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ηPRiME: search for η′-mesic nuclei
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Fig. 2 The distributions of protons emitted in the inclusive 12C(p, d)X reaction in the

plane of the proton momentum pp and cos ✓p of the proton emission angle ✓p in the laboratory

system. The simulated result of the background processes is shown in (left), and that of the

signal process from the ⌘0 mesic nucleus decay by the two-body absorption ⌘0NN ! NN is

shown in (right).

Table 1 Improvement factor fS/B of the S/B ratio by the semi-exclusive 12C(p, dp)

reaction from the inclusive 12C(p, d) reaction defined in Eq (2). The improvement factor is

normalized to be 1 for the inclusive reaction where no cut condition for protons is imposed. In

the semi-exclusive 12C(p, dp) reaction considered here, protons in the final state are observed

at backward angles with high momenta. The lowest value of the proton momentum pp and

the largest value of cos ✓p of the proton emission angle ✓p are shown as the cut conditions.

The events with protons with higher momenta and larger emission angles (smaller cos ✓p
values) than the cut conditions are accumulated for both background and signal processes

and used to evaluate the improvements of the S/B ratio.

Proton momentum cut [GeV/c]

Proton angle cut pp > 0.6 > 0.7 > 0.8 > 0.9 > 1.0

0.50 > cos ✓p 1.7⇥ 10 4.1⇥ 10 1.1⇥ 102 2.8⇥ 102 6.6⇥ 102

0.25 > 2.0⇥ 10 5.4⇥ 10 1.5⇥ 102 4.1⇥ 102 1.1⇥ 103

0.00 > 2.3⇥ 10 6.5⇥ 10 1.9⇥ 102 5.4⇥ 102 1.6⇥ 103

�0.25 > 2.6⇥ 10 7.3⇥ 10 2.2⇥ 102 6.3⇥ 102 1.9⇥ 103

�0.50 > 2.7⇥ 10 7.9⇥ 10 2.4⇥ 102 7.2⇥ 102 2.4⇥ 103

�0.75 > 2.9⇥ 10 8.7⇥ 10 2.6⇥ 102 8.9⇥ 102 3.7⇥ 103

than 90� in the semi-exclusive measurements, the S/B ratio is found to be about 200 times

larger than that of the inclusive spectra. Consequently, if the signal cross section were of the

order of 1000 times smaller than the inclusive cross section, the S/B ratio would still be of

the order of 20%.
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WASA for tagging 
> 1 GeV/c protons

WASA at FRS for ηPRiME: search for η′-mesic nuclei
Feb-Mar 2022
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Together with HypHI group

MDC

PSB

Feb-Mar 2022
WASA at FRS for ηPRiME: search for η′-mesic nuclei

Ryohei Sekiya: phD candidate
Yoshiki Tanaka: co-spokesperson



- Track finding is performed in X-Y plane. 

- Firstly, we selected the wires associated with 
each PSB hit. 

- The wires with drift time and TOT cut. 

- The wires within ±30° from the hit PSB. 

- The stereo layers are rotated according to z-
position of PSB. 

- We searched for “tracks” by fitting with a circle 
passing through the origin with excluding fake 
hit wires. 

- The selected wires are denoted by 
magenta color.

The track finding is done with algorithm “Elastic 
arm algorithm” (EAA) explained in the backup.

Track finding

±30°

8

Charged analysis 
by MDC-PSB

WASA in ηPRiME Experiment 
Fairly good PID capabilities 

(such as p/pi separation) 

Resolution (for 1 GeV/c, p, 90 deg)  
q/P 27%     

1/β(combined) 11% 
dE 8.2% 

MDC

PSB

PSB
MDC

Feb-Mar 2022
WASA at FRS for ηPRiME: search for η′-mesic nuclei



PID in WASA (θ > 90°)

High-resolution spectroscopy  
of rare systems 

Spectroscopy by FRS in coincidence 
with WASA to measure  

associated particle emission
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MDC WASA in ηPRiME Experiment 

Fairly good PID capabilities 
(such as p/pi separation) 

Resolution (for 1 GeV/c, p, 90 deg)  
q/P 27%     

1/β(combined) 11% 
dE 8.2% 

Feb-Mar 2022
WASA at FRS for ηPRiME: search for η′-mesic nuclei
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GSI-S490 Semi-exclusive spectrum 12C(p,d) w. p tagging

Statistical significance 2.1σ (global)
Fit indicates V0=-62, W0=-2 MeVSee GSI-S490 (Thursday 18 Sep.)

First indication of η′-mesic nuclei

arXiv: 2509.07824
submitted to PRL

Thank you for your cooperation



WASA is too big…

We do not need neutral detectors for the first 
moment. We need charged particle identification 
and momentum analysis only

for FAIR tunnel  
for LHe comsumption

To continue our research



2024.11 

WASA2 at SPring-8 in Hyogo, Japan

SPring-8 SOR 8 GeV

BL33LEP at SPring-8 
Backward compton scattering for 
< 2.4 GeV γ beam
Various hadron physics such as
η ω φ… meson production
η′-mesic nuclei
Kaonic nuclei

WASA is too big…

We do not need neutral detectors for the first 
moment. We need charged particle identification 
and momentum analysis only

for FAIR tunnel  
for LHe comsumption
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WASA2 at SPring-8 in Hyogo, Japan
Toshiba
Superconducting solenoid magnet
(Helmholtz magnet) 
Cryogenic system directly attached

Max Field 2.6 T

Bore diameter 605 mm

Length 1500 mm

Outer dimension L1500 x W2800 x H2400 mm

Weight ~ 5.4 t

Property of RCNP, The University of Osaka
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Pedestal/support structure can be modified
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Toshiba
Superconducting solenoid magnet
(Helmholtz magnet) 
Cryogenic system directly attached

Max Field 2.6 T

Bore diameter 605 mm

Length 1500 mm

Outer dimension L1500 x W2800 x H2400 mm

Weight ~ 5.4 ton

Property of RCNP, The University of Osaka

Comparison of WASA2 with other systems

Specifications WASA2 WASA J-PARC E15

Max Field 2.6 T 1.0 T 0.7 T

Bore diameter 60 cm 49 cm 118 cm

Length 100 cm 55 cm 117 cm

Weight 5.4 ton ~ 10 ton 21 ton

Comments 4K fridge attached (to be 
updated in Toshiba)

KEK made solenoid  
Helium consumption large

Conflict with other exp.

NEC TOKIN  
Normal conducting

Doraemon Magnet

• Manufactured by TOKIN
• ~50 million yen in total

• ~40M(solenoid)+~10M(base)

• Bore diameter: 1.18 m 
• Length: 1.17 m
• Overall weight: 21 tons
• Operated at 0.7 T
• almost max. field

4

1,080 mm

Old-base (discarded)
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   Excitation of baryonic resonances in the nuclear medium

J.L. Rodríguez-Sánchez

Δ(1232) and Roper(1440) resonances are the low-lying baryon excitations whose properties in 
the nuclear medium are still not well understood

Isobaric charge-exchange reactions have proven to be 
an e�ective tool for studying the excitation of these 
resonances in the nuclear medium

T. Hennino et al., Phys. Lett. B 283, 42 (1992)

K. Sneppen et al., Phys. Rev. C 50, 338 (1994)

The reconstruction of the invariant mass showed

• Shift of the invariant mass between light and heavy targets

• Change of the ∆(1232) mass in the nuclear medium ~ 40 MeV

Grorud et al., NIM 188, 549 (1981)

Roy-Stephan et al., Nucl. Phys. A 488, 187 (1988)

Rodriguez-Sánchez et al., PLB 807, 135565 (2020)

Rodriguez-Sánchez et al., PRC 106, 014618 (2022)

136I

136Xe

136Cs

π± emission

Personal view : physics cases with WASA2 at (Super-)FRS
Mesic nuclei spectroscopy Hyper nuclei spectroscopy

Δ(1232) and Roper(1400) 
in neutron rich nuclei Density dependence of symmetry energy
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Rodriguez-Sánchez et al., PLB 807, 135565 (2020)
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136I

136Xe

136Cs
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Mesic nuclei spectroscopy Hyper nuclei spectroscopy

Δ(1232) and Roper(1400) 
in neutron rich nuclei Density dependence of symmetry energy

New ideas are welcome

Personal view : physics cases with WASA2 at (Super-)FRS



WASA2 at FRS for ηPRiME

WASA2

WASA2 WASA

2.6 T 1.0 T

60 cm 49 cm

100 cm 55 cm

5.4 ton ~ 10 ton

4K fridge attached Helium consumption large
Conflict with other exp.

What we expect are…
better PID to reduce pion contamination
and better momentum resolution.
With larger detectors, back-to-back
coincidence of particles is in sight.
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WASA2 at FRS for ηPRiME
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Statistical significance 2.1σ (global)
Fit indicates V0=-62, W0=-2 MeV

Assuming same potential, we expect 2 peaks
to be observed and statistical significance > 5σ (global)

First indication of η′-mesic nuclei
Goal: discovery of η′-mesic nuclei

See GSI-S490 (Thursday 18 Sep.)
arXiv: 2509.07824
submitted to PRL



Summary
• WASA2 is upper-compatible WASA for charged particle measurement.
• Joint usage/research program approved by owner RCNP, Osaka University
• WASA2 is transported to Toshiba company for cryogenic system replacement  

(→ next Take’s talk)
• WASA2 can accommodate many physics cases
• Let us know your new idea of physics using this unique combination of high-resolution 

spectrometer FRS + WASA2
• η′-mesic nuclei project will realize “production phase” using WASA2
• We will prepare TDR and hope to submit a proposal to next G-PAC


