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GEM Muon Group
Meeting - SSCL

January 24, 1992

Abstract:

Transparencies and agenda for the GEM Muon Group Meeting on January 24,
1992 held at the SSCL.
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EFFECT OF GEM MAGNET
ASSEMB|bYNOPTIONS
GEM MUON SYSTEM

F. Nimblett 20Jan92

TWO MAGNET HALVES ASSEMBLED WITH

ORIGINAL MAGNET CONCEPT.
CENTRAL WEB PRIOR TO INSTAI.LATION OF IJQUID ARGON CALORIMETER

* Muon System lnsla!lation can occur orlly lﬂ« ca!or!meter is installed
and SHORT uzlg ls nmovod. g nod ol
i gl ",.- ‘
» Calorimeter Cabllng and Cryo Pipe Concerns
« [f they exit the central web, affects magnet assy
»« Exit at 30° Muon split line causes serial assy.
with central muon, services and endcap muon syst.

« Access Requirements after installation
»« Removal of Quad or possibly a cantilavered Quad.
* Retraction of Pole
+ Removal of at least one endcap muon sector module unless
there is adequate access cpace af the 30° split line plus
gymnastic ability for the techniclans.

« Global Alignment of modules (approx. 1mm) is most likely to be
maintained In this system il

+ Central tracker access requires significant disassembly on both ends
of the muon system, services, service support structures plus the addition
of fixturing to remove the endcap calorimeters and finally the central
tracker; THE WORST OPTION TO ADDRESS THIS CONCERN !l

1/21/92 1 FEN
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. BARREL CALORIMETER STAYS WITH

SELIT CALORIMETER CONCEPT.
SELF-STANDING CENTRAL WEB; ENDCAP CALORIMETER IS MOUNTED IN
THE MAGNET HALF WITH WEB SYSTEM BETWEEN MUON MODULES.

44,

« Muon System and calorimeter instaliations will be serial operations;
Endcap calorimeter and services along 30° spiit line, followed by Barrel
Region muon system.

*  Web system to suppont 900 ton endcap calorimeter will detract from
the muon system Phi acceptance! Deflections of such large horizontal
plates {1 inch thick ) will be on the order of 1 to 2 inches. This translates
into additional Phi acceptance loss.

» This same 800 ton calorimeter weight also has the potential to add
significant t?ost and oomplexlty to the magnet structure which wouid have
to support

+ Since we are still in the cartoon phase of design, buckling of lower
vertical plates hasn't been consudered

« Calorimeter services, cables and cryo-pipes coming out the 30° spiit
line, detract from muon system Theta coverage Agaln_qzmmnmm_tn

. CENTHAL TRACKER ACCESS BEST IN THIS OPTION 1

. Malntehance of global muon e em alignment in the process of

 moving the magnet is more di and may sequire considerable effort

to reevaluate the muon system alignment characieristics after
reassembly. An aclive alignment transfer system ta monitor position and
orientation of muon system relative to TrackerQuad fiduciary marks
would be a helpful addition to such a inoblle system. A system which
could determine the relative positions of the muon system elements to an
accuracy of tens of microns over a range of 5Smm may be adequate.
Hopefully this system could also be capable of referencing to the overall
system reference {Quads?). Sensor technology centainly exists to easily
accomplish such a task. What Is needed is someone to conceive and
implement such a system. In addition, an accurate indicator system to
aid in the accurate relocation of the magnet halves is recommended to
minimize the need for correction factors.

1/21/92 2 FEN
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HEADHOUSE

LAr CAL INSTALLATION - STEP 3
1. Lower first endcap calorimeter,

2. Translate endcap calorimeter to final position.
3. Align and fasten endcap calorimeter.

Grade elevation

CONFIGURATION AIS

NOTE: Calorimeter in final position is scaled to ‘ SCALE 625:1
90% of actual size to avoid heavy lines causing Eberle 12/17/91
Revised 01/06/92

it to appear too large to fit inside support tube.



LAr CAL INSTALLATION - STEP §

1. Lower second endcap calorimeter,

2. Translate endcap calorimeter to final position,
3. Align and fasten endcap calorimeter,

Grade elevation

HEADHOUSE

NOTE: Calorimeter in final position is scaled to
90% of actual size to avoid heavy lines causing it

to appear too large to fit inside support tube.

b LI DRAFT

SCALE 625:1
Eberle 12/17/91
Revised 01/06/92
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INTEGRATED CALORIMETER CONCEPT: THE ENTIRE CALORIMETER
ASSEMBLY IS CONTAINED WITHIN A SELF-STANDING CENTRAL WEB.
ALL SERVICES FOR THE CALORIMETER EXIT IN THE VICINITY OF THE
CENTRAL WEB.

« Muon System, calorimeter installations and cabling can now be
essentially paraliel operations.

« Calorimeter services exiting at central web means_oss of coverage in
Theta in an area jeast affecting physics goalsil

* Woebs to provide some support tube rotational stability and stiffen the
tube have always been in the baseline and have been demonstrated to
be stable in short lengths. They do however cause potential problems if
they get large radially and eliminate the possibility of having an adequate
integrated muon space-frame structurel

» Maintenance of global muon system alignment in the process of
moving the magnet is more difficult and may require considerable effort
to reevaluate the muon system alignment characteristics atter
reassembly. An active alignment transter system to monitor position and
orientation of muon system relative to Tracker/Quad fiduciary marks
would be a helpiul addition to such a mobile system. A system which
could determine the relative positions of the muon system elements t3 an
accuracy of tens of microns over a range of 5mm may be adequate.
Hopefully this system could also be capable of referencing to the overall
system reference (Quads?). Sensor technology certainly exists to easily
accomplish such a task. What is needed is someone to conceive and
implement such a system. In addition, an accurate indicator system to
aid in the accurate relocation of the magnet halves is recommended to
minimize the need for correction factors.

* With the Lower Electronics Control Roorn now being housed in a
vertical shaft beside the main hall, freeing the space above the hall, this
option could be further improved by specifying, if possible from a design
standpoint, that the two main hall access shafts be placed closer to the
hall center (13 to 14 meters between the inside walls of the two shatts).
This would further decrease the distance the endcap calorimeter would
have to travel on a rail system for at least the initial installation.

* With the introduction of the flux-sucker to the pole assembly, all non-
critical components, with the possible exception of the forward
calorimeter which remains undefined, can be placed on this pole
assembly where alignment requirements will be less stringent.

1/21/92 3 N



HEADHOUSE

LAr CAL INSTALLATION - STEP 3

1. Lower first endcap calorimeter.,

2. Translate endcap calorimeter thru support tube.
3. "Park" endcap calorimeter.

Grade elevation

4 Fs
100/20 TONNE
BRIDGE
CRANE
"
—— - FYEEY
| .
NOTE: Calorimeter in final pwtlon scaled to SCALE 625:1
90% of actual size to avoid heavy lines causing it Eberle 12/10/91

to appear too large to fit inside support tube. Revised 01/03/92



LAr CAL INSTALLATION - STEPS .
1. Lower second endcap calorimeter. '
2, Transiate endcap calorimeter almost to support tube.
3. "Park™ endcap calorimeter. .

Grade elevation

HEADHOUSE

=6

| [

NOTE: Calorimeter in position is scaled to
N%damnlsiutoavoidhnvylhuumngit
to appear too large to {it inside support tube.

— ol —

DRAFT

SCALE 625:1
Eberle 12/16/91
Revised 01/03/92
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HEADHOUSE

LAr CAL INSTALLATION - STEP 8

1. Translate endcap calorimeters to final position.
2. Align and fasten endeap calorimeters,

3. Connect endcap calorimeter services. -

4, Perform calorimeter testing,

2

Grade elevation )

100/20 TONNE
BRIDGE
CRANE

O o o o B o
% of a
to appear too large to §it inslde support tube.

DRAFT
SCALE 625:1

Eberle 12/16/91
Revised 01/03/92




HEADHOUSE

Grade elevation

iy

SCALE 625:1
Eberle 01/02/92
Revised 01/06/92
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ATTACHED TO THE POLE PIECE: ENDCAP CALORIMETER IS
CANTELEVERED OFF THE POLE PIECE, HELD UP BY CONICAL

. STRUCTURE OR A COMBINATION OF FLUX-SUCKER AND RADIAL WEBS.

« Endcap Muon System mounted to the pole has been rejected on the
basis of difficulty in isolating trom the pole piece motion due to magnetic
forces. Attachment to the Barrel Region muon structure appears more
stable (NOT ANALYZED).

» Conical support structure option limits options at the 30° split line and
cuts into Theta coverage.

» Calorimeter services would take additional space along the 30° split
line, further detracting from the Theta muon acceptance.

« Flux-sucker/radial webs option introduces the same problems
discussed in the other split options. Probable large horizontal web
deformations or possible_buckling of the lower vertical webs remain an

« This option creates another separate problem of moving a very large
mass along with a relatively delicate assembly (simfilar to the barrel
region) with care and accuracy in a less desirable cantilevered
configuration.

+ Alignment problems on reassembly of the pole assembly will be
similar to the problems associated with any of these options except the
original non-separable option. They should be slightly less since they
are in principle limited to the endcap region, but there are no guarantees
on that.

» This system, while better for Central Tracker access, still leaves the
problem of Inserting & 9 meter long bridge over the exposed barrel
region mutfon chambers in order to get to the tracker to work on it or to
remove

1/21/92 4 N







CONCLUSION

From the Muon System standpoint, the
EM maane mbly option of
those currently under consideration is

E D CALORIMET
OPTION

. BEST MUON SYSTEM STABILITY POTENTIAL
« MAXIMIZES PARALLEL ASSEMBLY OPTIONS

« MINIMIZES SERIAL ASSEMBLY OPERATIONS
BETWEEN SUBSYSTEMS

+ LEAST LOSS OF MUON SYSTEM COVERAGE
~ + REASONABLE CENTRAL TRACKER ACCESS
« MAGNET COMPLEXITY HIGHER

. CALORIMETER ACCESS IS GOOD

+ FORWARD CALORIMETER OPTIONS LOOK
PROMISING

« INTRODUCTION OF FLUX-SUCKER/ POLE/COIL
OPTIONS APPEAR REASONABLE

1/21/92 . 5 FEN
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. COST REVIEW ON 16 ; DEC. CLEARLY pomreo ‘UYL
~ NEED TO IMPROVE COST ESTIMATES . =" Spx’ ~
e ’E& R ALY A
. SYSTEM TOTAL COSTS AT COST. nE\new.;..
e LSDT BASED SYSTEM --- 117M°
B +  PDT BASED SYSTEM —"$128M

. CURRENT 'SNAPSHOT IN TIME COSTS
+ . LSDT BASED SYSTEM e $108M

g&l‘ BASED  SYSTEM 7= - $112M.74, 2ol

L7 R SR et
L SOME K DOUBLE COUNTING (OF PDT COBTSHE:
, ~ - STRUCTURE COSTS MORE BELIEVABLE Il shiwn --
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« CAREFUL REVIEW OF 'WBS' 009‘&
P SUBSYSTEM. IS VITAL-‘.‘
gl rr-"'*‘"'TODAY) ke AR

* IN THE FUTURE,

Y% GREATLY AID INIMPROVING THE ACCURACY
 ABILITY Eo UNDERSTAND THE MUON COST

o P TEM INPUT:TOSIHE OST# e
= aoox SHOULD' BE on THE STANDAR Fans=-a. ) BE 7%
 DISTRIBUTED TODAY. 3¢ %is - % AT S TR
-  HARDCOPY OF WBSs, BACKUP SHEET&
SCHEDULE' (FASTRACK GE OST PLAN s
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'WBS Element Tl mmﬁmmsmmmm’ Sl FRRv i
.. WBS Elemelt Ne: 3213318 - Dlte. 6Dec91 Rev: 0 Ettlmtor. HamﬂthKoddm
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Lk

157 saw cuts per section ® 1642= 5,024 cuts @ Gpor hour= §38 hours
ends(chamfer &c.b.) S024 tubes machines*2 15mim per wbe=1,256 hrs
total brs » 2094 br = | PY

ond plugs: 1hour per piece *11000 picces = 11000 hrs = 5.3 PY
Assumes machining costs for other components (truss joint elements, etc.): 20 PY

Fateriak ﬁst.u;ﬁommmm""—_ - . GK) 22
Misc. office supplies for Instaliati y = $32K
Eontinienca o Total: 38
Cost: . 30 gﬁ' engi al and labor
: engineering matezial an Fale concern
Schedule: 8  Basis: mm path item
Comments
Materlal cost based on quotes from Ryerson 12-5&6 91

Enginecring estiimate used to size the number and lengths of the structural elements needed.
cost based on interface with E. McCormack (Draper shop group leader 12-6-91)
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ENGINEERING COORDINATION

COMMUNICATION OF ENGINEERING DESIGN
PROGRESS IN SUBSYSTEMS MUST IMPROVE

IN ORDER TO SUPPORT THE MUON SYSTEM, IT IS
NECESSARY TO KNOW WHAT IT LOOKS LIKE!!

| NEED Wcr ANTICIPATED
MUON BER STRUCT . DESIGNS.

MOST mpoa;mgw, |
%IBMHERMI——%E ATTACHMENTS T@Ei%épﬂggm Esrﬁnd?ajfiaicru|=uz
WiLL BE MADE.: - iafga " g
SYSTEM BLOCK DIAGRAMS OF CHAMBERS WHICH
agumjih%ua_wa_s WOULD AID GREATLY IN
UNDERSTANDING THE SYSTEM AS WELL AS -
COSTING OF THE SYSTEM. 5w

AS | INDICATED AT THE LAST uuou MEETING '
NEED UP-TO-DATE INFORMATION ON THE
CHAMBER suasvsreus IN,ORDER TO REACT TO
THE DESIGNS. . . g
AGAIN, | WOULD uKE ki
- REPOHT, [

| A A SUBGROUPS:

ER OR P SICIST. SINCE | WILL BE THE
MUON INTEGRATION COORDINATOR, REPORTING

BEQUEST A MONTHLY

“ OF THIS PROGRESS EARLY EACH MONTH WILL BE
PART OF MY RESPONSIBILTIES.

‘ RQGRAM
(THE REPORT suom.o 'START THIS MONTH)

SEND TO:

FRANK NIMBLETT

DRAPER LABORATORY

555 TECHNOLOGY SQ.

MS #23

CAMBRIDGE, MASS, 02139

EMAIL NIMBLETT@DRAPER.COM

TEL- (617) 256-1393  FAX - (617) 258-1131
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Assembly Sequence- Captured Plug Version
Cut tubes to length, clean

Attach seals to plugs, insert into tubes

. Crimp tubes onto plugs

Pressure test each tube

. Feed wire thru tubes, insert ferrules and crimp tubes.

. Position ferrules and crimp wire into tubes.

. Seal ferrules with adhesive and fill crimp tubes with solder
. Pressure test each tube,

W oo ~ vt BN

. Attach O-rings, washers and springs to one end of tubes
Assemble tubes into precision plates and secure with clips
11. Asemble other ends of mbes into precision plate

12. Pressure test tube asembly.

13. Epoxy tubes together at several points along their length

[
e

Solder

Epoxy
Readout Wire
Board Bond

and Gas Precision

Ferrule
Wire Capture Snap Ring
Tube
ANV
. e %QE/Z Gas Channel
Precision %u %-
Manifold 4;%,, -
Plate A v Spring
1

Washer

N

O-Rings

Magnetic
Impulse
Crimp

Y2

PRoMBERG



oodered e htmases
B Joo Bt e, z‘es .;oi "A‘J/.
M W

&
22 2ach . 3. m ’0"&

- Inocshéw“".; M ‘

Cocbon Fi¥er / Plashi Take,
Iu&s *- /4&!\.& F:J(ee P/JG}

da Now g pw‘ys



GEM MUON DETECTOR R&D PROGRAM
ON 1992 at LNP JINR DUBNA

DETECTOR STUDIES
- DRIFT TUBE CHAMBER

* desxgn and tests of the small prototypes based on hxgh
pressure drift. tubes . G

* intrinsic resolutlon vs pressure ( up to 10 atm)

* drift tube parameters optlmxzatxon ( gaz. mlxture, f_w1re-
tube dmmeters, ...) A e

~ PROFILED CATHODE DETECTORS

+ gas mixture ( fast for trlgger )
* design and tests of the Prototypes
* dnft and strip read—out resolution

- MODULE DESIGN AND ALIGNMENT STUDIES

| L= FRONT-END ELECTRONICS STUDY

MC SIMULATION OF A MUON SYSTEM PERFORMA_NCE



DUBNA LNP R&D PROGRAM ON 1991-1992

1991

10

11

12

DETECTORS

DRIFT TUBE

2cm prototype

design:
construction
beam test

_analysis

5cm prototype
design B
cbnstruction
beam test
énalysis

PROFILED DET.

(0.

i

( PST )

5x0.5)m2prot.
design
constiruction
beam test
analysis
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AMPLIFIER
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FAST LOW-NOISE CURRENT PREAMPLIFIER

GAIN COEFFICIENT B = R

THE EQUIVALENT NOISE CHARGE (ENC g.0) - 2000 ¢

INPUT DYNAMICS RANGE -

OUTPUT | . S .:;""_,";:._:-.“"_-__31391',&3____&(_),_13'._'TWISTED
o | . EvpAIREs {pi=:110 Q)

INPUT PROTECTION

POWER SUPPLY | 12V



s 8 AT TV

?ﬁytsatfiaﬁ!
O (<9 L3 bl L

]u.a-iwl-.AJa.un..s

T R T @y g v

”” EE\..__ 1+ 13 b_t.!;sbo!!s. .

(o) waiss 2Frap vy

o Tec’ TS S M 0wt B e ¥ a4
R :Ww.J.‘q.ﬁq.w.«._.....q111|q-J

SIROIOL e
- T

e iﬂhvﬂ-e—.ﬂﬁ..‘..ﬁ., s

. PR

PR SR B

&g

Appnqoss

o

T el ¥

.U Qg G2k Yay

LAR SN I Wt an B ML En ar e a am oy w4

| S

P

P

Angogoad

?&35-5%...5 . _ .
+E at 43 Tl T +

v -4-4-14411111«-11-*14-.

S8R Q1 »
indol g o
£IGADI O »

WAL Tr D #1e 1D

I 81 G AUSTIOA JNIp wEaenin

++I+++I¢i.%@+

P B Y

PG I

P

o

LA

aa

- figangtad

——




Counts / 60S 1uS Dead Time

e, ermsTti
/

SSC-1 Plateau 1us & 100ns Dead Times

4000
3750
3500
3250
3000
2750
2500 : o 'm
2250

2000 ' . ®
1750 ¢ Counis /60S 100ns Dead time

1500

*

1250 . *® |
1000 ' ..aa“BEMIII.HI
750 O.BW
ogt ®  Counts/60S 1uS Dead Time
500 o

250
., 3

0 Frrrrrrrr—rrrrrrrrr R

3000 3250 3500 3750 4000 4250 4500 4750 5000 5250 5500 5750 6000

High Voltage



T"\era Jwect:am RS .‘

 Survey Comts

g L e mgliame menesRent ste e T R O e Jup P

Philosophy

Wires pla,ced to :l:12 S5um. with respect to sur-
vey points,

h 1) indenpendent of gramty

2) 7 temperature

3) " warp and sag of the chamber.

‘Survey points known to +12.5um.,
1)by surveying

2)by placement (unlikely)
3)by monitdring.
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II. R & D Program.

A, The Tasks
We list the tasks we expect to complete adding in parenthesis the institution(s) bearing

the responsibility:

1) Finish assembly and test of 2, 0.5 m. wide chambers.(MIT)
2) Measure chamber tube performance in magnetic fields.(MIT)
3) Design and build (D & B) 2, 1 meter wide chambers.(MIT)
4) D & B pick-up strip plane.(MIT)
5) Investigate and make thinner cathodes.(MIT & UNY-SB)
6) D & B optical window éystem.(MIT)
7) D & B tiltable chamber stand as a cosmic ray muon telescope.(MIT)
" 8) Adjoin prototype optical alignment system to the chambers.(MIT, with the help of
Draper Lab.)
9) Design of apparatus for mass production of chambers; estimate production costs.(U.
of Houston)
10) Investigate various materials for use as cathodes.(MIT)
11) Analyse the data from both; 1) runs taken at Fermilab on a small prototype, and 2)
data with cosmic rays on the 0.5 m. and 1.0 m. chambers.(MIT, UNY-SB, & LSU)
12) Simulation studies of the muon system directed toward optimization of the subsystem
and integration with the rest of the detector.(MIT)
13) Provide chamber electronics, investigate state of the art electronics for TDC’s, and

examine scenarios for the use of chambers in a level 1 trigger system.(LeCroy,MIT)
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Dehvery of LeCroy electromcs for 0.5 m. chnﬂm 1 1L LRt 5

| Des1gn of thin cathodes | | Jan w‘ q;-g [1 »’

. olay lauekes’ nce«q[s
De31gn of 1.0 m. ch_amber o Jan 8¢ p,,, .. ldalnlg “
Assemblf of 0.5 m. chambers | ' Feb. quks ,,, Exce o 5. /
Assembly of 1.0 m. chembers ‘March -

Delivery of 1.0 m. chamber to SSCL - May

- Set final specs. on.chambers ‘ | Aug.
‘- Assémble cost figures for EDR - Sept.
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GEM: LIMITED STREAMER DRIFT TUBE GROUP

(Proposal to TNRLC-Dec. 9, 1991)
II1. The Budget (Revised Jan. 21, 1992)

Institution Item Time in Cost * Sub-total

man-months in k$

Univ. of Houston Mech.Eng. 9 80 80
LeCroy Corp. Elec.Eng 20 B
| & Electronics
Louisiana State Univ. Student 4 b 5
Mass. Inst. of Tech. 381

Mech. Eng 6 36

Drafteman 5 30

Elec. Eng. 4 30

Mech. Tech. 12 45

Mach.Shop(MIT) 30

Elec. Tech. 12 80

Student help 15 25

Chamber parts & 50

outside work

Alignment Tools 35
Optical Alig. 20
U. of N. Y. at Stonybrook  Student 3 5 5

. Total 491
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CHANNEL COUNT
The channel count Is as follows:

Non-bend plane
Bend plane

Total

BUDGET

Z1ib1 9201
' 8

21,392

30,224

We estimate the complete cost of an RPC system to be about $2,600
per square meter. We note that the barrel will require about 2,300 square

meters of RPCs which implies a total cost of about $6 x 105, The detalied
estimate follows:

- ITEM

Glass (e.g. Schott B270 fioat glass)

Resistive Electrode (e.g. carbon doped Aquadag)
.Foam (e.g. polyurethane sheet)

Pick-up electrodes (e.9. metal tape)

insulators (e.g. G10 sheet)

Aluminum box (1/16° sheel) :
Spacers (e.g. 5S304 disks on 30 am cemers)

Total Materials i
. | B

 Fabricalion cost estimate: $60% @ 1m2/hr

QGas fifings (e.0. 1 brass fiting every 30 om on
edge x 2 for gas manifok!)

Tygon fubing (1/8° diameter, 1 km long)
RG-174 coaxial cabling (1 km)

LEMO connectors {2 x 30,224 channels)
Elecironics {30,224 discriminators, 10,074

3-1oid coine., 9,650 QADC, 32 2-fold coinc.)

Qas (Recirautator or throw away over 10 years)

Jotal Misceflaneous

COST (¥/m?)

" 681
22

36.5
9.8

413

0.2

X -1

198.15
3723

60.0
203

0.33
0.12
1808
€48.5

150.0
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DESCOPED SSC R & D PROPOSAL FOR THE GEM MUON BEAM TAGGING
= TRIGGER AND Z-COORDINATE MEASURING SYSTEM
USING RESISTIVE PLATE COUNTERS
(COMPLETE VERSION)

14 Noyémber 1991

I."* COLLABORATION

- The collaboration proposing thls Fi & D program consists of the
followlng groups : \

. Brown University —~ -.° "' @ o 0 LLNL
.M. Widgoff | ' | E. Ables o
o | K. van Bibber
‘Indiana University * R. Bionta
E. D. Alyea O. Fackler .
: : D. Makowiecki
C..Wuest*
M Universily of Tennessee
. Y. H. Chang ~ S. Berridge .
'E. S. Hafen W. Bugg
P. Haridas ~P.Y.C.Du

- LA Pless*

*co-spokespersons
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EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH

CERN/DRDC/1-53
RD-5/ Status Report
January 13th, 1992

Status re‘pbrt.of the RDS Experiment

A. Béhrer, H Fmssner. T. Mocrs.k Priem, H. Reithler, R. Schleichert, H. Schwarthoff,
‘ H. Tuchscherer and H. Wagner.
. Phys:kallsdm Institut A, RWTH Aachen, Germany

Gy.L. Benczc” M. Della Nem') K. Eggent, A. Herve, H. Plothow - Besch, E. Raderrmchet‘) »
. and C. Seez¥
CERN Gema. Switzerland

M. Aalsie, R. Brenner. A, Hentmen.l Hictanen, V. Karimiki, R. Kinnunen, J. Lindgren,
: K. Osterberg, M. Pimi4, C. Ronnqvist, J. Tuominiemi, T. Tuuva and M. Voutilainen
: Re.mzrch lrmmaefor High Encrgy Phyncs. SEFT, Umversuy of Helsinki ond boAkadzrru.
F"llaﬂd

A Fem.ndo L. Martinez-Laso, E.Torrente Lujan
CIEMAT, Madrid, Spain

H van der Graaf, G.A.A. Wmeman. R. @rer‘gvmm. C. Brouwer, A. K&nig, C. L. A. Pols
and ijnen
NIKHEF-H and University of Nijmegen, The Netherlands

A. Bettini, P. Casoli, S. Cenro. R. Martinelli, A. Meneguzzo and P. Zoto,
" Dipartimento di Fisica, Universitd di Padova, ltaly _

- C. Bacci, F. Ceradini, G. Ciapert, F. Lacava, A, Nisati, E. Petrolo, L. Pomecorvo.
. S. Veneziano and L. Zanello
. Dtparn'memo di Fisica, Umvermd di Roma "La Sapienza” and INFN._I:aIy

R. Cuduelh A. Di Ciaccio and R, Santonico
, D:parmmo di Fisica, Universita di Roma "Tor Vergawa” and INFN, lra)y '

D. Clme. S. Lazic and S. Otwinowskd
UCLA.. Los Angeles, USA

- W, Gom.J Layter and B. C. Shen
U.C., Riverside, USA

M. Andlinger, A. Kluge.F Szoncso, G. Walzel and C.- E. Wiz
' HEPHY, Osterreichische Akademie der Wissenschafien, Vienna, Austria

. W, Donumk K. Doroba, M. Gorski, J. K:ohkowslu L. Ropelewski, R. Szwed andG Wrochm
_ Instinute of Experimental Physics, War:aw University, Poland

1) Joint spokesmen
", 2) Visitor from Central Research Inst. for Physics, KFKL Budapest. Hunga:y
3 Visitor from Imperial College, London, U.K.
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field shaping cathodes (-5kV and 7kV) at the edges of the wbe guarantees a drift velocity of
52 um/ns constant within 3% over the whole width of the wube. The maximum drift time is 1.5
us. The single point resolution is on average 400 um for tracks with the angular distribution
of beam particles at RDS (all muons were used without cuts on track quality). The detection
efficiency of each twbe is abous 99% over the whole width of the tbe.

In January 1991 the modules together with the original readout, trigger electronics
and cabling were moved from the UA 1 experiment to the RDS area and were instalied in the
H2 beam. In order to test and operate the chambers independently online programs (one based
- on the OS9, the other based on the MacU AL system) were developed 1o test the multiple time
dighizers (MTD). Another impomhl tool was a program to give st pulses 1o each of the 585
wires and read back the response. This implied a check of the whole chain starting from the
- wires and ending at the wire patterns for each chamber. In the middle of June ‘91 systematic
tests were started. Only four dead wires wete found. This number was reduced to two,

" corresponding to 0.35 % of all wires. At the ¢nd of July a local monitoring program including

hit, wire and dmc_d_isu-ihutio‘ns as \(relll as an event display was ready. The chambers were

filled with gas mixture and were tested with high voltage. During the run the high voliage was
~_conwrolled by program. Both the low voltage for the signal preamplifierlifiers as well as the

. high voltage were monitored by program. There were no problems with the high voltage ot

low voltage during the run. | : - - '

. After having the chambers, the read out and the conirol programs ready we triggered
~ locally on cosmic and parasitic muons in the beam. From the beginning we saw at the event
.., display clean muon tracks in all three modules. [n addition the hit, wire and time distributions
showed the expected shapes. This situation was monitored over the whole run period and '
- stayed stable. ' '

. The resistive plate chambers
~ Sixteen planes of Resistive Plate Chambers (RPCs) were installed in 1991. Each
plane measures 2°2 m? and has 64 read out suips of 31 mum pitch. The planes are coupled in
_ pairs providing one measuremment in the horizontal projection, z, and one in the vertical .
) prﬁjec_tion. y. Station | (see Fi'g; 1) has four pairs with two y-z measurements before and aftes
the muon drift chambers. There is one y-z pair in each of the two slots in the iron toroid.
~ Station 2 has two y-2z pairs with one measurement on either side of the drift chambers. .
| _ Each plane is made of two RPCs of dimensions 1 x 2 m? assembled as shown in Fig.
©* 16, The RPCs [10) are made from two bakelite plates of | x 2 m2 surface and 2 mm -
. thickness. The plates have a volume resistivity of about 1011 Q cm. The sensitive gas volume
 jsalmm gap between the two plates. In order 10 separate the plates by a fixed distance over

R the whole surface, PVC disks of 12 mm diameter are glued on the plates. The gas gap is .

- closed at the edges with a PVC frame.
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The outer surface of the resistive plates are coated with a graphite solution with a
surface resistivity of = 100 kQ. The two graphite electrodes, ransparent to the fast component
of the discharge pulse, are connected to the high voltage power supply to produce the electric
field. A thin foil of PVC i glued on the ﬂaphnc surface 10 provide isolation of the high
voltage electrodes.

The read out elecuode is segmemed imo thin aluminum strips of 29 mm width and 3l
mm pitch. The strip plane is separated from the duter ground shield with a foam plate 10 mm
. thick, Each strip is terminated on 50 Q on either end and one side is connected 1o the frontend
~ elecrronics. The propagation time of the ransmission line is about $ ns/m and there is no
attenuation of pulses from the mduct:on point 10 the end. A section of the chamber is shown in
Fig. 17. c . :
~ The frontend clecmics is shown in Fig. 18, Each phne provides a fast uiggef

" signal made with the wired OR from.the discrii::inator.ourputs of the 64 strips. The digital

< signals from the individual strips are 100 ns long and are read out with VME registers suobed

by the scintillator hodoscope trigger. When the experiment trigger arrives to the input register
in the VME crate, the data are sent 10 the data wquisition system via optical fiber,

The chambers have been operated with a gas mixwure of 58% argon, 38% a-butane

-and 4% of freon. The supply voliage was 7.1 kV. In these conditions, the single rate

measured with the fast OR signals was on average 10 kHz per plane dependini on the

- resistivity of the electode plates. The probabdilty of accidental hxts. measured wuh 1 nndom
. tigger, was between 104 and 10-3 per plane.

The efficiency, averaged over the whole surface of the chambers, measured ml.h the -
" fast OR signals with muons of the beam halo, was on average 96%.

" The measurement of the single chamber efficiency as a function of the pah:‘clc flux
. was done by tacking high momenturn muons (100-300 GeV/c) through the different planes of
- RPC chambers. Signals from adjacem strips were grouped in clusters, then tracks were
defined with a least square fit 10 a stm;ht line in both projections. Flg 19 shows the
~ distribution of the residuals from the fited wacks. The average r.m.s space resolution is about
. 8 mm. The single plane efficiency was measured by requiring that a hit is found within four
 strips centred on the expected beam position. At low beam i intensity, smaller than 10 l~irlcm2 ’
 the efﬁcmxy for the different chambers varies berween 96 %% and 99%.
" " Chambers with two different resistivities for the elec—;aates were I.csu:_d. The’
resistivity of the electrodes is an important parameter that defines the recovery time of the

- electric field after a local discharge. Low resistivity chambers were placed in station 1 while

: 1he_ chambers in the siots of the iron magnet and in station 2 have resistivity a factor § larger.
"Fig. 20 shows the efficiency as a function of the muon flux in different chambers. A

o _.' éigniﬁcam degradation in efficiency is. observed in the chambers with hiih resistivity

electrodes for particle fluxes larger than S0 Hz/cm?. In the low resistivity RPCs the -

"+ efficiencies degrade only at fluxes larger than 100 Hz/cm? {11,12). It should be noted that the ~

R drop in efficiency at high rates does not affect the hadron punchthrough measurements, since,
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Momentum resolution in the GEM endcaps, including radial resolution Scott Whitaker

23-Jan-92
dL= 0.01
ds= 5.00E-05
D= 8
pL= 20 PH= 100
theta (deg) dpL/pL w. dI di=0 dpH/pH w. dl di=0
8 0.0096 0.0037 0.0206 0.0185
10 0.0077 0.0030 0.0164 0.0148
12 0.0064 0.0025 0.0136 0.0123
4 0.0054 0.0021 0.0116 0.0104
16 0.0047 0.0018 0.0101 0.0091
18 0.0042 0.0016 0.0089 0.0080
20 0.0037 0.0014 0.0079 0.0072
22 0.0034 0.0013 0.0071 0.0064
24 0.0030 0.0012 0.0065 0.0058
26 - 0.0028 0.0011 0.0059 0.0053
.. 28 0.0025 . 00010  0.0054 0.0049
30 0.0023. 0.0009 0.0050 *0.0045
- dP/P vs theta (degrees) : ;
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Test Chambers scale - full
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Setup for CSC gain and timing tests
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50% CF4/50% CO2

E fleld B field Drift vel Theta L
Viem Telsa mm/usec degrees
1000 0.8 13.98 5.92
2000 0.8 28.00 6.06
3000 0.8 43.13 6.26
3500 0.8 51.36 6.42
Drift velocity vs E field
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