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ABSTRACT 

A MULTI-WIRE PROPORTIONAL COUNTER SYSTEM 

FOR LOW ENERGY NUCLEAR PHYSICS 

Norman D. Gabitzsch 

A multi-wire proportional counter system capable of 

detecting low mass particles at tandem Van de Graaff 

energies has been developed. Each multi-wire proportional 

counter, operating at a pressure of 50-150 Torr, subtends 

one steradian and has an angular resolution of approximately 
-4 

10 steradian. The multi-wire proportional counter system 

and associated apparatus are described. Tests of timing 

resolution indicate that low energy protons and deuterons 

can be detected concurrently with a coincidence resolving 

window of 125 nanoseconds. Efficiency curves as a function 

of detected particle energy and operating characteristics 

as a function of operating voltage are given. 
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I. INTRODUCTION 

A. PURPOSE OF WORK 

Over the past decade much effort has been applied to 

the understanding of the mechanisms of nuclear reactions 

with three particles in the final stated. Sophisticated 

experiments have been performed in which two of the three 

final state particles are detected and the two energies are 

measured. Although the count rate in this type of experi¬ 

ment is sufficient to measure three body cross sections, the 

small solid angle of conventional solid state detectors lim¬ 

its the measurement to small portions of the total solid 

angle. If data were to be simultaneously collected over a 

large portion of the total solid angle, the construction of 

generalized Dalitz plots'^ would yield a complete descrip¬ 

tion of the reaction mechanisms for three particle breakup. 

The basic limitations to the complete experimental de¬ 

termination of the three body breakup problem is the time 

available to perform the experiment and the lack of suitable 
2 3) large solid angle detection systems ’ 

With recent developments in low cost integrated cir¬ 

cuitry, new emphasis has been placed on the development of 

position sensitive proportional counters. As spin-off of 

developments made by physicists working on high and medium 

energy problems, it appears possible to develop multi-wire 

proportional counters (M.W.P.C.) capable of meeting design 

requirements for low energy experiments (see Section I-C). 

The purpose of this thesis is, therefore, 

a). to study the problems associated with position 

sensitive proportional counters, and 
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b). to develop a gas proportional counter capable 

of meeting the detection requirements nec¬ 

essary to perform experiments at tandem Van 

de Graaff energies. 

B. DEVELOPMENT OF MULTI-WIRE PROPORTIONAL COUNTERS 

Operational position sensitive proportional counters 

with multi-wire read out were first reported by G„ Charpak 
4 5) 

et al.’ beginning in 1968. In the initial paper on multi- 

wire (multi-amplifier read out) proportional, counters, 

Charpak described a small atmospheric pressure counter with 

a sensitive area of 100 cm2. The counter operated with an 

efficiency of "almost 100%" for minimal ionizing 370 Mev/c 

pions, while a timing resolution of 100 ns was reported.. 

In 1969, C. Bemporad et al^ reported on a system of three 

wire planes for which timing resolutions and multi-track par 

event efficiencies were measured in a high energy (16 Gev/c 
r* — 3 

) , high flux (3x10 particles/sec) beam. In 1970, a small 
2 

area (103 cm ) M.W.P.C. telescope operating on carbon diox- 
r 7 \ 

ide at 100 Terr was used by V. Valkovic ejt ad.' to study 

neutron induced reactions on /LiF targets. More sophisti¬ 

cated apparatus has been used in medium energy experiments 
8) 

by G. C. Phillips ejt ad. in which a M.W.P.C. system con¬ 

sisting of four X-Y dimensional counters have been used to 

measure small angle multiple scattering of pions and protons 

from carbon, copper, aluminum, and lead. Although state-of- 

the-art M.W.P.C. systems are finding uses as digital data 

hodoscopes, position sensitive triggers, and beam profile- 

meters, further work must still be done. An intense pro¬ 

gram is now being conducted to develop a M.W.P.C. system 



Figure 1 

COUNTER GEOMETRY 

A) Conventional M.W.P.C. 

s = wire spacing 
L = anode-cathode separation 
D = wire diameter 

B) Wire instabilities of conven¬ 
tional M.W.P.C. due to lack of 
wire tension (see Appendix E) 

C) Cathode plane instabilities 
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with ultra-high spatial resolution (.1 mm) for projected 

applications in the high resolution spectrometers now under 
9) 

construction for LAMPF . Furthermore, there are many ap¬ 

plications for neutron and gamma ray sensitive multi-wire 

proportional counters in fields of medicine, as well as in 

high and low energy nuclear physics'^ ’ . 

C. M.W.P.C. SYSTEMS IN LOW ENERGY PHYSICS 

Except for physicists working on experiments dealing 

with small cross sections, secondary beams, or having three 

particle coincidence requirements, low energy nuclear phys¬ 

icists in recent years have been content to use devices such 

as solid state detectors to measure spatial and energy pa¬ 

rameters. Because of the need to perform low event rate ex¬ 

periments, low energy physicists have been forced to look 

for a device which can collect multi-coincidence data at 

various angles with greater "beam-time" efficiency (i.e. to 

cover a larger portion of the useful solid angle). The fact 

that multi-wire proportional counters may have a solid angle 

of over a thousand times that of a typical solid state de¬ 

tector, would indicate that the coincidence rate in the de¬ 

tection of particles in three body experiments can be in¬ 

creased to collect data over a larger solid angle or to do 

several experiments concurrently. 

It must be realized that a M.W.P.C. used in low energy 

physics must necessarily differ from those used in medium 

and high energy physics since the low energy particles are 

more strongly ionizing. First, a low energy range M.W.P.C. 

must be "thinner," that is, it must be able to operate at a 

lower gas pressure, both to reduce multiple scattering and 



1-4 

to allow the large area gas counter to be mated onto the 

vacuum system in which low energy experiments are perform¬ 

ed. Secondly, the mechanical strength of a low pressure 

counter becomes a critical factor since stresses caused by 

pressure differentials may cause anode wires or cathode 

foils to deflect. 

The combination of proposed advantages: 

1) . large solid angle 

2) . high spatial resolution 

3) . fast recovery as compared with spark 
chambers 

4) . energy loss information 

5) . high efficiency, 

along with the recognized disadvantages; 

1) . poor timing resolution as compared with 
solid state defectors 

2) . poor energy resolution as compared to 
solid state detectors, 

suggest experiments requiring low beam currents. Possible 

uses for this device may rest in low energy secondary beam 

experiments, three body experiments in which the M.W.P.C. 

is used at back angles to reduce forward angle elastic scat¬ 

tering events, and in heavy ion experiments. 



II. THEORY OF M.W.P.C. OPERATION 

A. GAS PARAMETERS 

In M.W.P.C. operation the electric field and gas pres¬ 

sure are two of the .important variable experimental parame¬ 

ters which determine the electron-gas amplification on an 

anode wire. The operating characteristics of the counter 

are best parameterized by the ratio E/P , where P is the 
s s 

pressure at temperature, T^, which is obtained from the ac¬ 

tual pressure, P, and temperature, T, by the equation: 

P = PT /T, 
s s 

and E is the electric field intensity. 

In general,,for a gas proportional counter with inhomo¬ 

geneous electric fields, one is interested in the number of 

ions formed per distance travelled by an electron for various 

gas mixtures as a function of E/P^. The standard measure of 

ionization is the first Townsend coefficient, c<, which is 

defined in the equation: 

di = c(idx, 

where i is the current and dx is an element of path length 

along an electric field line. One will find that many au¬ 

thors use the ratio, Qf/p , as a more generalized measure 

of ionization, but because of the large variation of <X 

over inhomogeneous electric fields, it will be sirnplier to 

define the following parameterization of the ionization: 

\ = (tf/Ps) /(E/Pg) . 

II-l 



Figure 2 

GAS AMPLIFICATION COEFFICIENT 
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Figure 2 gives the ionization coefficient of various 

gases as a function of E/P^. In theory, greater ionization 

in the avalanche region (near the wire) of gain and a lower 

ionization in the drift region (region of low electric field 

strength) should lead to greater gas amplification with bet¬ 

ter operational stability. 

B. GAS MIXTURES 

Proportional counters in the past have operated with 

mixtures of inert gases and organic quenching agents. Of 

the inert gases, argon has generally been popular because 

of its large ionization coefficient at low electric fields 

and because of its favorable price. It is shown in Figure 

2, however, that for low pressure proportional counters, 

denser gases may be more favorable. Figure 2 shows that 

for electric field to pressure ratios greater than 60 volts/ 

cm-Torr, krypton has a larger ionization coefficient, as 

well as, being denser and therefore having greater stopping 

power. For values of E/p greater than 900 voIts/cm-Torr, 
s 

carbon dioxide surpasses argon in electron-gas amplification. 

For E/P greater than 350 volts/cm-Torr, dimethylpropane 
s 

(also called neopentane) has the greatest ionization coeffi¬ 

cient of the gases shown. For a gas proportional counter 

of the type used at Rice University operating at a pressure 

of 760 Torr, (E/p ) is 240 volts/cm-Torr (see Figure 3), 

where (E/P ) is the electric field to pressure ratio 
s max c 

evaluated at the wire surface. For the same detector geo¬ 

metry at 50 Torr, (E/P ) is 1080 volts/cm-Torr. Thus, 
s max ’ 

one may expect to find gases more effective than argon for 
12) 

high field strength, low pressure operation 



Figure 3 

E/P VS RADIAL POSITION 

Electric field to pressure ratios are 
given for a conventional M.W.P.C. de¬ 
sign with 

s = .254 cm 

L = .635 cm 

= .00254 cm. 

Ey is the electric field perpendicular to 
the wire plane along a line passing through 
a wire. Ex is the electric field in the wire 
plane and parallel to the wire plane. The 
electric fields are calculated using equation 
II. 5. 
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13) 

Of the organic quenching agents, Charpak e_t al. 

port that methane, propane, isobutane, household Butegas, 

pentane, heptane, hexane, alcohol, ethylene, and acetylene 

permit operation of multi-wire proportional counters. One 

of the interesting properties of these organic quench gases 

is that the heavier that the organic gas is, the better in¬ 

sulator it is at low values of E/p , and the better gas am- 

plification properties it has at high values of E/Pg* The 

limiting factor is that organic gases which are heavier than 

isobutane will form condensate at standard temperature and 
14) 

pressure 
13) 

Charpak e_t al. have used 100% isobutane in atmospheric 

pressure counters and report that they operate satisfactori- 
3*> 

ly. The Rice University medium energy physics group ' has 

tried various gas mixtures and has found mixtures of 25% (by 

volume) argon and 75% dimethylpropane to be satisfactory for 

counters at atmospheric pressure. For low pressure (50 Torr) 

counters, it has been found that 100% dimethvlpropane pro¬ 

vides high efficiency operation. At pressures of 150 Torr 

a mixture of 90% argon and 10% methane or 100% carbon di¬ 

oxide can be used. 

Carbon dioxide is often added to proportional counters 

for several reasons. One of its interesting properties is 

that its high electron mobility allows for shorter electron 
15) 

collection times. Bouclier ej; ad. , however, have reported 

that there is very little difference in timing between argon 

+ carbon dioxide and argon + isobutane in atmospheric pres¬ 

sure counters. Not only is carbon dioxide denser and less 

expensive than argon, but its ionization surpasses that of 

argon at low pressures and high field strengths (see Figure 

2). Carbon dioxide also acts as a quenching agent that will 



11-4 

not polymerize or condense in the counter. Furthermore, 

since carbon dioxide is inorganic, it should have a lower 

neutron background efficiency than organic quenching agents. 

These properties, therefore, make carbon dioxide an attrac¬ 

tive gas for low pressure operation. 

The charged particle multi-wire proportional counter 

may be turned into a neutron camera by using gas mixtures 

favorable to neutron detection. Boron triflouride has been 

a long time favorite in neutron proportional counters'*-^, 

however its corrosive properties makes it unsuitable for use 
17) 

with certain materials. Helium three is another gas 

which can be considered for neutron detection, however its 

price may be prohibitive for use in some large volume count¬ 

ers. Most organic gases can be used as detection gases, 

however it must be expected that such gases will give low 

neutron efficiency. 

C. DE-IONIZATION 

The three processes by which ions are removed from a 

gas counter are diffusion of ions to the electrodes, recom¬ 

bination, and attachment. The primary process of de-ioniz¬ 

ation in a gas counter is the diffusion of the ions to the 

electrodes. Both recombination and attachment tend to de¬ 

crease the electron-gas amplification, and therefore, are 

generally not favorable for M.W.P.C. operation. 

Recombination is the process by which free oppositely 

charged particles combine to form neutral molecules or atoms. 

Recombination may occur between either two oppositely charged 

ions or a positive ion and an electron. When ions of unlike 

charge collide, the negative ion with its loosely bound elec- 



tron gives up its extra charge to the positive ion, resulting 

in the formation of two neutral atoms or molecules. The 

probability of both ion-ion and ion-electron recombination 

is dependent on the velocity of the particles and decreases 

with high relative kinetic energies. 

The effects of recombination are not generally impor¬ 

tant for low pressure, high field strength proportional 

counters. A summary of the types of recombination proc¬ 

esses at various energies and pressures is given by Loeb"^ . 

Attachment is the process by which negative ions are 

formed by the attachment of an electron to a neutral atom 

or molecule. Atoms characterized by closed electronic 

shells (such as the noble gases) are inert to extra-atomic 

electrons. On the other hand, gases for which the outer 

electron shell is nearly filled (such as the halogens, 

sulphur, oxygen, and some of the hydrocarbons) form stable 

negative ions. 

The attachment coefficient, A,, is defined in the same 
’ t ’ 

manner as the first Townsend coefficient, 

di. = A.i dx, 

where i is the electron current in parallel plate geometry, 

and di“ is the differential negative ion current. The coef¬ 

ficient, A /P , has been studied for oxygen as a function of 

E/P , and it has been shown that at least two different re- 
s 

actions occur. For E/P less than 3 volts/cm-Torr, chanin 
27) s 

et al. have shown that A /P decreases with increasing E/ 
c s 

P at fixed pressure (see Figure 4). Furthermore, it has 
s 

been shown that AL/P also depends on P as well as E/p at 
t s r s s 



Figure 4 

ATTACHMENT COEFFICIENT FOR 

PURE OXYGEN 

The dashed line corresponds to data- 

taken at a constant pressure (105 Torr), 
while the continuous line is data for 
a constant pressure of 440 Torr. The 
variation of At/P below 3 volts/cm-Torr 
is explained as a three body effect. 
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low values of E/P^. This pressure effect is interpreted 

as a three body impact of the form, 

e 
+ °2 + °2"^° 

For E/P above the value of 3 volts/cm--Torr, one finds 
c: 

This is often called dissociative attachment and does r.ot 

show a pressure dependence with lower values of E/P^» 

Other gases which show an appreciable attachment coer- 

ficient include the halogens, water vapor, and some of the 

organic vapors (see Figure 5 for a graph of the attachment 

probability per collision for various gases). For the de¬ 

tection of particles which produce pulse heights which are 

only slightly higher than the noise level, it is essential 

that gases with appreciable attachment properties be kept 

out of the detector. 

D. PRESSURE DEPENDENCE 

The electron-gas amplification factor, G, due to elec¬ 

tron-atomic inelastic collision processes for a cylindrical 

wire held at some potential, V , can be expressed by the 

formula, 

that A^/P^ rises steeply with E/p^ and is independent of 

pressure in this range of E/Pg. This suggests the reac¬ 

tion , 

e + 0 ^•0+0 . 

2 

p 



Figure 5 

PROBABILITY OF ELECTRON 

ATTACHMENT 

The probability of electron attachment 
per collision is given as a function 
of E/P (Ref. 18). s 
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where D is the density of the gas, cr(E) is the ionization 

cross section, r^ is the radius of the wire, r is the ra¬ 

dial distance from the wire to where the ion was formed, 
I * 

ant: dr' is an element of path length along an electric field 

line. 

In order to find the pressure dependence of the counter* 

for small changes in the pressure, one performs the follow¬ 

ing calculation: 

but 

dG/dD = G dr 
» 

and therefore, 

(1/D) In (G) , 

dG = (G)ln(G)dD/D = (G) In (G) dp/p, 

where p is the operating pressure of the amplifying gas. 

4 
For electron-gas amplifications of the order of 2x10 , one 

obtains 

dG/G = 9.9dp/p. 

Thus, an one percent change in pressure will cause a 9.9% 

change in the electron-gas amplification. 

E. OPERATING VOLTAGE 

In designing a M.W.P.C. it is useful to be able to 

calculate the operating potential for various gas mixtures, 

pressure, and counter geometries. The parameters required 
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to describe the operation may be classified into three cat¬ 

egories : 

I. Geometrical parameters 

A. Wire spacing (s) 

B. Anode-cathode gap (L) 

C. Wire radius (r^) 

II. Electronic parameters 

A. Input capacitance (C^n) 

B. Pulse height threshold (vTkres^ 

III. Gas parameters 

A. Ionization coefficient (of) 

B. Gas pressure (P) 

C. Gas temperature (T) 

D. Energy loss (dE/dx) 

E. Attachment coefficient (Afc) 

F. Electron mean free path (Lg) 

19) 
Curran has performed calculations for cylindrical 

geometry proportional counters using the equation, 

G = exp(2(2CVoar1)
,5((Vo/V1)’

5 -1)), 

where VQ is the operating potential of the counter, a is 

the change in ionization with respect to the electron ener¬ 

gy, C is the anode-cathode capacitance, and is the thres 

hold potential defined by 

V 
1 

V.r /2L C, 
I 1 e * 
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where is the ionization potential of the gas, and La 

is the mean free path length of the electron in the gas. 

Solving Curran's equation for v , one obtains 

VQ = . 5 (V'1 + [V^Car ] *5ln (G) 

± [V1
2 + 2V1

1*5ln(G)/(2Car1) *
b] “5) , 

20) 
where C for a M.W.P.C. is given by the equation , 

C = (2 (In [sinh (7rL/s) ] - In [sinh (7rr^/s) ] )) .1 eqn.IId 

The drawbacks of this calculation are that the para™ 

meter a, is a constant only for electron energies less than 

a few times the ionization potential of the gas, and L.a is 

a complicated function of E/p. 

A more sophisticated calculation may be made by per¬ 

forming a search for the value of VQ which satisfies the 

equations to be derived below. 

One may take as a starting point, the equations of 

Townsend^"^ where the attachment of electrons has been in¬ 

cluded; 

dn = n (c< - A. )dl, 
e e t * 

eqn.II„2 

and 

dn. = n A dl, 
x e t * eqn.IIo3 

where n is the number of electrons at some point r, n. is 
e ’ x 

the number of negative ions at point r, is the first Town¬ 

send coefficient, A^_ is the electron attachment coefficient, 
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and dl is the element of path length. Then for inhomogeneous 

electric fields, equation II.2 may be integrated along an 

electric field line to give 
» 

r 

ne(r) = ne (r±)exp[ [of - Afc] dl] , 

where r^ is the point at v/hich the initial ionization was 

formed, and ne (r_^) is the number density of ions formed at 

point r^. Then equation II.3 becomes 

r 
dnT(r) = nQ (r±)Afc[exp[ ^ [4 - At]dl]]dl*. 

o L 
'u 

This equation may also be integrated along an electric field 

line to give 

ni (r) = ne (rj_)J Afc[exp[ 
o 

[ex - At] dl] ] dl' 

r- 

. The total number of charges contributing to the signal 

mav be written as 

n = n + n. + n. < 
e l l 

For positive (n.) and negative (n.) argon ions, the mobil* 
23) 1 ' 1 

ita.es are ' 

K =1.70 (cm/sec)/(volt/cm) 

K =1.37 (cm/sec)/(volt/cm) 

where the velocity of the ion is defined as 

V = KE 
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The mobility of an electron in argon gas is of an order of 

220 times greater than the mobility of the positive argon 

ion. A simple calculation of the average velocity of a 

positive argon ion in the Rice University geometry shows 

that the transit time is of the order of 4 microseconds, 

while the transit time for an electron formed in the ava¬ 

lanche region (<.12 mm from the wire surface) is of the or¬ 

der of one nanosecond. It is observed that the rise time 

for a signal in this same geometry is only 0.2 microseconds. 

Thus the maximum pulse height occurs after the arrival of 

the electrons but before the arrival of the positive ions at 

the cathode. The shape of the leading edge of the pulse 

must therefore be determined first by the arrival of elec¬ 

trons at the anode, and then by the motion of the positive 

ions away from the anode. 

If the RC time constant of the amplifier input circuit 

is chosen to be several times longer than the rise time of 

the pulse, then to first order, the number of charge carriers 

contributing to the maximum pulse height is simply the number 

of electrons, n , which reach the wire. Thus, the gain fac¬ 

tor due to electron-gas amplification may be written as 

r 
G (r) = n /n = exp[p [<* - A ] dl] . eqn.II.4 

So -V 
L 

Equation II. 4 describes the gain for the detection of 

gamma or X-rays, where the initial ionization distribution 

is localized at a point in space. When one wishes to cal¬ 

culate the gain for charged particle detection, one must use 

the fact that ionization occurs along a line between the two 

cathode planes. One must, therefore, average the ionization 

over the incident particle trajectory. 
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Assuming that the electric field intensity for a 

M.W.P.C. of the geometry shown in Figure l.a is given by 

(Ref. 20) 

E (0,Y) = 2?rVoC coth(7rY/s) 

^ s 

eqn.II.5 

OTTV n 
E (X,0) =   o_^ cot (irY/s) , 

s 

where VQ is the operating voltage of the counter, C is the 

anode-cathode capacitance given in equation 1T.1, and as¬ 

suming that the initial ionization ocoured along the line 

(0,Y), then for a mixture of two gases, one obtains the 

equation, 

h 
e 

ne (r^expf 

o 

_°<1 o( ^ 
p [£-— + g[~ s1 p ^ Lp 
s s 

5 

-—] ] dY] dr, , 
xf JU 

S 

eqn.II.6 

where fP ^ is the partial pressure of gas 1, g-p is the par- 

tial pressure of oas 2, and /p , # /p are the Townsend 

coefficients for gases 1,2. 

If one assumes that the gain of the counter can be 

written as 

GO^) w vm. c. 
m Thres in. 

2eL dE/dx 

where W is the average energy required to form an ion pair 
m . . 22) 

m a gas mixture given by the equation 
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1/W 
m (l‘/Wi " 1/W2^Snf 4 Sog 

+ 1/W2’ 

where and are the molecular stopping powers of gases 

1 and 2, and are the average energy required to form 

an ion pair for pure gases 1 and 2, is the amplifier 

input capacitance, e is the electron charge, and dE/dx is 

the energy loss for the given gas mixture, one may perform 

a search for the operating voltage, V , which satisfies the 

gain requirements. If this is done, it is found that the 

operating voltages calculated are often lower than the ob¬ 

served operating voltages. This can be explained as a space 

charge effect, that is, the reduction of average energy of 

the avalanche electrons because of the retarding effect of 

the positive ions,. Such effects become important for heavy 
g 

gases when the number of positive ions surpasses 10 , 

24' 
Raether * ' approximates the value of the space charge 

electric field by assuming that the charge lies nearly in 

a sphere of radius, r^. The unperturbed electric field must 

therefore be reduced by subtracting the space charge elec¬ 

tric field given by the equation, 

| E I = 1.5xl0~7n /r 2 
1 sc I e d 

For inhomogeneous electric fields, where the ionization is 

spread out along the incoming particle trajectory, it is 

difficult to calculate the value of r^. However, r^ may be 

parameterized approximately by the equation 

r _ = K 
d o 

L ,L . 
el e2 

gLei 
+ fL 

e2 

(7 60), 

P 
s 



Table I 

RESULTS OF CALCULATIONS 

V th 
P 

GAS = 

V 
sc 
c 

V obs 

Wire spacing 

Anode-cathode gap 

Wire radius 

Amplifier input capacitance 

Pulse height threshold 

Pressure 

Gas mixture (by volume) 

Calculated operating voltage 
(without space charge effects) 

Calculated operating voltage 
(with space charge effects) 

Observed operating voltage 
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where L , and L are the mean free path lengths of electrons 
el e2 

in gases 1 and 2 at 760 Torr pressure, and K is a constant 

of proportionality which must be determined from experimental 

data. 

Results of the calculation for different counter geo¬ 

metries and gas mixtures are shown in Table I. It is seen 

that the calculated voltages are within 5% of the actual 

value. 

F. BREAKDOWN 

Three processes occur in an inelastic collision be- 
2 5) 

teen electrons and neutral atoms ' : 

1) The ionization of gas molecules, 

2) The excitation of molecules to a level 
from which they decay with the emission 
of one or more photons, 

3) The excitation of molecules to a meta¬ 
stable state. 

These processes produce positive ions, photons, and meta¬ 

stable atoms which may produce secondary electrons, either 

in the gas or at the cathode. 

A discharge may be maintained by the positive ion bom¬ 

bardment of the cathode. If n is the number of electrons 

reaching the anode per second, n+ is the number of electrons 

released from the cathode per second by positive ion bom¬ 

bardment, and n is the number of electrons released par 

second from the cathode by other means (i.e. ultra-violet 

illumination), then one may write the equation 

o 

o 
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where exp(fofdr) is the electron-gas amplification. Further- 
Jr 

more, 

n+ = y(n - (nQ + n+)) , 

where if is the number of electrons released from the cathode 
per incident positive ion. 

Eliminating n+ from the above two equations, one obtains 

n 

1 

nQexp (jtfdr) 

^(exp( J*dr) 1) 

Since the denominator of the above equation goes to zero for 

jf(exp(jc<dr) - 1) = 1, 

and since the electron-gas amplification is much greater 

than unity, the equation, 

0 

Jf exp (Jot dr) > 1, 

defines the onset of a spark. This criterion may be writ¬ 

ten more generally as 

i} 

^exp (jot dr) > 1, 
r 

where u> is a generalized coefficient of secondary ioniz- 

. , 25) 
ation given by 

uu = ^ + M + l, 

where 
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p = Electron emission from the cathode 
by impact of photons and excited 
atoms, (metastable atoms formed per 
cm) 

$ = The second Townsend coefficient, 
(number of electron liberated per 
incident positive ion) 

^ = The ionization of gas atoms by the 
impact of positive ions, (ionizations 
per cm) . 

G« RANGE AND ENERGY LOSS 

In order to plan an experiment, the experimenter 

must know the physical limits for the detection of particles 

in a detector. Knowing the irange of the particles in a 

M.W.P.C. is of primary importance for the detection of low 

energy, heavy particles. For the detection of high energy 

or low mass particles, one is more concerned with the energy 

deposited in the sensitive gas regions of the counter. 

When a charged nuclear particle passes through matter, 

it ionizes atoms by giving them a sharp impulse from the 

Coulomb force. The kinetic energy transferred to the elec¬ 

tron represents an energy loss and slowing down of the nu¬ 

clear particle. Energy transferred to the nucleus of the 

atom ionized is small and nuclear reactions are, relatively 

speaking, rare in the stopping process. The stopping power 
28) 

due to electrons is given by the equation 

-dE/dx = z2Z^ne^ (Inf2m v2/V.] - ln[l-v2/c2] - v2/c2) 

«o2ra
e
v2 

where n is the density of atoms per unit volume, z is the 

effective charge of the projectile, is the excitation 



Table II 

PARTICLE PENETRATION 

The range of particles in a low 
pressure (50 Torr) M.W.P.C. of 
the type used at Rice University 
is given for several energy inter¬ 
vals , 
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potential, is the mass of the electron, and v is the 

velocity of the particle. The range of the projectile 

can be calculated from the stopping power by the equation, 

o 
R = f -dE . 

\(-dE/dx) 
t 

Table II may be used to estimate the penetration of 

various low energy particles in a low pressure (50 Torr, 

100% dimethylpropane) M.W.P.C. of the type used at Rice 

University. A graph of energy loss versus energy is given 

for a low pressure M.W.P.C. in Figure 6. 



Figure 6 

ENERGY LOSS VS. ENERGY 

The energy loss of particles passing 
through 1.27 cm of 100% dimethyl- 
propane at 50 Torr is plotted versus 
the energy of the bombarding particle. 
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III. DESCRIPTION OF THE APPARATUS 

A. SCATTERING CHAMBER 

The scattering chamber, which was designed by D. Rendic 

especially for use with multi-wire proportional counters, 

consists of a frame upon which two half-cylindrical shells 

may be attached. Onto each shell one may mount a cone sup¬ 

porting a large area M.W.P.C. The advantage of this design 

is that it allows one to mount two counters on opposite 

sides of the chamber at mean angles of 52°, 90°, or 128°. 

The angular overlap between any two adjacent positions on 

a given side of the chamber is 18°, allowing one to cover 

the angular range of 20°-160° in the laboratory frame of 

reference. 

The center of the-M.W.P.C. mylar window is a distance 

of 22.5 cm from the target giving a total solid angle of ap¬ 

proximately one steradian subtended by the active area of 

the detector. The unit cell of resolution at the center of 
-4 

the M.W.P.C. subtends 2.94x10 sr, while a unit cell at the 
-4 

corner of the detector is effectively 1.30x10 sr. (See 

Appendix C for position corrections to the solid angle.) 

Provisions are made to mount solid state detectors on 

the floor of the chamber at 10° intervals, or to mount the 

solid state detectors in the rotatable lid which can be po¬ 

sitioned at any angle to an accuracy of 0.1°. 

The slit system is designed with flexibility so as to 

allow for a clean beam under various beam intensity require¬ 

ments. The system consists of two permanent slits (S^ and 

see Figure 7) mounted 52.1 cm on each side of the tar¬ 

get. A slit holder having up to three slits (S^, S4> an<^ 

S ) may also be inserted into the forward beam tube just 
5 

m-i 



Figure 7 

SCATTERING CHAMBER 

T : Target 

F : Faraday cup 

Sj : Forward beam defining slit 

S2 : Rear beam defining slit 

Sg* S^, S,- : Beam scraping slits 
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before the target when a low intensity beam is required. 

In this case slits, and S^, serve as beam defining 

slits while slits, and S^, are beam scraping slits to 

reduce slit edge scattering. For S^= S^= 1 mm, the maximum 

beam divergence is approximately ± .009°. For high beam 

currents, slits, and S^, may be used for beam definition 

while slits in the removable slit holder serve only as 

beam scraping slits. For S^= S„= 2 mm, the maximum beam 

divergence for this slit configuration is ± .008°. 

Because of the large volume of the scattering chamber 

and the requirement of a slow pumping rate on the M.W.P.C., 

the scattering chamber is designed so that the experimenter 

is not required to open the chamber as often to change tar¬ 

gets as with conventional chambers. This is accomplished 

by using a target holder that can hold several targets sim¬ 

ultaneously. The targets may be positioned externally and 

the height set with a micrometer positioner. 

The scattering chamber is mounted in the laboratory 

such that it has five degrees of freedom to aid in chamber 

alignment. The horizontal plane of the chamber may be lev¬ 

eled at a given height by a locking tripodal platform. The 

level platform can then be moved perpendicular to the beam 

tube at a constant height. The final degree of freedom is 

rotation about the center axis of the chamber in the plane 

of the platform. 

B. COUNTER CONSTRUCTION 

The counter design and construction is based upon the 

"tinker toy" principle, allowing one to construct various 

wire configurations by stacking standardized boards contain¬ 

ing wires and cathode foils in the proper sequence. The low 



Figure 8 

CONSTRUCTION OF A M.W.P.C 

A - Anode board 
C - Cathode board 
AC - Anode-cathode board 
HV - High voltage electrode 
F - Cathode foil 
G - Gas input or output 
M - Mylar window 
W - Anode wires 

Horizontal and vertical distances 
in bottom diagram are not in the 
same scale. 





Figure 9 

M.W.P.C. SCINTILLATOR 

Cut-away view of a M.W.P.C. show¬ 
ing the proposed scintillator. 
Note that the vertical and hori¬ 
zontal scales are different. 
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pressure counter consists of the following parts: 

A) One vacuum plate (3/8" - no 'O' rings), 

B) One window frame (3/8" - two 'O' rings) 

which presses the mylar window onto the 

spacer board, 

C) One window frame (3/8" two 'O' rings) 

which holds the vacuum plate away from 

the last cathode, 

D) One spacer board (.1/4" - one 'O' ring) 

which separates the mylar window from 

the first cathode, 

E) Two cathode boards (1/4" - one 'O' ring per 

board) which have copper etching on one side 

for electrical contact to the cathode foils, 

F) One anode board (1/4" - one 'O' ring) which 

has copper lands for wire attachment, 

G) One anode-cathode board (.1/4" - no 'O' rings) 

which contains copper on one side for the cath¬ 

ode foil and copper lands on the other side 

for wire attachments. 

The counter frame (see Figure 8) is physically shaped 

as a duodecagon, allowing one to rotate the anode planes 

such that a two dimensional (two wire planes rotated by 90°), 

or a three dimensional (three wire planes rotated by 60°) 

configuration of wires may be constructed. The advantage 

of the three dimensional configuration is not only a factor 

of approximately two in spatial resolution, but in the fact 

that n+1 planes of wires are required to uniquely determine 

the coordinates of n simultaneous events. Thus, a three di¬ 

mensional counter can uniquely determine the coordinates of 

two simultaneous events. Unfortunately, the "thicker" three 

anode construction becomes a problem in low energy experi¬ 

ments because of the added energy loss (see Figure 6 and 
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Table II). 

Stress relieved 50.8 pm (diameter) stainless steel 

wire (#304) obtained from Consolidated Reactive Metals 

(Mamaroneck, N.Y.) is tensioned to 200 gram weight (two- 

fifths yield strength) on the anode planes at .254 cm 

intervals using a lathe with the traverse feed set to lay 

down wires within 10 . 

The cathode planes are 6.35 pm silver coated mylar 
0 

(M CORDI CORP.). The mylar is taped to the cathode boards, 

and then, using heat shrink techniques, the foils are 

stretched to proper tension. The counter window is made of 

25.4 pm mylar and may be supported by removeable cross bars. 

The option to add a plastic scintillator after the last 

cathode (or to coat the scintillator with a thin conducting 

film and use the scintillator as the final cathode) is a- 

vailable to allow for time-of-f.light measurements (see Fig. 

9). 

C. GAS FLOW 

The design of the gas flow system is critical since 

small fluctuations in pressure in the region of low pres¬ 

sures will drastically change the operating characteristics 

of the counter. Likewise, changes in the gas mixture or 

leakage of oxygen into the counter will cause the optimum 

operating points of the counter to shift. 

Gas flow lines are quarter inch polyethylene tubing, 

while the unions which are made with CAJON Ultra-Torr con¬ 

nectors allow the counter to be pumped down to pressures 

below 50 microns. The gas flow rate is throttled by a nee¬ 

dle valve and gas mixtures may be accurately metered by twin 

Matheson 150 mm flowmeter units (see Figure 10). The gas 



Figure 10 

GAS FLOW SYSTEM 

Arrows indicate direction of gas flow 
for normal counter operation. 

A - Argon bottle 
C - Scattering chamber 
D ~ Dimethylpropane 
E - Equalizing valve 
F - Twin flowmeters 
H - Line heater 
R - Pressure regulator 
T - Throttle valve 
V - Vacuum pumps 
VR- Vacuum pressure regulator 
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pressure is controlled by a Matheson vacuum regulator 

(Model 49) , and can be monitored with a mercury manometer 

at the output throttle valve, or with a mechanical pressure 

gauge at the vacuum regulator. A line heater can be added 

between the flowmeters and atmospheric regulator to prevent 

condensate from forming in the flow lines when heavy organic 

quench gases are used. 

Because of the thin mylar window between the M.W.P.C. 

and the scattering chamber, it is necessary -when pumping the 

detector down from atmospheric pressure to open an equalis¬ 

ing valve between the chamber and the detector so that they 

are pumped by the same roughing pump. When pressures of 100 

Torr are reached, the equalizing valve may be closed and the 

scattering chamber and the M.W.P.C. may be pumped separately. 

D. M.W.P.C. ELECTRON!CS 

The physical conditions imposed upon the electronic 

read out system for high count rate, position sensitive de¬ 

tection of a minimal ionizing particle require that each 

read out wire (anode wire) must have an amplifier with an 

adjustable threshold discriminator. The electronic system 

required to operate the Rice M.W.P.C. system consists of 

224 amplifiers, two signal cable line drivers, and two read 

out control modules per X-Y detector plus the computer inter¬ 

face. 

Each wire plane requires seven amplifier cards with 

sixteen amplifier units per card. The impedance to each 

amplifier is determined by the 10,000 Ohm resistor. Back to 

back diodes are present to protect each amplifier against 

sparks in the detector. The gain in the first feedback loop 

is of the order of 100. A second feedback loop gives a gain 



Figure 11 

AMPLIFIER CARD 

First Op. Amp. 
Second Op, Amp 
Shift Register 
Transistor 
All Diodes 

702C 
710C 
1/5 SN7496 
MPS 3643 
1N914 
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of 100 at 100 KHz. The low frequency response of the am¬ 

plifier is such that it does not give a large offset D.C. 

voltage at the output. The second stage of amplification 

also contains an adjustable discriminator which can be ad¬ 

justed simultaneously in all amplifiers. The threshold is 

set by a reference voltage where one volt on the reference 

power supply corresponds to an one millivolt discrimination 

level at the wire input. The logic output of each discrim¬ 

inator is simultaneously stored in a shift register and in- 

puted to one of 112 "or" gates which will cause an inhibit 

signal to stop other wires from setting "bits" in the shift 

register. The coincidence requirements are then checked 

and wire positions for valid events are read out. The time 

interval required between an event and an inhibit latch is 

of the order of 100 nanoseconds and determines the acciden¬ 

tal coincidence rate of the plane. 

In the read out control logic, the inhibit level (busy 

signal) may be delayed and its width adjusted before enter¬ 

ing the coincidence bus. The width of the busy pulse be¬ 

comes the measure of the coincidence resolving time. If 

the coincidence requirements are not all met within one 

microsecond, the system is cleared to accept the next event. 

If all coincidence requirements are met within the alloted 

time, the read out mode begins. A slow coincidence require¬ 

ment may be utilized once read out begins in order to stop 

read out if it is determined that the event is not valid. 

This is accomplished by inpu.ting a signal into the acciden¬ 

tal tag input within five microseconds after the read out be¬ 

gins. 

A 6 MHz clock is employed to shift out the bits set 

in the shift register. When an "on" bit is found, the clock 



Figure 12 

M.W.P.C. ELECTRONICS 

pictorial drawing of the M.W.P.C. setup 
for one X-Y detector is shown. 

A Anode (wire) plane 
AMP - Amplifier & bit storage 
B - Bias power supply 
o 

- Cathode plane 
D - Driver card 
AOM Analog output monitor 
DT - Data transfer box 
HV - High voltage supply 
OSC - Oscilloscope monitor 
PS - Amplifier power supply 
RO - Read out and Coincidence 
Th - Threshold power supply 
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stops and the wire position is stored in logic. This con¬ 

version process requires 32 microseconds. For low energy 

experiments the digital pulse train is run through a digital 

to analog converter which requires approximately 70 micro¬ 

seconds for conversion. 

One of the significant differences between the elec¬ 

tronics used in high and low energy experiments consists in 

the computer interface. For low energy experiments the Rice 

University IBM 1800 computer on-line multi-laboratory data 

acquisition system with its 8-ADC multi-plexed interface is 
29 30) 

employed ’ . The M.W.P.C.'s. shift clock shifts the dig¬ 

ital pulse train into a digital to analog converter which, 

then inputs each plane coordinate to one of the eight analog 

to digital converters. For high energy work, the electron¬ 

ics generate control signals compatible with the IBM 360-44 

YALE type interface, or the CAMAC data highway. 

E. ASSOCIATED ELECTRONICS 

One of the difficulties in performing low energy ex¬ 

periments with M.W.P.C. electronics is that a large dead 

time (of the order of 70 microseconds) is required to proc¬ 

ess a number corresponding to a wire coordinate. A solid 

state detector, on the other hand, furnishes an analog pulse 

after only a few microseconds. In order to record both wire 

position and solid state pulse height information, it is 

necessary to gate the solid state detector with the busy 

pulse of the M.W.P.C. electronics and the busy pulse of the 

computer in order to enter pulses into the computer in the 

proper sequence. 

The solid state detector pulse is amplified, in a Tenn- 

elec TC 133 preamplifier (see Figure 13). The slow output 



Figure 13 

ASSOCIATED ELECTRONICS 

A - Ortec 410 amplifier 
COINC - Ortec 418 coincidence unit 
GDG - Ortec 416 gate and delay generator 
LGS - Ortec 442 linear gate and stretcher 
PA - Tennelec TC 133 preamplifier 
SCA - Ortec 406 single channel analyzer 
SS - Solid state detector 
TSCA - Ortec 420 timing single channel 

analyzer 

MoW.P.C. ELECTRONICS 

BUSY - DC busy pulse output 
FAST COINC - Fast coincidence input 
OVLP - Coincidence output overlap pulse 
SLOW COINC - Slow coincidence input 
X(Y) - X(Y) Coordinate output 
TRIG - Trigger for X and Y output 

COMPUTER 

A—1, A-2, A-3 - Analog to digital converter 
input 

T-l, T-2, T-3 - Tag input 
BUSY - Computer busy output 
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pulse goes to an Ortec 410 amplifier and is used as an 

energy parameter which goes to the computer interface. The 

fast pulse is sent through an Ortec 410 amplifier and Ortec 

406-A single channel analyzer. The pulse from the low level 

discriminator output (I.LD) of the SCA goes to the positive 

fast coincidence input of the M.TV.P.C. electronics where an 

overlap (coincidence of plane and solid state detector) is 

gene’rated. 

A slow pulse from the SCA is also put into an Ortec 

418-A universal coincidence unit where both the busy pulses 

from the M.W.P.C. and computer are put into anti-coinci¬ 

dence. It is important that the busy pulse from the fast 

electronics is delayed so that it does not block the corre¬ 

sponding slow pulse from the slow logic circuit. 

If the slow coincidence requirements are met in the 

first coincidence module, the unit generates a pulse which 

A) serves as a tag for the free spectrum, 

B) serves as a slow logic pulse for the 
M.W.P.C. electronics, and 

C) serves as a pulse which is fed into a 
second coincidence unit. 

If all fast coincidence requirements have been met, an 

overlap pulse is fed into the second slow coincidence unit. 

If both requirements are met in the second slow coincidence 

unit, a coincidence tag is generated. 

The purpose of the first universal coincidence unit is 

to gate the slow coincidence by checking that the M.W.P.C. 

fast electronics and computer are not busy. The purpose 

of the second slow coincidence unit is to gate the output 

of the fast logic overlap pulse with a computer not busy 



Figure 14 

OVERLAP PULSE 

The lower photograph shows the overlap 
pulse between X and Y coordinates when 
the threshold voltage is turned off 
(full oscillation). The upper photo¬ 
graph shows the same overlap pulse when 
the planes are in partial oscillation 
(1 mv threshold). It is necessary that 
the planes do not oscillate during ex¬ 
periments . 
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signal. It should be noted that timing is critical and may 

change by changing high voltage on the counter, discrimina¬ 

tion levels, or even by changing particle energies. 

If all fast coincidence requirements are met (signified 

by the generation of an overlap pulse in the M.W.P.C. elec¬ 

tronics) and if all coincidence requirements are met in the 

slow coincidence units (signified by a pulse from the second 

coincidence unit), then the wire coordinates will be read 

out as a pulse height from the analog output monitor (AOM). 

This output is then passed through an Ortec 442 linear gate 

and stretcher to generate a pulse which is computable with 

the computer interface. The tag for the coordinate para¬ 

meters is generated by the trigger of the AOM. After the 

read out is completed, the M.W.P.C. electronics are readied 

to accept another event. The computer busy, however, will 

still block the slow coincidence requirements and another 

overlap pulse cannot be generated until the computer re¬ 

leases its busy signal. 



IV. COUNTER TESTS 

A. DEAD TIME CORRECTION 

The dead time of the M.W.P.C. system may be written 

as the sum of the dead time due to single and coincidence 

events: 

T_ , = (N . T . + N . T . ). eqn.IV.l 
dead com com sing sing 

In the above equation, N . represents the number of real 
’ com 

(coincidence) events, while T . is the total dead time 5 com 
of the system per coincidence event. N . and T . 

sing smg 
represent the number and the dead time for single (rejected) 

events. For each single event, approximately two micro¬ 

seconds are required for the electronics to determine that 

the event is not in coincidence, to clear the registers, 

and to reset the electronics (see Section III-D). During 

this time the electronics will not respond to additional 

events. When the event is a real coincidence, the dead 

time which now includes the time required to read out the 

event, convert to analog, reconvert to digital, and store 

in the computer is on the order of 200 microseconds. The 

dead time for a real event might eventually be reduced an 

order of magnitude by using a direct digital interface to 

the IBM 1800 computer. 

Although the dead time due to a real event may be 

over 100 times that for a single (rejected) event, the 

primary dead time may be caused by rejected events. For 

large solid angle detectors, the rejected particle rate 

may be as high as three orders of magnitude over the real 

coincidence rate. (It should be noted that this ratio of 

single to coincidence events may vary widely depending upon 

IV-1 
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the experiment.) 

If one makes the following assumptions, 

2 
N =10 events/sec 
com 
T . = 2x10 sec 
coin 
N . =10 events/sec 
sing _6 

T . = 2x10 sec, 
sing * 

one calculates that the system will be dead 22% of the real 

time. 

Because of the large dead time, it becomes necessary 

to correct for the dead time to obtain properly normalized 

data. Two ways to correct for dead time are possible. One 

method is to scale the dead time and real time output (see 

Section III- D) and use the equation, 

eff 
6^^measured 
% Live Time 

eqn.IV.2 

This method may not be satisfactory over long periods of 

data collection since this dead time correction is accurate 

only for stable beams. A second method is to use the DC 

busy pulse from the M.W.P.C. electronics to gate the solid 

state detector. For this case no dead time calculation is 

needed. 

One of the problems encountered in the M.W.P.C. elec¬ 

tronics was dead time which was not taken into account by 

either the dead time clock or DC busy pulse. This effect 

was discovered by using two pulse generators to simulate 

an actual experimental situation. A random pulse was fed 

into the wire plane amplifier from a Canberra noise pulser 

1407R at a rate which could be set from 0 to 240,000 single 



Figure 15 

ELECTRONIC DEAD TIME 

This figure shows that the dead 
time of the system is longer than 
the dead time scaled by the system. 
This is evident by the efficiency 
curve which drops off with count 
rate. The corrected dead time is 
obtained by adding 1 microsecond 
per event to the dead time. Using 
the corrected dead time, the effi¬ 
ciency becomes 100S& for all count 
rates. 
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events per second. From a BNC tail pulse generator Model 

RP-1 a negative, low count rate (500 events/second) pulse 

with a long tail was fed into a Tennelec 133 preamplifier 
* 

test input,. The corresponding BNC trigger (coincidence) 

pulse was inverted and shaped by an Ortec 410 amplifier 

and put into a second wire on the anode plane. One could 

then determine the coincidence efficiency of the M.W.P.C. 

electronics as a function of the single (non-coincidence) 

event count rate. It was found that the efficiency of the 

M.W.P.C. electronics decreased linearly as the single event 

count rate was increased (see Figure 15). 

This unaccounted dead time arose because the clear 

signal and the reset signal are generated at the same time. 

The time required for the detector electronics to reset, 

however, is delayed approximately one microsecond; and 

therefore, the system is dead approximately 1 jusec/event 

longer than is indicated by the dead time clock. A correc¬ 

tion to the dead time can be made by the following equation: 

DT 
correct 

DT 
scaled 

+ t C . 
r mJ eqn.IV.3 

where t^ is the time required to reset the wire plane elec¬ 

tronics after the reset pulse has been generated, and C^ is 

the number of monitor pulses. 

B. COUNTER EFFICIENCY 

In order to test the operating characteristics and 

efficiency of the M.W.P.C., one may use elastic scattering 

of protons or deuterons from an enriched 100 micron CD^ 

target. In the case of a proton beam, the elastic reactions 

producing peaks in the free energy spectrum of an 1000 



Figure 16 

X - Y DISPLAY 

The upper photograph shows the X-Y 
display produced by an alpha source 
(Thorium C1) located approximately 
24 cm from the first plane (Y-coor- 
dinate). The variation in intensity 
gives the relative solid angle of 
each cell (see Appendix C). The 
lower photograph shows the free dis¬ 
play for 12 Mev protons on a CD2 
target. The horizontal lines are the 
shadows of the mylar window support bars. 





Figure 17 

OPERATING CHARACTERISTICS VS VOLTAGE 

B-l = Efficiency of phantom wires 
(two adjacent wires) 

B-2 = Single wire efficiency 

B-10 = Efficiency for separated 
wire events 

B-ll = Efficiency for three con¬ 
secutive wires 

Threshold = 3 mv 

Pressure = 75 Torr 

100% Carbon Dioxide 

8.05 Mev deuterons 
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micron solid state detector are: 

2H (p,p)d, 

2H (p,d)p, 

12c (p,p) 

1 
H(p,p)p 

where the energies of the particles detected can be cali¬ 

brated from the two body kinematics. When coincidence is 

required between the solid state detector and the M.W.P.C., 
i 2 3-2 

the peak from the reaction, C(p,p) C, will disappear if 

there are no accidental coincidence events. The percentage 

of accidental events can also be calculated from this reac¬ 

tion . 

In order to calculate efficiency from the raw data, 

one must first subtract background from the free and coinci¬ 

dence solid state energy spectra. The coincidence spectrum 

tag must also be given priority over the high count rate 

free spectrum tag at the coumputer/interface. Since the 

free tag is suppressed when a real tag is generated, it is 

necessary to add the free spectrum to the coincidence spec¬ 

trum to obtain the total free spectrum. 

One can set a window ;areound/the desired peaks and 

then sum the counts in each reaction peak, The unccrrected 

efficiency is then given by 

100* (counts in coincidence spectrum),,, 
Eff =  7 :   7 : *“•: .%, eqn.IV.4 

counts m free , counts m comci- 
spectrum peak dence spectrum 

while the true detector efficiency is the efficiency of 



Figure 18 

PLANE EFFICIENCY VS PARTICLE ENERGY 

The efficiency of the X and Y coordinates 
are given for protons and deuterons for 
energies in the range 0-9 Mev. The low 
energy cutoff is due to particles stop¬ 
ping in the mylar foils. 

IIV = 1700 volts 

Threshold = 3 mv 

pressure = 150 Torr 

90% argon, 10% methane 
/ 2 Counter thickness = 8.7 mg/cm 
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equation IV.4 divided by the live time calculated from equa¬ 

tion IV. 3. 

Operating characteristics as a function of detector 

voltage is shown in Figure 17. In the upper figure, B-2 

(Bit-2 of the data transfer unit of the M.W.P.C. electron¬ 

ics) represent the efficiency of detection of an event on 

only one wire, B-l represents the efficiency for events on 

two adjacent wires, B-ll represents the efficiency for 

events on three consecutive wires, and B-10 represents the 

the percentage of separated wire events (accidental or real 

multiple events). The lower graph of Figure 17 shows the 

total efficiency of the system as a function of operating 

voltage. 

Figure 18 shows the efficiency of one wire coordinate 

as a function of incident proton and deuteron energy. The 

low energy cutoff of efficiency compares favorably with that 

predicted in section II-G. 

C. TIMING RESOLUTION 

The timing jitter and electronic walk become important 

considerations for the detection of low energy particles 

because of the variation in rise time and pulse height for 

different particles and energies. Of particular interest 

is the difference in timing between protons and more heavily 

ionizing low energy deuterons, since one may conceive of 

experiments in which several particles are observed concur¬ 

rently. 

Special care was taken to use apparatus which would 

model the timing jitter of an actual low energy experiment. 

The timing peaks were measured using an Ortec 437-A time to 

pulse height converter. The start signal was derived from 



Figure 19 

TIMING RESOLUTION OF 

PROTONS AND DEUTERONS 

The calibration of this graph is 
0.8503 nanoseconds/channel. 
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Figure 20 

TIMING VS. VOLTAGE 

The upper graph gives the shift of 
the shift of the timing peak for 
protons and deuterons as a function 
of high voltage. The lower graph 
gives the timing jitter (FW(1/10)M) 
in nanoseconds. 

COUNTER PARAMETERS 

Threshold = 4.5 mv. 
pressure = 150 Torr. 
90% Argon, 10% Methane 
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Figure 21 

TIMING VS. PROTON ENERGY 

The timing jitter (FW(1/10)M) and 
shift in the timing peak are given 
for various protons energies. 

COUNTER PARAMETERS 

Threshold =3.0 mv. 
pressure = 150 Torr. 
90% Argon, 10% Methane 
Voltage = 1800 volts 
o = 51° 
MWPC 
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an 1000 micron solid state detector using zero-crossover 

timing from an Ortec 420-A timing single channel analyzer,, 

The stop pulse was derived from a fast logic pulse gener¬ 

ated by the M.W.P.C. electronics. A window could be set 

with the electronics to measure the timing jitter of protons 

and/or deuterons. The three timing spectra are shown in 

Figure 19. The timing jitter of the 4.1 Mev deuterons was 

50 ns (FW"M) , while the jitter for 8.2 Mev protons was 

105 ns. The walk in the timing peak caused by the leading 

edge timing of the M.W.P.C. discriminator was 15 ns. It 

can be seen that the timing jitter from both protons and 

deuterons is essentially the proton timing jitter. 

The time jitter and walk were also measured for various 

operating voltages and proton energies. It can be seen in 

Figure 20 that the timing depends very strongly on the op¬ 

erating voltage. The energy dependence is less critical 

with the timing jitter varying from 50 to 70 ns (FW~M) 

over an energy range of 3.2 to 5.1 Mev, while the walk over 

the same energy range was only 12 ns (see Figure 21). 

Since the energy loss of tritons and alpha particles 

is greater than protons and deuterons, one can assume that 

the timing jitter will not be worse than that observed for 

protons. From these observations it is concluded that ex¬ 

periments dealing with the detection of several different 

particles can be performed with a timing coincidence window 

of 125 ns. 



V. SUMMARY AND CONCLUSIONS 

The properties of the multi-wire proportional counter 

tested for low energy nuclear physics may be summarized as 

follows: 

A. Solid angle: 1 Str. 
-4 

B. Spatial resolution: 10 Str. 

C. Efficiency: 100% 

D. Timing resolution: 125 ns. 

E. Energy resolution: Estimated to be of 
the order of 5% for 
5 Mev deuterons using 
scintillator time-of- 
flight 

F. Energy loss resolution: Unable to determine 
because of high count rate. 

The above properties of the M.W.P.C. suggest that it 

may find uses in three body experiments, since the poor 

energy resolution is not a critical factor in this type 

of experiment. The large solid angle and good angular 

resolution would suggest that Dalitz plots can be plotted 

for final state interaction studies. 

One of the problems which may be encountered in three 

body experiments is the high ratio of single to coincidence 

event rates. First of all, this large single event rate in¬ 

creases the number of bit-10 events (separated multiple 

events) which must be thrown away, and this therefore lowers 

the beam time efficiency (i.e. the ratio of the amount of 

data taken to the amount of data available) of the system. 

The high singles rate (approximately 100,000/sec for an 1 

na beam on an 1000 micron CD2 target) also smears out the 

V-l 
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energy loss information which is vital for many experiments. 

Furthermore, coincidence elastic events resulting from the 

large solid angle will reduce the beam.time efficiency of 

the system because of the large dead time associated with 

the readout process. Elastic data, however, may be useful 

to monitor the system's efficiency and to monitor the ac¬ 

cidental leak through rate of the detector system. 

The problems of high count rate and poor energy res¬ 

olution may be overcome at the expense of the large solid 

angle if the wire chamber is moved away from the target. 

By tripling the target-counter distance, the solid angle, 

and therefore the count rate, is reduced by approximately 

a factor of ten. The energy resolution by time-of-flight 

is also improved by a factor of three. If the scattering 

chamber were modified in this fashion, it would then be¬ 

come feasible to perform three body break-up experiments 

with this system. 

Other types of experiments which may be given consider¬ 

ation include inelastic heavy ion scattering and secondary 

beam experiments. The energy range of charged particle 

secondary beams which can be produced with a tandem Van de 

Graaff seems to be the limiting factor for charged particle 

secondary beam experiments. Neutron secondary beams are a 

possibility, but a different type of scattering chamber is 

required for neutron induced experiments. 

Certain types of heavy ion reactions show promise since 

the mylar window of the M.W.P.C. cuts off elastically scat¬ 

tered heavy ions which releases the stringent requirements 

of low beam intensities, in practice the low energy multi¬ 

wire proportional system built at Rice University might be 

used to perform heavy ion three body studies of the form, 
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(P A + B —s»* C + D + \ d 
(<* 

where A, B, C, and D are all heavy nuclei. 

Because of the properties of the M.W.P.C. system, it 

seems that the system is best suited for coincidence exper¬ 

iments involving three body break-up. 



Appendix A 

THREE BODY KINEMATICS (TRIPLE COINCIDENCE) 

The three body kinematics for which six parameters are 

obtained from two detected particles has been solved. The 

following is a non-relativistic derivation in which any 

particle energy may be calculated in terms of the six angu¬ 

lar coordinates of three particles detected in coincidence. 

The angular coordinate system chosen is that which most eas¬ 

ily transforms to the X-Y coordinate system of the M.W.P.C. 

(see Figure 22). 

One may write the equations which conserve momenta in 

the form, 

3 
P^ = £p^cos(fK cos©^ eqn.A.l 

3 

0 = £p . cos(|). sin© . eqn.A.2 
P.i 1 1 1 

3 
0 =£p.sin<$).. eqn.A.3 

From conservation of energy, one may write the equa¬ 

tion, 

E^ ■= E^ + E2 + E^ + Q, eqn.A.4 

where 

2 
E^ = p^ /2m^. eqn.A.5 

The momentum, p^, may be eliminated from the equations 

by solving for p^ in equation A.3 and substituting this into 

equation A.l and equation A.2 to give 

p - P3(sin03cos0^sinO^ - sin0^cos^3sin03) 
^ sin0^cos02sin©2 “ s;*-n02cos<^is;'-nei * 

A-l 
eqn.A.6 



Figure 22 

COORDINATE SYSTEM FOR THREE 

BODY KINEMATICS 

The incident particle is along 
the Z axis, while the target 
particle and three body breakup 
are at the origin. The angle 
0 is measured from the Z axis 
in the X~Z plane, while 0 is 
measured vertically from the 
X-Z plane. 
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and 

= (-(p2sin(|)2COS<^cos9^ + p^sin^cos^i003®^) 

+ P2cos({)2cos02 + p^cos^^cos©^) . eqn.A.7 

The momentum, P2, may now be eliminated by substituting 

equation A.6 into equation A.7. Using equation A.5, one may 

solve for the energy of each of the final state particles, 

and obtain the general equation, 

Ei = ” Q) ((sin^jCos^sine^. - sin^cos0jSin©j) / 

((sind). cos(b, cosd).) (sin©, cos©. - cos©, sin©.) + 
• j * K T

1 K 1 K 1 

(cos($>. sin(|) cos<{).) (cos©. sin©. - sin©.cos©.) + 
3 K i 3) •i* 3 

* 2 (cos(j)jCos())^sin(j)^) (sinQjCos©^. - cosQ^sin©^))). 

eqn.A.8 
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ACCIDENTAL COINCIDENCE RATE 

One of the problems which must be considered when work¬ 

ing with a low energy, high count rate M.W.P.C. system is 

the signal to noise ratio (true to accidental count rate) of 

a M.W.P.C. as compared with the signal to noise ratio of a 

conventional solid state detector system. It can be expect¬ 

ed that since the M.W.P.C. system has less timing resolution, 

that its signal to noise ratio will be less for comparative 

beams and targets. The large solid angle of the M.W.P.C. 

may also reduce the signal to noise ratio if the M.W.P.C. is 

placed at forward angles. This is due to the coincidence 

detection of elastically scattered events. 

The rate of accidental events which is recorded by a 

pair of arbitrarily sized particle detectors is 

where I is the beam current, n is the number of target par¬ 

ticles per square centimeter, and ^ are the resolving 

For a system employing two solid state detectors, the 

signal to noise ratio is given by 

times of detectors 1 and 2, and and are the solid an¬ 

gles of the two detectors. 

The true number of three body events is given by 

dOjd^ (dV/ditjdJ^) 

A-3 
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If one assumes that detector 2 is replaced by a multi¬ 

wire proportional counter whose mean angle is placed at 

the former center of the solid state detector 2, then one 

obtains the equation, 

T. ' = 4I,
dVn
2 '1 

In(^-i + Q j dai d£fd/V ~5n ' 
S % 2 

where J72 ' now the s°lid angle of the M.W.P.C. 

It is instructive to calculate the new beam current, 

I1, necessary to fulfill the requirement, 

ilL 
$»• 

At this point one assumes that if the M.W.P.C. is not 

too much larger than the solid state detector, that 

1 dC2(dV/dP1df22) 

J J^i^2 ' (^cr/df^d.^ 1) 
I • 

This assumption cannot be made for Rutherford scattering 

if the M.W.P.C. is at forward angles. One therefore obtains 

the ratio of the beam currents for experiments with M.W.P.C. 

to experiments without M.W.P.C. The result is the equation 

Ij + X2)-^2'/d^2 dtf/dQ2 . 
1 ^1 + Z2>'in2 f d^ ' dtf/dQ2 ' 



Appendix C 

SOLID ANGLE CORRECTION 

Due to the fact that the wires are different distances 

from the target, it is not possible to use the simple ap¬ 

proximation that the detector has a constant solid angle of 

resolution. The following computation is performed in order 

to determine the solid angle as a function of the event's 

coordinates. 

The following definitions will be used: 

S (S ) 
x y 

L (L ) 
x y 

- Wire spacing of the X(Y) plane, 

- Distance from the center of the 

target to the center of the X(Y) 

plane, 

X (Y ) - Wire number of the center of the 

° ° X(Y) plane, 

X (Y ) - Wire number of the event to be 

analyzed. 

The differential solid angle of resolution is 

dSl = dA/r2, 

where dA is the area of the unit cell of resolution and r 

is the distance from the target to the unit cell. 

The effective wire spacing, and (i.e. the spacing 

that the particle will observe) is given by the equations, 

S ' 
x 

= S L /[ (X-X ) 
x x L o 

+ 
.5 

S ' 
y 

S L / [ (Y-Y ) 
y y 1 o 

L V5 

y * 

A-5 



Figure 23 

DETECTOR COORDINATES 



TARGET 
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Since L ^ L , one must project S' onto the Y-plane 
x y x 

using the geometric relationship, 

S' = S 'L /L . 
x . x y x 
pro ] 

Likewise, one may write the equation, 

X . = XL /L . 
pro] y x 

The solid angle of resolution may therefore be written as 

dil = S' S'/r 
x . y 
pro] 

where 

r2 = (XL /L - X ) 2 + (Y - Y ) 2 + L 2. 
y x o o y 

Thus, one has that the solid angle of resolution may 

be written in terms of the event's coordinates in the equa¬ 

tion, 

SSL2 

da =  
[(X-X )

2
+L V5

[(Y-Y )
2
+L 

2
]*
5
[(XL /L -x )2+(Y-Y )

2
+L

2
] L o x J L o y J L y x o o yJ 



Appendix D 

SPATIAL RESOLUTION 

For particles incident normal to the detector, one can 

assume that the spatial resolution of the conventional 

M.W.P.C. is at least ±.5 of the wire spacing. An improve¬ 

ment in resolution can be made if one includes information 

from single events which cause two adjacent wires to respond 

In this case, one may claim that the event has passed half¬ 

way between the two wires producing a "phantom" wire (half 

wire). This occurs approximately 20% of the time for mini¬ 

mal ionizing particles in atmospheric pressure counters of 

the Rice geometry. 

If the particle trajectory is not perpendicular to the 

plane, one may lose spatial resolution. This will occur for 

events near the edge of the plane in which the ionizing par¬ 

ticle passes through the active volume of more than one wire 

The parallel component of the trajectory which is one of the 

mechanisms for multiple wire events is 

X = G(X - X )/2L , ii o' x’ 

where G is the gap between cathode planes, L is the dis- 
X 

tance from the center of the wire plane to the target, and 

(X - Xq) is the distance from the center of the wire plane 

to the point where the trajectory intersects the wire plane 

(see Figure 23). For an event passing through the far cor¬ 

ner of the detector, X(| = .29 inches. This parallel com¬ 

ponent traverses the active region of three wires. 

A-7 
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In the case that three consecutive wires fire, the elec¬ 

tronics are programed to claim that the event has passed 

through the centroid, and an output pulse at bit 11 of the 

data transfer unit is generated. If more than three wires 

fire, the electronics will generate an output pulse at the 

bit 12 BNC. 

If two separated wires respond, the first and/or second 

wire may be read out and the electronics will generate a 

pulse at bit 10. If separated wires are fired by two parti¬ 

cles, it should be noted that the coordinates of the two 

simultaneous particles cannot be uniquely determine with the 

conventional two dimensional detector. For experiments where 

symmetry does not require a unique solution, however, it may 

be possible to use data of this form. 



Appendix E 

WIRE TENSION 

Simple arguments show that the major force on the anode 

wires of a M.W.P.C. is the force of repulsion between adja¬ 

cent wires. Such situations arise if the wires do not form 

a perfect plane or if the wire spacing is not perfectly uni¬ 

form. 

The electrostatic force per unit length between parallel 
. 31) wires is given by 

2
 / 2 f = 7f q u/s , 

where u is the wire displacement from equilibrium, s is the 

wire spacing, and q is the charge per unit wire length. The 

restoring force is given by 

fr = Td
2u/dy,2 

where T is the tension on the wire, and y is the distance 

along the wire. If one assumes that the restoring force is 

linear in displacement, 

f = Tu/12, 
r . 

where 1 is the length of the wire, then one can define a 

critical tension, 

T 
c 

2 2,2/ X q 1 /s 

In the limit of small wire spacing, the counter geometry 
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approximates a parallel plate capacitor. From this approx¬ 

imation one can assign the following value for the charge 

per wire length, 

q = sV/27rL, 

where L is the separation between anode and cathode planes. 

One can now impose the following as a criterion for wire 

stability: 

2 2 2 
T> V^l /4L . 

For the case of an atmospheric pressure Rice M.W.P.C., 

V2/L2 = (16.3 statvolts/cm)2, 

l2 = (33 cm)2, 

and 

4 
T ^ 7.2x10 dynes = 73.4 gms. 

For the case of the same M.W.P.C. at reduced pressure 

(150 Torr), 

V2/L2 = (4.5 statvolts/cm)2, 

4 
T ^ .59x10 dynes = 5.1 gms. 

and 



Appendix F 

DELTA RAYS 

One of the mechanisms which may produce a lower limit 

to the spatial resolution in multi-wire proportional count¬ 

ers is the production of delta rays (high energy electrons) 

which have a range greater than the wire spacing of the 

detector. 

The energy distribution of the number of delta rays 
32) 

per centimeter has been calculated by Mott “ to be the 

following: 

dn 
dE 

where E, m^ are the kinetic energy and mass of the electron; 

Z, v are charge and velocity of the ions; and N is the number 

of electrons per cubic centimeter of stopping material. If 

one assumes the non-relativistic approximation, then the 

maximum energy of a delta ray is 

2 
E = 2m v . 
max e 

33) 
It has been calculated by Bradt and Peters that for delta 

rays of energy between 10 kev and 30 kev, that the relati¬ 

vistic correction will give a correction of less than 8% for 

Z up to as high as 30. 

2nrNZe -- - - ~2' ' 2' 
=  Y~2~ t1 “ -5d “ ^ ) (E/mec ) 
m v E^ 
e 

+ j§y(.5((l-^2)/^2) (E/mec
2))*5(l - .5((M2)/^2) 

(E/rn^c2))] , 

A—11 



Figure 24 

DELTA RAY DISTRIBUTION 

The distribution gives the number of 
delta rays formed per centimeter of 
the ion trajectory with electron range 
over 1 mm for a gas consisting of 100% 
dimethylpropane at 150 Torr pressure. 
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The number of delta rays with energies between E^ and 

E^ can be calculated non-relativistically to give 

2 . 2 
n = 27rN(-§— )2(m c2) (1/E. - 1/E ) 

2 e 1 2 D2 
me ? 
e 

34) 
Using the empirical relationship of Katz and Penfold 

R(mg/cm^) = 412(E(mev))A 

A = 1.265 - 0.0954(In(E(mev))), 

one may transform the delta ray energies into range. 

The distribution of delta rays per centimeter with 

range over 1 mm is given in Figure 24 for protons and alpha 

particles in 100% dimethylpropane at 150 Torr. 
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