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A A hypernucleus is a baryon many-body system with strangeness degree of freedom. The study of A
hypernuclei provide us with opportunities to inves{igate new forms of baryonic matter, and strong and weak baryon-
baryon interaction. In previous A hypernuclear study, most of the counter experiments have been performed by the
(K, #) and (", K") reactions. In the spectroscopic study, it is particularly important to have good energy
resolution in hypernuclear mass spectra. For example, the core-excited states of the 3 C were observed in the “C(r
", K" C reaction for the first time, because an energy resolution of 2.0 MeV (FWHM) was achieved by using the
SKS spectrometer at KEK. Therefore, it is expected that spectroscopy with much improved energy resolution will
yield significant information on hypernuclear structure, and the AN spin-dependent interactions. In this regard, the
study of A hypernuclei produced via reactions other than the (K', = ) and (i *, K*) reactions is required for further
spectroscopic investigation of A hypernuclei.

Spectroscopic study of A hypernuclei by the (e,e’ K') reaction has advantages over those by the meson induced
reactions. The reaction has unique characteristics that transfers large momentum to a recoil A hypernucleus and
populate both spin-flip and spin-non-flip states. Being more important from the experimental point of view, the

reaction also makes it possible to achieve sub-MeV energy resolution, which is essential for further investigation of



hypernuclei.

In the present study, the A hypernuclear spectroscopy via the (e,e’ K') reaction has been successfully carried out
for the first time. Continuous Electron Beam Accelerator Facility (CEBAF) of Jefferson Lab (JLab) delivers high-
quality CW electron beam which is indispensable for hypernuclear spectroscopy. Energy precision of the beam is
less than 10” and the beam emittance is small, 2>X 10* m-rad. The hypernuclear spectrum with sub-MeV energy
resolution can be obtained using the high-quality beam.

The present experiment adopted a unique kinematics to make full use of virtual photon flux which sharply peaks
near O degrees. Thus, scattered electrons were detected including O degrees. Positive kaons were also detected at
forward angles (0—4 degrees) because they also have forward angular distribution. To detect negatively and
positively charged particles at forward angles, a dipole magnet (called the splitter magnet) was installed immediately
downstream the target.

Scattered kaons were detected by the Short-Orbit Spectrometer (SOS) which was designed for detection of short-
lives particles. Two drift chambers were used for particle tracking. Four hodoscopes were used for measurement of
particle time-of-flight and for triggers. Shower and Cherenkov '(gas, aerogel, and lucite) counters were used to
distinguish kaons from other particles such as positrons, protons, and pions.

Scattered electrons were detected. by the Enge split-pole spectrometer (ESPS) which has good focusing at the focal
plane. A silicon strip detector (SSD) for momentum measurement and a scintillator hodoscope for timing
measurement were installed near the focal plane of the ESPS. In the present experiment, the detectors must be
operated with high-rate scattered electrons due to bremsstrahlung (10° Hz/74-cm focal plane). Especially, the SSD
must be operated under high radiation dose. Thus, the radiation hard SSD and fast readout system was designed.

The 4B spectrum was measured in the “C(e,e” K")"B reaction with 0.9 MeV (FWHM) energy resolution, which
is better than the best one (1.5 MeV) obtained in SKS hypernuclear experiments. The spectrum showed two
prominent peaks, which can be interpreted as having the configurations with the outermost proton-hole and a A
hyperon in the s,-orbits, [(Psn)hs(812):], and in the p ,-orbits, [(Pan) o PruePie) 2 1. Additionally, some small peaks are
seen between the prominent peaks.

Absolute scale of missing mass was calibrated using the p(e,e” K") A/ reaction on a CH, target. Therefore, the
binding energy of the ground state of 4B was determined within the present data. The binding energy of the "B
ground state was obtained to be 12.19 #0.05 (statistic) 2= 0.25 (systematic) MeV, which was close to the emulsion
data, 11.37 +0.06 MeV. The difference between the present result and the emulsion value is unknown.

The global structure of the 4B spectrum was similar to that of the mirror hypernucleus, “ C, which was measured
with the (7 %, K*) reaction. A "“ B spectrum with higher statistics and higher resolution is expected to give
information on hypernuclear structure and A N interaction in the future.

The cross section of the B ground state was derived to be 117 £13 (statistic) =14 (systematic) nb/sr. The
theoretical prediction of the cross section (138 nb/sr) was. consistent with the present result and therefore it was
found that a DWIA calculation for the (e,e” K) reaction adopting a phenomenological potential for AN interaction
described reasonably well the hypernuclear production process as in the case of the (i *, K") reaction.

In summary, the present experiment proved the effectiveness of A hypernuclear spectroscopy via the (e’ K9

reaction for the first time, and paved the way to the precision spectroscopy of hypernuclei.
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