Proceedings of the 24th International Spin Symposium (SPIN2021)

. Downloaded from journals.jps.jp by Deutsches Elek Synchrotron on 12/31/22
e Proc. 24th International Spin Symposium (SPIN2021)
iodakes JPS Conf. Proc. 37, 021003 (2022)

https://doi.org/10.7566/JPSCP.37.021003

Coherent neutral-pion and eta-meson photoproduction on
the deuteron

Takatsugu Isuikawa!, Hisako Fuiimural’, Hiroshi Fukasawa!, Ryo Hasumoro?8,

Qinghua He!, Yuki Honpa!, Takahiro Iwara2, Shun Kamal, Jirohta Kasaat!,
Atsushi Kawano3, Shuzo Kuwasakr', Kazushige MaEepa®, Shin’ichi Masumoro?,
Manabu Mivase!, Fusashi Mrvanara!?, Kei’ichi Mochizuki!, Norihito MURAMATSU!
Akihiko Nakamura!, Ken’ichi Nawal!, Yuki OBara?>, Shoei OgusHr!, Yasuyuki Okapal,
Yoshihito ONODERA!, Kyoichiro Ozawa®, Yasunobu Sakamoro’, Mamoru Saro!,

Hajime Sumvrzu?, Hiroyuki Suaar’!9, Koutaku Suzuki!"'!, Yasuhisa TanmvaZ,

Shin’ichiro TakanasHr!, Yusuke Taniguchr!, Yusuke Tsuchikawa!, Hirohito Yamazaxki!+12,

Ryuji Yamazaki!, and Hiroshi Y. Yosuma! (the FOREST collaboration)

I Research Center for Electron Photon Science (ELPH), Tohoku University, Sendai 982-0826, Japan
2 Department of Physics, Yamagata University, Yamagata 990-8560, Japan

3 Department of Information Science, Tohoku Gakuin University, Sendai 981-3193, Japan

4 Department of Physics, Tohoku University, Sendai 980-8578, Japan

> Department of Physics, University of Tokyo, Tokyo 113-0033, Japan

6 Institute of Particle and Nuclear Studies (IPNS), High Energy Accelerator Research Organization
(KEK), Tsukuba 305-0801, Japan

7 Department of Physics, Wakayama Medical University, Wakayama 641-8509, Japan

8 Institute of Materials Structure Science (IMSS), High Energy Accelerator Research Organization
(KEK), Tsukuba 305-0801, Japan

% Accelerator Laboratory, High Energy Accelerator Research Organization (KEK), Tsukuba
305-0801, Japan

19 Department of Quantum Science and Energy Engineering, Tohoku University, Sendai 980-8579,
Japan

"' The Wakasa Wan Energy Research Center, Tsuruga 914-0192, Japan

12 Radiation Science Center, High Energy Accelerator Research Organization (KEK), Tsukuba
305-0801, Japan

E-mail: ishikawa@Ins.tohoku.ac.jp

(Received January 11, 2022)

Coherent neutral-pion and eta-meson photoproduction on the deuteron, yd — n%5d, has been exper-
imentally studied at incident photon energies below 1.15 GeV. A rather uniform angular distribution
of deuteron emission in the center-of-mass frame suggests that sequential processes take place in the
reaction. We have decomposed the nd and 7%d invariant-mass spectra into the nD;, and 7°Dg; con-
tributions, where D, denotes a known resonance with / = 1 and J = 2 in the 7%d channel, and Dy,
denotes a near-threshold state with 7 = 0 and J = 1 in the nd channel. From the analysis of 7° and
n angular distributions, we have determined the spin-parity of the first intermediate 7D}, and %Dy,
systems. The spin-parity of the major component is found to be 0~ in the %Dy, system, suggesting
that some nucleon resonances contribute to 77 photoproduction on the nucleon. It should be noted
that A(1700)3/2" is the main contributor for elementary 7%; photoproduction.
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1. Introduction

A photon beam with an energy around 1 GeV, which produces baryon resonances from the nu-
cleon, has an important function in Hadron Physics. Their excitation spectrum is important for un-
derstanding the non-perturbative behavior of quantum chromodynamics at low energies. Even when
a nuclear target is irradiated with such a photon beam, baryon resonances are likely to be produced
from the quasi-free (QF) nucleon, which becomes a participant and the residual nucleus becomes a
spectator. Since no spectator exists in coherent meson photoproduction where the same nucleus ap-
pears in the final state, a meson-nucleus system is expected to be produced. Thus far, no indication
of such a system was found in coherent single meson photoproduction on the deuteron, yd — nd for
example [1,2]. We have found that the dominant process in coherent double neutral-pion photopro-
duction is the yd — Dig — 7D — 797% sequence where Dis and Dyy denote some two-baryon
states with / = 0 and I = 1, respectively [3,4]. The important feature is a rather flat angular distri-
bution of deuteron emission in the center-of-mass (CM) frame, which rules out QF 7% production
with deuteron coalescence. In this proceeding, we have experimentally studied 7% and nd systems
in yd — n'nd.

2. Experiment

The experiment was carried out using a bremsstrahlung-photon beam [5] from 1.20-GeV elec-
trons circulating in a synchrotron [6] at the Research Center for Electron Photon Science (ELPH),
Tohoku University, Japan [7]. The energy of a produced photon in bremsstrahlung was tagged from
0.75 to 1.15 GeV by detecting the post-bremsstrahlung electron with a photon-tagging detector. The
target used was liquid deuterium with a thickness of 45.9 mm. All the final-state particles in the
yd — n°nd — yyyyd reaction were measured with the FOREST detector [8] consisting of three
different electromagnetic calorimeters (EMCs) and plastic-scintillator hodoscopes (PSHs) placed in
front of EMCs.

3. Event selection

The events were initially selected which contained four neutral particles and a charged particle.
A neutral particle was given by an EMC cluster without a corresponding PSH hit, and a charged
particle was given by a PSH hit regardless of the existence of a corresponding EMC cluster. A kine-
matic fit (KF) with six constraints was applied for selecting the yd — n%nd events: the energy and
three-momentum conservation, the invariant mass of two photons out of four being the 7° mass,
and that of the other two being the 1 mass. The most competitive background was from events of
deuteron misidentification in the QF yp’—n%yp reaction. Thus, selected events were additionally
required to exhibit y? probability below 0.01 in another KF for the yp’—n"yp hypothesis. Finally,
sideband-background subtraction was performed for accidental-coincidence events detected in the
photon-tagging detector and FOREST.

4. nd and n'd invariant mass distributions

Fig. 1 shows the differential cross sections do-/dM,,; and do/dM;, at incident photon energies
from 0.95 to 1.01 GeV/c. A clear peak or an enhancement over the phase space is observed near the
threshold in do-/dM,,4. Only the S -wave nd system with isospin 0 and spin 1 (Dy;) forms a peak close
to the threshold in do-/dM,,. Although the low-mass side of the peak does not change regardless of
incident energies, the peak becomes narrower and wider at lower and higher incident photon energies,
respectively. Thus another resonance in the 7°d channel contributes to the high-mass side of the peak.
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In do/dM,4, a significant enhancement is observed over the phase space in the high-mass region. The
peak position increases with increase of the incident energy. Owing to the limited phase space, only
appears the low-mass side of the known 7%d resonance, D, with isospin 1 and spin 2.
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Fig. 1. Differential cross sections do/dM,, (a) and do-/dM,, (b) at E,, = 0.95-1.01 GeV. The dotted curves
(green) show the corresponding phase space contribution. The solid curves (magenta) show the fitted distri-
butions. The dashed (blue), and two-dot-dashed (cyan) curves show the S- (blue dashed) and D-wave (cyan
double-dotted) decay contributions of Dy;. Also plotted is the D, contribution (red dot-dashed). The lower
hatched histograms show the systematic errors.

We observed a resonance-like structure near the nd threshold, and the known D1, resonance. Thus
we decomposed do/dM,, and do/dMy, into 1°Dg; and nD1, contributions. Here, the Dg; — nd
decay was assumed to take place in the S and D waves. We also assumed the mass distribution of D1,
takes a Breit-Wigner shape, and that of 9y; was expressed by a Flatté parameterization. In Fig. 1,
also plotted is each contribution from Dy and Dy5.

5. #° and 5 angular distributions

To investigate the 7°Dy;- and nD,-produced processes, we obtained the angular distributions
of 7V and 7 for the events with My, < 2.47 GeV. Fig. 2 (a) shows the 7° angular distribution in the
yd-CM frame at E, = 0.95-1.01 GeV where z axis is taken along the incident photon direction.
Almost flat is the experimentally obtained distribution. Fig. 2 (b) shows the 7 angular distribution in
the nd rest frame at E, = 0.95-1.01 GeV with respect to the opposite direction to 7 emission. The
distribution takes a convex-upward shape, and shows almost symmetry against cos 6, = 0.

We also decomposed the 7° and 7 angular distributions into the contributions from different spins
of the first intermediate states. Here, we assumed the two reaction sequences:

L Li(n° Ly(7)=0,2
Jo@) =122 1y (P00) 25 1y g =1 22 gy = 1, (1)
and 0
Lo() Li(m) Ly(n%)=1
Jod) =15 7y D) =5 Jr (D) =2 ——— L1 (d) = 1, 2)

where J; and J, denote the spins of first and second intermediate states, respectively, and Jo = J3 = 1
are those of the initial and final deuteron. The Ly denotes the angular momentum carried by the
incident photon. The L; and L, denote the angular momenta carried by meson emission from the
first and second intermediate states, respectively. We calculated the angular distributions by using the
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Fig. 2. Acceptance-corrected angular distributions for 7° (a) and  (b) at E, = 0.95-1.01 GeV for the events
with M;; < 2.47 GeV. The emitted angles of n¥s are given with respect to the photon beam direction in the
yd-CM frame, and those of 7s with respect to the opposite direction to 7° in the 7d rest frame. The solid curves
(magenta) show the fitted angular distributions. The dashed (blue), dot-dashed (red), and two-dot-dashed (cyan)
curves correspond to the L, = 0, 1, and 2 contributions, respectively. The long-dashed curves (black) represent
the interference effects. The lower hatched histograms show the systematic errors.

density matrix (statistical tensor) formalism [9]. The solid curves (magenta) in Fig. 2 show the fitted
angular distributions together with other components from 7°Dq; and 7D),. The major component
of 1°Dy; is found to be 0~ (~ 57%). That of nDy, is found to be 2+ (~ 100%).

Loosely-coupled isovector S -wave molecules N-A(1620)1/2™ and N-N(1650)1/2~ would play a
role as a doorway to the 7°Dy; system. It should be noted that neither A(1620)1/2~ nor N(1650)1/2~
is considered a contributor to the elementary yN — 7°7N reaction, and that the main contributor is
A(1700)3/27 [10-14]. Since A(1620)1/2" is located below the nA threshold, N-N(1650)1/2~ seems
appropriate for the 7°9Dy; system. While N-A(1600)3/2* and N-N(1720)3/2* are candidate door-
ways to nDq;. Since A(1600)3/2% is located much below the nA threshold, N-N(1720)3/2* would
play a role as a doorway to n9, although the branching ratio of N(1720)3/2* — nN is only a few
% [15].

6. Summary

We have measured the cross sections for coherent neutral-pion and eta-meson photoproduction
on the deuteron, yd — n°nd, at incident photon energies below 1.15 GeV. We have decomposed the
nd and 7°d invariant-mass spectra into the n9, and 7°Dyp; contributions. We have determined the
spin-parity of the first intermediate 71> and 7°Dy; systems. The spin-parity of the major component
is found to be 0~ in the 7°Dy; system, suggesting that some nucleon resonances contribute to 7y
photoproduction on the nucleon. It should be noted that A(1700)3/2~ is the main contributor for the
elementary 7% photoproduction. The detailed analysis and discussion can be found elsewhere [16].
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