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How to find a Dibaryon?How to find a Dibaryon?

�� Our approach: Our approach: 
�� TwoTwo--pion production with best suited equipmentpion production with best suited equipment

�� 44ππ detector: WASAdetector: WASA

�� pellet target: p and dpellet target: p and d

�� storage ring: CELSIUS storage ring: CELSIUS →→ COSYCOSY

�� The learning phase: The learning phase: 
�� pp induced twopp induced two--pion productionpion production

�� Following a trace: Following a trace: 
�� the ABC effect in doublethe ABC effect in double--pionic fusionpionic fusion

�� The surprise:The surprise:
�� a narrow resonance in pn a narrow resonance in pn inducedinduced twotwo--pionpion productionproduction



H. Clement 3From CELSIUS to COSY:  Dibaryon

CELSIUSCELSIUSThe Svedberg Laboratory Uppsala / Sweden

PROMICE / WASA

WASA
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…… FatherFather of WASA of WASA ……
Sven Kullander
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LearningLearning byby DoingDoing ... ... Mistakes

JP = 2-
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…… itit shouldshould showshow upup
in in thethe MMppppππππππππ−−−−−−−−spectrumspectrum
of of thethe pppp →→→→→→→→ ppppππππππππ++++++++ππππππππ−−−−−−−−

reactionreaction ......

... and ... and indeedindeed ......
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…… howeverhowever, , betterbetter statisticsstatistics sometimessometimes helpshelps!!
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TheThe New New MilleniumMillenium

�� 44π π -- WASA WASA detectordetector
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ρρρρ

Meson Production at Meson Production at 

CELSIUS / WASACELSIUS / WASA

ππππ

ππππππππ

ηηηη

γγγγγγγγ

ωωωω

Particle    Ekin resolution ∠Θ resolution

p,d  (FD)     3% stopped 0.2 deg.

ππππ++++,π,π,π,π−−−− (3 – 10)% 0.2 deg.

γγγγ 8% 5 deg.

ππππ0000 10% 7 deg.

n ? < 5deg

Particle    Ekin resolution ∠Θ resolution

p,d  (FD)     3% stopped 0.2 deg.

ππππ++++,π,π,π,π−−−− (3 – 10)% 0.2 deg.

γγγγ 8% 5 deg.

ππππ0000 10% 7 deg.

n ? < 5deg



H. Clement 10From CELSIUS to COSY:  Dibaryon

WASA at COSYWASA at COSY

2005 - 2006

CELSIUS/WASA
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IsovectorIsovector :  Total Cross Sections:  Total Cross Sections

Phys. Lett. B 679 (2009) 30

N*(1440)

∆∆∆∆∆∆∆∆

∆(1600) (?)

isospin 

decomposition

⇒⇒⇒⇒
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Isoscalar :Isoscalar : …… this is what we expected!this is what we expected!
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Isoscalar :Isoscalar : …… and this is what we found!and this is what we found!

Phys.Rev.Lett.102, 052301 (2009) 

CELSIUS/WASA
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IsoscalarIsoscalar : Results from WASA at COSY: Results from WASA at COSY

“ABC resonance”

ΓΓΓΓintr∼∼∼∼50 MeV

M ≈≈≈≈ 2.37 GeV

ΓΓΓΓ ≈≈≈≈ 70 MeV

Phys.Rev.Lett.106, 242302 (2011)

m = 2.37 GeV

Γ  Γ  Γ  Γ  =    70 MeV
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pn pn →→→→→→→→ dd** →→→→→→→→ ∆∆∆∆∆∆∆∆∆∆∆∆∆∆∆∆ →→→→→→→→ ddππππππππ00000000ππππππππ00000000

∆

∆

d

π

πp

n

I (JP) = 0 (3+)

M, Γ, ΓΓ, ΓΓ, ΓΓ, Γi ∗ Γ∗ Γ∗ Γ∗ Γf , F(q∆∆∆∆∆∆∆∆)

Mππππππππ

Mdππππ0000

ΘΘΘΘd
*

model

Phys.Rev.Lett.106, 242302 (2011)
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hadronic decayshadronic decays
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New SAID solutionAy
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Early Predictions on DibaryonsEarly Predictions on Dibaryons

�� 1964 Dyson & Xoung: 1964 Dyson & Xoung: 6 non6 non--strange statesstrange states

�� 1975 Jaffe: 1975 Jaffe: HH--dibaryon (uuddss: dibaryon (uuddss: ΛΛΛΛ))

�� Thereafter: Thereafter: 

�� multitude of predictions of a vast number of multitude of predictions of a vast number of 

dibaryon states (Nijmegen group, ....) dibaryon states (Nijmegen group, ....) 
��

��

�� LANL theory group (T. Goldman et al.):LANL theory group (T. Goldman et al.):

�� The The „„inevitable dibaryoninevitable dibaryon““: : ∆∆∆∆ I(JI(JPP) = 0(3) = 0(3++))

...
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…… inevitable dibaryon: unique symmetry!inevitable dibaryon: unique symmetry!
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I(JP) = 0(3+) state: totally symmetric in space, spin & color

antisymmetric in isospin

accessed via ∆∆∆∆∆∆∆∆ as doorway ?

I(JI(JPP) = 0(3) = 0(3++) state: ) state: totally symmetric in space, spin & colortotally symmetric in space, spin & color

antisymmetric in isospinantisymmetric in isospin

accessed via accessed via ∆∆∆∆∆∆∆∆∆∆∆∆∆∆∆∆ as as doorwaydoorway ??

… inevitable dibaryon…… inevitable dibaryoninevitable dibaryon

N N ∆ ∆∆ ∆∆ ∆∆ ∆ d*⇔⇔⇔⇔ ⇔⇔⇔⇔

Nππππ Nππππ
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DysonDyson‘‘s Multiplet Predictions Multiplet Prediction
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State         I       J       Asymptotic Configuration          State         I       J       Asymptotic Configuration          mmtheortheor [MeV]       m[MeV]       m
expexp [MeV]        [MeV]        ΓΓΓΓΓΓΓΓexpexp [MeV] [MeV] 

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

DD0101 0       1                    Deuteron                    0       1                    Deuteron                    1876                    1876 1876                    1876 

DD1010 1       0                    virtual 1       0                    virtual 11SS00 1876                    1878     1876                    1878     

DD1212 1       2         NN(1       2         NN(11DD22) ) ↔↔↔↔↔↔↔↔ ∆∆∆∆∆∆∆∆N N ↔↔↔↔↔↔↔↔ NNNNππππππππ 2160                    2160                    ∆∆∆∆∆∆∆∆N thresholdN threshold

DD2121 2       1                            2       1                            ∆∆∆∆∆∆∆∆N N ↔↔↔↔↔↔↔↔ NNNNππππππππ 2160                                             2160                                             

DD0303 0       3         NN(0       3         NN(33DD33) ) ↔↔↔↔↔↔↔↔ ∆∆∆∆∆∆∆∆∆∆∆∆∆∆∆∆ ↔↔↔↔↔↔↔↔ NNNNππππππππππππππππ 2350               2350               ?

DD3030 3       0                           3       0                           ∆∆∆∆∆∆∆∆∆∆∆∆∆∆∆∆ ↔↔↔↔↔↔↔↔ NNNNππππππππππππππππ 2350                2350                ??

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

DysonDyson‘‘s Predictions Prediction

√√√√

√√√√

(√√√√)

?
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State         I       J       Asymptotic Configuration          State         I       J       Asymptotic Configuration          mmtheortheor [MeV]       m[MeV]       m
expexp [MeV]        [MeV]        ΓΓΓΓΓΓΓΓexpexp [MeV] [MeV] 

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

DD0101 0       1                    Deuteron                    0       1                    Deuteron                    1876                    1876 1876                    1876 

DD1010 1       0                    virtual 1       0                    virtual 11SS00 1876                    1878     1876                    1878     

DD1212 1       2         NN(1       2         NN(11DD22) ) ↔↔↔↔↔↔↔↔ ∆∆∆∆∆∆∆∆N N ↔↔↔↔↔↔↔↔ NNNNππππππππ 2160                    2144                      12160                    2144                      110     10     

DD2121 2       1                            2       1                            ∆∆∆∆∆∆∆∆N N ↔↔↔↔↔↔↔↔ NNNNππππππππ 2160                      ?                      2160                      ?                      ?     ?     

DD0303 0       3         NN(0       3         NN(33DD33) ) ↔↔↔↔↔↔↔↔ ∆∆∆∆∆∆∆∆∆∆∆∆∆∆∆∆ ↔↔↔↔↔↔↔↔ NNNNππππππππππππππππ 2350                    2370                       702350                    2370                       70

DD3030 3       0                           3       0                           ∆∆∆∆∆∆∆∆∆∆∆∆∆∆∆∆ ↔↔↔↔↔↔↔↔ NNNNππππππππππππππππ 2350                       ?                      2350                       ?                      ??

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

DysonDyson‘‘s Predictions Prediction

√√√√

√√√√

√√√√

√√√√
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Experiment        SU(6)          QDCSM          BagExperiment        SU(6)          QDCSM          Bag Model  |    FaddeevModel  |    Faddeev

Dyson & XuongDyson & Xuong Goldman, Ping et al.     Mulders et al.      |      Gal & GaGoldman, Ping et al.     Mulders et al.      |      Gal & Garcilazorcilazo

PRl 13 (1964) 815                PRC 89 (2014) 034001           PRl 13 (1964) 815                PRC 89 (2014) 034001           PRD 21 (1980) 2653    PRD 21 (1980) 2653    || PRL 111 (2013) 172301PRL 111 (2013) 172301

Comparison to predictions from Comparison to predictions from 

Quark and Hadron ModelsQuark and Hadron Models
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Width of dWidth of d**

�� Experiment:    Experiment:    ΓΓ≈≈ 70 MeV70 MeV
�� (t(t--channel channel ∆∆∆∆:   :   ≈≈ 250 MeV)250 MeV)

�� QDCSM:            110 MeVQDCSM:            110 MeV

�� Faddeev:               65 MeV  x 3/2 (?)Faddeev:               65 MeV  x 3/2 (?)

�� Hidden Color ?Hidden Color ?
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ConclusionsConclusions

1+     0+
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I =I = 0    1    2    30    1    2    3
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0+
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�� NonNon--Strange TwoStrange Two--Baryon SpectrumBaryon Spectrum

�� 3 established states: 3 established states: 33SS11 deuteron groundstatedeuteron groundstate
11SS00 virtual statevirtual state
11DD22 resonance (resonance (∆∆N)N)

�� 1 new 1 new -- presumably exoticpresumably exotic -- candidate:candidate:

dd** resonance resonance (∆∆)(∆∆)

�� Are there more states?Are there more states?

�� NNNN--decoupled states with I = 2, 3?decoupled states with I = 2, 3?

�� Search in pp Search in pp →→ ppppππ++ ππ−−

and in pp and in pp →→ ppppππ++ππ++ ππ−−ππ−−

�� Strange, charmed ... DiStrange, charmed ... Di--Baryons?Baryons?

Dyson‘s 

prediction

Gal & Garcilazo

Ping et al.

Zhang, Shen et al.


