 $0 $0$
0 $1 $0 $0$
0 $0 $1 $;19.3250$
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•  SSD 

•  Survey done at same machine at LBL as PXL 
•  All ladders completed  
•  Pending data organization 

2 

SSD LADDER SURVEY (April 2012) 

 Anticipated survey precision well within tolerances 

 21 more ladders already at LBNL to be surveyed 

9 Jim Thomas - LBL  

Pictures 

Target on end of wafer (backside)  

Targets on edges of wafer (front)  

Reference 
point 

10 Jim Thomas - LBL  

New Ladder 0 survey    (courtesy of H. Matis) 

 

Ladder 0 has a built in curvature in Z, probably permanent, 
due to construction techniques   to be checked! 

Ladder’s sagitta ~ 300 microns 

7/10/13 hft workshop - SSD software 

sagitta 

7/10/13 

4 

hft workshop - SSD software 



Alignment	  Status	  	  
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•  Alignment work progress 
•  Methods ported from SVT/SSD era with modifications 
•  with Ideal and Survey geometry as input 
•  with dirty and cleaner data 

•  masking, beam constraint, space charge 
•  Plans for all three 

•  Using the pxl ladder overlap 
•  checking/monitoring 

OnEgoing&work&

11&
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space charge 
•  Standard DB: 

•  SpaceCharge = Σ fullFieldB*(scalerRate – offset)^factor 

•  non 0 offset means some correction even with no beam, not good for low luminosity data 

•  Local DB: offset set to 0 
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primary vertices with new space charge 
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beam line 

x vs. z y vs. z 

•  Calibrated fill by fill 

•  new space charge and beam line set up is used for production of day 150 



Un-‐Calibrated/Ideal	   Calibrated/Survey	  
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Q:	  Is	  it	  a	  Sector	  thing	  or	  individual	  Ladder	  ?	  
	  
A:	  RotaGons	  are	  common	  

Survey	  geometry	  with	  calibra*ons	  was	  used	  in	  produc*on	  
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Q:	  Is	  there	  stability	  over	  two	  different	  runs?	  
	  
A:	  YES:	  RotaGons	  are	  very	  stable,	  shiLs	  
<100um	  within	  calibraGon	  errors	  

Survey	  geometry	  with	  calibra*ons	  was	  used	  in	  produc*on	  





Day	  152	  –	  First	  Pass	  Alignment	  Update	  

•  With	  the	  ~600K	  events	  I	  got	  from	  Long,	  I	  ran	  the	  
alignment	  code	  and	  got	  precise	  es*mates	  (see	  
slide-‐2)	  

•  Produced	  the	  “corrected”	  geometry	  and	  re-‐run	  the	  
full	  BFC	  with	  updated	  geometry	  	  
–  about	  50K	  event	  so	  far	  

21	  
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SECTOR	  4	  
____________________________________________________________________________________________________	  
|dX	  mkm	  	  	  	  	  	  |dY	  mkm	  	  	  	  	  	  	  |dZ	  mkm	  	  	  |alpha	  mrad	  |beta	  mrad	  	  |gamma	  mrad	  	  	  	  	  |Comment	  
______________________________________________________________________________________________	  	  
|	  -‐100	  	  	  	  	  	  	  	  	  	  	  	  |	  	  300	  	  	  	  	  	  	  	  	  	  	  |	  2900	  	  	  	  	  	  	  	  	  	  	  |	  	  	  0	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  |	  	  	  0.	  	  	  	  	  	  	  	  	  	  |	  	  -‐0	  	  	  	  	  	  	  	  	  	  	  |	  Average	  for	  PXL	  sector	  4	  Ladder	  1	  
______________________________________________________________________________________________	  	  
|	  -‐20	  	  	  	  	  	  	  	  	  	  	  	  	  	  |	  	  150	  	  	  	  	  	  	  	  	  	  	  |2970	  	  	  	  	  	  	  	  	  	  	  |	  	  	  	  	  0	  	  	  	  	  	  	  	  	  	  	  	  	  	  |	  	  	  0.	  	  	  	  	  	  	  	  	  	  |	  	  0	  	  	  	  	  	  	  	  	  	  	  |	  Average	  for	  PXL	  sector	  4	  Ladder	  2	  
______________________________________________________________________________________________	  	  
|	  -‐100	  	  	  	  	  	  	  	  	  	  	  |	  350	  	  	  	  	  	  	  	  	  	  	  |2700	  	  	  	  	  	  	  	  	  	  	  |	  	  	  	  	  	  	  	  	  0	  	  	  	  	  	  	  	  	  	  	  	  	  |	  	  	  0.	  	  	  	  	  	  	  	  	  	  |	  	  -‐0	  	  	  	  	  	  	  	  	  	  	  |	  Average	  for	  PXL	  sector	  4	  Ladder	  	  
3	  
____________________________________________________________________________________________________	  
|	  -‐200	  	  	  	  	  	  	  	  	  	  	  |	  	  +400	  	  	  	  	  |	  	  	  	  3000	  	  	  	  	  	  	  	  |	  	  	  	  	  	  	  	  	  	  0	  	  	  	  	  	  	  	  	  	  	  	  |	  	  	  	  	  	  0	  	  	  	  	  	  	  	  	  	  	  |	  	  	  	  	  	  0	  	  	  	  	  	  	  	  |	  Average	  for	  PXL	  Ladder	  4	  
____________________________________________________________________________________________________	  
	  
SECTOR	  7	  
	  
______________________________________________________________________________________________	  	  
	  	  1500	  	  	  	  	  	  	  	  |	  	  	  	  2100	  	  	  	  	  	  	  	  	  	  	  |	  	  	  3000	  	  	  	  	  	  |	  	  -‐10	  	  	  	  	  	  	  	  	  |	  	  	  	  10	  	  	  	  	  	  	  	  	  |	  	  	  80	  	  	  	  	  	  	  |	  	  	  Ladder	  1	  
_____________________________________________________________________________________________	  
|2350	  	  	  	  	  	  	  	  	  	  	  |1150	  	  	  	  	  	  	  	  	  	  	  |2900	  	  	  	  	  	  	  	  	  	  |	  	  -‐15	  	  	  	  	  	  	  	  	  	  |	  	  10	  	  	  	  	  	  	  	  	  	  |	  	  80	  	  	  	  	  	  	  	  	  	  	  |	  Average	  for	  PXL	  sector	  7	  Ladder	  2	  
____________________________________________________________________________________________________	  
|2330	  	  	  	  	  	  	  	  	  	  	  |1800	  	  	  	  	  	  	  	  	  	  	  |2440	  	  	  	  	  	  	  	  	  |	  	  -‐15	  	  	  	  	  	  	  	  	  	  |	  	  20	  	  	  	  	  	  	  	  |	  	  	  	  	  80	  	  	  	  	  	  	  	  	  	  	  |	  Average	  for	  PXL	  Ladder	  3	  
____________________________________________________________________________________________________	  
|	  2230	  	  	  	  	  	  	  	  	  	  |	  2710	  	  	  	  	  	  	  	  	  	  	  |	  	  2570	  	  	  	  	  	  	  	  |	  -‐10.	  	  	  	  	  	  	  	  	  	  |	  	  20	  	  	  	  	  	  	  	  	  |	  	  80	  	  	  	  	  	  	  	  	  	  	  	  |	  Average	  for	  PXL	  Ladder	  4	  

FIRST	  PASS	  ESTIMATED	  Correc*ons	  (angles	  [only]	  need	  a	  minus	  sign)	  

!!!	  



Sector	  7	  ladder	  1	  (inner)	  GLOBAL	  aLer	  BFC	  rerun	  (50K)	  
	  

BEFORE	  
AFTER	  



Sector	  7	  ladder	  1	  (inner)	  GLOBAL	  aLer	  BFC	  rerun	  

BEFORE	  
AFTER	  



Sector	  7	  ladder	  1	  (inner)	  GLOBAL	  aLer	  BFC	  rerun	  

BEFORE	  
AFTER	  



To	  Do	  list	  

•  Simula*on:	  	  
–  Individual	  ladder	  rots/transls	  

•  rots	  in	  progress	  
–  Thorough	  tests	  is	  a	  must	  

•  Code/methods	  synchroniza*on	  
•  Mul*-‐pass	  chain	  implementa*on/establishment	  
•  Align,	  monitor	  *me-‐dependences,	  understand	  

26	  Clean/Calibrated	  Data	  a	  MUST	  for	  proper	  Alignment	  
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•  Using the pxl ladder overlap 
•  checking/monitoring 

OnEgoing&work&
11&

Projec/on&Points&2DEdistribu/on&
(overlapping&region&in&Global)&

Real&readEout&hits&2DEdistribu/on&
(overlapping&region&in&Global)&

13&
Global&posi/on&of&the&projec/on&points&(Le\&Figure)&and&the&real&readEout&
hits& (Right& Figure)& associated& with& the& tracks& through& the& overlapping&
region&(HitFlag>=0)&
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•  Using the pxl ladder overlap 
•  checking/monitoring 

Single$Sensor$resolu>on$
is$about$19.66$microns$

(u$direc>on)$

Resolu/on&with&pT&cut&

Single$Sensor$resolu>on$is$
about$14$microns$for$tracks$

with$pt>1GeV$$
(u$direc>on)$
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•  Using the pxl ladder overlap 
•  checking/monitoring 

21&

Example&:&Rela/ve&Misalignments&
can&be&seen&&between!Sector!4!
Ladder!3!and!Ladder!4!&

Global!Shi?!Misalignments!of!between!Sector!4!Ladder!3!and!Ladder!4!!!

~&17&microns& ~&E&7&microns&

&&&See!more!at:!
&&/star/ins/tu/ons/lbl_prod/h\/Run13/test/&

~&E&3&microns&

TPS!Correc(on!Applied!


