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Introduction: pentaquark statesPc 3
The LHCb experiment has reported the discovery of several hidden- 
charm pentaquark candidates using                              decay.Pc(uudcc̄)

R. Aaij et al. (LHCb Collaboration), 
PRL122, no.22, 222001, (2019)The states are located in the vicinity of

and threshold (a few MeV 
below).
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Introduction: Strangeness Sector candidatesPc 4
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Charm sector Strangeness sector

States Pc(4380), Pc(4450) N⇤
(1875), N⇤

(2120)

Spin-parity 3/2� 3/2�

Closed-flavour channel J/ N �N

Open-flavour channel D̄(⇤)
⌃
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states may be observed in the and channelsPs ϕN K(*)Y(*)

An analogous state to in the strangeness sector, 
states, may exist.
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Slides in Jude's talk in HADRON2025



Hints for the existence of a statePs 5

B. Pal et al. (Belle Collaboration),  
PRD96, 051002(R) (2017) G. Mezzadri, 

PhD Thesis, 
U. Ferrara (2017)
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These spectra may indicate possible states.Ps

BESIII

Belle

We search of this state in the reaction.Ps γd → ϕpn



SPring-8 6
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e�8 GeV

SPring-8 Web site

Super Photon ring-8 GeV 
   @ Hyogo, Japan 
   SPring-8 is in beautiful nature. 
   Circumference: 1436 m

LEPS beamline 
(2000 - 2020)



� photoproduction on the proton at E� = 1.5� 2.9 GeV

(a) SPring-8
SR ring

(b) Laser Hutch

(c) Experimental
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Fig. 2.1: Schematic view of the LEPS facility at SPring-8. The facility consists of three parts:
(a) laser-electron collision part in the storage (SR) ring, (b) laser hutch for a laser injection,
and (c) experimental hutch. A schematic explanation of the collision between an electron and
a laser photon in backward-Compton scattering is inserted in the figure.

2.1.1 Backward Compton scattering

Here, we describe the principle of the Compton backscattering technique [57]. If a laser photon
of energy k1 strikes an electron of energy E as shown in Fig. 2.2, the energy of the final photon
E� is calculated as follows:

E� = k1
1� � cos ✓1

1� � cos ✓2 + (k1/E)(1� cos(✓1 � ✓2))
, (2.1)

where the definitions of the angles are shown in Fig. 2.2. � denotes the incoming electron
velocity in units of the speed of light c.

In the LEPS experiment, ✓1 ' ⇡ (rad), and the BCS photons have the maximum energy when
✓2 = 0. In this work, we used 257.2-nm and 266-nm lasers in 2007 and 2015, respectively. The
electron beam energy of SPring-8 is 7.975 GeV, therefore the maximum LEP beam energies
Emax

� (Compton edges) are calculated to be 2.956 GeV and 2.894 GeV in 2007 and 2015, re-
spectively. Note that a 355-nm laser, which is often used in the past LEPS experiment, produces
the LEP beam with the maximum energy of 2.385 GeV.

30 Chapter 2. Experiment
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A GeV photon beam is generated using laser-induced 
Compton scattering from circulating electrons. 
- Wave length of Laser: 355 nm 
- Tagged region: Eγ > 1.5 GeV

SPring-8/LEPS Experiment 7



Forward Magnetic Spectrometer 8
- The liquid-deuterium target is irradiated with the photon beam. 
- (decay products from meson) and protons were detected. 
- Geometrical acceptance： 
       (horizontal), (vertical) 
- Momentum resolution 
       

K+, K− ϕ

±20∘ ±10∘

Δp/p ∼ 0.6 % at 0.8 GeV/c K±

前方磁気スペクトロメータ 9
- 光子ビームは液体重水素標的に入射される。 
- 運動量分解能：  
- 幾何学的なアクセプタンス： 
  　水平方向: , 垂直方向:  
- メソン崩壊粒子である と陽子は 
  前方磁気スペクトロメータで検出される。

Δp/p ∼ 0.8 % at 2 GeV/c K±

±20∘ ±10∘

ϕ K+, K−

1.5 ~ 2.4 GeV

� photoproduction on the proton at E� = 1.5� 2.9 GeV
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Fig. 2.8: Schematic view of the LEPS spectrometer. In the enlarged view (top left), the start
counter, which is located between the target and aerogel Čerenkov counter, is not drawn for
clarity.

The LEPS spectrometer covers the forward region, and can detect charged particles produced
at forward angles. The angular coverage of the LEPS spectrometer is about ±0.4 and ±0.2 rad
in the horizontal and vertical directions, respectively. For the momentum analysis, the charged
particle is bent by the dipole magnet, and the trajectory is measured using the tracking devices.
As for the tracking devices, the silicon strip vertex detector (SVTX, or SSD) and three drift
chambers (DC1, DC2, and DC3) are mainly used3. SVTX and DC1 are located at the upstream
of the dipole magnet, and DC2 and DC3 are located at the downstream, as shown in Fig. 2.8.

For the particle identification, time-of-fight (TOF) information is obtained by the TOF wall.
There are other detectors such as the start counter to make a trigger for data acquisition system,
and silica-aerogel Čerenkov counter to remove high-momentum pions and leptons. In this
section, we describe the details of components of the LEPS spectrometer.

2.2.1 Upstream-veto counter

Some BCS photons convert to e+e� pairs before reaching the target, due to the materials in the
beamline, such as air, Al windows of the beam pipe, and X-ray absorber (lead). These conver-

3TOF wall is also used as a tracking device when the particle passes through DC2 and TOF wall, and does not
pass through DC3.

36 Chapter 2. Experiment
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Event Selection for Reactionγd → ϕpn 9
- events are selected by using missing 

  mass for the reaction. 
- -produced events are identified by using 

 invariant mass.

γd → K+K−pn

d(γ, K+K−p)X
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Invariant Mass Spectrumϕp 10

Preliminary Preliminary

Dominance of φ-meson production at 
small | tϕ | ≡ | (pγ − pϕ)2 |

Correlation between andMϕp Eγ



Towards an understanding of mass spectra 11
The following reactions are considered: 
  - quasi-free  

      cross section, decay angular distribution of  

  - quasi-free  
      cross section, decay angular distribution of  

  - quasi-free, non resonant  
      uniformly generated in the phase space 

Fermi motion of target nucleon 
  - Argonne V18 potential (https://www.phy.anl.gov/theory/research/av18/) 
  - Binding energy assigned to the participant proton

γ′￼p′￼ → ϕp → K+K−p

ϕ → K+K−

γ′￼p′￼ → K+Λ(1520) → K+K−p

Λ(1520) → K−p

γ′￼p′￼ → K+K−p
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Real data, 2006-07 + 2013-14 LD2
 and neutron selected)φ(

(2013-14: 53708 <= run <= 54145 were removed)
(1520)Λ+K →p γMC, quasi-free 

p−K+K →p γMC, quasi-free, non-resonant 
pφ →p γMC, quasi-free 

MC, total

Preliminary result of simultaneous fit 12

Very 
Preliminary

Very 
Preliminary

Very 
Preliminary

Very 
Preliminary

Very 
Preliminary
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Data

QF �p ! K+⇤(1520)

QF �p ! K+K�p (non reso.)

QF �p ! �p

Simulation total

We performed a simultaneous fit: .Mϕp, MK−p, Mϕ(n), tϕ, Eγ
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Discussion of Mϕp 13
・ distribution described by known reactions 

・Small predicted partial decay width of  
　into channel 
・Prospects for a search in the channel 
　with the LEPS2 Solenoid experiment

Mϕp

Ps(2080)

ϕN

Ps K*Σ

Very 
Preliminary
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Data

QF �p ! K+⇤(1520)

QF �p ! K+K�p (non reso.)

QF �p ! �p

Simulation total

B. Agatão et al., PRD 111, no.11, 116013 (2025)



Summary 14
• A hidden-strangeness pentaquark state , expected as a 
strangeness partner of , has been hinted at in the subsystem. 

• We searched for the state using the reaction with data 
taken at the SPring-8/LEPS experiment. 

• The invariant mass spectrum can be described by known 
reactions. 

• We may also be able to search for in the decay mode at the 
SPring-8/LEPS2 Solenoid experiment. (B. Agatão et al., PRD 111, no.11, 116013 

(2025))

Ps

Pc ϕp

Ps γd → ϕpn

ϕp

Ps K*Σ

Thank you!



backup 15



Generation of the reactionγp → ϕp 16
The production cross section and the  decay angular 
distribution (SDMEs) were implemented.

ϕ → K+K−

W. C. Chang et al., (LEPS Coll.), 
PRC82, 015205 (2010)

K. Mizutani et al., (LEPS Coll.), PRC96, 062201(R) (2017)



Generation of the reactionγp → K+Λ(1520) 17

J. Y. Chen, PhD Thesis, 
National Sun Yat-sen Univ., (2009)

The production cross section and the decay angular 
distribution ( polar angle distributions in the t-ch. helicity frame 
of , N. Muramatsu et al. (LEPS Coll.), PRL 103, 012001 (2009)) were 
implemented.

Λ(1520) → K−p

K−

Λ(1520)

dN
d cos θK−

= α sin2 θK− + (1 − α)( 1
3

+ cos2 θK−)
 

exch.

Sz = ± 3/2

K*
, exch. 

: parameter
Sz = ± 1/2 K

α

S. P. Barrow et al. (CLAS Coll.) Phys. Rev. C 64, 044601 (2001)
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Generation of the (non reso.) reactionγp → K+K−p 18
The quasi-free (non resonant) events are uniformly 
generated in the phase space. 

The production cross section  
was assumed to follow the  
center-of-mass-energy  
dependence of the  
phase-space volume.

γp → K+K−p
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Discussion about MK−p 19
Is an excess around 1.58 GeV 
the ?Σ(1580)
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Data

QF �p ! K+⇤(1520)

QF �p ! K+K�p (non reso.)

QF �p ! �p

Simulation total

Very 
Preliminary
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