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Abstract 
Resu!ta from i11vest i gation ~ of ti ;ning an <l Fv•;it ir1:1i ni; d,;•. r;H . ~ r:.-i ~L i rn t.f lt111-

pressure inultiwire proport ional chambers (MWPCs) <:.:H! m111ti.;t!'p < h<.mhers (l 1~i C;i) 
are presented . Resolutions of about l7ll ps iull width .1t ii<J lf ·marnn1111 · ( ~·' \VJIM 1 
for timing and .3mm (FWHM) IN positioning were obta1:-id h:-- i; s ir1 1~ l o,;· 1 • rc~s11 r •; 
MW PCs and MS Cs, respccti vel}, at the l'erev;m I ' h.vsics In st i l.11 ~e . .i •, 11 rtc-:-.c. io 
fission fragrn'"nt (SF) delectcr is prc;posed ba.scd qn t:~i ~ low prC'.;: " " ' !. <'< hni•plt'. 
The parameters of the Fr c:ctector are in vest igated l.•y lllc;•.ns uf <• 1\ l ,1 •.I •· <.a rl.i 
simulation, t ak ing into accot:r.t tiri1i11g and ;rnsitionir1g rcso l;.t. ir.i:s ol' lriw· !' n i;surc 
chambers, i\.S well i\.S phys ical processes that occur in i.lrc target and i1 1 tl 1c l( il.S of 
the chamber. It is shown that time re.m;utions of better t li:>.n 200 ps ( l' W 11 M) aud 
zero-time scale accurn cy of nbo11t it pir.oscco11d c;tn be .>d1icvccl . 

1. Introduction 

The utilization of nuclear fission as a reaction filter for the dynamics of low to 
intermediate energy nu cleus-nucleus collisions has b~en widely exploited [1]. Re­
cently it was shown [2] that fission can be used also as n filter for I.he study of heavy 
hypernuclci, and other exotic atoms nnd nuclei . In th ese kiwis of <'xpcriments, one 
needs to detect 11n an1biguously the fission fragrnents, rn c.:asurc t.lwir vdoc it.i c.:s, fold­
ing angles and energies. In some.: investigat.ious, e.g., for the direct measurement of 
heavy hypernuclei li fetimes [3], it is necessary to have a time-zero fission fragment 
detector. The properties of low-pressure multi wire proportional chambers (LPMW­
PCs) or multistep chambers (LPMSCs) [4] are very suitable for these goals. Among 
the qualities are the following: 

1. Good timing resolutions (u :S 50 ps ). 
2. High efficiency for detecting fission fragments ( ~ l00%). 
3. An extreme.: insensitivity to 'Y nnd neutron backgrounds. 
4. High rate capabil ity (count rntes up t.o JO"/ rnrn 2

). 

5. Ncgligi hlc radi ;tl.ion clarna.gc. 
This techniqu e ;tlr<'a.dy has beeu llS<'d in cxpcrirrH·nt.s wit.h h<'avy ions [:1] <111cl for the 
iuvestig<ctiou of fission processes [G, 7, 8, 9, I OJ. 

In this paper we present t.hc timing and positioning cl1;tracterist.ics of low-pressure 
techniques developed at the Yerevan Physics.Institut.e [11 ,12], which have been in­
vestignt.ed by means of a spontaneous source for fission fragments from 2

"
2Cf and 

a- particles from 239Pu. Finally, the parameters of time-zero fission fragment de­
tectors, which consist of two pairs of LPMWPCs', are investigated by means of a 
Monte Carlo simulation, taking into account timing and position resolutions of low 
pressure chambers, as well as physical processes that occur in the ~arget and in the 
gas of the chamber. 

2. The Principle of the Low-Pressure Detector 

a.) The LPMWPC. 

The LPMWPC is a proportional counter with thre electrodes (two cathodes 
and one anode) having parallel-plane symmetry. The operational mechanism of_ 
the LPMWPC combines the principles of a regular multi wi rc proportional chamber 
(MWPC) and a parallel-plate avalnnche counter (PPAC). 

MWPCs [13] operating at normal gas pressures were never considered as time 
measuring devices, the reason being that their time resolution is of several tens of 
nanoseconds. This deficiency is due to the long drift time of electrons, released 
in the sensitive volume towards the sense wire where amplification occurs (Fig.14

). 

First measurements at low pressures (3 Torr) have shown that time resolutions of 
2.5 ns (FWIIM) could be reached with 5.5 McV a-particles [I ~]. This result was 
simply attributed to a faster drift time at. higher r!'duced fields. Further investiga­
tions [15,4] have clearly shown that tire amµ lificatiou rnecl1;tnism at low pressures is 
entirely dilfn<'lli. (!'ii!:. I b). Tlw red uced elect ric field st. rength !;'/ I ' in t.hc coustant 
region re;i.c]ws \'<Lines of several h111Jdrcd s of V /cm · Torr whi ch are VC'ry close to 
those reached in PPACs . PPACs arc gas filled counters with two phmar electrodes 
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(one cathode and one anode) operating in the proportional region which serves pre­
dominantly as time-sensitive detectors. 

Primary electrons in a PPAC are accelerated by the strong uniform electric 
field (E,...., 150V /mm) between the electrodes, which causes ioni zation of n.ddit ional 
atoms in the gas. Successive ionizn.tions will result. in t.hc fonna.t.icrn of n. so-called 
Townsend-avalanche [16]. The electron multiplication in this constant fi eld is an 
exponential function of the distance .d, described by the Townsen.d formulae: 

N( d) = N(O) · e"' ·d 

Here N(d) is the number of electrons after n. drift distan ced, a is the first Townsend 
coefficient, which is a function oft.he "rec.luced electric fie>ld" I~/ !, , whC'w P is the 
pressure inside the detector: 

a= P ·A· exp[-B/(E/f')] 

The coefficients A and Bare empirically obtained coefficients [16]: From the values 
measured by Breskin et al. [4], et in our case is estimated to be 30 cm- 1, corre­
sponding to a mean'free path for ionization of 0.3 mm. A primary electron treated 
at the cathode is multiplied by e9

::::; 8000 times before reaching the vicinity of the 
wire. Close to the wire, the field strength increases strongly, leading to an effective 
electron multiplication in the vicinity of the wire. 

The contribution of each part. of the det.edor, the wires, and I.he const.a.nt field 
region, to the total gains have been studied [4] by comparing the gain of the MWPC 
with that of a PPAC, having a gap equal to the length of the constant field region 
of the MWPC, calculated according to Erskine's relation [17]. It has been clearly 
shown that higher gains are reached with the MWPC. The amplification factor of 
the wires vary from 5 to 2000, attording to the gap and the pressure. The bulk of 
the electrons are therefore generated in a distance 1/a in front of the anode, and the 
rise-time T, of the electronic component of the signal is app.roxinrntely I.he drift-time 
of these electrons across the last-mean ionization length 1/a: 

T, = {1/a) . v. 
with V, = V,(E/P) being the drift velocity of the electrons. Assumiug V, = 5 
cm/ µs, one gets T, ~ 7 ns. Most of tese final secondary electrons stem from primary 
electrons created near the cathode. The -time spread . is reduced considerably and 
depends on the development of the Townsend-avalauche. Time resolutious on the 
order of 100 ps (FWHM) can be reached under these conditions. 

Consider a "typical" fission fragment, 115Ag, traversing the detector with a veloc­
ity of 1.0 cm/ns. The stopping power of such a particle in isobu ta.11 r a t a pressure of 
3 Torr is about 0.7 MeV /cm [18]. The effective ionization energy of isohut.ane is 23 
eV [19] so a.bout 3 x 104 primary electron-ion pairs/cm will b<~ rr1•a. l.cd. Assuming 
that only those electrons within 0.3 mm of the cathode are multiplied with a gain 
of about 105 , 108 secondary electrons reach the wire. As a result a voltage drop on 
the order of 50 m V is expected from these counters. 
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During the amplification stage, the growing electron cloud expands and reaches a 
lateral size of ·about 1-2 mm (FWIIM), depending on the gas pressure [4]; therefore, 
contrary to normal-pressure operation, the avalanche is not confined lo a single 
wire, but is spread over several of them. This allows for good position interpolation 
between neighboring wires, while measuring charges induced on cathode wires or 
strips, connected to commercially tapped delay lines. A resolution of about 100 µm 
(FWHM) was obtained with fission fragments for an 80 cm2 c.lctector [20]. 

b.) LPMSC. 

Multi-$1.t~p avalanche chambers [21] arc based on 1.hc prca111plifinit.ro11 of illl initial 
charge and the tra.nsfor of the primary avalanche to a second sl.a.gc for further ampli­
fication for a position or time measurement. Such detectors have been shown to be 
successful detection devices ~t normal gas pressures for minimum ionizing particles 
at high counting rates due to the gating possibility on selected events [22]. At nor­
mal gas pressures, some binary gas mixtures allow for an extended photon-mediated 
avalanche formation from whi·ch an efficient transfer of the preamplified charge to a 
second amplifying stage can occur. At low pressures, electron diffusion leads to wide 
avalanches. An efficient multistep amplification process can therefore occur even in 
pure organic gases, such as in isobutane, hexane, etc., at pressures of 2-20 Torr, with 
an increase in total gain of one to two orders of magnitude, as compared to a single 
step detector [23,21]. In addition to the high attainable gains, LPMSCs have excel­
lent timing and imaging resolutions, as well as liigh-rate operation properties. In 
this mode, the fiual stage of amplification, in which the vast majority of electron-ion 
pairs are produced, is suppressed electronically except during the application of an 
external gating signal. In a typical fixed-target physics experiment, the gate could 
be derived from a trigger signal indicating that some other part of the apparatus 
detected an interesting event. 

c.) Space Charge Limitation of the Proportional Regime. 

Larger signals from proportional chambers can be obtained by raising the applie~ 
voltage; but as the voltage is raised, one finds that: 1) the strict proportionality 
between deposited ionization and the signal is lost; 2) further increases in voltage 
lead to sparkiug. For very close wire spacing, brcakc.lown may even occur before the 
semi-proportional rcgiou is reached [l:J]. 

Hanna, I<irkwood, anc.l Pontecorvo [25] observed that th<' output pulse from 
a cylinc.lrical proportional chamber ceases to be strictly proportio11al to the initial 
ionization when the absolute value of the charge excee4s some critical value Q. They 
found that this woulJ correspond to losing 108 eV in the gas of the couuter if there 
were no amplification, or to the creation of 5 x 106 ion pairs. Thus the upper limit 
on the amplification for proportional operation was 108 / E, where E is the energy 
in electron volts lost by the primary event . This type of limit can be understood 
as being due to a space-charge effect. For the "typical" fission fragment,115Ag, 
traversing the detector with isobutane gas at a pressure 3 Torr, the upper limit on 
the amplification for proportional operation is about 5 x 103 . In this case we have 
a voltage drop of 2.5 mV from the counters. 
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3. Experimental Investigation Timing and Positioning of LPMWPC 

a.) Detector Design and Fabrication. 

The present study was performed with LPMWPCs at Yerevan Physics Institute 
(11,I2]. These circular MWPCs, 60 mm in diameter, arc pres<'nt.cd schc111atically 
in Fig. 2. Each MV\TPC has three planes, two cat.ho<lc and 011c anocl<'. The wire 
planes are made of parallel and cquidist.a.nt. wires. The wire spaci11i-; is I llllTI, t.he 
distance between an anode and cathode plane is 3 mm. Difrcn•nt. kinds of wire 
(gold-plated tungsten, beryllium bronze) with difrcrcut diiL111d•!r thi«k11esses (10, 
20, 50, 100 µm) have been used. The circular frames of the detector, mounted 
in a stainless steel or aluminum vacuum tight vessel, are shown in Fig. 3. The 
detector vessel is sealed with viton 0-rings. It is coupled to a vacuum pumping 
system and can be evacuated to a pressure of 10-3 Torr. The vessel is equipped 
with stainless steel valves for· gas handling and with two barometers. One of the 
barometers was used to measure the vacuum level in the vessel; the second one was 
used to measure the gas pressure. The chamber volume, connected to a reservoir of 
liquid hexane.or heP.tane with a reducing valve, was filled with 1-5 Torr of he?ane or 
heptane vapors. A pressure range of 1-2 Torr turned out to be optimal for timing of 
fission fragments. Investigations were performed with a 252Cf deposited on a 50-µm 
Aluminum foil. The fission source was placed in the front of the FF co11nters. The 
source and the first. detector were separated by a. distance of 30 mm. The 50-µm 
thick Mylar collimator, with a circular hole, was mounted between the source and 
the FF counters to decrease the path length fluctuations of the FF. The diameter of 
the hole and the distance from the 252 Cf source were I6 mm and I 7 mm, respectively. 

b.) Timing Characteristics of LPMWPC. 

The timing properties of an LPMWPC were studied using two MWPCs placed 
next to each other at a distance of 9 mm in a common gas container. The time 
difference between the two detectors was measured using fast preamplificrs [26}, 
constant-fraction discriminators, time-to-amplitude converters, and a multichannel 
analyzer. A simplified scheme for the geometry and electronics for t.i111ing investiga­
tions arc presented in Fig. 4. An example of the time difference sp .. ctrn is J>rescnted 
in Fig. 5 .• The time scale was determined by adding a calibrated delay l.o the output 
of one of the constant. fractions. The FWIIM of the tot.al time wsol11ti o11 is b.t = 530 
ps for an applied voltage of 430 V. Because the start and st.op il <'t<'ctors contribute 
equally,to the time resolution, the time resolution f.or one detector is reduced by a 
factor of v'2; therefore, the total time resolution for one detector is ;175 ps. 

The measured time resolution b.t,11 is composed of different contributions: 1} a 
kinematic part b.tkin due to different fragment velocities within the light or heavy 
fragment mass distribution; 2) a geometric part b.tge•m due to the difference in 
flight paths between detector-1 and detector-2 ; 3} an electroni c time jitter Lit,1; 
4) an intrinsic part C.tint• caused by statistical fluctuations in t.he drift time of the 
avalanches. Since the last two terms are about t.ho same for both chambers and 
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uncorrelated, we have: 

(C.t)~lf = (b.tkin)2 + (C.tgeom) 2 + 2 · [(b.1,,)2 + (Lit;,.1)2)] 

The kinematic and geometric contributions can be calculated using t.he well known 
energy · distributions of 252 Cf fission fragments [27]. The electronic t.ime jitter in 
this measurement was about 150 ps. The estimated intrinsic time resolution of one 
detector is about 200 ps . The dominant contribution to b.t<JJ a.m the kinernatic and 
geometric parts. 

To decrease the kinematic and geometric parts in the time difference spectrum 
between detector-I and detector-2, we use a third FF counter located in the same 
gas container at a distance of 66 mm from detector-2. The time difference spectrum 
between detector-I and detector-3 is displayed in Fig. 6. Again, contributions to 
the spectrum come from different mechanisms such as, kinematic, geometric, and 
electronic and intrinsic resolutions of the detectors. The dominant contribution to 
the C.t0 11 from the kinematical and geometrical parts is proportional to the distance 
between detector-1 and detector-3; and in Fig. 6, the time-spectrum of the light 
and heavy fragments of a 252Cf source are well separated. 

We use signals corresponding to the light fragments as a gate for the time differ­
ence spectrum between detector-1 and detector-2. Dy means of this gate, we select 
the fragments with a small time difference Lit13 between detector-I and detector-3. 
The time difference b.1 12 between clctector-1 and detcctor-2 for these fragments due 
to kinematical and geometrical mechanisms is: 

Lit12 9 
Lifi3 = 75 

Therefore, ':lie can practically avoid the kinematic and geometric factors in the time 
difference distributions of detector-1 and detector-2. The simplified scheme of elec­
tronics for this timing measurement are shown in Fig. 4. The gated time difference 
between detector-1 and detector-2 is presented in Fig. 7•,b. The gate lengths for 
the time difference distributions presented in Figs. 7a and 7b correspond to 120 ps 
and 60 ps ti111c differe11ccs bctw<'en fra.gment.s at. dd.cct.or-3, respe<"t.ivcly. Th<' t.ime 
distance between these two distributions is 2 ns. The time resolutions (FWHM) 
are 350 and 340 ps for the first and second cases, respectively. The est imated pure 
intrinsic and electronic time resolution (FWHM) for a zero gate length is: 

[ l 1/2 
2 · ((Lit,1)2 + (Litint)2

) = 330ps 

For Lit,1 = I50 ps, we have Litint = 170 ps. 
As was reported earlier [4], for counting rates as high as 5 x 104 c/s· mm2

, the 
time resolution of an LPMWPC is not affected. 

We studied the influence of high background a-particles for the FF timing reso­
lution of LPMWPCs. The presence of an intense and nonmonochromatic Ct source 
(about 2 x 105/sec), docs not affect the time difference spectrum of detector-! and 
detector-2, whic.h measured with the help of a fission fragment rate of a few frag­
ments/sec. The efficiency for detecting a-particles is :::; 10-4

• The res11lt.i.ng time 
difference spectrum is shown in Fig. 8. 
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c.) Position Resolution. 

When an avalanche occurs on an anode wire, a positive charge is induced on the 
cathodes. The position of the avalanche can be determined by measuring t.he center 
of gravity of the induced charge distribution using various methods such as delay 
lines, charge-divi.sion, or direct computation. 

We investigated the localization capabilities of low-pressure MS Cs using delay 
lines [28,29]. Position sensing with delay lines is based on conversion of position 
information into a time delay. In this method, position sensing electrodes in the 
detector are connected at a uniform spacing to a delay line. The signal can be 
coupled either capacitively, or directly. If cathodes of a multiwire proportional 
chamber are connected to the delay line, a well known interpolating property results 
[28]. The image of the signal charge is seen by several electrodes, and by <l etermining 
the centroid of the composite signal propagating along the delay line, I. he position 
can be determined with an error smaller than the wire spacing. 

In principle, the delay !in~ is a non-dissipative position sensing medium. The 
noise in this system is gcneratc<l in the termination of the sig1rnl <t11d in the amplifiers. 
The position resolution is ullimat.cly limited by the statistics of the spatiaLcharge 
distribution in the detector. The electronic noise determines the magnitude of the 
signal required to achieve this resolution. 

The relative position resolution is determined by the timing error from the two 
outputs. The noise from the two outputs is uncorrelated for timing, thus: 

li.x = Jz . li.t 
x . t 

The gas gain of an LP MSC is higher than the gain of an LPMWPC. Due to this gain 
difference, the localization capaqilities of the LPMSC can be investigated by means 
of an available intense p--particle source. For this reason, we carried out position 
investigations using the MSC configuration with the low-pressure technique. The 
planes of the MSC also have a circular form, with a diameter equal to 60 mm, having 
golded-tungsten 12.5 µm thick anode wires 1 mm apart. The gap between the anode 
and cathode is 3 mm. The cathodes arc made of 90-1m1-thick Beryllium-Ilronze' 
wires, spaced 1 mm apart. Using Beryllium-Bronze wires allows one to increase 
the anode voltages up to 500 V. The signals from a-particles were about 5-10 mV 
and the preamplification gap was 3 mm. The three cathode wires were connected 
together to the taps of the delay-line chips. The delay-line chips of the type 1507-
208 (Data Delay Devices, inc.) having a delay of 2 ns ,between t aps and a impedance 
of 100 Ohms was used. The position of the avalanche was obtained by measuring 
the time difference between the induced pulses propagating towards t he two ends of 
the delay lines. Low-noise preamplifiers and const~nt fracti on l imi ng discriminators 
were used to process the signals. A schematic of the clectro11i cs is shown in Fig. 
9. At first, we carried out the measurement for linearity of lhc delay- line chips. 
The results of such a measurement, for two delay-line chips conn ected successively, 
ate shown in Fig. 10. ln general, linearity is observed ; hut for accurate position 
determination, absolute calibration using a well colli1rnttcd source is necessary. The 
attenuation coefficient of signals traversing through oue delay-line chip (20 ns) is 
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0.95. The position of the avalanche is obtained by measuring the time difference 
between the induced pulses propagating towards the two ends of the•delay line, as 
shown in Fig. 9. Position resolutions were measured at 2 Torr of hexane with a 
particles from 

239
Pu. A collimator, made of .05mm slits, was placed at a distance 

of 28.4 mm from the detector; their image on the anode of the detector was .32 
mm. The center to center distance between slits is 5.8 mm. Figure 11 shows the 
posi.tion distribution of the collimated source. The resolution of each peak is .44mm 
(FWHM). The estimated intrinsic position resolution of the chambers is on the order 
of .3mm (FWHM). • 

The position can be determined also by measuring the time difference between 
the anode and one of the induced pulses. In this case we obtain a .6mm resolution, 
instead of .3mm. 

4. Time-Zero Fission Fragment Detector 

Good timing and positioning parameters for the low-pressure· technique allows for 
one to develop a time-zero fission fragment detector, i.e. a detector, which permits 
measuring the fission time of nuclei in a target. Such a detector can be used for 
the direct measurement. of heavy hypernuc\ei liftimes at TJNAF [3]. The proposed 
design of the time-zero FF detector is showu iu Fig. 12. The FF ddcctor consists 
of two pairs of low-pressure chambers. The first chamber is placed at a distance 
of 3 cm from the targd. The distance between the first. and H<'concl chamber is 7 
cm. The signals from the anodes and cathodes will be used for time and position 
measurements, respectively. The fine beam micro structure at CEBAF and other 
electron accelerators provides beam bunch timing of nearly zero width. Furthermore, 
the beam bunch lime tg is practically equal to the productiou time of a nuclear 
reaction. Each chamber in the FF detector system will record a tinie l; after a li.tFF 
time of flight of fission fragments. For prompt fission events: 

ti; = t; - li.tFF· 

For delayed fission events: 

l~ = l; - C::,.tFF + lJ.td, 

where C::,.td is the decay time. 

By means of a FF detector, we will measure the velocities and reconstruct tracks 
of fission fragments which will allow us to determine experimentally event by event 
the fission fragment production time-t0• In an ideal case for prompt fission, the 
distribu_tion fp of the measured tg must be Gaussian like with a mean value equal to 
0. With out experimental error, the distribution fd oft~ for delayed fission will look 
like an exponential with the decay constant equal to the lifetime TA. The distribution 
fd of the measured Tt will be a convolution of the experimental resolution function 
r and the probability density f: 

fd(t, TA)= J f(t - t', TA)r(t')dt' 

A three-dimensional Monte Carlo (MC) code was developed for t.hc investigation on 
the influence of physical processes connected with the penetration of fission frag­
ments through the target and the gas chamber, to the time characteristics of a FF 

8 



detector, taking into account the timing and position characteristics of low-pressure 

chambers. For the resolution (FWHM) of timing and position for each chamber 

of the FF detector, we take the experimentally obtained results 235 ps and .3mm, 
respectively. 

The penetration of fission fragments through the target is simulated, taking 
into account the ionization energy loss, charge-exchange, and 111ultiplc scattering 
processes. The theoretical description of the stopping power for fiss io n fragments is 
more difficult than for elementary particles, because the f ragme nt.s both lose and gain 
electrons during their passage through matt<'r; therefore , t.he <'Xcit.n.t.ion spectrum is 
calculated for each single charge state q. The mean cnergy'los:; t::.F: of th e frngrnent 
in C.X; is then: 

q=Zp 

C.E =Sp x C.X; x L q2</>(q,ur·) 
q=I 

where </>(q,vF) is the charge state of the equilibrum distribution and 

[

q= Z r ] 1/2 

qeJJ(Vp) = ?; q2</>(q,VF) 

is the so called effective charge of the fragment, and S,, i:; the :;topping power of 
protons for the same velocity. For q,Jf /Zp, we use the following expression [30]: 

q,1J/ZF = 1. - 1.034 X exp[-vF/(vo · Z~6'18 )j 

where ZF is the charge of the fragment, and ·Vo = 2.19 x 108 {cm/sec) is the Bohr 
velocity. We assume charge equilibrum distribution is Gaitssjan like with u = .115 x 
(ZF )1/2. • 

For the calculation of Sp, we use the oscillator model with shell corrections 

[31,32]. For multiple scattering, the Moliere theory developed for thin layers of 
matter [33] was used. In order to reduce the computation time, the transport of 

fission fragments in the target is modeled by the method of "group" collisions [34].' 
According to this method, the ranges of fragm ents in the target is cliviclccl into steps 
C.X;. In the case of a Bi targe t the steps arc C.X; = 10- 5 cm. It. is assumed that. 
within each step, the fragment track is a straight line. lonizatio11 e11ngy loss occurs 
only during a transition from one step to the next, while the fr<tg1uent. un<lcrgoes 
scattering, as well as changes in. charge state due to multiple scattering and charge­
exchange processes. The fragments are followed in the target until they stop or 
escape the target. If the fragment emerges from one of the two surfaces of the 
target, the motion is then considered in the gaseous medium. The fi ssion fragments 
are considered to be stopped, if their energy becomes less than 2 Mc V. 

The transport of fission fragments in the gaseous medium is s imulated by a 
different method. In this case, the energy loss and charge-exchan ge processes were 
considered only. The track of the FF is <livided i11to parts aho 11I. ;1 111illimctcr in 
length. It is a.:;sumcd that within ca.di step, the frag111c nt. cha rg1· is a. c:o110t~nt. 
Charge stales of the fiss ion fragm e nts arc changing d11ri11g trn 1is it i<>11 fron1 one :;lep 
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o ~he next. Ionization energy losses occur continuously by t he lw lp c,f the i1id ivid ual 
··ollissio n mode l [31]. ~ 

Th e mass d ist ribution of fragments is sampled fro m a Ga11 s~ ia 11 lih•' distribut ion 

with ii wi dth l l<'W HM) equ-al to 56 a tomic mass un ils j'.i:i ). rnrn•,pond ing lo a 
symnwl• .,. fis>1 .. 11 mode. The charge to m ass num ber rat.i o of fi,si.,n fraµ;nwnt.s wn.s 
\.n.kr11 I r I •(' i ll<' ,a m r• i\S the fissi onin g Jl \l r.lrus [:16] . l\i11<'1 ir· ('ll <'I''~\ .,f r":W111enl s \\'i\S 

ri <"l.<'r mi · .·d hy 1 w help of Viola systemat ics [l ], ;tssi 1p1i11c, th;.t •I,. 1·•:·, , 'i:.oi r hargr· 
of the c• •1 po111 1t'. 11 11 clci a re Lhe sa111e a.s for 13i. 

T he . lu11tc Carlo time difference spcdrum between two cli;,;,Ji,,.r,, s!l u<tled ac­

cordi ng '" the geometry of Fig. 4, is showu in Fig. lJ . For c:o111parison , the 
experiuwntal data are shown as well. There is good agreement li<.:tween the MC 
and th e experimental spectra. In Fig. 14, the MC d istrib ut ion f P of the t~ fo ~ on ly 
one ( first ) p lane, when fragments enter perpendi cula rl y to the ch:llnhn pla11c of t li c 
detector is shown. In an ideal case, the a verage value of the t~ 1nus1. lw r.q nal to 0. 
Ca! cuh(.io 11s ll'C'rc done with and wit.l1011t v s in th r• cl 1a111IJ('r. Tl lC' / , di slribu li on, 
with ou t • gn.s env ironment, is Gaussi;rn-like with a rnen.11 va lue or I ps . !'he· exis tence 
o f I.he e e 11 vi ron11 1e nL i 11 0 uenccs tl tr! li111 c di sL rjlJ11 tion. 111 1 he r ;i,<: .,f lw1,t.;111<' a.1 a 

pn·ssi1• · .f I Torr, 1:hr mean valn c of I.he '/'/,' di slri li 11 t.io 1t i ~ 011 t I"' orrl"' "' 1 UO JlB. 
'!'hi s pl1 on1•·11011 111L1st be taken in to a.ccouni in the T.J NA I' l·:!Jri.oo~ <• xp<•ri111eut; 
I. he 11 1a1· ~oal of whi c. h is the clircd. 111ca.s11rcn;e 11 t of lite li ft!L in w of a d1·l;cy<·d ri ssio11 
p rocess. !'he delayed fission in this experiment is associated with lhe heavy hyper-
11 11 dc i p t " d uct.i on. The expected lifetime of heavy hypcriiuclci is 0 11 I.he order of 100 
ps; thc r,. forc, the i110uencc of the energy loss to fragments velocities in t he gas of 
the ch a1 ;1 ber , can mask the effect and/or to serve as a source o f system a t ic error . 
The a bundant number of prompt fission events and the MC code will be used con­
t inu osi ~· for <tp pro pri ai e calibration of the fission-fragment detector. However, the 
d ist ribu 10 11 of th e mean time-zero of all four planes is more Gaussi ;w like, a nd 209 

ps dela.y ·d fi ss ion events are slightly different, as shown in Fig.1 5 . T he mean values 

fo r the-. 1,im <" d iffe rence spectra arc 24 ps and 225 p~, respect ive ly. T heir d iffercncr 

is cqu ;i.l •1 tl w lifet ime of the delayed fission. Fitting the obtain ed life time spectrum 

of LO:i r"· nts hy the convolution of the resolution function with a n exponen tial decay., 
nsi11g ;, ' t i1•1: ;dgorithm based on Gauss ia n st<tt.ist i('s, t he hy pern ud<'«r lif<!I inws Cnll 

he de\•" 1in1 I with n good preci sion (:5 5%). 
J\ cl · ;iilcd dcscripLion of the present MC code will he prcse11Lccl in 11 d iff,: rcni 

paper. 
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4. Summary 

Resolutions of about 170 ps (FWHM) for timing with fission fra.gments from 
252Cf and .3mm (FWHM) for positioning with a-particles from 239Pu have been 
obtained using LPMWPCs and LPMSCs, respectively. 

Based on these techniques time-zero fission fragment detectors, are proposed. 
The characteristics of such a detector were investigated with the help of a Monte 
Carlo simulation, taking into account timing and position resol11tio1is of low pressure 
'chambers, as well as physical processes connected with fission a11<l with pe11ctration 
of fission fragments· through the target and gaseous medium of the chambers. Be­
cause of the small thickness of the target(~ 2µm), energy loss and straggling of 
fragments in the target arc not noticeable; notwithstan<li11g, the frag111e11ts lose 
about half of their kinetic energy in the target; in contrast, a mi11or energy loss of 
fragments in the gas of the chamber even at pressure of 1 Torr, influences slightly 
the shape of the time distribution of the proposed time-zero detector. This phe­
nomenon, which can become a source of systematic error in delayed fission lifetime 
measurement experiments, can be controlled with the help of appropriate calibration 
techniques using abl!ndant prompt fission events. 

The proposed fission fragment detector can be employed for the investigation of 
the prompt and delayed fission processes as well as for the study of heavy hypernuclei 
and other exotic atoms and nuclei. 
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Figure Captions 
~ 

Fig.1 Operation mechanism of MWPCs. (a) At normal gas pressures, electrons 
collcct.ed from th e sensitive volume are amplified in the region of the wi res. (b) 
At low pressures, electrons start an avalancli in the constant fi eld rcp; illn: a second 
amp lification step occurs when the electron swarm reachs th e win·s. 

Fig.2 Schematic clrowing of the detector. 
Fig.3 Schemat ic diagram of the gas handling system. 
F'ig.4 Schem~tic diagram of the geometry and electronics of t iming i1 1,·r·st igations 

of LPMWPCs. l'A - preamplifier, CrD - constant fraction cli scr i11 1i11al•>1·. ~1'/\C - t ime 
t.o amplit.11de co11 vPr l.,, r, DD - single d1;i.1111el ;1.nalyz<' r, M( :/\ - 1(1 :!·1 ··11. 111111"1 ;,11;dyzc·r, 
DL - delay line. 

F'ig.5 TOF - spectrum of fragm ents from a 252 Cf som e" bcl\\' f'<'ll Ll' 1\ l \V l'Cs DJ 
and D2 (1 ch = 56 ps) . 

Fig.6 TOF - specl.rum of fragments from a 252Cf source between Ll 'ivlWl'Cs DJ 
and D3 (I ch = 140 ps). 

Fig.7"·bGatecl TOF-spectrum of fragments from a 252Cf source between LPMW­
PCs DI nnd D2 (L ch = 84 ps). The gate widths are 120 ps (a ) nnd (iOps (b) , 
respectively. The srparation between the two peaks in time is 2 ns. 

Fig .8 TOF - spectrum of fragments from a 252Cf source and a - part. ides from 
23"J>u l.ictwee11 Ll'MWPCs Dl and 02 (1 ch= J68 ps). 

Fig.9 Simplified M:heme of the electronics fo~ positioning inves t.igat.i o11s of LPMW­
PCs. PA - preamplifier; CF'D - constant fraction discriminator; l)J, - del ay line; CA 
- 1024 channel armlyzer; TAC - time t.o amplitude convert.er. 

Fig.10 Relationship between the . number of delay - line taps t.o I.he centroid of 
the delay - line time distribution. 

Fig.11 Position resolution of the LPMSC measured at 2 Torr with a - particles 
and with a set of fine slits placed in front of the detector. The slit's image on the 
anode plane is .32mm. The intrinsic resolution is .3mm (FWHM). The distance 
between the two peaks is 5.8mm. 

Fig.12 A schematic sketch of the time - zero FF detector. 
Fig.13 TOF - spectrum of fragments from a 252Cf source between LPMWPCs 

DJ and 02 (1 ch = 112 ps). Shown are the results of the measurement (solid line) 
and Mont.e Carlo silllulation (dashed line). 

Fig. I ii Mon te C:arlo time - zero clistribution of frag1n ents from Bi for t.hc fi rs t 
challlbcr of t.illle-wro FF detect.or (ld1 = 100 ps). The curves belong to the cases 
without gas (solid line) and with Hexane at J Torr pressure (dashed line). 

Fig.15 Monte Carlo time - zero distribution of. fragments from Bi for the four 
chambers of the time-zero FF detector system (lch = 100 ps). The curves belong 
to the cases of delayed fission with a 200 ps lifetime (clashed line) and with prompt 
fission (solid line) . 
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a) MWPC -n0<mo l gos pressure 

h 

b) 

por1icle · 

ornplificotion re91on 

colleclion region 

(E/p =3 V/C:m•forr) 

MWPC - low gos pressure 

t 

.. L 
second amplification 

firs! omplificofion region 

(E /p • 500 V/cm •torr) 

Fig .1 Operation mechanism of MWPCs. 

t 

(a) At normal gas pressures, electrons coll ec t e d from tl1c 
sensitive volume are amplified in the rcgior1 of the wires. 
(b} At low pressures, electrons start an avalanch in tl1e 
constant field region: a second amplifica t i o n step occurs 
when the electron swarm reaches the wire s . 
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Fig . 2 . Sch e ma tic drawing of the used MWPC. 
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Fig . 4 Schematic diagram of the geometry and electronics of timing 
investigations of LPMWPCs . PA - preampl ifi e r , CFO - constant fraction 
discriminator, TAC - time to amplitude c o nve r ter , DD - single channel 
analyze r , MCA - 1024 channel pul se analyzer , DL - de l ay line 
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Fig . 3 Schematic diagram of the gas handling system. 
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Fig . 9 Simplified scheme of the electronics for positioning investigations 
of LPMSCs. PA - preamplifier; CFO - constant fraction discriminator; 
DL - delay line; CA - 1024 channel analyzer; TAC-time t o amplitude 
c onverter. 
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fo r the first chamber of time-zero FF detector(l ch = 100 ps ) . 
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