


Agenda of the GEM Muon Group Meeting

SSCL, August 3-4, 1893

(1) Report of the Chamber Committee - Gena Mitselmakher convenor
G.Mitgelmakher - Introduction
C.Wuest - Activities at LLNL
C.Belser - Prototype pannel status
I.Golutvin - CSC activity at Dubna
C.Johnson - Chamber design preogress
O.Steger - Muon chamber numerating system
U.Nauenberg - Integration of Readout

O.Prokofiev - Progressz with small prototypes

{2) Muon System Optimization Discussion
I.Golutvin - Comments on GEM Muon System Performance
O.Prokofiev - Lorentz angle compensation in the CSC

Yu.Beonushkin - Simulations and Measurements of the Muon
System possible gas mixture

S.Timofeev - GEM Magnetic Field

N.Martovetsky - GEM Magnet Field Increase Conseguences

{3) Test Beam Program 4:00 PM - 7:00 PM
cutline of program - Carl Bromberg, Vliadimir Glebov,

Gena Mitselmakher
assignment of tasks - group

(4) Chamber Interface and Alignment
C.Belser - Chamber Interface with Support Structure

Yu. Gerstein - Simulations of the GEM muon alignment
system

(5) Report on simulations - Roger McNeil convenor
SiGEM -~ Yu. Fisyak
Hit level MC - Torre Wenaus

relaxation of calorimeter depth ? - Roger McNeil
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LLNL CSC R&D Activities | g&@

» Alignment Test Stand:
— Fabrication of foundation support for granite tables
— Final design of chamber support system
— Redesign of alignment system based on hybrid option
— Procurement of 13 cameras, frame grabber and video card

* Panel prototyping:
— Small panel prototyping for alternative processes

- new edge fillers (polymer concrete)
— strength, creep tests
— measurement of Cu mylar strips
— Cu mylar on G10

— Small panels for intra-chamber alignment tests

— Large panel prototyping for standard processes

» Wire tests:
— GTE wire (US) vs LUMA wire (Sweden)
— surface finish
— uniformity vs length (0.75 km)
— tensile strength



LLNL CSC R&D Activities géT?

» CSC Structural Design Bible
— Benchmarking of structure codes with prototype panels
— Alternative interface designs
—~ Integrated structure/interface modeling for chamber deformation
— Bolt patterns, shear deformations, etc.

» CSC Process Design Bible
— Panel fabrication processes
— Chamber mock-ups for gap frame evaluation
- Experimentation and evaluation of polymer concretes
— Alternatives to G10 (e.g., polyimides)
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Distribution of Strip Widths (1.175 m)
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Near-Term Prototyping Efforts B

Intra-Chamber Alignment Verification Test ...

»  Verify TDR “baseline” alignment concept using on-board fiducials and

precision washers for panel-to-panel transfer.

- Fabricale multiple copies of a “standardized” small (1’ x 2’) panel
incorporating alignment features and simulating etched circuit features

as extensively as practical.

- Demonstrate fiducial transfer “steps” from cathode strips to chamber

assembly.

- Develop statistics for accuracies obtained during each fiducial transfer.

« Add straightness monitor components to verify alignment transfer from

panels.

« Evaluate alternative alignment technique and compare to “baseline”.

- Labor required to align and verify
- Skill levels required

« Experiments (minimum of 2 panels in assembly).

- “TDR baseline” (circuit board fiducials with precision washers). #Hu§. f SEPT.

- “Pin-Transfer” alternative. SEPT. .
- “Stretched-Wire” straightness monitor sensor . SEPY. ~ 1
GEM Muon Meeting, 3 August 1993 F.C. Belser LLE
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Near-Term Prototyping Efforts (cont.) gefn )

“Standardized”, small panel design (developed for the alignment tests) used for
prototyping chamber design features and components.

« A progression of small panels can be fabricated and/or modified as needed
for inclusion in an increasingly sophisticated chamber assembly.

» An assembly of 7 small panels will duplicate most proposed chamber
dimensions except for full length and width (adequate for simulating

“local” features that are simply replicated along the length and width of a
chamber assembly). |

« Designs features submitted from collaboration members can be prototyped
and evaluated as part of an integrated assembly.

» Alternative designs for a specific feature can be evaluated “side-by-side” in
the same assembly if desired.

« “Real” malerials, components, and assembly techniques will be
incorporated as available.

« Prototyping experience will aid the design of a fully engineered, full size
chamber as well as providing fabrication and assembly experience necessary
for planning factory production.

GEM Muon Meeting, 3 Atigust 1993 F.C. Belser E
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Specific Prototyping Efforts - Large Panels gem 2

Two large honeycomb panels (~4’ x 10’) to be fabricated ...

« One panel incorporates existing 2-piece etched cathode circuit board at
SSCL.

*  Uneltched Cu-clad boards from GE will be used for all other faces.

« Both panels will incorporate design features for inclusion in Dubna
prototype chamber if schedule permits.

« All components will be characterized before assembly for comparison with
finished assembly.

« Fabricator is aware of ambitious design specifications ({latness and
parallelism) but will utilize existing technology.
- Room temperature adhesive Lo be used for large panels.
- Other fabrication methods will be examined using small panels.

« Cost: $14k not including face sheets and characterization (at LLNL).

« Delivery date expected end of August 1993.

GEM Muon Meeting, 3 August 1993 F.C. Belser LLE
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Face sheet assembly:
» Two copper clad (and etched) G-10 sheets are
aligned and temporarily attached (A).
+» Adhesive and NOMEX core positioned on face sheet.
« Face sheet trimmed to fit Nomex.



CSC Panel Fabrication Specs

Panel Definition: A 19 mm (nominal) honeycomb
NOMEX core (1.8 Ib/ cu. ft.; 0.25 in. cell) sandwiched
between two .5 mm fiberglass (G-10 or FR-4; NEMA
specs.) face sheetfs. The fibergiass face sheets are
copper ciaded (17 pm thick: 1/2 oz. per sq. ft.) on the
outward facing sides. The copper on one of the face
sheets is etched to provide a precision cathode plane.

Specifications (prioritized)
1. Flatness
100 pm over 1.2 m
2. Parailelism
100 umover 1.2m
3. Net thickness (incl. face sheets)
20 mm £ 250 um

4, Squareness
Diagonal measurements £ 250 um of each ofher

5. Length and width dimensions
Nof set at this time.

/- Ancde Wire
- NOMEX Core
%
Gap Spacer
Fiber Glass Face Sheet
(Copper Clad)

Y Ty B =
oy e e Bt

\_cathode stip

et 1.2 meters
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Specific Prototyping Efforts - Small Panels gef )

Panels ...

Materials and fabrication techniques ~ Bug. - DEC.

Panel internal reinforcements (edges and center spacer posts) } SEPT.~DEC
Casting techniques for “integrated” panel edge details (a la Polychronakos) ' |
Layout of etched cathode circuit routing

Chzﬁnber assembly, internal ... ocy, — ?
Cathode spacer posts (at bolts and middle of chamber)
Anode wire support and wire [ixation design

Internal layout of electronics and circuit routing

HYV distribution

Chamber assembly, external ... O€7= ¢

Panel-to-panel gas sealing design (bolted and alternative ideas)
Utility feedthroughs and connections

Edge connectors (anode and cathode)

Straighiness monitor components (projective and stretched-wire)
Attachment details (for chamber mounting to support structure)
Anode and cathode electronics module locations and cable routing

GEM Muon Meeting, 3 August 1993 F.C. Belser LLg
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CSC ACTIVITY
AT Dubna

1.GoLturvin
August 8,1943
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CSC PROTOTYPES PRODUCTION
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CLEAN ROOM

Fans and filters

!
f / l / ,’ITable for assembling CSC

Reference points
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10.
11.

*12.
13.

*14.

15.
*16.
*17.

CSC PROTOTYPE MILESTONES

Panels preprocessing

Materials from SSCL received

. Panels processing,

precise gauges mounting,
stripped boards gluing

. Getting bars ready for gluing

Glue bars to panels

. Drill holes

Test assembly of the panels

. Assemble spacers and gas outlets

. Cover strips with resistive mater.

install anode wires

Mount Capacitors, resistors,
comnectors

Assembled planes acceptance check

Get planes ready to assemble,
clean

Assemble chamber
Mount exterior parts
Final test

Packing

June 1993
June 1993

2 August 1993
13 August 1993
15 August 1993
16 August 1993
17 August 1993
24 August 1993
25 August 1993
1 September 1993

2 September 1993

3 September 1993

4 September 1993
5 September 1993

8 September 1993

9-13 September 1993

14 September 1993

Steps 4-6, 8-9, 10-13 go in parallel for all planes.

Key operations are shown in bold.

LYE
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MUON CHAMBER NUMBERING SYSTEM
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Figure 4.1 Endcap ¥uon Chamber
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Table 4-3. Barrel region physical parameters.

Barrel Region
o Chamber Chamber Chamber
Superlayer V\(’;ﬁ;h L?; " P?:;)s (Pguh?tgttgle) (20 g:?rtcia%) MOdl(JLZ;AaSS Barf:;;-ialf
Quter 1.380f  3.540 223 14 336 3118 37418
Outer 1.390 2.814 183 2 48 366 4396
Middle 1,139 2574 145 4 36 578 6938
Middle 1.139 2.320 133 6 144 796 9556
Middle 1.139 2.199 127 4 98 .507 €087
Middle vase| sz e 2 48 197 2367
inner 0.831 3.540 151 6 144 905 10865
Inner 0.831 2972 129 2 48 257 3087
TOTALS 40 960 6726 80716
Table 4-4. Endcap—Physical Parameters.
e —
Endcap Region
Chamber Width Chamber Chamber Endcap-
{Max/Min) Length Mass Quantity each

Super Layer ~{m) (&? {kg) (1 Endcap) (kg)
Outer 0.870/0.515 2.640 113 48 5433
Outer 1.310/0.840 3.530 186 48 8924
Middle 0.630/0.390 1.820 86 48 3164
Middle 0.900/0.810 2.223 o6 48 AB04
Inner 0.730/0.435 1.154 58 24 1385
inner 1.150/0.665 1.875 113 24 2705
TOTALS 240 26215

po L —
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It is desirable to recalibrate the electronics
frequently to check that the required accuracy is
being maintained. However, the readout electronics
of several of the prototypes tested at the TTR showed
acceptable stability oyer periods at least as long as
36 hours. Our experience with these detectors gives
us confidence that we will be able to achieve the
1% calibration precision goal.

A collection of physical and operating parame-
ters for the CSC are given in Table 4-13.

Table - 13. Typical characteristics of CSC.

Results from the R&D Program

We have pursued an active program of CSC
prototyping and development during the past year. 4
number of different test chambers have been eva-
luated in the cosmic ray Texas Test Rig (TTR) at the
SSCL, at the RDS muon test beam at CERN, and at
the 1.7 GeV proton beam at the Gatchina Synchrocy-
cloron.?:835-3% We have also studied sensitivity of
a CSC to neutrons, and tests with x-rays have been
done to study details of chamber design. The
detailed results of R&D on CSCs are presented here.

Parameter : Units Superlayer1  Superayer2  Superlayer3
Wire spacing, s mm 2.54 2.54 2.54
Anode/cathode distance, h - : mm 2.54 4.0 5.0
Readout pitch, w mm 571 a.48 10.7
Gap between strips, wy mm 0.400Q 0.400 0.400
Width of readiout strip, wy mm 1 105 1.78 2.38
Widttr of floating strip, we mm 1.75 2.25 3.56
Capacitance of readout node pF/m 50 50 50
Capacitance between strips pF/m 48 48 48
Resistance between strips (typical) MQ 20 20 20
Anode wire radius, i, mm 0.015 0.015 0.015
Equivalent cytindrical cell radius, £. mm 9.35 56.9 196.1
Wire capacitance per unit length, &, pF/m 8.68 6.79 5.90
Operating Voltage {nominal gain) 5x104 v 2600 3400 4000
Electric field at either cathode, £, Viem 5000 5000 5000
Electric field on wire surface, £, Viem 2.7x10° 2.7x10% 2.7x10°
Positive ion mobility, xz* cme/siV 1.27 1.27 1.27
Time constant, § ns 2.1 2.09 210
Fraction of the avalanche charge collected by an | 0.21 0.17 0.14
anode in 30 ns
Fraction of the avalanche charge collected by an 0.39 0.30 0.26
anode in 300 ns
Fraction of the ancde charge induced on either 0.39 0.33 0.30
cathode
Total ionization (normal track) ion pairs 90 145 180
Minimum wire tension gr 50 o7 151

%



DISTANCE BETWEEN CATHADE READOUT STRIRPS
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ELECTROMICS
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Small CSC prototype production

1 Barrel (ITEP )

- 6 layers CSC (40x46cm?)

- 4 configuration of the cathode strip

- pitch: 5.5mm, 8.5mm, 10.0mimn

- one configuration without floating strips (8.5mm)
Art work has been done

Production (BNL): 6x4 cathode plates + reserve 4 plates
Total: 28 cathode plates

2 Endcap (PNPI)

- 1 layer CSC (27x35cm?)

- 3 configuration parallel cathode strip

- Radial strip configuration? Don’t needed.
- 1 anode wire plate

(wires shifted for compensation of the Lorentz effect)

e CSC with rotatable anode frame.
It’s needed to perform R&D program

with Endcap configuration of the magnetic field
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COMMENT ON QEM

MUON SURSYSTEM

PERFORMANCE
(WHERE WE ARE
AND WAY TOo 60)
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1. Where we avre 7

COMPARISON WITH
OTHER SS5C /LHC

- DETECTORS
-ATLAS (Lol)
-CMS (Lol)

-SDC (TOR)
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Muon Momentum Resolution (n=0.5)
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In the low energy sector
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In the wmost PoPuLw&n( seclor
(Pt =100 -coo Gv/e)
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In the Wgh energy  sector .
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MuoN MoMENTUM pESOLUTION
IV MiGH ENERGY SECTOR
SHouLY BE IMPRDVED
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2. WAY To GO0

-_ MAWKE RETTER REOLUTIQN
IN HIGW ENERGY SECTOR

— JMPROVE COVERAGE

& ~ 257, of €FFICIENCY
To H— 4p Aee
LosT !N CENTRAL

QuPPORT (TDR)

AW
QO



MUWON MOMENTUM RESOLUTION

b8k

& MAKE VERTEX CONSTRAIN WoRK BETTER

% INCREASE MAGNETIC FIELD

% [NCREASE LEVER ARM

THERE ARE 3 REASONS WKY VERTEx
CONSTRAIN Do€S NOT [(MPRoOVE
RESOLLTION PROPURTIONALLY L%:

OPRECISION OF UGRTEX MEBASUREMENT

o S GLOBAL ALIGUMENT PROBLEM

® S0 MULTIPLE SCATTERING s
HADRON CALDRINMETESR

DOMINATING

Il
« W

7:- RATioN OF TWE ABSORsER
SHouLd BE MInNIMIZED /
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No. of A and X, in Bar/Endcap Cal. vs 1 Kr/Pb option
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No. of A and X, in Bar/Endcap Cal. vs 7 Kr/Cu option
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COVERAGE

- PROBECTIVE ALIGhMENMT

— CHAMBERS OVGRLAPPINVG
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DOMIVATING REFQUIREMENTS'

— MINIMUM NUOMRER OF CHAMBERS IN THE
MIDDLE SUPERLAVER

— Nmmuﬁ NUMRER OF RAD, LENGTH
IV THE CHAMBER ALD IV THE FRAMES

DRI\WVING CONSTRAIMS .

= MAXIMUM POSSIBLE LEMETH OF ANODE WIRES (L..)

G4



(&)

0.0¢ =
g F
o 0.03-
= e
o.nzf_‘—-
0.01E-
v
0
)
t""23.--""I""l""l""l
- Pr
| ——a— 250 GeV
C | =—— 500 GeV
= 0.15 | == 750 GaV
EL"— - | ——t— 1000 GV
e -
T oiof
0.05 -— /———
. o %

NAYETE AT N P AT T

0 0.5 1.0 15
Pseudorapidity

FIG. 4-19. Transverse momentum resoiution for

standalone three superayer system:
a) 10 < pr 100 GeV and
b) 100 £ pr< 1000 GeV.

SOOAAI ISR SO
" > & & "
2N NN .Q"’:‘?“ W/ ’,’t’?"’::q

LY N

FRAME « CHAMBER

(D cnansce

EDGES AND FRAMES ARE MADE OF EpPoxvy

@) o.ce3 x,
@ 0.21 X
G) 0.66 Xo

S

)Ms = 0.6 7%

(o—pe)ms =134 —

Jdo

e -

27



$ .

(@) . (3) EBGES + FRAME «CHANRER
- a_ - [
0.0s = |10 GV
r | —a—25 GeV
- 0.045- temg—50 GBV
5 "t
0.025-— < -
3 @) FRAME+CHAMBER
0.01 £ :
0 L. ! t t ! -
{b)
025 - [ I i 1 =
T : ) chAmeER
0.20 F-| == 100 Gev e
_ | —a— 250 GoV u
C | ~=— 500 GeV -
&l— 0.15 [~ | == 750 GeV -
n:. - | —+— 1000 GaV 3
"® p.10F /
0.05 : * f’.—z-
C 2]

1.0 15
Psaudorapidity

2.0

TIP-04247

FIG. 4-18. Transverse momentum resolution for
standalone three superiayer system:
a) 10 £ pr 100 GeV and
b) 100 < pr< 1000 GeV.

EDGES AND FRaMES ARc MADE OF PolYmER COMCRETE

®©

0.063 Xq

(eﬁp)hs = 0e7%
(‘%E)MS =1% —
[QPE)MS =186 == -




CONCLUSILONS

A. THERE 1S NO CRUCLAL EFFGCT OR
MULTIPLE SCATTERWNG M CSC
FRAMES AND EDGES ON Muo N
MOMENTUM RESoOLUTION !

CHAMBE RS OVERLAPPING Dogs NOT
MAKE A VITAL DETeERIORATION

2. TUEREG IS NO NEED TO Mammze
THE WIDTH OF FRAMES AND EDGES

T, INCRLEASING THE WIRE LENGTH IMN
THE MIDDLE SUPERLAVYGR To THEG
MAXIMULM PossIBLE (420cu.) Wil

DECREASE THE PNLMAGR. OF FRAKES
-
end> EdeEs BY 2SS Y



1. WIDTH OF THE CHAMBFRS |IN
THE MIDDLE SUPERLAVYE RL

2. MATERIAL v THE CSC
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Figure 4.3.3.2:

Muon System End View (1/4 Section)
View from South End of UG Hall
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Printaa By: Mike Gamole 7/31/33 1219 PM Page: 1

Fram: Mehdi Zarghameae (7/30/53)

To: Mike Gambie
CC: Mika Marx, Jos Paradiso
Mail"Link® SMTP Commants on Frank Nimblan

Raecaived: by gmail.ssc.gov with SMTP;30 Jul 1983 16:16:16 -0600
Racsaived: by ihb.compusarva.com (5.67/5.930129sam)
id AAC4523; Fri, 30 Jui 93 17:14:54 -0400
Date: 30 Jul 93 17:10:37 EDT
From: Mehdi Zarghamee «72514.2335@CompuSarve.COM>
To: Mike Gamble <Mike_Gamble@qmail.ssc.gavs
Ce: Mike Marx <MARX@SSCVX1.55C.GOV>, Joa Paradisa <NEUROMANCER@DRAPER.COM>
Subject Comments on Frank Nimblett's Mema of 7/29/93
Message-ld: <930730211036_72614.2335_CHN55-2@CompuSarve.COM>

Hi Frank,

1. Chambars are not staggerad in the proposad 48-32-32 phi segmentation
systam.

Thaeraiare, you do not nead two diffarent modulas, as you stated.
Furthermare, the .
repiacamant of two rows of staggerad chambers by a singie row saves spacs.

2. Tha eifact of 48-32-32 phi segmentation on the radial lecation of the
structural joints .
and the dapthcftha truss wark can be summarized as follows:

rMIC1 Ri= 4,18 m, R2 = 6.43 m, R3 = 425 m, changed from R1 = 4.61
m, -
68Sm,and R3=7.97m, Thissmwsmatmamdmmarbax

% ases %ﬂ# '

m - dapth of the inngrk:

F. eraiore, - "
ora is mora spaca aitogether.

A1 and A3 are the same asfor MIC1, et R2 = 5.69 m as
to R2
=5.90 m in the current dasign.  Therefore, the ﬁ‘ﬁ'." gtihe cutar bay

, and the inger bay i m {o

enca, an increases in the depth of botfy bays.
Regards, Mandi Zarghamee
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Lorentz angle compensation

in the Cathode Strip Chambers

1 Magnetic field strenght and orientation
for Barrel and Endcap CSC.
2 Lorentz effect in the CSC.

3 Choise of the gas mixtures
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GEM MAGNETIC FIELD
(REFERENCE FOR THE MUON SYSTEM).

S.Timofeev
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BSTRACT:

Overall map of the GEM magnetic field, radial distribution of the GEM
magnetic field at Z positions correspond to the muon chamber superlayers
positions, detailed distribution of the magnetic field in the barrel and endcap
muon chambers, distribution and integral Bzdl of the magnetic field along

the muon tracks at the different 8 angles and axial nonsymmetry of the
magnetic field are presented.



The 3-dimensional magnetic analysis of the GEM detector was carried out using the
OPERA-3d prepocessor program, TOSCA analysis program and OPERA-3d postprocessor
program on UNIX workstation.

Bz and Br components of the magnetic field have been calculated for the muon chambers
placement regions.

GEM MAGNET SYSTEM,
GEM magnet system is a large superconducting solenoid assembly with field shaping in

the forward region. The solenoid assembly is physically 31 m long with 18 m diameter inner bore
and produces a central field of 0.8 Tesla. It consists of two half-length coil assemblies, each 14234
mm Iong, separated by a distance of 1532 mm at the midplane. In the forward direction the
magnetic field is shaped to improve the muon resolution. This shaping is accomplished by large
ferromagnetic structures, called Forward Field Shapers (FFS), which are roughly projective to the
IP, coaxial with the beam axis, and occupy the volume from 10-18 m from the IP in both
directions. The elevation view of the GEM magnet system is presented in Fig 1.

GEM MUON SYSTEM,

) GEM muon system is a system of three superlayers, each containing multiple layers of
detectors placed between the calorimeter and the solenoidal magnet coils. The positions of the
muon chambers are indicated in Fig.2.

EFEM MODEL
The procedure of the creating of the FEM model is described in (1). The final FEM-model

that has been used for the analysis is presented in Fig.3. It consist from the 115710 elements
(120120 nodes).

RESULTS,

The overall map of the GEM magnetic field is presented in Figs.4 Fig.4.1 represent the Bz
component distribution, Fig.4.2 represent Br component distribution at the RZ plane of the half of
the GEM sensitive volume (R=0-9000 mm; Z=0-17000 mm).The Forward Field Shapers (FFS)
introduce a significant radial field component, the gap between the halfs of the coils lead to the
decreasing of the field in this region, in the region of the last endcap muon chambers the radial
component of the field change the sign that lead to the decreasing of the muon momentum
resolution.

Figs.5 represent the radial distribution of the GEM magnetic field at Z positions
correspond to the muon chamber superlayers positions (Z=0, -5760, -9950, -11250, -14750 and
-16250 mm).

Figs.6 represent detailed distribution of the magnetc field in the barrel muon chambers
and Figs..” - in the endcap muon chambers.

The FF5 support structure made from regular steei lead to the axial nonuniformity of the
magnetic field in the endcap region. Figs.3 represent the worse case of the axial nonsvmmerry of
the magnetic field in the endcap region.

Distribution of the magnetic field along the muon tracks at the different 8 angles (6= 90;
29.60; 17.01; 9.75 and 9.45 grad) are presented in Figs.9.

[ntegrals Bzd! of the magnetic field along the muon tracks at the different 8 angles (8=
9.75; 30: 60: 90 grad) are presented in Fig.10.

Lo3.Timeree il svmmerry of the SEM Magnenc Flehd” SEM TH-=3-384



LIST OF FIGURES:

Fig.1 The elevation view of the GEM magnet system .
Fig.2 The positions of the muon chambers.

Fig.3 FEM model.

Fig.4 Overall map of the GEM magnetic field.
Fig.4.1 Bz component distribution.
Fig.4.2 Br component distribution.

Fig.5 Radial distribution of the GEM magnetic field (Z positions correspond to the muon chamber
superlayers positions).

Fig5.12=0; R=0-9000 mm.

Fig.5.2 Z=-5760 mm ; R=0-9000 mm.

Fig.5.3 Z=-9950 mm ; R=1450-9000 mm.

Fig.5.4 Z=-11250 mm ; R=1650-9000 mm.

Fig.5.5 Z=-14750 mm ; R=2250-9000 mm.

Fig.5.6 Z=-16250 mm ; R=2500-9000 mm.

Fig.6 Detailed distribution of the magnetic field in the barrel muon chambers.
Fig.6.1 Internal layer: R=3854 mm.
Fig.6.2 Middle layer: R=6282 mm.
Fig.6.3 Outer layer: R=8588 mm.

Fig.7 Detailed distribution of the magnetic field in the endcap muon chambers.
Fig.7.1 Z=-5760 mm.
Fig.7.2 Z=-6600 mm.
Fig.7.3 2=-9950 mm.
Fig.7.4 Z=-11250 mm.
Fig.7.5 Z=-14750 mm.
Fig.7.6 Z=-16250 mm.

Fig.8 Axial nonsymmetry of the magnetic field in the endcap region.
Fig.8.1 overall picture of the local axial nonuniformity.
Fig.8.1 axial nonuniformity for the last muon chamber superlayer.

Fig.9 Distribution of the magnetic field along the muon tracks at the different 8 angles.
Fig.9.1 8= 90 grad.
Fig.9.2 6= 29.60 grad
Fig.9.3 6=17.01 grad
Fig.9.4 8=9.75 grad
Fig.9.5 6=9.45 grad

Fig.10 Distribution and integral Bzdl of the magnetic field along the muon tracks at the different 8
angles.
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FIELD INCREASE CONSEQUENCES:
Stored Energy goes as B2
Forces goes as B2
Stability drops some
CURRENT DESIGN OF THE GEM MAGNET MEETS REQUIREMENTS
COST (M$)=0.523%[E(MJ)} 2/3
- INCREASE IN 20% OF THE MAGNETIC FIELD SHOULD COST
12413=1275 A=30M$
WITH THE SAME DESIGN APPROACH
Conductor
Stability
Protection
Joints
Cold mass design
Coil forms
Preloading
Attachment to cold mass support structures
Power supply system
Current supply
Bus work
Dump resistor
Vacuum vessel
Stability
Cryogenics

Current leads

Page 1 8/3/93 » 13:04
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STABILITY OF FORCED COOLED CONDUCTOR
COOLING AND JOULE’'S HEAT RELEASE
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STABILITY MARGIN ~°°

The stability margin is the largest sudden energy deposition
to the conductor from which it can still recover the

superconducting state.

It is normally expressed as energy per unit volume of cable
i SICC)

B ~ The hmmng current deﬁnes the t:ransmon between the well-" o
cooled and the ill-cooled stability regimes: - =

.. = h P Acu(Tc'Tb)
lim— Pcu

Where,

T o "~ h = heat transfer coefficient (W/m2-K)
© - p=cooled perimeter (m) -
FRERTE Acu -area of copper. stablhzer in cable |

'Tb = initial helium temperature (K)



General Requirements

1 Central field T 08
2 Nominal field in winding T 1.1
........... 3 - Peak fleld - wmdmo FE R T TR 16 .
4 Operating temperature K 4.5-4.8
5 Maximum hot spot temperature in a quench K 100
event
6 Maximum Dump Voltage to ground v 500
7 Stored Energy GJ 2.5
8 Number of charge/discharge cycles 200
9 Charging time hr 8
10 | Maximum number of guenches 100
L[ Number of Cycles 293K/4.5K g | 100

.. HUGE STORED E\IERGY AND LOW DUMPING iy Ten e
VOLTAGE _= LOW OVERALL CURRENT DE\TSITY

Page 3 T 1230092 - 8:21



. RELATIVELY SIMPLE

Design Criteria

HIGH RELIABILITY
high stability
good protection

ATION

VERIFICATION IN LARGE SCALE
APPLICATIONS

MODERATE COST

SHORT TERMS OF THE MANUFACTURE

.+ CONVENIENT WINDING . 0 ol

STEADY STATE OPERATION IN RELATIVELY SMALL MAGNETIC FIELD
~ (Jcis high) N |

NO INTENTION TO USE BATH COOLING'(RISKY)

NO INTENTION TO USE CONDUCTOR AS A PIPING FOR COOLING
DOWN AND TAKING MAJOR HEAT LEAKS .

U Paged o L TETT DT oz igas



gel I | Massachusetts Institute

of Technology
Plasma Fusion Center

Conductor

1‘”*":"“*‘:"-3'-“DeSIQn features . _ ) R B e e
- NbTi strand, 0.73 mm d|ameter o

- 3.6:1 Cu:SC ratio
- 450 strands cabled in a 3x5x5x6 pattern
- 304L stainless steel conduit, two options
> tube mill continuously welds conduit around
cable (previous industrial experience)
> tube lengths are butt welded and the cable is
pulled through (development activity at Y-12)
- 1100 Al sheath
> baseline design employs two symmetric
halves, contlnuously longitudinally welded

demonstratlon at this cross-section
Stability
- Energy margins
> 300 J/m external disturbance
> 250 J/m internal disturbance
- Tesat 1.6 T peak field 7.5 K

T ,lop/lcr = 28.50/9, IOP = 502 kA

184



Operation Current
Considerations calling for high current:
- Protection
Smaller number of pieces

Smaller number of turns

Considerations calling for lower current:
Lower cryogenic load due to current leads
Easier manufacture

Less expensive current source, distribution and

i protection equipment

o Easier transportation.

E

i 50 kA isa reasonable compromlse w1th1n

Page’s - T Tiopopz <116
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3 PANEL MEETINGS (Dec.91, Jan.92, March 92)
WERE HELD DISCUSSING THE TYPE OF THE
CONDUCTOR FOR GEM MAGNET:

Conductor Options:

A) INDIRECTLY COOLED CONDUCTOR (ICC)
B) FORCED FLOW COOLED CONDUCTOR (FFC)
C) CABLE-IN-CONDUIT CONDUCTOR (CICC)

Stability Against External Disturbances (20 kA

option):
1ICC FFC CICC
Energy 7 J/m 50 J/m 300 J/m
Equivalent 0.35 mm 2.5 mm 15 mm
displacement

© No need for ijﬁpregnation of the coil for the.CI'CC .

U paeels 1oz o821



Massachusetts -I-nstitute'
of Technology
Plasma Fusion Center

gem

Conductor (cont.)

Quench Performance
- Terminal voltage = 1000V
- Dump time constant=100 s
- Hot spot temperature = 100 K
- Helium pressure for a closed end fault condition
= 45 MPa (6500 psi)

Full verification test of conductor and joint design
with GEM Test Coil at the University of Wisconsin

188



CONDUIT
Should take pressure in the event of quench - 34 MPa

LENGTH

Maximm practicable - 1139 m.
SHEATH

For protection purposes only
Cost considerations - Al 1100 with RRR >17



Cooldown to 4.5 K . Cooldown 10 4.5 K

| C e = o o
Conduit Contact Forces '
\\X&lj{j \\Lllllf{/
= = : -
Lorentz loading at 4.5 K Lorentz loading at 4.5 K
' GobiVSheatn t
WMy, et
" N o »’j 10, a.l) \\ ":rr
B, T
= = s =
Qmpﬁm(@hﬂ’a)at Quench pressure (48 MPa) at
4.5 K with Lorentz load 2 4.5 X with Lorentz load<e——

| - *
N W
N S

= = == =
Cook (4.5K), NoLorentz Load ~ Cool (4.5 K), No Lorentz Load
\\\ “‘T .'-l-,r[,/ ) o | ‘ \\\\\ J,//,‘
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No Contactt (No Cantact
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QEI “  Massachusetts Institute

of Technology
Plasma Fusion Center

Design Approach

- Single layer solenoid at 9.5 m mean winding
radius, together with the FFS, provide required
magnetic field quality

- Reliability is provided in several ways

> Conductor design
< CIC conductor provides high stability
margin and minimum risk of magnet quench
due to either small wire motions within the
cable or frictional motions outside the
sheath
< Hot spot temperature following unlikely -
~ eventofaquenchislimitedtoa = .
‘conservative 100 K by the Al sheath
> Use of CIC conductor enables conservative
insulation design for both the coil tum
insulation and the ground insulation

> Dump voltage during queni‘ch is limited to 1000
-V across magnet terminals and 500 Vto ground . -

iG1
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g e m Massachusetts Institute

of Technology
Plasma Fusion Center

Design Approach (cont.)

- Reliability (cont.)

> Conservative structural design
< ASME Section VIIl used as a guide
< Winding is radially and axially constrained
inside the bobbin and flange structure to
minimize winding motion

> Module-to-module electrical joints are designed
to be cryostable

~ - Availability

| > I:r'is'ulated bobbin quadrants sa\'/e‘tbé magnet S

from quenching on emergency discharge,
enabling rapid restart without need for magnet
cooldown

> High availability is derived from high reliability
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g e m Massachusetts Institute

of Technology
Plasma Fusion Center

Coil Module Design

Design features
- 19 turns of conductor, 1134 m in length

- Conductor is preterminated in the factory
> Length adjustment of +0.35 m built into
termination and winding design
> Adequacy of adjustment will be proven during
the dummy winding at Y-12
> Termination design does not preclude field
termination
- Initial precompression applied during winding
- Final precompression applied at winding
completion via flange bolts, stud tensioners and
lnsulatmg shims . |

- Supporting development activity - B
- Measurement of effective modulus of msutated

conductor winding stack (6.4 GPa)
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Massachusetts Institute
of Technology
Plasma Fusion Center

gem

Structural Designh (cont.)

Flange/Bobbin Bolt Loads

Loads o
Preload on caoil 114 kN (26 kips)
Prying action of preload 245 kN (55 kips)
Differential thermal expansion -17 kN (-4 kips)
Lorentz loads (always compressive) - OKkN
Deadweight (primarily causes shear) O kN
Lift loads (including prying)
Single bobbin (concentrated load) 130 kN
Assembly (distributed load) 46 kN
~ Total (operational) . - 359 kN (81 kips)
Total (lift) 489 kN (111 kips) =
Allowable Load, Inco LEA 487 kN (109 kips)
Bolt preload, Inco LEA 857 kN (109 kips)

A
10
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Massachusetts Institute
of Technology
Plasma Fusion Center

Structural Design (cont.)

Stresses at Flex Plate Attachment (Preliminary)

Allowable |

Stress Stress
(MPa) (MPa)
Bobbin (6061 T6 Aluminum)
Membrane + bending (Pl + Pb) 208 |« 225
Cover plate (6061 T6 Aluminum) i
Membrane + bending (Pl + Pb) 200 [« 225
Bearing 260 |« 321
Flanges (6061 T6 Aluminum) |
Membrane + bending (P! + Pb) 188 |« 321
_{Flex Plate (Titanium) :
Membrane + bending (Pl + Pb) 500 |<| 785 :
Bearing - | 260 |<} 1348 |}

19U




g e m | Massachusetts Institute

of Technology
Plasma Fusion Center

Structural Design (cont.)

Loss of Preload

Initial preload 8.3 MPa (1.2 ksi)

Low elastic modulus for coil stack
6.4 GPa (930 ksi) by test
Tolerant of displacement changes

Cooldown
In “normal” direction, G-11CR
contracts more than 6061-T6

Loss = 1.2 MPa (175 psi)
S . . {029
Preload remaining 74 MPa (958 p31) |
Preload required | 6 6 MPa (958 psr’)\
Creep

Not significant at operating temperature
At room temperature, creep data are not
- . available, and testing is required . .

~0u



Massachusetts Institute
of Technology
Plasma Fusion Center

gem

Structural Design (cont.)
Bobbin Stresses (excluding quadrant joint)

Allowable

Stress | | Stress
(MPa) (MPa)
Preload on Caoil
Hoop direction Negligible |<{ 150*
Transverse direction
General membrane 74 |« 150*
Membrane + Bending (PI+Pb) | 16 < 225
Differential thermal expansion  Small
Lorentz loads |
Hoop direction
General membrane | 34 < 150"
Transverse direction |
General membrane - | 16 |« 150"
Membrane + Bending 40 | 295
Deadweight |
Hoop direction . ;.
General membrane 0 < 150*
Membrane + Bending 5 < 225

~ *6061-T6 (welded) - 128 .

<01




Massachusetts Institute
of Technology
Plasma Fusion Center

gem

Structural Design (cont.)

Bobbin Quadrant Joint Stress-Flange Design

Allowable
Stress Stress
(MPa) (MPa)
Bobbin (6061 T6 Aluminum)

General membrane 44 |<| 150"
Flange bolting (Nitronic 40) 29 < 345
Thermal Compensation Sleeve 281 |<| 427

(Low Expansion Alloy)

Insulation

At flange face - : 45 |« 175

At washer - 162 |<| 175

*6061-T6 if welded 128

20w



CONCLUSION

GEM MAGNET DESIGN IS ROBUST TO MEET
GIVEN REQUIREMENTS

DESIGN OF A NEW GEM MAGNET FOR HIGHER FIELD IS POSSIBLE
CHANGE IN REQUIREMENTS WILL COST

WAVING SOME REQUIREMENTS MIGHT SAVE SOME COST (like
availability of the magnet)

SOME IMPROVEMENTS ARE POSSIBLE FOR THE PENALTY OF HIGHER
RISK OR LOWER SAFETY MARGIN

EXTENSIVE REDESIGN AND ADDITIONAL R&D ARE NEEDED TO MEET
NEW REQUIREMENTS FOR HIGHER FIELD

Page 2 873093 « 13:04
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gutline of CSC Muon Detector Test Beam Program Document
I. General Description of the GEM Muon Subsystem {Fig. 1-3)

A. Chamber Design

B. Readout and Trigger Electronics

C. Barrel and Endcap Chamber Layout

D. Alignment Philoscophy and Components

IT. Goals of the Pre-Fermilab and Fermilab Test Program

A. Pre-Fermilab goals
B. Fermilab goals

III. Pre-Fermilab Test Program

A. Bench Tests (Fig. 4-5)
1. Cosmic Ray Tests (TTR, etc.)
2. Tests with Laser, Gas Choice
3. Alignment System Tests
4. Electronics prototypes tests

B. Low Energy Beam Tests (PNPI, ITEP, BNL{(?}} (Fig. 6)

1. Studies of spatial and time resolution for CSC with
various readout pitch widths and anode-cathode gaps
at different beam angles in a Magnetic Field

2. Lorentz Angles studies

3. Double track resolution

4. Gas studies

5. Electronics Tests in Accelerator Environment

C. High Energy Beam Tests in RDS (Fig. 7)
1. Punchthrough measurements
2. Muon Radiatien Background
3. Studies of spatial and time resolution

IV. Fermilab Test Beam Program

A. High Energy (200-500 GeV) Muon Beam Tests with
40x40sgcm 6-Plane Module in a Magnetic Field (Fig. 8)
1. Test Muon Radiation Background
2. Repeat of Resclution Studies vs. Angles
3. Continuation of Electronics Tests

B. Punchthrough measurements on a High Energy Hadron Beam
with 40x40sgecm 6-Plane Medule in a Magnetic Field

C. Beam Tests of a Single Full-Scale Chamber Module {6-planes)
1. Resclution Measurz=ments
2. Interlayer Alignment
2. Electronics Studizs

D. Beam Tests of Barrel Mucn 15-degre=e Sector (7.5-degrees
instrumented) (Fig. 9)
1. Integrated Test of Detectors, Supports, Alignment,
and Services.

2. X-ray Calibration of Glebal Alignment
3. Studies of Muon System sagitta measurements precision
4. Test Sagitta Correction with Tracks from a
Simulated Focus
5. Tests of Time Resclution 2f the Muon System
5. Investigats Electronics and Trigger Prototypes
=. Beam Tests oif 3SEM 3Sector. witn Z2atral Tracksr
Calorimezar, and Mucon

Y AL
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V. Requirements for Fermilab Program
A. Beam
1. General Requirements
' a. Beam-Trigger Signal Properties
b. Momentum Measurement of Beam Particle
in the Trigger
¢. Direction Measurement of Beam Track in
the Detector Hall
2. Muon Beam (Muon Tagging System and/or Hadron
Filtering System?)

a. Spot Size -- Halo

b. Energies and dp/p

¢. Minimum and Maximum Useful Intensities

d. Independent Beam Position System,
Resolution, Location

e. Limitations on the Muon Beam contaminations

with other particles
3. Hadron Beam (Electron, Muon Tagging Needed?)}
a. Spot Size -- Halo
b. Energies and dp/p
¢. Minimum and Maximum Useful Intensities
d. Independent Beam Position System,
Resolution, Location
e. Limitations on the Hadron Beam contaminations
with other particles
B. Chamber Test Facilities (Fig. 10}
l. Magnetic Field Tests
a. Design and Construction of Chamber
Manipulator
b, Small Gas System (non-recovering ?)
¢. LV, HV, Calibration and Readout
Connections
d. Mcniteors for Temperature {local) and
Pressure (once in building)
e. Facilities for Access to the Chamber
f. Calibrated Hall-probe Monitor
2. Sector Test
a. Design and Construction of Chamber,
Alignment, Services Module
b. Design of Facility for Vertical and
Horizontal Rotation of Medule
Large Gas System (recirculating ?)
LV, HV, Calibration, Alignment and
Readout Connections
2. Monitors for Temperature (local} and
Pressure (once in building)
f. Facilities for Access to the Chambers
(Scaffolds, =tc.)

an

C. DAQ and Computers Requirements (Fig. 11}

1. Front End Electronics

2. Digitization Options

3. Calibration Procedure

4. DAQ System

5. Slow Control {EPICS) System
6. Online and Off-~line computing



VI. Responsibilities

A. Detector Construction for Sector Tests
1. Chamber Construction (3 or 67?)
2. Alignment System Components
3. Gas Supply and Monitering System
B. Construction cof Manipulators and Chamber Supports

C. Electronics
1. Magnetic Field Tests
2. Sector Tests

D. Data Aquisition, On-Line and Off-Line Analysis
1l. Magnetic Field Tests
2. Sector Tests

E. Engineering Perscnel Needs
1. Magnetic Field Tests
2. Sector Tests

VII. Costs

VIII Schedule and Evolution of Fermilab Test Program

Figures:

General view of GEM Muon System

CSC Chamber designs

Alignment concept

TTR results on spatial resclution

Alignment tests results

Timing resolution of CSC

RD5 results

Sketch Showing Magnetic Field Test Configuration
Sketch of Showing 15 degree Secteor Test Configuation
Design ©f Chamber Manipulator

Sketch of Muon DAQ and Monitoring subsystem

.
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Chamber Interface with Support Structure gem )

New “Baseline”, preliminary decision (28 July 1993 video conference) ...

» Chambers are mounted at 4 points (“partial” kinematic mount) instead of at
3 points (“true” kinematic mount) presented to PAC Review.

» Chambers are supported at ends (~Imm sag for largest barrel chamber)
instead of at “1/4 points”, similar to PAC Review presentation.

Reasoning ...

* The chamber as a structure can accommodate any of the proposed support
methods without being subject to unacceptable loads.

* Neither of the proposed support methods introduce significant,
uncorrectable sagitta error.

« Practical engineering considerations (excluding chamber electronics) favor a

4 point support concept located at the ends of the chamber.

- The addition of the {ourth support point potentially introduces a small,
correctable sagitta error as long as the support structure is “locally”
stable. (The chamber would deform into a simple, predictable shape.)

- End supports are most directly tied into the support structure providing a
more Stable, less massive interface structure.

GEM Miuon Meeting, 3 August 1993 F.C. Belser Lg
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Chamber Interface Structure gem )

/

A view along the x-axis. Adjacent chambers along the x-axis are supported
from a common interface structure.

n
GEM PAC Review, 26 May 1993 8. M. Pratuch L%
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Chamber Interface with Support Structure (cont.) gem 2

« There are no compelling physics issues that favor one support method over
another.,

- Compatible with “pure” projective and “hybrid” axial-projective
alignment concepts.
- Comfortable with ~Imm chamber sag as long as it is predictable to 10%
*or belter, but verify!
- Reasonably satisfied that the cumulative effects of all the minor
uncertainties in sagitta error are understood. -

Remaining issues ...

» Analyze dynamics of chamber-support structure interaction, although not
thought be a problem (SG&H and LLNL)

« Creep lests to be performed on panel materials and assemblies to verify
assumplion that creep is not of concern, although a creep problem would
favor the “1/4 point” support method (LLNL).

« Electronics, alignment components, and mount location on the chamber
remains a severe design challenge even if electronics are moved from the
edge to the face i.e. a “congested area” is created on the chamber face along
the short edges (LLNL and SSCL).

GEM Muon Meeting, 3 August 1993 7. Betser 8



o)
=
&\



S ﬁmu'o*ions

ol +he GEM

mMuow a\\'%u\ meut ‘b*afa'l'ew\

Yu. Geveliteiw ITEP/SSCL

® The subject

® Pro&ec:(:ive v.e axiol
@ QQSU\H:';

® p‘aus

22



® Pure ?vo:\ec,-’rlva schewe: |

¥ Coose e-g-gicj.guc,g due to
Nt e @e;(rweeu cliambeve

Side View (ré)

’ Poosible {veatwment:

® Wive wowitovs:

T e s S
measurements bearing
m%%’i:ﬁ‘%ﬁ#% % wo weove 92pS -
- Afameor - 7" . £
I TN, N v
‘ﬂ' A //Q.:"’ (‘sus"c lead end .
(ap:';'_,iim > A C‘.L\a_wl.\be'f% 3 -
B:-so-' 3 Projective paths ‘
’ljSmnﬁi E"’ ::'w’ * 3 dhawmbeve w 2 5L
®) ' eos é '\;o P\ ate wa O WA "EOV?
3 : ‘ -
3‘8 * \(-educl'{ou o-& PV‘D&QCJL‘Vﬁ
& &uke wMMl'DQV‘
§, ‘Op'Hcch waow i tove

| ‘ Lo ead 1o
=iG. 4-69. Alternative schemes for iocal alignment of t \'ﬂ ove JTO é e Lse Cx vy T &
e GEM muon barrel. 0. R \ -
EMG\.QCLP o,/,ag‘ RPA S



- PV‘O:}QQ"(‘;VQ V.S, axtol aﬁi%\,\w\e“{-
- @ False 5a%g;'l=« method assuwes
thot chhawrbevs ave coutiuous

® IV\ PV‘OS. VS, Qxiabl c_.c,\/\em -got\se
SQ%%{J:& “ A wow-cowkiwous Lunetion o-&

amgles B ond 9

‘ HAVE TO:

wo ueiv\% ool woumtoy \re.qd.\'u%r: to

project measuved Wite ow «
Pse‘*do'waw\‘bev suviace,

= then use pvoyechive weo wa bov
V‘eadf\a%s oA v~ puve oniedriv:
- schewme .

- e :
- - E s oa.




AS 4he tvue dAC\M‘DQV Posi"t\'ous Qv e
wot k\aow»\ we \'\ow-e to c_ovvec{-
UQPQVQ“'GQa 'S:OV‘ V‘eQa.":ive c.\/\O\\M\DQV
move weuk s (willi axing wewsibersY cuaoh bou

widte anmd votatious of Whole gL
{_"Nl','! P‘rfls:..-%'n‘,'i‘:. MA.glr._"L\/\,;;

Tu Pa\r‘]:ic.u\av

@ take clhowbeve u wrdiotuvbed
Posi+{ous
@ wove thew =+o meet ouxiad

wmous tove v‘eaoliu%5
® u\esuw\iu% ‘UAQJ: ":vo«'_‘& %oes &fo\.-\ IP

caleulate covveetiou Sov velative
chawbeyr wove wmeunts

e APPYOXimate e

.‘m'[:':vpo\o:{'e projeckive wiouitov
Teacl{u%%‘to covveeted poiu\‘(?

@ caleulote covvectkiou Lov wwove went

0-‘5 whwole SL '



A

coutimetevs

0.15

0.05

-0.05 -

0.1

-0.15 |

"
(L

.
i

<
e

.
wsnrc-w.-zﬂ'we; TR

R AT RS L E N ey

SAG VS TH

Radiawns




GEM:

Leoovdinaze 6%%"&'6‘&\‘.

VY2 s Adrcoaw -
—p
a
4 L Is"ﬁvic
C‘Aaw\ |T’ev“. x Aivecdion




Defenitionse:
Choawiber wovemeute:
4 50 shite x,4,2 2 30 mum
rotatione ¥,4 *2wmvad § 2 £ Fmrad

2 9L shifts %,4,2 2 1.5 wwm
rotat: gus X, 4 + iww'a.ol} 2 % 3 wivad

BSL shidts % y2 £ 3.0 wmwm
rotakious X, 4 .S wmvad ;2 5 mvad

NOV\— bev\o\ V‘CSO\W‘E;OM .

Readout L0cwm =) 0= 10 J‘_ 2 .44 ewm

Mouitove:
Op"t(ta\ 0y = 0'.'3 = 25,-\\\'\
Wive Tx 2 \Opm Tyz2 100 nw

Now- project: V\'{'a‘.

-

buvxc.\t\ Sie O-x-"'-u-n:on\M q-e = SQM
Cewtev of GEM shift Tx=204=2 0= Hem

ld~‘.> M'!‘P'L (SR

o Tvacks dislyiButed uwn bevm by ovey U
Loewven (anglas & ond &

A

»

F\‘:“Lac ‘.ef" LA

“‘C YLl & Q-L QD WQI\L _'>

—,
-— '- .ZL'L 'LLQ..L LR E A P '.0—‘?70

Ay
< ‘!.! 'I‘M‘,\,\‘*Q;e. we‘,'



Table 1.

method | proj. monitors | non-projec- | proj.mon + | axial mon. | All
resolution tivity non-project. | resolution

tower 1 2.2 13.1 18.6 21.6 23.3

v s t 5 2. 8. 4 )
[7 V'O)CC('I ower 2 2 125 . 18.6 19 224
tower 3 3.0 13.1 20.2 22.8 22.8
tower 4 3.2 12.4 19.1 22.7 249
optieal [tower 12| [ 4.1 10.6 15.9 19.3 5.7 92.5
OM . Y 0W tower 34 11.1 17.7 19.0 4.8 21.5
. tower 1234 5.6 11.7 14.0 16.1 13.2 22.2
wive tower 123 | 6.0 12.0 13.4 176 12. | €221

towew 123 - %oq:\e.ss condr guvatiou with
2, Jaourbeve w. secowd Sk

22b



30

28

26

24

22

20

18

16

RMS of corrected saggita distribution RUVAR S

— ® resolution of projective monitor 0
- u resolution of projective monitor 10
— @ resolution of projective monitor 20
i A
B A rescluticn of projective monitor 25
5 A .
L &

A ®
_ A .
- ®
I =
_ n ®
; ' ®
] 1 l ] L 1 L] ' 1 1 L 1 ! L 1 1 1 l L H 1 L ‘LL 1 1 I 1 L b 1 I 1 1 1 1 ‘ L H L L l H

0 2.5 5 7.5 10 12.5 15 17.5 20 /4 e

X vesolutiow od axial wouit,

Lokl A 1 A

Al othew Pa_mm}eus- BASELIVE

£y
o fax




34

32

30

28

26

24

22

20

18

16

RMS of corrected saggita distribution

® resolution of projective monitor 0

e »

III[IIIIII

B resolution of projective monitor 10
resolution of prajective monitor 20

A resolution of projective monitor 25

o B m)

>
L

Illllllllll!lllTlll

3

E
on H»

on

Il!Il[tlltl;];[!LlllJlllllllllILE

0 50 100 150 200 250 300

y resolution of axial manitors

Al o‘l'\«.e,v- Pamue:kvs - RASELIVE

26U




RMS of corrected saggita distribution

Al othey PMQMQ, eve — BASELINE

-
“tus

D2

y

P--;

40
7.5 ; ® tower 1
N A
35 [ | tower 12
C [ |
C @
395 :_ A tower 123
L 30 C_
275 | ®
L - .
25 ~
- L
22.5
@ !
20 [
(175
! e
T -
1; 15 s ‘ L 'S TR | | T | ¥
L 0 5 10 15 20 25 30 eua
width of anode readout zone
e
.= =
R =~ 2v{o




34

32

30

28

26

24

22

20

18

16

RMS of corrected saggita distribution

o ® tower 1

- a tower 12

)

— A tower 123 !

S L]

C ®

. ¢ !

F [ |

r. A

:'A

8

-

r * L 1 I 1 i L ' N S N | 1 j ] 1 ] I L 1 i f I 1 | l_l_
0 1 2 3 4 5 6

<y

Sigma of COG shift in xy plane

All othev Pamme{evs - PRASELIVE




200
180
160
140
120
100
80
60
40

20

RMS of corrected saggita distribution

liIIITIIIIIIlllllllllllllllllll_l'lll

i—rﬁ

o]
(o
A
o

80
bunch length

Tower L — BASELIVE




Cowe lus) ou

9 ?roiec};ve V.5, OX (‘Q_E Olcga W WA . '& -

sehhewee wovkse w °2f°"°°( ar
puve pvojective (ond woy & Retter

® Available aceuvo ey ol ax'al weou-
fove v Mb&d&-& below W vequc'veo(, -

® il 4o be doua
Covreci' eudea.,e onmu‘vé_

A\(%uw\eu:l' oy 32:3%2:48 ;_wg;%wgh

-

234



SIGEM status

Yuri Fisyak

The SIGEM release 2.2 has been announced 10 days ago. This status
is described in GEM TN-93-438. This release includes:

¢ Digitization for CSC and IPC based on program V.Cherniatin, A.Chikanian
and V.Balagura

e Convolution of “trigger” event with pile-up events (on the level of

HITS)

e Reconstruction as stand alone procedure which uses geometry data
base (RZ-file) and input with hits (FZ-file)

o Global fit of muon track in Muon system with Central tracker. This
procedure has been checked with single muon at pr = 25, 100 and
1000 GeV/c. For the moment the calorimeter is considered as a
passive detector. No calorimeter information is used so far in the
reconstruction.

23'¢
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p,—resclution for u* with py= 25 GeV/c N,, 2 2
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p;—resolution for u* with p; = 25 GeV/c N,,, = 3
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Transverse momentum pulls for u” with p; =
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Estimated p; resolution for u* with pr = 25 GeV/c¢
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pr—resolution for u* with pr = 100 GeV/c N,,, 2 2
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p;—resolution for u* with pr = 100 GeV/c N,,, 2 3
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pr pulls for u* with py = 100 GeV/c
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Estimated p; resolution for u* with py = 100 GeV/c
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p;—resolution for u* with py=1TeV/c N, 2 2
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p—resolution for u* with p; = 1TeV/cN,,, 2 3
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Fit probability for u* with p; = 1TeV/c
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pr pulls for u* with p; = 1 TeV/c
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Estimated p; resolution for u* with p; = 1 TeV/c
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for u* with p; = 1 TeV/c
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Impact parameter resolution for u* with p; = 1 TeV/c
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Z vertex resolution for u* with p; = 1 TeV/c
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The nearest plans include:

e New baseline for Muon system. This work has been started but for
the moment this baseline is too flexible. Apparently this new baseline
requires some structural changing of the geometry tree — additional
chamber in order to cover gaps.

e Extend reconstruction for event with more than 1 muon.

e For reconstruction it is necessary to introduce and to fix data struc-
ture tree and “title” constant structure. Presumably it will be Zebra
structure. I am contacting with SDC to try understand what we can
use from their experience. This has to be completed as a creation of
GEM data base “prototype”.

e Recover the calorimeter as an active detector. This requires using of
new GEANT 3.20. This work has been started. -
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150 GeV Higgs-4mu invariant mass, all events
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CT res, eta=0, from GEMFAST
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CT res, eta=0, from GEMFAST
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P(reco)/P(true) for triplet mus in H-4MU
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P(reco)/P(true) for triplet mus in H-4MU
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P(reco)/P(true) for triplet mus in H-4MU
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