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Abstract:

This document summarizes GEM Baseline 1 and discusses issues and
options under study for Baseline 2.



The GEM (Gammas, Electrons, Muons) experiment stresses the precise measurement
of gammas, electrons and muons, and, to a lesser extent, neutrinos and hadron jets. The goal
is also to produce a robust detector capable of running at luminosities beyond the design
luminosity of 10¥*33. This philosophy is based on the belief that these are the fundamental
signatures for most of the standard list of physics opportunities which might be opened up by
the SSC energy and luminosity: electroweak symmetry breaking; supersymmetry and other
extensions of the standard model; and top and other new quarks or leptons. GEM will have
moderate capabilities in tracking and hadronic calorimetry which will round out the physics
program through QCD and compositeness studies.

GEM submitted a Letter of Intent to the SSC in November 1991, which described the
broad architecture of the detector conceived to fulfill the above goals. Between November and
March of 1992 extensive studies of performance, engineering and cost led to an iteration of this
design which was formalized in the GEM Baseline 1 (4/23/92). This documented many
substantial changes to the detector including a new inner tracker (silicon and pad chambers), a
larger magnet and forward field shaping, mobile magnet halves and an independent central
detector support, adoption of copper as the absorber of choice for the hadron calorimetry, and
integration of the forward calorimeter with the ends.

The Baseline 1 Revision submitted to the PAC represents a coherent snapshot of the
GEM detector. It formed the basis of all physics performance evaluations and cost studies
prepared for submission to the PAC. However, the design of the GEM detector is
continuously evolving as we find better and more cost effective solutions. The goals of this
evolution are to improve performance in electromagnetic calorimetry and muons while
maintaining high luminosity capability, and to ensure strict adherence to our policy of design-
to-cost. The detector development is also strongly influenced by improved understanding of
the issues of schedule, detector assembly and access. This document presents the various
issues and options under study, many of which will form the basis of Baseline 2, which is
expected to be frozen by eatly September. Baseline 2 is expected to provide the framework
for the Technical Design Report.

The GEM detector consists essentially of five active systems and three passive
structures. Moving concentrically outwards, the active systems consist of inner tracking,
electromagnetic (EM) calorimetry, hadronic calorimetry, muon chambers, and a magnet. The
passive devices consist of two forward field shapers and a central detector support structure. A
cutaway perspective view of the detector is shown in Figure 1, and sections through the
detector are shown in Figures 2 and 3.

The inner tracking consists of an inner silicon racking system surrounded by layers of
wire chambers utilizing interpolating pads (IPC) for precision measurement of coordinates.
The tracker is shown in Figures 4 and 5. Both inner and outer trackers use stereo layers to
provide the second coordinate. The tracking detector serves to identify the primary event
vertex; provide identification of photons by the absence of tracks; provide track information to
aid in isolating electron, muon or photon candidates; and measure momenta of electrons and
muons to aid in background rejection, identification, and sign selection. The tracker
performance on sign selection is shown in Figure 6. Tracker secondary goals are full
reconstruction of charged tracks in an event, secondary vertex finding, and good momentum
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measurement of low momentum particles. Critical factors in the design of the system include
the high expected occupancy considerations which limit the performance at high luminosity,
and the amount of material in the tracking volume (inciuding chambers themselves), which will
contribute to secondary interactions of particles and photon conversions, which add to
confusion in an event, add background, and can cause loss of signal. Since the precision of
the silicon is 10 um and the IPC is 50 pum, a critical concern is alignment and stability of the
system to take advantage of this resolution. Critical design issues being pursued include the
development of radiation hard electronics, routing of services from the tracker volume, and
installation and access to the tracker and the beam pipe. We expect no major revisions to the
tracking system for Baseline 2.

The electromagnetic calorimetry comprises the next layer of GEM. The goal of high
precision EM calorimetry is one of the primary concerns of the GEM experiment. There are
currently two options under consideration — a liquid argon/krypton sampling calorimeter, and
a BaF crystal total absorption calorimeter. These are shown in Figures 7, 8 and 9. Both of
these devices are intended to provide a precise measurement of the energy of electrons and
photons. The EM calorimeter is also used to provide directional information for photons, and
for rejection of hadronic backgrounds by shower shape or size. Signals in the EM are used to
form a trigger for either electrons or photons. For BaF the challenge is to reduce systematic
effects to a level commensurate with the intrinsic resolution of the calorimeter. Much progress
has been made in the understanding of radiation damage to BaF. For liquid argon/krypton, the
challenge is to improve the resolution beyond the state of the art for the accordion plate
structure, and to reduce instrumental effects produced by gaps between modules and walis.
Considerable progress has been made in the designs of accordion modules for the barrel and
end caps. There is a premium to reduce the level of material in front of either calorimeter. The
expected performance of the two EM options in searching for Higgs decays to gamma-gamma
is shown in Figure 10.

Hadronic calorimetry in GEM is situated behind the EM and also closes the forward
regions. The options under study include liquid argon and scintillating fiber calorimeters,
shown in Figures 11 and 12. The function of this calorimeter is to measure hadronic energy
and the tails of electromagnetic showers. It is used to help in identification of electrons and
photons by isolation requirements, to measure the energies of hadronic "jets,” and by
energy/momentum balance to deduce the passage of energetic non-interacting particles -
neutrinos or new particles. Signals in the hadron calorimetry provide trigger information for
electrons and photons, high energy jets, and missing energy. There are minimal requirements
on depth which are needed for energy measurements, but more stringent requirements are
necessary to reduce the background particles penetrating through the calorimetry to the muon
system. The calorimeter should also provide energy measurements for muons traversing the
calorimetry. In the forward regions there is a premium on angular coverage very close to the
beam direction to avoid losing energy which could mimic a neutrino signal.

We have determined that LKr has distinct advantages in resolution and are pursuing
how to implement it. Possibilities include using LKr as an upgrade in the Baseline LAr design
by simply replacing the LAr with LKr in the barrel, or as a hybrid design utilizing a stand-alone
LKr EM followed by a scintillating fiber hadron calorimeter as in the BaF design, shown in
Figure 13. Ciritical issues include studies of the transition region between the EM and hadron
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(for electron/pion separation, EM leakage, jet and missing Et resolution), egress of services
and signals from the liquid krypton, radiation damage to the end hadron calorimeter at high 7,
and optimizing the forward calorimetry with regard to technology and radiation levels for the
muon system. The decision on EM calorimetry (between LKr and BaF) is expected to be made
this summer, which will then catalyze the decision on the hadron calorimetry behind. We are
also actively studying the optimal depth of the calorimetry which trades rates in the first muon
chambers for costs. The decisions on technology will also then allow finalization of the end
‘calorimeter geometry, which strongly influences access to the tracker volume.

The muon chambers outside the central hadron calorimetry cover down to almost 9
degrees from either beam. The muon system layout shown in Figure 14 has been optimized to
meet the GEM goals of 5% momentum resolution for 500 GeV/c Pt muons at 7 = 0, and 13%
at7n = 2.5. The expected resolution is shown in Figure 15. The primary chamber functions are
to provide a precise measurement of a muon trajectory, to provide a trigger signal for single
and muttiple muons, and to provide the correlation of a muon with the correct bunch crossing.
Multiple layers of chambers form 3 superlayers, and are distributed at the beginning, middle
and end of the magnetic volume to permit sagitta measurements. Options under consideration
are cathode strip readout chambers for the forward regions which provide spatial and trigger
information; limited streamer tubes or pressurized drift tubes in the central region, used in
conjunction with resistive plate counters which provide timing, trigger, and z coordinate.
Details of these technologies are shown in Figures 16-19. Critical areas in the muon system
include achieving needed precision of the chambers, alignment and stability at the level of
25 um; minimization of gaps in the coverage while minimizing the impact of support structure
and material in the chambers themselves. This system should be sufficiently robust to operate
at the highest SSC luminosities and at the highest muon energies likely to be encountered. This
puts requirements on pattern recognition of muon tracks, and double hit resolution, to find
muons near hadronic debris, or debris from electromagnetic showers induced by high energy
muons themselves.

A proposal to utilize the cathode strip chambers in the barrel region is being explored.
These chambers hold the promise of simplifying the overall system by utilizing uniform
technology over the full solid angle, providing both bend- and non-bend-coordinates plus
timing and trigger information. The chambers are an order of magnitude lighter than the drift
technologies under study, and their construction allows direct survey of the precision sensing
elements. The success of these chambers depends on finding low cost solutions for the large
precision cathode boards and for the million plus electronics channels required in this option.
The choice of technology will be made after comparative performance tests to be done at the
SSC in the summer of 1992 in a cosmic ray test (TTR).

The tradeoff between acceptance and resolution deterioration and alignment
complexities of overlapped chambers is being studied. An option under study is to replace the
independent module support system, with integrated supports for each barrel and each end
system. This system, illustrated in Figure 20, is made feasible by the large facilities and shafts
required for the magnet. Advantages of such an approach include the possibility of pre-
alignment and commissioning of each of the sections, reducing installation time requirements in
the underground hall. Comparative studies of supporting the end muon system from either the
forward field shapers or the magnet and barrel chamber system are in progress. Alignment
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systems under consideration include stretched wires, lens-LLED systems, lasers, and X-ray
calibrations. The background radiation at the muon chambers (including soft photons,
electrons, and neutrons) as a function of chamber position, low Z absorbers, and drift space is
being studied, particularly in the forward direction. These studies will provide requirements
for pattern recognition, which will determine the minimum number of chamber layers.

The final active GEM system is the superconducting solenoid magnet within which all
other detectors sit. This magnet provides an axially symmetric field, which bends the tracks of
charged particles to facilitate measurement of their momentum. Measurement of momentum
occurs in the inner tracking volume and muon system volume. The magnet is in two halves,
one of which is shown in Figure 21, and are independently mobile to allow access to the
interior and to facilitate detector installation. The magnet is on the critical path for completion
of GEM, since it needs to be installed prior to all other systems. The technical design report
for the magnet is complete, an acquisition plan has been submitted, and a draft RFP has been
distributed to interested vendors. It is expected that the RFP will be issued this summer, and a
prime contractor will begin work with the GEM magnet team at the beginning of 1993. This
schedule is not precluded by decisions in other systems, since we are in the process of defining
the interfaces of all systems with the magnet, which will then permit independent evolution of
these systems. Thus, for example, once the support points of the muon system on the magnet
are fixed, the magnet and muon designs can proceed independently.

The forward field shapers are large cones of permeable steel, which provide a field
component normal to the trajectories of forward-going muons. The field produced by this
system, shown in Figure 22, must be well understood and known to high precision, both in
magnitude and direction. The magnetic field is returned through atr, resulting in a large volume
over which its effects can be felt — in the hall and on the surface. Care must be exercised to
account for this return field in other experimental components. The large field shaper mass
must be supported outside of the magnet, and the magnetic forces induced must be supported
by the magnet itself. Uniformity of the shaper steel is important to have good understanding of
the field in the muon volume, as is the placement of permeable support structures (for the
magnet, field shapers and central detector) outside the coil.

The final system is the central detector support structure which supports the calorimetry
and inner tracking. This device must be self supporting and permit loading and access to the
supported components, with the assistance of external structures. It is designed to occupy
minimal space both radially and along the beam line, so as to minimize loss of measurement of
muon tracks. Studies now indicate the viability of eliminating support gussets penetrating the
muon system. Another possibility is the repiacement of the continuous membrane with a
pedestal which would provide greater access to the interior of the detector. In either case
shown in Figure 23 the support is designed to be independent of the magnet, allowing the
magnet and calorimeter/tracking systems to be independently aligned.

GEM has an electronics system which shapes and digitizes the detector outputs, and
forms three levels of triggers which reduce the data flow from 60 MHz to 10 Hz. We are
currently studying modifications to this architecture which would include a "virtual" Level 2,
where the Level 2 algorithms are implemented in the Level 3 processors. This obviates the
need for special processors, but requires 100KHz event building. For the calorimetry readout
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pipeline we are still comparing an all digital approach to analog switched capacitor arrays. The
output from the electronics system is recorded by the data acquisition system.

GEM also includes facilities for major fabrication, final assembly and staging of
installation into the underground hall. These facilities, currently in Title 1, are shown in
Figures 24 and 25. A primary driver in the design of these facilities is to maintain schedule
requirements and flexibility, while reducing cost. The current design calls for shaft covers
rather than headhouses because of budgetary constraints. Several cost savings features may be
implemented in the surface facilities to recover the headhouses, including the merging of
several facilities. An underground electronics shaft, shown in Figure 26, provides a radiation
and magnetically shielded environment close enough to the detector to allow trigger processing
of the fast calorimeter signals. The cryogenic storage system will be moved from its position
on the floor of the underground hall to the utilities shaft providing more protection and more
useful hall space. We have also initiated a study to move the low-beta quads further from the
detector, which may result in more flexibility for installation and access at minimal loss of
luminosity.

Considerable effort has been expended to study issues of assembly and access. Several
of the key assembly steps are shown in Figures 27 - 31. The current GEM access philosophy,
which impinges strongly on the detector design, assumes that short accesses will only permit
maintenance of components outside the magnet, which includes much of the calorimeter and
muon electronics. There is limited access shown in Figure 32 through the ends of the magnet
to the muon volume, to the periphery of the end calorimetry, and to the vacuurn pumps behind
the forward calorimeters. During longer shut-downs the detector may be opened by a few
meters, or completely opened for access to the central tracker as shown in Figures 33 and 34.

The technology and design choices for Baseline 2 will be made with broad input from
measurements of prototypes, simulation and engineering studies, and full consideration of who
will actually build the various systems. It will also incorporate much deeper understanding of
the cost and schedule issues, including the availability of funding for the full detector or, if
needed, plans for staging. We fully expect Baseline 2 to be a much improved overall
experiment at a reduced cost.
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CAPTIONS

Cutaway perspective view of the GEM detector

Quarter section of the GEM detector showing key dimensions
and systems

Section of the GEM detector

Section through the GEM tracker showing key dimensions and
components

Two axial sections through the GEM tracker

95% Confidence level for charge separation by GEM tracker
Barium Fluoride EM calorimeter

Liquid argon EM barrel accordion module

Liquid argon EM end cap accordion module

Performance of BaF and liquid argon EM calorimeters for Higgs
decay to 2 gammas. Plots on left show expected results for BaF
before and after background subtraction for various mass Higgs;
those on right are similar for liquid argon.

Quarter section of integrated liquid argon EM, hadronic and
forward calorimeter

Quarter section of BaF with scintillating fiber hadron and
forward calorimeter

Hybrid liquid argon EM with scintillating fiber hadron and
forward calorimeter

Quarter section of muon system layout
Pt resolution vs eta for muon system
Cathode strip chamber construction
Limited streamer drift tube construction
Pressurized drift tube construction
Resistive plate counter construction

Cutaway schematic of integrated support for full muon barrel
during assembly

Perspective view of one magnet half coil
Contours of constant flux for one quadrant of GEM magnet

Finite element grids for models of central detector support
utilizing membrane (left) or pedestal (right)

Perspective view of GEM surface facilities
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CAPTIONS (continued)

Cutaway perspective of GEM underground hall

Section through electronics shaft

Assembly sequence showing first magnet half installation
Assembly sequence showing completion of magnet

Assemnbly sequence showing calorimeter and barrel muon
chamber installation

Assembly sequence showing end muon chamber installation
Assembly sequence showing tracker installation

Access paths with magnet closed or partially open

Access to tracker with magnet halves fully open

Access for vacuum pipe installation

Page 7



GEM DETECTOR




GEM DETECTOR ELEVATION

=0 m 15,00 m
15 14,30 m

CENTRAL MEMBRANE
~ 500mm TIK

10,.3C m

v‘m&rm_mmmm‘mm m__m

)

} N 29.60°
: N N
ALLOWANCE FORt “ N .
wichuac Sinecp || N \\<‘ 2L.h e
: \ NN
g RAL
f:8.70m l: /i
- 7
! . z
1 | z
] M - ’ 3 ;
| - N v
. ’ 7
R=6.3m ]_ S 5
AP MUON [} 7
: e oY 7 ot
I s — B E|
- A E ”
[ I 7 g o g
g AR o & °
L A P T O AT N A A O S Y S N P s - o oY
R=3.52 m- || | IS HNRNHNNANY AAHERANNNANRNNNS . - ' ' 7 s
- - I I /_
A .- 9,15
FORWARD FELD — s .
Bk n| .- onpmmneo =~ [J ) -] 3
E ne -~ F R FORWARD T ' - .
o . Efuunou\ y cALl!lEII’ e : geau e
# — -— - - N 2 m
" : d o NN /E
o = AURPE= AR N .
1- . A "‘\\._\\\\-:‘-‘:J_\\_!- N v .
N SINELD N \\\\‘\-\ \‘\\"S. R )
|- T—1 x (" o - .
162 33 v |
BEAU PIPE STATION L '
S0mm DIA
COLLMAT
8.00 m LRERCONDLL TG
E X TERNAL
WoN PUMP STAYION
18.00 m

Figure 2

(GEMDE TOBI9206261C



et

= = € 2an3yy

LAOAVT HOLOALAd WAD



P
' ¢
§ 4
%000.00

—10.00 INTERFACE WI1TH £/M CALORIMETER

RAD1AL,

ASSEMBLY CLEARANCE

— SPACE FRAME -~ POLY-BORON ABSORBER
SIGNAL, POWER, & COOL ING — 2 12.7 40 mm THICK
FEED THAUS :
™~ . s

’

o e i -

T700.00 R

H

...__"‘ ‘ 1
n_n - | e 200.00 R

a 1500.00 ' [n “ “- “
INVERF ACE W/ e i “ ]
E/M CALOIRIMETER @ 700.00 e == _IL —
| S1L ICON TRACKLR 5 - . ITET: ot , Il ¢ s .
' GAS ENCLOSUIE == = =] — ) e VAU BEYURN L INE |
] II ﬂ n “ T R || - OUTER SIELL ENCILOSURE
Al Nl H . GRAPIHIETE ZEPOXY ENCLOSUNRE
H A== et g I 20.00 mm THICK !
]
POt BORDN 7T [ \ ' SPACE I HAME
WLSORBE R 0D ) o i 7 1" : azsm;t()_lﬁﬂzﬁf;g(_s BARREL INEIF ACE )
! 1 W, ] ) : B MMCTUBLS :
| g | B | | A H N
e TR O A R R T R R R R PR R R AR RO erayioghly S
IL , .
INTERPOLATING PAD CHANBERS - - S1GNAL
FORWARD REGION CABLE & = MOUNT ING BULLKHEAD
UTILITIES
-BERYLL 1UM BEAM TUBE ~ INTERPOLATING PAD CHAMBERS
2 50 mm BARREL REGION
-~ SILICON MICROSTRIP —5 MICRON X 70 mm
DETECTORS INTERACT ION REGION

BERYLL UM INNER ENCLOSURE

GEM CENTRAL TRACKER
Figure 4

GEMVG- 128- UV



-R 289.88 INSIDE RADIUS v
FR 56060 <40 ANCE . -
R 663.78
POWER BUS, COOL ING, & READOUT -
DISTRIBUT[oN FOR SILTCON DETECTORS

— GRAPH | TE/EPOXY
SUPPORT CYL INDERS

N\
AY
N\ BERYLL UM BEAM TUBE

FORWARD REGION

SILICON LADDERS — CENTRAL REGION

@ 50 mm SILICON LADDERS
SECTION C-C . SECTIOND-D RADI!§: 100, 121, 150, 171, 200, 22|
V' POLY-BORON
ABSORBER

40 mmn THICK

Figure 5 ULMVG 100 4 e



Momentum (GeV/c)

1200
7N
1000 L / \\ P
, y .
/ \
/ \
800 |- / \\
// \
/S \
600 - /s \
ad . \
_ P \
"_./.——---—-——--—'""'/ \ \
400 \\ \
\ \
\\ . \
200 }- .
\\
0 llllllllllllll']!ll‘lllrj‘i!
0 0.5 1.0 1.5 2.0 2.5
| ) Rapidity 7
95% Confidence Level
Charge Separation -

18

Figure 6



L 3ansiyg

Jajdusjaoje)) A pion)f wnyeg
10323)3a INAD

mm»&_ﬁ [TH])

JTIINIVHOBLIT NI E4vE WID

B Tve

1T} BONIY JHOcd M3

\\\\\\\\

! _ vid
| " oLz

///

- z
" A //
P
- 7 7 7 p /
2 OIRS
" 7 o SO (e
B L A iy

i : CRRNEN !’f/// RSN N




g dandiyg
uolo9s [oMey INPON-IULN

UoIpPlOdIY

$12)WI | 1w 240 SUD)SUIWGP

«000'8

mjpo) JEyno sy| us tiedode O
sAipoJ JRuNy 3Y] vo 1ieands Qb
...ant Sujeues OF
)04 Jegqioeqy 02

10ULBIUOD , BiINpOR-ju N, YI9]

«000° 8

W O)Npof-UIn, 29d sika0) nopoes §

vojdoy Jsek0 ¢

08" | — oor°g
o't
| [ 4 —
%71 ull
.. 4 [
wia LAWY,
A L pos-®i] oAy
N ﬁ
. )
r\N Uid 10345
[ T4 ] g

¥

Q19 po|D SsRiu|D|S

S |U0)S wa Z°0
boadosg ww 1
qd uw SL0° )

%

'y —

000y

Wnu jun |y

0’y

-




\3
A
\

S (e

\ ~ o .l.#rll’
HARAX XA X IO AK KR AR KR AR KARAIK AKX IN & . |
w | o
]
m ! nhwm
—
-0 o
\ gp BEE
= Q -
= - S Ao
. o w e
= Me owm W.W..
o) <L w0 g
+ @+ oeo
. p—y I a, — 0 =N |
o) S i Qe B M
b= Om 0 RS EHQ
UdE8 ©+<20
o OO0 U MO~n
Q B «od Rl )
d) 7] [IR N = © o ’
i} S EHMOWmO B L /
] A OO
2 EAO O NT KN /
& : | 52, RE e /
« RO MOO O /
Q o 0T o /
o 7] [7e] /
[= TR 3 | i U — /
= 5) . e
5] = o oo« /!




,

A ] .
10000 T\ &) Hovy : BeF, 1 U oe) Hovwr L. Ar L0000
I \A,fter Shower Shape l_ After Preradiator ]
n
- - ]
Y I _
" |
5000 —. \\ e \ — 5000
- ] . _
- . ‘
v ! LN L A i
< : BN + e ]
< iy
;\ i | \N. | F\J‘
& 0 b 1 — . — 0
'g i b) Back. Subtracted | d) Back. Subtracted ]
E : _
3
& i )
200 = — 200
0 | Lﬂ ( 0
L |

100

Figure 10



LIQUID ARGON CALORIMETER - 12X 14 LAMBDA, FLAT ENDCAP HEAD

Th
. Barrel Cal. Endcap Cal.
} ' =
|
o T e e e :
|
|
|
i
[
Fine Hadron
3600 :
Fine Hadron §
N i
\ N fo— 1123 —»
\ N\
A ‘ \ 5
e e gl | \
- \ =
/ § s: *
T . \ §i | I—
740 3 \
760 l ' Tracker \ N
Y ¥ | =]
B 1500 —= Forward Cal.
[ 2280 -
- 5179 -
et 5500 -
Figure 11

Dimensions in millimeters LLMASON 920620 BASELINE.LAC



GEM DETECTOR
fiber Hadron Calorimeter
Fiber with BaF2 Design

— 4810 -
~— 3548
f+———1760 ——-1
‘3400
1 {2/3/ 4
S /6 7 S AT
3053 9
10
11
1410 12
T E |
800 T
TRACKER 14
l 700 p_
{ - _ _ _ - _ - _

- e 1730 ———

4
fp——— 1500 ———» 1
re———— 1600

————— 2414 =i~ 650 -

S — 5677

1878 ————— =

Figure 12




— 250

[-50

9500

2961

4880 -

3600

YIS LTSI IT TGRS I T ET IS T T ETTEITITIIT IS ST HET IS

1467

17

i

%
N

TN

/ / Tracker

/
/

32

35

MO

'y
'*_——1—1500~ﬂ———*4

- 1900

- - 650 -~{= 1878 —————=
- 3730 -

Figure 13

6228

GEM DETECTOR
Fiber Hodron Calorimeter

Mher wilh Toeeont | I0e Nercsingn KRR



R=9000 mm
R= 8646 mm }

R=3920 mm : i

R=6282 mm}{

- 15.00 m -]
83.71* 56,62° ' 39.63°
0.25m /

| / )

“Longthz4745mm ,/  Length=4745mm .~  Length=4745mm

20.60°
27.711°

Possible Location tor
L.—— covering the 2° gap
between reglons

= ALL APCs LOCATED ON

GEM MUON SYSTEM CHAMBER LAYOUT
BASELINE I
(2,3,3 Chambers per Layer-PROJECTIVE GAPS)

Figure 14

_-_-—‘
Length = 3485 mm Length = 348 ength = 3258mm L OUTER RADIUS OF CHAMBERS
e { T | ) B g
| —17or
Length = 4487 mm Lepgth = 196 |
et e ST e el | e e | ——11.45°
' ] 9.75°
_,-—-—“ i e 8.7"
" 74
n 77/‘ /7
] % ¢ ALL BARREL CHAMBER
/; / 7 / / MECHANICS IS 150 mm
/ .
% / 7 / % !
/] i oL, *
- - | - S T-1-1-] - — "o - -
2 82 8 % 23 8
25 82 g8 cies 38 88 B
1404 A8 G A WAl 3

Dvapar Leborsions
GEM Muon Syste
Chamber Layout
Drawn By: F. Nimblett Rev {-)
Dwg. No: GMU0015 6/30/92
Approved by:




Transverse oxis, m

AP, / P,

c GEM Baseltne 1, Maorch 25, 1982

T T T Bordel | 'Eng Capls)
- B, = 27.71 17.0t 11.45 - 9.75
C oy = 1.0e-04 7.5€-05 7.5E-0b 7.5E-05S
5ol ine = S.0E-0S  5.0E-05  S.0E-05  S.0E-0S
o, = 2.56-05  2.56-05  2.5E-Qb  2.5E-0S
[ Aoy = 0.04 0.05 0.05 0.05
LN, = 8/ 8/ 4 4/ 4/ 4 4/ 4/ 4 4/ 8/ 4
- 1 = 3.92 5.93 5.93 - 6.78
ISk My = 6.3! 10.13 11.43 = 11.43
© O, * 8.70 14.57 16.08 ] 16.08
 Xo = 0.118 0.150 0.150 0. 300
S5+ I ' _
= ]
D ’ 1 L ] I 1 1 b l-
0 5 10 1S 20 25
Beom axis, m
GEM Muon Rev 2: 3/30/92
GEM Baseline 1, Morch 25, 1992
-25 T ¥ | ] ‘ ] ] L] 1] I T 1] T T l ) T o b 'I' L L T ]
: o} Pt = 10 GCV T
| a ﬁt = 25 GeV i
_ +Pe= 50 GeV .
20- 7 Pe = 100 GeV ]
- o Py = 250 GeV -
-+ P, = 500 GeV ]
[ R Pt = 750 GeV .
1S~ 2z Py = 1000 GeV -
t "
.10-;h—‘aﬁ——~“-___q*”‘_“,’////’ /////’////l’,z';:::———;
.05 tar ,_,,»///’ ’/,/,,,f’ﬂ————'*“"'fj
r v -
:z: ;;===;;;;;;;; e o i
0- OO_G; ] 1 ] l 1 1 1 1 ’ L I ] | L ] ] i 1 l S S | I 1 ]
0.0 .S 1.0 1.5 2.0 2.5

n
GEM Muon Rev 2: 3/30/92
Figure 15



.'-:'['?‘f"

(.'(m. 7Y

c (:’Q Q" \’fr)

‘,‘ ".i

Pfo'i?u 'h‘ Pe Ca

2 alignment trans fers



e ———— T S . ——— . —— e T — T —— L i AL L ok e e e g ey ey oy e e ol e e e

FiD)
U

i
i .
[ == =

:
‘
s
%
;

|
T
Bl

:
.
:
fais
i

C(A3INIWYIL3T 34 0L
INIWNOILTIY 804 30H



" E RN ENYEFNEEEE N R NI B I BN AN R R R B R RN N N R R R R R R R R S R S S R R
MR R R EEEEEEEEE e N R I B RN N A IR N B I B RN O SR R Ay

T R R R R R R R R R N N N N N N N N N N R E R R R E R R T
T R R E R R N Y T R N N RN A R B S R O R R R O R A P N TR S R S
R EEEEREEEEEEEE E N B NI I A I BN I RN N NN I I IR O B B S RN I R N N R e
AR EEEEEE R E N EE R R I BN N R I R B B O BN AR B RN B R R O I N N N R RN R S P
 EE E N RN E N RN NN NN N NN NN YN R R R )

M Y Y L R R I N B I O O O R R R O R I S

81 2andigy

[+ ol ! §

S e e
+ b R,
H o A r——  ————— e -
M = s v am e e wm e we wm ma s as
Jr-=s==ssms=s==s===
()~ = = = em = e E A e e o o o
4 1 S
H T o o  m m e i s wm e e -
+ et
q= - - - _-_---_---°-°Z
£ S N U IR
A U
Yoo C-TTC
T I - - =D XZTIT=fF=R

- b e e E oAm s - ew ww
- e e o o = e . me o - -
- wm wm o wm e = b e A sm s
a d am —m s wm e e = e o
- s wm ms mm o we e me e me
-t em aw ms m e e e o e e .
o o e o e em -

- wm e em e ok mm am o am am

e e e

- e A aA s am ms am e o

- e ot Aa am . .

- e mm mm wm e e R e

e e e T

e i am mm e mm o e e E

- e e A s e e -

- e e wm W o b e A s am e

[HH B A R AR R R A P Y

N T X L L L ) e L e L Y YT Y L ¥ Y ry

I o om om e o o e -
E------omomo-
T oIIIIIIIIICIC
B R s
= --CCIoIDIIzic
Mo o e o e e -
"ﬂ """"""
j& --ooooIooIIIs
e - — e e e e - -
HI - — e o
= -c-oooIooois
T -oCIZooIIoiiz
+
o oooooooooools

MAONIVIS TYNIOWIONOT WINIY

- wm ew e e e mm me wm er wh wm s

lllllllllllll Iy
- ] — m
o S 2 -.UIH"
lllllllllllll xg
lllllllllllll Ik

- L3
ZIIZIZZZZZZZZIEg
IIIIIIIIIIzIIE
TIIIIZIIIZIIIE

- Y
............. 5
uuuuuuuuuuuuu E3:
S T S e ety = - H
sEEEE i
............. St
.............. :
............. =
............. xf
-—— e AR AR W AR e lll"“-
............. Y
........ ZIIIZE
............. :
ZIIIyIoIIoocs zf
............. 3!
............. g

L]

ttl-.liE .‘anlil o
L R B B e e o e u

||||||||||||| <5
lllllllllllll e
lllllllllllll IH
||||||||||||| £y
e 1 :
||||||||||||| x§
||||||||||||| =i
lllllllllllll m..
||||||||||||| x|
-4 - N
- o b gl gl *-
lllllllllllll H"
egufubupeduiaiupuiopopal {
||||||||||||| xH
||||||||||||| IH

Ll ?
||||||||||||| IH
TIIIIIIIZIIICE
||||||||||||| IR
||||||||||||| Ed:
||||||||||||| IH
P A ol ol (il P et s, "o "
[y il Sepelin s . *




Outer Cermet RPC cross section and weight calculation: total thickness = 3 cm

~———— 1/4" Honeycomb with 0.02 Al skin
0.005" Mylar insulating layer

: 4/ 2 mm transmission line {foam w/ pick-up strips)
= 0.005" Mylar with cermet thin film coaling
' ;‘; 2 mm gas gap
0.005" Mylar with cermet thin film coaling

0.005™ mylar insulating layer

thin groundplane

0.005" mylar insulating layer

2 mm transmission line (foam w/ pick-up strips)
0.005" Mylar with cermet thin film coating

2 mm gas gap

0.005" Mylar with cermel thin film coating

2 mm transmission iine (loam w/ pick-up strips)

0.005" mylar insulating layer
-1\\”4. Honeycomb with 0.02" Al skin

Densities: Coaled Mylar and all materials except Honeycomb and foam = 1.5 g/cm**3
Honeycomb = 0.435 g/cm**2 (7.9 Ib/ou. it., 1/4" thick with 0.02" aluminum skins)
Foam = 0.2 g/cm**3

Areal;Mass of two layer RPC = 2 x (0.435 g/cm**2) + 0.102 cm x (1.5 g/cm**3) + 0.8 cm x (0.2 g/cm**3)
=1.18 g/cm**2 = 1,608 x'10°"-2 psi

For four 380 cm x 329.6 cm outef seclor cﬁamberé:
4 x (360 cm x 329.6 cm} x 1 In**2/2.54 cm)**2 x 1.68 x 10**-2 psi =1305 Ib
Aluminum U=chanﬁol framework: U-channel @ 3.81 cm H x 5 cm W with 0.159 cm thick ribs, 2.14 om**2 cross section
4 x ({380 cm x 2) + (329.6 cm x 2)} = 5677 cm perimeter
5677 cm x 2.14 om**2 x 2.7 g/cm**3 x 2.205 1b/1000 g = 72,3 |h

Figure 19
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CONTOURS OF CONSTANT FLUX
Figure 1: Lines of constant magnetic flux in a meridional half-plane; the figure is

rotatonally symmetric about the horizontal axis and has mirror symmetry about Z = 0.
Note: the beam axis, Z, is vertical while the transverse axis, R is horizontal. Both axes
extend from O to 20 m and the field is in gauss. A sketch of the superconducting winding
and the forward field shaper is also shown.
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