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η problem  
Peculiarly large mass  

mη’ >> √3mπ 

(Weinberg, 1975)
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Kobayashi, Maskawa, PTP44(70)1422
 ‘t Hooft, PRD14(76)3432.

T. Kunihiro, Phys. Lett. B219(89)363.
Klimt,  Lutz,  Vogl,  Weise, NPA516(90)429.

Large η’ mass = UA(1) × chiral condensate
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χ-symmetry
restored

χ-symmetry
broken

77±2% 60±3% at ρ0

ρ0

Chiral condensate in nuclear matter decreases 
~pionic atom spectroscopy~
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T. Nishi, KI et al., Nature Physics 19, 788 (2023) 
Article DOI: 10.1038/s41567-023-02001-x
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We expect considerably large 
mass reduction of η′ in nuclei 
→ Attractive potential 
→ Existence of bound states

T. Nishi, KI et al., Nature Physics 19, 788 (2023) 
Article DOI: 10.1038/s41567-023-02001-x

Chiral condensate in nuclear matter decreases 
~pionic atom spectroscopy~
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Background

Signal

Missing-mass of 12C(p,d) inclusive measurement

We achieved extremely high statistical sensitivity 
demonstrating very good performance of FRS. 
But, no peak was observed. Major BG=multi π.  

S/BG cross sections must be < 1/100

Y.K. Tanaka et al., Phys. Rev. Lett. 117, 202501(2016)

S437:12C(p,d) in 2014 at FRS/GSI

η′-threshold

mainly 

multi-π
 BG
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p d

ππ

π

S437-η′
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How to select signals
3 major decay modes 

of η′-mesic nuclei
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Detect p (800-1200 MeV/c) emitted 
in the decay of η′-nuclei for 

semi-exclusive measurement.  
f ~ 100 improvement in S/BG

How to select signals
3 major decay modes 

of η′-mesic nuclei



η′-threshold

Inclusive

Tp = 2.5 GeV, 12C(p,d) p 2.5 GeV, 2.5x108/s,
8 g 12C targetx102

S490-η′
Expected spectrum in 4 days of DAQ at FRS
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Tp = 2.5 GeV, 12C(p,dp)
η′-threshold

Semi-exclusive
pη′

dη′
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Background

f ~ 100 better S/BG
Structure near threshold

U(r=0) = −90−17i MeV microscopic transport
simulation

p 2.5 GeV, 2.5x108/s,
8 g 12C target

Expected spectrum in 4 days of DAQ at FRS
S490-η′



Experimental setup : 12C(p,dp) in Feb. 2022 
together with HypHI

p 2.5 GeV, ~2x108/s

Momentum analysis of (p,d) 
for Missing Mass Spectroscopy

WASA for decay 
p measurement

Combination of forward  
high-res. spectrometer and 
large solid angle detector

4g/cm2 12C target
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p/d ratio at S4 >1000 
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Detectors in WASA
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SC Magnet, Return Yoke

• MDC (Mini Drift Chamber) 
Charged particle tracking 

• PSB (Plastic Scintillator Barrel) 
ΔE + Timing measurement 

• CsI 
γ detection for calibration

MDC

16

p Beam
proton

deuteron

Cooperation with COSY-WASA collaboration

Target

~1.0 T

CsI
PSB

Detectors in WASA

SC Solenoid 



0 50 100 150 200 250

250−

200−

150−

100−

50−

0

gr_psb_cor_wfd_0_ev193

0 50 100 150 200 250
200−

150−

100−

50−

0

50

100

gr_psb_cfd_wfd_0_ev193

0

0

50 100 150 250200

-50

-100

-150

-200

-250

time [0.4ns/point]

Vo
lta

ge
 [m

V]

Plastic Scintillator Barell

Charged particle trigger 
TOF, ΔE information for PID 
Charge veto for CsI detector

2.5 GHz WFD

Software QDC/CFD for ΔE and timing

SC Solenoid 

R.Sekiya
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SC Solenoid 

Hit wires

Track

GENFIT Event Display

Mini Drift Chamber MDC 
17 layers ~2K straw tube detectors

Tracking resolution 250-500 μm  
→ Δp/p ~ 40-45% at 1 GeV/c

Tracking with Kalman filter

SC-Solenoid 1T

R.Sekiya
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PID by WASA (S4 d tagged)
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Preliminary
PID seems to work fine 

However, we need reasonable 
cut-conditions and the evaluation



Summary
• Thank you for your cooperation 

• We have conducted S490 experiment to search for eta-prime mesic nuclei 

• We have conducted missing-mass spectroscopy of 12C(p,d) reaction with tagging 
of ~1 GeV/c proton emitted nearly isotropically for two nucleon absorption of η′ 

• We accumulated 1.1x107 forward d in the inclusive measurement of (p,d) by FRS. 
Detected proton number with WASA in coincidence with forward d agrees with 
expectations → BG suppression as expected 

• WASA PID works fine with TOF, tracking, and ΔE information. Cut conditions are 
to be finalized  

• WASA momentum resolution is by a factor of 1.4-1.5 worse compared with 
simulation. We are investigating the reasons 

• We combine ΔE, TOF, and tracking information to make “kinematical fitting” to 
achieve better momentum resolution  
→ Semi-exclusive spectra will be ready soon. 

• We start considerations about next experiment
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