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Performance of the low pressure MWPCs for

fission fragments under a high background *
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Abstract: Two couples of low pressure multi-wire proportional chambers (MWPC) were located in the tar-

get chamber to detect fission fragments in a hypernuclei producing experiment at Thomas Jefferson National

Laboratory (Jlab). In the experiment, a continuous wave (CW) electron beam was applied to form hypernuclei

by electromagnetic interaction. In the target chamber, the high energy (1.853 GeV) and high intensity (500

nA) primary electron beam caused a high particle background, which influenced the detection of the fission

fragments. This report described the design of the MWPCs and studied the fission-fragment detecting perfor-

mance of them under such a high background. The efficiency of the MWPCs was given with the help of a high

resolution kaon spectrometer. At the same time, the background particles were discussed with a Monte Carlo

code based on GEANT4.
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1 Introduction

A low-pressure MWPC (LPMWPC) is widely

used as a beam monitoring detector in front of a tar-

get for its high counting rate capability and negli-

gible disturbance for the beam [1, 2]. At the same

time, one can use it to detect some special par-

ticles or ions by tuning the working gas pressure

[3, 4]. The Jlab experiment E02-017 had been pro-

posed to explore the way to measure the lifetime

of heavy hypernuclei of 209
Λ Pb directly and the re-

action 209Bi(e,e′K+)209Λ Pb and 209Bi(γ,K+)209Λ Pb was

utilized to produce the hypernuclei. Among the nu-

clei medium, a Λ will dominantly decay by a non-

mesonic way N+Λ → N+N+176 MeV [5, 6]. The

released energy is high enough to cause the fission of

a hypernucleus. This makes it possible to measure

the lifetime of heavy hypernuclei directly. Two cou-

ples of LPMWPC with gas pressure around 200 Pa

forming a two-arm fission fragments detector (FFD)

were used to detect the fission fragments(FF). The

FFD has nearly 100% of fission fragments detect-

ing efficiency [4] and high time resolution of ∼163

ps [7] during the test by a 252Cf spontaneous source.

The high luminosity electron beam created high back-

ground particles when it arrived at the target cham-

ber, which crashed the time resolution and the detect-

ing efficiency of the FFD. By the coincidence between

FFD and a high kaon spectrometer (HKS) [8] which

was used to detect kaons produced in the reaction
209Bi(e, e′K+)209Λ Pb, the fission fragments detecting

efficiency were given under the experimental condi-

tion. The effect of the background particles on the

FF detection were also analysed by a Monte Carlo

simulation. The LPMWPC technique and the CW

electron beam of Jlab shed light on the direct mea-

surement of the lifetime of heavy hypernuclei.
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2 Experimental setup

This experiment was performed by using part of

the setup of the Jlab experiment E01-011 in Hall C

[5]. It (Fig. 1) consists of two major parts: mag-

netic sprectometer HKS with front splitter magnet

and FFD located in the target chamber. The scat-

tered electrons were not tagged in this experiment.

The electron beam pipe was terminated before the

E01-011 splitter magnet and the FFD was inserted in

the gap between the beam exit window and the en-

trance vacuum window of the splitter magnet. The

target for this experiment was mounted in the cen-

ter of the FFD. The incidence electrons had to pass

through the stainless steel foil vacuum window for the

terminated beam pipe, ∼20 cm air and 250 µm thick

Al window for FFD with a 5% radio length Cu foil

mounted on it. Therefore, intensive real photons with

wide energy range were produced from these materi-

als and incident to the tilted thin Bi target foil to-

gether with the beam electrons. The primary beam

electrons, scattered electrons and forward produced

particles, i.e. protons, pions and positrons, exited the

FFD through a 250 µm Al window. The positive par-

ticles from the primary reaction were detected by the

following HKS and the associated fission fragments

by FFD.

Fig. 1. Schemetic view of the experimental setup.

3 Design and operation of the FFD

The FFD consists of four windowless LPMWPC

chamber units, which form two symmetric arms

placed on the sides (top and bottom) of the central

beam. The four LPMWPCs are tagged as T1, T2, T3,

T4 from bottom to top. The outer chambers (T1, T4)

and the inner chambers (T2, T3)have different active

areas– 149 mm×149 mm and 209 cm×209 cm. Each

arm provides ∼1.8 sr of solid angle coverage. During

the experiment, the FFD is placed in the vacuum tar-

get chamber, which is connected to a vacuum pump-

ing system and can be evacuated to a pressure ∼0.1

Pa. It is also equipped with stainless-steel valves for

gas handling and two barometers for pressure mea-

surement. The chamber volume is connected to a

reservoir of liquid heptane (C7H16), with a reducing

valve and filled with 200–300 Pa of gas vapor.
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The target is located at the center of the two de-

tecting arms and is made of a thin foil of 209Bi with

a thickness of 2 mg/cm2. It is placed at a small tilt

angle of about 10 degrees with respect to the beam di-

rection so that the effective target thickness is about

14 mg/cm2. Such target orientation is also used to

minimize the target thickness so that FF can exit

the target towards the LPMWPCs with a maximized

production rate.

Each LPMWPC unit of the FFD has the same

structure as shown in Fig. 2(a) consisting of five elec-

trodes made of wire planes [4]. The frames of the

electrodes are made of G10 (a kind of glass textolite)

with a thickness of 3 mm, which is also the plane

spacing. The cental electrode is a wire-anode plane

from which the time signal is extracted. Due to the

large active area of the LPMWPC, a passive mean

timing is made in grouping the anode wires to mini-

mize the position dependence of the time resolution

as shown in Fig. 2(b). The anode is placed between

two cathode wire planes which have their wires ori-

ented at an angle of 90◦ with respect to each other.

Both the anode and cathode planes have wire spac-

ing of 1 mm. The anode plane used 20 µm diameter

gold-plated tungsten wire, while the cathode plane

used 40 µm diameter copper-beryllium wires. By a

Fig. 2. (a) The schematic structure of a single

LPMWPC unit, where the dashed line means

the wire direction. (b)The configuration of the

anode wire plane of a single LPMWPC unit.

time division method, the cathode is designed to give

the position information, which was not used in this

experiment.

The cathode wires are at a potential of −100 V.

Additionally, the grounded guard electrodes outside

the cathode planes are used to avoid the charges de-

posited outside the LPMWPC. The usual potential

applied to the anode is about +400 V. When apply-

ing +370 V to the anode plane, −100 V on the cath-

odes and 0 V on the guard planes, we have about 100

mV signals. The typical time resolution is 150 ps

tested by 252Cf spontaneous source. The LPMWPC

can also be operated in a double step regime. In this

case, we apply negative voltage to the guard plane

and positive voltage to the anode plane and have the

cathode plane at ground.

During the test, the FFD worked well with all

the experimental instruments powered down. How-

ever we found out that the HKS spectrometer magnet

power supply system induces radioactive frequency

(RF) noise into the FFD. The RF noise induced di-

rectly to the wire planes of LPMWPCs passes the

same way as the electrical signals from FF. Therefore,

it was impossible to avoid the induced noise by proper

grounding of the experimental setup. In addition the

noise has the similar structure and amplitude as real

signals from FFD operated in a single step regime and

appears with about a 50% duty factor, which means

that the expected trigger rates would be determined

mainly by the induced RF noise. We tried to avoid

the noise problem by operating the FFD in a double

step regime. In this case the amplitude of real signals

was several times larger than the noise level, so it was

possible to eliminate the induced noise by proper se-

lection of the timing discriminator levels. Applying

−250 V to the guard plane and +250 V to the an-

ode, we had 500 mV signals by the same test and the

corresponding time resolution is about 200 ps.

4 Experimental results and discussion

Additional problems arose when the electron

beam was given. Passing through the target cham-

ber window and the bismuth target the intensive in-

cident electron beam of 500 nA, i.e. ∼ 3× 1012 e/s,

produced a huge amount of background particles. To

consider the background particles a Monte Carlo sim-

ulation based on GEANT4 [9] was performed. Fig. 3

gives the intensity Ibk of the background particles of

an outer LPMWPC and an inner one. The back-

ground is dominantly composed of electrons—mainly
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δ-electrons except very few scattered primary elec-

trons crossing through the LPMWPCs. These elec-

trons do not make the LPMWPCs firing, but they

will increase the dark current level and operational

conditions of the FFD, when they pile up around an

anode [10, 11]. Due to such background particles,

the amplitude of signals from LPMWPCs, especially

from the planes close to the target are essentially

decreased. At the same time, it was impossible to

increase the signal amplitude by increasing the op-

erational voltages of LPMWPCs, because the inner

LPMWPC units started sparking when working with

the anode voltages of +340 V, which was 60 V lower

than that of the case without a beam. It was also im-

possible to operate the FFD in a double step regime.

With the beam we were able to operate the FFD in a

single step mode only, applying −130 V, +300 V and

0 V to cathode, anode and guard planes.

Fig. 3. A Monte Carlo simulation code based

on GEANT4 gives the intensity Ibk of differ-

ent background particles across (a) an outer

LPMWPC and (b) an inner LPMWPCs re-

spectively, when the beam intensity is 500 nA.

The intensity of δ electrons across an inner

LPMWPC Iebki ≈ 3.0×107 e/s, is about 3 times the

background δ-electron intensity (Iebko ≈ 1.0×107 e/s)

across an outer LPMWPC. To study the influence of

the background on the timing signals output from an

LPMWPC anode, we changed the background condi-

tion by reducing the primary incidence electron beam

intensity Ie from 500 nA to 100 nA. The typical tim-

ings from four LPMWPC anode planes, T1, T2, T3

and T4 are shown in Fig. 4. The Iebki with Ie=100 nA

should be smaller than Iebko with Ie=500 nA. How-

ever, there is no clue that the timing signals from

inner LPMWPCs with Ie=100 nA are better than

those from the outer LPMWPC with Ie=500 nA.

The study on the background density (intensity per

unit area) gives the answer. The background par-

ticles concentrate around the symmetry axis of the

inner LPMWPC planes along the electron beam di-

rection where the corresponding background density

is higher. If the fission fragments fly through such

background concentrated area, the corresponding sig-

nal amplitudes will be decreased dramatically. Since

the performance of the inner LPMWPCs was not sat-

isfying even by reducing the intensity of the incidence

electron beam, the experiment had been run with

Ie=500 nA, which could provide more hyperon pro-

duction within a limited experiment interval.

Fig. 4. The output signals from FFD modules

with (a)electron beam intensity of Ie=100 nA

(b)and electron beam intensity of Ie=500 nA.

The signals of Channel 1, Channel 2, Channel

3, Channel 4 correspond to those from T1, T2,

T3, T4.

Besides the δ-electrons there are lots of other light

charged ions like protons, α particles, which could be
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detected by the FFD with some low efficiency. How-

ever, this would not influence the experimental result

because such events could be eliminated by the coin-

cidence with the kaons identified by HKS [8].

When Λ-hypernuclei are produced, they may be

highly excited and fission (prompt fission) before any

de-excitation; the survival hypernuclei, which de-

excite by emitting photons and nucleons, are sta-

ble with respect to electromagnetic and strong pro-

cesses. They decay by the nonmesonic weak interac-

tion and cause delayed fissions. In this experiment,

both prompt fissions and delayed fissions can be de-

tected by the FFD. Once a kaon is detected by HKS,

it means a Λ comes into being. By some rate RKf the

fission happens and fission fragments fly uniformly in

4π directions. Thus, the number of detected fissions

associated with kaons on each plane can be expressed

as

ni = NKRKfΩiεi (i = 1,2,3,4), (1)

where NK is the number of kaons identified by HKS,

RKf is the fission rate per kaon, Ωi is the acceptance

rate of the LPMWPCs and εi is the fission fragments

detecting efficiency of the LPMWPCs. By the coin-

cidence of HKS·TDC1 n1 = 440±55 was given; by the

coincidence of HKS·TDC4 n4 = 494± 51 was given;

and by the coincidence of HKS·TDC1·TDC4 we ob-

tained n14 = 111±28 (without special description the

given errors are statistical ones). The identified kaon

number is 61780 [8]. Due to the symmetrical geo-

metrical configuration of the LPMWPC planes, the

solid acceptance rates satisfy Ωout = Ω1 = Ω4 and

Ωin = Ω2 = Ω3, where Ωout ≈ 15% and Ωin ≈ 31% are

the acceptance rates of outer planes and inner planes

of the FFD. Since the fission can be looked as back to

back due to momentum conservation, if a fragment is

detected by one arm the other fragment will aim au-

tomatically within the solid angle acceptance of the

other arm on the opposite side. Therefore, the events

number n14 of coincidence between kaons and back to

back fissions is written as

n14 = NKRKfΩoutε1ε4. (2)

Based on Eq. (1) and Eq. (2) we can obtain the ef-

ficiency of planes ε1 = (23±7)% and ε4 = (25±8)%.

In a similar way, we estimated that the efficiencies of

T2 and T3 were below 5%.

5 Summary

For the first time, the LPMWPC technique was

used for FF detection in a hyperon production exper-

iment. By this experiment we studied the working

conditions of the FFD made up of four LPMWPCs.

The FF-detecting performance of an LPMMWC de-

pends not only on the total background but also on

the background spacial density. With the setting of

the FFD and the incidence electron beam intensity

in experiment, the inner LPMWPCs can hardly give

an effective result. The effective methods to improve

the experiment are to increase the distance between

the detection units of the FFD and the beam axis or

reduce the incidence beam intensity, which will ex-

tend the beam time to obtain the same magnitude of

experimental data. At the same time, the RF noise

is also a problem which needs to be conquered.
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