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Muon System Alignment Meeting -
SSCL

November 18, 1992

Abstract:

Agenda, attendees, and presentations of the GEM Muon System
Alignment Meeting held at the SSC Laboratory on November 18, 1992.



GEM Muon System Alignment Meeting - Updated Agenda - November 12, 19%2

§5C lLaborateory

November 18, 1992 1:00 pm - 6:00pm

There will a2 mesting of the GEM Muon System Alignment Group on the afternoon -
of Wednesday, November 18. The goal of the mesting is to review the past
year's alignment R&D and to focus on the upcoming year's program now that

the muon systsm is beginning to converge on a final design. The proposed
agenda is as follows:

1:00 Introduction, Review of GEM Muon System Status -
C. Wueat 10 minutea

Local Alignmant

1:15 1Introduction to GEM Muon System Local Alignment -

R. Sawicki (LLNL} 15 minutas
1:30 Review of Draper LED/Lens system, and other Draper R&D -

J. Paradiso (Draper) 30 minutes
2:00 Review of Alignment work at Tsinghua University -

+ Colovmoin, Johnjon 15 minutes
2:15 Review of LLNL High-range Sensor R&D -

E. Ables (LINL) 15 minutes
2:30 Review of LLNL Laser/Lens system -

R. Sawicki (LLNL) 15 minutes
2:45 Break ‘ 15 minutes
3:00 U-AVLIS Alignment, Control Systems and Diagnostics

L. Collins (LINL} 15 minutes
3:15 Interpolation schemes for alignment -

A. Cstapchuk (SSCL) 15 minutes
3:30 Interpolation schemes for alignment -

J. Paradiso {(Draper) 15 minutes
3:45 X-ray alignment systems for CSCs - !

A. Vorobyov (BNL), A. Ostapchuk (SSCL) 15 minutes
whviieeeisaniersrreo—for-ritynmnateos
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Global alignment

4:15 Introduction to Global Alignment -

R. Sawicki (LLNL) 15 minutes
4:30 Background Muons for Alignment -~ Issues -

G. Mitselmakher (SSCL), A. Ostapchuk (SSCL) 15 minutes
4:45 Other cptions for vertex placement -

Group 15 minutes
5:00 Global muon tower pointing requirsments -

Group 15 minutes
5:15 Wrap~up and plans for FY93 program -

Group 4% minutes

6:00 Adjourn
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R&D of Alignment Technology
FY 1993 Budget

Craig R. Wuest, Rick Sawicki
Lawrence Livermore National Laboratory
October 27, 1992

A first attempt at formulating a budget for FY 1993 for the Muon system alignment
program has been made. The tasks break down as follows:

2.7.1 Define and develop alignment technology (LLNL, SSCL, Draper)

2.71.1  Review alignment systems on other HEP experiments.

2712  Review Draper R&D results.

2,713 Review LLNL R&D results.

2.7.1.4  Review Tsinghua University R&D results.

2.7.1.5  Review six-point interpolation technique.

2.71.6  Define alignment technology (or technologies) for GEM (dependent on
chamber technology choice).

2.7.2 Test benches for precise, large dynamic range sensors (LLNL, Draper, SSCL,
MSU, Tsinghua U.)

2721 R&D of LED/Lens straight line monitoring system.

27211 Review Draper R&D results.
2.72.12 Continuation of FY 1992 work - set up laboratory test for
evaluation at full scale - 9 meters.
2.7.2.12.1 LED/Lens system procurement.

2,72.13 Electronics development
2,72.13.1 Data acquisition systems definition.
2.7.2.1.3.2  Data acquisition systems procurement.
2.7.2.1.3.3  Data processing and visualization software procurement
and development.

2.7.2.14 Laboratory tests at 9 meters.

2.7.2.2  Multi-point alignment monitor R&D (may not be required depending on
technology choice, LSDTs will probably require it, CSCs may not). - new) Dm(wr
oD

27221  Review LLNL results on stretched wire technique and GaAs sensof *7y1% vy
development. [relue



2.7.2.2.2 Develop capacitive pick-up sensor for stretched wire technique.
2,7.2.22.1  procurement for large scale (15 meter) prototype.
2.7.2.2.2.2  fabricate large scale prototype.
2.7.22.2.3  develop readout system for capacitive pick-up.

27223 Develop GaAs transparent position-sensitive photodiodes.
2.7.2.23.1 procurement for large scale (15 meter) prototype, including
IR laser.
2.7.2.23.2 fabricate large scale prototype.
2.72.2.3.3  develop readout system for GaAs photodiodes.

2,7.2.24 Laboratory tests at 15 meters.
2.7.2.24.1  Stretched wire.
2,72.24.2 IR Laser/GaAs photodiodes

2.7.3 Integration with chamber design and support structure (LLNL, Draper).
2.7.3.1  Mechanical

2.7.3.1.1 Fiducialization.
27312 Hardware design.
273.1.2.1  Procurement.
2.7.3.1.3 Structure line-of-sight design and verification (technology
dependent).

2.7.3.2 Electronics

2.73.21 Integration of sensor readout electronics into chamber design.
2.73.2.2 Cabling for power, signals.

2.74 Demonstration of proof-of-principle with support structure and chambers
(possibly less than full-scale). (ILLNL, SSCL, MSU, Tsinghua U.)

2.74.1  Sub-scale verification testing of muon alignment system concept (six-
point interpolation technique plus multi-point monitors if LSDTs are the technology).

2.74.1.1 Design and assembtly of structure and chamber test sector.
2.74.1.1.1 Procurement of materials for structure and chamber test
segment.

2.74.1.1.2  Fabrication of structure and chamber test segment.
2.7.4.1.1.3  Software development for data acquisition and analysis.

2.74.1.2 Installation of structure and chamber test segment.
2.74.12.1 Development of alignment procedures - local.
2.74.1.2.2  Procurement of auxiliary alignment equipment.
2.74.12.3  Alignment survey of structure and chamber test segment.
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2.74.1.3 Laboratory tests of interpolation technique using structure and
chamber test sector.

2.74.1.3.1  Alignment comparison and verification with “standard”
survey.

2.7.4.1.3.2  Environmental sensitivity - temperature, vibration, air
currents, €tc.

2.7.5 Global alignment evaluation (LLNL, Draper, MSU, SSCL, Tsinghua U.)

2.7.5.1  Evaluate feasibility of using background muons to define vertex location.

2.7.5.2  Evaluate feasiblity of reprogramming trigger roads to accomodate global
misalignments.

2,753  If required, design global muon alignment monitoring system.,

2.7.5.4  Develop global alignment procedures.

2.7.6 Simulate operation of complete system (LLNL, MSU, SSCL, Tsinghua U.)

2.7.6.1  Coordinate design with system analysis performed by A. Ostapchuk

2.7.6.2  Determine feasibility of using cosmic ray muons for straight-line
alignment verification for all orientations of muon chambers.

2.7,6.3  Coordinate structural analysis to confirm alignment stability of chambers
and truss structure.

2.7.64  Comparison of six-point interpolation technique with analysis.

2.7.6.5 Coordination of alignment simulations and measurements with Muon
Simulations Group.

2.7.6.5.1 Studies of alignment results on muon tracking resolution.

2.7.7 Solicit interest from industry for fabrication of alignment sensors and associated
hardware. (LLNL, Draper)

2.7.7.1  Transfer alignment designs to prototype hardware development (assume
work must start in FY93 to develop a full-scale muon sector prototype).

2.7.7.11 Generate detailed drawing packages for sensors and associated
hardware.

2.7.7.1.2 Identify potential industrial vendors.
FY 1993 Budget:
Assumptions: 1 FTE = $100K (institutionally averaged, including Tsinghua U.)
2.7.1 Define and develop alignment technology (LLNL, SSCL, Draper)

0.25 FTE for technical reviews, design, drafting, etc.

10 SSCL trips
2 CERN trips to evaluate existing LEP alignment technology.

7



Manpower: $25K $25K
Procurements: $0K

Travel; $20K $20K
Total: $45K

2.7.2 Test benches for precise, large dynamic range sensors (LLNL, SSCL, MSU,
Tsinghua U.)
1.0 FTE for test bench/sensor R&D (2 FTEs for 1/2 year then transfer to 2.7.4)
Procurement of materials for LED/Lens, capacitive pickup ($10K), GaAs
photodiode fabrication ($20K), data acquisition electronics and computer system
($20K), and IR laser for GaAs photodiodes ($10K).
Manpower: $100K $100K
Procurements: $60K $60K
Total: $160K

2.7.3 Integration with chamber design and support structure (LLNL, Draper).
0.25 FTE for designing fiducials into chambers, designing electronics into
chambers, $10K for procurement of fiducials, optics, electronics layout and fab.
Manpower: $25K $25K

—— Procurements; $10K $10K
Total: $35K

2.7.4 Demonstration of proof-of-principle with support structure and chambers
(possibly less than fuil-scale). (LLNL, SSCL, MSU, Tsinghua U.)
2 FTE:s for 1/2 year for design and fabrication of structure/chamber test segment,
2 FTEs for 1/2 year for assembly and operation of test segment, $50K for
materials and fabrication costs for structure/chamber test segment, $10K for
auxiliary alignment equipment.
Manpower: $200K $200K
Procurements: $60K 360K
Total: $260K

2.7.5 Global alignment evaluation (LLNL, MSU, SSCL, Tsinghua U.)

0.25 FTE for evaluation of muon towers relative to the vertex using background
muons. If not viable then design an external alignment system.

8



Manpower: $25K $25K

Total $25K

2.7.6 Simulate operation of complete system (LLNL, MSU, SSCL, Tsinghua U.)

0.25 FTE for coordination of alignment results with simulations and analysis, and
interaction with the Muon Simulations group to determine alignment effects on
muon track resolution.

Manpower: $25K $25K
Total $50K

2.7.6 Solicit interest from industry for fabrication of alignment sensors and associated
hardware. (LLNL, Draper)

0.5 FTE for technology transfer of alignment sensors and associated hardware to
production development, coordinate design, drawing packages, solicit interest
from industry, identify potential vendors.

Manpower:  $50K $30K

Total: $50K

Budget Summary:

Manpower: 4.5 FTEs $450K
Procurements: $80K
Fabrication: $50K
Travel: $20K
Total: $600K



R. Sawicki

Introduction to Local Alignment

11



Local alignment status

® Projegtiv_e alignment system (PAS) is baseline configuration
- basis
-- "New approach to Muon System Alignment”, GEM TN-92-202
-- " Analysis of an Alignment Scheme for the GEM Muon Barrel”, GEM
TN-92-150
- relieved superlayer-to-superlayer placement precision requirements
- may have eliminated need for multi-point alignment monitors
- eliminated need for radial (barrel) or axial (endcap) placement
monitoring between superlayers

> @ LED/lens alignment monitors are well suited to meet PAS requirements
- technology is proven
- accuracy better than 25 microns demonstrated
- low cost

® Concept needs to be engineered into an integrated system
- integrated mechanical/electrical system designed to
accommodate constraints of the real system
- demonstration of the performance of an integrated tower in a dynamic
- environment
- optimized for performance and low cost



Local alighnment system concepts

CSC

- ¥ 1 T 3

# chambers = 32

#lowers =8

# tower alighment paths = 48
#alignment points = 144

wire plane configuration = 8/4/4

Pl

|

# chambers = 9

#towers=3

# tower alignment paths = 18
#alignment points = 54

wire plane contiguration =~ 8/8/4

[ =chamber

= alignment path




=== = Alignment Path
@ = Alignment Mount
P = Bubble Level

Gl

Bending Direction (X)

Figure 7: Alignment Paths in the Muon Endcaps

accuracy of 60 um!4. Since this is also monitored by the alignment paths directed along
the hexant sides, an explicit measurement of the radial layer displacement may not be
required; if needed, a precision rod equipped with a range measurement (i.e. capacitive
sensor or mechanical gauge) will determine this shift with sufficient accuracy, as shown

in Fig. 4 (this measnrement will he translated acrnce tha mnltinle crhamhar nanlnmaac fa -
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mean position of the composite chambers (the chambers themselves are allowed to have a
50 um alignment scatter (in ¢), provided that the superlayer reference is taken at the
mean).

Local Alignment (between superlayers) Global Alignment (to IP)

Praceus ™ MEASOREMENT

MESASORE A T Muon Barrel AccorRacY
ACCURMNCY 'w/ PLacsmes T l/
Bending Coordinate (¢): 25 um I Smm ¢: 5 mm (200 pm goal)
Radial Coordinate (r)—60-pm \L r: 10 mm
Beamiine Coordinate (z34-mm z: 5 mm

Muon Endcaps

Bending Coordinate (¢): 25 um 3¢ Sareem ¢: 5 mm (200 pm goal)
Radial Coordinate (1) —-mm— ] r: 4 mm
Beamline Coordinate (z): 425-um 4 z: 10 mm

ALGHMMELT REQUIREMENTS MmUST R E AEEVALLULATEYD
To RerrEcT PAS STAATEGY




Near term 10cai angrumneiit e1nuit

@® Analysis
- PAS optimization
- sensor models, optimal estimators, noise, resolution

- re-evaluation of alignment requirements - placement accuracy , real time
measurement accuracy, stability, drift

- evaluation of PAS in the endcap

- chamber structural deformation analysis

- evaluation of cosmic rays to verify superlayer alignment at all
orientations

® Design
- fiducialization concept
- alignment hardware design
- barrel and endcap configuration
st - lines-of-sight
~ - impact on acceptance
- chamber support and adjustment mechanisms
- hardware for prototype module

@® Test
- validation of LED/lens performance at full scale and real turbulence
conditions
- integrated performance test (subscale?) of 6 point PAS system

® Development
- - improved dynamic range of sensors
- evaluation of SWAT for high range, low cost application
- alignment verification technique
-- Xrays (internal (BNL) or external (wire fiducials))
-- optical (laser, alignment scope, ...)




J. Paradiso

Review of Draper R&D

19



Alignment Progress & Prognosis

TOPICS...

 Draper Developments

- Extensions to LED/LENS; the NIKHEF discussions
=~ « Discussions with the CERN alignment/survey group

« MATLAB alignment analysis results

« Exciting things to do

‘ | -- J. Paradiso (18-Nov-92)




/ LED/Lens @ Draper

GG

~

Quad
LED Lens Photodiode

dy‘ dx

« Developed by Bob Magee at Draper circa 1984 for L3

 Subsequently incorporated into L3 by NIKHEF as the "RASNIK" (Red
Alignment System NIKHEF)

- Adapted by Jacques Govignon et. al. for the Harvard drift tubes at
SDC

GEM
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Alignment Fixtures

=~ -~

GEM

LENS ASSEMBLY
(SHORTER FOCAL LENGTH)

DETECTOR ASSEMBLY
{QUAD-CELL, PHOTOPOT, IMAGING ARRAY)

LENS ASSEMBLY
{LONG FOCAL LENGTH)

LIGHT SOURCE ASSEMEBLY
(LEDC OR LASER DIODE)

LED:
Motorola, mode! #MFOE1102

* Lens:

For the protwtype LSDT:

Melles Griot # 01LMP(49

(f = 1 meter, diameter = 2.5 cm, widih = 3.3 min)

[This is a meniscus lens, and should [t right into
the redesigned fixture]

For the prototype CS5C's:

{with 1.5" cathode spacing and 4.5" layer spacing):

Melles Griot # 01L.DX049 (f=2.86 cm,
diameter=1.27 cm, width = 3.4 mm)

[This can fit in the same fixture, with the addition
of rings to clasp the smaller diameter
double-convex lens)

* Quad Cell:
LIDT Model SPOT 9DM1

- SDC element fixtures were adapted for GEM chamber tests
- Engineering drawings made for LSDT's (MIT), and CSC's (BU)
- Drawings in BU shop, waiting for fabrication
\ -> Without LSDT consideration, simplify/streamline for CSC's?




C SDC/GEM Common Interest )

« Search for better LED source (brighter, flatter profile).
- Tests beginning on magnetic sensitivity of candidate photodetectors

MIT (Bldg. 44) B< 15T

- MIT Cyclotron magnet used (water tower recently replaced)
&  -Quad cells & Lateral effect photodiodes under investigation.
- SDC optical "fencepost” multipoint alignment under development

Ax =b ([T} - [A))" [1]=5 x§ Identity

O 0o © 0 o
y 2 Sets of nested siralghtness monitors for opposite corners 0 % o ‘f::_u o o
4 " 13 13
(Y-Zh (‘y -)' ------- 2 A Aﬁ o 2_3_ 5
"""""""""""""" b=|y, azyy Az
....... Azu Azs‘
ey - .z Azy Az,
(Y!z)‘ ..... oo (y k v A 0 0 o 0 Atgs
(Yaz)’ t 0 o o 0 0 o

Measurements for one SM string '
GEM | Unit prototyped for SDC integrating lens and Lateral Effect PhotodiodJ
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C Prototype "Fencepost” Element Data \

Voltage as a Function of Comer Cube Translation in the X Direction for 90° Orlentation of Cell

071

measurement

/

| "Passive"
¥ = 3.3655 - 024292x ‘RA2 = 0985 l

6¢
IR

Volage (x) (mV)
g
Yy

I e e e e 1 ’
......

GEi - Courtesy J. Govignon and SDC... J




C Homogeneous Light Source results at NIKHEF \

» Writeup by W. Post, discussed with Harry VanDerGraff
- Optimize shape of LED diffuser to flatten spatial response:

Diffuser = — —]

Point Source . 19§ L pourms Gosiope i profest “f i !
co Recent tests with shaped diffuser Qi SR DTS D S
o L3 LED arrangement = = _
(had intensity drop @ edges) (LED Lens also sawed of) T o a et g e

 Centroid reconstructed to within 40 um over +4 mm range
- Spikes degrade resolution; origin speculated from many sources...
- Detailed reconstruction is 5'th order polynomial
» Coefficients changed with measured position
- Fit depends on spot size, etc...

GEM A Complicated Process... J




Application of CCD

Modification of LED/Lens approach discussed w. Harry VanDerGraff

Coded Mask Photodetector
\ Array (CCD)

Light Source
(LED or xenon flash)

Lens Projectad Mask Image

{Encode mask via
binary optic lens?)

1®

« Wide dynamic range entails large quad cell or lateral effect photodiode
-> Expensive...

« Image onto 2D CCD array instead of quadrant detector
 Project "complicated” image instead of simple square
+ Projected image is larger than the sensitive detector area
- Do pattern recognition; use information from entire CCD surface
- Can accurately establish detector position within large field
- Use small, commercial-grade CCD from cheap TV cameras
- Encode several features in the projected image
- = Less sensitive to ambient light, optical gradients & inhomogeneities
A

- Employ binary optic lens to efficiently map smooth LED source into
coded image (or use photographic mask behind flash tube?)




ch
MULTIPLEXER [— Ff.y:‘. g;:::r

|

. u-computer
Detactor sites

m) LAN

(per hexant)

shift, if necessary).

needed here...)

GEM => (marginal utility?)

» Minimize hardware at detector sites
- Need only one u-processor, frame-grabber per hexant

« Processing is fairly simple; since small image motion expected, 2D
autocorrelation provides offsets (plus correction for rotation, scale

C Deployed System \

- EPROM, etc.
Clock driver

CCD  |ag—] Video Amp,

Synchronization

Video Out
-

Line driver

Detector Site

- Star trackers for guidance & control; fast updates attained (but not

« Must determine best image encoding; dot pattern, "bar code"?
- Since image not too much larger than array, not difficult...

« Other information available from system

\ - Differential rotation between imager & mask, scale shift

A




Discussions with CERN Alignment/Survey Team )

« Conversations with Christian Lasseur, accelerator dept.
(Organizing Intl. conference on Detector alignment next falll)

« R&D Efforts underway to support alignment of proposed accelerators
(i.e. CLIC) and LHC experiments (mainly ATLAS at this point).

» Have examined stretched wire and RASNIK/Laser strategies
» Wire effort pursued by W. Coosemans
- Have set up long-term test in cable tunnel deep beneath ISR
- Wire is 130 meters long, 500 um carbon fiber braid is used
- Extremely stable (wire is unenclosed; hanging in free air)
- Capacitive sensors; accuracy = 5 um, range = 8 mm
« Capacitive pickoffs at several points.

~/ =Sensors made by Fogale (Nimes, France); re-package Capacitec
t3-4 Shielded sensor plates

- 8 capacitive pickoffs per site (2 x 2 differential measurements)
A - Sensors expensive; estimated @ SF 10K per 8-pickoff package
V4. 17 . (including calibration, precision mounting on jewels, etc...)

=> Was considered for ATLAS muon system, but now disfavoredj
9

o
v

GEM due to price (~1000 sensor packages needed!).




The CERN ""Laser Plane"

Photodetectors on Chamber Fiducials

Splitter Assembly

ve

Alternative for multipoint alignment

« Precision requirements now contained in single "splitter” unit

- Not distributed; i.e. as with splitters at each detector site
- Alignment paths not superimposed, as with fencepost concepts
\ « R&D in progress with "Comtrad SA" (St. Genis, France)

« Estimated cost to align ATLAS muons this way = 2.5 MSF....
GEM 10




C Tasks (other than writing the TDR, but maybe related...) l

» Work out wide-range CCD alignment scheme
- Define suitable mask pattern
- Put hardware together for test (commercial equipment?)
- Investigate mask realization
(binary optics, standard mask & flashtube, etc...).
- Examine range, resolution, sufficient light, etc.
- Deployment issues (implementation scheme, costs, etc.)

Q¢

» Develop optimal estimator for alignment reconstruction
- Fold redundant measurements into reconstructed chamber positions
- Employ variances of measurements, chamber structural model

- Optimally (2-norm sense) blend measurements together, i.e. use 2'nd
- coordinate measurements (perpendicular to sagitta axis)

- Will resolve ambiguities, increase range of precision reconstruction

 Evolve and analyze endcap alignment scheme
- Still @ "cartoon” level!! 11




Review of Alignment R&D
at Tsinghua University

37



DENL D1 OOV LADUKALUKI] ' AATLOT0L v bruOl bt b BVORA G bhd b [VFSYL PRVIVIVIFIUNY S Upn
0 PHUNE N, 1 29121 4720P60RR OCT.23. 1992 2:19"M P
FROM i TSINGHUH WNIVERSITY PHONF W, : A1 2568116

0 X Teinghua University
Beljing, Chinn
'TEX _
+ %/Phope: 383451 288461 @ 0/ Telex: 32017 QTHSC CN
Toiprof. Shang, Rea Cheng Froms Wang, Jing Jin
sB3CL Tsinghua U.
raxs (214} 708-6086 Fax: (B61) 256-8116
if’f Darvch 38l ,
grgg. g.nariah
altec o
Panadena ,CA e oct. 23, 1992,

Deay Prof. Barishs

It is my plessurs %o infofm you that the collaboration batween
GEM and Tsinghua U. is making stsady progress.

. A R&D proposal of SCA/ADC 1C's and a proposal of system duaign
for CSC read out electronics have been went to Dr. Meriow in
the end of Sept. Nov , ve are revising this two proposals
according to Marlov's comments- ¥e‘ll mall you the nev
proposala vhen finished.

. A 7x7 Titanjum suppors module for BaFy {, going to be mads by
laser wvelding st Tsinghua U,

. A new deaign having i Sma dynawic range for straightness
monitoring follows:this papar. It's an additional part of the
original propowal of alignment for GEM detector (GBM TN-92-171).

We would llhe Lo invite a GEM people who iz in charge of the
alignment issves to visit us in the nsar future. or
slternatively, wve asend one or tvwo persons to vigit S5CL and
make sure the detall requirements of GEM alignment.

Best regaras,

Sincarely.

D w17
R 37
Wang,Jing Jin

Chairmar of the SExecutive Committee of Tainghua-SBCL GEM
Collaboration ‘ .

Sporkesman of CGGE-Chins Group of GBM Rlectronics
yax: (861) 28648118 '

39
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A Navw Suggestion For the Straigntness Xoniter .

Li Dachenyg, ¥Yu Guanzheng
Dept.of precision Instrunencs
Tainghua=-GEX Collaboraciocn
Tsinghua Univarsity, Beijing, china
rFax: (861)=2%568116

Oct. 17, 1982,

The straightness monitor is a vital portion of GEN Syatem Local
Alignment. Acoording to GEM TN-§2~1324, the measursment range of a
LED/1lena is within flmm. Using a QuadePotodiode as a detsctor, its
linear measurement range is sbout 200um. For enlarging the dynamic
range of the device to 13mm, wa suggest tc use a new datsctor
cowpasad of two linear CCD components to instead of Quad-
Fhotodiode~~we crll it-as Cuba-CCD Letector,

Ite structure is au follows:

i
| Image spot

' Image spot
Y

Na—

cube prism

Two linear ..-::.y 'Iccn ebwm are
perpendicularly for X.Y 2-D measur . frtached to & cube priss

“ant
Gatting 25mm dynasmic range, the diamat
ba limz, size of linear ccomnld bw N“-;i::!oli:.“im spot should

For such a Cube CCD Datsotort

The naasurenent vange reached
sizse is 30x30x30(mm) ,a,?iu it meclg:?u'q:ﬁr. :;;:.1 ution is 2um, the

*)

An additional part of " The Proposal of Ali
.1 The Proposa naeny £
the GEX Detector * (GEM TN-93-171), arasne gor
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Date: Aug. 25, 1992

The Proposal of Alignment for
+the GEM Deteoctor

Li Dacheng, Liang Jinweng
Yu Guanzheng

Dept. of Precision Instruments
Tsinghua-GEM Callabaration
Teinghua University, Beijing, Chinae

Fax: (861)-25681186

1, About Stramghtnzss nonltor.

According to (GEM TN~92-120)}, its accuracy is 10 gm, measuring
range 100 gm, measuring distance 10 u.

. This 3=pocint monitor uses principle of coptical imaging. For a
multipoint straightness alignment, it should be implemented by
leapfragging several sets. The practical accuracy is liméted by
off-focus and complex mechanical mounting camponents.

We suggest using LED alignment system researched by our
department as an alternative(see ref.2). For this system, the
accuracy is 10 ym/10 m, messuring range 15 m, the dynamic range of
detector is 1 =mm, With, this system, the off-focus error may be
avoided, and the mechanical mounting components could be simpler
than before.

The straightness monitor can ensure straightness smong the
relative points of layers, but cannot ensure alignment between
layers and IP,(Fig.l)
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2. Laser Alignment:

The fallure of straightness monitor for alignment(between
layers and IP) could be avoided by Laser Alignment. The accuracy of
§ prad could be satisfied by using a Laser Scanning Aligaer
researched by our Department.

Laser Scanning Aligner: Laser beam can be rotated around X and
Z, the rotating angle can be read out precigely (Fig.2). Using a
special optical system, & high accuracy of alignment in bending
direction will be obtained. ’ .

For a multipoint allignment demand, systemic error due to
detector refraction can be compensated. This method has bheen
adopted in a 30 meters hole~hole amultipoint salignment gystem
developed by our Department, its accuracy reached 15 ym/5 m.

Laser alignment does not measure §,,S .i(ﬁ.g.a}. Scolving this
problem, parallel bhetween layers should be ensured first. An
instrument for parallelism-perpendicularity measuring researched
by our Department can be used to reach this goal. It alss can
serve for alignment in a layer of chamber.(see ref.3)
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3. Approaches for MUON aystem setting:

OPTION 1: Separating the lattice into 16 hexant blocks, precisely
set for every block then assemble them into a barrel and an endcap
with laser alignment. Since a special apparatus can ba designed
for & block metting at first, the high accuracy of alignment
betwaen layers and in a layer can be achieved, so that 1t will be
gimple for the global alignment. But setting for global may be

. difficult when a hexant block of lattice is deformed in the
processing of setting.

OPTICN 2: Constructing the lattice as a barrel and an endcap at
first, fixing, measuring and aligning chamber layers in them.

This approach_is convenient for global setting, but much complex
for alignment . and .measurement., 7To satisfy local and global
alignment requirement, straightness monitor( for local alignment },
laser alignment{ for global alignment ) and an instrument of
parallelism-perpendicularity measurement(for parallelism between
layers) should be used seguentially.

A light source(laser for example) should be set at IP for both

of approaches, 5 prad of rotor accuracy can be achieved if the
technique andﬁ}nsgrunants of cur Department are adopted.
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BACEGROUND

PRECISION INSTRUMENTS DEPARTMENT,
TSINGHUA UNIVERSITY.

The Large Bcale dimension measurements have been researched for
ten years. in our department. In the pericd We accepted financial
support of 1 millzon " usp !;;6 UNDP and achieved many successful
results. The nador tchievaments are ag follows:

1) CCD laser alignment technique.

2) Optical alignment aystem based on optical activity.

3) LED optical alignment system. _

4) The instrument for measuring parallelisa and

perpendicularity in large dimension.

5) Quartz crystal tuned He-Ne dual frequency laser for long

distance measurement.

§) Equipment for measuring coaxislity of holes at long distance

apart (30M).

7) Equipment for -ealurins the flatness of joint surface of °

turbine machine.

g€) Roundness and cylindricity in-situ neaauring system for large

shafts.

9) In-situ oquipwent' for measuring flatness of large mirror

' plates. ‘
10)Technigua of absolute d:stunco intefercmetry with 3. 3%F dual
. wavelength He-Ne laser.

11)Research in infrared digital inferferometric system for

measuring flatoess of large plane.

Most of them have been applied to industry. Item 1) - 4)
ineluded will be very helpful for alignmet in 9SC,

44



LILT RN TN N R TRV Y AT ¥ Thd AW W& 1V LTWEILWM T hlh L AW b b Ak d e e L L L Ty
- H

.
~q

Two—dimensional Automatic Straightness Jeasurement
System Based on Optical Activity

Our research group hae been involved with an aligoment techoique based om optical
gctivity since 1983. Withio six years the important techmique problems ( portable
Faraday rotator and driver, signal processing, sutomatic readout method and ciretitis)
were solved .Our prototype lestrument is easy to operate , can be applied to
uncontinuous measurement, aod cag be used in industrial enviroamment. [ts accuraey is
squivalent to a dusl-freguescy interferometer, but the adjustmeat is muek essier. -

The optiegl system is shown in Fig. A Glac-Taylor prism with two outputs served
es the polarizer, causing the laser beam to split iato two beams with as extineticn
retio of 10° A moduleting aod compensating Farsday cell was placed iz opticel path.
Moduintion was drives by « eige wave generttor and amplifier in series resonknce. The
position-sensitive device ( No.7 ) consists of three pairs of left-handed and right-
handed gquartz wedges The pair ip the widdle is for x-direction measurement. Two pairs
of sidepieces are for the-y-direvtion fusction. The light vibrations are rotated by
different smouots according to the portioc ef the wedge through which they passed.
Lasar beams go through a 1/4 waveplate and cat-eye system and then come back iz
perslle! through the wedge again. The sensitivity is enhanced twice. When the wedge
has & lateral displacement of 8, the orientation of polarization should be rotated
by as apgle: . C

O=4Atzn 8§ _

where A is the setivity coefficient of quarti st sbout 18° /om and & is wedge asgle

at 1° of mre. Analyzers (Nos, 12 and 14)are placed orthogonally with & polarizer.
Memsuring range : 30 m° - Besolution : | p o Accursey : 30 4 o/30m

Fig.. Optical System
1. besm expander 2. palarizer 3. 6. 10. L1.13.mirrors 4. Farsday cell 6.prism
7. quartz wedges 8.1/4 waveplete §.cat-oye 12,14 snalyzers i5. 16. photodstector
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LED Optical Allgnment System

Working Principle: '

Two light smitting diods are respectively drived with two square
were signsls with phase difference 180 degrees and emit light beam
siternatively . Aftar reflection oo a prism surface , the besms from
the two LEDs become two parts symmetrical sbout the prism agd are
emitsd through the collimating lens . The raceiver congists of the
teceiving lens and the photoelectric cell. When axes of the receiving
lens and the emitting lems ( collimaiing lens ) become coinmcideat,
light 1ioteasity of two beams from two LEDs is same on the receiver,
[,=I3, a8 b in the diagrame . The instrument become aligned. Rken the
receiving lems is up, I,2>I3(Flg.a) and down [,<I;{ Fig. ¢},
ajignment deviaticn ies -measured-by comparing I, and I,.

Accuracy: 10pm/l0m
Resolution : 2 p g

Emit Unit : 1.Light Emitting Diodes LED] znd LED3 3. LEDs' Square
Wave Drivers 3.Prism 4, Collimating Lens
Beceiving Unit : 6. Receiving Lens 6. Photoelectric Cefl 7.Signel
' Demoduistor -
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An Instrument for Measuring
Parallelism and Perpendicularity in Large Dimension

A. This instrument is suitable to measuring parallelism and
perpendicularity of some surfaces of large workpieces or during
assembling large machines and squipment. Measurement range is ten to
twenty meters.  Measurement accuracy is better than 4 x L0 ~¢ [, here
L is weasurement distance, Meszsurement range of the detector is ten
millimeters. Detector resolution'is one microns.

B. Measurement Principle and Configuration

A stable alignment laser beam is employed as a measyurement datua
line. The datum planes parallel or perpendicular tec each other are
establigshed by turning a pentagonal prism. Comparing surfaces under
Lest with the datum planes, flatness, parallelism and
perpendicularity between surfaces are measured. Height deviaticn
between every measuring point and correspending poeint on the datum
plane is directly measured with a CCD probe and processed by PC
computer. Measurement data processing is simple and the instrument
is easy to operate.-‘The--system is not anly suitable to measuring
large workpieces, but: 'also "'te assembling and positioning large
machines, ships and buildings.
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E. Ables
High Range Sensors at LLNL
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wire

estimated capacitance

#/2

C1=2*ZC6
B 8=0
Coe =-E-é-

A=L*r*(sin(8)-sin(8 +0.0175))
D=d+ (cos(8)—cos{8 + 0.0175))
L = plate width (1 cm)

capacitance ( farads )

pickup plate

16x107"°
2 ] 2 100 micron diameter wire
4%
47 ?MMM
- r l : "-'W;- .............................
0.2 0.4 0.6 0.8 1.0

wire to plate spacing ( cm)
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4.0x10” o

volts rms

calculated d1/d2

3.

3.

2.

2.

1.

2.5
2.0+
1.5
1.0

0.5

* m)ltgge readings for various wire to plate spacings |
5
t
o %
54
k\'\“
o,
0 J g, .,
M%Mmm
R
5 = MM
1 l LB 1
0 2000 4000 6000 8000
piate to wire spacing { microns )
g
calculated d1/d2 spacing from sampled dat
fitted line to center portion of data
& % dl_over_d2
o = d1d2_fit

i 1 L
0 2000 4000 6000 8000

position in microns
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Questions

Can the noise jitter be reduced to < 10 microns?

What is the temperature stability?

What noise problems are encountered in long wire system?
What is the detector to detector coupling?

What are the acoustic coupling problems?

What is the cost/detector?

What are the total system costs?
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Transparent Photodiode ug

quartz slide
thickness: 0.0625
Cr/Au traces

0.5"
etlf—

A +

2.0"




89

2-D Position Detector Readout Electronics ng
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A. Korytov

Multi-point Alignment Schemes
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R. Sawicki

Laser/Lens R&D at LLNL
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Laser alignment monitors

® Inspiration for considering laser alignment monitors came from the apparent
need for multipoint sensing
- PAS strategy may obviate need for multipoint sensing
- LED/lens monitors are preferred for 3 point monitors
- less expensive and simpler

® Potential appplications that remain
- redundant alignment system

- backup for failed PAS

- data corroboration
- global position monitor

~J
)|

® Laser testing at LLNL has shown that sub 25 micron measurment accuracy is
achievable at 12 meters distance
- two important concerns
-- pointing stability of the laser
- air turbulence (also relevant to LED/lens performance)
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Laser alignment evaluation conclusions

® Multipoint precision alignment monitoring can be achieved using off-the-shelf
laser equipment

- better then 25 micron accuracy demonstrated up to 12 meters

® Control and/or compensation for air turbulence and laser pointing drift is
required
- laser pointing correction demonstrated
o - low pass filtering is probably required
n - beam tubes may be required

® Need overall alignment strategy which defines the specific application for
laser technology



A. Vorobyov
X-ray Alignment for CSCs
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FROM: phuysice TO: 51842380885 NOU 26, 1992 B:SSPHl P.@2

ON A POSSIBILITY TD USE THE 38 KeV X-RAY BEAM
FOR CHECKS OF THE GLOBAL ALIGNMENT OF THE END-CUP CSCs

A.Yorobyov
Petersburg Institute of Nuclear Physics

The 36 KeV X-ray beam offers a remarkable poseibility to perform
complete tests and calibration of the CSC superlayers to & pricision
of 10 micron. This idea was discussed in the GEM note TN-92-136.
Since then a test was performed with the BNL light source (G.Smith)
using a small 0SO f£illed with 90% Xe + 10% C02 att 1 to 4 atm pressure.
The position resclution was measured as a function of the X-ray energy.
Fig 1 shows the the results. One can see that the spmce resolution that
could be achieved with a narrow 36 KeV X-ray beam is about 100 microns
(FWHM). That means that the center-of-gravity of thie distribution
could be easily determined with 10 microne precision.Still more studies
are required to underetand the background effects under real conditionms.

Meanwhile & special X-ray tube with a Pr-anticathode and with
a crystal monochromstor is under construction at PNPI (Fig 2).The first
tube is expected for teste in Dec 92, The primary goal is to construct
a pilot X-ray station using a high precision moveable (0.6m » 0.5m)
table for first tests of the CSC superlayers at PNPI (Fig 3).

The next step will be construction of a full size :(up to four meters)

X-ray station at SSOL ueing a high precision moveable table from LLNL.

Now the question ie if the X-ray beam could be used also for global
alignment of the OSC modules. Technically it looks doable at least for
the end cups. One option is to perform the X-ray tests of the whole
end cup muon system when it ie moved away from the central detector
(Fig 4) .Plccing the X-ray tube in front of the end cup ons can calibrate
the whole system to a high precision: 10 microns in the first superlayer,
201microns in the last superlayer. Still we have here some probleme to
golve:

- The power of the X-tube should be considerably higher than in the
X-ray table teamts especially because of essential abmorbtion of the
X-rays in the superiayer. This can be achieved in the new X-ray tube
now under designing.Alsc it is planned to reduce strongly the absorbticon
in the CSCr by decreasing the width of the Gl0 plates and by removing
the most absorbtive element from these plates.

- = The expected divergency of the X-ray beam is 50 microrad. That meane
that the FWHM of the beam will be 100 microns in the firat superlayer
200 microns in the second, 400 microme in the third superlayer., The goai

is to determine the center-of-gravity of the beam witE 10 to 20 microns
precision.That requires the knowledge of the beam shape to & good enough
accuracy. The beam shape can be measured precisely gut the questicn is
how stable will be this shape during the calibrations. This should be
investigated. :

~ When the end cup is in its permanent position, still it is possible
to mend the X-ray beam from behind (Fig SF.Though might be some: problems
with some dead zones due to mechanical structures of the end cup support.
An interesting queetion is if the X-ray tube can operate in the magnetic
field.This is a question of shielding of the tube.

A realistic application of the X-ray beam is to check the "six-point
interpolation technique"® which is now considered for the alignment
procedure in the muon system. This possibility was analized in details
in a recent GEM note by A.Ostapchuk and V.Schegelsky.
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In conclusion,the 36 KeV X-ray beam might provide a very useful check
of +the alignment of +the CSCs in the end cups thus increasing the
relyability of the high resclution measurements of the muon trajectories
in the muon system.
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TEST OF GEM ALIGNMENT SCHEME
WITH CATHODE STRIP CHAMBERS AND
X-RAY SOURCE

A.Ostapchuk, V.Schegelsky
November 17, 1992
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1 Possible methods of GEM alignment scheme test

A MODEL oFr GEM MUON DETECTOR TOWERS COULD BE
CONSTRUCTED WITH RELEVANT OPTICAL SYSTEM. ANOTHER
WAY TO TEST THE ALIGNMENT SCHEME PRINCIPLES IS TO
USE MUON CHAMBER PROTOTYPE AS DETECTING ELEMENT
OF ALIGNMENT SYSTEM.

CHARGE PARTICLES COULD BE USED FOR SUCH TEST.
BUT SIMPLE EVALUATION SHOWS THAT THE COSMIC RAYS
FLUX IS TOO SMALL FOR THIS PURPOSE.

FIX-TARGET ACCELERATOR BEAMS DON’T SIMULATE DI-
VERGENCE OF PARTICLES FROM THE COLLIDER INTERAC-
TION POINT , AND WE NEED TO MOVE CHAMBER SET REL-
ATIVE TO THE BEAM DIRECTION FOR SIMULATION OF THIS
EFFECT. REQUIRED TOLERANCES ARE NOT VERY SEVERE,
BUT TEDIOUS.

WE PROPOSE TO RESOLVE THESE DIFFICULTIES BY USING
X-RAYS FOR SIMULATION OF HIGH-MOMENTUM MUON TRA-
JECTORIES (SEE LAPINA L. ET AL.,” X-RAY TEST STATION
FOR CATHODE STRIP MUON CHAMBERS”, GEM INTERNAL
NOTE TN-92-136).
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2 X-ray test bench

2.1 Geometrical layout and requirements for X-ray source

THE POSSIBLE GEOMETRICAL LAYOUT OF THE X-RAY TEST
BENCH IS SHOWN IN FIGURE. THREE CATHODE STRIP CHAM-
BERS OF DIMENSIONS 50CM X 50CM ARE POSED IN PAR-
ALLEL PLANES WITH SEPARATION OF 30CM. ANGLE ¢ IS
EQUAL TO 22.5° TO CORRESPOND TO GEM SECTOR AN-
GLE (360°/16 = 22.5%). X-RAY SOURCE IS SITUATED ON THE

DISTANCE
h = 120em

FROM THE FAREST CHAMBER.
WHAT ARE THE REQUIREMENTS FOR X-RAY SOURCE?
IF WE REQUIRE ERROR DUE TO THE BEAM DIVERGENCE

TO BE NEGLECTED IN COMPARISON WITH THE CHAMBER

INTERNAL ERROR AND ASSUME THAT:

Oint = 100”
WE OBTAINE THE REQUIREMENT FOR «g;,:
gy < 50mkrad. (1)

MONTE CARLO CALCULATIONS SHOW THAT FOR THIS LAY-
OUT THE REQUIREMENT FOR X-RAY DIRECTION ACCURACY
og:

oy < Smrad. (2)

THE REQUIREMENT FOR THE ACCURACY 0y:

o4 < 6mrad. (3)
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2.2 Preliminary plan of test

PROCEDURE OF TEST SHOULD BE FOLLOWING. X-RAYS ARE
DIRECTED TO THE APPOINTED PLACES NEAR THE PERIME-
TER OF THE OUTER CHAMBER AND FALSE SAGITTAS, MEA-
SURED BY CATHODE STRIP CHAMBERS, ARE CALCULATED.
THIS IS THE SIMULATION OF STRAIGHTNESS MONITORS READ-
INGS. THEN X-RAYS ARE DIRECTED INSIDE THE TOWER
SOLID ANGLE, AND MEASURED FOR THESE DIRECTIONS FALSE
SAGITTAS ARE COMPARED WITH THE VALUES OF THE QUADRATIC
INTERPOLATION FUNCTION, CALCULATED FROM ” MONITORS
READINGS” ( SEE MITSELMAKHER G. AND OSTAPCHUK A.,” NEW
APPROACH TO MUON SYSTEM ALIGNMENT”, GEM INTER-
NAL NOTE TN-92-202).

WE PROPOSE TO STUDY THE FOLLOWING EFFECTS:

¢ chamber shifts and rotations relative to different
axes(chambers are moved);

e chamber temperature expansion/contraction (cham-
bers are heated);

e chamber torsion (chambers are bent);
¢ chamber gravitational sag (chambers are loaded);

e non-projectivity of monitor directions and parti-
cle trajectories;

e necessary number of straightness monitors.
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3 Conclusions

PROPOSED PROCEDURE TO TEST BASIC PRINCIPLES OF GEM
ALIGNMENT SCHEME LOOKS REASONABLE: REQUIREMENTS
TO X-RAY CSC TEST FACILITY DO NOT EXCEED EXPECTED
PERFORMANCE PARAMETERS (beam divergence of 50mkrad,
direction angle accuracy of 5 mrad). EVIDENTLY A
FULL SCALE PROTOTYPE IS REQUIRED TO INVESTIGATE TECH-
NICAL ASPECTS OF ALIGNMENT SCHEME IMPLEMENTATION.
HOWEVER WE EXPECT THAT ITS CRUCIAL FEATURES CAN
BE DEMONSTRATED IN THE NEAREST FUTURE EVEN WITH
USE OF EXISTING CSC PROTOTYPES.
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L. Collins

U-AVLIS Ahgnment Control Systems
and Diagnostics
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Atomic Vapor Laser Isotope Separation
(AVLIS) process

Oye master oscillator

Pump laser

Pump laser

collector

Vaporizer
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Major components of the beam alignment system L
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Beam alignment sensor package optical schematic (L]
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Photo-Lateral Diode & Diode Signhal Conditioning (.

111

Light X-Y Posltion

Input Diode Signal

Conditioning
Low Light Level

Ry N YO T NI PR T TN

Photo ateral Diode

Roll-off filters will remain part of the diode electronics package

_Filtering of the pulsed light signal from the Dye Lasers is required

Control the skew of the data from the diode signal lines

AN

Incorporate the response of the diode and signal cond|t|0n|ng electronics
into the HBW control law

Maximize the dynamic range of the diode output for low light level operation
Provide a low light level indicator for the controller and for the ODC

Provide buffered analog outputs of ciode data for maintenance,
vibration monitoring and calibration aids - ‘

HBW: bontrollem
L. Peterson
Blar2
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Module optics high bandwidth alignment loop (6" LLNL mount) |

power spectrum for short axis
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Beam alignment system—performance C
¢ Pointing sensitivity calibration 0.8 ur/pixel
¢ Pointing control for a three-pixel deadband 2.4 ur
| ¢ Centering sensitivity calibration 0.2 mm/pixel
E e Centering control for a three-pixel deadband | 0.6 mm
e Control rate for a dual-video camera loop 15 Hz

¢ Disturbang¢e rejection rate for diode loop (>10 dB) 200 Hz

. . Eal
R g, T T, .
e LERE o .
S T

¢ Number of pginting and centering loops deployed 22
}.t.im;wz
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-Interferometer ( self referencing Mach-Zehnder) _

spatial filter camera

ESB 030891-5



Hartmann sensor measures local

wavefront tilt

FRA nNAG 4

plane wavefront

diverging wavefront

|

detector

plane

spot displacement
proportional to filt
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Prerun wavefront correction using deformable mirror

guided by a Mach-Zehnder interferometer |
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Multiple closed loops optically in series L

(

E= meqsured error
C = desired correction

¢ Correct loops one at a time from output toward input.
Motors can run longer before they influence subsequent frame grabs.

e Correct ohly that part of the error detected by the current loop but not by the

one immediately upstream. .
Avoids correcting for errors which will be corrected by other loops.

E58 030891-35
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INTERPOLATION SCHEMES FOR ALIGNMENT

A.Ostapchuk
November 17, 1992
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1. Quadratic interpolation scheme

QUADRATIC INTERPOLATION SCHEME WAS PROPOSED BY
G.MITSELMAKHER AND A.OSTAPCHUK AT MUON ENGI-
NEERING STATUS MEETING-M.L.T. Jury 13,1992 ( GEM-
TN-92-134), AND DESCRIBED IN THE WORK BY MITSEL-
MAKHER G. AND OSTAPCHUK A.,”NEW APPROACH TO MUON
SYSTEM ALIGNMENT”, GEM TN-92-202.

THE PRINCIPLES OF THIS SCHEME ARE FOLLOWING:

- TO CONTROL ALL KINDS OF MUON CHAMBER SHIFTS AND
ROTATIONS IT IS NECESSARY TO MEASURE AT LEAST SIX
VALUES OF FALSE SAGITTA FOR EVERY RECTANGULAR SOLID
ANGLE OF MUON SYSTEM, WHICH DOES NOT HAVE CHAM-
BER GAPS INSIDE;

- SUITABLE INTERPOLATION INSIDE THIS SOLID ANGLE IS
QUADRATIC INTERPOLATION ON OPPOSITE X-EDGES AND
THEN LINEAR INTERPOLATION ALONG Z-AXIS.

IT WAS SHOWN, THAT THIS SCHEME ALLOWS TO SOFTEN
THE REQUIREMENTS TO CHAMBER PLACEMENT SO MUCH,
THAT PLACEMENT REQUIREMENTS ARE COMPLETELY DE-
TERMINED BY DYNAMIC RANGE OF MONITORS.

THIS QUADRATIC INTERPOLATION SCHEME HAS DIFFERENT
REALIZATIONS. NOW WE ARE GOING TO CONSIDER TWO EX-
TREME CASES: ONE-TOWER-PER-CHAMBER GEOMETRY AND
ONE-TOWER-PER-SECTOR GEOMETRY.

125
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2. One-tower-per-chamber geometry

ADVANTAGES:

- control of chamber deformations;

- moderate requirements to projective monitor ac-
curacy;

- immediate measurement of false sagitta, no error
transfer.

ISADVAN :

- necessity to have projective alignment paths for ev-
ery projective tower of chambers, possible coverage
loss.

STUDY OF THIS GEOMETRY SHOWS THAT THE REQUIRE-
MENTS TO MUON SYSTEM PERFORMANCE ARE:

MUON CHAMBER SHIFTS IN ANY DIRECTION < +5mm;

MUON CHAMBER ROTATIONS AROUND ANY AXIS < +3mrad,

PROJECTIVE MONITOR ACCURACY o < 30u;

PROJECTIVE MONITOR ”DEFOCUSING” < +3mrad;
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PROJECTIVE MONITOR FOCUS SHIFT < £30mm;
UNIFORM THERMAL EXPANSION/CONTRACTION < 100°C;
TORSION DEFORMATIONS OF MUON CHAMBERS < 3mrad;

Z-COORDINATE MEASUREMENT ACCURACY o < ldmm;
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3. One-tower-per-sector geometry
ADVANTAGES:

- projective alignment paths are only at the borders
of sector , no coverage loss.

DISADVANTAGES:

- control of chamber deformations is more complex,
if not impossible;

- more strict requirements to on-layer monitor ac-
curacy;

- more difficult procedure of false sagitta measure-
ment, error transfer.

THE REQUIREMENTS TO GEM MUON SYSTEM PERFORMANCE
ARE MORE RESTRICTIVE THEN IN THE CASE OF ONE-TOWER-

PER-CHAMBER GEOMETRY:

- MUON CHAMBER SHIFTS IN ANY DIRECTION < £2.5mm;
- MUON CHAMBER ROTATIONS AROUND ANY AXIS < £1.5mrad,;

- PROJECTIVE MONITOR ACCURACY o < 30k;
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- ON-LAYER MONITOR ACCURACY:

MIDDLE SL o < 10 ~ 15u;

INNER AND OUTER SL o < 20 ~ 25u;

- PROJECTIVE MONITOR ”"DEFOCUSING” < *1.5mrad;
- PROJECTIVE MONITOR FOCUS SHIFT < +15mm;

- Z-COORDINATE MEASUREMENT ACCURACY o < 1omm.
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4. Conclusions

ALL THESE ESTIMATIONS WERE DONE WITH SOME TYPICAL
TOWER OF GEM MUON SYSTEM. NOW WE HAVE MON-
TECARLO PROGRAM, WHICH CAN SIMULATE GEM MUON
SYSTEM AS A WHOLE, AND WE ARE INTEND TO INVESTI-
GATE DETAIL REQUIREMENTS TO EVERY PART OF BARREL
AND END-CAPS SECTORS.

THE OTHER TASK OF THIS PROGRAM IS TO STUDY THE
GLOBAL ALIGNMENT OF GEM MUON SYSTEM.
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Fig.2 Muon Tower
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Muon Chamber

on-layer monitor

projective monitor
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One-tower-per-sector geometry
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J. Paradiso

Interpolation Schemes for Alignment
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C Alignment Analysis \

y{ e

6E€T

GEM

> Z
 MATLAB program completed to verify alignment scheme.

» Assume six projective 3-point lines (¢ = 0, +11.25°, 6 = 90°, 30°), and
muiltipoint lines along z (pick up each chamber edge relative to
endpoints, where projective lines run).

 Three hierarchies of transformations implemented:
- Rotate each chamber about its center in 3 axes, and translate.
- Rotate each layer in 3 axes, and translate.
- Rotate entire hexant relative to IP and translate.

. Straight lines from IP (infinite momentum muons) detected in displaced
chambers.

« Alignment measurements taken (multipoint SWAT and nested SM
assumed for z-axis).

- Sagitta corrected through linear (z) quadratic (tan o) interpolation of
alignment data, as with Ostapchuk et. al.; corrections investigated. 12




C o Analysis Assumptions )

« Goal of analysis is to view shape of alignment residual
- Ascertain presence/nature of reconstruction inaccuracies
» Straightness monitors are modelled in 3-axes:

- - - - 1,5 = Vector from source to receiver
T;, = Vector from source to lens

m=A,+(ix3,) -*——— Sagitta coordinate
q

ovl

Must divide by cosine of alignment
axis inclination to get sagitta projection
in chamber plane (as seen by muon)

(Source of small errors...)

Muon Sees:

\ Ax = (x2 - x1) - (x3 - x1) (y2 - y1)/(y3 - y1)
GEM %».




Some Error Sources

* Top or bottom layer displaced; unequal
monitor corrections (incorrectly
interpreted as a chamber rotation)

« Correction for vertical displacement of
middle chamber and uniform scaling of
middie chamber are different, even
though monitors may yield identical
measurements

Reconstruction for scaling and y-shift are different!

These errors are small, but can become significant for large
(circa 5 mm) alignment corrections under this scheme /
14




C - Chamber Z-Rotation

Sagiuta vs. phi; .05 Rad. middle chamber rotation

47"

O

Sagitta (mm)

GEM

Ax,, ™ Aytané¢ + Axp = y [an2¢ tan o + tan ¢ (1 - cos ot)]

» Quadratic as seen by Gena et. al.




C Some Higher-order schemes... )

eVt

 Exact "location” of alignment fixtures becomes ambiguous when
chamber rotated; i.e. sagitta gradient produced with chamber
coordinate.

- Motivated by examples where sagitta errors were present at the
location of the alignment fixtures.

=> Redefine fixture locations; i.e. ordinates of quadratic fit:
q' = (y2tan @ + YAXx)/y2
Ax=Aq' 2 Bq+C

Qi = (Xi2) + Si)/y2

Add the measured

sagitta into the fixture Add half of the originally
location when computing calculated sagitta into the
the (tan o) ordinate of the sensor positions for the
quadratic fit. quadratic term
Helps for Ay offsets Helps for z rotations

- Role of corrections is arbitrary; help for some misalignments, hurt
for others => Net information is limited (use optimal estimator?)

GEM




C Z-Interpolation with Multipoint Monitors

- Baseline | configuration assumed; i.e. inter-layer alignment
measurements are propagated across the superlayers (in z) via
multi-point monitors

- Not necessarily supporting this scheme; necessary at that time
because projective paths unable to be defined at intermediate theta

Several interpolations Performed:

4741

- Chamber superlayers first "straightened"” analytically along z

- Shifts subtracted between separate chambers and line between
inter-layer alignment paths at 90° and 30° (as measured by multipoint
monitor) at each side of the chamber (x and y measured and
corrected); linear interpolation used.

» Inter-layer alignment measurements linearly interpolated across
superlayer in z.

- Sensitive to rotations in x & y; i.e. "locations” of alignment fixtures
become ambiguous as discussed previously (plus no decoupled
z-alignment measurement for correction)

\  Quadratic interpolation then carried out with tan o
GEM 17




Example; "Random" deflection of chambers and layers

3-Point Monitors Multipoint Monitors
27— Frolective (0 4——Frojective 10, SWAT System 20 SWAT System
k1o T _— = °('.l
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H 15 A -7 N - 5 ) L] 20 B o
- » 0 0 10 2 00 10 20 o s 10 15 2 o s 10 15
< Sensor Angle (deg) Sensor Angle (deg) Sensor Site # Sensor Site #
Net Comrection
& A £
Theta Theta Theta Theta
.5 ; s __Uncorrected _ 005 Corrected s 2103 _ Corrected
E o \ — E . -—"'/; E E ‘t% N
- of =2~ ] 0
5 s i = g ifh:}—w $ \
-10 — -5 : . 3-(105 — 2 s ~
20 40 6 100 2 0 o 10 20 20 40 60 80 100 20 0 o0 10 20
Theta (deg.) Phi (deg.) Theta (deg.) Phi (deg.)
Uncorrected muon sagitta Corrected muon sagitta

Worst-case 20 um reconstruction error from z-interpolation (initial positioning < 20 mm)




/" Example; Rotate all superlayers \

3-Point Monitors

* Rotate outer SL by 1 mr (y), middle SL

o Puistin0)  gg  Popeier) by 5 mr (z), inner SL by 1 mr (x)
£ /\ | 1.4 /\ ) » Projective monitors all within 7 mm (no
e T e multipoint; individual chambers
Scnsor Angle (dep) Sensor Angle (dep) unmoved)

mm (before correction) to max of 15

: « Sagitta residual drops from max. of 7
1y 1y : <

L W e um (after correction)
Won Sensor Angle (deg) Sensor Angle (deg)
op)
Uncorrected Sagitia Net Comection Corrected Sagitta Net Correction
Theta Theta Theta Theta
10— ncorected 10 ——Uncomected 0 __ Corrected 0 __Corrected

e e e

Sagitta (mm)
Sagitta (mm)
|
Sagm; {mm)
/
Slsm; (mm)
A

R . - 002 0.02
% 40 60 B 100 20 10 0 10 2 20 40 60 8¢ 100 20 10 0 10 20
Theta (deg.) Phi (deg.)

Theta (deg.) Phi (deg.)
Uncorrected muon sagitta Corrected muon sagitta
GEM ‘ - 19




C Example; Displace projective lines \

IP offset by 5cm in x

Corrected Sagitta

Theta Theta
. 0 Competed 0 ——Coseectod
£ £ | T
. i §41.os— Te—
My % w o a0 o0 10
Thet (deg.) Phi (deg.)
IP offsetbyS5cminy
GEM

No offset; Projective case

Corrocted Sagita Net Correction
Theta Theta

E 0 .. Corrected

RS

'M%m -io 0 10
Phi (deg.)
Net Correction

, ‘E \
Theta Theta

Corrected Sagitta

_om - .

] o ///’::; { E

§-0.02- / ] %

004 — 2
20 40 60 80 300

Net Correction

Corrected
0.02 - T
e—

0 | x
-0.02 i \
-0.04 -

20 -10 0 10

Phi (deg.)

20

Corrected Sagita

Theta
003 Comected
o é “
. 0.01 " i
20 40 60 80 100
Theta (deg.)
Bunch
smear?

Sagitta (mm)

0.03

0.02f

0.01

20 -

Net Correction

Thela

E\E\Lg/—\iﬁ\

Phi (deg.)

IP offsetby 5cminz
Same superlayer rotations as previous case; residuals degrade w. projective loss




C Some Analysis Conclusions... 1

« Much more detail and more examples in GEM-TN-92-150

« Z-axis multipoint monitors gave perfect compensation of chamber
displacements in a superlayer; errors arise when interpolating
sagitta errors from projective monitors (gradient-inspired errors; i.e.
sensor "location” ambiguity).

» Projective monitors can correct to percent or permil levels, depending
on nature of chamber misalignments

« Corrected residuals for large chamber displacements (i.e. 5 mm or
above) could begin to approach uncomfortable (i.e. 20 um) levels,
particularly with projectivity of alignment lines displaced by 5 cm.

=> Keep chamber displacements at mm-level, rotations at mr-level;
then residuals are adequately limited.

- Servo inner chamber to keep this range, or use optimal estimator
to reduce ambiguities...

Perhaps I'm being conservative.... (l.e. mean error not tracked, etc.)

+ A next step is to determine how chambers warp/deflect, and
interpolate these errors into a believable structural model.

b M
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R. Sawicki
Global Alighment
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Global alignment status

® There is no strategy or reasonably detailed plan yet formulated and agreed to
by a concensus of the muon collaboration!!!

@ Using background muons may provide vertex location during operation
but supportive calculations have not been performed
- accuracy is unknown

ISt

® An external system which transfers muon chamber position to either the
tracker or beam postion monitor has not yet been formulated

® Gilobal alignment placement requirements may be relieved by
- reprogrammable triggering software
- not yet determined to be feasible



oSt

- g - e - - -

mean position of the composite chambers (the chambers themselves are allowed to have a
50 pm alignment scatter (in ¢), provided that the superlayer reference is taken at the
mean).

Local Alignment (between superlayers) Global Alignment (to IP)
Prmcenst ™ MEASONREMENT
AMEASORE M T Muon Barrel Accoracy
A ccuoAncy ‘}/ PLAaceme T
Bending Coordinate (¢): 25 pm B S ¢: 5 mm (200 pm goal)
Radial Coordinate (r)-60-¢m \L r: 10 mm
Beamline Coordinate (z¥:-+mm z. 5 mm

Muon Endcaps

Bending Coordinate (9): 25 um 20 Samum $: 5 mm (200 pum goal)
Radial Coordinate (r) ——mm— { r: 4 mm
Beamline Coordinate (z): +25u+ ¢/ z: 10 mm

ALCHMEVT RESQUINEMENTS MUST B E AR EVALUATED
To RerLECT  PAS STAATEGY




amiine l 4...' Aq)

X-Hexant referenced 10 Be

Figure 2: Barrel Requirements Definition; r¢
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* AYG

Figure 3: Endcap Requirements Definition; r@

G
‘ Hexan; referenced 10 Beamiin e
Axe

Figure 4: Endcap Requirements Definition; r¢
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SST

Sensor Head

Reference

Figure 8: Strategies for Measuring Global Muon System Alignment

on the cathode plane and Hexcell laminate, which will provide a stable reference to the
spacepoint measurements. If needed, a measurement of the differential torque between
upper and lower chamber layer components (middle, outer layers) can be determined by
using bubble levels, of the sort employed in the L3 octant testsl. If required,
measurements of chamber offsets in the z direction (which couple into the momentum
measurement, and must be determined to within 125 pm!4) can be made with simple
mechanical techniques, as suggested for determining the radial chamber spacing in the
tnveal Ar with antical rance measnring svstems (again. since the alignment lines are



Global placement measurement concepts

Requirement

\
\

7[
\ /

upertayers

Vertex

\ Muon sector placement

Ay‘\*.kflf Phi oftset

= Internal approach R offset External approach
R (end view) (side view)
| Magnet
am
Forward field shaper Fiducials

emitransparent photosensors

Segtor

Beam position monitor

Beamline

Alignment scope



Global placement - in experiment hall

Pivot point

Angular
adjustment

LST

Sector Bigwheel
Global placement is provided by two Global placement is achieved primarily by
adjustments on each sector Bigwheel adjustments at the four support

points. Individual sectors are adjusted by
moving superlayers



Near term global alignment effort

® Analysis
- background muons for vertex location
- real time reprogrammability of trigger roads
- global structural deformation analysis (vibration and thermal)
- global alignment requirements (relative to vertex and other systems)

@® Design
- develop plan for verifying global alignment during installation
-- in surface facility
-- in magnet
- c?nc;eptualize hardware for real time global alignment monitoring (backup
plan
- coordinate plans with Geodesy group
- develop design for global adjustment mechanisms

8ST

® Test and development
- contingent upon results of analysis and design



G. Mitselmakher, A. Ostapchuk

Muons for Global Alignment
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BACKGROUND MUONS FOR ALIGNMENT

G.Mitselmakher, A.Ostapchuk
November 18, 1992

1 Single muon events for alignment

MAIN PROCESSES PRODUCING SINGLE MUON ARE:
pp — bb,ct + X;
pp = Wi+ X;
pp - 2° + X;
pp — tt+ X;
pp — ptu~ + X (Drell Yan).

THE SINGLE MUON RATE R, DEPENDS ON THE p-THRESHOLD
AND FOR A LUMINOSITY L = 103cm~2s~! IT IS APPROXI-
MATELY EQUAL TO:

R, ~ 10°H : pf > 20GeV/c;
R, ~ 10*°H : pf > 50GeV/c;
AND
R, ~ 10Hz : pfr > 100GeV/c;
POSSIBLE WAYS TO USE-SINGLE MUONS FOR GEM GLOBAL .
ALIGNMENT: | | 68

ebite lriy of 1008w ol bt
4 ”2"_“"“{) “VM;"ZM .J‘r 100ssts |«Z.¢w,

i, B i T




e TO SEW TRACK IN MUON SYSTEM TOGETHER WITH TRACK
IN CENTRAL TRACKER;

e TO STUDY THE SIMMETRY OF ANGLE DISTRIBUTION FOR
EVERY TOWER.

2 Di-muon events for alignment

MAIN PROCESSES PRODUCING DI-MUON EVENTS ARE:
pp— Z° + X
pp — bb, ct + X, including J/V, T;
pp — ptu” + X (Drell Yan);
pp — tt+ X.

THE DI-MUON RATE R,, FOR THE SAME LUMINOSITY IS
ESSENTIALLY GIVEN BY Z-DECAYS:

R,, ~ SEVERAL Hz FOR pf > 20GeV/c.

DI-MUON EVENTS COULD BE USED FOR DIFFERENT TOWER
OF MUON SYSTEM RELATIVE ALIGNMENT.
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Z° - uytu~ DECAY FOR GEM GLOBAL
ALIGNMENT

G.Mitselmakher, A.Ostapchuk
November 18, 1992

1 Z° - utu~ decay as a tool for detector calibration

THIS 1S THE UNIQUE PROCESS:
e WELL MEASURED VALUES OF Z-BOSON MASS AND WIDTH:
mz = 91.173 + 0.020GeV

AND
['z = 2.487 £ 0.010GeV;

¢ LARGE BRANCHING RATIO FOR TWO MUONS MODE:

Br(ptu™) = (3.34 £ 0.04)%

e HIGH PRODUCTION CROSS SECTION AT SSC ENERGY:
o(pp — Z°X — ptu~X) > 10%pb; (ph > 25GeV/c)

SO, THE RATE OF Z° — u*u— EVENTS WILL BE 1-2 Hz,
AND IN 10’s (THE USUAL ONE YEAR RUN) MORE THAN 10
MILLIONS MUON PAIRS COMING FROM Z PARTICLES CAN BE
PRODUCED AND USED FOR GEM CALIBRATION.
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2 Di-muon mass resolution factors
GEM MUON SYSTEM MEASURES THE FOLLOWING PARAME-
TERS OF A PARTICLE:

® pr - TRANSVERSE MOMENTUM OF PARTICLE;

® ¢ - POLAR ANGLE;

® § - AZIMUTHAL ANGLE;

WE HAVE TO EXPRESS THE VALUE OF DI-MUON MASS IN
TERMS OF THESE PARAMETERS:

. 2
- g sin“Af
Myuy = 4pripry(sin°A¢ + sin20 — s’inZAQ),
WHERE
11— ¢
A¢ = 5
91 — 92
Ao =,
2
AND 9, 1+ 0
ottt
2

POLAR AND AZIMUTHAL ANGLES ENTER IN THIS EXPRES-
SION BY DIFFERENT WAYS,BECAUSE TOTAL MOMENTUM DE-
PENDS ONLY ON AZIMUTHAL ANGLE:

pr
sind’

Dtot —

164



FACTORS AFFECTING DI-MUON MASS RESOLUTION ARE:
¢ TRANSVERS MOMENTUM RESOLUTION;

e MULTIPLE SCATTERING IN THE CALORIMETER;

e INTRINSIC ¢ AND 8 RESOLUTION OF THE MUON SYSTEM;
o GLOBAL MISALIGNMENT OF THE MUON SYSTEM.

TRANSVERSE MOMENTUM RESOLUTION DOMINATES OVER
MULTIPLE SCATTERING AND INTRINSIC ANGLE RESOLUTION
OF THE MUON SYSTEM.
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3 2Z%— utu~ for GEM global alignment

THE FEATURES OF THIS DECAY ALLOWS TO DEVELOP THE
PROCEDURE FOR GEM MUON SYSTEM BOOTSTRAP.

WE PROPOSE TO USE THREE TYPES OF MUON TOWER
ALIGNMENT:

e ALIGNMENT OF MUON TOWER RELATIVE TO GEM GLOBAL
FRAME;

¢ ALIGNMENT OF MUON TOWER RELATIVE TO THE REST
OF GEM MUON SYSTEM;

e ALIGNMENT OF MUON TOWER RELATIVE TO OTHER MUON
TOWER.
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G. Mitselmakher

More on X-ray Alignment
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