GEM TN-93-336

em

GEM Muon System Alignment
Meetings - SSCL

December 18, 1992 and January 6, 1993

Abstract:

Presentations of the GEM Muon System Alignment Meetings held at
the SSC Laboratory on December 18, 1992 and J anuary 6, 1993.




Integrated Alignment System Test
Concept

Rick Sawicki



Integrated alignment system test objectives Lg

® The primary objective of the integrated alignment system test is to confirm
the performance capability of a Projective Alignment System in a
prototypical environment
- measure superlayer-to-superlayer alignment with better than 25 micron
accuracy

® Demonstrate integrated system performance
- hardware
- software

o - data acquisition and analysis

e Characterize system sensitivity to variable environmental condmons
- varying temperatures
- vibration
- chamber rigid body motion
- chamber flexible modes of deformation
- tower structure deformation

o Optimize system design
- software
- alignment procedures
- support and adjustment mechanisms



Integrated alighment system test concept

CSC chamber structural equivalent

3 of 9 SWAT alignment LOS's . e . -
(1)) ) - - o

1 of 6 lenses for LED/lens
monitor system

1 of 12 wire fiduciais for

alignment verification
3 of 6 projective alignment paths

Hole in chamber for SWAT LOS and
tocation of SWAT sensor



Test chamber construction

Honeycomeb panel with bonded
G10 panels

Capacitive pickup for SWAT
Crosshair tiducial for alignment scope

Spacer
LED/lens component Spacer P

Bolt
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Not drawn to scale
Panel construction requires no precision

- off the shelf G10 panel are glued to imprecise honeycomb sections
Spacers require no precision tolerances

The concept is to mimic the structural behavior of a CSC chamber
but at low cost without the precision required of the actual
production unit




Integrated alignment system test setup Lg

4 ft x 10 ft optical table

Aluminum truss structure

SWAT

SWAT support frame

Support/adjustment point for chamber

Support/adjustment point of tower structure

Alignment scope



Muon Chambers Alignment for the
CMS Detector at LHC

Ettore Rosso
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" CMSER.12.92

MUON CHAMBERS ALIGNMENT

Basic Philosophy
in order to reach the final accuracy the following
conditions must be fulfilled:
1) The different muon station modules must be aligned at
the beginning and their position continuously monitored.
2) The alignment of the overall muon detector with
respect to the Centrai Tracker must be performed at the

beginning and continuously monitored.

3) The final alignment must be obtained using high p.
muons from Z9 decays.

4) The alignment accuracy between the inner tracking and
the muon detector must be such that:

- 6re < 100 um in the bending plane and transverse to the
radial direction.

- ;< 1 mm in the bending plane and in the radial direction.

- 6;< 1 mm along the beam direction.
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CMSE.R. 12.92

MUON CHAMBERS ALIGNMENT

Basic assumption

a) Each chamber is considered totally rigid and
temperature stable (all its points move together with the
reference marks).

b) The Central Tracker is considered as a stiff object (in
fact its internal alignment system is meant to measure the
relative position of the wheels within 20um).

c) 6 transparent windows allow light beams to 'connect
optically Central Tracker and muon chambers throughout
the ring in the mid plane of the coil (by design totally
rigid). |

d) 3 transparent channels throughout the forward modules
allow the alignment of the end caps with respect to the
barrel region (with serious problems to align modules non
adjacent to the optical channels).
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CMS E.R. 12.92

MUON CHAMBERS ALIGNMENT
Techniques

- LASER beams (direct or carried by mono-mode quartz
fibres) combined with optical systems and quadrant photo
diodes (or CCD) measure bi-directional displacements of
several elements with respect to a straight line.

- Conductive wires associated to capacitive bi-directional
sensors for the same purpose.

- RASNIK systems precisely align in 2 directions groups of
3 elements.

- Clinometers provide the direct measurement of
rotations of individual components.

- Photogrammetry technique provides very accurate (100
to 200 um) three dimensional survey of the full detector.

- CCD cameras recently developed could approach similar
performances.

- Proximity gauges, micrometers,...

NB. a) All the techniques need specific R&D work to be

adapted to the needs of the experiment.
b) The choice of techniques and materials must take

into serious account the radiation damages caused by the
LHC environment especially for the alignment of the
components placed at small radius.

12



n3-4€¢ ms-¢ 16 ns-¢ I¢ Msegog Hsefme M
FE-fe | i 1—-———1 — (—j | ARG
msLes [ (psans m-irs [ 1 Jeees nsegas g s
. . 4If
s-ieé -G iy ns s SR P2
| es nSsgcd i g
PE ' 11 : e+
PB-§E€! PBHM! PB Tl PBHL! PRigH! PETYE)
j ¢ 2 2 !
Y PF'p - 3 3 3 3 I‘F+.‘Z
r-pre fv‘F?‘/ LF+&
. J LF r.{FT 17 Ty ‘F: . I:fﬂEf'
) o C-ReP | vz ’ T 6T |
X LF-4 T TelfFe | LFet
PE-1!
T : TRACKEL
e e e NS Mupus B.wn,. -

e . £S5 Mueus Forward _ .

e ...--R.-'...Ra'u’ efereuce -

e e e P Prigme

.. PR Prigwe BM!’

e o PF D Priswe Fovwar|

UO W

(T- 4 F € )
[v L OV Wayr
- Seclewr
X -wéd-‘?
Trackev

13

L L €xteviear
F'




Décembre 1992

CMS

RESULTATS D’UNE SIMULATION AVEC :

Erreur angulaire accidentelle a chaque traversée d'un élément : 3” sexa.

Erreur de mesure de 1a position radiale d’'un LASER : 50 um

NOM (o7 4 oR oP

(um)  (um) (um)
T0 30 60 30 Centre TRACKER
TCH1 20 | 60 30 Périphérie TRACKER
T+1FE 30 80 30 “ "
T+1Fl 20 80 30 “ "
MS+1ED 40 110 70 Tube MUONS intérieur
MS+1E5 100 110 70 * “ extérieur
MS+1E6 100 110 70 “ “ “
MS+1E7 100 110 80 “ “ *
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 CMSER. 12.92
MUON CHAMBERS ALIGNMENT
Future activity
a) Detailed study of the forward region in order to finalise
the alignment system and provide realistic comments and
suggestions to the structures and muon chambers

designers.

b) Continue and optimise simulation work to simplify the
choice of techniques and components.

c) Optimise the cost estimate to foresee the alignment
budget.

d) intensify contacts with labs and industries in view of an
efficient collaboration in the development of alignment
systems and single components.

e) Start R&D work on the different subjects (volunteers
really welcomel!).

f...
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Outline of Alighment Section of Muon
TDR Chapter

Joe Paradiso
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Outline for Alignment Section (5) of Muon TDR Chapter

5.1) Local Alignment

5.1a) Local Requirements {Ref. GEM-IN 92-128, GEM-TN-
92-125)

¢ Introduce precision 25 micron sagitta alignment
requirement. Reproduce error budget here, or
reference Section (2).

e State/reference/discuss needed precision of
alignment hardware, alignment transfers into
chambers, smears expected from structural
dynamics (or reference such a discussion from
Section (3)).

e Discuss 3-point projective alighment/interpolation
concept, and mention how other local requirements
(i.e. radial) are relaxed. Reference requirements
document IBC from 0stapchuk. Reference analysis
memaos GEM-TN-92-282, GEM-IN-92-158. Reference
test resuits (or experimental plan) for GEM
alignment test structure.

5.1b) Local Alighment Bardware

¢ Introduce 3-point straightness monitor (Ref. GEM-
TN-92-124, L3, SDC).

e Describe modifications (i.e. CCD and/or LED array)
for extended range, and test results (Ref.
measurement/design memo IBC from Paradiso).

¢ Discuss/analyze measurement stability of
alignment monitors Reference 9-meter Harvard/SOC
tests, Draper tests, GEM alignment test structure
results (if available).

5.1c) Barrel Implementation
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¢ Show alignment paths for muon barrel. Reference
analysis documents GEM-IN-92-158, GEM-IN-92-
282.

¢ Present design of chamber alignment fixtures,
holes/notches through chambers for optical paths,
etc. (or reference from Sec. 37?).

¢ Discuss installation/calibration pracedure (or
reference from Sec. 37?).

5.1d) Endcap Implementation

¢ Show alignment paths for muon endcap; also
describe chamber overlap, level system, proximity
detectors, etc. that are needed to reference
"hidden" chamber corners together. Reference
endcap analysis document TBC (0stapchuk,
Paradiso?).
¢ Discuss installation/calibration procedure (or
reference from Sec. 3?).

5.2) Global Rlighment

5.2a) Global Requirements (Ref. GEM-TN-92-128, GEM-TN-
92-125)

e Summarize global alignment requirements (i.e.
positioning needed for trigger and
measurement/stability needed for reconstruction).

* Mention global alignment goal (i.e. 200 microns in
r-phi) for improved resolution at high momentum.

* Discuss straightness monitor pointing requirements
(to IP) for projective alignment corrections.
Reference requirements document TBC from
Ostapchuk. Reference analysis memos GEM-TN-92-
282, GEM-IN-92-158. Reference test resulits {(or
experimental plan} for GEM alignment test structure.

e Mention alighment requirements to nonuniform
magnetic field (perhaps only reference Sec. 47)

22



5.2b) Global Alighment Techniques

¢ Discuss attainment of required global alignment via
muons. Quote/plot precision attained vs. eta vs.
time {i.e. plot precision attained vs. time for several
eta slices). Reference memo TBC from
Mitselmakher, Ostapchuk. Reference Sec. 3 for
dynamic stability of structure (i.e. how much it is
expected to move over time interval).
e |f overlap of barrel chambers is employed, quantify
the utility for global alighment.
e Mention possible dynamic monitoring strategies as
backup (i.e. Reference GEM-TN-92-124, Draper/SDC
schemes, LINL approaches).

Possibie Figures and Tables:

1) Table of alignment requirements (global, local).

2) Projective alignment drawing (3-chamber isometric w. lines
at corners, center).

3) Plot showing correction residual for projective alighment
(could reference...}.

4) Straightness monitor schematic (possibly extended-range
device?).

5) Block diagram of straightness monitor electronics (possibly
extended-range device?).

6) Measured straightness monitor transfer function.

7) Other relevant straightness monitor measurements (stability,
etc.; could reference).

8) Schematic showing alignment paths in Barrel.

9) Drawing of proposed alignment fiktures (possibly reference
figures in Sec. 111?).

18) Schematic showing alignment paths (and other devices) in
Endcap.

11) Plot of attained global alignment precision {from muon
tracking) us. time needed for various eta slices.

Some of these figures could be referenced in other documents,
and not included here. IT we have results from the SSC
alignment test rig, they should be included/referenced.

23



Endcap tower alignment monitor configuration

i

Four 4-point radial
alignment paths

3 pl)

Two 3-point projective
alignment paths

One 6-point
projective
alignment path

One 6-point
projective
alignment path

Two 3-point projective
alignment paths

Tower isometric

*not drawn to scale

nmen

4-point alignment
monitors
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Endcap tower superlayer structural support L

4. = kinematic chamber support point
(each chamber is 3 point mounted)

-

3 inch diameter tube
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*not drawn to scale
additional truss bracing will be required for global stiffness



Endcap tower superlayer configuration

29

5

N

Isometri

Side View

Front View
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*not drawn to scale



Endcap alignment concept Lg f

® Assumptions
- endcap is divided into 12 structural sectors
- four chambers (outer super layer) are required to span the width of
one sector
- one sector is divided (phi direction) into 2 towers
- small chambers (superlayer 1 and 2) at the theta=9 deg location
are not considered
-rigidly attached or will require additional alignment monitors
- phi and radial overlap is required |
ps - all chambers are 3-point kinematic mounted
® Comments
- 3 and 6-point projective alignment monitors are requnred
- 4-point radial alignment monitors are required
-- 3-point if rigid structural joint between chambers could be
designed



Alignment concept 1 hardware count

1€

Assume 12 sectors per GEM half
2 tower widths per sector
2 chamber widths per tower

Number of

Number of

Number of

Number of

portowr [perpath | tower - | Gemnatt - |oem ¢
3-Point proj. alignment paths 4 1 4 96 192
6-point proj. alignment paths 2 4 8 192 384
4-point radial paths 12 2 24 - 576 1152
Total 18 - 36 864 1728




Azimuthal interleaving of superlayer chambers Lg

Axial
direction
e _I l ik e VTl i
One nested group of Top view
chambers
(V]
N Radial
direction
B Phi direction
*not drawn to scale

chambers are shown to be rectanglar rather than trapezoldal to better illustrate the concept
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Pre-TDR alignment and costing activities

Dec Jan Feb March
Develop endcap
Complete physicg analysis and develop global

alignment design
Integrate alignment plan Fith technology choice
Develop engineernng concepts for fiducial supports,jchamber
coupling and chamber kinematic mounts
Alignment design dqcument
Update and complete alignm*nt related structural analyses complete
High range lEDIIens system testing Write alignment design rqport
Wijte alignment TDR

Update muon cﬁ book to Baseline !l

Hormance React to cost g

As required develop cost model
optimization analysti

idance established at Jan. 20 megting

Supgort writing of TDR

uoh cost book co
electronic




RDT Chamber Layout Middle
Superlayer

Bob Miller
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-7/16 0 /16 /8 3n/16
30°

RDT CHAMBER LAYOUT
MIDDLE SUPERLAYER

40 °

57°




RDT BARREL, 16 SECTORS (32 CHAMBERS)
PHI OVERLAP DETAIL

30°

Alignment Path,

ﬁ ]/ Edge of Sector

Alignment Path,
Center of Sector

i

INTERACTION POINT
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| / Alignment Updates \

eb

- Hardware Updates (extended range)
» Test structure suggestions

* Detector implementation

* TDR outline

 Discussion & Schedule

\ Joe Paradiso 6-Jan-93 /
GEM 4




| / Hardware Updates \

84/

« Collaboration started with SDC group (Dave Goodwin, Jacques Govignon).
« Nine-meter SM installed on optics table (GEM max. = 10 meters).

- Harvard electronics for Quad Cell and Lateral Effect photodiode .

- VME Data acquisition system delivered, setup this week.

- Automatic scanning fixture will be installed for quick device calibration.
- CCD/CID camera and frame grabber system present.

« Use for testing/validating wide-range systems

\__

GEM

- Series of photodetectors ordered for evaluation (IR&D for B-effects).

- Quad Cells (UDT SPOT9DMI, EG&G C30844E).

- 2-axis Lateral-effect photodiodes (UDT DL10, Hamamatsu $1880/52044,
Sytek 2L4SP, Heimann AP-10).

- 1-axis Lateral-effect photodiodes (UDT SL5, Hamamatsu $1352, Sytek
1L10SP, Heimann LP-15).

» LED Blocks ordered from Sharp (8 x 8, 16 x 16 matrix, = 1.9 - 3.3 mm ptich).

- Plan to compare with precisely placed fiber bundle, = 1 mm pitch.

- Test/calibrate on scanning table /
72




1437

/ Search for CCD devices & system \

» Several low-cost 2D devices located:
- Dyna DA300 (160 x 244, ¥5), DA301 (160 x 244, 1/6"); $30. - $40.
- Sharp LZ2314/Z (512 x 492, ¥5), LZ2114J (512 x 492, '2); $44.
- Others by Panasonic, Toshiba, Sony; waiting for details

« Unfortunately, all need a support circuit for driving, conditioning
- Could be simplified; i.e. don't need RS-170, AGC, etc... ™\,

- How does one apply such devices? | “Look for chep
- - Existing LEDs can give plenty of light (see tests)! e
(most CCD chips have adjustable shutter times) \ Tj;‘f;‘(‘f;{.“{':‘;.‘}.f

&5TimeTe 7

- Could centroid LED spots, several from LED block, or image
a coded mask (most interesting)!

- Project a complicated (i.e. pseudorandom) pattern and
autocorrelate at several resolutions (use self-similar image).

- Complicated processing, rotations complicated.

- Image a 2D bar code, and "read off” coarse position; centroid
bars for vernier

\ - Low processing overhead, diffraction limit OK?
GEM 3




Siemens LED (SFH480) Motorola LED {MFOE1102) Focussed LED
Focused Image Focused Image Eyeglaes blank
lens

9 Meter Baseline; 1/2"CID array, 512 x 512 Grabber
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.8V

C Extended Range Deliverables | ) |

» Detector Characterizations (Quad Cells, Lateral effect devices).

GEM

« Results for LED block {commercial, custom [w. good LED's],
fiber bundie).

« CCD tests with commercial cameras (image 2D bar codes).

- Estimate costs for impleme.ntation of these systems, pick
baseline

» Check effects of lens diameter (diffraction, intensity) and
turbulence/thermals.

Jan/Feb. timeframe; draft memo for alignment manifesto




Each structure plane will possess 13

mounting sites (i.e. holes) for alignment

fixtures (3 along each side, 4 at the center

of each quadrant, and one in the middie).

The sites at the edges will be used for projective
alignment measurements. The siles in the center
will be used to check the interpolation techniques.
Assuming that the Harvard electronics are built,
we'll need one 60-channel VME scanning ADC,
two 8-channel SEM controller cards, and at

least 13 quad cell butfer cards (the electronics
cost was estimated at $130. per straightness
monitor path). If we use an extended range
system, we'll need either a multiplexed
frame-grabber (CCD) and/or a programmable
output register (multiple LED).

The detector mount will be a simple plate, with 2
holes that bok into the mount. The plate can be
moved within a few mm with these bolts loose, then
tacked down when aligned. The LED, Lens, and
detector elements will be fixed to these plates, as
crudely sketched below.

Component mount
(bolts 1o plate, adjustable
position [screw siots)
10 within a few mm in
xandy
Y LT
- Fixture Plate
Quad Cell, {establish base
=2 Puaickly impeneTobie o Hoxca
E «Tenicd th)t_ Of" ions .
— (€D Block Pm-"d iM.ﬂ'-.L\t. 'l‘o]
— s :“3"- a¥ s L.T‘J‘b‘ CG“ [ r%":‘") fm"l‘ﬁ
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Setup Procedure

Bright Point
Source

without LED Lenses
Detectors
Py K ) breyll Seme, mon:‘nt]s (():vnly
sy oles T b
iniv "‘M Moy
lim®d o - T

Puil 2.0 roTeTien.

First, mount the lenses and photodetectors (rough positioning; few mm.); leave the LED plates off. Put a point source at the
hypothetical IP location. Move the lenses until the maximum intensity (and minimum difference signal) is received at the
detectors. Then install the LED plates, and move these about until they produce also a centered signal {i.e. minimum ditference,

¢ maximum sum on a quad detector). The projective alignment paths will then be established. When the chamber planes are

O moved, etc. during tests, they will reflect the relative misalignment of the structure. For the interpolation to be effective, we'll
need to know the position of the alignment fixtures on the chamber surface to within a few mm; this should be attainable with
this system. Other variations are possible; the most extreme is to build precision alignment fixtures (with the optical components
centered relative to the edges); these then mate to precise locations on the chamber surfaces, intrinsically aligning the system.
This option may result in more expensive (and less flexible) fixtures, and be unable to easily reference another projective point
(being able to adjust the outer fixtures to point to another IP location is an important part of our tests).

Current Components: Lens = Melles Griot 01-LMP-051 (f = 1 m) or 01-LMP=055 (f=1.5 m)
Both are meniscus lenses, diameter 50 cm, price roughly $30.
LED = Under debate, something like Motorola MFOE1102 or Siemens SFH480 series
Price is under $30. apiece (the Siemens unit is much cheaper). We may want to
equip some or all paths with LED arrays, now being investigated.
Detector = UDT SPOT 9DM1 or EG&G C30844E. Price will be $50. - $100.
May want to equip some paths with CCD arrays (now in development) or
single-axis Lateral-effect photodiodes.
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/ Implementation/Endcaps N\
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- Needs lots of multipoint channels... W_L"*Tﬁ_
« Other possibilities /medifresTions

. tAima ¢
Chamber overlap to transfer alignment via muons

Link inner chamber edges mechanically, use proximity sensors.

- Adopted endcap configuration; grouping chambers in endplates?
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Outline for Alignment Section (5) of Muon TDR Chapter

5.1) Local Alignment

5.12) Local Requirements (Ref. GEM-TN 92-120, GEM-TN-92-125)

Alredy ia " , I \
. ! « Introduce precision 25 micron sagitta alignment requirement.
wlre To pu sadFion Reproduczpcrror budget here, o reference Section (2).
Chambe N N State/reference/discuss needed precision of alignment hardware,
Kfer in thamber alignment transfers into chambers, smears expected from structural
Se.Tion 2 dynamics (or reference such a discussion from Section (3)).

+ Discuss 3-point projective alignment/interpolation concept, and mention
how other local requirements (i.¢. radial) arc relaxed. Reference
requirements document TBC from Ostapchuk. Reference analysis
memos GEM-TN-92-202, GEM-TN-92-150. Reference test results (or
cjgerimemal plan) for GEM alignment test structure.

5.1b) Local Alignment Hardware

. Illl)uéoduoe 3-point straightness monitor (Ref. GEM-TN-92-124, L3,
SDC). | |
{1 °*Describe modifications (i.c. CCD and/or LED array) for extended range,
o ‘ and test results (Ref. measurement/design memo TBC from Paradiso).
« Discuss/analyze measurement stability of alignment monitors Reference
9-meter HarvardiSDC tests, Draper tests, GEM alignment test structure
results (if available).

5.1c) Barrel Implementation

+ Show alignment paths for muon barrel. Reference analysis documents
GEM-TN-92-150, GEM-TN-92-202,
iﬁ"")? Tuea ? § ¢ Present design of chamber alignment fixtures, holes/notches through
chambers for optical paths, etc. (or reference from Sec. 37).
Wt !: x ,(0 Discuss installation/calibration procedure (or reference from Sec. 37).
'ﬂvcﬁ- L4 )

5.1d) Endcap Implementation

ter Show alignment paths for muon endcap; also describe chamber:
v+ o Overlap, level system, proximity detectors, etc. that are needed to
= Andyses reference "hidden™ chamber corners together. Reference endcap
Tes analysis document TBC (Ostapchuk, Paradiso?).
J * Discuss installation/calibration procedure (or reference from Sec. 37).
Wt 30 '

wi fme\d.
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5.2) Global Alignment

5.2a) Globa! Requirements (Ref. GEM-TN-92-120, GEM-TN-92-125)

+ Summarize globa! alignment requirements (i.e. positioning needed for
trigger and measurement/stadility needed for reconstruction).

* Mention global alignment goal (i.e. 200 microas in r-phi) for improved
resolution at high momentum.

* Discuss straightness monitor pointing requirements (to IP) for projective

> alignment corrections. Reference requirements document TBC from
Psne? —p Ostapchuk. Reference analysis memos GEM-TN-92-202, GEM-TN.92-

150. Reference test results (or experimental plan) for GEM alignment

test structure. ¢
- * Mention alignment requircments to nonuniform magnetic ficld (perhaps
P:?" > A only reference Sec. 47) ]

5.2b) Global Alignment Techniques

+ Discuss attainment of required global alignment via muons. Quote/plot
( {  precision attained vs. eta vs. time (i.c. plot precision attained vs. time for
» » several etaslices). Reference memo TBC from Mitselmakher,
Ostapchuk. Reference Sec. 3 for dynamic stability of structure (i.e. how
much i is expected to move over time interval).
IO""’,‘, 7i’ If overlap of barrel chambers is employed, quantify the utility for global

(
°

alignment.
Kaep § ¢ Mention possible d ic monitoring strategies as backup (i.e.
U C:: - (Refereucc GEM-TN-92-124, Draper/SDC schemes, LLNL approaches).
Possible Figures and Tables:

1) Table of alignment requirements (global, local).
2) Projective alignment drawing (3-chamber isometric w. lincs at comers, center).

"¢ = 3) Plot showing correction residual for projective alignment (could reference...).
4) Straightness monitor schematic (possibly extended-range device?).
5) Block diagram of straightness monitor electronics (possibly extended-range device?).
6) Mecasured straightness monitor transfer function.
7) Other relevant straightness monitor measurements (stability, etc.; could reference).
8) Schematic showing alignment paths in Barrel.

-~ 9) Drawing of proposed alignment fixtures (possibly reference figures in Sec. III?).

10) Schematic showing alignment paths (and other devices) in Endcap.
11) Plot of attained global alignment precision (from muon tracking) vs. time needed for
various eta slices.

Some of these figures could be referenced in other documents, and not included here. If
we have results from the SSC alignment test rig, they should be includedireferenced.

L)
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Projective Alignment System
Simulation

Jacques Pier-Amory
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PASS

:- Multipurpose test rig |

1 To check the method to calculate the sag correction factor - The technical prove
- that the mathematic model is working.

1 _2 - To prove the viability of the projective alignment system.
‘3 - To introduce the survey team in the GEM alignment concept
& 4 - To check some chamber concepts and procedures.
- Fixiting-on floating feet.
- XY and Z adjustments.
- Installation / removal - Positioning repetability.
" 5-To learn, to teach and eventually to impress.
6 -Toopen therigto other alignment purposes not exclusively GEM.

J ‘“ruull Jf(?ie, JLO& ‘fo"' /,JJ v uulS .
i

PRD/APA
12/28/92
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PASS - Cost evaluation

Designation Description Quantity| $/each | $ total
Base Al.prolile 1: 2700 2700
Leveling pad QOriginal positioning then tower sag 6 - 60 360
Electronic bubble level Definilion of the original base then for towar sag 6 1500 9000
Carbide pad retainer For bubble level only 6 180 1080
Carbide pad ” For bubble level and for chamber measuring 32 5 160
15v power supply unit  |Bubble level and temperature sensors power supply 1 350 350
Palch panel 1 for leveling, 1 for alignment and 1 for lemperalure sensors 3 250 750
Survey plug For positioning checking 102 30 3060
Chamber Excel panel with a lot of machinings and inserts 3 1600 4800
Reference bar For chamber 6 200 1200
Digital dial indicator For the chamber reference bars and {or the long measuring slick 2 350 700
Stand feet Included re inforcing struts with base attachment 6 710 4260
Flexure feet J|Included both end clamps and support 12 300 3600
X and Y adjusting rod Included stop on the chamber and support on the stand feet 9 220 1980
Dial indicator Included support rods only 18 75 1350
Dial supporl Independant to the base - For sland leet 6 280 1680
Dial support Independant 1o the base - For base 2 100 200
Measuring slick {short) [For calibration and checking 4 100 400
Measuring stick (Long) __[For calibration and checking (Carbon fiber rod) 2 400 800
Relerence bar For sland feet - Included calibration spigot and posilioner 2 350 700
Leveling bar For lhe calibration / checking of the stand feet 1 100 too0
Set of alignment device  |Led - Lens (2x) - Quad 12 250 3000
Alignmenl support |For the basic alignment and for the chambers 37 200 7400
Temperature sensor Installed on 3 levels 14 25 350
Handling device Included lifting beam, shackles, sling, elc... 1 250 | 250
Stationnary Mechanic+ Electronic hardware 1000
Rack for_electronic Included circuit boards (SSC made) 1 4000 4000
Conlengency Included some extra pieces for other alignment purposes 9770
$ Gross lotal No interferometer (To borrow from someone?) 65000

\ _
;.-‘m.(ouc, at Lewc
PRD/JPA - 1/5/93
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Study
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— e BdEmaliirveying tasks in the

NEW

¥ain features
» Highest angle-measuring accuracy

« Automatic compensation of all
axis errors

e Two-axis compensator

® Panfocal telescope with optional
autocollimaton eyepiece

e Plug-in REC data-storage module .
¢ Colour-coded keyboard C .

e Mathematical coordmate-geometrv
functions

e On-line control by compuger i=
e T3000 = T3A + T2000S

".-__.....n_.
Ear

o~ - oty o
—1.

< i PRRNE B .-l

e et e P s

Apphcanons

» Deformation monitoring in civil
enginecring structures :

automotive and aerospace industries
e Satellite and antenna construction
» First-order triangulation

Highest angle-measuring
accuracy

. 1.
S faEY yeeaeygt ¥ 9y
K

i

4'. J_,U sl

R “‘J {

A~

Wild THEOMAT  T3000 :

Electronic precision theodoiite

Full correction’of all -.~.= ...
axial errors

)
e

two-axis compensator

Further development of dynamic angle
scanning has scored another first.

The standard deviation for an azimuth
measured in both telescope positions

is now only 0.5” (0.00015gon). This
performance makes the T3000 the perfect
instrument wherever measurements of the
highest accuracy are required.

Automatic correction of the Hz colli-
mation error, V index error, and
transverse tilt error of the tilting axis. The
corraction values are stored in the non-
volatile memory undl reset after being
dctcrmmed again,

78

The liquid compensator corrects the
effect of standing-axis tilt on readings of
the horizontal and vertical circles. The
compensator has a Jarge effective range
and can be inactivated by xeyboard or
software command.
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Example of Survey Reference Pin for angle DV 1& May
observations
A
12
¥ .
4 i \
B ) B R=0.5mm maxi
0 IR
- ! ;" |
v f ?— -h%
3 Al i E\\ Thread with play ( to assure
Y 4 (b oo j reference pin will not fall
) not to center the pin)
OPTIONAL
Mo
—» 58 gb

B ----- @ ----- B 7-5i. 0‘2 I

: Ooe Surved '{aau (Cauuw{

froun (€0 eluiw Hat Loy
eoulo Qerruﬂ. o \OUL A \‘
_.,}a.ere ' doo pw :CD jf":‘t’,{
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\\a,uc Tuw avw e arooud

- diameter dimension tolerance 7.980-7.995mm

All parameters in millimetres
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X-Y adjusiment
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Stand foot - Top view

This surface is also used
for alignment support device Shim to introduce

/ chamber torque

|

P 6060000000000
Sosssssssss:

i7Z

Survey plugs

|
I
|
e . Measuring pads
| Relat. pos. to the foot

Flexure foot
Dial inclicator

Relat. pos. to
the ground |

Possibility of shimming
during stand feet alignment

Stand foot

Split clamp for |
flex. foot tixation

— A o A A L A A S A A SIS A S SIS SIS AL,
i / I.J

Strut attachment PRD/JPA
[ 1/6/93
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MUON CHAMBER FLEXURE FOOT FINITE
ELEMENT STRESS ANALYSIS

Objective: Determine the suitability of the J. Pier-Amory
flexure foot design for use in muon chamber alignment
tests.

Reguirements: Given design must accomodate a flexural
cone of 5 mm maximum radius without being stressed in
excess of its material's elastic limit.

Materials: Type 316 stainless spring steel (SAE 30316) was
selected because of its 1.4 GPa elastic limit, availibility,
and cost.

Finite Element Model / Analysis: 52 nodes, comprising 51
six degree-of-freedom elements were used. The bottom
most node was encastre while the tip received a variable
perpendicular static force.

Results: A maximum bending stress of 1.12GPa,
representing 80% of the elastic limit of the chosen material,

was produced by a 5 mm tip deflection. This was -

~accomplished by a 20 kgf load application.
Conclusion: The flexure foot designed by J. Pier- Amory is

suitable for use in the muon chamber alignment tests
without modification.

M. Gamblé
3 January 1993
|
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PADS

‘We have here, at SSCL 1he physicisis who developped the mathematic model.

We have here, at SSCL the manpower io study, to achieve the drawings, 1o
supervise the fabrication, to assemble, and 1o calibrate the rig.

o We have here, at SSCL the contact with other firms or labs to supply us with the
oplical devices required for the rig (Excepied the interferometer).

We have here, at SSCL the available space 10 realize entirely the tests.

- Concluzion : The SSCL is the maost advisible place to achieve the job at the
cheapost cosis. .

PRD/JPA
12/28/92



R&D Program of Alignment |
Technology at Tsinghua University

Li Da Cheng
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R & D Program of Alignment Technology at
Tsinghua University

Li Da Cheng

Department of Precision Instruments
Tsinghua-SSCL GEM Collakoration
Tsinghua University, Beijing, P.R.China
FAX (861)=-2568116

Jan.10,1993

1. R & D of Cube CCD Detector:(in China)

//l.l.Principle experiment for CCD detector with light

spot in cne dimension displacement.

1.2.Principle experiment for  CCD detector with light
spot in two dimension displacement.

1.3.Making an experimental prototype of cube CCD
detector.
The work mentioned above will be done in July.20.
1993, if recieve fund from U.S. in April,1. 1993.

Visiting U.S. Lab concerning alignment technology of Rvgtshf P;
muon system.To disscuse local and global alignment,To .,mAj_vuu+
disscuse the interface of cube CCD detector with $sc 2-73 weeks
LED/LENS system, support structure and chamber for

making cube CCD detectoor.

Attending demonstration of cube CCD detector prototype —~

with LED/LENS,support structure and chambers (in U.S.A) ﬂi&anAwTZD
Attending global alignment evaluation and proposing

global alignment procedure and monitoring system. (in
China and U.S.A.)

Simulate operation of complete system.

Budget:
Experimental cost; labour cost, international trip and
living expenses in U.S U.5.D. 50K.
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Discription of FY93 Budget for Alighment
(Tsinghua University)

Procurement of materials and elec;ronical elements USD 8K

Optics and electronics fabrication USD 10K
Manpower for experiment 8K
Miscellaneous 4K
Study visiting to U.S ( one month for two persons) 8K
'g3 Spring.

Demonstration of cube CCD detector; Global

alignment evaluation and proposal. '93 Fall. 12K
Total 1 USD.50K

Yoo | Gutan %7
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Principle Experiment for Cube CCD
Detector--One Dimension Measurement

Li Dacheng, Wang Jia, Zhao Yang, Cao Mang

Department of Precision Instruments
Tsinghua-SSCL GEM Collabkoration
Tsinghua, Beijing P.R.China

FAX(861) -2568116
Jan.10, 1993

A series of princile experiments for proving the theortical
vilidation and displacement measurement accuracy of Cube CCD
Detector has been conducted in the Dept. of Precision
Instruments, Tsinghua University.

The Cube CCD Detector is a pricise, large dynamic range
sensor used in LED/LENS system proposed by us in Oct.17.1992.

1. Experimental Setup

Light source: Halogen lamp or LED
CCD detector: Toshiba, 2048 pixels
CCD driver & processor: made in China
Digital 1linear displacement sensor & display:--HEIDENHAIN,
Germany .
range:30mm
resolution:lum
Stage: two dimension stage

range:50mm

Computer: IBM/PC XT
Software: developed in the Laboratory.

1-3 meders
®
Fig. 1
Light source Lens CCD
CCD driver & )
processcr L PC-computer
CCD . Fig. 2
detector Light spot > =
277 )
é%%% Displacement
L i
.Dlsplacement; display
sensor i '
C I
=) 0 0 o]
i —————(—

Moving Spage
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II.

IITI.

Experiment

Every step displacement:0.500mm
calibrited with the Digital linear dlsplacement sensor & display.

Five groups of data were picked up on every step.

travel range :10.000mm

105 groups data were calculated & evaluated on the computer in
one experiment.

measurement accuracy is verified in the case of CCD displacement.

Light spot has to be uniform intensity and sharp edge.

Experimentel Results ( see appendix )

IV. Conclusion

A.

One dimension measurement show that the sensor is valid and

utilizable in principle.

B.

The accuracy in the experiments is less than 10pm except 1-2
points, and will be better with the measurement system made
caretully in the further experiments.

One dimension result can be extended to two dimension.
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A. Halogen lamp light spot centered

DataFileName:

std

Standard Readings

0.

000

0.500

WWOROW-3=-10 00 O = WM

10

.000
.300
.000
.200

000

.200
.000
.300
.Q00
.300
.000
. 300
.000
.500
.000
.500
.000
.500
.000

mm
min
mm
mm

mm
mm
mm
mm
mm
mm
mm
mm
mm
min
mm
mm
mm
mm
mm
mm
mm

@ﬁféﬂf

ccp delector

Pt
T/ITIEAY

Q}_/ 777

w

CCD Readings

4.622
5.124

5.628
6.123

6§.629
7.123
7.626
8.118
8.622
§.120
9.624
10.122
10.628
11.126
11.626
12.123
12.626
13.123
13.636
14,122
14,622

Presss ENTER to continue

mm
mm
mm
mm
mm
mm
mm
mm
mm
mim
mm
mm
min
mm
mm
mm
mm
mm
mm
mim
mm
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Position

0.000
0.003
0.006
0.001
0.007
0.001
0.004
-0.004
0.000
-0.002
0.003
0.000
0.006
0.004
0.005
0.002
0.004
0.001
0.014
-0.000
¢.000

Error
mm
mm
mm
mm
mm
mm
mm
mm
mm
mm
mm

.mm
. mm

mm
mm
min
mnm
mm
mm
mm
mm



,ﬂpfyehwﬁnk 2

DataFileName:
Standard Readings

.000
.500
.000
.500
.000
.500
.000
.500
.000
. 500
.000
500
. 000
.500
.000
7500
.000
.500
.000
.500
10.000

WL -1-1 O b= OO

B. Light spot Offset

CCp deleclor
TN l
ﬁ§’”?1=: 8mm
- }
lght spot
stc
CCD Readings
mm 5.089 mnm
mm 5.579 mm
mm £.080 mm
mm 6.580 mm
mm 7.082 mm
mm 7T.583 mm
mm 8.080 mm
mm B.580 mm
mm 9.091 mm
mm 9.578 mm
mm 10.073 mm
mm 10.569 mm
mm 11.077 mm
mm 11.567 mm
mm 12.073 mm
mm 12.571 mm
mm 13.078 mm.
mm 13.576 mm
mm 14.078 mm
mm 14,578 mm
mm 15.07% mm
Presss ENTER to continue
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Positien
.000
.010
.009
.009
.007
.008
.008
.009
.003
011
.016
019
011
.021
.016
.017
.011
.013
011
011
.009

Error
mm
mm
mm
mm
mm
mm
mm
mm
mm
mm
mm
mm
mm
mm
mm
mm -
mm
mm
mm
mm
mm
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C.LED light spot.

DataFileName: ledf

Standard Readings CCD Readings Position Error
0.000 mm 1.019 mm Q0.000 mm
0.300 mm 4,533 mm ¢.014 mm
1.000 mm 5.035 mm 0.016 mm
1.500 mm 53.524 mm 0.005 mm
2.000 mm 6.032 mm 0.013 mm
2.500 mm 6.527 mm 0.008 mm
3.000 mm 7.026 mm 0.007 mm
3.500 mm 7.528 mm 0.009 mm
4.000 mm 8.028 mm 0.009 mm
4,500 mm §.523 mm 0.004 mm
5.000 mm 9.026 mm 0.006 mm
5.500 mm 9.521 mm £0.002 mm
6.000 mm 10.018 mm =0.001 mm
6.500 mm 13.521 mm 0.002 mm
7.000 mm 11.021 mm 0.002 mm
7.500 mm 11.522 mm 0.003 mm
8.000 mm 12.015 mm -0.004 mm
8.500 mm 12.516 mm ~0.003 mm
9.000 'mm 13.017 mm ~0.003 mm
9.500 mm 12.525 mm 0.006 mm

10.000 mm 14.019 mm 0.000 mm

Presss ENTER to continue .
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20b

192

128

826

A,ppm:a{'ﬁt b

DataFileMame: ledfl-1

'u'-\-n-"

"'T':'.:d}"wP"n'rq"T“!H4"'ﬂ1”"]ﬁfl.|r"i“'"""'"””*"'"'"""'"'F

al2 124

Intensity distribution of Led light spot
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