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Abstract:
Transparencies from the GEM PAC Review at the SSCL on
October 2, 1991 are presented.
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SDC, L*, E/T LOIs = NO SINGLE DETECTOR

can guarantee that ALL 1 TeV physics possibilties
and realities are covered with PRECISION !

Detector deficiencies are a direct consequence of

detector design philosophy & emphasis:

@ large tracking volume and surrounding
solenoid with intervening material =

degraded EM and Muon precision, much reduced
capability at £ > 1033,

'Our Detector.lo en geometry emphasizing pre-
. REILgsommelt) bl

cision EM and Muon measurement =
g
reduced central tracking ability.
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‘ Co-Chair |

Collaboration
Council

General Institutes
Assembly

Subsystems

-Calorimeter
-Muons
-Magnet
-Tracking
-Trigger/DAQ

I-(:ompmlﬂg for Simulation and
Analysis

I LOI Task Force I

—Physics

-Detector Parameters, Cost,
Schedule

~LOI Document

~-R&D, Enginesring, Tests,
Beams

- Collaboration Growth & Life

Executive Committee

Tasks:
Accountability
Management Plan
Validate Technical
Decisions
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Co-Chairs
Barish, Willis

Collaboration Executive Commitiee
Subsystems LO) Task Force
Baftay
Marx
Plasii
| Calorimeter—Brau, Adalr | Physics—Paige, Lane, Zhou, Samios
Branson Sanders
~Muons—Ahlen, F. Taylor Sulak
—Detector Parameters, Cost,
-Magnet—Stroynowskl, Mashke Schedule—Marx, Sanders Tasks:
- Tracking—Morgan, Musser, Baltsy | | 51 pocument—Yost. Durden Aoet;untablllty
Sanders Marx ' Management Plan
r-TrlggoriDAQ-—-lhrlow, Shaevitz : Validate Technical .
__cmm for Simuiation and -R&D, Engineering, Tests, Declisions
Analysis—McFariane, Newman, | Beams—Balay, Chen,
Zhu ' ' Gordon, Mockett, Webb
—Collaboration Growth & Life—
Ferbel, Sulak, Chen, Winn
{(USSR) (China) (Korea) etc.
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GEM COST TARGETS (29 JULY 1991)
($ MILLIONS)

R&D ($40) Computing ($10)

Trigger ($10)

Magnet ($100)
Tracker ($40) :

Calorimeters ($1 50)

Muon ($130)

Structures ($20)
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) Peoceed with M Supecconducts,
Col  Optiom
® Less Expensive (vs. Shielded)
¢ Minimal Technicd Risk
¢ Can Build on Schedule

® Fulure Upgrades possible
(outside meaturements) -
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SUPPORT STRUCTURE

CRYOSTAY
SUPERCONDUCTING COIL -l

MUON CHAMBER (OUTER)

MUON CHAMBER (CENTRAL)

MUON CHAMBER (INNER)

HADRONIC CALORIMETER

TRACK. " | FORWARD CAL.I
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stochastic term ~1%
Fast

Potential yn0 separation
Calibration with ('s

TECHNIQUE ATTRIBUTES DISADVANTAGES | R&D EFFORTS | REF.
HOMOGENEOUS ELECTROMAGNETIC
BaF9 Crystals Ultra-high resolution- Untested technology Calibration & 1
stochastic term ~ 1.3% monitoring
Fast - 3 ns peaking Radiation damage unless | Refining materials
tail <104 after 35 ns pure 1o ppb level
Suppression of slow, Photocathades under
dominant light-K-Cs-Te | developmem
Photocathodes necessary
Low density high Moliere
radius = 2 - 4.7 cm
degrades isolation cut
Expensive
Piping of 220 mm UV UV prisms
light to PM’s axial to B-
Field
Requires extemnal
preradiator
Liguid Xenon 3 depth segmentaton- Untested technology Large arca 2
angular resolution photodiodes
Very high light production | Expensive
107 viGeV Availability- B yrs. of
¥ U.S. supply
Ultra-high resolution- Cryogenic dewar

Low density high Moliere
radius = 2.7-5.6 cm
degrades isolation cut

VUV Light - 170 nm -
reflective wall quality

I N EE—————.

Light attenuation

length
Wall reflectivity




Must tilt fibers at 3°

TECHNIQUE ATTRIBUTES DISADVANTAGES | R&D EFFORTS | REF.
EM/HADRONIC
Silicon Ultra-high spatial/angular Very expensive New production
resolution techniques
Liquid Argon Mature technology Dewar walls, supports eic.- | Detailed design
degradc hermeticity
Experience with construction | Speed/noise tradeofT-
of large systems isolation cuts
Uniform response Integration time- Fast shaping
240ns; pileup preamps
10% dynamic range Preamps inside dewar- Under test
reliability/maintenance/
hardness
Gain = | Cryogenic sysiem Detailed design
Simple calibration Large sampling fraction 1 mm Pb plate 10 be
eh~15 tested
Positive ion buildup at
high lumingsity
EM only: T%NI_E ® 0.5% “Accordion” mechanics Needs detailed design
jution for plate nontrivial for projective
geometry.
8o ) Large sampling fraction-
long Lrad
Scinullaing Fiber Fast - G and &/7C in 16 ns 10 Mrad sensitivity i.e., O3 influence
R . lives Rate dependence
trigger, 32 ns integration 4
time 2 years @ 10%4 @ M<
3
Hermetic - no No intrinsic depth Fiber hardening
walls/supports/cracks segmeniation
Short Lyag and Laps
Ae rejection Construction
103 via ™ . techniques, cost
via “electronic effectiveness
segmentation
Demonstrated performance
Simple construction, Calibration/monitoring Detailed design
modular, inexpensive
Uniform response ~ 0.5%
aver face
EM only: 6%/ E demonstrated Compensating 0.5 mm Under test
(JETSET) resolution fiber
for 50% fiber

m
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\ Inner TRAckGER .

o Baseline = dcuoyul L¥ tracker
(EgoT)

1) Defimed Physies Goals
of “Tracker

2) Techno lo’tuf Im,lfuxw

3) Solulims unier Inverb‘sc&m‘.
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Item Enginesring R&D

Integration Coocdination, Costing 1.25

Magnet 125 1.5

Muon System 5 2.0
Calorimetry S5 3.0
Tracking 5 2.0
Trigger/ACQ 0.5
Reserve 1.0
= ZE

—p | Toul 4.0 m
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AsSumes ilily b eedisdmbute

R+D  tiward thoser Sysdeuns
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MAGNET

)

. Base-Lixe DESIEN
SINGLE COlL. SUPERCONDUCTING  SOLENOLD

INNER DIAMETER Yok
LENGTH 2.6
FIELD « LT

» DESIGN TEAM
LLNL - LA-H‘RENCE Liveamoen N'A-ﬂonm_ /-A'eog;,‘ro&y
MIT TLASKMA FusioN MAGNET LAGORATORY
NATIONKL HIGH MACNETIC RIELD LABORATORY ( FLoRidA)
T ExTENSIYE COol‘&U!-TH»Tnons FEOM GEM MAGYET ADVISOLY
PANEL (MAGNET DESIGN EXPERTS FROM EVROPL  NaTionhL
LABORATOLES AND (HDUSTRY )

2. PAraAMETER S

OPEQATING CVARERT 52.5 kA
STORED ENERGY lE3 1l
OVERRLL OUTER DAMETER KL
LHARGE [DISCHARGE TINE ~L N

EMERGENCY DISCHARGE TIME S R
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Case 3

Thin Pole Options:

GEM ---

CONTOURS OF (of/STANT PLUX

.ll_l_lllllj_ll.lljlllijllll_lllll_ll_ll._l.Lll.l.,lil

L /}
3 ] 1
e 4
o~y
LI
e
-
[ ]
-
»
-l-%
n
~ <
T
- vl
N ®
©®
®
3 \
—_
~>. 4 ———
& :
:ii\
=%
01
zu
“ L
‘77‘!’1[71‘11*{1Tl’*r111‘1v'rTT—r‘TI’I!]YTr'“iT'l"l"tt'}"t-1
® © W F N © ® O F ~N_
. » . . . ) . . . OGQ
[ 4] — — w— w— — —
(w ) 2

COMTQURS OF CUONSTANT F( X



-

Magnet Resolution Intercompar(son for Fy = 500.0

T L) | ¥ I 1 § ¥ T | l T ) | T | | _l_ T ¥ H T l T
o Basel ine
a Thun-pole ~_ |
+ Uniform Field RESOLUTION

i I | A L l i A . A 1 A 'l i i l 1 A i 1 l L 1 1 i

= )

.S 1.0 1.5 2.0 2.5
Pseudoropidity (n)
;o Integral poths stort ot Phlen s g-detector basel (ne

3-SEP-Q1 21:41 “HOLMES:tSULLIVAN (DELPPLT)

Advanced Concepts Diviswon. M. 1.T. Plosmo Fusion Center



EHMS btdZ2 WSSOI

Page 1 - Printed 10:29 AM, 8/28/91

GEM Magnet Subsystem

Single-coil Design
Major Parameters List
Rev. 2
8/28/91

Barameter Symbol Upit Yalue
2. ean raaus of wingings w m 8.9
3.  Outer Radius of outer cryostat vessel Rvo m 8.463
4,
5. Inner Radius, magnet subsystem m 8.
6. Coil length, end-t0-end Li m 28.5
7. S8
8. Cryostat vessel length (end-to-end) Lv m 30.0
9.  Conductor Length Le km 24
10. Total mass of windings Mw 1 440
11. Total mass cold structure (per half) Mcs ¢t 330
12. Tofal mass cryostat vessel{each halff Mv 1 555
13. Total mass kon end poles (each pole) Mp 1t 2950
14. Radial pressure on windings Pr kPa 255
15. Operating current ‘ ] kA 52.5
16.
17. Inductance H H 1.47
18. Number of turns Nt 408
19. Thickness, inner thermal shield 0.100
20. Thickness, inner cryosiat tv,] 0.019

21. Outer radius, inner cryostat vessel Rvi,0
22. Inner radius, Inner LN shield

23. Outer radius, inner LN shield 8.651
24, Inner radius, conductor 8.850

#
m
m
m 8.419
m
m
m
25. Mean radius, conductor m 8.900
m
m
m
m
m
m
m

8.649

26. Outer radius, conductor 8.950
27. Inner radius, bobbin 8.950
28. Outer radius, bobbin 9.000
29. inner radius, outer LN shieid 9.199
30. Outer radius, outer LN shield 9,201
31. Thickness, outer cryostal vessel iv,0 0.0635
32. Inner radius, outer cryostat vessel Rvo,i 9.400

g ngrﬁjl Fmg ;ggg {ouiside _fibs) o m 9,4635
th of outer 0 000

Number of coilcryostal assembl'es #

Number of ribs per coil assembly L
37 Thickness of cryostat vessel ends m 0 010
38. Actual axial winding length per assembly m 14.25
39. Central membrane maximum 2 m 0.025
40. Cryostat inner end minimum 2 m 6.025
41. Cryostat inner end maximum 2 m 0.125

E
E
F

om0 OOV VAR ANl Dbt OO
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page 2 - pnnted 30:29 AM, 8/28/91

Parameigr Symbol Lot  Yalue Bel, Note Bey
42. LN shield minimum 2 m 0.162 6 - 1
43. Bobbin minimym 2 m 0.200 6 . 1
44. Winding minimum 2 m 0.250 6 - 1
45. Winding maximum 2z m 14.500 6 - 1
46. Bobbin maximum 2 m 14.600 6 - 1
47. LN shiskd maximum z m 14.750 6 . 1
48. Cryostat outer end minimum 2 m 14.900 6 - 1
43. Cryostat ouler end maximum z m 15.000 6 . 1
50. Pole face minimum 2 m 14.500 1 - 1
51. Number of lums # ? - - 1
52. Axial force on poles N 63.566 3 - 1
53. Axial forca on conductor N 27.9a6 7 - 1
S4. Mass of one muon secior t 11.4 5 - 1
55. Number of central muon seciors per half # 16 5 - 1
§6. Radius of CG of central muon sectors m 6.22 1 - 1
57. Z-location of CG of ceniral muon seclors m 3.89 5 - 1
57. Mt_ngnet axis heght above halil floor m 13.0 8 - 2
Raferences
9. P Martson calculation 8/27/91
8. GCD - 000002 (7/2581 version)
7. G. Deis notes, “Axial Force on Coi"r W19
6. P Marsion aotes, 81291
5. F. Nimblelt eslimaies, 5/9/91
4. Obsolels
3. P. Marsion caiculation, per G. Dels
2. Obsolete
1. Second Detector EOI
Notes
3. 8/28/91 - Values revised from Relt values, based on more detailed dasign and calc's

by P Martson.
2. /8/91 - Value revised fom Ref1 value, based on more delalled design and cak's.
1. 8/8/91 - Rel 1 actually shows 0.823T, and historical number is 0.83T.



GEM Magnct Review Panel Mimbars and Participants

September 2%, 1991 bober 15
Se Dlombar 2527
Oc 10 -4

Members

Peter Clee, Rutherford Appleton Laboratoy (second & third session)
Gary Deis, Lawrence Livermore National Laboratory

Mike Hams, SSC Laboratory

Alain Herve, CERN (only third session)

Coleman Johnson, Lawrence Livermore National Laboratory
Robert Johnson, JBc Associates

E. Klimenko, Kurchatov IAE

Dennis Lieurance, General Dynamics Space Systems

Peter Marston, Massachusetts Institute of Technology
Nickolai Martovetsky, Kurchatov IAE

John Miller, Lawrence Livermore National Laboratory
Bruce Montgomery, Massachusetts Institute of Technology (first session
only) ’
Dr. Roberto Penco, Ensaldo Compontenti

Tom Prosapio, SSC Laboratory

Robert Richardson, SSC Laboratory

Dr. Gary Sanders, Los Alamos National Laboratory

Dr. Ray Stefanski, SSC Laboratory

Dr. Richard Stroynowski, Caltech High Energy Physics
Francois Wittgenstein, CERN (only second session)

Ronn Wooley, SSC Laboratory

Phil Sanger, SSC Laboratory

Don Edwards, SSC Labortory

Jon Ives, SSC Laboratory

George Mulholland, SSC Laboratory

Ted Kozman, SSC Laboratory

Participant

Howard Shaffer, Westinghouse Science & Techaology Center
Sharad K. Singh, Westinghouse Science & Technology Center
Robert Swinderman, Piti-Des Moines, Inc.

Yehia Eyssa, Babcox and Wilcox

Joe Heim, LLNL

Z. John Stekly, Intermag. Gen. Corp.



- VNG L Ve W L) VNONIELDED MAGWNET OPTioN S

™ COsST TiMe Lonrs 215K
oiwwere Colc 1.0 End of 19%6
DOUBLE ColL .5 +| YEAR Forcks beTugeN ..
SINGLE COlL +|RoN /.9 + | YEAR STRESSES tACCESS

. ISSVES OF UNSHIELDED MAGHNET

» HEALTH AND SAFETY (R,NOOLLEY Kerom')
o) No ReevLATORY LiM(TS Fok WoRkuNG (N FIELDS < 20k6Avss
FOR SHORT (PEri00s oF TIME (LiMTS ol NEgrLy EXPOSURES)
A\

5 PEOPLE WTH TACEMAKERS A¥D MeTawIC PROSTHESES
CAN WNoT BE ExfPosed T© FRIELDS P 1O ¢AvsS

¢) OPERATION oF SoME EQuiPMENT MAY Be AFFEcTed . LOCAL
SRIELDING HMAY BE REQURED,

d) FARA Shou p BE NOTIFIED OF  PossiBle MAGNETIC ANOMALY



R.P.Noolley

Table 4 Sensitivity of Equipment and Component

»5 G >»10G >100G >1000G

Data Acquisition System
Computer b ¢
Monitors
Black & white x
Color x

Instrumentation & Control

Relay x
Solid-state device x
Magnetic solenocids, valves x
Safety device x
Analog display x

Vacuum & Refrigerator

Mechanical pump _ x
Turbo pump p ¢
Electric motors x
Ferro-fluidic seals x

x: shielding is needed
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o FHINGE FIELD N THE HALL

LARGE ] — 2 k6AVSS NEAR THE DETECTOR
200 — 300 GAVUSS NEAR LoOWeR C(DUNTING HOUSE

™

OPERATIONAL 1SSVES ADDRESSED/SOLVED IN CTHER
FAGUITIES

PELSONNEL PRCTECTICN SYSTEM HAS To BE IN PLACE
NG GENERAL ACCESS Hith FIELD ©ON
PERSONNEL TRAINING MAY BE NEEDED

SENSITIVE EQVIPMENT HAS T¢ BE SHIELDED
MoToRL: FANS , PUMPS, ...

FERROMAGNETIL OR)ELTS HAVE To BE SECVRED
BeCv TOCLS For MoK 8 THE FIELD

. ASSESSMENT OF GEM MAGNET Advisoly PANEL

STATE (F THE ART MAEGNET
* MAGNET - FEASIGLE KITH SUBSTANTIAL

* QV\SKS - ACCEPTAGLE ENCINEERING (HALLENGE
® TitA€E . LHEDVLE -"TI6HT puT POSSIBLE

CTRONGLY DEPENDS N PROCREMENT AdD MANVFALTYVA NS
XS T 0T~

* LOiT - J 91.1 M IMCLOBING  REY urirse
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—. Current Magnet Cost Estimate

Tech Panel Estim M

Subsystem Design 10.1
Coil Forms 5.6
Conductor 6.1
Winding (incl tooling) 9.5
Thermal radiation shields 1.8
Vacuum vessels 6.5
Cold mass supports 5.8
Coil assembly 5.1
Poles 8.9
Power/protection system 46
Cryogenics & vacuum 8.9
Installation 1.7
Management/integration 1.0
Contingency (25%) 19.0
TOTAL $94.1M
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6. FORNWARD DIRECTION - POSSIBLE |MPROVEMENTS

Y

¢ RESOLUTION AS PROPOSED Now ThOAT y:2T

® ISSVE PuT ON BAaCK BVRNEL DVE To LACK OF TIME AwD
MONEY FOR HELL ENGINEERED SOLvTioN

* |DEAS EXIST

BENT POLE
ADD-CnN SOLENCID

eNiLL cOST >$5M PER END



1661 ‘18q0Y0Q0 b-¢
Buneoyy sajmwon Aiosiapy weisboid 19SS

INT ‘s1eq v Aien

snjels ubisag

walsAsqns j1oubepy Wao a9yl

E\u«;c
1o upd

e, i

grirs

1330 WOy

o4

2ea’



PARGE ., 803

SRET

FROM

13:43

Outline

In this talk, | will discuss the present design for the GEM magnet,
currently being developed by LLNL and MIT:

- Present design status

- Conductor design options

- Coil form design

« Vacuum vessel design, structural supports

- Cold mass supports, radial and axial

- Manufacturing approach, facility considerations
+ Industrial involvement

« Overall schedule

« Summary

Bdonoo-?
LT
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The present engineering design
is only two months old

Since August, we have focused on developing a conceptual design in
sufficient detail to support the 1.0l and to permit a good cost estimate

gdroxuxx
mnsa

x-3

- As a minimum, we have addressed each system or
component at a very coarse level of detalil, e.g. cryogenics,
power/protection |

- Where we felt it important for feasibility, cost, or schedule
considerations, we have worked in considerably more detail,
e.g. vacuum vessels, conductor/winding design

« We are working with vendors on high-cost items, both to get
their design recommendations, and to furnish us with a good

basis for costing

BUT - few detailed design aspects have been optimized, and
some are undergoing rapid changes at this time
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The design is driven by requirements
on performance, cost, and schedule

Basic requirements:

» Performance :

» Cost (goal):
« Schedule :

Overall Specifications:

« Internal size
« Field
- Concept

« External size

[ YRS P
1y 1wt

~5% APyPy at 90°, 500 GeV~
good low-angle resolution

under $80M total
ready to install Jan 96, done by Oct 96

16.6m 1D x 29m long

0.8T
"unshielded"” superconducting solenoid,

with field-shaping steel end poles
~20m OD x -32m long
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L9 cm
"—\\\ /l f
. szi%* 2.5 om

' MAGNET NATU:..AL COUNVEULIUN
(THERMAL SYPHON) LOOP

1000 titer HELIUM RESERVOIR -

5 cm DIA
LeZ QUALITY

10 cm DiA

62 COOLING TUBES

el 25 oM e (L9 cm DIA)-

COOLING TUBE
. CROSS SECTION
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Coil/bobbin design (st 5

Outline - use Peter's drawing

- bobbin in 12 sections for schedule reasons

- 5cm thick bobbin, ground plane insulation, then windings
+ 1/4 sections of bobbin built off-site, assembled on-site
current break??? not too sure how to do this yet (ID'd by

magnet panel last week)
thermosyphon loop on outside (show LLNL picture)

Rpdraxxs &
W 149
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Vacuum vessel/structural supports (wet sherm)

Outline - use LLNL overall iso dwg

. Vac vessels - outer is LCS external-pressure vessel, 5cm
thick, stiffened 3 places axially, 4 longitudinal stiffeners to
take pole load

-inner is 304SST, 2cm thick, "stress-free" ex for vac

« Intersection of axial, ring beams provides good spot for
rotation of vessel during assembly

- Vessel supported on normal 120° saddles, fixed at midplane,
with rollers to accomodate axiat length change

- Hydraulic jacks used to lift assembly (underneath saddles)
for insertion of shims to compensate for ground motion.
Support points located on caissons,
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FREOM

DS 115 TR | - —
~TITANIUM
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9-30-91
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RADIAL SUPPORT 3LE
-~ROTATED INTO VIEW

-DETECTOR SUPPORT

DETAIL B

SCALE
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Vacuum vessel/integration with cold mass
supports and central detector support

Outline - use LLNL section dwg at midplane

+ Vessel stiffeners connected @ midplane to form solid

structure, connected directly to ground.
« This also provides room for cold mass radial supports
» Central detector support connects to stiff midplane structure

geoonxx- 8
05 1593
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Cold mass supports-radial (M

Outline - use end view and section xx

. Radial supports are 5cm dia titanium rods, 8 pairs at each
end of each coil half (64 rods total). These hold up the coil
form while aliowing cooldown contraction. Minimal heat leak,
due to length/diameter

. Access ports are being designed in to allow assy and
adjustment of rod lengths

. Coil roundness maintained primarily by flanges on coil form

LLE TR
LRG|
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Several interfaces affect the end pole design

For now, we are assuming the "thick” pole, with simple axial translation to
access the interior of the magnet

« Physics performance vs. cost is the primary consnderahon
between "thick"” and "thin” pole options

The specific pole design must incorporate means of access

into the detector; options include:
roll it back in one piece (current baseline)
roll it back in more than one piece
open two doors

Pole must not interfere with quadrupole when opened

The design is also affected by support scheme for muon
endcaps

*

There may he other ways to shape the field (winding pitch)
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The manufacturing scheme must be an integral
part of the design (for an object this size!)

Much of the design is driven by abilities to ship large, heavy parts, as well
as abilities of industrial field-fabricators

grhooiin-
wiyn

Vacuum vessels will supplied as complete units. Each shell
will be made up of ~20 factory-fabricated pieces, assembled
on site (through leak-checking)

Coil forms are also assembled on-site from factory-fabricated
pieces (4 per form, 96 parts 1otal)

Conductor will be fabricated off-site in ~1 km lengths
Stabilizer may need to be joined into 1km lengths on-site.

Stabilizer/conductor unit is wound into 1-meter-long coil
forms on-site, in two parallel winding areas
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|l

Manufacturing approach, cont'd

« One-meter coils are joined into 12-meter coil halves in an
assembly stand. Insulation, plumbing, and thermal shields

are completed.

« Coil assembly is lifted into vacuum vessel, and assembly is
completed.

- Assembly is rotated to horizontal, cold-leak testing is
performed.

« Coils and poles are then lowered into position in
underground hall and mounted

sdvcxx: Ax-11
0 1/9
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DEL IVERY AND STORAGE AREA/ACCEPTANCE TESTING
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MAGNET TEST AREA/ROLLOVER TRANSPORT PREP
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We are already working with
industry in most areas

We are informally soliciting input on the design, and we are requesting

. cost/schedule estimates to serve as the basis of our cost estimate

« Heavy field-fabricators for vessels, coil forms, radiation
shields: CBIl, PDM, Nooter, and others

» Conductor/stabilizer fabricators: 25 copper extruders,
6 aluminum extruders, several conductor manufacturers

- Transportation: Santa Fe and Southern Pacific railroads,
Tri-State Trucking
 Titanium fabricators (for cold-mass supports): 6 companies

Also: aluminum/steel suppliers, high-speed welding machines, field
machining, cryogenic lines and valves, heavy jacks and transporters

gdxouo-14
R/
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Gem Magnet Subsystem - Near-term Schedule
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Schedule

Outline - show schedule slide without funding profile

» Rough schedule has been worked out, and it is tight, but
definitely possible

» The key areas are the conductor and winding, and we need
to get development going ASAP.

 This schedule assumes a procurement plan in which
LLNL/MIT team oversees various vendors, who have "design
and build 10 spec” contracts. Approximately $70-80M will be

spent in industry

g 15
165 Lot



FAGE.B3E

FROM ARED

1 '91 (4:54

3CT

Summary_

The LLNL/MIT team is working the GEM magnet design in both breadth

and depth.

g0 1€
W1/

+ For the LOI, we are covering all design areas to identify
problems, propose solutions, assemble a complete
conceptual design, and produce a credible cost estimate

» For the "long run” we are analyzing the details of a few
specific features, such as field shapes, conductor stabhility,
and winding design, to lead into the preliminary design, and
to identify areas for near-term development effort

- Industrial participation will be vital to the realization of this
magnet, and we are already working to develop the required
relationships to ensure success



Summary of the 2nd Meeting of the GEM Magnet
Technical Panel

SSC Laboratory
Dallas, Texas

The GEM Magnet Technical Panel has completed two of its three
scheduled meetings and has studied issues related to the technical
credibility of the magnet concept, the cost estimate, proposed
schedule, and issues related to the proposed operation of a solenoid

with substantial return flux outside of the magnet.

The Panel finds that the proposed unshielded solenoid is
technically credible and has very substantial cost, schedule and
technical risk advantages relative to possible shielded solenoid
options. The Panel recommends that the unshielded solenoid shall be

the baseline magnet configuration for the GEM detector.

Studies carried out by the Panel and the Laboratory find no
environmental, safety, or operational considerations which require
containing the GEM magnet return flux. Operational issues related to
this magnet have been identified for further detailed development of
operational procedures. These issues have been based upon the
experience on numerous past and current physics research and

medical diagnostic magnets operated with uncontained return flux.

1 9/29/91



The collaboration team has presented an initial design concept
for the magnet conductor, coil, fabrication, cryostat and supports.
The design appears to be within the range of credible options and we
have reviewed with the collaboration a broad range of additional
options. Final choices will depend upon the results of further design

and development.

The magnet schedule is very tight and we considered several
possible procurement plans and possible initial design and
development strategies which may avoid schedule delays. We
recommend that early and intensive discussions between the
collaboration, the Laboratory and the Department of Energy shall be
initiated to identify a preferred procurement strategy. We further

recommend rapid commencement of the conductor development.

The cost estimate presented by the Collaboration team has
been reviewed. For most subsystems of the magnet, our estimated
costs are consistent with those presented by the Collaboration.
However, variations in several areas lead us to conclude that the

estimated $80 million cost may be low by approximately $15 million.

The Panel has reviewed the proposed surface facilities.
Industrial advice to the collaboration has permitted substantial

descoping of the initial facility concept.

Studies of magnet forces on structural steel in the underground

hall have been recdmmcndcd. These studies will determine whether

2 9/26/91



any of the structural steel should be replaced by aluminum or

stainless steel.

It should be noted that, the participation in the second meeting
of the Panel included representatives of large magnet industrial
contractors, conductor suppliers, vessel manufacturers and members
with experience in high-energy research magnet construction and
operation. Qur meeting also included representatives of the SSC

magnet and procurement groups.

3 9725791



DRAFT 9/29/91

GEM Magnet Technical Panel Report on the Choice of
the Unshielded Single Solenoid Magnet for the GEM
Detector

SSC Laboratory

Dallas, Texas

The GEM Magnet Technical Panel recommends that the unshielded
solenoid shali be the baseline magnet configuration for the GEM

detector. The recommendation is made on the following basis:

1) The cost of an unshielded single-coil magnet is significantly
less than a two-coil system or an iron-shielded system of equal
performance. Either alternative would cost 50% to 100% more than
the single-coil, unshielded option which is currently estimated at
$95M. Additionally, both alternatives would have an impact on the
underground facility, either increasing the size of the detector hall
or its floor loading requirement. These considerations may add $1M
to $5M to the hall cost and may also increase the technical and

construction complexity of the facility.
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2) The technical risk associated with the single-coil version is
significantly less than in the more complex two-coil approach. The
magnetic forces between the two coils are very high, and represent a
significant challenge to structural design of the system. The iron
shielded magnet also has challenging structural issues that must be
solved for the return yoke. The installation of about 40 K tonnes of

steel below ground also presents a serious scheduling problem.

3) The single-coil version avoids the technical and schedule
impact of either constructing the more complex double coil or placing a
large quantity of iron below ground. The Panel feels that the
construction of either shielded option would not be feasible within the

schedule constraints set by the project.

4) The Panel believes that the unshielded coil can be used
without violating any existing environmental and safety regulatory
requirements for workers or for the general public as documented in
the report by Ronn Woolley!. It will be necessary only to place
warning signs in those areas of persomnel access where the field
exceeds 10 Gauss. This is an at-surface elliptical area of about
26,800 m?. The area can be posted by fence or even hedge, with

pacemaker warning signs.

Also, the effect of the magnetic field on local aviation should be

minimal. The solenoid will be housed in the detector hall 54 meters

1"SSC GEM Magnetic- Field Safety and Health Effects," R. Woolley, September
1991
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below ground. The magnetic field at a height of 60 m above ground
will be near the 1 Gauss level, and therefore should not precipitate

any action from the FAA.

S) There is ample precedent for safe operation of unshielded
facilities. Bubble chambers, magnetic fusion confinement devices,
and many MRI? hospital installations serve as examples:

1) HFTF, MFTF, and FENIX at LLNL

2) LCT (ISMTF) at ORNL

3) 15-ft. Bubble Chamber3 and the CCM at FNAL

4) ALCATOR C-MOD at MIT Frank Bitter Magnet Laboratory

5) MRI solenoid at the MIT F.B.M.L.
Fringe field comparisons with existing facilities have been made, and
although the extent of GEM’s 10 Gauss field is about 3.5 times that of
the LLNL-MFTF, their safety considerations are the same. One can
make a quantitative comparison between existing facilities and GEM.
For example, a number of safe, successful years of operation of
unshielded magnet facilities, with no injuries or mishaps, have been
documented, and this is summarized in the Table. The larger
surface-area 10 Gauss field of GEM (shown in the Figure ) does not
present any additional safety issues, beyond those already
addressed by existing facilities. Because of the larger GEM field,
additional local equipment shielding may be required, but this issue

is not safety related.

2Ferromagnetic  Screening Around a Superconducting Magnetic Resonance
Imager, Health Physics Vol. 51, No. 4 (Ociober), pp 545-550, 1986.

3See for example. memo from L Coulson dated July 30, 1991, Magneric Field
measurements Around Bubble Chambers.
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Safety personnel at LLNL and FNAL state that their operational
experience indicates no adverse effects to employees or equipment,

when normal safeguards are applied.4

6) Local shielding for sensitive equipment is probably feasible
if required, over substantial volumes (10x10x10 m counting rooms)

or local regions (scopes, terminals or turbopumps).

7) Surface shielding is feasible as a backup against unlikely
future changes in regulatory requirements. For example, a
reinforced concrete pad of ~ 160 x 200 meters, carrying the
equivalent of ~ 12 c¢m of solid steel in the central region, tapering
toward the edges, could reduce the surface field to the 10 Gauss

level.

8) Facilities with large fringe fields (as cited) have been
successfully operated. Issues associated with the use of
ferromagnetic materials in the hall, magnetic shielding requirements,
and the affect of the field on the operability of the GEM detector
present some interesting problems, all of which have been addressed
and solved in existing facilities. In order to avoid problems with
operations, the magnet will be designed for a normal discharge time

of two hours, so that work in the hall during maintenance periods

4Taken from private communication with Gordon Miller and Phil Dean at
LLNL, Tim Miller and Tom Peterson at FNAL, and Larry Coulson at SSCL, on
September 24-25, 1991.
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can proceed safely. For emergency discharge, as might occur in the
event of fire, the magnet will discharge within a few minutes to
avoid hampering the emergency response effort. As such, no
extraordinary fire containment techniques will be necessary in the

hall.

These eight considerations form the basis for the Panel’s
recommendation. To be succinct, the unshielded option is the only
large coil option that can meet cost and schedule constraints, and the
methods associated with operating in an unshielded area appear

tenable.
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‘4 FACILITIES FRINGE FIELDS COMPARISON /
Date: September 23, 1991 - R. Woolley
Surface
LAB FACILITY Surface Area
Years Altltude Area 5 gauss Health
In Magnet of 5 gauss Magnet 10 gauss {instiumentation Eftects
OCperation Strength Flald Elevation (pacemaker) sensitivity) Reported
SSC - GEM New 0.8 T 71m <47m> | -26,800m2 | -43,000m2 n/a
3 LENL - FENIX ~0.8 140 T 23m <3 m» 4,976m2 6,464m2 nones
JLLNL - HFTF ~10 ~11 T 16m <2 m> 4532m2 804m2 none
s{LLNL - MFTF <1 week ~77 50m ~35m 7.,350m2 ~13,000m2 none
15'BBL.CH-FNAL 15 ~327T ~40m 2m 2,463m2 ~5,000m2 one suture move
JLCT - ORNL 2 8T n/a am nia n/a no verifiable
¢[Toboku/Chicago Sync.-FNAY ~20-25 ~ 30T ea. ? ? ? ? >
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R.P. Woolley

GEM Safety Coordinator
Experimental Facilities
Physics Research
Superconducting Super Collider Lab

September 22, 1991
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1.0 INTRODUCTION AND SCOPE

This report focuses wupon the safety concerns
associated with the fringe magnetic field, generated by
the unshielded GEM Detector design. The report's
purpose is to present the GEM Collaboration and SSC
Directoral management with the ragulatory requirements,
and background information on human and eQuipment
fringe field effects. Safety issues associated with the
effects of the magnetic £field upon personnel and
equipment will be discussed, with the applicable
regulatory requirements noted. The intent then is for
SSC management to determine the nature and aextent of
application of the appropriate safeguarding, in
mitigating the risk.



2.0 DETECTOR OVERVIEW

The GEM Collaboration is proposing a large
solenoidal detector for lepton, photon, and muon
measurement/detection. To accomplish this objactivae,
the detector will have hermetic electromagnetic and
hadronic calorimetry and central tracking in a
magneatic field. This field is generated from the
proposed detector magnet system, and consists of a
lé. 6-metex Dbore and a 8,300 gauss single-coil
(unshielded) superconducting solenoid ocriented
concentric to the beam axis. The coil has iron polas
at both ends but no flux return (coils or iren) in the
barrel region. Steel poles cover each end of the
solenoid. Reductions in c¢ost and manufacturing time
result from elimination of the outer shield winding,
however this produces a large external fringe field.



3.0 PROBLEM STATEMENT

Preliminary safety studies of the effect of the
detector's external static magnetic field have been
made. The personnel at risk from GEM's £fringe magnetic
field are those associated with implanted cardiac
pacemakers, blood disorders (ex: sickle-cell anemia),
or (at higher £flux densities) implanted ferromagnetic
medical devices, e.g., suture staples, aneurism clips,
prostheses, etc.?2 These restrictions point toward
prohibiting access of these personnel to surface
buildings and surrounding areas, within the 5-10 gauss
field boundary. Based upon recent human exposure data,
limited potential exists for personnel health effects.

Indications are that there is a definite potential
for interference with the normal electro-mechanical
operation of 'magnetically sensitive' equipment, within
the hall and on the surface. The high (8,300 gauss)
magnetic field, generated at the muon and central
tracking areas during conductor tests, is an uncommon
safety and environmental risk caused by the large
unshielded superconducting solenoid.

Significant stray fields will occur due to the
absence of controlled <flux return paths. Maps of this
field are shown in Figures 1 & 2.1 Based upon this
data, shielding or design modifications will need to be
applied to nullify any operational-intaerference effects
upon hall and surface components. The fringe field
level in the ‘'counting room' area of the Operations
Center represents the worst-case stray dc field of ~ 25
gauss, with a transient time constant of 0.17
gauss/second (higher during 70 sec. quench) during a
magnet discharge.l A < 40 gauss field would be present

in the Operations Center, having a single~laval
basement.

Sensitive control and data processing equipment
may require shielding or removal from the field, in

order to nullify the adverse effects of magnetic flux
densities > 5 gauss.

Existing regulatory magnetic field limits have
incorporated a safety factor. It is management'’'s
decision to define a magnetic field exposure limit and
the methodology of attaining compliance. '
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4.0 MAGNETIC FIELD EFFECTS

Field strength contour maps are shown 1in Figures 1
& 2. Recent U.S. epidemiological surveys have shown no
significant health effects upon man associated with
long term exposure to static magnetic fields. Available
knowledge indicates the absence of any adverse health
affacts due to exposure to static magnetic £fields up to
20,000 gaussd. One study inferred that the white blood
cells of workers exposed to an average field of 76
gauss and a maximum of 146 gauss, were slightly changed
(yet, still within the normal range). At a U.S.
accelerator laboratory 792 employees worked in fields
of 50 gauss for long durations and up to 20,000 gauss
for periods of several hours. No significant change in
19 disease categories was found between the exposed and
control groups?. The preliminary indication from
limited experimental data is that short-term exposure
to static fields > 50,000 gauss may produce significant
adverse health effects, such as a ~7% reduction in
aortic blood flow velocity?.

A survey is required to verify that all equipment
or components in the detector, underground hall and
some surface buildings, are suitably shielded or
designeaed to avoid the operationally disruptive
influence of the field (See Table 2). Technigques for
accomplishing this have been successfully applied in
other high field wunshielded magnet facilitiesl.
Equipment and components that could cause injury or
major detector damage, if field influenced, must baea
protected. The magnetic field affects dc¢ motors (their
armatures, commutators, and brushes) and other
magnetically-coupled devices. The dc magnetic field
strength is ~ 1,000 (R) and 2,000 (Z) gauss immediately
extarnal to the operating detector's support
structure?. Comparisons of existing unshielded magnet
facilities to GEM, are presented in PFigs. 3-4. Fringe
field strength decreases with the c¢ube of the distance
from the source. Field strength contours of c¢onstant
'B' are illustrated in Figures 5-10,% where 'Z' is the
beam axis and 'R' is the vertical axis.

At a level of 2 100 gauss ferrous tools may begin
to be transported?. This indictates that an interlock
system should power-down the magnet prior +to personnel,
acceas of the underground hall, and patrols of the hall

wil be required to ensure that all personnel and loose
magnetic materials are removed.



The U/G hall and surface operations building(s)
(espacially the Counting Room) will require that their
magnetically-sensitive safety systems, components and
instrumentation {ex: fire detection, computers,
monitors, software, etc.) have iron shielding or field
shaping coils. The shielding, to attenuvate the fringe
'B' (magnetic) field to 5-10 gauss, is currently being
raviewad as to thickness, magnetic saturation,
permeability, and cost. Shielding to a £ 10 gauss level
meets the current ragulatory pacemaker raquirement.
Fences and barriera with pacemaker-warning signs could
ba located just beyond the 10 gauss (OSHA) field linae,
and inside and outside of any buildings within this
field to notify and warn personnel. A site survey
should be done and general access restricted during the
first full-field operation.

The FAA currently has no regulations for static
magnetic fields. Of primary concern is the field's
influence upon aircraft that would penetrate the above-
ground magnetic field 'bubble'. The FAA indicated that
a significantly stronger and higher {than GEM's)
elevation field, would be raquired before being
considered a potential air-traffic hazard’. The FAA
suggested that after the field 1is survayed and
measured, SS8C should inform them of the field
strength/gradient characteristics in order for FAA to
decide upon navigational map inclusion.

Additicnal areas of concern are electromagnetic
interfarence and compatibility with transmission and
communication systems within the field of influence.
Also, SSC Management should anticipate the public's
reaction to knowledge of this £field.

Static magnetic fields are not within the
jurisdiction of the Federal Communications Commission
(FCC), the Environmental Protection Agency (EPA), and

the Texas Department of Health, Radiation Control
(TDHRC) . '



5.0 REGULATORY STANDARDS

Following are currently accepted magnetic fields
exposure guidelines, based upon the best available data
from several official sources4:9

Maximum Exposure: Workers must never be exposed
to fields > 20,000 Gauss, regardless of the
duration of the exposure or the body part
exposed.

Elelds > 5.000 G: If the peak exposure is > 5,000
G, workers should be exposed to a daily maximum
average field strength of < 600 G (measured at

the torso) or 6,000 G (measured at the
axtremities).

Elelds < 5,000 G: If the peak field to which
workers are exposed is < 5,000 G, personnel may
be exposed to a week-long maximum average field
strength ©f < 600 G {(measured at the torso) or
6,000 G (measured at the extremities)?.

Medical Restrictions: Personnel with medical
electronic implants (such as artificial cardiac
pacemakers) and metallic prosthetic implants
cannot be exposed to fields > 10 G.* Personnel
with sickle~cell anemia or similar hemoglobin-
ralated conditions (but not carriers) cannot be
exposed to fields > 500 G.

* The 10 G level is from the American Conference
of Governmental Industrial Hygienists (ACGIH), a
standards-setting group recognized by OSHA.

Agencies involved with the regulation or standard-
setting of magnetic field radiation include:

Department of Energy (DOE)

Occupaticnal Safety & Health Administration

(OSHA)
. Food and Drug Administration- Center for
Devices and Radiological Health (FDA)
Environmental Protection Agency (EPA)
Federal Aercnautics Administration (FAA)
National Institute of Safety & Health (NIOSH)
Texas Department of Health, Radiation Control
(TDHRC)
Amer. Conf. of Gov't. Ind. Hygienists (ACGIH)
Electric Power Research Institute (EPRI)
World Health Organization (WHO) - EHC 69

""" Table 1 provides a summary of all applicable
regulatory agency's magnetic field exposure limits.

6



6.0 SUMMARY/DISCUSSION

The FDA's field exposure limit of 5 gauss only
applies to cardiac pacemaker manufacturers, while the
FNALS, ACGIH and OSHA have determined that their
pacemaker safety limit is 10 gauss. This is certainly
several orders of magnitude below the level at which
healthk may begin to be affected. Some data acquisition
systems (computers, monitors, software) are influenced
at the 5-10 gauss 1level, so consideration should be
given to shielding oxr relocation. Additional
consideration must be given to aircraft instrumentation
affectation. The initial indication from two sources 1is
that magnetically-sensitive instrumentation CAN be
disrupted at =2 ~5 gauss, however, no pertinent
regulation currently exists.

The FDA regulation requires controlled access to
all areas with > 5 gauss. New-design pacemakers can be
affected at 15-17 gauss>. The FDA was cautious and

incorporated a large safety factor, due to the
liability aspect and questionable confidence levels on
input from pacemaker manufacturers. For SSC and

conscrtium personnel, a questionnaire on body metal
content and a written legal warning should effactively
screen those affected from controlled access areas.

The unshielded single-coil magnet is significantly
less expensive than either the two-coil or iron-
shielded systems. If surface shielding is considered,
the Final Supplemental Environmental Impact Statement
(FSEIS) won't allew SSC to pave a large (hectares) area
with steel plate, without reopening the environmental
impact assessment process. For access protection of the
field perimeter, fencing or even hedges with proper
warning signs is acceptable.

No app