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Observation of the d* resonance in the 

𝑝𝑛 → 𝑑∗ → 𝑑𝜋𝜋 and 𝑝𝑛 → 𝑑∗ → 𝑝𝑛  

at WASA  

Wasa-at-COSY 



Content 
 ABC Resonance in 𝑝𝑛 → 𝑑𝜋0𝜋0 

 Quantum numbers 

  Isospin decomposition 

 𝑝𝑛 → 𝑑𝜋0𝜋0, 𝑝𝑛 → 𝑑𝜋+𝜋−, 𝑝𝑝 → 𝑑𝜋+𝜋0 

 Resonance in elastic scattering 𝑝𝑛 → 𝑅 → 𝑝𝑛 
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“ABC resonance” 

70 MeV 

Total cross section pn  d00  

P. Adlarson et. al Phys. Rev. Lett. 106:242302, 2011 
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t-channel  

“ABC effect” 

M for different energies 



5 

Angular distribution in the peak 
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Quantum numbers of the structure 

Antisymmetrization:  Jp=1+or 3+ : if  LΔΔ=0 
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Status of Theoretical Description 

pn  R    d00 
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Isospin relations 
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I=0 

I=1 

𝜎 𝑝𝑛 → 𝑑𝜋+𝜋− =
1

2
𝜎 𝑝𝑝 → 𝑑𝜋+𝜋0  

                                   +2𝜎 𝑝𝑛 → 𝑑𝜋0𝜋0  
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Total cross section pN  d  

P. Adlarson et. al arXiv:1212.2881 

𝒅𝝅+𝝅− 

𝟏

𝟐
∙ 𝒅𝝅+𝝅𝟎 

𝟐 ∙ 𝒅𝝅𝟎𝝅𝟎 
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M in pN  d  
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M in pN  d  
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M in pN  d  



Isospin violation 
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+- 

00 
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3+ Resonance in pn 
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Kinematics 
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Proton spectator 

proton 

dpnp + psp 
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Total pn cross-section 

SAID 

SAID + 𝐷3
3  resonance  

Devlin et al, PRD8, 136 (73)  

LisowskI et al, PRL49, 255(82) 
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Total pn cross-section 

SAID 

SAID + 𝐺3
3  resonance  

Devlin et al, PRD8, 136 (73)  

LisowskI et al, PRL49, 255(82) 

𝜙 = −60° 
𝜙 = −90° 
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Expectations 
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SAID 

SAID with resonance 
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Expectation p 

n n 

p 

pnRpn 

SAID 
SAID with 𝐷3

3 resonance 

SAID with 𝐺3
3 resonance 
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Reality p 
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pnRpn 

SAID 

SAID with 𝐺3
3 resonance 

𝜙 = −60° 
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Reality p 

n n 

p 

pnRpn 

SAID 

SAID with 𝐺3
3 resonance 

𝜙 = −90° 
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Expectation p 

n n 
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pnRpn 

SAID SAID with 𝐺3
3 resonance 

Θ~90° 

𝜙 = −60° 

𝜙 = −90° 
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n n 

p 
pnRpn 



Conclusion 
 ABC-resonance is seen in 

 𝑝𝑛 → 𝑑𝜋0𝜋0 

 𝑝𝑛 → 𝑑𝜋+𝜋− 

 𝑝𝑛 → 𝑝𝑝𝜋−𝜋0 

 pn-elastic scattering exhibits fast phase motion 

 Good hints for a resonance in elastic channel 

 A discovery of a new resonance? 

 Dibaryon 𝑑∗: 𝑀 = 2.38 𝐺𝑒𝑉, Γ = 0.07 𝐺𝑒𝑉, I JP = 0 3+ , 

𝐺3
3  - partial wave. 
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Beam polarization 
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Total cross section pp  d+0  

Shimizu et al. 

F. Kren et al. 
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Total cross section pn  d00  
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Total cross section pn  d+-  



31 

Total cross section pn  d+-  
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M in pN  d  
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M in pN  d  
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M in pN  d  



Isospin violation 
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+- 

00 



pn Vector Analysing power 

𝚯𝑪𝑴 = 𝟔𝟑° 



pn Vector Analysing power 

𝚯𝑪𝑴 = 𝟔𝟑° 



pn Vector Analysing power 

Saclay 

SAID 

√𝑠 = 2.36 𝐺𝑒𝑉 



pn Vector Analysing power 

√𝑠 = 2.36 𝐺𝑒𝑉 

Saclay 
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pn Vector Analysing power 

√𝑠 = 2.38 𝐺𝑒𝑉 

SAID 



pn Vector Analysing power 

√𝑠 = 2.40 𝐺𝑒𝑉 

SAID 



pn Vector Analysing power 

√𝑠 = 2.42 𝐺𝑒𝑉 

SAID 



pn Vector Analysing power 

√𝑠 = 2.44 𝐺𝑒𝑉 

SAID 

Makdisi et. Al PRL45, 1529(80) 

Diebold et. Al PRL35, 632(75) 
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Expectations 
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SAID with 𝐷3
3 resonance 

SAID with 𝐺3
3 resonance 



pn Vector Analysing power 

𝚯𝑪𝑴 = 𝟖𝟕° 
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