
dk Fermi National Accelerator Laboratory 

FERMILAB-Conf-89/21-E 
[E-705] 

Performance of 0.75 mm Pitch MWPC’s 
Operating at High Rate* 

S. Conetti6, J. Kuzminski6, A. Marchionni6, D. Stair@, 
M. Arenton”, T. Y. Chen’, B. Cox”, S. Delchamps4, B. Etemadi’, L. Fortney3, K. Guffey5, M. Haire6, 

P. Ioannu2, C.M. Jenkins”, D.J. Judd’, C. Kourkoumelis2, I. Koutentakis2, K. W. Lai’, 
A. Manousakis-Katsikakis2, H. Mao’, P.O. Mazur4, C.T. Murphy4, T. Pramantiotis2, R. Rameika4, 

L.K. Resvanis2, M. Rosa@, J. Rosen7, C.H. Shen’, Q. Shen3, A. Simard6, R. Smith4, L. Spiege17, 
R. Tesarek3, W. Tucker’, T. Turkington3, F. Turkot4, L. Turnbul18, S. Tzamarias7, M. Vassiliou2, 
G. Voulgaris2, D.E. Wagonerg, C. Wang’, W. Yang4, N. Yao’, N. Zhang’, X. Zhang’, G. Zioulas6 l 

1) University of Arizona, Tucson, Arizona 85721 
2) University of Athens, Greece 

3) Duke University, Durham, North Carolina 27706 
4) Fermi National Accelerator Laboratory, Batavia, Illinois 60510 

5) Florida A&M University, Tallahassee, Florida 32307 
6) McGill University, Montreal, Quebec, Canada H3A 2TB 

7) Northwestern University, Evanston, Illinois 60201 
8) Prairie View A&M University, Prairie View, Texas 77445 

9) Shandong University, Jinan, Shandong, People’s Republic of China 
10) University of South Alabama, Mobile, Alabama 36688 
11) University of Virginia, Charlottesville, Virginia 22901 

January 1989 

*Presented by J. Kuzminski at the 1988,lEEE NuclearScience Symposium, Orlando, Florida, November 8-13, 1988. 
eratad by Universities Research Association Inc. under contract with the United States Department of Energy 



PERFORMANCE OF 0.75 mm PITCH MWPC’s OPERATING 
AT HIGH RATE 

S. Conetti’), J. Kuzminski61, A. Marchionni”,‘), D. Stai&), 
M. Arentonr’), T. Y. Chen’l, B. Coxl*), S. Delchamp&, B. Etemadi’), L. Fortney3), 

K. Guffeysl, M. Haire’), P. Ioannuzl, C. M. Jenkins’“l, D. J. Juddsl, C. Kourkoumelis’), 
I. Koutentakis’), K. W. Lai’l, A. M anousakis-Katsikaki8, H. Maog), P. 0. Mazur’), 

C. T. Murphy4), T. Pramantioti&, R. Rameika’), L. K. Resvanis*), M. Rosati’l, J. Rosenr), 
C. H. Shengl, Q. Shen31, A. Simard’l, R. Smith’), L. S piegel’), R. Tesarek3), W. Tucker5), 

T. Turkington3), F. Turkot4), L. Turnbull*), S. T zamarias’), M. Vassiliou’l, G. Voulgaris’), 
D. E. Wagoners), C. Wanggl, W. Yang4), N. Yao’), N. Zhangg), X. Zhangg), G. Zioulas’l 

‘)University of Arizona, Tucson, Arizona 
2)University of Athens, Athens, Greece 

31Duke University, Durham, North Carolina 
‘)Fermilab, Batavia, Illinois 

5)Florida A&M University, Tallahassee, Florida 
‘)McGill University, Montreal, Quebec, Canada 

‘1Northwestern University, Evanston, Illinois 
s)Prairie View A&M University, Prairie View, Texas 

‘)Shandong University, Jinan, Shandong, People’s Republic of China 
“)Universitv of South Alabama, Mobile, Alabama 
“IUniversity of Virginia, Charlottesville, Virginia 

Abstract 

Three Multiwire Proportional Chambers (MWPC) with 
high rate capability have been constructed for Fermi Na- 
tional Accelerator Laboratory experiment 705 (Charmonium 
and Direct Photon production by A&, p and p at 300 GeV/c) 
[I]. Each chamber, with a sensitive area of 308 cm*, con- 
sists of three anode planes, wound with 12.5 pm diameter 
gold-plated Tungsten/Rhenium wire, facing 25 pm graphite- 
coated kapton cathode planes at a distance of 3 mm. Wire 
spacing in two of the MWPC (PC-B1 and PC-B2) is 0.75 mm 
and 1.00 mm in the third one (PCB3). After a few weeks 
of running on “Magic Gas” with a beam flux of up to N 
10' particles/cm%ec, severe damage occurred to the graphite 
coating. All cathode planes were replaced by aluminized 
kapton, and the chambers worked successfully for the next 3 
months until the end of the run, when a 10% efficiency drop 
was observed after a total accumulated charge of -1 C/cm 
of sense wire. After the end of the run the chambers were 
disassembled and inspected. A white deposit with a charac- 
teristic “wire pattern” etched away from the Al coating was 
observed in the region of the beam spot. 

Introduction 

We describe the construction and performance of three 
proportional wire chambers, PC-Bl, PC-B2 and PC-B3, used 
in E-705 experiment at Fermilab. The experiment was suc- 
cessfully run during the fixed target period (June 1, 1987 - 
February 15, 1988) at the Fermilab Tevatron, reaching the 
designed interaction rate of 1 MHz with a 15% absorption 
length ‘Li target. The topology of most events is complicated 
because of the large mean multiplicity of the secondary and 

l ) Presently at INFN, Firenze, Italy. 

tertiary charged particles ( N 15 ). Therefore a powerful 
tracking system was integrated into the E-705 spectrometer. 
It consisted of a set of 3 proportional chambers, each with X, 
U, and V planes and 6 drift chambers. All these chambers 
were desensitized in the beam region, over a circular area 
of about 5 cm radius, so as not to be affected by the very 
high density of tracks, non-interacting beam and small an- 
gle secondaries, encountered near the beam axis. The high 
track density region was then to be covered by the addi- 
tional chambers - PC-Bs’, built with a very tine wire spacing 
to provide high rate capability. This allowed a substantial 
increase (up to 30%) in the spectrometer acceptance, and re- 
duced the combinatorial backgroud of reconstructed tracks. 
The new chambers also had to have minimal material out- 
side the sensitive area to avoid disturbing the charged parti- 
cle tracks, which emerge from the interaction vertex and are 
measured by the other wire chambers of the spectrometer. 
Fig. 1 shows a photograph of the tracking system of the 
E-705 spectrometer. 

Design and Construction 

The chambers were constructed at the Science Technol- 
ogy Center of Carleton University, Ottawa, Canada. The 
main parameters of the chambers are listed in Table 1. Each 
chamber has three sense wire anode planes X, U, and V, with 
a stereo angle of 28O. The sensitive area of each chamber is 
308 cm2. The frames were machined from Stesalit 4411W 
material [2] to a precision of *I30 pm. 

The X, U, and V anode planes were wound with 12.5 pm 
diameter gold-plated Tungsten-Rhenium wires [3]. A me- 
chanical tension of 20 g was applied to the sense wires. The 
wire spacing for PC-B1 and PC-B2 is 0.75 mm and for PC-B3 
is 1.00 mm. To avoid well known wire instabilities [4], the un- 
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Figure 1: Photograph of the Fermilab High Intensity Labo- 
ratory spectrometer tracking system. Shown are the MWPC 
located upstream the analysing magnet. 

supported length of sense wires was reduced to no more than 
180 mm by means of two insulated support wires, glued to all 
the sense wires. The cathode planes were 25 pm kapton foil, 
stretched over the Stesalit frame with a mechanical tension 
of 50 N/m. Kapton foils were glued to the supporting frame 
with hard epoxy glue. After a curing time of 24 hours, under 
tension, kapton foils were cleaned with isopropyl alcohol and 
sprayed with a graphite colloidal solution [5]. After drying, 
the foils were carefully polished and then resprayed. This 
procedure was repeated several times in order to eliminate 
any surface inhomogeneity. The resultant surface resistivity 
was -50 kR/O. Each side of kapton planes, electrically in- 
sulated from the other side, provides the cathode surface for 
the facing anode wire plane. In all chambers the distance 
between cathode and anode planes was 3 mm. 

Three anode wire planes, interleaved with corresponding 
cathode planes, are stacked between two supporting frames, 
made of 10 mm thick Al plates, which provide a flat refer- 
ence surface. The front gas window consisted of aluminized 
25 pm mylar foil, and the rear window of Al foil; both are 
electrically connected to the supporting Al frames to insure 
a good screening. 

A thin layer of GE RTV silicon rubber, applied between 
planes inside a groove, machined in the Stesalit frame, serves 
as a gas seal. The whole chamber is fixed with bolts and 
alignment pins, which allow the fO.03 mm alignment preci- 
sion between the different wire planes to be maintained after 
disassembling and reassembling the chamber. 

There is a separate gas manifold for each chamber mod- 
ule. Chambers were operated on “Magic Gas” mixture (77% 
argon, 16.7% isobuthane, 6% methylal, 0.3% freon). Gas 
flow to the chambers was maintained at 0.5 ccjmin. 

High voltage was supplied separately to each cathode 
plane through 1.5 MS2 current limiting resistors. The cham- 
bers were instrumented with Nanometric Systems preampli- 
fier-discriminators [6], mounted directly on the chambers. 
The electronic threshold was 1 PA on the current signals 
from the chamber. The differential ECL signals at the dis- 
criminators output were driven through 150 m long Ansley 
delay cables into latch registers and read out via CAMAC 
using smart crate controller by the ACP-based E705 data 
acquisition system. [7] 

Operation in Beam 

The 0.75 mm pitch chambers operated quietly at high 
voltages below 3.35 kV. At higher voltages, sporadic sparking 
occured, probably due to mechanical imperfections. For the 
1.00 mm pitch PC-B3, sparking occured at 3.10 kV. 

Fig. 2 and 3 show the plateau curves measured for PC- 
Bl and PC-B3 with a 300 GeV/c proton beam. The plateau 
curves for PC-B2 are very similar. During the whole run the 
0.75 mm pitch chambers were operated on the low side of 
the high-voltage plateaus (3.25 kV for PC-Bl, PC-B2 and 
2.9 kV for PC-B3). 

Table 1: &in parameters of the constructed MWPC’s. 

MWPC# Aperture Wire Spacing 
(mm) ! (mm) 1 Gap (mm) 

Anode-Cathode Eff. Thickness Operating Voitage 1 
@ad. Length) (kV) I 

PC-1B I 600x300 / 0.75 3.00 / 1.04x10-3 j 3.25 I 
PC-2B I 750x400 I 0.75 / 3.00 ; 1.04x10-3 3.25 / 

I PC-3B ! 900x500 I 1.00 i 3.00 1.00x10-3 2.90 
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Figure 2: Plateau curves for the 0.75 mm pitch chamber Figure 3: Plateau curves for the 1.00 mm pitch chamber 
(PC-Bl) measured with a 300 GeV/c proton beam. (PC-B3) measured with a 300 GeV/c proton beam. 

Fig. 4 shows the “current versus voltage!’ characteristic 
of PC-B1 (U-plane), measured with a 300 GeV/c proton 
beam. The solid line represents the best fit to the data, 
with the following current parameterization: 

I(V) = eaVcp 

where o = 5.17x10-~(V-i] and @ = -30.50. 

The preliminary space resolution, obtained from align- 
ment runs, is presented in Fig. 5. For the X-coordinate it is 
comparable to the theoretical estimate based on the following 
formuia: 0,~ = A/&?, where A is the wire spacing (for PC- 
Bl and PC-B2 A = 0.75 mm and for PC-B3 A = 1.00 mm). 
The resolution is slightly worse for the Y-coordinate. which 
is determined from U and V measurements. 

Radiation Damage and Chambers’ Reconstruction 

After a few weeks of chambers’ exposure to an intense 
beam flux of N 1Or particies/cm2sec, we observed a serious 
deterioration in performance, namely loss of efficiency and 
high dark current, leading eventually to corona discharges. 
The chambers were dismounted and inspected. Severe dam- 
age to the gaphite coating of the cathode planes, associated 
with a black deposit on anode wires, was observed (Fig. 6). 
The sense wires were cleaned with acetone. An attempt to 
use a different graphite paint (Acheson DAG 502) for cath- 
ode coating led to the same behaviour. We decided then 
to replace all graphite coated cathode planes by aluminized 
kapton. Aluminized kapton foils were stretched and glued 
to the Stesalit frames in the same way as described before. 
In addition the Al coating was etched from the kapton to 
form the required cathode shape and to prevent electrical 
contact between the sides of the cathode plane. A solution 
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-I 
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Figure 4: “Current versus voltage” characteristic of PC-B1 
(U-plane), measured with a 300 GeV/c proton beam. Solid 
line represents the best fit to the data (details in text). 
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Figure 5: Residuals distributions for PC-B1 (upper part) 
and PC-B3 (lower part) obtained during an alignment run 
with a 300 GeV/c proton beam. Horizontal scale: 10 units 
= 1.0 mm . 

ox = o. .5 mm; cq = 0.30 mm (PC-Bl) 

gx = 0.17 mm; oy = 0.38 mm (PC-B3) 

of 0.5 % NaOH was used for etching. After removal of un- 
desired Al coating, the kapton foils were carefully rinsed in 
distilled water, in weak acetic acid solution, and again in 
distilled water. Finally the whole cathode plane was cleaned 
with isopropyl alcohol. The chambers were reassembled and 
reintegrated into the spectrometer, where they worked sat- 
isfactorily until the end of of the run, when a 10% efficiency 
drop was observed after a total accumulated beam flux of 
- 10” particles/cm’. After the run, the chambers were 
disassembled and inspected. A white deposit with a char- 
acteristic “wire pattern” etched away from the Al coating 
was observed in the region of the beam spot (Fig. 7 and 
8). We were unable to remove it by cleanning with acetone 
and alcohol. It has been argued [8] that it may be the result 
of aluminum oxidation, although no satisfactory explanation 
has been proposed as to the origin of this phenomenon. 

Figure 6: Radiation damage to the graphite coated cathode 
plane occured after a few weeks chamber’s exposure to the 
high intensity 300 GeaV/c proton beam. 

Conclusion and Outlook 

We have constructed three MWPC with high rate capa- 
bility for E-705 experiment, located in High Intensity Labo- 
ratory in Fermilab. The primary motivation for using graphi- 
te coated kapton foils was to limit the spark current in or- 
der to protect the very thin sense wires by providing high 
surface resistivity cathode planes. We observed severe dam- 
age to the graphite coating after a few weeks exposure to 
an intense flux of 300 GeV/c proton beam. No wires broke 
during this time, although several corona discharges occured 

in the chambers. After replacing all graphite coated cath- 
ode plane with aluminized kapton foils, the chamber worked 

successfully until the end of the run. We estimate the to- 
tal accumulated charge during this period to be - 1 C/cm 

of sense wire, which is commonly considered as a MWPC 
life-time limit [9]. It is obvious that a new approach to the 
chamber design must be considered if such chambers are to 
sustain even higher beam fluxes. Presently we are following 
two different paths towards this goal; we intend to use: 

1. New, non-oxidizing material for the cathode plane pre- 
paration. Currently at Fermilab we are testing gold 
plated kapton foils for this purpose. 

2. More sensitive read-out electronics. Preliminary tests 
performed at Fermilab with a newly designed pream- 
plifier based on VLSI technique (10) suggest that we 
can run the chambers at substantially reduced gain, 
with the same sensitivity. 

We will pursue both improvements in preparation for 
a future experiment, E-771, scheduled to run in Novem- 

ber 1989 at Fermilab High Intensity Laboratory, with a 900 
GeV/c proton beam. 
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