HFT Survey/Alignment work update
S. Margetis

« 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

BNL Workshop July 11, 2013



Overall Survey Status

« 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, fime-dependencies

* Methods etc ported o other systems



PXL

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

Overall Survey Plan

Steps:

D tube 1. Sector survey

kinematic mounts

2. Kinematic mounts survey

3. PST survey

4. Mock PST survey } not done
5. PXL half survey

sectors

Y

-
Pixel Support Tube (PST)

(truncated)



- PXL

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

Sector Survey Results

Sector Survey

» all 3 sector has been surveyed >= 3 times

« 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



- PXL

* Chip surface variations mapped and in Db

Sector Survey Results
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feature x difference (mm)

- Extensive studies of repeatability, fime-dependencies

« PXL
The Ladder Extension
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- PXL

- Extensive studies of repeatability, fime-dependencies
« This year's sector construction done with reduced standards

The Ladder “Sagging”
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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.

<
+Z (west)



- IST

* All ladders survey completed - also the mounting positions on ISC

Chip detail
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- IST

* Data organized according to system conventions and structures

« Some initial tests with geometry -> O.K.

Db tables for StistDbMaker

* GlobalXYZ = TpcOnGlobal*IdsOnTpc*PstOnlds*IstOnPst*istLadderOnlist*istSensorOnLadder

TGeoHMatrix parameters for ladder/sensor geometry (current IST GEANT geometry devi4,
based on SolidWorks drawings rev. August 2012):
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Reference
point

Jim Thomas - LBL

SSD

 Survey done at same machine at LBL as PXL
* All ladders completed

 Pending data organization
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Alignment Status

 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




s |~ sotkate | factor | detector | oMset | ewratio

Standard DB:

2.64%e-14

5.665e-10

10000000000.0000000000 2.00000000 0.00000000
10000000000.0000000000 1.00000000 0.00000000

space charge

0.00000000 1.00000000

-27390000.00000000 1.00000000

SpaceCharge = 2 fullFieldB*(scalerRate — offset)*factor

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

Local DB: offset setto 0
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primary vertices with new space charge
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beam line
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* new space charge and beam line set up is used for production of day 150
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Un-Calibrated/ldeal
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Q: Is it a Sector thing or individual Ladder ?

A: Rotations are common

Survey geometry with calibrations was used in production
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Q: Is there stability over two different runs?

A: YES: Rotations are very stable, shifts
<100um within calibration errors

Survey geometry with calibrations was used in production
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Day 152 — First Pass Alignment Update

* With the ~“600K events | got from Long, | ran the

alignment code and got precise estimates (see
slide-2)

* Produced the “corrected” geometry and re-run the
full BFC with updated geometry

— about 50K event so far



FIRST PASS ESTIMATED Corrections (angles [only] need a minus sign)

SECTOR 4

|dX mkm  |dY mkm |dZ mkm |alpha mrad |beta mrad |[gamma mrad |Comment

| -100 | 300 | 2900 | O | O. | -0 | Average for PXL sector 4 Ladder 1
| -20 | 150 |2970 | O | O. | O | Average for PXL sector 4 Ladder 2
| -100 | 350 |2700 | 0 | O. | -0 | Average for PXL sector 4 Ladder
3

| -200 | +400 | 3000 | 0 | O | O | Average for PXL Ladder 4
SECTOR 7

Il

1500 | 2100 | 3000 |-10 | 10 [l 80 || Ladder1

|2350 | 1150 2900 | -15 | 10 | 80 | Average for PXL sector 7 Ladder 2
12330 11800 12440 | -15 | 20 |

\ 80 / | Average for PXL Ladder 3

| 2230 | 2710 | 2570 | -10. | 20 W | Average for PXL Ladder 4

22



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

05

04
03

dX versus -z => beta for layer 1 ladder 07

— -

| it -+ U5 1466 67 ++-3:66 [mkm)-Slope =+ :ag{t: -

\[CvaZ PAL Lakder - 7
Enirles 69303

""" Meanx L1312 0.4
Meany -0.1526

-0t G4 frtirad 4% 0.3

=g RMSy 0.14%8

..............................................................................

(1 dX versus -z => beta for layer 1 ladder 07 fxvszPxt Ladder -7

~|Entries 28862

= E Mean x 1495
Meany 0.00232
RMS x 3.408

02 g : : = T DL o 0.2 i
1if BEFORE = TS R . P 5 T
NEr R ——— —
= Click the wheel butl
) T 1 O
- P to turn the "hide on
02 ;_ e ey 5 S ——
T T ] N ——— LB 3
0AF e chmroessie el skt
_o 5: I 1 1 1 1 I 1
- 10 -5 0 5 10
.JDay1524Full-output.root
0.5 0-“: :
H  dY versus z =>alpha for layer 1 ladder 07 - YvsZ PXL Ladder - 7
0_4 = (XNCIITERLE e - Entries 28862
. : : : i - Meanx  -1495
034 NG 3210087 F 50T (km Stope = :7.79 | 023 (miradyi | - TP Meany  0.00108
. : = : : : |[RMSx 3408
02 = “'|[RMSy 0.13497

0.1

= (4

0.1

02

03
04

05

R ———— -\

...........................

KYvsZ PXL Ladder -7
Entries 69303
Mean x -1.312
Meany -0.2136
RMS x

RMS y 3 1

.JDay1524Full-output.root

5 10
..IDay152PassBFC-output.root



Sector 7 ladder 1 (inner) GLOBAL after BFC rerun

0.5

04

dZ versus z for layer 1 ladder 07

lllllllllllllllllllllll

Illllllllllllllllllllll

-10

BEFORE

dZvsZ PXL Ladder -7
. |Entries 6930

: | meanx -1.268
|meany -0.216

RMS x 3.467

RMS 0.192
10

| dXAda PXL udder-b 2

05

04

dXvs jx*(-vy*z+vz*y)=> alpha for layer 1 ladder 07 x

69303jg 10
0.8322
-0.1526

03

02
0.1
= =0
0.1
02F

03
04

IIIIIIIIIIIIIIIIIIIIIII'IIIIIIIIIIIIII]IIII
T

05

....................

y
RMS x
RMS y

2.281
0.1458

........

.IDay1524Full-output.root

L

Mu =-901.91 + 41.14 (mkm) Slope = 7.01+ 177 (mrad)

e
1

ZvsZ PXL Ladder - 7

Entries 28862

Meanx -1493

: Meany -0.02985

= RMSx 3407

‘= | |RMSy 02367
B o -

' 10
1

..IDay152PassBFC-output.root

Ha PXL Ladder - 7|

ix*(-vy*z+vz*y)=> alpha for layer 1 ladder 07

10 = == e = -

ntries 28862

G- wmeanx 09355
Mean y 0.002332

““““ RMS x 2.192

RMSy 0.1658

..IDay152PassBFC-output.root



Sector 7 ladder 1 (inner) GLOBAL after BFC rerun
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To Do list

Simulation:
— Individual ladder rots/transls

* rots in progress

— Thorough tests is a must

Code/methods synchronization

Multi-pass chain implementation/establishment
Align, monitor time-dependences, understand

Clean/Calibrated Data a MUST for proper Alignment
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 Using the px| ladder overlap
« checking/monitoring
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 Using the px| ladder overlap
« checking/monitoring

Counts

Counts

100

80

60

40

20

8

PRIV PR

0.
(uP_up-u_up)-(uP_down-u_down) (cm)

(uP_TPS_up-u_up)-(uP_TPS_down-u_down) (cm) '

h3 h3
— Entries 829 35— Entries 220
- Mean -0.005838 C Mean -0.006798
- TPS Add d RMS 0.007031 C RMS 0.006089
L © Sector4_Laddera_AllSensors ®=  TPS Added Sector4_Ladder4_Sensor4
C Sigma =3.14331-03 asF- Sigma = 2.78523¢-03
L 2 200
L . S F ..
_ Single Sensor reselution
. is about 19.66 mjerons
_ (u direction}
— 5_
R T T A DURE L { . N DU WPORE I, R PR SR T R R B et T PRI
05 -0.04 -0.03 -0.02 -0.01 0 001 002 003 0.04 005 -8.05 -0.04 -0.03 -0.02 -0.01 0 0.01 002 0.03 004 0.05

(uP_TPS_up-u_up)-(uP_TPS_down-u_down) (cm) (uP_TPS_up-u_up)-(uP_TPS_down-u_down) (cm)

h3 ha
C Entries 255 L Entries 255
C Mean  -0.005942 o Mean -0.005694
- RMS 0002465 | el RMS  0.002593
- 3'9'“"‘T= 12('322\?""’3 - Sigma = 1.984¢-03
- pi>ie -
- - pT>1GeV
- o F
— . c [ . .
- Single Sensor geSplution is
- about 14 micr&nsifor tracks
8 with pt>18eV
- (u|direction)
- in
: L 1 | H 1 1 | 1 1 1 L I 1 1 1 1 | L | 1 0-| 1 L1 1 | |-| L 1 | Ll L1 | 1 L1 1 I_l rl | L | 1 H |-| 1

-0.015 -0.01 -0.005 0 0.005 -0.02 -0.015 -0.005 0 0.005




 Using the px| ladder overlap
« checking/monitoring

500__ Entries s 2341 400:_ Entries s 2341
L Mean -0.001692 3502 :\RA;‘asn 0008;5323
= RMS 0.00837 — . )
C ~ 17 microns 800 ~ -7 microns
- 250—
& 300— 2 =
5 - 5 200—
S F S E
200— 150
- 100~
100— E
L 50—
ol L Lol R %:.._LL_..J_IJ_L.JM Ll Lo levs dewi
0.08 -&gé TPS l]g'-?(é up)-(ng TPS dov?/r'gie downo'g; 0.08 o108 (;/%%6 TPQ;%;-yé?ﬁ%Z)-(yPGO_TPS?d?)%vn-ygfgown)o (gr?n) 008 04
] TPS Correction Applied
350— Entries 2287
C Mean -0.0003324
C RMS 0.01171
300—
2505_ R:.@?Z ~ - 3 microns _ o
- Example : Relative Misalignments
5% can be seen between Sector 4
© 150~ Ladder 3 and Ladder 4
100~
505 See more at:
: /star/institutions/Ibl_prod/hft/Run13/test,
B Ry T Y Y Y Y VY Y R ¥

(zPG_TPS_up-zG_up)-(zPG_TPS_down-zG_down) (cm)



