
GEM TN-92-245 

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. 



GEi! Muon System Aliqrunent Meetinq - Updated Aqende - November 12, 1992 

SSC Laboratory 

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

There will a meetinq of the GEii Muon System Al.l.gnmant Group on the afternoon 
of Wednesday, November 18. The qoal of the meetinq is to review the past 
year's aliqnment ~D and to focus on the upcominq y .. r•s proqram now that 
the 1111on system is beqinninq to converqe on a final desiqn. The propo_sed 
aqenda is as follova: 

• 1:00 Introduction. Review of GEM Muon System Status -
C. NuHt 

Local Aliqnment 

• 1:15 

• 1:30 

• 2:00 

• 2:15 

• 2:30 

• 2:45 
• 3:00 

• 3:15 

• 3:30 

• 3:45 

Introduction to GEM Muon System Local Aliqnment -
R. Sawicki (LI.NL) 

Review of Draper LED/Lens system, and other Draper 
J. Paradiso (Draper) 
Review of Alignment work at Tsinqhua University -
~ C.•leo ·-. Jo'-i•" 
Review of LLllL Riqh-ranqe Sensor RaD -
E. Al:>lH (LLHL) 
Review of LLNL X.ser/Lens system -
R. Sawiclci (LI.NL) 
Brealt 
U-AVLIS Ali9JU119nt, control Syst.... and Diaqnostics 
L. ColliA• (LLHL) 
IAterpolation •=-• for al.ic;nment 
A. O•tapcllult (SSCL) 
Interpolation •ell-• for alic;nment 
J. Paradiso (Draper) 
X-ray ali91111911t syatams for csca -
A. Vorobyov (BllL) • A. Oatapclluk (SSCL) 
7 SC]S tea Elly 
I u! , , l ( .., 

Global aliqnmant 

4: 15 IAtrocluction to Global Ali-t -
R. Sawicki (LI.NL) 

4:30 Baclcqround Muon• for Ali-t - Issues 
G. MitHl-kher (SSCL). A. O•tapcllult (SSCL) 

4:45 other optio..., for vertaz plac.....,t -
Group 

5:00 Global .. on tower pointinq ~t• 
Group 

5: 15 lfrap-up and plan• for FY93 proqz:aa -
Group 

6:00 Adjourn 

.:<A .. 
~:~ 

10 minutes 

15 miriutes 
R•D -

30 minutes 

15 minutes 

15 minutes 

15 minutes 
15 minutes 

15 minutes 

15 minUtH 

15 minUtH 

15 minutes 

IS :zta:a 

15 mi.nut•• 

15 minutes 

15 minute• 

15 minute• 

45 minutes 
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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) 

2.7.1.1 
2.7.1.2 
2.7.1.3 
2.7.1.4 
2.7.1.5 
2.7.1.6 

Review alignment systems on other HEP experiments. 
Review Draper R&D results. 
Review LLNL R&D results. 
Review Tsinghua University R&D results. 
Review six-point interpolation technique. 
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.) 

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

2.7.2.1.1 
2.7.2.1.2 

Review Draper R&D results. 
Continuation of FY 1992 work - set up laboratory test for 
evaluation at full scale - 9 meters. 

2. 7.2.1.2.1 LED/Lens system procuremenL 

2. 7.2.1.3 Electronics development 
2. 7.2.1.3.1 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 developmenL 

2.7.2.1.4 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). - "'&..) ll~ 

cx.o . 
2.7.2.2.1 Review LLNL results on stretched wire technique and GaAs sensorl<,,'1'-h:"k s.4-r'(' 

developmenL f"'' "a° 
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2.7.2.2.2 Develop capacitive pick-up sensor for stretched wire technique. 
2.7.2.2.2.l procurement for large scale (15 meter) prototype. 
2. 7.2.2.2.2 fabricate large scale prototype. 
2.7.2.2.2.3 develop readout system for capacitive pick-up. 

2. 7 .2.2.3 Develop GaAs transparent position-sensitive photodiodes. 
2.7.2.2.3.1 procurement for large scale (15 meter) prototype, including 

IR laser. 
2. 7 .2.2.3.2 
2. 7.2.2.3.3 

fabricate large scale prototype. 
develop readout system for GaAs photodiodes. 

2. 7.2.2.4 Laboratory tests at 15 meters. 
2. 7.2.2.4.l Stretched wire. 
2.7.2.2.4.2 IR Laser/GaAs photodiodes 

2. 7.3 Integration with chamber design and suppon structure (LLNL, Draper). 

2.7.3.1 Mechanical 

2. 7.3.1.1 Fiducialization. 
2. 7.3.1.2 Hardware design. 

2. 7.3.1.2.1 Procurement 
2.7.3.1.3 Structure line-of-sight design and verification (technology 

dependent). 

2.7.3.2 Electronics 

2.7.3.2.1 
2.7.3.2.2 

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

2.7.4 Demonstration of proof-of-principle with suppon structure and chambers 
(possibly less than full-scale). (LLNL, SSCL, MSU, Tsinghua U.) 

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

2. 7 .4.1.1 Design and assembly of structure and chamber test sector. 
2. 7 .4.1.1.1 Procurement of materials for structure and chamber test 

2.7.4.1.1.2 
2. 7.4.1.1.3 

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

2. 7.4.1.2 Installation of structure and chamber test segment 
2.7.4.1.2.l Development of alignment procedures - local. 
2. 7.4.1.2.2 Procurement of auxiliary alignment equipment. 
2. 7 A.l.2.3 Alignment survey of structure and chamber test segment 

\ 6 



2.7.4.1.3 Laboratory tests of interpolation technique using structure and 
chamber test sector. 

2.7.4.1.3.1 Alignment comparison and verification with "standard" 
survey. 

2.7.4.1.3.2 Environmental sensitivity - temperature, vibration, air 
currents, etc. 

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

2.7.5.1 
2.7.5.2 

2.7.5.3 
2.7.5.4 

Evaluate feasibility of using background muons to define vertex location. 
Evaluate feasiblity of reprogramming trigger roads to accomodate global 
misalignments. 
If required, design global muon alignment monitoring system 
Develop global alignment procedures. 

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

2.7.6.1 
2.7.6.2 

2.7.6.3 

2.7.6.4 
2.7.6.5 

Coordinate design with system analysis performed by A. Ostapchuk 
Determine feasibility of using cosmic ray muons for straight-line 
alignment verification for all orientations of muon chambers. 
Coordinate structural analysis to confirm alignment stability of chambers 
and truss structure. 
Comparison of six-point interpolation tl"chnique with analysis. 
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). 

2.7.7.1.1 Generate detailed drawing packages for sensors and associated 
hardware. 

2.7.7.1.2 Identify potential industrial vendors. 

FY 1993 Budget: 

Assumptions: 1 FI'E = $100K (institutionally averaged, including Tsinghua U.) 

2. 7.1 Define and develop alignment technology (LLNL, SSCL, Draper) 

0.25 FrE for technical reviews, design, drafting, etc. 
10 SSCL trips 
2 CERN trips to evaluate existing LEP alignment technology. 

7 



Manpower: 
Procurements: 
Travel: 

$25K 
$OK 
$20K 

$25K 

$20K 

Total: $4SK 
2.7.2 Test benches for precise, large dynamic range sensors (LL.NL, SSCL, MSU, 

Tsinghua U.) 

l.OFrE for test bench/sensor R&D (2 FrEs 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 ($1 OK). 

Manpower: 
Procurements: 

Total: 

$100K 
$6QK 

$100K 
$60K 

$160K 

2. 7.3 Integration with chamber design and suppon structure (LL.NL, Draper). 

0.25 FrE for designing fiducials into chambers, designing electronics into 
chambers, $ lOK for procurement of fiducials, optics, electronics layout and fab. 

Manpower: 
Procurements: 

Total: 

$25K 
$10K 

$25K 
$10K 

$3SK 

2. 7 .4 Demonstration of proof-of-principle with suppon structure and chambers 
(possibly less than full-scale). (LL.NL, SSCL, MSU, Tsinghua U.) 

2 Fl'Es for ln. year for design and fabrication of structure/chamber test segment, 
2 Fl'Es for 1/2 year for assembly and operation of test segment, $50K for 
materials and fabrication costs for structure/chamber test segment, $ lOK for 
auxiliary alignment equipment. 

Manpower: 
Procurements; 

Total: 

$200K 
$60K 

2.7.S Global alignment evaluation (LL.NL, MSU, SSCL, Tsinghua U.) 

$200K 
$60K 

$260K 

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

8 



Manpower: $25K $25K 

Total $2SK 

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

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

Manoower: $25K $25K 

Total $SOK 

2. 7 .6 Solicit interest from industry for fabrication of alignment sensors and associated 
hardware. (LL.NL, Draper) 

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

Manoower: $50K 

Total: 

Budget Summary: 

Manpower: 4.5 FI'Es 
Procurements: 
Fabrication: 
Trayel: 

Total: 

9 

$50K 

$SOK 

$450K 
$80K 
$SOK 
$20K 

$600K 



R. Sawicki 

Introduction to Local Alignment · 
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Local a11gnmen1 s1a1us 

• Projective 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 

t; • 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 alignment system concepts 
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# chambers = 32 
#towers= 8 
# tower alignment paths = 48 
#alignment points = 144 
wire plane conliguralion = 81414 

#chambers = 9 
#towers= 3 
# tower alignment paths = 18 
#alignment points = 54 
wire plane configuration = 81814 

:chamber 

I = alignment path 
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- - - = Alignment Path 

e = Alignment Mount 

fl = Bubble Level 

Figure 7: Alignment Paths in the Muon Endcaps 

accuracy of 60 µm14. 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 Fi!!. 4 (this mP-asnrP-m~nt will hP. tram:l::it~ri ::irrn"" thP mnltinl ... r-h<:>mha .. n~r-lrnna~ ;_ ~ 
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mean position of the composite chambers (the chambers themselves are allowed to have a 

50 µm alignment scatter (in qi), provided that the superlayer reference is taken at the 

mean). 

Local Alignment (between superlayers) 

JY S"i\-SU~£A>\ GAIT' Muon Barrel 
~CC Vr/IJ'K:. '( ~ 

Bending Coordinate (qi): 25 µm 

Radial Coordinate (r): 60 um 
Beamline Coordinate (z)· 1 m,,, 

(-l 1...~s..,c- iVT 

:::!(_ .s-~ 

t 
Muon Endcaps 

Bending Coordinate ($): 25 µm 

Radial Coordinate (r); 1 mm 

Beamline Coordinate (z): 125 um 

·~5"~ 

~ 

Global Alignment (to IP) 

p,__.,u;: .. .. (J \' M ""I so (.l. i; "( E'i'f T t I A<<r.J/l.Ao-CY 

qi: 5 mm (200 µm goal) 

r: 10 mm 

z: 5 1nrn 

<jl: 5 mm (200 µrn goal) 

r:4mm 

z: 10 mm 

AL-1G..VM~.vT A.i::-9v1Ai.;:MSNT ,5. Ml.Is-, I?. s A,s ev,.,._'--"-"t-1'& Q 

TO R.Gf'o.L-EC.T PA.5 ':.TA.,...,..i::c;y 



.... 

Near 1erm 1oca1 a11gr1r11~r ll ~11u1 l 

• 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 

~ 
-.J 

- fiducialization concept 
- alignment hardware design 
- barrel and endcap configuration 

- 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 . 
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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) fJf1 
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GEM 

LED 

LED/Lens @ Draper 

Lens 

dy ~~dx 

Quad 
Photodiode 

• 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 
soc 
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Alignment Fixtures 

LENS ASSEMBLY 
!SHORTER FOCAL LENGTH! 

_,/ 
------·-·----·--- -~_;..--.L----

DETECTOR ASSEMBLY 

// 
./ 

./ 
/ 

LENS ASSEMBLY 
ILONG FOCAL LENGTHI 

CDUAD-CELL. PHOTOPOT, IMAGING ARRAY! 

LIGHT SOURCE ASSEMBLY 
!LED OR LASER OIOOEI 

•LED: 
Motorola, model #MFOE 1102 

•Lens: 
For the prototype LSDT: 

Md I cs Griot # 0 I LMP049 

(f = I meter, diameter= 2.5 cm, width= 3.3 mm) 

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

For the prototype CSC's: 

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

Melles Griot # OILDX049 (f=2.86 cm, 
diameter=l.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: 
UDT Model SPOT 9DM I 

·SOC 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? 



SOC/GEM Common Interest 
•Search for better LED source (brighter, flatter profile). 

• Tests beginning on magnetic sensitivity of candidate photodetectors 

MIT (Bldg. 44) B < 1.5 T 

- MIT Cyclotron magnet used (water tower recently replaced) 

~ - Quad cells & Lateral effect photodiodes under investigation. 

• SOC optical "fencepost" multipoint alignment under development 

t 
~ 

y 
2 Sets of nested straightness monitors tor opposite corners 

(y,z~ (y,zt. 
'~~----------,---------:::.~·"t ··-··-····· 

••••••••• •• • .... --· "' 4 
2 ..... '1'3 ._• .T .... .. ... __ -· (y,z)1 ··--1 ---

(y,z}i 

Afeasutements for one SM string 

(y,z~ 

_, 
.&x = b (m - [A]) Ill= 5 x 5 Identity 

0 

'1'2 

b=lv3 
'1'4 
0 

0 0 0 0 0 

Az11 0 Az11 0 0 
Az13 Az13 

(AJ=I o % 3 o % 3 o 
%. %. 

0 0 Az,. 0 &,. 

~' ~' 
0 0 0 0 0 

GEM I Unit prototyped for SOC Integrating Jens and Lateral Effect Photodiodl!!_ 
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Prototype ''Fencepost'' Element Data 

N 
c.o 

GEM 

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

0.7 

11.6 
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M 

u 
0.2 

~ 0.1 

:8 0.0 

J -0.1 

~ ..Q.2 

-03 

-o.4 

-u 

"°" -0.V 
2 

7 • 1.3e· ll2t2P2lr ·R"2 • o.9115 

_,....,, ....... ~ Cl.295an ~c.n 

"Passive" 
measurement 

f 
~ .. ,.. ., 

lmnm --

• 4 I • 7 a • 
Politfon ol Comer Cube (mm) 

• Courtesy J. Govignon and SOC •.. 



Homogeneous Light Source results at NIKHEF 

• Writeup by W. Post, discussed with Harry VanDerGraff 

•Optimize shape of LED diffuser to flatten spatial response: 

d 1 Diffuser ... ... 
..!::..- -~ ;, 

/l I 
':f.''"~ 

r·· '~ii 
"" ' --

I -

Point Source Mask I Ilg. ILlji _ .....,...-., ""'"'°'""' 

~ ~-L- ---- --- i-----·: ---·-·-: 
, I .. . 1·· ---"- --f :~ !-.. --.·~·. ··· 11 .. -.. 1.---·- _;__' 
t ~ ! ! . ' 

""'V!'.1/i..l .• -- .... _ 

u:,.., Ir:>. .. , .. ·-+~-1· 
l-- 1 I J}t' "l-Uv". .• ·I - -;--· . -:--- c . I . - . 

-·~-: ---+ -- -i- ·---r------~ ... -· ~ -~ --~- ·-------: - -- ; ______ .. ~ : 
c.:i o L3 LED arrangement Recent tests with shaped diffuser 

(LED Lens also sawed off) 
. __ -- . - -

- . - ·- - . - . Fig. 11 ResUts or po9llOl'1 auCUB9-(had intensity drop @ edges) . ona after a II wu made. 

•Centroid reconstructed to within 40 µmover +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 Comp/ictiled 'Proce:s::s .•. 
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Application of CCD 
Modification of LED/Lens approach discussed w. Harry VanDerGraff 

Coded Mask 

•~ 
Light Source 

(LED or xenon flash) 

Photodetector 
Array (CCD) 

Lens 
(Encode mask via 
binary optic lens?) 

Projected Mask Image 

• 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 

, • Employ binary optic lens to efficiently map smooth LED source into 
IGEMI coded Image (or use photographic mask behind flash tube?) 
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Deployed System 

• • • 
Detector aites 
(per haxant) 

Synchronou• 
MUL TIPLHXHR I ~I F111me 0111bber 

µ-computer LAN 

• Minimize hardware at detector sites 

EPROM, etc. 
Clock driver 

• CCD Video Amp, 
line driver 

Detector Site 

- Need only one µ-processor, frame-grabber per hexant 

Sy nchron1zat1on 

Vic eo Out 

• Processing Is fairly simple; since small image motion expected, 20 
autocorrelation provides offsets (plus correction for rotation, scale 
shift, if necessary). 
- Star trackers for guidance & control; fast updates attained (but not 

needed here ••• ) 
• 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 
GEM I => (marginal utility?) 
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Discussions with CERN Alignment/Survey Team 

•Conversations with Christian Lasseur, accelerator dept. 
(Organizing Intl. conference on Detector alignment next fall!) 

• 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. Coosomans 

- Have set up long-term test in cable tunnel deep beneath ISR 

- Wire is 130 meters long, 500 µm carbon fiber braid is used 

- Extremely stable (wire is unenclosed; hanging in free air) 

- Capacitive sensors; accuracy= 5 µm, range= 8 mm 

• Capacitive pickoffs at several points. 

- Sensors made by Fogale (Nimes, France); re-package Capacitec 
shielded sensor plates 

- 8 capacitive pickoffs per site (2 x 2 differential measurements) 

- Sensors expensive; estimated @ SF 1 OK per a-pickoff package 
(including calibration, precision mounting on jewels, etc ... ) 

=> Was considered for ATLAS muon system, but now disfavored 
GEM 1 due to price (=1000 sensor packages needed/). 
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GEM 

The CERN ''Laser Plane'' 

• I Photodetectors on Chamber Fiducials • 

I I • 
'2 I '11 Quade.I 

I I "T .Ji! I ACI OuadC.I 

' -· ' ,.... 
QuadC.I 

I I' I 
® QuadCe# 

I 
• Q>b 
{t>olsD--0 • 

LASER 

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 .•.. 
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Tasks (other than writing the TOR, but maybe related ... ) 

• 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.) 

• 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 

L____:' Evolve and analyze endcap alignment scheme 

[GEMl - Still @ "cartoon" level II 

... 
11 
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To1Prof. Sllllng, ieO Cheng 
ISICL 
Fait I ( 214) '7.08-6088 
it.ft ,,.. ... ~" .f#ri • 

Prof, ).Barish 
CU tech 
P•••da11a,CA 

Dear Prof. Blltiab1 

-·· t' 

.. '. 

CX:T.23.15192 ~l19F'M Pl 
PIOF Ml. : 1'11 :il5f.811& 

T1l11ghna Univeni.ty 
Bellinl1 Clal .. 

FrOlll• Wang, Jing Jin 
'1'• in9bua U. 
Faxs (861) 256-8116 

Oct. 23, 1992 , 

It ia my plaaaura to inform you that the collaboration b•twaen 
GEM and T•ioghua u. is making. ataady progreaa. 

, A R&D propoeal of SCA/ADC 1C'• and a propoaal of 1yat•• daaign 
for CSC read out electronlca h1v. 'be•n sent to Dr. Marlow in 
the end of Sept. Now , ye ara revi1ing tb1B two proposals 
according to Mar1ov•1 aomment•· We'll m•il you th• new 
propoeala vh•n flni1hed. 

' 

• A 7x7 'l'lhnium 1upport module for 'BaP2 le going to ba mad• by 
iaaer welding at T1inghua U, 

A new deaign having + 5 .. 4)-na•lo range for 1tralghtn•a• 
monlt.oring ro11..,;a,t.'ii'.ia paper. it•a an.additional part of tba 
oriolnal propo••l ot a1iolll\llnt for GIM detector(GBM TN-9i-i7i). 

W• WQuld 11~• Lo invite a GIN people Who la in oharge Of th• 
a1lgruun:at l•auee t.o vi•it ua ln tba near future. Or 
a1t•rnative1y, we aend one or tvo per•ona to viait SSC~ and 
maxe aure the detail requirement& ot oBK alianment. 

Bait regards, 

Sinoera1r. 
~ ~ . 
~-·'*I- I .. 11 &&a£Qp 

wang,Jlllg Jin 
Cbair•n of tbe ,lxeC:utive Committee of! Talngbua-SSCL OBJI 
Collaboration 
Sp0rkeaaan of COGJl-China.Oroup of QIN 11ectron:Lae 

•••• (111) 251-8116 
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Li Oaol1en9, 'tll Gwanzhang 
Dept.of pZ91:1i•ion lnetr1111enta 

Ta1119bua-CDI coll&tlorat1on 
1'8inqhWI unival'91ty, laijin9, c:hina 

rax1 ca111-ass1111 

Oct. 17, 1119:Z. 

Tile atraitJl\tnas11 111onitor i• a vit.l portion ot GEM Sy11tam Local 
Alignment. AooorcU.nq to GEM TN-92-U4, th• maaauraunt range of a 
J:.SD/lan.a i• within ;1;11m. U•inv a Qllad•Potodiode as a d•t•otor, it:a 
linear uaaur-t r~• ia about 2001o1111. ror enlarq.l.n9 tl\a dyNllDic 
a:.nqa of the davi1:1a t:o t511111, we 11uvqeat to U•• a new d•tactor 
cc1111peaed of t- U.nur cco co111ponant11 to 1natead ot Quad­
Jll\otodJ.ode--va c;ial1 it·aa·Cllbe-CCD tlatagtor. 

11:• •t.CUC:t\&r• i• -u tollow11 

)I~ -- -

i IMO.Qe spot 
' 

·CCD 

c:uloe prlsri 

• 
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Date: AUS· 25, 1992 

The Fropoeai of Aiignment for 
the' GEM Detector 

Li Dachena, 
Yu Guanzheng 

Liang Jinwenc 

Dept. of Precision Instruments 
Tainchua-G!M Collaboration 

Tainghua University, Beijing, China 
Fax: (861)-2568116 

1. About Straightuesa Moo.itor: 

Accordinc to (GEM TN-92-120), its accuracy is 10 pm, measuring 
range 100 pm, measuring distance 10 m. 

. Thia 3-point monitor uaea principle of optical imasing. For a 
multipoint atraiahtnesa ali&lllllent, it should be implemented b:r 
leapfra11in1 several sets. The practical accurac:r is limited b:r 
off-focua and complex mechanical mountina components. 

We auggeat using LED ali&nme11t s7stem reaearched b7 our 
department aa an alternative(see ref.2). For this syste111, the 
accurac7 is 10 pm/10 m, measuring r•n•• 15 m, the d:rnamic rause of 
detector is 1 1111, With. thia _ u·atem, the off-focus error a&T be 
avoided, and the 11ech&D'ical mountiDI co11ponenta could be aimpler 
than beron. 

The straightneaa monitor can ensure straiahtneas .. 0111 the 
relative points of la7era 1 but cannot ensure ali1nae11t between 
la7era and IP,(Fig,1) · 

.. ·. 

IP ' 

1 
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2. Laser Alignment.: 

The failure or straichtneaa monitor for alignment(between 
layers and IP) could be avoided by Laser Alicnment. The accuracy of 
5 prad could be aati11fied by using a Laser Scanning Aligner 
researched by our Department. 

Laser Scanninl Aligner: La'aer beam can be rotated around X and 
Z, the rotatinC angle can be read out precisely (Fis.2). Usinc a 
special optical system, a high accuracy of alignment in bendinc 
direction will be obtained. · 

Por a multipoint alignment demand, systemic error due to 
detector refraction can be compensated. This method has been 
adopted in a· 30 meters hole-hole multipoint alignment system 
developed by our Department, its accuracy reached 16 ~m/5 m. 

~,.. __ 

9=====:=:::=:::;:EJ":::;:, rtJ :C D&'tc c:1clr 
/" 

J 
,.... 

43:•===:::;."fZ•a Lo.ser Bftl'I Po:tn 
~ ,.-

IP &<-:'---'>'"'' z 
Al~r 

Laser .alignment does' not measure 61 ,st ,s, ( fia. 3). Solving this 
problem, parallel between layers ahoulCI Se eneu:red fir11t. An 
instl'Ulllent for paralleliam-parpendicularitT measurin& researched 
by· our Department can be used to reach thi11 aoal. It also can 
serve for alignment in a layer of chamber.(aee ref.3) 

• 
I I 
~- I 

--4 
\ .· I 

• )( 

s. 
F:g.3 • 

. ·2 
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3. Approach•• for MUON aystea settinc: 

OPTION 1: Separatinl the lattice into 16 hexant blocks, precisely 
set for every block then assemble them into a barrel aDd an endcap 
with laser alignment. Since a' special apparatus can be desi1ned 
for a block sett inc at first, the hiah accuracy cf alicnm.ent 
between layers and in a layer can be achieved, ·so that it will be 
sim.ple for the alobal alignment. But settin1 for Clob&l may be 
difficult when a hexant block of lattice is defoJ:"med in the 
procesaing of eettina. 

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

This approach_ .;,s _ c•:m:v.:enient for global setting, but much complex 
for alignm.ent and. 0 :me_asureaent. To sat.isf:r local and llobal 
ali1n111ent require111ent, 11trai1htness 111oni tor( for local ali&Dlllent ) , 
laser aJ.ignm.ent( for global alignment ) and an instru111ent of 
parallelism-perpendicularity meaaurement(for parallelism between 
la;rers) should be used sequentially. 

A lilht source(laser for exBlllple) should be set at IP for both 
of approaches, 5 p.rad of rotor accurac;y can be achieved if the 
technique and._,ina~ruments of our Department are adopted • 

.. · 

3 
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BACKGROUND 

PRECISION INSTRUMENTS DEPARTMENT, 
TSINGHUA UNIVERSITY. 

~lU~~UOUOOt~ O/iU 

The Larfe scale dimension measurements have been researched for 
ten year$. in our department. In the period We accepted financial 

- . --- - - -----·----·-·· 
aupport of 1 million VSD .from tlNDP and achieved many succeaaful 
results. The maJor achievements are as follows: 

l) CCD laser alifnment technique. 
2) Optical alignment system baaed on optice.l &ctivity. 
3) LED optical e.li1zaaent system. 
4) The instrument for meaau;i:-ing parallelism and 

perpendiculari"ty in lar1e dimension. 
5) Quartz crystal tuned Be-Ne dual frequency laaer for lon11 

distance aeaaurement. 
6) Equipment ·for meaaurinllcoax1alit7 of holes at long distance 

apart (30M), 

7) Equipment for ~eaa~rina the flatness of Joint surface of 

turbine machine. ' 
8) Roundness and c:rlindrici ty in-ai tu measuring •T•tem for l&rle 

shafts. 
9)"In-aitu equipment for .,.aaurin1 flatneaa of·l&rS:e mirror 

plat••· 
lO)Technique of absolute distance inteferometr:r with 3.39! dual 
.. wavelensth Re-Ne laser. 
ll)Reaearch in infrared digital inferfero•etric s:ratem for 

.•e-urins flatnea8 of larse plane. 
Moat of th•• have been applied to indua~r7. Item 1) - 4) 

ineluded will be very helpful for ali111met in SSC. 
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Two-dlmenslo~ Auto~tic Straightness lleasurement 
System B&Bed on Optical Activity 

~-: j 

Our research group has bean inYolYed with 111 alig11.111ent technique based 011 optical 
actirity since 1983. Within six years the important technique problems ( portable 
Fus.day rotator and driur, signal procusing, automatic readout method 111d circuits) 
were solved . Our prototype l111tr11111ent ia easy to operate , Cf.II be applied to 
uncontinuoua measuremeat, and can be uud in industrial 111rironme11t. lt1 accuracy ia 
equiulent to a dual-frequency interferometer, but the adjustment is mncli easier. · 

The optical system ls 1how11 In Flg. A Gian-Taylor prism with t•o outputs aerTed 
u the polar lier, causing the luer bum to split into two beams •ith 111 e1tinctio11 
ratio of lo•. A modulating and compe11sati11g Faraday cell was placed in optical path. 
Modulation was driven by 1 1in1 wave generator and amplifier 111 aeriea r11on111ce.The 
position-sensitive dnice (No. 7 l conaiata of three pairs of left-handed and right­
haaded quartz wedges. The pair in the middle is for x-direc\ion meaeuremeot.Two pairs 
of &idepieces are for the-y~dinc-rion Cu11ctio11. The light vibrations are rotated by 
different 1111ou11ts according· to the portion of th.e wedge through which they paued. 
Las1r beam& go through a l/' waYeplate and eat-eye 1yatem and then coma back in 
parallel through the •edge again. The sensitivity ia enhanced twice. When the wedge 
hu a lateral displacement .of 8, \he orientation of polar iution should be rotated 
by 111 aag 1 e: 

41s4Ataa08 
where A is the r.ctlrity coeffl~lent of quarti at about 18" /Dllll and 6 is wedga 111.gla 
U l • of arc. A.111l1ura 1No1.12 and 10 ue placed ortllog'onaily with a 'Polarli:er. 

Meuurlng range : 30 11 llesolutlua : 1 ll m J.ceuraey : 30 ll m/ 30m 

!le .. Optical 811tem 
1. bum expander 2. palarinr a. 1. 10. 11. ta.mirrors 4. Faraday cell 6. prism 
'/, quarh 'l'ldlll 8. 1/4 Wlnpl&tl 8. e&t•IJI 12. U. la.&lJU?I 15. 16. photoc11tector 

.. 
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LED Optical Alignment System 

Wurklng Prlnulple: 
Two ll1ht emitting diods &re respectirely drired with two square 

ware 1ig111l1 with pbaae dlrferenca 180 degrees and emit light beam 
altero.atlul7 • Altar reflection 011 a prism surface , the beam& rrom 
the two LEDs become two paru symmetr teal &bout the pr l sm and are 
emHed through the collimating le111 . The receinr co11Bieh of &he 
receirin1 lena ud t!u photoelectric cell. When &us of the receiri11g 
lens and the emitting le111 I collim1li11g Ina l become col11cide11t, 
light i11h111ity or ho beams from two LEDs I& 11111e 011 the receinr. 
Ii~b, as b 111 the diagram•. The i111Uumnt become allg11ed.W!u11 the 
recei.i11g h11s h up, I1>blFlg.1) 111d down l 1 <l~(Fig.c), 
alignmut dniatio11 i1-me11u-r-ed·b-7 comparing [ 1 and I~ . 

.Aceuncy: 1 O J.L m/ 1 Om · · -
lleaolution : 2 J.L m 

2 

r ··- ·-··-··-··· 1 . : . 4 

• 
I . . 
I 
• 
I 
• 

0. 

QnJIJguntlOD: 

7 

b c: 

Bmit Unit l.Llghi Emitting Diodes LEDl a11d LBD2 I.LEDs' Square 
Wave Drirera 3.Priam •.Collimating Lens 

leceir!Dg Unh 1.,Receirh11 ~1111 &.Photoelectric Celt" 7.Siga.&I 
D1J11odul1tor 

46 



1.1..1.-.1.v-u"-> ' J.•vu.i.~ 1 u&..W 11\.1J•,u .. w1 ~- •· 

.An Instrument for Measuring 
Paralleµ&m and Perpendiciilarity in Large Dimension 

' 

Y~.< , . 

A. This instrument is suitable to measurini parallelism and 
perpendicularity of some surfaces of larce worlqlieces or durini 
assembling large machines and equipment. Measurement range is ten to 
twenty meters.· Measurement accuracy is better than 4 x lO ·• L, here 
L is measurement distance. Measurement range of the detector is ten 
millimeters. Detector resolution·is one microns. 

B. Measurement Principle and Configuration 
A stable aliCnment laser beam is employed as a measurement datum 

line. The datum planes parallel or perpendicular to each other are 
established by turning a pentagonal prism. Comparing surfaces under 
test with the datum planes, flatness, parallelism and 
perpendicularity between surfaces are measured. Height deviation 
between every measuring point and corresponding point on the datum 
plane is directly measured with a CCO probe and processed by PC 
computer. Measurement data processing is simple and the instrument 
is easy to operate.-··-·The-····syateD1 is not only suitable to measuring 
large workpieces, but· 'also. :··t·o assembling and positioning lar1e 
machines, ships and buildings. 

--
• 

----
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E. Ables 

High Range Sensors at LLNL 
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estimated capacitance 

B=O 

eA c. =-
D 

A= L * r *(sin (8 )- sin (8 + 0.0175 )) 

D = d +(cos (8)- cos (8 + 0.0175 )) 

L = plate width ( 1 cm) 
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Questions m 
Can the noise jitter be reduced to < 1 O 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 

2.0" 

0.4" 

1 .. 
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quartz slide 

thickness: 0.0625 
Cr/Au traces 
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2-D Position Detector Readout Electronics w= 
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Multi-point Alignment Schemes 
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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 

"'1 
CJ'! 

- backup for failed PAS 
- data corroboration 

- global position monitor 

e 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 

e Control and/or compensation for air turbulence and laser pointing drift is 

()) 

N 

required 
- laser pointing correction demonstrated 
- low pass filtering is probably required 
- beam tubes may be required 

• Need overall alignment strategy which defines the specific application for 
laser technology 
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TO: 5104238086 NOV 26• 1992 s:S6PM P.02 
- l.-

ON A POSSIBILITY TO USE THE 36 KeV X-RAY BEAM 
FOR OHBCKS OF THE GLOBAL ALIGNMENT OF THE END-CUP CSOs 

A.Vorobyov 
Petersburg Institute of Nuclear Physics 

The 36 KeV X-ray beam offers a remarkable possibility to perform 
complete tests and calibration of the CSO superlayers to a 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 aource (G.Smith) 
using a small 080 filled with 90% Xe + lOff 002 at 1 to 4 atm pressure. 
The position resolution was measured as a function of the X-ray energy. 
Fig 1 shows the the results. One can see that the space 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 this distribution 
could be easily determined with 10 microns precision.Still more studies 
are· required to understand the background effects under real conditions. 

Meanwhile a. special X-ray 1'ube with a Pr-anticathode and with 
a crystal monochromat.or is under construction at PNPI (Fig 2).The first 
tube is expected for tests in Dec 92. The primary goa.l is to cohstruct 
a pilot X-ray station using a high precision moveable (0.5m ~ 0.6m) 
table for first tests of the CSO superlayers at PNPI (Fig 3). 
The next step will be construction of a full sime ·~up to four meters) 
X-ray station at SSOL using a high precision moveable table from LLNL. 

Now the question is 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 syetem when it is moved away from the central detector 
(Fig 4).Pl~cing the X-ray tube in front of the end cup one can calibrate 
the whole system to a high precision: 10 microns in the first .superlayer, 
20 microns in the last •uperlayer. Still we have here some problem• to 
solve: 

- The power of the X-tube should be con•iderably higher than in the 
X-ray table ta•t• especially because of essential absorbtion of the 
X-rays in the auperlayer. This can be. achieved in the new X-ray tube 
now under designing.Also it is planned to reduce strongly the absorbtion 
in the CSCs by decreasing the width of the 010 plates and by removing 
the most absorbtive element from the•• plates. 

- The expected divergency of the X-ray beam is 50 microrad. That mean• 
that the FWHM of the beam will be 100 microns in the first superla.yeri 
200 microns in the second, 400 microns in the third •uperla.yer. The goa 
is to determine the center-of-gravity of the beam with 10 to 20 microns 
precision.That requires the knowledge of the beam shape to a good enough 
accuracy. The beam shape ca.n be measured precisely but the queation i• 
how stable will be this ahape during the calibrations. This •hould be 
investigated. 

- When the end cup is in its permanent position, atill it is possible 
to aend the X-ray beam from behind (Fig 5).Though might be some·probleme 
with some dead zone• due to mechanical •tructures of the end cup aupport. 
An interesting question 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· conaidered for the a.lignment 
procedure in the muon system. This possibility wa• analised in details 
in a recent GBM note by A.Ostapchulc and V.Schegelsky. 
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In conclusion,the 36 
of the alignment of 
relyability of the high 
in the muon system. 

ro: 5104238086 NOU 25, 1992 a:S?PM P.03 

KeV X-ray beam might provide a very use£ul check 
the CSOs in the end cups tbus increasing the 
resolution measurements of the muon traject.ories 
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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 OF 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 = 120cm 

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: 

O"int ~ 100µ 

WE OBTAINE THE REQUIREMENT FOR 0:div: 

O:div < 50mkrad. (1) 

MONTE CARLO CALCULATIONS SHOW THAT FOR THIS LAY­

OUT THE REQUIREMENT FOR X-RAY DIRECTION ACCURACY 

G(); 

u9 < 5mrad. (2) 

THE REQUIREMENT FOR THE ACCURACY aq,: 

u q, < 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 0STAPCHUK 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); 

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

•chamber torsion (chambers are bent); 

•chamber gravitational sag (chambers are loaded); 

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

• 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 SOmkrad, 
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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U-AVLIS Alignment, Control Systems 
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Photo-Lateral Diode & Diode Signal Conditioning ll!!2 

Light 
Input 

Photo:- Lateral Diode 

Diode Signal 
Conditioning 

H .., X-Y Position 

H .., Low Light Level 

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

• Filtering of the pulsed light signal from the Dye Lasers Is required 
f..-

~ • Control the skew of the data from the diode signal lines .. 
' 

• Incorporate the response of the diode and signal conditioning 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 diode data for maintenance, 
vibration monitoring and calibration aids , 

,.'/. 

, . ./ 
HBW ·f'Clttlr~ller-4 

·h1L.•ll11'tenon 
. :WMi~ 
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Module optics high bandwidth alignment loop (6 11 LLNL mount) ~ 

power spectrum for short axis 

o--~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Beam alignment system-performance m 

\ 
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.. ... : . /•. ~ ,f;.:Y· 'i •.• .; · \..... 
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'r·· 
·~·~ . fi: 

• Pointing sensitivity calibration 

• Pointing control for a three-pixel deadband 

• Centering sensitivity calibration 

• Centering control for a three-pixel deadband 

• Control rete for a dual-video camera loop 

• ~l$tUrba.A«~~ r.ejection rate for diode loop (>10 dB) 

f:. NQm~~f.,tP."Qinting and centering loops deployed 
. . ' 

. • .N'Wmber- of operating hours to date 

. 1,1.t,QQf.iSO:J 
-"""" 

\ 

.. 

MARTIN MARIETTA 

0.8 µr/pixel 

2.4 µr 

0.2 mm/pixel 

0.6mm 

15 Hz 

200 Hz 
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1,000 h 
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'-:· .... , ...... 

'/)(._~: _. :;~C:: .;1 ~ 



~Interferometer ( self referencing Mach-Zehnder) ~ 

~ 
~ 
CJ'I 

ESB 030891·5 

spatial filter camera 
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Hartmann sensor measures local wavefront tilt fill 

i:C\A mnAQ1..t 

plane wavefront 1---f-----

lens 
array 

diverging wavefront 

detector 
plane 

spot displacement 
proportional to tilt 





• Prerun wavefront correction using deformable mirror 
guided by a Mach-Zehnder Interferometer Lill 

1. ee 

1.00 
NOV1 <4.LV .11. PHA ArT£R MR ADJ I ?2 ~1 

,_. ,_. 
00 

0.li!00£•00 
ia • li!00£ • eia 

Before correction 
Peak-valley 0.76 A. 
RMS 0.12 A. 
X curvature o.o A. 
Y curvature 0.31 A. 

o.1.2.0700.1882 
1111' 

0.000c+0e 

... 

0.00iat+e0 
Cl.000£+00 

After correction 
Peak-valley 0.28 A. 
RMS 0.05 A. 
X curvature 0.04 A. 
Y curvature -0.01 A. 

0.ee 



Multiple closed loops optically in series ~ 

~ 
~ 
C1' 

E =measured error 
- C = desired correction 

C = - (E - E ) n n n+1 

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

• Correct only 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. 

ESB 030891 ·35 



~ 
N 
0 

/ t><J'\. Launch Wall/ Module Optics Screen 1 
:'/ - . /, 

LDP_·1S : ... ·.1 Wavelrm. ···-1 lnlerleromeler T1L1 1234.56 T1R1 1234.56 

II --: 11111 -,lnpu1
1

P&C T1L2 1234.56 T1R2 1234.56 • ----- - • Ill "< T1L3 1234.56 T1R3 1234.56 

•- .. '\. / ».X"< . 
>J' .. '~ .... : ...... , ······-~"~---* / Module Optics ~I 

1SU 0.00 1SR1. 0.00 .:tz:Q--.··· ............... ,i ¥~# ~~ ¥ i----·.f< "< 
1SL2 0.00 1SR2 0.00 "- 2 : : Z / X 
1 SL3 0.00 1 SR3 0.00 .,, - - · l · ~ V .• 

~ I '" ., . "'---·-· . ~ = 0.00 y •1 ._ v~· . • 

Overlap P &_~ I From Los-/-1 y .· / 

x ~--1·--~z\: " II 
Ill 

II 
OulptA1P&C 

.. _ 

Ii:: . . . -')/: ~Y .• --·--·----·,."··0··-········-.···-···-·---·--------. ·- ··-- -- "- x . !:: ________________ ::::"='~-,_ 
·E: !l!Jt ! . ~~ ---.... - .... ---...;.,.,. ...... " ... ,,_,._ . ..,.., .. _..,_._._,.,,.<., ..... _,,.,._., •. ,,.,.,._«··--<.., ... __ .,., ..... ~ -·· . ~ 
:t. ·- ···-·-··-·•«•'"""'"''""'"""•"• ,,,.,,,,._;_.-~ __ :::::::'.:::::;;;;~•:%·=~··;;.i-

i& t:•.= . 
.... ......... ....._ •. , .. , ..•• •.''<·:·.<·"•',•,->;<A••;.,.,•,•.0:•",••,'•:•W.•,->:•"•"•"•':.'•\','• .... ••,C,,.•,•,•,,,.',•,•,•;•.•,•,;,"~,'·:.v.,._,,., ..... , . ....._,,._,.._, ·1 
~ - ' ' ......... ~ .................. ,.;.,~,,,.,.._. 

>X: ___ .... ----~ 
.. ---~ •. ,.,.,,~·-·"'714'""""'"'"'"""'-""""""''"'"¥·"''""'">"<· . 

Ill
·- >x ....... ~ 

~- . ·\. - •. _..,. 
~ --····· 

LWTel1 P&C 

-II 
\ 
I 



I-" 
N 
I-" 

:,;, 

30 ' • • • 

25 

'E 20. 
E -
gi 15 
'C 
GI .. 
c: a 

10 

5 

0 L-r---+-~~=---=~~ 28-Sep 18-0ec 23-0ec 10-Jan 4-Feb 

Date 

13-Feb 4-May 28-May 25-Sep 



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.0STAPCHUK AT MUON ENGI­

NEERING STATUS MEETING-M.I.T. JULY 13,1992 (GEM­

TN-92-134), AND DESCRIBED IN THE WORK BY MITSEL­

MAKHER G. AND 0STAPCHUK 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, WHICll 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. 

DISADVANTAGES: 

- necessity to have projective alignment pathc; 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 a < 30µ; 

- PROJECTIVE MONITOR "DEFOCUSING" < ±3mrad; 

126 
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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 a < 15mm; 

127 
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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 a < 30µ; 

128 
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- ON-LAYER MONITOR ACCURACY: 

MIDDLE SL CJ < 10 ,..__, 15µ; 

INNER AND OUTER SL CJ < 20 ,..__, 25µ; 

- PROJECTIVE MONITOR "DEFOCUSING" < ±l.5mrad; 

- PROJECTIVE MONITOR FOCUS SHIFT < ±15mm; 

- Z-COORDINATE MEASUREMENT ACCURACY (J < 15mm. 

129 
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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. 

130 
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Shirts, Rotations and Deformations of Muon Chambers as for Fig.14 

Non-Projectivity of Particle Trajectory: AX1p $ ±lcm; AZ1p :S ±5cm 
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J. Paradiso 

Interpolation Schemes for Alignment 
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Alignment Analysis 

----x 

y· (3) ~ll 

I 
(2) I 

(1) I 8 Z 

•MATLAB program completed to verify alignment scheme. 

• Assume six projective 3-point lines (cl> = O, +11.25°, O = 90°, 30°), and 
multlpolnt 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). 

, • Sagltta corrected through linear (z) quadratic (tan s) interpolation of 
' ' alignment data, as with Ostapchuk et. al.; corrections investigated. GEM 
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GEM 

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: 

- (... ... ) ... A 8 = r 12 x r 13 x r 13 

i 13 = Vector from source to receiver 
i 12 = Vector from source to lens 

m = ~. (z x f 13) ... 411---- Sagitta coordinate -q =Aa•(rr11xilxi11l 

~ 
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: 

~x = (x2 - x1) - (x3 - x1) (y2 -y1)/(y3 -y1) 
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Some Error Sources 

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

(3) 

Shilled by 4y 

/iy 
(2) _..,., 

• Correction for vertical displacement of 
middle chamber and uniform scaling of 
middle 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 



Chamber Z-Rotation 

14 
Sagilla vs. pu; .OS Rad. middle chamber rotation 

12 

10 

8 

I 6 

j 4 

~ ' I' I I 2 
~ 

\11.25°J I 0 N 
-2 
-IS -10 -S 0 s 10 15 

Phi (deg) 

Isl..,,. • 6y 1an + + lsl.o = Y2 (•n2• tan oc. + tan + ( l - cos oc.)) 

L. 

• Quadratic as seen by Gena et. al. 

GEM 
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GEM 

Some Higher-order schemes ... 

• 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: 

qi = (X1(2) + Si)/y2 

Add the measured 
sagitta into the fixture 

location when computing 
the (tan s) ordinate of the 

quadratic fit. 

Helps for '1y offsets 

q' = (y2 tan 0 + 1¢x)/y2 

~ = Aq' 2+- Bq + C 

Add half of the originally 
calculated sagitta into the 
sensor positions for the 

quadratic term 

Helps for z rotations 

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

•Baseline I 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: 

• 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 ali9nment measurements linearly interpolated across 
superlayer 1n 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 ta 
GEM 17 
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Example; "Random" deflection of chambers and layers 

3-Point Monitors 
~00'1 21 I 

4 r1up:u..-1; \.A' > 
I I 

>< v-I o I 3 

><" 2 

-2L-----~-- 1'----~-~-~--' 
-20 -10 0 10 20 -20 -10 0 10 20 

s.....,. Anglo (clog) Sen1« Anglo (clog) 

,. _ 1 1 nvp:u.wa ,,,._,.-I 1 -5 I a rn1p;u...-., l.N I I 

>- ~ j 2 
>-
j -6 

1~ ~'------->,,..__-' 
-20 -10 0 10 20 -20 -10 0 10 20 

5.....,. Anglo (clog) Senior Anglo (clog) 

Uneuuec:tcd Sagiaa Net eon.c11o11 

l~l~ 
Tbela Theta 

I :r, ~ I -sl ''?::;:Y __ _ 
-10'--~-~---' 

S Unconec:tcd I __ ___.---
J 0 -:_~_/ 

_5;'------------' 
20 40 60 80 100 -20 -10 0 10 20 

Tbela(q) Phi (clog.) 

Multipoint Monitors 

10, SWAT Sy•cm 
I 

I SL .. 
- e 8 qD 

>< 0 ••••• 8R aH • • 
-S'----~-------' 

0 S 10 IS 20 

Sensor Site # 

10 Nested Moniton 

e s .• 
! • ct• 
)< 0 ••••• ee0 

0 a -

• • 
-S'----~-------' 

0 S 10 IS 20 
Sensor Site# 

Conectcd Sagiua 

if 

Theta 

Comctcd I o.os 

J~~t~i 
20 40 60 80 100 

Theta (deg.) 

20, SWAT Sy•em 
I 

~ ~ 
0

0 0 .. a 0 •e ee+ +elln H ;>~ 
~ • 0 
>- •• .. 

-20'----~-~-----' 
0 S 10 IS 20 

Sensor Site # 

20 Nested Monitors 

~ ~ o. . .. n 0 • e ••+ .,..~Q H ~~ 
~ .. 
>- •• 

:e ... 

I 

•• 
-20'----~-------' 

0 S 10 IS 20 

Sensor Site# 

Net Conection 

Theta 

S x!0-3 eon.ctcd 

!! 0 
"i 

~~' ~ ~ 
"' -S '----~-~-~_____J 

-20 -10 0 10 20 
Phi (clog.) 

Uncorrected muon sagitta Corrected muon sagitta 
Worst-case 20 µm reconstruction error from z-interpo/ation (initial positioning < 20 mm) GEM 
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Example; Rotate all superlayers 
3-Point Monitors 

-5.5 nvp:un: I .llr I 
I I ,, ~· I 5.5 

I( 5 ! ~; 
• 

4.5 '---------' 
-20 -10 0 10 20 

-7 L--J 
-20 -10 0 10 20 

S-Anlle(cles) - Anlle (deg) 

2, Plojocli,!c!90') I 
4 l'lojocli,!c (30") 

I -a I 

I o / I 2 

>- 0 >-
-2 -2t'-------
-20 -10 0 10 20 -20 -10 0 10 20 

S-An.ie (cles) S-An.ie (cles) 

Uncom>cledSosJlla Net Comctlon 

ii! 

"" 
ii! 

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

Theta Theta 

10 Uncom>cled 

i 
10 UllCOll'CCIOd 

------· 
j 0 

-10'-~---~--' 
~ 

I j 0 
------

-101'-------~ 
20 40 60 IO JOO -20 -10 0 10 20 

Theta (cloa.) ftd(dq.) 

Uncorrected muon sagitta 

•Rotate outer SL by 1 mr (y), middle SL 
by 5 mr (z), inner SL by 1 mr (x) 

• Projective monitors all within 7 mm (no 
multipoint; individual chambers 
unmoved) 

• Sagitta residual drops from max. of 7 
mm (before correction) to max of 15 
µm (after correction) 

Corrected Sagitta Net Correction 

if if 

Theta Theta 

Corrected 

o~ 1 ~-----j -0.01 

-0.0220 

0 Corrected 

! 
!! -0.01 

J 
-0.02-----~ 

40 60 80 100 -20 -10 0 

~ 

~· 
10 20 

Theta (deg.) Phi (deg.) 

Corrected muon sagitta 



Example; Displace projective lines 
No offset; Projective case IP offset by 5 cm in x 

Ccnecllld Saglaa Net CcnecOOa 
Comoc:ted Sogina Net C<neclion 

"' 
i! if ii! ii! 

"' 
Theta Theta Thola Thola 

v ,..... 0 Comctal 0 O'l Comctal 0 O'l Comcted 

1: 7<== 1: ~. f:t~l bt ~ l 
~ 20 40 60 ID 100 -20 -10 0 10 20 20 40 60 80 100 -20 -to o 10 20 

~ Theta~ Phi~ ~~ ~~ 

emr--&-.... 

Comctal Sagiaa Net Comclion Conected Saglna Net Conection 

i! i! 

"' 
ii! ~ ~ ii! ............. 

Theta Theta Thcla Thcla 

GEM 

I~ -=_ I 1: 2: 1:f ;2 l 
-01 ~ ~ 

40 flU 80 100 . -20 -10 0 10 20 20 40 60 80 100 -20 -10 0 10 20 

Theta <c1cg.> Phi <de&-> Bunch Thc1a cc1ea.> Phi <c1e&-> 

IP offset by 5 cm in y smear? --.. IP offset by 5 cm in z 
Same superlayer rotations as previous case; residuals degrade w. projective loss 

i 01 Comctal i.., :;__ " I 
-0.120;J40---;:;-~ I 
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Some Analysis Conclusions ... 

·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 µm) 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 .... (I.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. 
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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!!! 

e Using background muons may provide vertex location during operation 
but supportive calculations have not been performed 

~ 
c:.n 
~ 

- accuracy is unknown 

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

• Global alignment placement requirements may be relieved by 
reprogrammable triggering software 

· - not yet determined to be feasible 
-

.; 
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mean position of the composite chambers (the chambers themselves are allowed to have a 
50 µm alignment scatter (in <!>), provided that the superlayer reference is taken at the 

mean). 

Local Alignment (between super/ayers) 

l'v( 15'1\-S 01/l. 6: "'\ IS AJ.., Muon Barrel 
Ptccu~y "), 

Bending Coordinate(<!>): 25 µm 

Radial Coordinate (r): 60 Llm 

Beamline Coordinate (z'· 1 mR"I 

Pi..~eMcNT 

:::l(_S-~ 

t 
Muon Endcaps 

Bending Coordinate (<!>): 25 µm 

Radial Coordinate (r)~ 1 mm 

Beamline Coordinate (z): 125 um 

·'.J.r.. !>~ 

~ 

Global Alignment (to IP) 

P'-"I~"'"''"".. M G"'ISDAGH SllT t I AccuR~cy 

<1>: 5 mm (200 µm goal) 

r: 10 mm 

z: 5 mm 

<1>: 5 mm (200 µm goal) 

r: 4 mm 

z: 10 mm 

AL-\C..J..JMGA.IT P.,i:;9viAG:.Mi;;Ni S .Mt·~ I' BS l'\S C'Vl'\-L"-';<\-f-510 
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Figure l: Barrel Requirements Definition; r0 
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Figure 2: Barrel Requirements Definition; rep 
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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 µml4) can be made with simple 

mechanical techniques, as suggested for determining the radial chamber spacing in the 

l.n~•·4 l ~~ ..,;th nnt;,.,.1 r~noP. mP.~snrin~ svstems (again. since the alignment lines are 



Global placement measurement concepts ill! 

~ Internal approach 
·~ (end view) 

R offset 

Laser beam 

,emitransparent photosensors 

.,, .~ Photosensor 

,_. Calorimeter 

racker 

Requirement 

uperlayers 

Muon sector placement 

External approach 
{side view) 

Ma a net 

Forward field shaper Fiducials 

~~~~ = 
Ci:SI cs::::::sl i:::s:::::::o ~ 

Beam position monitor 

Beamline Alignment scope 



Global placement - in experiment hall 

~ 
CJ1 
-.J 

Sector 

P tvot po Int 

Global placement Is provided by two 
adjustments on each sector 

Angular 
adjustment 

adjust ab I I tty + 
Bigwheel 

Global placement 1s achieved primarily by 
B1gwheel 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) 

e Design 

~ 
CJ1 
~ 

- develop plan for verifying global alignment during installation 
-- in surface facility 
-- in magnet 

- conceptualize hardware for real time global alignment monitoring (backup 
plan) 

- coordinate plans with Geodesy group 
- develop design for global adjustment mechanisms 

• Test and development 
- contingent upon results of analysis and design 
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BACKGROUND MUONS FOR ALIGNMENT 

G.Mitaelmakher, A.Ostapchuk 

November 18, 1992 

1 Single muon events for alignment 

MAIN PROCESSES PRODUCING SINGLE MUON ARE: 

pp -+ bb, cc + x; 
pp-+ w± + X; 

pp-+Zo+X; 

pp-+tt+X; 

pp-+µ+µ-+ X (Drell Yan). 

THE SINGLE MUON RATE RI' DEPENDS ON THE YT-THRESHOLD 

AND FOR A LUMINOSITY L = 1a33cm-2s-1 IT IS APPROXI­

MATELY EQUAL TO: 

AND 

~,...., 103H: p17. > 20GeV/c; 

R" ,...., 102 H : p17. > 50Ge V / c; 

R",...., lOHz: p17. > lOOGeV/c; 

POSSIBLE WAYS TO USE SINGLE MUONS FOR GEM· GLOBAL 
ALIGNMENT: · · .. ·· ·. · ···· · . ;;~;~:·: 

Hwt1:7et ~:H.e"''1.st /CO~ i°"~etlfZ ,",, ·~···· .. 
4& ,.,2~r1tlf1 ~.,.wu,~2"""' ;t-J()()~'~z WI. 



• TO SEW TRACK IN MUON SYSTEM TOGETHER WITH TRACK 

IN CENTRAL TRACKER; 

• TO STUDY THE SIMMETRY OF ANGLE DISTRIBUTION FOR 

EVERY TOWER. 

2 Di-muon events for alignment 

MAIN PROCESSES PRODUCING DI-MUON EVENTS ARE: 

PP ---4 zo + X; 

pp ---4 bb, cc+ X, including Jj'IJJ, Y; 

pp---4 µ+µ- +X (Drell Yan); 

pp ---4 tt + x. 
THE DI-MUON RATE Rµµ FOR THE SAME LUMINOSITY IS 

ESSENTIALLY GIVEN BY Z-DECAYS: 

Rµµ,....., SEVERAL Hz FOR Pt> 20GeV/c. 

DI-MUON EVENTS COULD BE USED FOR DIFFERENT TOWER 

OF MUON SYSTEM RELATIVE ALIGNMENT. 

162 
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zo-+ µ+µ-DECAY FOR GEM GLOBAL 
ALIGNMENT 

G.Mitselmakher, A.Ostapchuk 

November 18, 1992 

1 zo ---> µ+ µ- decay as a tool for detector calibration 

THIS IS THE UNIQUE PROCESS: 

•WELL MEASURED VALUES OF Z-BOSON MASS AND WIDTH: 

mz = 91.173 ± 0.020GeV 

AND 

rz = 2.487 ± O.OlOGeV; 

• LARGE BRANCHING RATIO FOR TWO MUONS MODE: 

Br(µ+µ-) = (3.34 ± 0.04)3 

• HIGH PRODUCTION CROSS SECTION AT SSC ENERGY: 

So, THE RATE OF z0 -+ µ+ µ- EVENTS WILL BE 1-2 Hz, 

AND IN 107S (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: 

• PT - TRANSVERSE MOMENTUM OF PARTICLE; 

• c/J - POLAR ANGLE; 

• () - AZIMUTHAL ANGLE; 

WE HAVE TO EXPRESS THE VALUE OF DI-MUON MASS IN 

TERMS OF THESE PARAMETERS: 

WHERE 

AND 

,6.A. = ¢1 - ¢2 
'f' 2 ' 

b.l} = 81 - 82 ' 
2 

8 = 81 + 82. 
2 

POLAR AND AZIMUTHAL ANGLES ENTER IN THIS EXPRES-

SION BY DIFFERENT WAYS,BECAUSE TOTAL MOMENTUM DE· 

PENDS ONLY ON AZIMUTHAL ANGLE: 

PT 
Ptot = . 

8
. 

sin 
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FACTORS AFFECTING DI-MUON MASS RESOLUTION ARE: 

• TRANSVERS MOMENTUM RESOLUTION; 

•MULTIPLE SCATTERING IN THE CALORIMETER; 

• INTRINSIC </> AND () RESOLUTION OF THE MUON SYSTEM; 

• GLOBAL MISALIGNMENT OF THE MUON SYSTEM. 

TRANSVERSE MOMENTUM RESOLUTION DOMINATES OVER 

MULTIPLE SCATTERING AND INTRINSIC ANGLE RESOLUTION 

OF THE MUON SYSTEM. 

165 
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3 zo---+ µ+µ- 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: 

• ALIGNMENT OF MUON TOWER RELATIVE TO GEM GLOBAL 

FRAME; 

• ALIGNMENT OF MUON TOWER RELATIVE TO THE REST 

OF GEM MUON SYSTEM; 

• ALIGNMENT OF MUON TOWER RELATIVE TO OTHER MUON 

TOWER. 

166 
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