
KEK Report 84-10 
August 1984 
H 

CONSTRUCTION OF SELF-SUPPORTING CYLINDRICAL 

MULTIWIRE PROPORTIONAL CHAMBERS 

Masaaki KOBAYASHI, Takeo FUJITANI, Tsunehiko OMORI, 

Shojiro SUGIMOTO, Yoshitake YAMAGUCHI, Yuji NAKAGAWA and Toshiaki WADA 

NATIONAL LABORATORY FOR 
HIGH ENERGY PHYSICS 

KEK Report 84・10
August 1984 
H 

CONSTRUCTION OF SELF圃 SUPPORTINGCYLINDRICAL 

MULTIWIRE PROPORTIONAL CHAMBERS 

Masaaki KOBAYASHI， Takeo FUJITANI， Tsunehiko OMORI， 

Shojiro SUGIMOTO， yoshitake YAMAGUCHI， Yuji NAKAGAWA and Toshiaki WADA 

〆
J 

NATIONAL LABORA TORY ， FOR 
HIGH ENERGY PHYSICS 

" '令



©National Laboratory for High Energy Physics, 1984 

KEK Reports are available from: 

Technical Information Office 
National Laboratory for High Energy Physics 
Oho-machi, Tsukuba-gun 
Ibaraki-ken, 305 
JAPAN 

Phone: 0298-64-1171 
Telex: 3652-534 (Domestic) 

(0)3652-534 (International) 
Cable: KEK0H0 

@ National Laboratory for High Energy Physics， 1984 

KEK Reports are avai1able from: 

Technical工nformationOffice 
Nationa1 Laboratory for High Energy Physics 
Oho-machi， Tsukuba-gun 
工baraki-ken，305 
JAPAN 

Phone: 0298-64-1171 
Telex: 3652-534 (Domestic) 

(0)3652-534 (工nternationa1)
Cable: KEKOHO 



CONSTRUCTION OF SELF-SUPPORTING CYLINDRICAL 

MULTIWIRE PROPORTIONAL CHAMBERS 

Masaaki KOBAYASHI 

KEK, National Laboratory for High Energy Physics 

Oho-machi, Tsukuba-gun, Ibaraki, Japan 

Takeo FUJITANI, Tsunehiko OMORI, 

Shojiro SUGIMOTO and Yoshitake YAMAGUCHI 

Department of Physics, Osaka University 

Toyonaka-shi, Osaka, Japan 

Yuji NAKAGAWA and Toshiaki WADA 

Department of Physics, Tokyo Metropolitan University 

Setagaya-ku, Tokyo, Japan 

Abstract 

Cylindrical MWPC's have been constructed with 240-430 mm in anode 

diameter and 750 mm in length. They are supported by inner and outer 

cathode cylinders made of approximately 6 mm thick aramid fibre/phenolic 

resin honeycomb, sandwiched between 50 um thick Kapton sheets with or 

without Cu strips laminated to them. The chambers have been 

successfully used throughout the E68(PPC) experiment at the KEK 12 

GeV Proton Synchrotrons. Constructional details are described. 
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1. Introduction 

The need for cylindrical multiwire proportional chambers (MWPC's) 

or drift chambers has increased in, for example, stopping beam or 

colliding beam experiments, where a solid angle acceptance close to 4TT 

is required. In order to meet such requirements, cylindrical 
1 2) 

chambers ' should be of a low mass over the total solid angle, 

massive support rods being unacceptable. 

We have constructed cylindrical MWPC's with anode diameters ranging 

from 240 to 430 mm and a length of 750 mm (see Fig. 1). They have been 
3) 

successfully operated in the E68(PPC) experiment; searching for 

monochromatic gamma rays and TT°'S in antiproton-proton annihilation at 

rest . 

The chambers were fabricated in house at KEK, because construction 

techniques for this type of chambers have not yet been developed by 

manufacturers. Because, to the authors' knowledge, this is the first 

time that self-supporting cylindrical MWPC's have been constructed in 

this country and because we wish the techniques to be available to other 

groups, we will describe the details of the construction processes. 

Self-supporting structures employed in cylindrical chambers which 

have been constructed in other laboratories may be divided into two 
1) 2) 

groups: plastic foam sandwich and honeycomb sandwich . • 

At first we tried an acrylic foam sandwich structure. It was, 

however, found not simple to wind a sheet of rigid acrylic foam on a 

metal guide cylinder to a precise radius and to close both mating ends 

of the sheet to form a complete cylinder. After various trials, we 

chose a honeycomb sandwich structure mainly to facilitate the above two 

processes. 

2. Chamber construction 

We have constructed four cylindrical MWPC's CI ̂  C4 of four 

different anode diameters. The chamber parameters are listed in Table 

1. Actually we have constructed eight MWPC's including a complete spare 

set. 

The basic structure of the chamber is sketched in Fig. 2. The 

support structure for both the-inner and outer cathodes is a Hexcel 

aramid fibre/phenolic resin honeycomb about 6 mm thick. The 
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honeycomb is sandwiched between two 50 um thick Kapton sheets, one of 

which is laminated with a 35 um thick copper electrode . In CI and 

C4, we employ cathode as well as anode readout. The copper electrode in 

these chambers is in strips, which run helically in opposit directions 

for the inner and the outer cathode as sketched in Fig. 3. 

For each MWPC the construction procedure followed the sequence: 1) 

fabricate the outer cathode cylinder, 2) fabricate the inner cathode 

cylinder, 3) assemble the chamber. This is shown in a flow diagram, 

Fig. 4. Both the inner and the outer cylinders were constructed on 

corresponding precision machined mandrels. 

We have required an overall tolerance of 0.1 mm for the gap between 

anode and cathode. The local uniformity should be much better than the 

above number. The above requirements determine the tolerances for 

machining parts, for grinding honeycomb sheets, for epoxying honeycomb 

sheets, cathode sheets, G-10 spacer rings and printed boards, and for 

finally closing the chamber. 

3. Outer Cathode Cylinder 

Preparation of Mandrel 

The mandrel for the outer cathode cylinder is sketched in Fig. 5. 

The diameter of the mandrel should precisely coincide with the diameter 

required for the outer cathode. To save cost as well as for easy 

adjustment of the diameter, the mandrel was constructed by applying 
2) 

plaster on a skeleton frame (see L. Bird et al. ). 

The skeleton frame was made of a 1.5 mm thick stainless steel 

sheet (SUS 304) by rolling and welding. Its outer diameter is 6 mm 

smaller than that of the final mandrel. Plaster "Histone B" ' was 

then applied on the frame. After curing, the plaster surface was 
+0 1 

machined on a face lathe to a diameter D * (mm), where D is 
o -0 o 

the diameter of the outer cathode. A precision within ±0.05 mm is 

easily obtainable for the diameter, which was measured with a micrometer 

or vernier-calipers, using a thin Kapton sheet of a known thickness to 

protect the surface of the plaster. After machining, the plaster 

surface was coated with a teflon spray to minimize moisture absorption. 

Note 1: The plaster used is "Histone B" , a hard plaster for 

precision models. With the above plaster, we have never 
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experienced trouble due to shrinkage of the plaster after curing, 

unlike the experience of Ohska with some types of plasters. 

Note 2: Plaster was applied twice in direct succession with about a 3 

mm thick coating at each time. Before applying plaster, the metal 

surface was roughened with emery paper to help the plaster adhere 

firmly to the metal. We have never experienced cracking of the 

plaster surface during or after machining. 

Note 3: The surplus plaster that hangs over the ends of the skeleton 

frame should be removed. If this is not done, the plaster may be 

cracked if the skeleton end should hit some hard material during 

transportation or handling. > 

Note 4: Machining of the plaster surface was done in two stages with 

the first machining to within typically 1 mm of the final diameter. 

The rotation speed is typically 38 rpm and the tool is advanced 

along the axis of the lathe by 0.5 mm per rotation. 

Cathode plane 

A 50 pm thick Kapton sheet laminated with a 35 ym thick copper 

electrode was cut into a parallelogram, whose two sides are parallel to 

the strip electrode. The sheet was helically wound on the mandrel and 

squeezed in position so as to havi neither overlap nor sizable gap 

between mating ends of the sheet, which were finally closed with a Mylar 

adhesive tape. A small amount of epoxy was applied over the Mylar tape 

on its two parallel edges in order to prevent gas leakage. 

After completion of the outer cylinder, the small gap between the 

mating ends of a cathode sheet was filled with epoxy from the inner 

surface of the cylinder to cover the adhesive surface of the Mylar tape. 

A very small amount of epoxy was carefully applied lest a bump of epoxy 

should form, which could be caught by a G-10 spacer ring during final 

assembly. 

Honeycomb Sandwich 

A sheet of 6 mm thick honeycomb with over-expanded cell shapes 

was epoxied to the cathode sheet. The honeycomb sheet was cut to a 

rectangular shape with its length several percent shorter than the 
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circumference of the cathode cylinder. After having applied epoxy to 

the honeycomb with a rolling brush of sponge, the honeycomb sheet was 

wound on the cathode sheet. The mating ends of the honeycomb sheet 

were, after a slight expansion, closed with small paper clips (gem 

clips). The honeycomb sheet was then tightly bound with a thin Mylar 

tape over most of the surface to assure close contact with the cathode 

sheet. 

After curing the epoxy for a few days, the Mylar tape as well as 

the paper clips was removed and the honeycomb was covered with a 50 ym 

thick Kapton sheet to complete the sandwich structure. To do this, 

epoxy was again applied to the honeycomb with a rolling brush, and a 

Kapton sheet, cut into a rectangular shape, was wound on the honeycomb 

with an overlap of several mm's at the mating ends of the sheet. During 

curing of the epoxy, the sandwich structure was again tightened with a 

Mylar tape to assure close contact of the Kapton sheet ar.d the 

honeycomb. 

After completion of the honeycomb sandwich, the overlap of the 

outer Kapton sheet was covered with epoxy to make a gas-tight seal for 

safety in addition to the gas-tight inner wall. 

Note 5: We have used an epoxy of high viscosity, Araldite AW106 plus 

its hardener HV953U. This gives a greater rigidity for honeycomb 

sandwich structures than other epoxies of lower viscosity such as 

AY103. With AY103, the adhesive frequently stays locally dense and 

locally sparse. Complete mixing of Araldite with its hardener is 

important. Satisfactory performance was obtained by employing both 

slight warming with a heat gun and vacuum pumping. 

Note 6: Small burrs of honeycomb material may remain on the large 

parallel-cut planes of the honeycomb sheets. If such cutting burrs 

should remain, epoxy could be easily concentrated on them without 

spreading uniformly. Moreover, such burrs could act as physical 

obstacles preventing close contact between honeycomb and Kapton 

sheets. As a result, the rigidity of the honeycomb sandwich 

structure may become poor. In order to avoid this, the cutting 

burrs, if they exist, should be filed off with emery paper and/or 

blown off with pressurized air. 
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Note 7: The rigidity of the honeycomb sandwich depends largely on how 

well the cell walls can be bridged to Kapton sheets with adhesive. 

For satisfactory bridges on every side of a contact edge, the 

rolling brush shou1d be rolled from all directions. 

4. Inner Cathode Cylinder 

Mandrel 

The mandrel for the inner cathode cylinder is similar to that for 

the outer cathode one. To save cost, we actually prepared both mandrels 

on the same centre rod as shown in Fig. 5. After the outer cathode 

cylinder is completed, the outer mandrel is removed together with spacer 

rings to reveal the skeleton frame for the inner mandrel. The method of 

preparing a precision mandrel on this skeleton frame is the same as for 

the outer mandrel. Plaster was applied on the skeleton frame and its 

surface was machined to a design diameter. 

Honeycomb Sandwich 

At first, a 50 vim thick Kapton sheet was wound on the mandrel. The 

mating ends of the sheet were closed with a thin Mylar adhesive tape 

with an overlap of several mm. The parallel edges of the Mylar tape 

were covered with epoxy to provide a gas-tight seal. A honeycomb sheet 

was then wound on the Kapton and epoxied in a similar way to that used 

for the outer cathode cylinder. 

Construction of the inner cathode cylinder, unlike that of the 

outer one, requires precision grinding of the honeycomb surface. This 

is because the cathode diameter is determined by the honeycomb surface. 

The honeycomb cylinder should be accurately ground to a diameter 

D.-2At, where D. is the cathode diameter and At is the total 

thickness of the cathode sheet and adhesive. 

Grinding was done on a face lathe (Fig. 5) by replacing the cutting 

tool with a precision hand-grinder. A precision of ±0.05 mm is easily 

obtainable for the diameter, if the diameter is measured by vernier 

calipers on a thin Kapton sheet of known thickness. 

Grinding may not immediately give a clean surface. There remain 

"grinding edges", that is, small shreds of honeycomb material which do 

continue to be attached to the honeycomb sheet. The grinding edges 

were, after filing off with emery paper, blown off with pressurized air. 

" 6 ~ 
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After having removed the grinding edges, the ground surface is clean 

enough as if cut by sharp cutting tools. 

Note 8: In grinding, the cylinder was rotated very slowly while the 

grinder head rotated at 3000 rpm. The rotation of grinder head was 

in only one direction. If the direction could have been reversed, 

the burrs could have been more completely ground off, thereby 

simplifying the filing-off process for burrs after grinding. 

Note 9: The contribution of the adhesive thickness to At is much less 

than 0.05 mm because the cathode sheet is tightened to the 

honeycomb (see the following paragraphs). Most of the adhesive 

remains in the corners where the honeycomb walls should touch the 

cathode sheet. 

Cathode plane 

A cathode sheet similar to that used for the outer cathode was 

wound onto the honeycomb core to complete the inner cathode cylinder. 

After applying epoxy to the honeycomb, the cathode sheet, cut to a 

parallelogram as was done for the outer cathode, was helically wound 

onto the honeycomb, and squeezed in position to form a closed cylinder. 

The mating edges of the sheet come close to each other with a negligibly 

small gap, which runs helically along the strip electrode. The gap was 

kept free without closing it with any adhesive tape mainly in order"to 

keep the electrode surface clean. 

The cathode surface was wrapped with a sheet of 100 vm thick Mylar 

for protection. A Mylar adhesive tape was then wound over most of the 

surface of the cylinder to tighten the cathode sheet onto the honeycomb 

core. This was done carefully with an appropriate tightening tension so 

that the cathode surface should be everywhere uniform. 

After curing the epoxy, the mylar sheet was removed. The small gap 

between the mating edges of the cathode sheet was filled with epoxy to 

provide a gas-tight seal. 

With the above method of construction, the resulting cathode 

surface is visually uniform and shows no trace of the tightening Mylar 

tape or of the edges of the 100 um thick Mylar sheet. 
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Note 10: If the Mylar wrapping sheet is as thin as 50 yra, delicate 

adjustment is required in tightening the Mylar tape uniformly. If 

the tape is locally overtightened, an image of the tape is stamped 

on the copper surface. If the Mylar sheet is as thick as 200 um, 

the edge of the Mylar sheet in the overlapping region might be 

stamped on the copper surface as a straight line step. Because the 

anode-cathode gap should be uniform to better than 0.1 mm, the use 

of 100 um thick Mylar sheet seems a good compromise. 

5. Assembly 

Assembly of a complete chamber was performed in the following way: 

(a) G-10 rings are mounted to create a precise gap between the inner 

cathode and the anode. After fixing the positions of the rings 
9) with an instantaneous adhesive ', epoxy was applied both for more 

complete bonding and for gas-tight sealing. 

(b) Printed-circuit boards for anode wires, made of 0.5 mm thick G-10 

sheets, are epoxied on the G-10 rings. During curing of the epoxy, 

G-10 rings, to be later epoxied on the printed-circuit boards, were 

temporarily mounted to fix the positions of the printed-circuit 

boards. 

(c) 25 pm diameter anode wires of gold plated tungsten were cleaned in 

an acetone ultrasonic bath and stretched between the printed boards 

with a tension of 75 g. Wiring was carried out wire by wire at a 

rate of 100 wires per minute. The wires were soldered with 

resin-core solder over 8 mm along the wire. After soldering, the 

resin was removed with cotton tips dipped in trichloroethylene. A 

small amount of epoxy was applied to the printed-circuit board to 

cover any sharp edge left from soldering and axso to prevent the 

anode wires from loosening. 

(d) G-10 spacer rings are mounted on the printed-circuit boards to 

create a precise gap between the anode and the outer cathode. 

Prior to mounting the G-10 rings, epoxy was applied to the 

printed-circuit boards both for bonding and for gas tightness. A 
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Note 10: If the My1ar wrapp1ng sheet is as thin as 50 ~m ， delicate 

adjustment is required in tightening the Mylar tape uniformly. If 

the tape is loca11y overtightened， an image of the tape 1s stamped 

on the copper surface. 工fthe Mylar sheet is as thick as 200 ~m ， 

the edge of the Mylar sheet in the over1apping region might be 

stamped on the copper surface as a straight line step. Because the 

anode四 cathodegap should be uniform to better than 0.1 mm， the use 

of 100μm thick My1ar sheet seems a good compromise. 

5. Assembly 

Assemb1y of a complete chamber was performed in the fo11owing way: 

(a) G-10 rings are mounted to create a precise gap between the inner 

cathode and the anode. After fixing the pos1tions of the rings 
9) 

with an instantaneous adhesive~/ ， epoxy was applied both for more 

complete bonding and for gas-tight sealing. 

(b) Printed-circuit boards for anode wires， made of 0.5 mm thick G-IO 

sheets， are epox1ed on the G-IO rings. During curing of the epoxy， 
G-10 rings， to be later epoxied on the printed-circuit boards， were 
temporarily mounted to fix the positions of the printed-circuit 

boards. 

(c) 25 ~m diameter anode wires of gold plated tungsten were cleaned in 

an acetone ultrasonic bath and stretched between the printed boards 

with a tens10n of 75 g. W1ring was carried out wire by wire at a 

rate of 100 wires per minute. The wires were soldered with 

resin-core solder over B mm along the wire. After soldering， the 
resin was removed with cotton tips dipped in trichloroethylene. A 

smal1 amount of epoxy waS applied to the printed-circu1t board to 

cover any sharp edge left from so1dering and a~so to prevent the 

anode wires from 100sening. 

(d) G-IO spacer rings are mounted on the printed-circuit boards to 

create a precise gap between the anode and the outer cathode. 

Prior to mounting the G-IO r1ngs， epoxy was applied to the 

printed-circuit boards both for bond1ng and for gas tightness. A 
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25 um thick Mylar strip was epoxied in the recess on the G-10 rings 

(see Fig. 2) to avoid corona discharges as Well as surface 

discharges. 

(e) Just before closing a MWPC, both the inner and the outer cathode 

cylinders were separately cleaned in an ultrasonic bath of 

Daiflon * for a few hours. 

(f) Finally the outer cathode cylinder was mounted on the inner 

assembly and slightly tightened with a Mylar tape on G-10 spacer 

rings at both ends. Gas-tight sealing is accomplished as sketched 

in Fig. 2. A teflon ribbon , 6 mm wide and 2 mm thick, is fit 

into a groove between the outer cathode and the printed-circuit 
12} 

board. The groove is then filled with silicone RTV '. The use 

of teflon ribbon enables quick disassembly and reassembly of the 

chamber. 

6. Conclusions and Discussion 

Self-supporting cylindrical MWPC's were constructed with anode 

diameters ranging from 240 to 430 mm and a length of 750 mm. The 

support structure for both the inner and the outer cathode cylinders is 

an approximately 6 mm thick aramid fibre/phenolic resin honeycomb 

sandwiched between 50 um thick Kapton sheets, one of which includes 

laminated 35 pm thick copper electrodes. Fig. 8 shows a photograph of 

the MWPC's and some of then parts. 

Two sets of four cylindrical MWPC's with different diameters were 

constructed according to the method described above. After having 

examined the performance of the MWPC's with a 1 GeV/c ir beam, the 

MWPC's were successfully used throughout the E68 (pPC) experiment at 

the KEK 12 GeV Proton Synchrotron. 

For any one of the eight MWPC's constructed, the anode efficiency 

is well above 99% in the plateau region, whose width is more than 300 

volts. Figure 6 illustrates a typical performance obtained for a gas 

mixture of Argon (35%), Argon + methylal in 5°C Vapour (35%) and 

isobutane (30%). The multiplicity of wires hit is typically single for 

more than 90% of the events. The cathode signal is read out with a 

charge-sensitive ADC (LeCroy 2285), after isolating the high voltage 
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in Fig. 2. A tef10n ribbon~~J ， 6 mm wide and 2 mm thick， is fit 

into a groove between the outer cathode and tbe printed-circuit 
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board. The groove is then fi11ed with sil1cone RTV~~/. The use 

of tef10n ribbon enab1es quick disassembly and reassembly of the 

chamber. 

6. Conclusions and Discussion 

Se1f-supporting cy1indrica1 MWPC's were constructed with anode 

diameters ranging from 240 to 430 mm and a length of 750 mm. The 

support structure for both the inner and the outer cathode cy1inders is 

an approximate1y 6 mm thick aramid fibre/phenolic resin honeycomb 

sandwiched between 50 ~m thick Kapton sheets~ one of which includes 

laminated 35μm thick copper electrodes. Fig. B sbo~s a photograph of 

the MWPC's and some of then parts. 

Two sets of four cylindrical MWPC's with different diameters were 

constructed according to the method described aTove. After having 

examined the performance of the MWPC's with a 1 GeV/cπbeam， the 
MWPc's were successfu11y used throughout the E6B (PPC) experiment at 

the KEK 12 GeV Proton Synchrotron. 

For any one of the eight MWPC's constructed~ the anode efficiency 

1s wel1 above 99% in the p1ateau region， whose width is more than 300 
volts. Figure 6 i11ustrates a typical performance obtained for a gas 

mixture of Argon (35%)， Argon + methylal in 50C Vapour (35%) and 

isobutane (30%). The multip1icity of wires hit is typically single for 

more than 90% of the events. The cathode signal is read out with a 
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charge-sensitive ADC (LeCroy 2285)， afcer isolating the high voltage 
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with a 1000 pF capacitance and amplifying the signal in a preamplifier. 

Details of anode and cathode performance will be described 

elsewhere '. 

The performance of the MWPC's has been adequately stable throughout 

the E68 experiment from October 1983 to February 1984. No anode wire 

has been broken. Among the eight MWPC's, only one anode wire was broken 

and this was before a beam test. Since the broken wire was part of the 

very first developmental model constructed more than 2.5 years ago, the 

breakage might not be taken too seriously. Moreover, replacement of the 

broken wire can be easily performed. 
2 

The chamber.mass is about 160 mg/cm per each MWPC, as given in 

Fig. 7 with a separate listing for each component. Although the mass 

could be reduced further, we made a compromise between low mass and 

mechanical rigidity. The honeycomb cell density may be reduced to half 

the present value. Cathode sheets with half the present thickness, 

i.e., 25 um thick Kapton sheet laminated with 17 um thick copper strips, 

are commercially available . If the above reduction is made, the 
2 

chamber mass may be as small as 95 mg/cm . 

The mechanical precision may be most directly seen in the fit of 

the G-10 spacer rings to the inner or outer cathode cylinders. If the 

fit has more than 0.1 mm freedom in diameter, a strip of 50 um or 100 um 

thick mylar or Kapton sheet was wound one full turn to adjust the fit. 

Of the 64 fits in total corresponding to 32 G-10 rings, eight fits were 

individually adjusted in the above-described way. Sometimes, the 

adjustment of the gap was made only on one end of the cylinder. In such 

cases, the anode to cathode gap may gradually change along the length of 

the chamber. Such a gradual and azimuthally uniform change of gap 

within 0.1 mm is acceptable. 

The inner (outer) diameters of G-10 spacer rings were made 0.05 mm 

larger (smaller) than the diameters to which the rings should be fitted. 

With such allowances for machining errors and for adhesive thickness, 

the fitting was found to be nearly ideal. 

Local uniformity of the copper cathode surface seems visibly better 

for the strip electrode than for the plane electrode. For the strip 

electrode, no change in uniformity was visually detectable. This good 

uniformity may be due to the fact that any start of local nonuniformity 

might be absorbed by the thin Kapton regions between neighbouring copper 

strips. 
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The inner (outer) d1ameters of G-10 spacer rings were made 0.05 mm 

larger (sma11er) than the diameters to which the rings shou1d be fitted. 

With such al10wances for m包chiningerrors and for adhesive thickness， 

the fitting was found to be nearly ideal. 

Local uniformity of the copper cathode surface seems visib1y better 

for the strip electrode than for the p1ane e1ectrode. For the strip 

electrode， no change in uniformity was visua11y detectable. This good 

uniformity may be due to the fact that any start of 10cal nonuniformity 

might be absorbed by the thin Kapton regions between neighbour1ng copper 

strips. 
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Local uniformity of the anode to cathode gap may be estimated from 

the position dependence of anode efficiency versus high voltage curve. 

The shift of the curve for various positions in a chamber was within ±50 

volts. This indicates that the anode to cathode gap is uniform within 

±0.1 mm. 

Experience shows that cell walls in Hexel honeycomb structures are 

slightly transparent to gas flow. Consequently, gas-tight sealing 

should be completely realized in the cathode sheets. 

If cylindrical chambers are constructed in the future in a similar 

way, a dedicated lathe may save much time and manpower. In our case, a 

face lathe in the machine shop at KEK had to be cleared for other users 

after each machining time. If a lathe could be dedicated, the cathode 

cylinders could be completed without removal from the lathe, and the 

adjustment of cutting tools, a grinder and a dust cleaner would only 

have to be done once. 
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3) To be reported elsewhere. 

4) To be reported elsewhere. 

5) HRH10-3/16-3.0 made by Hexcel Co. Density =0.05 g/cm3 

6) Manufactured by Kimoto Co. from the material NIKAFLEX F-30T (50C11) 

supplied by Nikkan Industry Co. 
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Table 1 Dimensions of cylindrical MWPC's 

MWPC 

Total length (mm) 

Length of sensitive 
region (mm) 

Anode diameter (mm) 

Anode wire spacing (mm) 

Anode-cathode gap (mm) 

Cathode 

Inner cathode 

Number of strips 

Cathode pitch* (mm) 

Anjle between cathode 
and anode wire (degrees) 

Cu 

CI 

750 

684 

245 

4 

6.5 

strips 

width: 4mm 

spacing: 2mm 

96 

7.59 

37.79 -

C2 

750 

684 

307. 

4 

6.5 

Cu 

0 

C3 

750 

684 

369 

4 

6.J 

Cu 

0 

C4 

750 

684 

.431 

4 

*.5 

Cu strips 

width: 4mm 

spacing: 2mm 

112 

11.72 

59.22 

Outer cathode 

Number of strips 

Cathode pitch* (mm) 

Angle between cathode 
and anode wire (degrees) 

96 

8.44 

44.72 

112 

12.45 

61.20 

* Pitch is defined on a circle perpendicular to the axis. 
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Tab1e 1 Dimensions of cy1indrica1 MWPC's 

MWPC C1 C2 C3 C4 

Tota1 1ength (mm) 750 750 750 750 

Length of sensitive 
684 684 684 684 

region (nun) 

Anode diameter (mm) 245 307‘ 369 .431 

Anodr wire s~acing (mm) 4 4 4 4 

Anode-cathode gap (mm) 6.5 6.5 6..3 ぷ.5

Cathode Cu strips Cu Cu Cu strips 

width: 4mm width: 4mm 

spacing: 2mm spacing: 2mm 

工nnercathode 

Number of strips 96 o G 112 

Cathode pitch* (mm) 7.59 11. 72 

An31e between cathode 
37.79 一 59.22 and anode wire (degrees) 

Outer cathode 

Number of strips 96 o 。 112 

Cathode pitch* (mm 8.44 12.45 

Angle between cathode 
44.72 61.20 and anode wire (degrees) 

* Pitch is defined on a circ1e perpendicular to the axis. 
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Fig. 1 Four cylindrical MWPC's mounted on a mounting cylinder. 
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Anode : 25 um^ Gold Plated W 

Gore-Tex Joint Sealant 

Silicone RTV 

0 10 20 
mm 
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Gas 

G10 Ring 

Hexcel Honeycomb 
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1 
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Fig. 2 The structure of both ends of each cylindrical MWPC. 
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Fig. 3 A conceptual sketch of the anode wires and 

the inner and outer cathode strips. 
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Fig. 4 A flow-chart of processes for construction of a 
cylindrical MWPC 

(Outer Cylinder) (Inner Cylinder) 

Apply plaster to outer 
cylinder of skelton. 

Apply plaster to inner 
cylinder of skelton. 

Machine the plaster surface to 
inner dia. of outer cathode. 

Machine the plaster surface 
to a required diameter. 

Wind a cathode sheet 
onto the plaster and epoxy 
a honeycomb sheet on it. 

Wind a Kapton sheet onto 
the plaster and epoxy 
a honeycomb sheet on it. 

iL 
Curing 

Epoxy a Kapton sheet on 
the honeycomb. 

Curing 

Grind the honeycomb surface 
to a precision diameter. 

Curing 
i 

Outer Cylinder Epoxy a cathode sheet 
onto the honeycomb. 

Curing 

10. 

11. 

12. 

13. 

14. 

15. 

V 

inner 

Mount G10 rings on inner cylinder. 

\ 
Curing 

Mount electrode plates 

• 

Curing 

Stretch anode wires 

^ i 

Mount outer G10 rings 

Curing 
i 

Clean inner and outer cylinders 

> \/ 

Mount and seal outer cylinder 
on inner one. 
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Fig. 4 A f10w-chart of processes for construction of a 
cy1indrica1 MWPC 

(Outer Cylinder) (Inner Cy1inder) 

L App1y p1aster to outer 
cylinder of ske1ton. 

5. 
App1y p1aster to inner 
cy1inder of ske1ton. 

2. 
P勉chinethe p1aster surface t 
inner dia. of outer cathode. 

6. 
Machine the p1aster surface 
to a required diameter. 

3. 
Wind a catbode sheet 
onto the p1aster and epoxy 
a honeycomb sheet on it. 

7. 
Wind a Kapton sbeet onto 
the p1aster and epoxy 
a honeycomb sheet on it. 
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onto the honeycomb. 
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to a precision diameter. 
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10. I Mount GIO rings on inner cy1inder. 

Curing 

11. I Mount e1ectrode plates 

Curing 

12. I Stretch anode wires 

13. I Mount outer G10 rings 

Curing 

14. I C1ean inner and outer cy1inders 

15. I Mount and sea1 outer cy1inder 
on inner one. 
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Fig. 5 A sketch of mandrel mounted on a face lathe to machine the plaster surface. 
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Fig, 6 A typ ica l anode efficiency curve versus high vo l t age . Solid 

c i r c l e s give the efficiency summed for more than s ingle h i t 

events . The gas flow i s 100 cc/min for a mixture of Argon 

(35 %), Argon-+ methylal(35 %) and isobutane(30 %). 
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Fig . 8(a) An inner cathode 

cyl inder on the 

mandrel 

(b) An outer cathode cyl inder (C4). 

(c) A complete assembly of four MWPC's (C1-C4). 
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.ェP- (b) An outer cathode cylinder (C4). 

(c) A complete assembly of four MWPC's (CI-C4). 
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