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The cross sections was measured for coherent double neutral-pion photoproduction on the
deuteron using the tagged photon beams from the 0.9 and 1.2 GeV primary electron beams at
the Research Center for Electron Photon Science, Tohoku University, Japan. The four-momenta
of the four photons from the twa® decays and deuteron are measured with the FOREST detector,
and theyd — 7°11°d reaction was identified using 6-constraint kinematic fit (energy and three-
momentum conservation, and twd masses). The total cross section is found to bé 8.2 nb

for the d*(2380) dibaryon resonance &V, = 2.37 GeV, which is a candidate of the isoscalar

AA quasi-bound stat&ps, in theyd — °m°d reaction. The measured excitation function is con-
sistent with the existing theoretical calculation for this reaction. At high incident energids,
invariant-mass distributions show a peak at approximately 2.15 GeV, which can be attributed to
aNA guasi-bound stat&». In this contribution, the properties (mass, width, and decay angular
distribution) of this peak is presented.
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1. Introduction

The search for two-baryon systems (dibaryons) has a long higfhryThe dibaryon is of
great interest, which can be a molecule consisting of two baryons or a spatially compact hexaquark
object. Recently, the*(2380 resonance has been observed in phecollision reactions by the
CELSIUS/WASA and WASA-at-COSY collaboratiorid [3,[4, F]. The resonance witm= 2.37
GeV,I = 0.07 GeV, andl (J) = 0(3") may be attributed to an isoscaldh quasi-bound state,
%03, predicted by Dyson and Xuon@][ Here, non-strange dibaryons are classifiedZaswith
isospinl and spinJ. Thed* (2380 resonance should be observable in electro- and photo-production
reactions if it exists. Thg*d — n°m°d reaction, where thd*(2380 resonance is produced as an
intermediate state in trechannel, is expected to give the charge distributioti*02380). It should
be noted that no special treatment is required kinematically for the Fermi motion of nucleons, and
that ther®7°d has just the isoscalat & 0) component alone. As a first step, we have measured
the cross sections for thel — n°°d reaction.

2. Experiment

Ten series of meson photoproduction experimdfjta/re carried out using photon bear@ [
from 0.9- and 1.20-GeV electrons in a synchrotf@jdt the Research Center for Electron Photon
Science (ELPH), Tohoku University, Japan. Bremsstrahlung photons were produced from the cir-
culating electrons by inserting a carbon wire. The energy of each photon was determined detecting
the corresponding scattered electron, and the tagging-energy range was 0.57-0.89 (0.75-1.15) GeV
for 0.9 (1.20) GeV primary electrons. The target used in the experiments was liquid deuterium with
a thickness of 45.9 mm. All the final-state particles in flle— 7°71°d reaction were measured
using an electromagnetic (EM) calorimeter complex, FORHEHE]J. [The solid angle of FOREST
was approximately 88% in total.

3. Analysis

Events detected in the final state containing four neutral particles and a charged particle were
selected. Each neutral pion in tiigd — 1°1°d reaction was identified via its decay injy. The
time difference between every two neutral clusters of four was required to be les3gharhere
o; denotes the time resolution for the difference depending on the modules and their measured
energies for the two clusters. Deuterons in the final state were detected with the forward hodoscope.
The time delay from the average time response between the four neutral clusters was required to be
larger than 1 ns. The energy measured with the hodoscope was required to be gre&@egihan
whereEni, denotes the energy that the minimum ionizing particle deposits in a PS. The momentum
of deuterons was calculated from the measured time delay.

A kinematic fit with six constraints was applied for the further event selection ofdhe
m°r°d reaction. The required constraints were energy and three-momentum conservation between
the initial and final states and tway invariant masses (the neutral-pion rest masg). Events in
which thex? probability was higher than 0.4 were selected to prevent contamination from the back-
ground processel]]. Here, sideband background subtraction was performed because accidental
coincidence events exist between the photon-tagging counter and FOREST.
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4. Total Cross Section

Because the statistics were limited, the photon-tagging channels were divided into 16 groups,
and the total cross section was obtained for each group[DEigows the total cross sectianfor
theyd — n°n°d reaction as a function of thel center-of-mass ener@y,q. The total cross sections
obtained for the 0.9 and 1.2 GeV primary electrons were consistent within errors, and consistent
with the existing theoretical calculatiofi]. The cross section obtained for the 0.9 GeV electrons
was rather flat, and a clear resonance-like behavior was not observed in the excitation function for
Wy = 2.38-2.61 GeV, where thd* (2380 dibaryon resonance observed at COSY was expected
to appear. Thel*(2380 contribution was estimated by fitting the function expressed as a sum of
the expected* (2380 contribution (a centroid ol = 2.37 GeV and a width of = 68 MeV) and
background contribution (calculated cross section in B2f)[ The total cross section was found
to be184+9.2 nb atW,q = 2.37 GeV and the corresponding upper limit was found to be 34 nb
(90% confidence level). The details of the analysis for the 0.9-GeV primary electrons including
evaluation of the systematic uncertainties are described in[REf. [
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Figure 1: Total cross sectioo as a function of thgd center-of-mass energy,q. The upper cyan and blue

points show the obtained for the 0.9 and 1.2 GeV primary electron energies. The horizontal error of each
point corresponds to the coverage of the incident photon energy, and the vertical error shows the statistical
error of o. The lower magenta and red histograms show the systematic eroor Biie solid green curve

shows the calculated given in Ref. [[J.

5. Differential Cross Section

Because the statistics were limited, the photon-tagging channels were divided into 4 groups,
and theM;;, My, andcosBy differential cross sections were obtained for each group in the 1.2-
GeV electron mode. Fi shows theM;, My, andcosBy differential cross sectiondo /d M,
do/dM;q, anddo/dQq. Thedo/dM;y distribution did not show any enhancement at the low-



Study of non-strange dibaryon resonances viaythe+ 71°71°d reaction Takatsugu Ishikawa

and high-mass edges. THe /dM,y distribution showed a peak at approximately 2.15 GeV with
its reflection. Thelo/dQq distribution showed a backward-peaking behavior although that for the
lowest-energy tagging group was almost flat.
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Figure 2: Mym, My, and co$y differential cross sectiondo/dMy;; (left), do/dMyy (central), and
da/dQyq (right). The cross sections for the highest-energy tagging groupjifh= 27497 MeV (2703.6—
2797.1 MeV) are plotted. The red histograms show the systematic uncertainties of the cross sections.

6. Peak atMy ~ 2.15GeV

Here, the peak observed in th invariant mass distribution is discussed. At first, the mass
and width were determined fitting a function, expressed as a sum of a Breit-Wigner peak, its re-
flection, and phase-space contributions, todlsedM,y distribution shown in Fig3 (left). The
obtained masses wene= 2160+ 3 and2146+ 3 MeV for the highest and second tagging groups,
respectively. The widths were = 119+ 6 and 110+ 3 MeV. The average values of the masses
and widths weran = 2153+ 2 MeV andl" = 1124+ 3 MeV. The mass of the peak is a little bit
lower than the sum of thA masses, and width is close to that forThe angular distribution was
estimated font out of rid system in its rest frame. Here, events in whinhy = 2050-2250 MeV
were selected. Fi@@ (right) shows the typical angular distribution mfin the rd rest frame. The
axis was given as an opposite direction to the otmefhe angular distribution shows a quadratic
behavior convex downward, suggesting the angular momehtwi betweenrd .

7. Summary

The cross sections were measured for ytie— n°n°d reaction atE, = 0.57 — —2.80 GeV.
The total cross section was found tol#®4+ 9.2 nb atW,q = 2.37 GeV for thed* (2380 dibaryon
resonance. The measured excitation function was consistent with the existing theoretical calcula-
tion for this reaction. At high incident energig®d invariant-mass distributions show a peak with
a mass ofm = 2153+ 2 MeV, width of ' = 1124+ 3 MeV. The angular momentum &f = 1 is
suggested betweer? andd. This peak can be attributed td\&\ quasi-bound state.
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Figure 3: My differential cross sectiodo/dMyy for the highest-energy tagging group (left). The solid

curve shows the fitted function (see text), and the dotted corresponds to the phase space component. The
angular distribution oft in the rd rest frame for the highest-energy tagging group (right). The events in
which My = 2050-2250 MeV are selected. Thaxis is given as an opposite direction to the othier
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