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GEM Muon Engineering Status
Meeting - SSCL

April 15, 1993

Abstract:

Agenda, attendees, and presentations of the GEM Muon Engineering
Status Meeting held at the SSC Laboratory on April 15, 1993.



Date: Fri, ¢ Apr 1993 15:00:33 -0500 (CDT)
From: MARX@SSCVX1.SSC.GOV (MICHAEL MARX BACK AT THE SSC
AGAIN 214 708 6188)
Message-Id: <930409150033.2022f8¢c4@SSCVX1.8SC.GOV>
?gbject: MUON ENGINEERING STATUS REVIEW AT SSCL THURSDAY APRIL
To: WUEST@EDSEQL.lnl.gov, neuromancer@draper.com,
lau@uhibpd.phys.uh.edu,
horvath@ill.llnl.gov, belser@]lILlInl.gov, nimblett@draper.com,
hbaker@draper.com
X-Vmsmail-To: @ENG.LST

AGENDA FOR ENGINEERING REVIEW (PRE PAC)
THURSDAY APRIL 15 SSCL
9AM ROOM TO BE FIXED (DURDEN)

We will hold a one day review of the ENGINEERING status of the muon system. The

meeting will be in 2 parts; the morning will be spent on presentations of the

status and requirements which drive the current design; the afternoon will

examine what work needs to be done to defend the CURRENT design, and

discussions of possible means of improvements. We will then attempt to

prioritize the efforts and distribute the load. All speakers in the morning

should give a crisp presentation of the design status, indicating where

possible the driving constraints, and also discuss the areas where the design

is weak and needS further work. Minimal attention should be paid to historical

perspectives and philosophical issues. This review should serve as a practice

for the May PAC presentations. All those who attend should be critical in order

10 expose our weaknesses in a friendly environment.

Please make sure that all key people from your institution attend. I do not

have a complete list of email addresses so I rely on you to pass the word.

Attendance at this meeting is intended for all key engineering staff, and a

limited number of cognizant physicists who can provide guidance for the design.
In the agenda I list the major topics and some issues that come to

mind. This is not an exclusive list, rely on your judgement in selection of

material

1 INTRO...M MARX/ C. WUEST

2 CHAMBER DESIGN STATUS.... Y.KIRYUSHIN/C JOHNSON
Include design details, manufacturing constraints, assembly constraints
Tolerances on manufacture

3 CHAMBER SUPPORT REQUIREMENTS..... JHORVATH
Chamber rigidity and possible support/stiffening schemes

4 ALIGNMENT REQUIREMENTS... PARADISO/MITSELMAKHER
Requirements on system design from alignment

Paths,tolerances(chamber and positioning),thermal....

5 SUPPORT STRUCTURE.... NIMBLETT

6 INTERFACES..... NIMBLETT

7 ASSEMBLY/COMMISSIONING.... NIMBLETT

8 SERVICES.... JOHNSON
Requirements on system from service routing,connections,access...

9 REVIEW OF MAJOR ISSUES/DESIGN DEFICITS

10 DISCUSSION...ACTION ITEMS....RESPONSIBILITIES
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Figure 4.1a: Overview of GEM Muon Sytem (quadrant slevation view)
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Figure 4.3.x.y: Barrel Module Section
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Figure 4.3.3.5; Truss Joint Detail
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Figure 4.5.1: Muon Support Structure Detail

Figure 4.5.1: Muon Support Structure Detail
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Figure 4.1.x.y: Endcap Assembly
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T. Lee/M. Furey
C.S. Draper Lab
4/14/93

Muon Detector Structures
- An Evaluation
1. CDS Support Ring

Gross Weight = 15200 lb
Maximum deflection of the ring alone, under static 1 G loading. The ring is
constrained at its base in two (2) locations.

Load Dir. X ¥ Z
X 0.110" 0.024" 0.078"
0.006 0.013 0.016
z 0.039 0.068 10.983

Advarioges

* Assembly aid during barrel module insertion with other barrel modules
* Convenient method for attaching barrel assembly to magnet rail/legs

* Alignment fixture for locating the barrel module to adjacent modules

e e i e B

¢ ring design is in repeatmg 12th th segments for ease of agsembly.
S TR A B TS ST L e e I

Concerns
T TR

..#_0 Eccentric Ioadmg conditions during barrel module assembly may cause
dngfability, in the CDS support ring. Lateral bracin ) r -u-lr@ to

minimize excessive out of plane bending.

* slim width of ring (12 inch at OD) make it very susceptible to out of plane
bending and possible buckling.

The CDS suE%ort ring should be restrained from 180°-240° during the barrel

module assembly phase

CDS support ring should be aitached.to cach baprel module at,&mﬁg- The
connections along the ring OD minimize bending moment to the ring. The -
other connections are rigid ones. .

* system requirement for lateral restraint of the muon detector system at the CDS
erl.

Need to cut back on some chambers to allow for lateral restraint hardware
2. FFS Support Ring
Advantages
* Overall structure of trusses with various size tubes

* Current ring width is 39.4" (1 m). Results of the design analysis are:

23



Gross Weight = 36500 Ib.
Maximum deflection of ring alone under static 1 G loading. The ring is
constrained at its base across its width in two (2) locations.

Load Dir. X ¥ Z
X 0.526" 0.149" 0.017"
y 0.041 0.074 0.009
z 0.096 0.329 12.982

* Increasing the ring width to 50" (1.27 m) increases the ring's lateral stiffness

Gross Weight = 37500 1b.
Maximum deflection of ring alone under static 1 G loading

L Dir. X y A
X 0.546" 0.155" 0.015"
y 0.042 0.076 0.006
z 0.095 0.287 8.382

* ring design is in repeating 12th segments for ease of assembly
Concerns — Fix&s !

e * sufficient lateral strength and stiffness to support barrel and end cap structures
during lateral loading such as random vibration

* ° minimize transfer of bending moments from the barrel and end cap structures
to the support ring

* need to laterally brace the support ring during barrel module insertion to
prevent it from tipping.

3. End Cap Structure

Gross Weight = 71900 Ib.
= 32265 Ib (chamber) + 39635 Ib (structure)

The structures were evaluated for overall stiffness and possible buckling
conditions under static 1 G loads. The wheel structures were held at four (4
points_along the wheel OD. The safety factor in the table is an evaluation of
critical buckling loads for all truss elements using Euler's equation for simply
supported axial members. The analysis results are presented below:

Load Max. x Max. y Max. z Safety
Wheel 1 X 0.095" 0.004" 0477" 36
RN T ¢~ '
y 0.004 0.095 0.477. 36
z 0.015 0.015 0.668 25
Wheel 2 X 0.085" 0.021" 0.149" 3

24



y 0.021 0.085 0.149 3

z 0.089 0.089 0.397 3
Wheel 3. X 0.132" 0.075" 0.088" 4
y 0.075 0.132 0.088 4

z 0.177 0.177 3.905 @

Support Ring 2 y 0.058" 0.143" 0.103" ©)

and Wheel 3

Advantages

* Monolithic Structure with multiple constraints
Three wheels to hold chamber groups 1-6

Two support rings to add stiffness to the structure

=¥+ Multiple wheel concept allows for simplified chamber insertion
%+ Merging two chambers allows simplified chamber mounting to the structure M# /<3 :
% Greater design flexibility.

Modify wheel designs for better accessibility -
Modify support ring designs for greater stiffness

* Individual wheel and support ring designs are in repeating 12th segments for
ease of assembly

Concerns

#

* Jow lateral stiffness, in z direction of wheel 3. Concerns over low safety factor
“In this loading condition. _—

Need to minimize movement of wheel 3 during assemblz by bringing other
structures to 1t

#-Can improve lateral stiffness by

1. incregsing size of tubes from 3°_to 5" about the wheg! “Q and back
outboard face (clocest to FFS support fag)
2. Use shorter tube Jengths on current design in the same areas

# Increased design complexity to increase design envelop for barrel structure
$ Need improved acce551b111tx to chamber mountmg areas.sEeaﬁcallr on wheel;1
and,2., Current design has some bracing on wheel outboard faces that may De

temporarily removed during assembly. Alternanve is to redesign wheel
structures.

4. Barrel Assembly Structure




Gross Weight = 24000 1b. for single barrel module
Maximum deflection of barrel module alone under static 1 G loading. The
module is constrained along its OD in four (4) locations to simulate handling

loads - Bamniin Mioyrz
Load Dir.'—"‘MMax. Deflection afety Factor (Bucklin
y o126 2
v ‘O_l_}_'/_'_ 15

p——

_Advantages | { STV T 0z )T

* Modular design based on 12th segments to form a ring assembly.
-}_!r-. ytmﬁw o H%'M 3577 16}}5@? N IVTE Mgdy:,s;g y
* Rough alignment of chambers at module stage

* Increased design envelop about interface to end cap structure (Mors JM‘-":/ OFTN.

Increased structure increases overall bending stiffness of the design for 1G
vertical loading

¢ Internal ring design near CDS support ring {Cres&2 77240 .fa"l?ﬁ"”‘?}
* Additional ring to attach end cap structure to barre! assembly
3+ Simplified module assembly procedures

Axial insertion of modules through FES support ring to CDS support ring
Concerns
]

* *0 current positioning of detector chambers

forges large number of ioif\ts and
fruss interconnections to those joints. Truss esign
oS A ey

is comprex.
* 1. need to simplify and optimize structure design
* 2. merge chambers

* lack of space at middle chamber layer for joining the upper and lower module
sections. Now using 1" Al plate to connect the two sections. This is less
efficient than using truss elements, but there is not enough space for larger

structural elements. (TRAQE =~0FK ¢u 77+ 20 UV/SPASE
* limited accessibility through structure
A S

26

-



T. Lee
C. S. Draper Lab
4/14/93

End Cap Assembly Procedures
1. The end cap assembly contains five (5) major Eibqssemt_:l_ie_
* wheel 1 contains the 1/2 chamber group

* wheel 2 contains the 3/4 chamber group
* wheel 3 contains the 5/6 chamber group
* support ring 1 connects wheel 1 and 2
* support ring 2 connects wheel 2 and 3

2. The truss structure for the two support rings are assembled on the ground in the
fat, -

3. Three scaffold fixtures are grected to assemble and hold the truss structure for each '
Jwheel, The wheel's center axis is aligned horizontal with the ground.

* The scaffold restrains the outer diameter of each ring for a minimum of 180°

4. Chamber Mounting (M ANE B2 sELSE !

¢ With the aid of an elevated platform and a flexible gantry arm, the chambers
are oriented and brought to the wheel.

* The chambers, are brought laterally through the outboard faces and are
mounted onto the wheel center spoke.

- On wheels 2 and 3, there is no bracing on the wheels' inboard and outboard
ol 7 4 . - e . e s
E f_a_ces to interfere with this chamber mounting.

Wheel 1 the inner 1B/2B chambers may be inserted radially through the wheel
— T i :
outer diameter. An alternative is to temporarily remove a cross brace on its
outboard face, laterally insert the chamber. The chamber is mounted onto the
wheel and the cross brace is reattached.

5. Assembly of support ring 2 to wheel 3
* The support ring 2 is hoisted from the flat into a vertical 90° orientation.

Using a hoist, raise one end of the support ring off the floor and onto a
standoff. The standoff is secured to the floor.

The other end of the ring (180° away) is secured to an overhead crane using
chains. The ring is raised to its vertical position.
* The support ring 2 is transported.to the wheel 3 by the gverhead crane

* a_gtandoff.is placed near the wheel 3 scaffold, The sypport ring 2 is brought to

rest on the standoff. Eight (8) initial attachments are made along the OD at
their interface. '_A%Iqsrffﬁgé“ grrsirs !

The chains to the overhead crane are released. The remaining attachments
along the OD and ID interface are made.

1 4/14/93
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6. Assembly of support ring 1 to wheel 1
* Repeat procedure from step 5.
7. Assembly of major subassemblies

* the support ring 1 and wheel 1 assembly is brought to wheel 2 2 scaffold f1xture
e i
using the overhead crane

* a standoff is placed near the wheel 2 scaffold. The support ring 1 and wheel 1

assembly is brought to rest on the standoff. Eight (8) initial attachments are
made along the OD at their interface. - FOTVSTHPLE Srrss,”’

The rhains to the overhead crane are released. The remaining attachments
atong the OD and ID interface are made.

* Two additional attachments of support ring 1 to the scaffold
- (These attachments are part of the chamber aligrucent procedure)

*» the wheel 1, support ring 1, and wheel 2 assembiy and its ccaffold assembly
fixture is brought over to the wheel 3 and support ring 2 assembly. Again
attachments are made along the ID and OD of their interface

8. Initial Chamber Alignmént

% The existing scaffold fixtures are used to simulate the primary suEEort of t-...
completed end cap structure. s

The end cap structure is held at four points,
2ot 2 support ring 1 OD T
2 on wheel 3 OD
*The chambers are roughlv aligned.

2 4/14/93
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Figure 4.5.4: Initial Module Assembled Between
End Support Rings

Figure 4.5.4: Initial Module Assembled
Between End Support Rings



Figure 4.5.3: Initial Module Assembly Into Barrel Monolith

N. : Il

Figure 4.5.3: Initial Module Assembly
Into Barrel Monolith

38



i v m— p— — — — AN i —— —

Figure 4.5.5: Barrel Monolith Installation Into Magnet

J ——

Figure 4.5.5: Barrel Monolith Installation
Into Magnet
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Figure 4,5.2: Module Installation Fixture

E

Figure 4.5.2: Module Installation Fixture
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| Figure 4.3.3.9b: FFS Ring to Magnet Interface
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Figure 4.3.3.8b: CDS to Magnet Interface

Figure 4,3.3.8b: CDS to Magnet Interface
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Figure 4.3.3.8a: CDS to Module Interface
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Figure 4.3.3.8a: CDS to Module Interface
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Figure 4.3.3.9a: Module to FFS Ring Interface

Figure 4.3.3.9a: Module to FFS Ring Interface



gem

Presentation by:
Coleman Johnson

Chamber Design



ol -— ot — PHZ?- |
Ty, ' D)) =
. L =
e 7 2=
o= & %M/@ V/////M// il
///////////%x ______________________ __/'.’ /W / ___________ 4_%
> V7. 77777] 77777 f 'f _________ 2
v 7 00 o
12NN « i \\\\\\\\\\\\\\;. .
SECT!OI'\J A-A
{ ALONG WIRES) OUIER Yo | R
m':n 5.0 | 40 | 25
PRECISE STRIP READOUT
H=20 mm
.GOLUTVIN
Y.KIRYUSHIN
03/03/1993



Cooling Water

Anode Wire
Readou+t

To Trigger / DAQ

Signal Fiber Optic

A XA

)

Mother Board

LV Cable
/Aome /ﬂouA//‘rJ/an_"o l/

- ff
.:f/f/

In / Distributor

wy ]
i~y

Cdfhode
Electronics

MITILT

Cooling Water
Ih'e'[‘

45

EMS
ijg




_oquby)

lllllllll

e PR |
~ -

Jaqupy)

_Jequby)

SUOISUBUII(] ©S|00_d

95



o6



LS

SIGNAL FIBER OPTIC

CATHODE LV IN TO TRIGGER / DAQ
ELECTRONICS ‘ \

. HvV
IN 7 DISTRIBUTOR

. ANODE WIRE ING/A?)UT
COOLING WATER READOUT
IN / OUT
ENDCAP MODULE
EMKL = oan A8, THe e”cfcql_,

iJs

4 -S2

- anSS,l'(?s




Readout

Anode Wire

Cables
to Mother Board

Cathode
Electronics

- an 39. fgs

EMS - an3¥. TR )50
S

J

58







/
/ &
. - J
74 v g N AT N i
, - > - 7
. / .f.-
7

/,
/ F
/,
/
Y/ i 7 —
’f _/
¥ LY
.-"';,l/‘ s ”
/ Y/
/ 7

o'




W%_ ‘s vo _ w;,%\
145 J QL 4E Mo — §7

SS-h

JAOHLYD di¥1S 2SI 40 SUVLAA
p_IDog 4O 48U.10) /

sd]i}s bu|4poj

sd|14S | NOpDaYy

auy

82Us 18438} |IPIONP] 4

/|
f [@[v]zaa07~"
. N /
._ —g v/

|y — e |

1 AL - . L
aa N TEI e do—-

——

S000°07 0008’

61



bs-t ge=)

_teppoH
8bD }|OA UBIH

QWOOABUOH
X3INON

awp 14 0)9

10410DdD)
Buiooig

A8 4| |dWDS 1y o&\\\
Soim epouy

m.%m_ ST LB — m%\
WYL 'SE MY ~ S 3
wyobap |

+81HN0 / U
sSD9

PIOJ|UDW SDY

-10,.08UU09)
J+NOPDaY

( dnoub ed gp - 02)







JNIHOS WALSIS SV

641



gem

Presentation by:
John Horvath

Chamber Support



April 14, 1993 TDOR Outline - J. Horvath

Chamber Support Requirements

Chambers are supported such that non-flatness w/t projective alignment fiducials meets
requirements defined in GEM TN-93-333, "Alignment Requirements for the GEM Muon System”,
A. Ostapchuk.

Chamber deflection prediction methods are detailed in GEM TN-93-350, "Cathode Strip Chamber
Deflection Calculations and Sensitivity Analyses”, J. Horvath,

Baseline-2 chamber description
« dimensions
outer superlayer chamber dimensions ‘
max. | = 3,500 mm, max. w = 1,330 mm, thickness = (200+32) mm
middle superlayer chamber dimensions
max. | = 2,655 mm, max. w = 1,079 mm, thickness = (188+32) mm
inner superlayer chamber dimensions
max. | = 3,500 mm, max. w = 771 mm, thickness = (170+32) mm
» designed primarily for physics performance
- external support interface locations are provided

Design status
+ baseline-2 chamber sizes as defined above are assumed
+ chambers are not paired
» no stiffeners added to baseline-2 ¢chambers
+ long-edge support at optimum locations via separate frames to reduce sag

Driving constraints

20C-micron limitation on gravity sag for projective alignment
stayout zones for projective alignment

space frame radial load path stayout zones

interface to current space frame structure must be at chamber ends
amount and nature of material in system

L] L] * L] .

Areas where weak
« currently requires carrier frame or chamber exoskeleton (lots of material)
+ paired chambers not pan of baseline-2 and not consistent wuth carrier drawing

. K. ﬁﬂwf Mﬁﬂm el &w— al S mdt
Ql’ g gvlzai /‘..G-‘}ﬂ“'x. f/ T
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April 14, 1993 TDR Qutline - J. Horvath

Chamber support options for achieving required flatness:

1. non-optimized baseline 2
unstiffened chamber is supported at optimum locations
carrier frame transfers load to space frame
gravitational sag is reduced to acceptable level

2. optimized space frame
unstifiened chamber is supported at optimal locations
space frame is modified to eliminate carrier frames
gravitational sag is reduced to acceptable level

3. record and subtract
unstiffened chamber is supported at ends
gravitational sag is recorded once upon instailation
gravitational sag effect is eliminated during data reduction

4, track and subtract
unstiffened chamber is supported at ends
gravitational sag is continucusly measured during use
gravitational sag effect is eliminated during data reduction

5. stiffen chamber
stiffened chamber is supported at ends
external cage or apparatus is attached directly to chamber
gravitational sag is reduced to acceptable level

68
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Requirements and Analysis

JAP

GEM

M Borrel T
po;’l?;;m:::c;:r::;y INote: Displacements relative to Inner layer |

+3mm e <L
.3 mra 25
s : miad Y2
“ 2 < i
&
s v

"

Muon Endcap Tower
Positioning Accuracy

Interaction Point

 Analyzed by Andrey Ostapchuck before departure
- Included many effects
- +1.5 mm tolerance on middle layer looks real tight!!
- Must extend (z Res, other contributions, more information!)
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Alignment Correction Function

JAP

Sagitta Errors Before Alignment Correction Sagitta Residual After Alignment Correction

£
mm

k4.0

2.0

0.0

85
80

P 0 g\z s 0 699)2
4%@@9 65 2 pn® )b% ‘o, “& 2 pnl
4 4
</E>=1.1mm <[E]>= 5.0 um

Correction function uses only monitor sagitta-axis measurements!

Analyze the alignment from the point-of-view of an optimal estimator; i.e. all
information (from x and y alignment coordinates, muon data, temperature monitors,
structural model) is fused together in the best fashion (i.e. something like a Kalman
filter) to deliver the sagitta error over a wide range of positioning error.

GEM

« |ncrease Range of correction (thus positioning)!
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Hardware; LED Option

« A cute idea.

» Modify electronics, mill out LED
diffuser, or make custom array
to get performance at long
range.

» Candidate for alignment test rig.

- One LED block already tested Quad
- Must look at resolution, - O Photodiode
calibration Array z ]

a) Multiple-LED Alignment System

Scan Across LED'S 2-5; LTP757HR
2->3 3-_>4 4->5

- Test for thermal sensitivity, etc. S e 1{"
over long path lengths o5 fi i
[t} ; —— L#
[ i I‘ segorenn LED #3
Plan to incorporate into GEM TN-93-331: " i1y ceeemene LED M
H ’l ——— ,
Paradiso, J., Goodwin, D., v / ) e
"Testing and Development o j
of Extended Range J -
Straightness Monitor Systems" 1 T 11
Quad Cell Translation (tim)
b) Test results for LED block w. 2.5 mm pitch
GEM
4
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LR R Y-

Light Source
(i.e. LED/field lens)

Lens

Photodetector
(Imaging Array)

A/

Projected Mask Image

- Very successful demonstrations; extremely promising

- Data taken with new bar code; must develop new parser and analyze!
 Tests now underway in CSDL Optics Lab to document and analyze:

- Degradation of image with lens diameter over 9 meter path

- Rotational effects of mask image
- Rotational effects of field lens
- Tolerance to defocus
- Thermal effects
+ Main topic of GEM TN-93-331, TBC...

- Accepted in 1993 Annecy Accelerator Conference

GEM
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m/ - Fixturing

JAP

DETECTOR ASSEMBLY LENS ASSEMBLY LIGHT SOURCE ASSEMBLY
(QUAD-CELL, PHOTOPOT, IMAGING ARRAY) (LED, LED BLOCK, OR ILLUMINATED MASK)

YA

NN\

YAV Al

» This picture is real old (i.e. sketches for TTR as of last summer), and is
really for LED/LENS/QUAD system.

- Essential idea is intact; optical element calibrated to fiducial edge.

» Must develop new (simple!!) fixtures for video array, mask assembly, LED
blocks, together with calibration procedure.

« Prototypes needed soon for Alignment Test Stand (ref. JP. Amory's work).

» Must also integrate with chamber design to devise viable scheme for
fiducializing to chamber layer (plus fit with minimal lever arm, impact).
GEM
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Xraytubes |
crysial

monochroirator

a) Schematic of single-crystal monoechromator

countsisec
000 -
25% Xe + 23% Ar 12.2 pm peak position
sool | +15% CF + 37% CO 2900 events
Motor-opersted
4001 high preclsion
movement
200
FWHM = 210 um
200
T o /
P P P e R A Pretbyabong,a,
820 425 630 B85 &40 845 880 BGE K60 865 O70 OTS
Channel #
b) X-Ray beam profile as measured with a CSC ¢} CSC scan calibration table

- Component tests, results at PNPI and relevant institutes (BNL,LLNL).

- Big X-ray head and procedures for calibrating 3 superlayers on
installation?

GEM -
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Barrel/Endcap Layouts

\

GEM

1 Local Aligrmant Monitors Nesled:

Barrel Module (A = 7.5%) = 4

=30° 4 Al t
Assetbly Secioe (a4 = 30%) = 96 Ad Allgnment Towers

Tower alignment paths Sector Isometric Fronvt/side superiayer views

A) Side view (rp) Net GEM Barrel= 2304 B) End view (r ¢) {5 projective plus (with projective slignment} (with radial alignment paths)

5 radisl coupling patire)

» There is a concept...
- Directly measures sagitta error (within projective scale factor)
- Lottsa red/orange flags:

- Effect of projective gaps on barrel acceptance

- Chambers ever smaller -> Too many alignment paths?

* Join chamber packages together?? (needs analysis)

- Need many different fixtures, angled in theta and phi

- Installation, survey.
- Endcap design could use some analysis
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Alternative Barrel Layouts

JAP

Precision
beaiing Wire

I X/¥ Distance Measurements o
Precision Source Lens Detector
Wire bearing

o
U

a
Detector
]

2 Axial Paths on each  /f 2 Axial Paths on each
side of superlayer side of superiayer
= [) (3

-

Lens

- 3 Proi. Paths
»*" 3 Profective Paths (9 = 90°)
o (8=307

6 Proj. Paths .
(0 J 40°) 3 Projective Paths

(6 = 30°)

Source

-,
o @
o

Source

Lol

¥ 4

a) Hybrid Axial/Projective Scheme b) All-Optical Axial/Projective Comprimise

 These can close the alignment gaps (amount saves depends on
deadspace at ends [overlap?]).

« Option (a) requires wire technology to be pursued (some work
done/proposed at CERN, LLNL, MIT).

- Step toward "sector alighment frame" approach that may save survey
effort, aid global alignment

« Option (b) uses current technology, but institutes another projective path.
\ Alignment precision tightened ~ 2x because of transfer between systems.

GEM Radically new ideas; i.e. do it all with X-rays??
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Alignment Test Stand

JAP

Yy

s 8817

45}_0 _/ 1243

b ARARARRAARRARARARAIINIL
’Irhl.v’/fle’\ /////// LA AN A NN NN NN NN LACACAC N RS

Mechanical Design and Fixturing

- Nice demonstration of technology.

- If chamber panels are realistic, it may even produce some useful data
» Much detailed work already finished by JP Amory

- Can not test multipoint, axial concepts easily

« This effort will probably require the dedication of most alignment staff.

GEM
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/ Global Alignment

JAP

\

[/ Ay (smafl measurement elffect) /.
Assumod [P ™

Locatien cemnd

S’
£
F

K3
D g
/'%
T~

O’Eﬂ'or :
Obm beaf
Actusi IP 5200 iy sh""’ﬂ

Location (MAM/

r¢ Plane

Spacepo.-nrs

« No complete concept for instrumenting this; do through muons.
- Very useful analysis completed by Andre Ostapchuk; results:

- Several hours of statistics @ standard luminosity needed for 200 um
vertex constraint.

* Systematics helped by opposite sign tracks; must investigate more.

- Use of muon information to verify the local alignment and widen the

GEM

local positioning requirements?
%
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Some Bullets

'FROM: Joseph Paradiso Jonph Paradiso (3!8/93) Howard Baker (3!3!93)
f 10 :Howard Baker
[=oH Julm Dowdle, David Goodwin

@ Reply to: Eltgnmenl Items to be pursued in nexl GEM cycle l

« Continue developing software to perform automated device scanning and calibration on the Macintosh,

+ Quantify the systematic error sources and magnitudes for the 3-point video straightness monitor (VSM)
system; much of this will be finished in March, but some things may continue in April.

» Investigate radiation & magnetic sensitivity of the candidate alignment sensors:
1) Bring them to the 1.5 Tesla MIT cyclotron magnet, and determine magnetic field effects.
2) Bring them to a source (i.e. Californium), and observe the background rate at 10**35
neutrons/cm**2-hz.

3) Bring them to a high-rate reactor/source facility, and see how they hold up under the total expected
SSC dose (10%*12 - 10**14 neutrons/cm**2),

» Design inexpensive, precision alignment fixtures to hold the components & mount to the chambers, and
determine an efficient calibration procedure

« Continue in the analysis effort; determine how to use the information in the non-sagitta readout
coordinate to extend the correction range, and refine the global alignment procedures.

+ If the Projective Alignment Simulation (PASS) setup is construcied at SSC, we will have to provide a
set of monitors and fixtures, plus participate extensively with SSC personnel in setting up the
hardware and interpreting/analyzing the results. This in itself will be a significant effort.

» Join the GEM engineering/programs community in developing strategies/schedules etc. for alignment
\ installation, producing refined cost estimates, supporting PAC meetings, etc.

GEM Alternative Schemes....
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Presentation by:
Fred Holdener

Alignment Test System



March 29, 1993
Fred R. Holdener
GEM-MIDPLATE

GEM (Gammas, Electrons, Muons) - MIDPLATE (Muon Image Detector
Projective Lens Alignment Trial Experiment
Goals of Experiment - In Order of Priority:

(1) To provide a 'test bed' for proposed projective alignment
hardware that allows for measurements of 'in-field' accuracies.

(2) To provide variable temperature conditions as would be seen in
the field

(3) To see the effects of air disturbances on the measurements of an
actual structure

(4) To test the cathode plate structural deflections due to expected
mechanical loadings (gravitational, vibrational, assemble, etc....)

(5) To test impacts of various alignment schemes on the actual
structural hardware designs

(6) To provide a 'test bed' for actual alignhment proceduré
development, testing and certification

(7) To demonstrate the physical constraints on various alignment
schemes

(8) To test positioning actuators and kinematic mounting schemes
for mounting the cathode plates to the support frame structure.

&3



Stairs

£ -
Available 5'%x25°'x2° D
]

Granite Table

V8

B-Factory DIP Experiment

\ -+— Proposed Site |l (Barrel)
I | Proposed Site | (Endcap)7

Building 432 R-1300 Floor Layout - Proposal For
GEM Muon Detector Projective Alignment Experiment

{ ¢ 4 ! 4 { {



Energy Program's Building Space Loan Authorization Form

BulldIng/Rooms: B432- Ri3eO
Occupation Date: (3 Bprq3 Scheduled end of use Date: 31 May CTL]’
Name: _Fved Holdewey Phone # _27003 Mall Stop L~S$33

Description of use of bullding space:

M‘*‘E’GMQ fv‘\ ;ﬁ e GQM Mvog Dejﬂ,j:nc Q‘g_._e_.:%q ,amgmt _E_/_)g &gﬂ‘ Mj

Is building modiflcation proposed? {yes{no) P,
If yes, glve detalls: *

Vot srenr.  dowa Otihutat 100 waﬂ‘i-d‘ Qo »eﬁqn.aji@, EQQ
- o 500 Rovo Ky L ovnbneld) Rr 2o POppr,

Please provide account numbers for the following services If applicable:

Account No.

ES&H/QA

Building facilitator services z

Charge for power and utilities a3 ~O
Computer hook-up %@bS GI
Storage

Clean-up of occupled facllitles
Croce Chavge

Is an OSP required? @no)
If yes, the OSP will need 10 be reviewed and signed by Hazards Control Team 2, responsible
Energy Program Faciilty Manager and Energy Program Assurance Officer.

Concurred, Princlpal Assistant to ‘
Associate Director, Energy Program Date: zé %ZZ\B

Assurance Manager, % 891!)
Energy Program

14 :
<
Concurrence, Tenant \Ewi_m ,&_‘[ML—-L\ Date: M

The Energy Program holds the right to reclaim occupled space if programmatic needs deem It
necessary. The Energy Program will provide a written 30 day notice-to-vacate (aithough as much
advance notice as possible will be provided).

* Tenant will provide account number for all modifications and Energy Program will not be held
financially responsible for any modifications to the bullding/room that Is done by the tenant, nor
will the tenant hold the Energy Program responsible to reimburse for modifications when the tenant
no longer cccupies the facility. All modifications will be based on approval of the Energy Program.

Original retained by Principal Assistant to Assoclate Director, Energy Program L-640

80



EESteel Posts for
-{Overhead 15 Ton Crane

=8

N

0O

8.70m o= 4mx15m area
-‘__.__.___._._.__._b.
| 6.31m <3 55m

---------

''''''''''''''''
.............
T Y

- ’ e G ) CATAYA
Y HRSeis _:::::_:_:_:_ soriele, = mr

Barrel Alignment Test Stand

Acquisition

Existing Pathway _/

Endcap Alignment Test Stand

S5mx20m aroea

e T s . mm— mmem b —

16.25m

f

10m

0 B¢

SSC Laboratory

Proposal For GEM Muon Detector

Projective Alignment Experiments
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Alternative Chamber Layouts
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Strawirnan Mven Systemm Chamoer 1.4 )’ QUIS,

« Staggered chambers as proposed for RDT system (two concepts):

— advantages are decreased theta gaps in middle superlayer by about 50%, reduced
alignment paths.

— disadvantages include complications for structure, necessary to tie two chambers
together in all superlayers (24-phi segmentation).

« Middle superlayer "superchambers," combining four chambers intoone ~2m x 5 m

— advantages include decrease in number of chambers in middle superlayer by a
factor of 4 (384 —> 96), decrease in length and amount of chamber frames by 50%
(2.7 km —> 1.3 km), simplification of support structure, decrease in theta gaps.

— disadvantages include need to fabricate and align 4 cathode planes onto a panel,

large chamber size and weight (~1 ton), chamber deformation increased ( ~ 4 mm
supported at the corners, reduced to 359 pum for quarter-point support).

« Middle superlayer "semi-superchambers," ~2 m x 2.5 m.

— advantages include decrease in number of middle chambers by a factor of 2,
decrease in chamber edges, simplification of support structure - straight-forward
extension to semi-superchambers in inner and outer superlayers.

— see above.
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