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ABSTRACT

The lifetime of very light A hypernuclei is dominantly determined by mesonic decay. As the mass of the
hypernucleus increases, the nonmesonic decay rate increases while the mesonic decay rate decreases rapidly
due to Pauli suppression of the low momentum final state nucleons. The nonmesonic A decay, a strangeness
changing weak interaction, takes place only in the nuclear medium, and provides a unique opportunity to
investigate the weak four-fermion vertex. In general, it is believed that the lifetime of the A hypernuclei is
a decreasing function of the mass number A. However, the effective YN interaction range may lead to a
situation where additional nucleons may have no effect on the lifetime of the hypernuclei.

In spite of the great physics interest in the decay of hypernuclei, the available data are scarce and have
large uncertainties. This is due to the tremendous difficulty in producing A hypernuclei and of subsequently
detecting their decay products. Many of the measurements are based on limited statistics and are pre-
dominantly for hypernuclei with an atomic number A<16. Only a few heavy hypernuclei (such as *°°Bi
and 2380/,) have been experimentally observed and their lifetimes were measured with very low accuracy
(~100%). New precise measurements of heavy hypernuclei lifetimes and the A dependence of the lifetimes
are therefore needed.

Since both the electron and K* are particles that interact weakly, electroproduction (photoproduc-
tion) of hypernuclei provides a low distortion means of investigating the fundamental interactions between
nucleons, lambdas and sigmas. We propose to carry out a measurement of the lifetimes of the heavy A hy-
pernuclei 197 Au, and 2°°Bi, produced in the (y, K*) reaction using virtual photons from forward scattering
of unobserved outgoing electrons.

Kaons will be detected at small angles (~12.5%) in the kinematical region corresponding to the high
energy part of the photon spectrum (to keep hypernuclear excitation energies as low as possible). A Low-
Pressure Multiwire Proportional Chamber (LP MW PC) which is only sensitive to the fission products with
Z much higher than « particles will be utilized to detect the so-called delayed fission fragments produced
by the decay of heavy hypernuclei. Such delayed fission accompanied with kaon production is a signal for
hypernuclear decay.

The lifetime of the produced hypernuclei will be measured directly from the time delay between the
CEBAF electron beam pulses (which will be tagged by detecting K+ mesons) and, the nuclear fission frag-
ments. Nuclear targets with an effective thickness ~(20 - 40)mg/cm? will be used. The existing parameters
of the CEBAF electron beam, the Hall C SOS magnetic spectrometer, and a LPMW PC will allow mea-
surements of hypernuclear lifetimes with an accuracy of ~ 20ps which were impossible to achieve with low
luminosity K~ and antiproton beams, or with electron (photon) beams having a low duty factor.



1. INTRODUCTION

A hypernucleus is a many body system composed of nonstrange nucleons and one or more strange
baryons. The presence of the strangeness degree of freedom in a hypernucleus adds a new dimension in the
evolving picture of nuclear physics. Such a system provides a laboratory in which properties in the AN
interaction in the nuclear medium may be explored. The lifetime of heavy A hypernuclei is an especially
interesting subject from the viewpoint of the weak-decay mechanism of the A in a nucleus.

High precision measurements of hypernuclear lifetimes and their A dependence may provide valuable
constraints in for attempts to understand many fundamental issues in hypernuclear physics. Such open
issues include the effective Y’V interaction range (which is directly associated with the role and the strength
of the vector meson exchange interaction); AN — IN conversion; and the ANN three body interaction
(interesting due to lack of one pion exchange). At the quark level, Pauli blocking may lead to an observable
deviation from the expected A dependance of the hypernuclear lifetime using conventional hadronic models,
especially in the very high A (A > 50) region.

A free A decays with a well-known lifetime almost exclusively via the mesonic channel: A — N + 7,
whose decay width has been well determined. The nonmesonic decay,

A+N—-N+N

a strangeness changing weak interaction, takes place only in the nuclear medium and provides a unique
opportunity to investigate the purely hadronic weak interaction. Since for heavier nuclei, the momentum of
the final state nucleon from mesonic decay is below the nuclear Fermi momentum while that from nonmesonic
decay is above. It is commonly believed that only the lifetime of very light A hypernuclei are dominantly
determined by the mesonic decay. As the mass of the hypernucleus increases, the nonmesonic decay rate
increases while the mesonic decay rate decreases rapidly due to the Pauli suppression of the low momentum
final state nucleon. Thus, in general, it is believed that the lifetime of A hypernuclei is a decreasing function
of the mass number A. However, the effective Y N interaction range may change the lifetime, i.e. additional
nucleons may appear to have no effect on the lifetime of the hypernuclei.

At the quark level, if one requires that the u and d quarks in the A be antisymmetrized with the
nonstrange quarks in the neighboring nucleons, then observable effects such as isospin mixing in hypernuclei
or modification of the

A—=7+N

weak decay rate in the nuclear medium may occur. The effect is particularly interesting and may appear in
heavy hypernuclei where significant new physics may appear. The partial widths of different decay modes,
as well as the A dependence of their parameters, are subjects of many theoretical modelsl!—17].

A high precision hypernuclear lifetime measurement for varied target masses is indeed necessary and
important. The present status of the experimental and theoretical investigations of hypernuclear physics
has been reviewed by B.F.Gibson and E.V.Hungerford (see Ref.[18]), and they conclude, ” The physics of
hypernuclei is new and different, and the challenge to understand it beckons”. The available experimental
data are scarce and have large uncertainties. The experiments have only been done with low beam intensity
and at low duty factor machines. The low luminosity and duty factor have limited the statistical precision
using conventional techniques. Experimentally, uncertainties in beam timing, the low efficiency and large
timing uncertainties in detecting the final state neutrons has limited the systematic uncertainty; the emulsion
data, though subject to good energy resolution, have suffered similarly from low statistics (see more discussion
in next section).

We propose to carry out at the (CEBAF), in Hall C, a direct measurement of the lifetimes of heavy A
hypernuclei with a precision which is not feasible using K~ or antiproton beams. Since both the electron and
K% are particles that interact weakly, electroproduction (photoproduction) of hypernuclei provides a low
distortion means of investigating the fundamental interactions between nucleons and hyperons. More impor-
tantly, the fine beam micro structure at CEBAF provides beam timing of nearly zero width. Low-pressure
proportional chambers, which are sensitive only to fission products with Z much higher than the « particles,
will be used to detect the so-called delayed fission fragments produced by the decay of heavy hypernuclei.
Experimentally it has been proven that such delayed fission predominantly occurs with hypernuclear decay.
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The fission detector has not only excellent timing resolution but is also capable of reconstructing the frag-
ment trajectory and velocity. This will allow to minimize the timing uncertainties due to geometry and the
momentum spread. By making a coincidence between the kaon and the delayed fission within the kinematic
range corresponding to E < 50MeV in the hypernuclear excitation energy, the hypernuclear lifetime can be
measured directly. The kaon timing will be used to reconstruct the appropriate beam bucket, which in turn
will determine the fission timing. The accuracy of this lifetime measurement can be about 20ps (with a high
signal to noise ratio). A detailed description is given in the following sections.

2. SCIENTIFIC JUSTIFICATION

Because of strangeness conservation, kaon photoproduction (electroproduction) entails strange baryon
(A, X) production and for nuclear targets this provides an excellent opportunity to study hypernuclei. The
decay modes and widths (lifetimes) of hypernuclei are directly connected to the effective YV interaction
range.

The free A-hyperon lifetime is determined by its = -mesonic decay:

T2 = h/Ta = 2.63 x 107 %sec,

TA=Ts-+4+Tyo
A —p+ 7 +37.8 MeV (64.2%)
A—n+7°+41.1 MeV (35.8%).

This decay mode is characterized by a small pion (nucleon) momentum, ¢¢ ~100 MeV/c, which is
smaller than the typical nuclear Fermi momentum (k; ~ 280MeV/c). In the heavy hypernuclei therefore the
m-mesonic decay mode tends to be suppressed by the Pauli exclusion principle acting on the created nucleon.

On the other hand, nonmesonic weak decays take place only in the nuclear medium, since via a two-body
weak interaction with a nucleon:

A+n—=n+n+176MeV

A+p—-n+p+176MeV

The 176MeV energy release in both of the neutron stimulated and proton stimulated decay corresponds
to a final-state nucleon momentum on the order of 400MeV /c. Because this is well above the nuclear Fermi
momentum, the nonmesonic decay modes dominate in all but the lightest hypernuclei.

The relative contributions of these two extremely different decay modes of the A in nuclear matter can
depend on A, hence hypernuclear lifetimes can have an observable A dependence. For light hypernuclei,
the mesonic channel plays a dominant role. The lifetime of light hypernuclei may decrease as A increases
due to opening of the s - shell levels (for example from *He to ®Li) which can contain a final-state nucleon
. from mesonic decay. This effect is enhanced due to increased phase space. If this additional phase space
will increase the mesonic rate faster than the non mesonic rate decreases (due to a reduced nuclei density)
shorter lifetimes for the light hypernuclei are expected.

For the heavier hypernuclei the contribution from this channel is believed to be vanishing small, and the
nonmesonic decay channel becomes dominant. Hence, the lifetime of heavy hypernuclei can depend strongly
on the behavior of this nonmesonic decay mode. In turn this nonmesonic decay mode in nuclear matter is
strongly related to the effective AN interaction range.

In this simple and naive picture, one would expect that the hypernyclear lifetime is smaller than the
lifetime of a free A. The lifetime should decrease slowly as the atomic number increases (due to the suppres-
sion of the mesonic decay channel). At large enough mass number A, the lifetime of the hypernuclei should
be completely dominated by the nonmesonic decay. Hence, the behavior of the hypernuclear lifetime versus
the atomic number A will depend strongly on the character of the AN interaction. If the AN interaction
has a very short effective range (relative to the nuclear size), then one should observe a saturation effect in
the A dependence of hypernuclear lifetime. Most importantly, such a saturation effect will strongly appear
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in the region of heavy hypernuclear, where explicit quark effects may also appear which could effect on the
A dependence. The partial width of the different decay mode channels, as well as the A dependence of their
parameters have been predicted by many theoretical models(!=17.

A critical review of the different approaches can be found in Ref.[17]. Here it is shown that the mesonic
width is highly sensitive to modification of the pion properties in the medium. The -A-width in the medium,
or inversely the lifetime, can vary with of order 30% for A ~ 200, depending on the assumption mode in the
models of Ref.[17].

The lifetime of a A particle in a very heavy nucleus is additionally an interesting subject from the
viewpoint of the hypothesis of Kirzhnitz,Lindel!®]; Salam, Strathdeel?®! and Bychkov(?!l. A weak charged
current contains not only the pure d and s quark states, but also their combinations with the Cabibbo
mixing(??). The switching off of this mixture occurs abruptly when the external temperature, magnetic or
electric fields attain a critical value. Therefore, the surface hypernuclear states in their hypothesis could
have a much longer lifetimes than the volume hypernuclear states.

2a. CURRENT EXPERIMENTAL STATUS

In spite of great theoretical interest there are scarce data because, experiments with conventional tech-
niques can not be done without great technical difficulties. These problems are associated with the large
timing uncertainties when using low duty factor beams. Large effects from low detection efficiency and
timing uncertainties in detecting of neutral particles (mainly neutrons) have also contributed to the overall
lifetime measurement uncertainties of all previous experiments. Detection of the charged final state particles
(pions and protons) could also not be effective due to severe nuclear distortions and ionization energy losses
when the target thickness becomes large. Thus, all existing data including those from decay width measure-
ments have poor accuracy, and many of them have poor statistics (a few tens of counts). The observed A
hypernuclear lifetimes, 7(4 Z) = h/Tot(4 Z), are shown in Fig.1.
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Fig.1 The observed lifetimes of the A hypernuclei
The experimental data are from Ref.[23,24].
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It is worthwhile to note that the values of 74 reported in Fig.1 were obtained by quite different techniques.
In the low mass region, many of the measurements were based on very limited statistics, such as the {0
lifetime measurement (which had only 22 events). The values for the light hypernuclei (A < 5) are from old
bubble chamber and emulsion experiments, and a new measurement for 3 He is from a counter experiment
performed at the Brookhaven National Lab AGS [?4l. The values for 9 < A < 12 were also given by this
last experiment. The lifetime for }*0O was measured by an unusual technique of bombarding a polyethylene
target with a relativistic 160 beam [25],

Even with these rather inaccurate measurements, one can still see some of the effects discussed above.
It seems that the lifetime of the light hypernuclei is slowly decreasing as a function of the atomic number.
In the region of A < 16 the lifetime appears to be a factor of ~1.5 shorter than that of a free A. Essentially,
there is no reliable data above A = 16. A few more recent measurements at very high A values (*°° Bi and
2387) with large error bars provide no clues in resolving the standing A dependence issues.

The same character of the A dependence can be seen in the data for the ratios of the nonmesonic decay
rate I'nm to the 7~ decay rate (see Fig.2). Again as above, no data is available for values of A > 16 where
significant new physics may possibly appear.
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Fig.2 An illustration of the experimental ratios of the
nonmesonic decay rate to the 7~ ‘decay rate

2b. HYPERNUCLEI TIME DELAYED FISSION

A new technique of detecting hypernuclear fission fragments and utilizing the excellent CEBAF beam
character with simultaneous kaon detection (associated with A production) provides an excellent opportunity
for measurement of the hypernuclear lifetimes and their A dependence in a particularly interesting region
with very good accuracy. The fission detection technique has been successfully applied in nuclear fission
studies and has proved to be very effective and insensitive to the high radiation background. A detailed
technical discussion and features of device can be found in the section below on experimental setup for our
proposed lifetime measurement at CEBAF Hall C. Here, we will give a little more physics background on
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the hypernuclear fission process.

A mesonic decay into a pion and nucleon may be described in terms of the exchange of a W boson
between quarks as shown in Fig.3(a). The quark and meson exchange diagrams for the weak nonmesonic
decays of the A hyperon where two nucleons are produced are shown in Fig.3(b) and Fig.3(c).

MESONIC A — 77"+ MESONIC A — T~ +n
a d
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Fig.3(a) The mesonic mode diagram for A decay
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Fig.3(b.c) Quark and mesonic exchange diagrams for weak
nonmesonic decays of A hyperon

Theoretically it has been pointed out that the total nonmesonic (nm) decay rate, Fam=Tnp + Can,
appears to be relatively insensitive to the details of the weak interaction models employed. In contrast, the
I'np/Tnn ratio appears to be directly related to the specific meson exchange components (, p, K ,...) of the
Hamiltonian and sensitive to the question of whether the AI=1/2 rule holds for nonmesonic decay.

The mesonic decay of free hyperons occurs with isospin changes of 1/2 and 3/2. In a naive theory,
the (V' — A) Hamiltonian description of A — 7N transition implies equal AI=1/2 and AI=3/2 strength.
However, it is experimentally well known, from both free hyperon decay and kaon decay, that the AI=1/2
amplitude is enhanced by an order of magnitude over the AI=3/2 (about of factor of twenty in the case of
A — wN). The nature of this empirical AI=1/2 rule is not understood.

In the AN interaction, a m cannot be exchanged, and there is no OPE deminant force such as in the
nucleon-nucleon interaction. The absence of direct OPE force in AN ensures, that information regarding the
short range properties of the baryon-baryon interaction can be obtained in A hypernuclei.

In the nuclear medium, the pionic decay modes are considered to be severely inhibited by Pauli blocking
of the final-state nucleons and is strongly suppressed as the mass number of the hypernuclei increases.
Furthermore, in s-shell hypernuclei the variety of open channels has a dramatic effect upon the 7~ /#° ratio.
In nuclei the T',- /T 5o ratio is predicted to range from ~ 0.1 up to ~ 1.5 (due to the selective character of
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7~ and 7° decay in the nuclear medium). For the range 40<A< 100, the ratio [y, /T - lies in the range
of 120 to 180. In other words, pionic decay is less than 1% of the weak decay transition. Since the energy
liberated in the nonmesonic decay of the lambda is ~ 176MeV, the residual nucleus can undergo fission with
a high probability. Experimentally it has been found that time-delayed fission only appears near or above the
hyperon production threshold. Also, nuclear fission which is unrelated to hypernuclear production appears
to occur on a time scale more than three orders of magnitude shorter than the lifetime of the hyperon.
Thus, the lifetime of the delayed fission is directly related to the lifetime of hypernucleus. Detection of
nuclear fission fragments in coincidence with a kaon can be associated with hypernuclear production with
an efficiency close to 100% (for example for preactinide nuclei). Therefore, the lifetime of the produced
hypernuclei can be measured directly from the time delay between K+ meson production (or corresponding
to beam bunches) and fission fragment detection.

Due to the availabilities of the excellent beam characteristics at CEBAF and the high efficiency and
excellent timing resolution in the fission fragment detection technique, it is possible to carry out a direct
measurement of the lifetime of heavy hypernuclei produced in the (v, K*) reaction, using virtual photons
from forward scattering of the unobserved outgoing electrons. In the (v, K') reaction the small momentum
transfer and generally the higher cross section is obtained when the angle between the photon and the
kaon is small. Hence, one must place the kaon spectrometer at forward angles to maintain a reasonable
cross section. In CEBAF Hall C, kaons will be detected with the SOS magnetic spectrometer placed
at a small angle (~ 12.5°) which is in the kinematic region corresponding to the production of low lying
hypernuclear states in the energy range of E,, < 50MeV. The fission fragments will be detected in a low-
pressure multiwire proportional chamber (LPMW PC)[26-301 A chamber such as this haw been successfully
applied in nuclear fission studies. The unique time structure of the CEBAF beam (1.67ps bunch width
and ~ 2ns bunch spacing) will provide the time-zero information, and is very suitable for the hypernuclei
lifetime measurements in the range of (0.1-1.0)ns. Therefore, we believe that the existing parameters of the
CEBAF electron beam, the Hall C’s SOS magnetic spectrometer’s, and the LPMW PC will allow us to
make a hypernuclear lifetime measurements with a high accuracy (~ 20ps) which has been impossible to
achieve in K~ antiproton, or electron (photon) beams with a low duty factor.

3. EXPERIMENTAL SETUP

The Experimental layout is shown in Fig.4.

Zﬁs
e t—d V1=
~— iz

Fig.4 Schematic representation of the experimental setup
(not to scale)

The electron beam passing through the nuclear target will produce K+ mesons on the bound protons due
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to the v* P — K+ A reaction (as well as 77, P and et from background reactions). With some probability, the
electron beam interaction with the heavy nuclear targets will induce nuclear fission. But only hypernuclear
formation and subsequent decay can be associated with the observed delayed fission fragments. In this case
the time interval between kaon production and the delayed fission fragments can be directly interpreted as
the lifetime of the hypernuclei.

The Hall C Short Orbit Spectrometer (SOS), with its relatively large angular acceptance (~ 10msr)
and good momentum resolution (~ 0.1%), was specially constructed for the detection of low momentum
and short lifetime hadrons !l. It will be very convenient for K+ detection in this experiment. The K+
mesons will be detected at the smallest possible angle (~ 12.5° relative to the incoming electron beam). The
kinematic range to the reaction 7*P — K*A (on nuclear targets) has been chosen to correspond to a low
nuclear excitation energies (£, <50MeV).

Low-pressure multiwire proportional chambers (LP MW PC) will be used for detection of the nuclear
fission fragments. The LPMW PC as a fragment detector is best suited for photo-fission and electro-
fission experiments. Its main advantages include: a) good timing resolution (¢ <50ps), b) high efficiency
for fission fragment detection (~ 100%), c) an extreme insensitivity to ¥ and neutron backgrounds and
good discrimination between o-particles and fragments, d) negligible radiation damage by as and fission
fragments, e) good position resolution (FWHM ~ 100um), f) high rate capability (operates at count rates
up to 10°/mm?), and g) high angular acceptance and availability in different sizes and shapes. A coincidence
between a kaon in the SOS and a fission fragment in the LP MW PC will determine an online trigger. The
lifetime of the hypernucleus will be determined by a detailed offline analysis.

3a. THE FISSION FRAGMENT DETECTOR

The nuclear fission fragment detection will be done with two low-pressure multiwire proportional cham-
bers (LPMW PC). The proposed design of LPMW PC is shown in (Fig.5).

o / | K

-l
e 1 1 1L
—=-
 — 1T

Fig.5 The schematic sketch of the target box and fragment detector

The active volume of the L P MW PC detectors will be isolated from the volume of the scattering chamber
by ~ 0.5—1.0umAl -coated polypropylene window. At this thickness the dispersion of the fragment velocities
will be negligible. The scattering chamber will be operated at a pressure of ~ 10~4Torr. The detector will
be filled with isobutane (CsH1o) gas and operated at a pressure of ~ 3Torr. It has been shown that pure
hydrocarbons are best suited for low-pressure gas-filled counters!?6=2°]. The high density of this gas yields
high primary ionization which is important for precise timing measurements. The pressure inside the detector
volume will be kept constant by a special control system, because, pressure variations during long runs must
be less than ~ 1%.

The first layer of the LPMW PC chamber (~ 5.0 x 5.0cm?) will be placed parallel to the electron beam
at a distance of ~2-3cm away. The second layer (10 x 10cm?) will be at a distance of ~7-10cm behind the
first. Each layer of the chamber consist of one anode plane and two cathode planes. The anode planes will
be constructed from gold-plated 10um diameter tungsten wires with a spacing of lmm. The cathode plane
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which faces the target will consist of a set of ~ 50pum gold-plated tungsten wires also with Imm wire spacing.
The distance between the anode and cathode planes will be ~3mm.

The signals from the LP MW PC anodes and cathodes will be used for time and position measurements
respectively. This information will be used to reconstruct the fragment trajectories and avoid the fragment
travel time uncertainties due to velocity and path length dispersion. The position determination will be
obtained by the measurement of the induced charge on the cathode wires (~ 350 channels) which will be
connected to the commercially made delay lines. For timing measurement the anode signals (~ 350 channels)
will be used through amplifiers that will have very good timing characteristics. The information from the
chambers will be used for the reconstruction of the fission fragment angle with an accuracy of ~ 5mr. The
time-of-flight of the fragments between the detector planes will be obtained with fast timing signals with
~50ps accuracy. In addition, signals from each layer will be used for an independent estimation of the
delayed fission time relative to beam pulses tagged by a coincident arrival of kaons in the SOS.

The operation mechanism of the low-pressure multiwire proportional chamber is similar to a regular
multiwire proportional chamber (MW PC’) and a multi step chamber (M SC). The operation is characterized
by a fast electron collection time (signal rise time ~2-3ns) and a high gain (~ 105 —10°), resulting in excellent
timinggze_au] and spatial resolution characteristics. Typical time resolution for a larger size, position sensitive
detector of this type is on the order of a hundred ps with a position resolution of about hundred pm. Such
low-pressure avalanche detectors have been successfully used in nuclear fission experiments using antiproton
(23] and photon and electron beams (32331 For example, the active uranium targets have been used in the
photo-fission and electro-fission experiments 32! performed at the Yerevan electron synchrotron. In these
experiments, the registration of only one fragment by the LPM W PC’s permitted a background suppression
of relativistic particles, ¥ and neutrons by a factor of more than 10° times, and was able to distinctly separate
the delayed fission fragments from the fragmentation of heavy nuclei due to the absorption of real or virtual
photons.

This equipment has worked with high stability without any encountered problems in beams of ~1.7-
1.9GeV energy, low duty factors (< 1%), and high intensity photon (10%y/s) or electron (107¢/s) beams
passing directly through the active portion of the LPMW PC detector. The detection efficiency of a particles
in these experiments was on the order of < 103, while the detection efficiency of fission fragments was
practically 100%. In another experiment the effective separation of the fission fragments from the high level
relativistic particle background was observed. Detailed description of some of these experiments and of the
LPMW PC detector used can be found in Ref.[32,34]. A detector of this type was applied in the electro-
fission experiment using ?*°*U (e, ¢’ f) reaction at the University of Illinois/®3 with a beam current up to 8uA
(the maximum attainable by accelerator) and worked reliably without any problems.

The fine time structure of the CEBAF beam (1.67ps bunch width and ~2ns bunch spacing)®l can
be used to provide the time-zero arrival information and will be very suitable for lifetime measurements
employing this technique in the range 0.1-1.0ns. As is illustrated in Fig.6, time resolution of the LPM W PC
of <100ps (FW HM) can be obtained.

sesenenrentataasnsnatatet e

Fig. 2. Time resolution of an 80 100 mm? MWPC, measured
with 100 MeV *Ni ions against a surface barrier detector.
p=1.6 Torr, hv =470 V. The two peaks are | ns apart,
fwhm = 170 ps. Intrinsic time resolution: 130 ps (fwhm).

Fig.6 An illustration of obtainable time resolution of low-pressure MW C
Experimental data from Ref.[26]
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It is expected that the time resolution in this proposed CEBAF experiment can be improved to 20-30ps
when the reaction vertex is determined with a precision of < 200um and timing of the fission fragments are
measured relative to the tagged electron beam pulses in coincidence with (K7).

Since nuclear prompt fission follows the act of interaction of the initial particle with target after about
10~ !8sec, the fission nucleus remains in the target. As a result, in this case the fragments are emitted from
the target plane. On the other hand, hypernuclei with lifetimes of the order of ~ 10~ 1%ec can leave the
target and decay at some distance from the target plane (typically this distance will be of the order of
>2mm).

Due to a small beam spot size, in the proposed CEBAF experiment we will be able to detect both
delayed fission fragments with high efficiency by defining the fission decay point away from the target. The
measurement of timing and geometrical parameters of both fragments will be used to reconstruct their decay
vertex, trajectory angles and their velocities. This information will be also used to obtain fragment masses
with an accuracy defined by the kaon spectrometer which will be sufficient to subtract multifragment and
low mass fragments background.

3b. KAON DETECTION WITH THE SOS

The detection of K* mesons in this experiment will be done with the SOS spectrometer. K+ mesons
from the reaction v P — K7*A will be detected at a minimum angle of 8x =~ 12.5°. The angular and
momentum acceptance of the SOS spectrometer (AQ ~ 10msr and AP/P ~ £20% ) and its optical length
(~10m) are suitable for this experiment. The detector package will be setup for Kt detection and will be
similar to the configuration for the approved Hall C K+ form-factor experiment(®] and the light hypernuclei
electroproduction experiments(36:37],

In the case of monochromatic v-quanta with fixed K+ kinematics kaon production will be associated
only with the production of As. In our case (without detection of the scattered electrons) for the virtual
photons with a continuous energy spectrum, the hypernuclear states cannot be resolved. However, if the
set kaon momentum close to the maximum momentum possible for this kinematics, then we will be able to
suppress the contribution from other K+ production channels (like quasi-free K+ production).

A tabulation of threshold values for kaon photo-production from a nucleon with a kaon emitted at
Px =1.2GeV/c and fg = 12.5° are presented in Table 1.

TABLE 1
Threshold for K+ photoproduction reaction
# ~ 12.5° and Px =1200MeV/c

REACTION Gamma Threshoid (GeV/c)
v — KA 1.55
=KX 1.67
P — K*(892)A 1.87
P — KA(1405) 2.00
1P — K*(892)Z 2.02
™ — KA(1520) 220
v — (10200P 230

The proposed experiment will detect only kaons and fission fragments. This allows reconstruction
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of the energy spectrum of initial photons with an accuracy determined by the detected kaon momentum
and the spectrometer angular byte. The energy spectrum will reflect excited hypernuclear states. Hence,
the experimentally measured lifetimes determined by all of statistics will be mean lifetime measurements
for ground and also for all possible excitation states. It is well known from experimental results that
excitation energies has strong influence on hypernuclear lifetimes. For example, the lifetime for 5Li drops
from 256=+20psec for the ground state region down to 160+£20psec at excitation energy ~30MeV.

The SOS spectrometer has a momentum resolution of ~ 0.1%, and ~ 10% momentum acceptance will
be used. With this momentum acceptance, we will be able to separate several hypernuclear excitation energy
regions. Three different energy regions will be of interest for this experiment, and they are:

1) E.e £5.0MeV which corresponds to the production of hypernuclear ground states with the help of
virtual photons with energies £, > E,™ —~5.0MeV, where £,™ is equal to the energy of incident electron.

i) E.r <25.0MeV which corresponds to the production of hypernuclear ground and low lying excited
states with the help of photons with energies E, > E,™%" —25.0MeV. ‘

ii) E.; <50.0MeV which corresponds to the production of hypernuclear ground, excited states, and
quasi-free production of A particles with the help of photons with energies E, > E,™**—50.0MeV.

Such separation in three distinctly different regions will help us to identify the contributions from various
excited states in lifetime measurement.

The SOS spectrometer detector package consists of two wire chambers followed by an X — Y scintillator
hodoscope, two lucite cherenkov detectors, another X — Y hodoscope, an aerogel detector, and finally a Pb
-glass shower counter.

Particle identification is important, particularly for kaon separation from pion, proton, and positron
backgrounds. This configuration of the SOS spectrometer will allow us to have a high efficiency K+ detection
(~ 95%) and an effective rejection of backgrounds from the e*, 7%, and Ps. In the on-line analysis the
rejection factor will be: > 2 x 10* for e*, > 2 x 10° for 7%, and > 20 for P. In the off-line analvsis these
factors will be improved by ~ 100 times by using more effective thresholds for the detectors and information
from TOF system.

3c. THE TARGETS

Initially two nuclear targets (*"Au and 2°°Bi) and late three more (%*Cu, 1%°Pt, and 2%80/) with an
effective thickness of up to ~ 40mg/em? (a thin ~ 2mg/cm? target located at a low grazing angle with
respect to incident beam) will be used.

The power loss in the 40mg/cm? target for a 10uA electron beam will be ~ 0.5W. For a beam spot
size S ~ (0.1 x 0.5)mm? ~ 5 x 10~*mm?, the power demsity will be P/S ~ 1.0kW/cm?. At very high
intensity the raster/deraster system will be used. To keep the ratio of accidental background to signal (for
the proposed targets) at the same level (~ 5%), we will use different beam currents I for targets of different
atomic numbers A (see Table 2).

TABLE 2

Target Cu Pt Au Bi U

Beam current 7-10 10-15 15-25 20-30 2-5
(pA)
Ratio 0.04 - 0.05 0.05 0.03-0.05 0.04-0.05 0.05
Accident/True
Detect. numb. 100 -150 30-50 75-130 400 - 500 500 - 1000
hypernucl/day
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3d. THE BEAM ENERGY AND CURRENT

Standard Hall C beamline hardware will be used which includes the raster/deraster system, beam posi-
tion and beam current monitors. A standard CEBAF accelerator two-pass beam with an energy ~1.65GeV
will be used. At this energy, combined with kaon kinematics for the SOS, the E, will be chosen just below
the ¥ production threshold so that other kaon production channels can be avoided. The beam intensity will
be in the range of (10-30)uA (~ 6 x 103 — 2 x 10'%¢/s).

To carry out the physics program mentioned above, we will need approximately 50 days of CEBAF
beam at a current of < 10 — 30puA. We would like to complete this program in two phases.

A. Phase One.

The phase one measurement would be the measurement of the A hypernuclear lifetime for the two nuclei
Bi and Au with an accuracy of ~30ps. These two nuclei have atomic numbers that are very close in value,
however, their nuclear fission probabilities are very different. This measurement would require 14 days of )
beam time.

B. Phase Two.

Upon successful completion of the first phase run, we propose to measure the rest of the above mentioned
targets. We hope that in this stage we can improve the accuracy of the lifetime measurement for Bi, and
Aup to <20ps. In addition, we will measure A hypernuclear lifetimes of the Cu, Pt and U targets with an
accuracy of ~20-30ps also.

4. BACKGROUNDS, COUNTING RATES AND BEAM TIME REQUEST

4a. BACKGROUNDS

Results of the estimated counting rates and the signal to background ratios for all of the targets are

presented in Table 3.
TABLE 3
The counting rate and signal/background for proposed targets

Cu Pt Au Bi U
Z 29 78 79 83 92
A 64 195 197 209 238
Number of nuclear 9.2 1.2 1.2 1.1 1.0
(10**20 /40mg.cm**{-2})
e-fission cross section 0.012 0.027 0.048 0.260 7.000
(mb)
Fissibilities 0.02 0.01 0.02 0.10 1.00
Hypemnucl. product.cross 0.73 2.00 2.00 2.10 2.30
section (10**{-30}cm**2)
Prompt fission rate 6.8 2.0 3.3 1.8 4.0
(10**5 ¢/s) _ _
Prompt fissi.robability 0.0014 0.0005 0.0007 0.0036 0.0800
per bunch
Hypemucl. prod. with det. K 8.4 3.0 3.0 3.0 ‘3.0
(10**{-2} /s)
Delayed fission rate 1.68 0.30 0.60 3.0 30.0
(10**{-3}/s) in coincid. with K
Delayed fisson rate 150 26 52 260 2600
(count/day) in coincid. with K
The ratio of 0.07 0.05 0.035 0.036 0.080

Accident/True count
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More detailed explanation and calculation will be discussed in next section.

The main source of background in hypernuclear experiments are the quasi-free production of the A
and ¥ hyperons (see, e.g.[9]). The detection of the delayed fission fragments in coincidence with K+ is the
effective suppression of these channels. Nevertheless, some contributions from this channel as well as from
other possible backgrounds can give contributions to the single arm rates and, hence, contributions in the
real and accidental coincidence rates.

4b. COUNTING RATES

The singles rate in the kaon arm consists of photoproduction of K+, 7%, protons, and the mostly from
et Each of these rates has been estimated and the results are shown in detail below.

- Singles rate of real kaons.

The real kaon singles rate Rg at the kinematics of this experiment, will be mainly due to quasi-free A
production. For the setup of this experiment the kaon photoproduction rate at a beam current of ~ 10uA
using the parameters for the SOS spectrometer system is calculated to be:

Ri = Npyet X do/dQ x AQ x N,*

where the spectrometer angular acceptance is AQ = 10msr and the number of nuclei on the target is
Npuel = p x t/A x Ng = 0.04g/em?/A x 6 x 1023g™ = 2.4/4 x 10**nucl/em?. For the Bi target the
number is Npye o 1.2 x 10%°. The flux of virtual photons at 0° may be determined from the expression,
Ny© >~ 0.015x Ne x dE/E. At an energy of E=1645MeV and a dE=120MeV (using ~ 10% momentum
byte) we will have N,* =~ 0.015 x 6 x 10! x 0.073 ~ 6.6 x 10'%y/s. For K* photoproduction on protons
at an energy of E. ~1600MeV/c, x ~ 12.5°, and Px =1200MeV/c the differential cross sections are
do/dQg ~ 0.5 x 1073%m? /sr. On the nuclear targets with the same equivalent thickness, the kaon rate will
be ~ Z x Rg (Z = 83 for the B7 nuclei).

The rate of K+ which will be detected in the SOS from the Bi target will be Rx* ~ 83x Ry xex X ep x€g,
where ex =~ 0.4 - the kaon survival efficiency (decay factor) at Pxr=1200MeV/c and SOS spectrometer length
~10m; e =~ 0.8 - the tracking efficiency; and €4 ~ 0.95 - the kaon detection efficiency.

Then the real kaon counting rate in the SOS spectrometer from the Bi target for these conditions will
be: Rg® =83 x 6.6 x 101 x 1.2 x 102% x 0.5 x 1073% x 10 x 1073 x 0.4 x 0.8 x 0.95 ~1.0 Kaon/s.

- Single rate from P and 7t.

To estimate the rate from protons and pions we have used the eA — hz reaction cross sections calculated
for 2C with the ”EPC” program(38]. The cross sections calculated at E, =1600MeV, Psos =1200MeV /c,
and 3505 = 12.5° are:

do/dQdp ~ 0.10 x 10~tub/MeV/c - for protons,

do/dQdp ~ 0.77 x 1072ub/MeV/c - for the nt.

For the Bi target estimation the value of the 12C cross section was increased by the factor k = Ap;/Ac.
For the same beam intensity, target thickness, and the same SOS parameters, the proton and pion rate is
Np ~ 13p/s and Ny ~ 9.77% /s, respectively. Contributions of the protons and pions in the on-line trigger
will be negligible (< 1.0s™) due to the trigger rejection factor and the extremely small rate.

- Rate from et.

With the spectrometer located at small angles the singles rate from positrons N,+ will dominate. For
an estimation of the N,+ rate, we used the same cross section for eA — e*e™ reaction as used in Ref.[37]
which is given by:

do/dQdp ~ 6ub/MeV - sr.

The positron rate in the SOS for an electron beam intensity of 6 x 10'%e/s, solid angle of the SOS
spectrometer of ~ 10msr, a momentum of Psps =1200MeV/c, and a target thickness of ~ 40mg/cm? is
calculated to be: N,+ ~ 7.5 x 10°s~1.

However, this rate will be effectively rejected because the detection efficiency of the on-line trigger will
be ~ 6 x 1073, Therefore, the resulting singles rate in the trigger due to positrons will be ~ 45e¢%* /5. Hence,

14



the total singles rate of the kaon arm in the on-line trigger level can be Rsos'®" < 505~ 1.

- Single rate in the LPMW PC

For a 40 mg/cm® Bi target at an incident beam flux of ~ 6 x 1013¢/s (~ 10uA) with an electrofisson
cross section value of ~ 260ub the total mean rate for nuclear fission fragments is calculated to be R; ~
1.2 x 1029 x 260 x 1073% x 6 x 103 ~ 1.9 x 108s~1. The rate of fission in the effective solid angle of the
LPMWPC will be R;* ~ 0.7 x 1.9 x 10° ~ 1.3 x 105s~1.

With an on-line coincidence resolving window of about 30ns, the accidental coincidence rate between
the kaon arm and the fission fragment detector can be on the level of Racciden: ~ 2 X T X RK"RJ« o
2% 30ns x 1079 x 1.0 x 1.3 x 10% ~ 8.0 x 10~25s~1. In offline analysis, this accidental rate will be reduced at
least by a factor of ~400-700 (dué to a factor of ~ 20 — 25 from improved offline time analysis, and a factor
of ~ 20 — 30 from constraining the fragments geometric and kinematic parameters). Hence, the accidental
to true ratio in offline analysis will be achieved on the level ~ 0.04.

A potential problem for the operation of LPMW PC' at small distances from the electron beam and the
target is the abundance of low energy (~10KeV or less with our geometry) electrons from Moller scattering
on the target nuclei. These low ionizing particles will produce signals below the electronics threshold and
will not be processed any further. However, at high beam currents (high count rates) they can still affect
the detector response. Large numbers of these small signals can produce space charge effect in the chamber
lowering the electric field and thereby reducing the detector gain(®3. To suppress this effect so that the
chamber can be operated at small distances from high intensity beams, different technical solutions can be
used. For example, one can apply a low (~0.5Tesla) magnetic field around the target by using a Helmholtz
solenoidal coil.

In this proposed CEBAF experiment, we plan to use an additional shielding electrodes between the
target and the detector. A thin Al-polypropylene window with an applied electric potential will effectively
collect such low energy electrons. The relatively high energy fission fragments (velocity ~ 10°mm/s) will
penetrate the active part of detector without serious deviation from their initial direction. With this simple
technique or by using the magnetic filter, we will be able to suppress the electrons from Moller scattering at
least by a factor of 10-20 and make the operation of the LPMW PC possible with the high intensity beam
at CEBAF.

- Expected rate for hypernuclear production

The hypernuclear production cross section is expected to be approximately 5% of the kaon production
cross section, therefore, the cross section is given by the formula ~ 0.05 x do/dQg. The fission probability
for Bi nuclei after nonmesonic decay of the hypernucleus is Py = 0.1. The fission fragment detector solid
angle in the LPMW PC is assumed to be AQ = 1.4 x 7-sr. Given the above data, then the rate of detected
hypernuclei will be:

Reyprauet = Ry x 0.05x 0.1 x 0.7~ 3.5 x 10~3s~1,

The delayed fission (hypernuclei) count will be ~ 260-300 counts/day.

The ratio of the the accidental background to true signal coincidence will be < 4%. The estimated
values for the true signal coincidence and the true signal/background ratio for all of the proposed targets are
presented in Table 3. For the estimations, we used the probabilities of 0.1 for Pt and 1.0 for U 39, For the
other nuclear electrofission cross sections as well as the fission probabilities of hypernuclei after nonmesonic
decay were estimated by the photofission data at E, ~1GeV[*0],

4c. FISSION AS A FILTER FOR THE STUDY OF HEAVY HYPERNUCLEI

As a result of the initial particle interaction with the targets a nuclear reaction can take place. Some
portion of the nuclear reactions will occur after a short time of < 10~!85[42:45] and this is called ”prompt
fission”. However, some of the nuclear fissions occur at a relatively long time between the original interaction
and the fission process. This is the ”delayed fission” process and is considered to be associated with the
weak decay of heavy hypernuclei.

It is well known that due to nuclear fission two (binary) or more fragments can be produced. About
80% of delayed fission is binary mode. Experimentally it is observed that delayed fission is dominated by
the symmetric mode. Additionally, at low excitation energies (E.; <100MeV), the heavy nuclei fragment
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mass distribution peaks at my ~ M/2 with AM/M < 30%, (FWHM).

Results from two experiments were reported concerning delayed fissions induced by 1.2GeV electrons
(42) and stopped antiprotons on heavy nuclear targetsi*1-43l. In case of light hypernuclei the mesonic decay
of the A — N + 7 dominates, however, the heavy hypernuclei decay via the weak interaction

A+ N—=N+N.

The energy liberated in this case is ~ 176MeV which is enough to cause the residual nucleus to undergo
fission. If the other possible sources of delayed fission are negligible, then the lifetime for delayed fission can
be interpreted as the lifetime of the hypernuclei decay.

In a Kharkov experiment performed at an electron energy of £, =1200MeV the cross section for delayed
fission was observed to be 6.5+ 1.0 x 10~33¢m?2(*1], In this experiment the ratio of the cross sections of the
delayed to the prompt electrofission was found to be (2.5 £ 1.0)107%. A similar level of 10~% of delayed to
prompt fission was observed in an experiment on the interaction of bremsstrahlung quanta with a maximum
energy of 1.66GeV with 233U nuclei 4. The Kharkov experiments were carried out at an electron energy
of 700MeV which is below the threshold for photoproduction of the A particle and delayed fission was
not observed (the cross section is less than ~ 1073%¢m?). This indicates that the fragments observed at
E, =1200MeV arise as a consequence of the fission of hypernuclei. The simultaneous detection of the fission
fragments and the formation particles can result in elimination the of the background reactions to > 90%.

A possible formation of heavy hypernuclear in the (v, Kt) reactions44] (as well as with stopped
antiproton’s[45]) can be a multistep process. Some of the quasi-free hyperons do not fly away. As a re-
sult of the rescattering process the A or ¥ can be brought back to form a "bound” hypernucleus. The
efficiency of these multistep processes was estimated to be 10 — 20%. About 80 — 90% of the quasi-free
process claims that not only the pion and the kaon, but also the hyperon is in free space. In this case the
possible excitation energies of the residual nuclei are much lower, and, as a result the probability of nuclear
fission is very low (see Fig.7).
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Fig.7 Nuclear fissibility plotted against excitation energy

Therefore, about 10% of the kaons in the kinematic range corresponding to the production of the
hypernuclear low lying states and about 1% of the quasi-free production of the A -hyperon will be associated
with the delayed fission process.

The calculations were performed in the framework of a statistical modell#6=48l. Here, for comparison,
the experimental values of the fissibilities for Bi in photofission experiments are shown(*®l. For each photon
energy the excitation energy of the nucleus was defined by the Monte Carlo Cascade program. The strong
dependence of the fission probabilities on the excitation energy can be used as a tag for differentiating the
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reactions with high and low values of the excitation energy. Therefore, the simultaneous detection of the
fission fragments with kaons in the (v, K'*) reactions can be used as a tag for the formation and subsequent,
decay of heavy hypernuclei. The signal to background ratio in the kinematic region corresponding to the
low lying hypernuclei states can be about 100.

4d. BEAM REQUEST

For completion of the first phase of our proposal we are asking for two weeks of CEBAF beam time or
~ 350 hours. A standard CEBAF two-pass beam with energy of 1.65GeV and intensity of ~ 10 — 30pA 1s
required. Estimated beam intensity and time request for the first phase proposal are presented in Table 4.

TABLE 4
Beam time request

Target I(nA) Ratio Number of Time Expect.
Accident. to Hypernucl. request accuracy
True per day (hour)
Au 8-10 0.07 40 - 50 220 10 %
Bi 8-10 0.07 200 - 260 80 8- 10%

* In additien about 35 hours for control measurements.
TOTAL: Beam time request : 335 hours (about 14 days)

This stage will be devoted to a test of all methodological problems and a measurement of the A hyper-
nuclear lifetimes for the Bi and Au nuclei with an accuracy of ~30ps. The methodological problems to be
studied are investigations of the real parameters for the LPM W PC with the CEBAF high intensity beam,
all backgrounds associated with this type of experiment, and particularly the possibility of the operation
of the LPMW PC at high beam currents of > 15uA4 or higher and at small distances from the beam, in-
vestigations of potential radiation damage effects on the parameters of detectors, and time resolutions for
fragment detection utilizing the CEBAF beam bunch structure. In addition, we will need about one week
of unrestricted beam access in Hall C for installation of the LPM W PC.

5. SUMMARY

There are real possibilities of using this detector technique in other CEBAF experiments. This type
of device would be very useful as a recoil nucleus detector in electroproduction and photo/electrofission
experiments on light and heavy nuclei. The LPMW PC can be successfully used with the CEBAF high
intensity beam and with its unique parameters one should be able to achieve lifetime measurements with a
resolution better than 50ps. The time structure of the CEBAF beam (1.67ps bunch width and ~2ns bunch
spacing) can provide the time-zero information and is very suitable for life time measurements in. the range
(0.1-1.0 )ns. The shape and centroid of the time resolution for the experimental setup can be monitored
continuously with the help of the existing prompt fission. This will make systematic errors easier to be
identified and controlled.

Delayed fission with detection of a strange meson could be very useful for investigation of the & hyper-
nuclear structures. The X hypernuclear structures reported so far appear only in the continuum where the
large quasi-free background causes a problem in the search for possible narrow states. This new technique
will effectively suppress this quasi-free background. The simultaneous detection of the fission fragments with
kaons in the (7, K'*) reactions can be used as a tag for the formation and decay of heavy hypernuclei. The
signal to background ratio in the kinematic region corresponding to the low lying preactinide hypernuclei
states will be ~100:1.

Taking high statistical data has not been possible with earlier machines. It is possible at CEBAF to
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have 102 events for just a few days of running for a 1.65GeV incident flux of 6 x 10'3¢/s and determine the
Ta With a precision <20ps.

This technique can be successfully employed with kaon, pion and electron-photon beams. In the case
of kaon and pion beams, one must use multisection active targets(*] to compensate for the low intensity of
the beams. However, even with the help of the multisection active targets it will be difficult to obtain time
resolutions on the order of ~ 100ps. Therefore, the high-intensity and continuous electron beam available at
CEBAF is very suitable.

We believe that using the Hall C, SOS spectrometer, the collaboration has the strength and commit-
ment to successfully carry out this measurement. Hampton University has an approved proposal to measure
(e,e’K* ) reaction for the determination of Fi+ and will use the SOS spectrometer with the same con-
figuration as we are proposing for kaon detection. Most of the members of this collaboration have long
time experience in this physics region and will be able to resolve many technological and scientific problems.
The Yerevan group has experience in construction and maintenance of LP MW PC detector. Additionally,
CEBAF Detector Group is ready to provide assistance in all stages of design, construction. testing and
installation of the chambers. Each institution has built hardware for the Hall C spectrometers. Hampton
University has completed wire chambers for HM S. The Yerevan Physics Institute has built the Lead-glass
shower counters for both the H M S and the SOS spectrometers. The CEBAF staff scientists will assist in
this project and will be responsible for the electronics, data acquisition and beamline hardware.
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APPENDIX
Estimation of experimental errors

As was mentioned the accidental coincidence mainly due from ”prompt” electrofission. In the case
of incident electron beam flux 6 x 10'3e/s the signal/background (from accidental*” prompt” fission) ratio
expected to be < 4% if E.. <50MeV.

The accidental coincidence level between LPM W PC and SOS spectrometer will be monitored contin-
uously by the measurement of the coincidence rate between SOS and other electron bunches. For estimation
of backgrounds from the other physics process the measurements at the kinematic below the kaon production
can be done.

Let us discuss more why we can achieve more accuracy for hypernuclei lifetime measurement at CEBAF.

Main problems for all early experiments was: very low level for statistics (in early experiments they was
detected only about several tens hypernuclei) and difficulty to achieve good timing resolution between the
detected kaons and products of A decay. In addition of this in all of early experiments no way to match this
time with a good precision using a beam time distribution.

First problem was connected with low intensity of kaon and antiproton beams and with difficulty to
have coincidence experiment (for detection of decay products) in low duty factor beam.

The second problem was directly connected with lifetime measurement, which in practice was determined
time difference between produced kaons (start time) and hypernuclei decay products (stop time). In these
previous experiments time resolution (or accuracy for lifetime) of measurements included contribution from
each arm. But each of them can give in practice at least ~100-200ps (in best case).

In our Hall C experiment we can as "start” use signal from CEBAF accelerator. Detection of kaons
and its time relative to the beam bunch will determine which bunch will be connected with kaon (A hyperon)
production. Distance between bunches about 2ns, and time resolution in kaon arm (better than 200ps) will
give us chance to resolved this problem.

As it’s followed from Fig.8 we already achieved such time measurement level in Hall C.
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Fig.8 Bunch structure CEBAF beam tagged by SOS spectrometer

Therefore, because CEBAF beam bunch have only 1.67ps width, all'time measurement accuracy will
determined by time resolution of LPMW PC (detector for delayed fission products).

The velocity of fragments (~1cm/ns) has a wide dispersion (~ 30%) due to fragments mass distributions.
But high coordinate and time resolution of detectors will allowed to reconstruct fission fragments angle and
make very precise all corrections in the off-line analysis.

The shape and centroid of the time resolution function of the experimental setup will be monitored
continuously by the help of ”prompt” fission, the rate of which is about 108sec™! for incident electron flux
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6 x 10'3e/s.

The expected time distribution of events following an exponential decay obtained by Monte Carlo
simulation with instrumental total time resolution o =200ps and 100ps are presented in Fig.9 and Fig.10.
Total number of events - 10%.
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Fig.9 Time distribution between K+ meson’s and fission fragments
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Fig.10'Same than Fig.9, but with ¢ =130ps

The ”prompt” event distribution (7o = 0) is also shown for comparison. For estimation for what we
will expect in worst case the instrumental total time resolution (o) is 220ps (Fig.9) and 130ps (Fig.10) was
considered, respectively.

Fitting the Monte Carlo lifetime spectrum presented in Fig.10 by the convolution of the resolution
function with an exponential decay using a fitting algorithm based on Gaussian statistics, 98.35+1.5ps and
198+2.3ps lifetimes with an effective x? per degree of freedom of 0.5 and 0.9 respectively can be extracted.

Therefore, one needs ~ 10? events for the determination of hypernuclei lifetimes with a good precision
(< 5%).

The measurement of the delay time distributions of the fission fragments in coincidence with K+ mesons
in these energetic regions alow us to measure the lifetimes of the hypernuclei weak decay from ground, ground
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plus excited, and ground and excited plus hypernuclear states.

The estimated background conditions at CEBAF, the characteristics of LPMW PC’s; and the time
structure of the CEBAF beam allows us to conclude that the CEBAF is a very suitable lab for this
experiment.

Detection of KX+ mesons in SOS spectrometer at minimum angle relative to the beam direction (~ 12.5%)
and at maximum possible momentum for A production, will fixed maximum kinetic energy of hyperon or
upper level of excitation energy for hypernuclei

E.r = Eg— (Ec + E)). As its followed from this, in this case E.; < Eg + (Ex + Mj).

If E.r <50MeV (which we can fixed by detection of kaon ) then A will have very low energy (or
momentum) in nuclei and probability of nuclei fission < 0.1% (see Fig.T).

In this case ~ 100% delayed fission of nuclei will connected with hypernuclei.

Quasifree A production can give contribution in nuclear delayed fission (due to secondary interactions)
in the waste case on the level of < 10%zz.

There are no any significant contribution in the accuracy of measurements due to fission fragments mass
or energy distribution. The mass division is binary and approximately symmetric.
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