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Agenda of the GEM Muon Group Meeting 

SSCL, August 3-4, 1993 

--------- August 3 ---------

(1) Report of the Chamber Committee - Gena Mitselmakher convenor 

G.Mitselmakher - Introduction 

C.Wuest - Activities at LLNL 

C.Belser - Prototype pannel status 

I.Golutvin - CSC activity at Dubna 

C.Johnson - Chamber design progress 

O.Steger - Muon chamber numerating system 

U.Nauenberg - Integration of Readout 

O.Prokofiev - Progress 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.Bonushkin - Simulations and Measurements of the Muon 
System possible gas mixture 

S.Timofeev - GEM Magnetic Field 

N.Martovetsky - GEM Magnet Field Increase Consequences 

(3) Test Beam Program 4:00 PM - 7:00 PM 

outline of program - Carl Bromberg, Vladimir 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 

--------- August 4 -----------

(5) Report ori 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 ~ej) 
• 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: 

f--" 
- Small panel prototyping for alternative processes 

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

- 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 ~e~) 
• 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 

PJ - Chamber mock-ups for gap frame evaluation 
- Experimentation and evaluation of polymer concretes 
- Alternatives to GlO (e.g., polyimides) 

• f f • • f f f • f • 
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Distribution of Strip Widths (1.175 m) 

cr = 27.5 µm 
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Distribution of Strip Widths 

cr = 14.2 µm 
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Near-Term Prototyping Efforts . , ~e_ii 

Intra-Chatnber Alignment Verification Test ... 

• Verify TDR "baseline" align1nent concept using on-board fiducials and 
precision washers for panel-to-panel transfer. 

Fabricate 1nultiple copies of a "standardized" s1nall (1' x 2') panel 
incorporating align1nent features and simulating etched circuit features 
as extensively as practical. 
Demonstrate fiducial transfer "steps" fro1n cathode strips to cha1nber 
assembly. . 
Develop statistics for accuracies obtained during each fiducial transfer. 

• Add straightness monitor components to verify alignment transfer fro1n 
panels. 

• Evaluate alternative alignment technique and co1npare to "baseline". 
Labor required to align and verify 
Skill levels required 

• Experitnents (1ninimum of 2 panels in assembly). 
"TDR baseline" (circuit board fiducials with precision washers). 
"Pin-Transfer" alternative. 
"Stretched-Wire" straightness monitor sensor . 

Rviq. / $E PT. 
S€P7. ... 
SEPT'. - ! 

GEM M11011 Meeting, 3 August 1993 F.C. Belser m= 
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Near-Term Prototyping Efforts (cont.} , ~e~ 

"Standardized", s1nall panel design (developed for the align1nent tests) used for 
prototyping chmnber design features and co1nponents. 

• A progression of small panels can be fabricated and/or 1nodified as needed 
for inclusion in an increasingly sophisticated chmnber asse1nbly. 

• An asse1nbly of 7 s1nall panels will duplicate most proposed chamber 
diinensions except for full length and width (adequate for siinulating 
"local" features that are simply replicated along the length and width of a 
cha1nber asse1nbly). 

• Designs features sub1nitted fro1n collaboration 1ne1nbers can be prototyped 
and evaluated as part of an integrated asse1nbly. 

• Alternative designs for a specific feature can be evaluated "side-by-side" in 
the saine asse1nbly if desired. 

• "Real" 1naterials, components, and assembly techniques will be 
incorporated as available. 

• Prototyping experience will aid the design of a fully engineered, full size 
cha1nber as well as providing fabrication and assembly experience necessm·y 
for planning factory production. 

GEM Muon Meeting, 3 August 1993 F.C. Belser ~ 
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Specific Prototyping Efforts - Large Pa11eis ~e~ 

Two large honeycomb panels (-4' x 10') to be fabricated ... 

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

• Unetched Cu-clad boards fro1n GE will be used for all other faces. 

• Both panels will incorporate design features for inclusion in Dubna 
prototype chatnber if schedule permits. 

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

• Fabricator is aware of ambitious design specifications (flatness and 
parallelistn) but will utilize existing technology. 

Roo1n temperature adhesive to be used for large panels. 
Other fabrication methods will be exatnined 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 ~ 
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G-1 O w/ elched copper 

f 

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. 

• • • • • • • • 
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CSC Panel Fabrication Specs 

Pcnel Definition: A 19 mm (nomjnal) honeycomb 
NOMEX ·core (1.8 lb/ cu. ft.; 0.25 in. cell) sandwiched 
between two .5 mm fiberglass (G-1 O or FR-4; NEMA 
specs.) face sheets. The fiberglass face sheets are 
copper claded (17 µm 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 

700 µm over 7.2 m 

2. Parallelism 
700 µm over 7.2 m 

3. Net thickness (incl. face sheets) 
20mm±250µm 

4. Squareness 
Diagonal measurements± 250 µm of each other 

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

Gap Spacer 

• 

Aber Gloss Face Sheet 
(Copper Clad) 

-------1.2mete...-----~ 
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Specific Prototyping Efforts - Small Panrls ~ej) 

Panels ... 

* . Materials and fabrication techniques Au~. - 'Dec. 
• Panel internal reinforcements (edges and center spacer posts) J ~EPT. .. P~(' 
• Casting techniques for "integrated" panel edge details (a la Polychronakos) • • 
• Layout of etched cathode circuit routing 

Cha1nber assembly, internal ... oc.;. - ? 
• 
• 
• 
• 

Cathode spacer posts (at bolts and middle of cha1nber) 
Anode wire support and wire fixation design 
Internal layout of electronics and circuit routing 
HV distribution 

Chamber assembly, external ... ocr.- 7 
• 

• Panel-to-panel gas sealing design (bolted and alternative ideas) 
• Utility feedthroughs and connections 
• Edge connectors (anode and cathode) 
• Straightness 1nonitor components (projective and stretched-wire) 
• Attachment details (for chamber mounting to support structure) 
• Anode and cathode electronics 1nodule locations and cable routing 

GEM M11011 l\feeti11g, 3 August 1993 F.C. Belser ~ 
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CSC 3m x 0.3m 
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CSC PROTOTYPES PRODUCTION 
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/ 

Crate 
chambers 

area 

!Om 

+--1-"/ 7.5m T ~·~m 1 -., 

18m 

5m Trans~ ~ i "'---1--1-

wires 
to the 

chamber Cosmic 
I D Test with I 

llm 

D rays i ~ 
--t---t-/-===----r--~q~ 

\- 6m .+ 
Bm 

Clean I 
room ' 

- ·-- _J \ 
Winding machines\ 

- 10.5m --
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/wan 

CLEAN ROOM 

i 
I 

Table i 

T = 20 C 
HU.MIDITY = 60""; 

' I 

I 
I 

I 

Fans and filters 

Wall 

csc 

I ! 
/Table for assembling CSC 

Reference oints 

AIR RATE CLEA:\ = 10 000 dust part.. cu.ft 

... 

... 

... 

... 

... 

-

... 
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CSC PROTOTYPE MILESTONES 

* 1. Panels preprocessing 

* 2. Materials from SSCL received 

3. Panels processing, 
precise gauges mounting, 
stripped boards gluing 

4. Getting bars ready for gluing 

5. Glue bars to panels 

·&. Drill holes 

* 7. Test assembly of the panels 

June 1993 
June 1993 

2 August 1993 

13 August 1993 

15 August 1993 

16 August 1993 

17 August 1993 
8. Assemble spacers and gas outlets 24 August 1993 

9. Cover strips with resistive mater. 25 August 1993 

19. Install anode wires 

11. Moun~ capacitors, resistors, 
connectors 

*12. Assembled planes acceptance check 

13. Get planes ready to assemble, 
clean 

*14. Assemble chamber 

15. Mount exterior parts 

*16. Final test 

*17. Packing 

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. 
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MUON CHAMBER NUMBERING SYSTEM 

BARREL SHOWN 

.. increasing "Z" increasing "Z" 

24 4 3 

5 

6~ ~19 I I 111 I I 1!1 f!i.-(;!f( ~6 
C,., i 
I-" 7 \I\~ liil-:Il "n/ 18 I 

I Ii I I I 18.~ ~87 

Barrel North Group 
1Through24 
Clockwise 

17 

N s 

IBN13A1 

I= INNER 
M:MIDDLE 
0= OUTER 

.-------~ L..'.::::I ===' ==:-1----, 
B:TOP 

B= BARREL 
E:ENDCAP 

N = NORTH SEGMENT ALIGNMENT 
S = SOUTH 1 - 24 N TOWER 

1 
2 
3 
4 

A: BOTTOM 

Barrel South Group 
1 Through 24 
Counter Clockwise 

CHAMBER 
GEOMETRY 
ACTIVE AREAS 
1 -8 
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a~Q~ ~~5NoRTH OEM 
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(outer) superlayer 
(middle) supperlayer 

(inner) superlayer 

Typical progressive projective alignment towers 
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Figure 4.1 c: Endoo ;:\iluon Chamber 
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--j f.- 400 1 !+---------- 15100 ---------~ 

9000 
~8691 
- 8287 

SC Magnet 

!"0---- 6000 ___ ., I 
i------10000-'------~· 
i---------------~17250 ------~ 14------------19000------------'--+t 

-

T .. Ptate 
(OnlYcne-) 

SL1 SL.3 

c) 

IP SL 1 Sl2 SL3 TIP.o<ll' 

>. 4-1. Overview of the GEM muon system: (a) shown in quadrant view, and (b) barrel end view, (c) endcap 
wfrom IP. 
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Table 4-3. Barrel region physical parameters. 

Barrel R"l)ion 

Chamber Chamber Chamber ... 
Width LenWh Mass Quantity Quantity Module Mass Barrel-Half 

Superlayer (m) (m (kg) (Per Module) (2 Barrels) (kg) (kg) 

Outer 1.390 3.540 223 14 336 3118 37418 

Outer 1.390 2.814 183 2 48 366 4396 

Middle 1.139 2.574 145 4 96 578 -6938 

Middle 1.139 2.320 133 6 144 796 9556 

Middle 1.139 2.199 127 4 96 ,507 6087 
., 

Middle 1.139 1.602 99 2 48 197 2367 .... 
Inner 0.831 3.540 151 6 144 905 10865 

Inner 0.831 2.972 129 2 48 257 3087 

TOTALS 40 960 6726 80716 

Table 4-4. Endcap-Physical Parameters. 

Endcap Region 

Chamber Width Chamber Chamber Endcap-
(Max/Min) Le::wh Mass Quantity each 

Super Layer (m) (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 66 48 3164 

Middle 0.900/0.610 2.223 96 48 4604 ... 
Inner 0.730/0.435 1.154 58 24 1385 

Inner 1.150/0.665 1.875 113 24 2705 

TOTALS 240 26215 

-

-



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 TfR showed 
acceptable stability oycr periods .o.t ~ long as 
36 hours. Our experience with these detectors gives 
us confidence that we will be able to achieve the 
I% calibration precision goal. 

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

Results from the R&D Program 

We have pursued an .active program of CSC 
prototyping and development during the past year. A 
number of different test chambers have been eva­
luated in the cosmic ray Texas Test Rig (TIR) at the 
SSCL. at the RD5 muon test beam at CERN, and at 
the l.7GeVprotonbeamattheGatchinaSynchrocy­
clotron.7.8.3S-39 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 ofR&D on CSCs are presented here. 

Tabli: .; 13. Typical characteristics of CSC. 

Parameter 

Wire spacing, s 
Anode/cathode distance, h 

Readout pitch, w 

Gal> between strips, Wg . 

Widllr ct readi:lutstrip, Wr 

Wtdth of floating strip, wt 
Capacitance of readout node 

Capacitanc& between strips 

Resistance between slrips (typical) 

Anode wire radius, r4 

Equivalent cylindrical cell radius, ic 

Wire capacitance per unit length. q, 
Operating Voltage (nominal gain) 5x10" 

Electric field at either cathode, re 
Electric f18ld on wire surface, E, 

Positive ion mobility,µ• 

Time constant, c, 
Fraction of the avalanche charge collected by an 

anode in 30 ns 

Fraction of the avalanche charge collected by an 
anode in 300 ns 

Fraction of the anode charge induced on either 
cathode 

Total ionization (normal track) 

Minimum wire tension 

GS 

Units 

mm 

mm 

mm 

mm 

mm 

mm 

pF/m 

pF/m 

MO 
mm 

mm 

pF/m 

v 
V/cm 

V/cm 

crrtZ/s/V 

ns 

ion pairs 

gr 

Superlayer 1 

2.54 

2.54 

5.71 

0.400 

1.05 

t.75 

50 

48 

20 

0.015 

9.35 

8.68 

2600 

5000 

2.7x10S 

1.27 

2.11 

0.21 

0.39 

0.39 

90 

50 

Superlayer 2 Superlayer 3 

2.54 2.54 

4.0 5.0 

8.48 10.7 

0.400 0.400 

1.78 2.38 

2.25 3.56 

50 50 

48 48 

20 20 

0.015 O.D15 

56.9 196.1 

6.79 5.90 

3400 4000 

5000 5000 

2.7x10S 2.7x10S 

1.27 1.27 

2.09 2.10 

0.17 0.14 

0.30 0.26 

0.33 0.30 

145 180 

!TT 151 
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Small CSC prototype production 

1 Barrel ( ITEP ) 

- 6 layers CSC (40x46cm2) 

- 4 configuration of the cathode strip 

- pitch: 5.5mm, 8.5mm, 10.0mm 

- 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 (27x35cm2) 

- 3 configuration parallel cathode strip 

- Radial strip configuration? Don't needed. 

- 1 anode wire plate 

(wires shifted for compensation of the Lorentz effect) 

• CSC with rotatable anode frame. 

It's needed to perform R&D program 

with Endcap configuration of the magnetic field 

'l l 
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- j Pnnteo By: Mika Gamola 

Fram: Mehdi Zarghamaa (7/30/93) 
To: Mika Gambia 
CC: Mika Marx. Joa Paradiso 
Mail"link~ SMl'P CommanlS an Frank Nimblatr 

7131193 12:19 PM 

RllCllivad:by qmail.ssc.govwith SMTP;30Jul 1993 16:16:16-0600 
Racaivad: by ihb.compusarva.com (5.6715.930129sam) 
id AA04523: Fri. 30 Jul 93 17:14:54 -0400 
Oaia: 30 Jul 93 17:10:37 EDT 
Fftlm: Mehdi Zarghamaa <72614.2335@CampuSarva.COM:. 
To: Mika Gambia <Mika_Gambla@qmailssc.9011> 
Cc: Mika Marx <MARX@SSCVX1 .SSC.GOV>. Joa Paradiso <NEUROMANCEF!@ORAPER.COM> 
Subjac:: Commams on Frank Nimblall'S Mamo of 7129193 
Massage-Id: <930730211036_72614.2335_CHN55-2@CampuSarva.COM> 

Hi Frank. 

1. Chambers are not stagger...: in Iha proposed 48-32·32 phi segmentation 
system. 
Tharafara. you do not naad two diffenint modules. as you stated. 
Funharmoni. the 
ntplacamam of two raws of staggered chambers by a single raw saves space. 

2. The eifac:t of 48-32·32 phi segmenlalian on Iha radial laca!ion al the 
structural joints 
and Iha depth of the truss work can ba summarized as fallows: 

m,~R1·4.18 m. R2 • 6.43 m, R3-8.2Sm,c:nangadfram R1 ·4.61 

?-85 m, and R3 • 7.97 m. This shows that Iha$:$? of Iha autar bay 
~ases~tl rrFf.! ffi a 

4
depth of tha inp!s tag if sifFiv'W '''Ftmnfiad f 2f 

1t t Kar&tore. • 
Tira is moni spaca altagathar. 

~ R1 andR3aralhesamaasfl>rMIC1,bulR2•5.69m as 
IDR2 

:"' 5.90 m in Iha currant design. Tharelont. Iha s•em of ma outer bar 

~. and the d@pth w th' jgger bay iQS'M" from 1 gg m ta 

~ases in tha depth of both bays. 

Regards, Mehdi Zarghamee 

.11 ... -. 

l .1. ,) 

Paga: 1 
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ABSTRACT: 

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 9 angles and axial nonsymmetry of the 
magnetic field are presented. 
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The 3-dimensional magnetic analysis of the GEM detector was carried out using the 
OPERA-3d prepoces~or 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 long, 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 MVON SYSIEM. 
. GEM muon system is a system o.f three superlayers, each containing multiple layers of 

de.teeters placed between the calorimeter and the solenoidal magnet coils. The positions of the 
muon chambers are indicated in Fig.2. 

FEM 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). 

RESUI.TS. 
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=O, -5760, -9950, -11250, -14750 and 
-16250 mm). 

Figs.6 represent detailed distribution oi the magnetic field in the barrel muon chambers 
and Figs.:" - in the endca!' muon chambers. 

The FFS support structure made irom re~lar steel lead to the axial nonuniformitv ni the 
magnel:lc field in the endcap region. Figs.8 represent the worse case oi the axial nonsymmetry oi 
the magnetic field in the endcap region. 

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

Integrals Bzdl of the magnetic field along the muon tracks at the different e angles t9= 
9.75; 30: 60: 90 grad) are presented in Fig.JO. 
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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)j 213 

INCREASE IN 20% OF THE MAGNETIC FIELD SHOULD COST 

12413=/.275 t.=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 I 
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STABILIT':{ OF FORCED COOLED CONDliCTORS 
vs COOT ING AND JOliLE'S HEA.T REL.GASE 
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ST ABILITY MARGIN . 
. .: ·.· 

The stability margin is the largest sudden energy d_eposition 
to the conductor from which it can still recover the 
superconducting state. 

~ . - . . . . .. -. . .. - .. : . . ·. 

The limiting current defines the transition between the.well-
cooled and the ill-cooled stability regimes: · · · · 

Where, 

h =heat transfer coefficient (W/m2-K) 
p = cooled perimeter (m) 

. · ... .......... Acu.::~ygQ{<;()ppy~.stabilizer in cable· 
.- , . . ,_ Pcu =copper stabiliZer resistivity (Q~mY ·· < · · ·· ... '.· .. · ·. 
·· ................ ,. ... ,,., ...... , ........ ,, ... T~·········:·Briticaff~fup'efatuf~f(K)"·•"•'················~-··(<,_.~ .. , .... ,,_ .. ,.:.;:\<\}f/'-~"".,..., ... ,.,,,;,,,,~,··••:··:·<·· .. . 

Tb = initial helium temperature (K) · 

.. ··.· -. 

-
121 
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General Requirements -

1 I Central field IT lo.s -
2 I Nominal field in winding . T 1.1 

·:·.··· :· . ..... . .. ·-·.·-·.· .. _ .. . · .. ·.·-· .. ·.·>·· •.-.··:··-·- . ·.· 

I 3 Peak field in windin.g 
. T 1.6 

. 
14.5-4.8 4 Operating temperature K -

5 Maximum hot spot temperature in a quench K 100 
event 

6 I Maximum Dump Voltage to ground Iv lsoo 
7 I Stored Energy GJ 2.5 

8 Number of charge/discharge cycles 200 -
9 Charging time hr 8 

10 Maximum number of quenches 100 

11 Number of Cvcles 293K/4.5K . 100 -
HUGE STORED ENERGY AND LOW:DUMPING .... ' . 

VOLTAGE = LOW OVERALL CURRENT DENSITY 

-

.. 

Page 3 12/30/92 • 8:21 
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Design Criteria 

HIGH RELIABILITY 

high stability 

good protection 

RELATIVELY SE\IIPLE OPERATION 

VERIFICATION IN LARGE SCALE 
APPLICATIONS 

MODERATE COST 

SHORT TERMS OF THE MANUFACTURE 

Features: 
STEADY STA TE OPERATION IN RELATIVELY SMALL MAGNETICFIELD 

. (Jc is high ) 

NO INTENTION TO USE BA tH COOLrNG·(RISKY) 

NO INTENTION TO USE CONDUCTOR AS A PIPING FOR COOLING 
DO\VN AND TAKING MAJOR HEAT LEAKS.: 

... . . • .. · : .. ;.::.; 

R~ f) r ' ' ' . -~ 

Page 4 . · 
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gem Massachusetts Institute 
of Technology 

Plasma Fusion Center 

Conductor 

··---· ·Design features 
NbTi strand, 0.73 mm diameter 

- 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) 

- 11 00 Al sheath 
> baseline design employs two symmetric 

halves, continuously longitudinally welded_ 
_ _ __ _ __ _ _ _ around. the conduit (weld process develop_ment < _ 

___ _ ___ _ __ at Everson Electric and Y-12) _ _ - _- · - - ·· .--
.; · · ·· •·· ···;: ~i1fefha10-··0t···c·sextrUsion·-r0(lufres··1il8t:Jstflaf ·'f ";;, <·;· ······· ··• 

demonstration at this cross-section 
Stability 

Energy margins 
> 300 J/m external disturbance 
> 250 J/m internal disturbance 

- T cs at 1.6 T peak field 7.5 K 
- lop/lcr = 28.5o/c;i, lop = 50.2 kA 

-

-

-

-

-

-

-

-

-

-
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Operation Current 
Considerations calling for high current: 

Protection 

Smaller number of pieces 

Smaller number of turns 

;. -.-•. ·.·. ··-·.· •,• <•.·:·. :-;_:.-_.;. - <· :-. · ... 

Considerations callinsr for lower current: 
~ 

Lower cryogenic load due to current leads 

Easier manufacture 

Less expensive current source, distribution and 
protection equipment 

Easier transportation 

.. . . 50.kA is a reasonable compromise within ·· ·. . .. · · ··-·· . · 
- .·· •. ·. · manufacturino- capability . · --~ . . · .. · .. •-· .· .. _ 

i:;:~:;:;:::~~:;~:~::::::::~;:::::~:i::::::::~~;~=::~::~:~:;:;~::-::;:::=:i:!:::;:::i::::::;-:::;:·;:::::~::::::: .. :;~::~::9':~;:::::_:·::::::::::~:.::::::;;:.::~{:.~::;::=#·::2:~:::::~:'.i:?:fo~~;::;::~:::;:~:::::'.;:~::~j::::~;;:.::;:\{:i::::~(::?!~:'.:)~=j~::;;;::::;:~:~::::~==:=:::;.-:;:;;. :· . 
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Ic vs B 
and load lines for 

.... : ... : . .".::;::;: ... · ... · .. ······· ' GE11·· conductor·.· ·· ···· ··· ·· ·· · ·· 
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3 PANEL i\!IEETINGS (Dec.91, Jan.92, i\!Iarch 92) 
WERE HELD DISCUSSLNG 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): 

ICC FFC CICC 

Energv 7 Jim I soJ/m 300 J/m 

Equivalent 0 " -. .J) mm I~ -"'".::imm 15 mm 

disnlacement 
. -

· No need for impregnation of the coil for the CICC 
-·.- ·.-::: · .. :- .... : .: ; .. . . : . . . . . . . . .· ~.: 

Page\ 5 
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gem Massachusetts Institute 
of Technology 

Plasma Fusion Center 

Conductor {cont.) 

Quench Performance 
Terminal voltage = 1 OOOV 

- Dump time constant = 100 s 
- Hot spot temperature = 100 K 
- Helium pressure for a closed end fault condition 

= 45 M1Pa (6500 psi) 

Fu.II verification test of conductor and joint design 
with G:EM Test Coil at the University of Wisconsin 

1130 

-

-

-

-

-

-

-
... 

-

-
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CONDUIT 

Should take pressure in the event of quench - 34 MPa 

LENGTH 

Maximum practicable 1139 m 

SHEATH 

For protection purposes only 

Cost considerations - Al 1100 with RRR > 17 

I 
! 

. :.:--·· ... : .· .. 
Page j!O 
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Plasma Fusion Center 

Design Approach 

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

- ReHability is provided in several ways 

> Conductor design 
<> CIC conductor provides high stab1iil~fy 

m·argin and m'in:imum risk of magnet quench 
due to either smalil wire motirons wiifhiin the 
cable or frictional motions outside the 
sheath 

<> Hot spot temperature following unlikely . · ··· ·· 
event of a quench is limited to a . . . ... 
conservative 1 ob- k by the Al'sheatt1 · • ·• ··· ... 

> Use of CIC condiuctor enables conservcm:ve 
~nsu:latiron design for bo~h ttie cdil turn 
•nsulation and the ground insul1al:ion 

\ 

> Dump voltage during quenph is limited to 1000 
. V across magnet termfnals and 500 V to ground 
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Design Approach (cont.) 

Reliability (cont.) 

> Conservative structural design 
<> ASME Section VIII used as a guide 
<> Winding is radially and axi:aHy constrai1ned 

inside the bobbin and flange structure to 
min,i,mize winding motion 

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

- Availability 
. - . - . : . ::.:-:.:: . ::=: .: ·: -- .· .-

> Insulated bobbin quadrants save the magnet 
from quenching on emergency drscharge, 
enabling rapid restart without need for magnet 
cooldown 

> High availability is derived from high reliability 

·- ·:-.·· - ..... 
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of Technology 

Plasma Fusion Center 

Coil Module D1esign 

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 appHed during wind:ing 
Final precompression appHed at wtnding 
completion via flange bolts, stud tensioners and 
insulating shims . 

Supporting development activity . ·· .· ........ . 
- Measurement of effective modulus of insuiated 

conductor winding stack (6.4 GPa) 

·" (\ f J_ ,, \) 
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of Technology 
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Structural Desig·n ( c.ojnt.) 

Flange/Bobbin Bolt Loads 

Loads 
Preload on coil 114 kN (26 kips) 
Prying action of preload 245 kN (55 kips) 
Differential thermal expansion -17 kN (-4 kips) 
Lorentz loads (always compressJve) O kN 
Deadwe,ig1ht (pri,mari:ly causes shea1r) O kN 
Lift loads (includqng prying) 

Single bobbin (concentrated load:) 
Assembly (distributed load) 

Total (operational) 
Total (lift) 

Allowable Load, lnco LEA 

Bolt preload, lnco LEA 

Jo. (' ,._ 

.l ;) /) 

··-· .. 

130kN 
46 klN 

359 kN (81 kips) 
489 kN (111 kips) 

487 kN (109 kips) 

857 kNi (t09 kips) 

-

-

-

-

-

-

-

-
- ·-·· 

-
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Structural Design (cont.) 

Stresses at Flex Plate Attachment (Preliminary) 

Allowable 
Stress Stress 
(MPa) (MPa) 

Bobbin (6061 T6 Alum,inum) 
Membrane + bendina. (Pl + Pb) 208 < 225 

Cover pl:aite (6061 T6 Alumiri·um} 
Membrane+ bending (Pl+ Pb) 200 < 225 
Bearina 260 < 321 

Flanges (6061 T6 Aluminum) 
Membrane + bendina (Pl + Pb} 188 < 321 

Flex Plate (Titanium) 
Membrane + bending (Pl + Pb) 500 < 785 
Bearina · 260 < 1348 



gem Massachusetts fnstitute · 
of Technology. 

Plasma Fusion Ceniter 

Structural Design. (co·nt.). 

Loss of Preload 

Initial preload 

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

Cooldown 
In "normat" directi·on G-11 CR 

' 
contracts more than 6061-T6 
Loss = 

Preload remaining 

Preload required 

Creep 

8.3 MPa (1.2 ksi) 

1.2 MPa {175 psi) 

i02.9 
7.1 MPa (958 psi) 

.-: '; ;.·-::. ·:; •·• •·. •··. ·.• :-::_.;._._.;; < 

6.6 MPa (958 psrj 

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

200 

.. 

-

-
... 

-

-

-

-

-
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Structural D·esi·g;n {co.nt.) 
Bobbin Stresses (excluding quadrant joint) 

Stress· 
(MPa) 

Preload on Coil 
Hoop direction Neglig.ible 

Transverse direction 
G.enera:I. membrane 7.4 
Membrane+ Bendno (Pl+Pb) 16 

Differential thermal exo.anst.on Small 

Lorentz loads 
Hoop direction 

General membrane 34 
Transverse direction 

General membrane 15 
Membrane + Bendina 40 

Deadweight 
Hoop direction 

General membrane 0 
Membrane + Bendina 5 

*6061-T6 (welded) 
·.·: 

201. 

< 

< 
< 

< 

< 
:< 

< 
< 

Allowable 
Stress 
(MPa) 

15·0* 

15·0* 
225 

150* 

150* 
225 

150-* 
225 

128. 
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of Technology 

Plasma Fusion Center 

Structural Design (co.nt.) 

Bobbin Quadrant Joint Stress-Flange Design 

Stress 
(MPa) 

Bobbin (6061 T6 Alum1inum) 
G.enerad membrane 44 < 

Flanae bolibi:na (N1itron•c 40} 292 < 
Thermal Compensation S;leeve 281 < 

(Low - "' •ansion Al'foy) 
Insulation 

At flange face 45 < 
At washer 162 < 

*6061-T6 if welded 

.. 

.. 

-

.. 

Allowable 
Stress .. 
(M1Pa) 

15·0* .. 
345 
427 

175 
175 ... 
128 

-
.. 

-



-

-

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 

WA YING SOME REQUIREMENTS MIGHT SA VE 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 
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Outline 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 Philosophy and Components 

II. 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 Radiation Background 
3. Studies of spatial and time resolution 

IV. Fermilab Test Beam Program 

A. High Energy (200-500 GeV) Muon Beam Tests with 
40x40sqcm 6-Plane Module in a Magnetic Field (Fig. 8) 

1. Test Muon Radiation Background 
2. Repeat of Resolution Studies vs. Angles 
3. Continuation of Electronics Tests 

B. Punchthrough measurements on a High Energy Hadron Beam 
with 40x40sqcm 6-Plane Module in a Magnetic Field 

c. Beam Tests of a Single Full-Scale Chamber Module (6-planes) 
1. Resolution Measur:rnents 
2. Interlay~r Alignment 
3. Electronics Studi~s 

D. Beam Tests of Barrel Muon 15-degree Sector (7.5-degrees 
instrumented) (Fig. 9) 

1. Integrated Test of Detectors, Supports, Alignment, 
and Services. 

2. X-ray Calibration of Global Alignment 
3. Studies of Muon Svstem saaitta measurements precision 
4. Test Sagitta Correction t<1i.th Tracks from a 

Simulated Focus 
5. Tests of Time Resolution '='f the Muon System 
J• Investigate Elec:~onics ~~d ~=igger ?rotctyp~s 

f)o .. _, 
r~ I 



V. Requirements for Fermilab Program 
A. Beam 

1. General Requirements 
a. Beam-Trigger Signal Properties 
b. Momentum Measurement of Beam Particle 

in the Trigger 
c. 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 
c. 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 
c. 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) 

1. Magnetic Field Tests 
a. Design and Construction of Chamber 

Manipulator 
b. Small Gas System (non-recovering ?) 
c. LV, HV, Calibration and Readout 

Connections 
d. Monitors 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 Module 
c. Large Gas System (recirculating ?) 
d. LV, HV, Calibration, Alignment and 

Readout Connections 
e. Monitors for Temperature (local) and 

Pressure (once in building) 
f. Facilities for Access to the Chambers 

(Scaffolds, etc.) 

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 

.. 

.. 

-

.. 

.. 

.. 

-
.. 

.. 
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VI. Responsibilities 

A. Detector Construction for Sector Tests 
1. Chamber Construction (3 or 6?) 
2. Alignment System Components 
3. Gas Supply and Monitoring System 

B. Construction of Manipulators and Chamber Supports 

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

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

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

VII. Costs 

VIII Schedule and Evolution of Fermilab Test Program 

Figures: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 

General view of GEM Muon System 
CSC Chamber designs 
Alignment concept 
TTR results on spatial resolution 
Alignment tests results 
Timing resolution of CSC 
RDS results 
Sketch Showing Magnetic Field Test Configuration 
Sketch of Showing 15 degree Sector Test Configuation 
Design of Chamber Manipulator 
Sketch of Muon DAQ and Monitoring subsystem 

') Q <J 
~ . 
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Chamber Interface with Support Structure ~e~ 

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

• Chambers are mounted at 4 points ("partial" kine1natic mount) instead of at 
3 points ("true" kine1natic 1nount) presented to PAC Review. 

• Chambers are supported at ends (- lmm 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 
1nethods without being subject to unacceptable ,loads. 

• Neither of the proposed support inethods introduce significant, 
uncorrectable sagitta error. 

• Practical engineering considerations (excluding chamber electronics) favor a 
4 point support concept located at the ends of the chainber. 

The addition of the fourth support point potentially introduces a small, 
correctable sagitta error as long as the support structure is "locally" 
stable. (The chainber would deform into a simple, predictable shape.) 
End supports are most directly tied into the support structure providing a 
n1ore stable, less massive interface structure. 

GEM Muon Meeting, 3 August 1993 F.C. Belser ~ 
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Chamber Interface Structure ~~ 

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

GEM PAC Review, 26 May 1993 S. M. Pratuch ~ 
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Chamber Interface with Support Structure (cont.) tY 
• There are no compelling physics issues that favor one support tnethod over 

another. 

Co1npatible with "pure" projective and "hybrid" axial-projective 
align1nent concepts. 
Co1nfortable with - l 1nm cha1nber sag as long as it is predictable to 10% 
or better, but verify! 
Reasonably satisfied that the cu1nulative effects of all the 1ninor 
uncertainties in sagitta error are understood. 

Re1naining issues ... 

• Analyze dynarnics of chainber-support structure interaction, although not 
thought be a problem (SG&H and LLNL) 

• Creep tests to be perfonned on panel materials and assemblies to verify 
assumption that creep is not of concern, although a creep proble1n would 
favor the" 1 /4 point" support 1nethod (LLNL). 

• Electronics. alignment co1nponents. and mount location on the chan1ber 
remains a severe design challenge even if electronics are 1noved fro1n 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 F.C. Belser ~ 
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Table 1. 

method proj. monitors non-projec- proj.mon + axial man. 

resolution 
?~'~ ~ 

tower 1 2.2 13.1 

pt'o)~e.."41• tower 2 2.5 12.5 

tower 3 3.0 13.1 

tower 4 3.2 12.4 

opt;co,e tower 12 4.1 10.6 
• 

Qll( . ""014 tower 34 3.5 11.1 

• { tower 1234 5.6 11.7 
..,, W'~ 

tower 123 6.0 12.0 
. . . - -- . 

iowev- l2. b - <e~? \e..~~ 
~ ~o.1M.bev~ 

tivity non-project. resolution 

18.6 21.6 

18.6 19.4 

20.2 22.8 

19.1 22.7 

15.9 19.3 5.7 

17.7 19.0 4.8 

14.0 16.1 13.2 

13.4 17.6 12. 

CQIA~ °a U.V~+\ fa)~ 
l.v, r:i e.eo~ ol. ~Li 

-

All 

23.3 

22.4 

22.8 

24.9 

22.5 

21.5 -
22.2 

922.1 

... 

... 

-

-

-
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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 

• Convolution of "trigger" event with pile-up events (on the level of 
HITS) 

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

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

23'1 
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Pr-resolution forµ• with Pr= 25 GeV / c N,.9 ;?; 2 

ID 1021 
Entries 1153 
it /ndt ~6.53 I 2a 
Constant ; 72.34 

·. ··-- ·Mearr·----~----····-..·.-71-S·t· 

Si mo : 3.322 

----·-··········-:-------·········-·--

-20 0 20 40 
(Prm - Pr.1m)/Pr.1m (7.)Barrel Mseg 

ID 1022 
Entries 1153 

..... ~/ndf. ... ~.0.~2 ... / ... .37.. 
Constant; 92.29 
Mean : -.7131 
Si ma 2.677 

-20 0 20 40 
(Prm - Pr...,)/p,..., (7.)Barrel Mhit 

ID 1023 
....................... ·rntnes----:------------1023' 

.· it /ndt ~2.57 I 36 
.. .... .. .... .. . < .. .. . C.QnsloDL .......... e~,Q!i. 

Mean : -.7376 
Si ma 2.614 

------------------·--················-· 

-------·····-····'-···-···········-··· 

-20 0 20 40 
(Prm - Pr .... )/ pr..,, (7.)Barrel M+CT 

40 

20 
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80 

60 

40 

20 
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80 

60 

40 

20 
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ID 1024 
. Entries . 993 

............... : ....... ,i/ndf. ... :§;1.25 ... / ... .38. 
Constant: 30. 70 
Mean ~ -1.451 
Si ma ; 5.648 

-20 0 20 40 
(Pwt - p,...,)/Pro1m (7.)Endcap Mseg 

........................ l.Q ......... ~ ........... .1.9.:?!i. 
Entries ; 987 

/ndt 133.49 I 38 
.. ·· ·-Constant~-----· ·--·-5~"77 · 

Mean ! -1.360 
Si mo ; 3.528 

-20 0 20 40 
(Prm - Pr...,)/p,,,m (7.)Endcap Mhit 

................. ; ...... .ID ......... ; ............ .t02S. 
: Entries : 911 

)(/ndt ~19.4 / 37 
· ·· -- ··Constant.:. ...... ···· !;2.-79 · 

Mean -1.406 
Si mo 3.187 

-20 0 20 40 
(Prm - Pr.rm)/p,, .. (7.)Endcap M+CT 
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Pr-resolution forµ• with Pr= 25 GeV/c N."'l ~ 3 

---· -------· -----•- ·- --· -·IO- --- ---- --:--- · ---· -----t03-~ -
· Entries ~ 676 

t/ndt ~o.37 I 34 
Constant: 44.31 

· · · · · ·y.;a;,- -----r · -· ----- -.::.ll:s4l! · 
Si mo 2.720 

-20 0 20 40 
(Prfl1 - p,,"") /Prom (3) Barrel Mseg 

ID 1032 
............ _____ -..... ·Enlries-.. 7 ............. 575. 

t/ndt ~8.87 / 34 
Constant: 49.45 

: .... . MtJ~"-·----~---······-:-.. §tQ~. 
Si mo : 2.408 

.. -... -....... ---:---· ... ----· ... ----· 

-20 0 20 40 
(Pmt - Pro1m)/p,,.,, (3)Barrel Mhit 

ID 1033 
Entries 594 
t/ndt ~9.89 I 32 
-Constoot+--........ 44,1+. 
h.leon : -.6884 
Si mo ; 2.432 

-20 0 20 40 
(Prm - p,,...)/p, .... (3)Barrel M+CT 

2 'l (j" -0, 

.30 
: ID , : 1034 
: .. _ ... .Entnes. .. , .............. 6.47. . 
. t/ndt ;39.50 I 37 

Constant; 21.87 
Mean : -1.597 

···· ··sr·ma··-·;-···········4]~54· 20 

10 

0 
-20 0 w ~ 

(p,,. - p, .... )/p, .... (3)Endcap Mseg 

ID 1035 
Entries 644 

40 
. t /ndt ~9.57 I 36 : .. ~- ---· · · constc;nr:· · · ·· ·· · · · · ·3=; :21 · 

Mean : -1.322 
Si mo ; 2.880 

20 ··················:···················· 

0 
-20 0 20 40 

(p,.. - Pr,;m)/Pr•m (3)Endcap Mhit 

ID 1036 
: Entries . 601 

40 • '. ...... ,t-,1.adf ... ~4.63 ... j ... .36. 
Constant; 37.55 
Mean · -1.344 
Si mo ! 2.682 

20 

0 
-20 0 ~ ~ 

(Prm - Prom)/p,, .. (3)Endcap M+CT 
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Transverse momentum pulls forµ+ with Pr= 25 GeV/c 

ID 1;041 
1:1s3 

/ndt: 91.os /; 81 
. . . .Constant ............ ..3<1.ao. 

Mean : - .JOOS 
Si mo: 1j751 

·········t················-:··-··· 

-5 0 5 10 
inv. momentum pull inBorrel Mseg 

ID 1:042 
Entries: 1!153 
i'/ndt: 98.20 I: 11 

·············-··' ·-··- ·c·o;;stahr··········--3~:04· 

-5 0 

-.~787 
1i760 . ' 

' ' ' ' ······-···1···---·--··· ····1··-··· 
' ' 

5 10 
inv. momentum pull inBorrel Mhit 

: ID : 1:043 
r··············· ...... ·rri!ne~·-·········----·f:o23· 
! t /ndt; 88.48 I ; 12 
'--......... .. .Constai:il ........... 29..90. 
: Mean : -.3664 
: Si ma~ 1]770 

' ' ' ' ' ' ································ ' ' ' ' ' ' 

-5 0 5 10 
inv. momentum pull inBarrel M+CT 
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-5 

ID 1'044 
EntrieS: ~993 

..... ··x'fndf! ···154 .. 2·· ··h· -88· 
Constai:it 23.60 
Mean j --~216 
Si mo:, 2i021 

' ' ............ ; ...... ----...... ~- .... . 

0 5 10 
inv. momentum pull inEndcop Mseg 

~--···--·----.­

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

··--····---

-5 

ID 1;045 
Entries~ :sa7 

/ndt: 100.4 / : 12 
Constoiit 40.51 
Mean : -.3158 

; .... --sr-r;;a!····--······--·1;2sr 

' ' ···································· 

0 5 10 
inv. momentum pull inEndcop Mhit 

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

•.......... 

-5 

: ID : 1:045 
~---·- ··r,;trr,;~--------···--···~gTr 

: /ndt; 114.1 I; 75 
.Constant ............ ..31.82. 
Mean : -.~991 
Si mo; 1~436 

0 5 10 
inv. momentum pull inEndcop M+CT 
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Estimated Pr resolution forµ• with Pr= 25 GeV / c 
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-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 
llpr/ Pr (7.) vs 11 

--; ID \ t 133 
. ' . . . ' . .. .... .... :··· .. ········-:··· -· ...... ··-:· ···- .... -- .. . ..... ·····--:- ··- .. -· ·····: ............ -··;·· .......... ·: ·-···· ...... ·: ·- .. -- ...... . 

\ ! : : Entr,1es : : 1:934 
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Pr-resolution forµ+ with Pr= 100 GeV/c N,.9 ~ 2 

ID 
; Entries 

···············.,,,······· X'/ndf ~30.8 

=~·'· Constant~ 

1021 
2230 

I 28 
120.6 

Mean -1.119 
· · · · · ·sr-r;;a · · · -~ · · · · · · · ·· · :i:zo3 · 

-20 0 20 40 
(Prnt - Pr.1m)/Pro1m (%)Barrel Mseg 

ID 1022 
, Entries 2218 

··············· . : ...... ·ttn·dt···"20'l':t1··--;-···3a· 
·· Constant~ 181.1 

Mean ' -1.140 
Si ma 2.377 

-20 0 20 40 
(Pmt - Pr•m)/p,,,,, (%)Barrel Mhit 

; ID : 1023 
-·············-. ; ........ £'.ntr~s----:---········-~019-

d i'/ndt ~85.7 I 37 
·· Constant: 162.B 

··· · · · ··· · ··· · · · · · · · ·Mean···· T · · ·· ····.::1 :r.ril · 
Si mo 2.513 

......... -..... --:-- .. ---------. -.. --· 

-20 0 20 40 
(Prm - p, ..... )/p, ..... (%)Barrel M+CT 
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ID ; 1024 
····· ·wuto•····:············187o· 

· i'/ndt ~co.a / 38 
Constant: 45.91 

..... Meao .... ) .......•.. .,-.1.5.46. 
: 5.943 

-20 0 20 40 
(Prm - Pr•m)/p,,;,, (%)Endcap Mseg 

; ID ; 1025 
~ · · · ·· · ·Entrtes- · · ~- · · · · · · · · · · ··1-81;;? · 

X'/ndt ~6.83 I 38 
Constant: 62.72 

·· ·· ··Mean··-------· ··-··.:·1 :s·a:;· 
Si ma 5.400 

-··-··········-~---················ 

······-·----~---···············-

-20 0 20 40 
(Prm - p,, .. )/Pr•m (%)Endcap Mhit 

: ID : 1026 
------···········i····· ··e:~trf~~---T···-··-·····,·a·s2· 

: X'/ndt ;n.10 I 38 
.... --ConstC>llt·'····· ...... -H.46. 

Mean : -1.656 
Si mo 4.588 

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

············-··················· 

-20 0 20 40 
(Prm - Pro1m)/p,..,, (%)Endcap M+CT 
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Pr-resolution forµ+ with Pr= 100 GeV / c N •• 9 ~ 3 

ID 1031 
Entries 1458 
'It /ndt ?9.95 I 36 

----- - -c-~"stCll'lt":-- ---- -- -- -104-.s-
Mean \ -1.209 
Si ma 2.508 

-20 0 20 40 
(p,., - Pr.im)/Pr.rm (3)Barrel Mseg 

_____ ••••• _ .... __ ; .... _. _I_[)_ ... _ ... _.:_ ..... _._._. _1_ 9.~~. 
Entries ; 1453 
';( /ndt ~3.1 a / 35 
Constant; 121.5 

· · · ··- --Mean-····-!-·· -· · ----1: ~ . .;.3 · 
Si mo : 2.146 

-20 0 20 40 
(p,.,. - Pro1m)/Pro1m (3)Barrel Mhit 

ID 1033 
Entries 1317 
';(/ndt ~5.22 I 33 
-ea~tont·c·-·--···--·108-.4· 

Mean : -1.054 
Si mo : 2.215 

-20 0 20 40 
(p,,,. - p,...,)/Pro1m (3)Borrel Mi-CT 

2 • '· 'it) 
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ID 1034 
Entries 1298 

· · · -- · ·x'fndf----~,06- · · /· · · ·JB · 
Constant: 32.45 

: -2.011 
: 6.246 

-20 0 20 40 

(Prm - p,....,)/Pr""" (3)Endcap Mseg 

ID 1035 
Entries 1278 
';(/ndt ~7.46 / 3a 

'• ..... ConstClllt< ............ 4!1.58. 
Mean j -2.063 
Si ma ; 4.770 

·············~---················· 

-20 0 20 40 
(Pmt - Pr,;n)/Pr.im (3)Endcap Mhit 

: ID : 1036 
~--··· "Etttti~~---·:----·--·····-rzo-r· 

/ndt 11.59 I 38 
; ...... . C.Q!1~~9_r,i~ . .......... . 4~-.f1>Q. 

Mean ~ -1.836 
Si mo 4.140 

-20 0 w ~ 

(Prm - Pr~m)/p,..., (3)Endcap M+CT 
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PT pulls forµ• with PT = 1 00 GeV / c 

-5 

ID 1;041 
, Entriesi 2230 

• · · · · · · · ·;t;naf; · ·· 1-:i!!.T" · -;-;· 77· 
· Constoiit 85.!!3 

' .... -Meor+-~---··-······ ....... ~47:;z. 
Si ma:. 1~419 

········-···········-············· .. . . 
' ' 

' ' ·-·············-······-··········· ' ' . . 
' ' 
' ' ' ' 

0 5 10 
inv. momentum pull inBorrel Mseg 

: ID : 1:042 
.............. L ...... EntneS: .............. ..:i21s. 

· · x'/ndt: 175.4 /: 76 
Constaiit 92.14 

····· ·u.;;;11·:······ .... ···.:.-.Ji345· 

Si mo; 1J2a2 . ' ······················--··········· .. . . 

···········j·············---~-----· . . . . . . 
' . 

-5 0 5 10 
inv. momentum pull inBarrel Mhit 

. . 
~--············ ······· 

ID 1:043 
Entriesi :io 19 
·;t;nat; .. ·n1:1···-;-;·77· 
Constoiit 78.75 
..... 0 .... : ............ -.si.13. 
Si ma i 1]400 . . . . ·········---·-----------------------. . . . . . 

' . . . 
' ' ·····-···········-··········-----· . ' . . . ' . . 
' . 

-5 0 5 10 
inv. momentum pull inBarrel M+CT 

150 : ' ~ : 1044 
~-· ........ · · ..... · .... "i:iiirfe~ .............. ·fa"fo · 
! x'/ndt; 152.2 /: 83 
; Constoiit 100.6 

100 ~--··········-· :: ..... --MeaR--~---····-·-··-.-li7-2-1--
: Si mo! .~930 

50 ... .. .. .. ... .. ---- .................... -- ........ -

0 
-5 0 5 10 

inv. momentum pull inEndcap Mseg 

10 1:045 
EntrieS: 1!817 

100 • ...... xh_tjf: .. J .~~ .. ~ .. .1. : .. s!l. 
Constaht 1 I 1.0 
Mean : -.2135 
Si mo! .S611 . ' . . 

50 . . ··----···········---········--······· 

0 
-5 0 5 10 
inv. momentum pull inEndcap Mhit 
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Estimated Pr resolution forµ,+ with Pr = 100 GeV / c 
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Pr-resolution forµ+ with Pr = 1 TeV / c N •• 9 ~ 3 
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Fit probability forµ+ with Pr = 1 TeV / c 
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Pr pulls forµ+ with Pr = 1 TeV / c 
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Efficiency forµ: with Pr 100 GeV/c 

-- .............. -- -- -· -:-- ........... -:· .... -· -- -· . ·- .................... -- . --- -; .. ··i .. ···-- --···l····--

0.8 

0.6 

0.4 

0.2 

0 
-2.5 

·----;----- ·······-:----- ········:--

-2 -1.5 -1 

........ ·- -~---· ............. - ..... t .. ·····- .. ; ...... . 

-0.5 0 0.5 1 1.5 2 2.5 
7J distribution with Nseg ;;;; 2 

-

... 

... 

-
... 

-

-

-
... 

-



... 

-

Efficiency forµ+ with Pr 

........ -- ......... -- -· ......... ---- ·-······ -- -- .. -·· ... -- ·- ........... . 

0.8 

0.6 

0.4 

0.2 

0 
-2.5 -2 

.t 
~ 

-1.5 

' ' 

········:-·········· 

.... ~--· --······ .. 

-1 -0.5 0 

93/08/03 

1 TeV/c 

0.5 1 1.5 2 
1) distribution with Nseg ~ 2 

253 

21.27 

2.5 



,.-..._ 

E 
() 

93/08/03 21.27 

Impact parameter resolution forµ+ with p1 = 1 TeV/c 
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Z vertex resolution forµ+ with Pr = 1 TeV / c 
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The nearest plans include: 

• 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. 

• Extend reconstruction for event with more than 1 muon. 

• For reconstruction it is necessary to introduce and to fix data struc­
tur~ 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". 

• Recover the calorimeter as an active detector. This requires using of 
new GEANT 3.20. This work has been started. 
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