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Outline 

• The puzzle of diquark degrees of freedom?

• Hyperon weak decay and lifetime of free  and 

• Shortened lifetime of 
𝟑𝐇

• Heavy flavored baryon decays

• Brief summary 



The non-relativistic constituent quark model (NRCQM) predicted a 

much richer baryon spectrum than observed in N scatterings. 

– “Missing Resonances”.
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“Old question about “missing baryon resonances” 



Dilemma: 

a) The NRCQM is WRONG: quark-diquark configuration? …

b) The NRCQM is CORRECT, but those missing states have only weak 

couplings to N, i.e. small gN*N.  (Isgur, 1980)

Looking for “missing resonances” in N* N, K, K, N, N, N,

N …

(Exotics …)
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A baryon made of 5 quarks ?

LEPS at SPring-8 (2003) 
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Proton: (uud)
Neutron: (udd)

: (uds)


: (uudd s )

Exotic  n K(u s )

• First baryon with strangeness S=+1 from s ;

• mass of 1.54 GeV;

• narrow width < 15 MeV (~ 1 MeV).

First evidence for a baryon with five 

constituent quarks !
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LEPS Collaboration, Phys.
Rev. Lett. 91 (2003) 012002, 
cited 987 times



Jaffe and Wilczek’s scenario: diquark-diquark model
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Spin 0          0            0              ½ 

Color      3          3            3  ( 6 )     3

Flavor 3          3            6  ( 3 )     3

(sss)   3          3            6  ( 3 )     3

Orbital angular momentum: 1

+ (ud)(ud) s

(ud)(ud)s   6  3 = 10  8

 could have cluster structure 
due to the requirement of 
symmetry and strong QCD 
correlation. 

•Jaffe and Wilczek, Phys. Rev. 
Lett. 91, 232003 (2004);  cited 
804 times 
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Pc(4380) 

Pc(4450)

arXiv:1507.03414v2 [hep-ex], PRL(2015) 

Diquark property keeps!
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Data analysis including * and pentaquark states 

M[Pc(4380)] = (4380829) MeV,  = (2051886) MeV

M[Pc(4450)] = (4449.81.72.5) MeV, =(39519) MeV

JP = (3/2, 5/2) or (3/2, 5/2) 
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Immediate theoretical studies: 
1) Molecular states of e.g. c* D* favored by potential models: 

R. Chen, X. Liu, X.-Q. Li, S.-L. Zhu, arXiv:1507.03704[hep-ph]

L. Roca, J. Nieves and E. Oset, arXiv:1507.04249 [hep-ph].

A. Feijoo, V. K. Magas, A. Ramos and E. Oset, arXiv:1507.04640 [hep-ph]

J. He, arXiv:1507.05200 [hep-ph]

U.-G. Meissner, J.A. Oller, arXiv:1507.07478v1 [hep-ph]

2) Multiquark state as an overall color singlet

L. Maiani, A.D. Polosa, and V. Riquer, arXiv:1507.04980 [hep-ph]

R.L. Lebed, arXiv:1507.05867 [hep-ph]

V.V. Anisovich et al., arXiv:1507.07652[hep-ph]

G.-N. Li, X.-G. He, M. He, arXiv:1507.08252 [hep-ph]

3) Soliton model

N.N. Scoccolaa, D.O. Riska, Mannque Rho, arXiv:1508.01172 [hep-ph]

4) Sum rules study

H. X. Chen, W. Chen, X. Liu, T.G. Steele and S. L. Zhu, arXiv:1507.03717

Z.-G. Wang, arXiv:1508.01468.
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Alternative solutions? 

Threshold enhancement produced by anomalous triangle singularity: 

F.-K. Guo, U.-G. Meissner, W. Wang, and Z. Yang, arXiv:1507.04950 [hep-ph]

X.-H. Liu, Q. Wang, and Q. Zhao, arXiv:1507.05359 [hep-ph]

M. Mikhasenko, arXiv:1507.06552v1 [hep-ph]

Or some other peculiar mechanisms?

Some early studies: 
J. J. Wu, R. Molina, E. Oset and B. S. Zou, Phys. Rev. Lett. 105, 232001 (2010) 
[arXiv:1007.0573 [nucl-th]].

J. J. Wu, R. Molina, E. Oset and B. S. Zou, Phys. Rev. C 84, 015202 (2011) 
[arXiv:1011.2399 [nucl-th]].

J. J. Wu, T.-S. H. Lee and B. S. Zou, Phys. Rev. C 85, 044002 (2012) [arXiv:1202.1036 
[nucl-th]].

Z. C. Yang, Z. F. Sun, J. He, X. Liu and S. L. Zhu, Chin. Phys. C 36, 6 (2012) 
[arXiv:1105.2901 [hep-ph]].
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Production mechanism in b decay if not a genuine state

Rescattering via triangle diagrams 

X.-H. Liu, Q. Wang, and Q. Zhao, arXiv:1507.05359 [hep-ph]

Leading production of  c*D(*) instead of c*D(*) !
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Rescattering to generate a pole? 

Should be a leading order mechanism if Pc is a genuine state!  

• Favored by the molecular picture

although color suppressed. 

• However, compact diquark should 

be ruled out.

X.-H. Liu, Q. Wang, and Q. Zhao, arXiv:1507.05359 [hep-ph]

1/mQ << 1/mq
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The anomalous triangle singularity can be recognized 

F.-K. Guo, U.-G. Meissner, W. Wang, and Z. Yang, arXiv:1507.04950 [hep-ph]
X.-H. Liu, Q. Wang, and Q. Zhao, arXiv:1507.05359 [hep-ph] 
F.K. Guo, C. Hanhart, U.-G. Meissner, Q. Wang, Q. Zhao, B.S. Zou, arXiv:1705.00141, 
to appear in Rev. Mod. Phys. 
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Thresholds for cJ p 

X.-H. Liu, Q. Wang, and Q. Zhao, arXiv:1507.05359 [hep-ph]



15



16

Invariant mass distribution of J/ p with different K−p 
momentum cuts
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F.-K. Guo, U.-G. Meissner, W. Wang, and Z. Yang, arXiv:1507.04950 [hep-ph]

The ATS can mimic a resonance behavior in certain cases! 
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Hyperon weak decay and lifetime of free 

[(ud)s]

(ud)

s 



Nuclear chart with strangeness

Λ

Extending drip-line!

• What’s the role played by the -N 
interaction in the formation of 
hypernucleus? 

• What can we learn from their decays?

Nuclear chart from E. Hiyama


5He

5He


4n ? 

J.-M. Richard, Q. Wang and Q. Zhao, 
PRC91, 014003 (2015); arXiv:1404.3473 
[nucl-th].
A. Gal and H. Garcilazo, PLB736, 93 
(2014), arXiv:1404.5855 [nucl-th].
E. Hiyama, S. Ohnishi, B.F. Gibson and 
T.A. Rijken, PRC89, 061302 (2014), 
arXiv:1405.2365 [nucl-th]



C. Rappold et al., Physics Letters B 728 (2014) 543–548

Lifetime measurement of 
𝟑𝐇 and 

𝟒𝐇

 The lifetimes of both 
𝟑𝐇 and 

𝟒𝐇 are shorter than that of the free !  

Free : (263.2±2.0) ps



ALICE Collaboration, Physics Letters B 754 (2016) 360–372 



Excess energy 

V(r)

r

Hyper-nucleus

Nuclear binding 

 nucleons 

 p +  , n + 0

Mp= 938 MeV

M= 139 MeV

M= 1115 MeV

M (Mp M) 

= 38 MeV  

For a “weakly-bound” “light” hyper-nucleus, its lifetime should not be 
much different from that of a free . 

Lifetime of : (263.2±2.0) ps = 2.631010 s. 



Why surprising? 

• For the weakly bound system, the non-mesonic weak decay will be 

suppressed by the pion propagator. Hence, one would expect that the 

lifetime of 
3H is more or less the same as the free . 
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3H 

deuteron

Mesonic decay is dominant via 


3H   3He ,   3H ,   d 

 p,   2p  n, 0  d  n, 0  p 

 2n

Non-mesonic weak decay, e.g. 
3H p  2n, d  n



H. Kamada, J. Golak, K. Miyagawa, H. Witała, and W. Glockle, Phys. Rev. C 57, 

1595 (1998)  

Pionic weak transition operator has been parametrized out: 





The  weak decay 
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I) Direct pion emission 

• Highly suppressed for n0!

PDG: 

BR( p) = (63.90.5)% 

BR( n0) = (35.80.5)%

• Direct pion emission CANNOT be dominant!  



The  weak decay 

 p



II) Pole contribution via baryon internal conversion 
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In the quark model the transition amplitude can be expressed as:  
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Explicit calculation of the strong and weak transition matrix elements in the 
quark model:  

Ni Nf



Ni
Nf

The non-relativistic expansion gives

Goldberger-Treiman relation: 



The transition amplitude becomes: 

indicates the SU(3) flavor symmetry breaking. 

Explicit cancellation between the pole terms. 

is determined by the free  and  decays and will be fixed.
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All involve cancellations among the pole terms due to SU(3) flavor symm.  

I)  n 0

PDG: 

BR( p) = (63.90.5)% 

BR( n0) = (35.80.5)%
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II)  n 

All involve cancellations among the pole terms due to SU(3) flavor symm.  

Sign difference 

arising from 

signs of the 

propagators! 
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The SU(3) flavor symmetry parameters 

are strongly correlated indicating an 

intrinsic dynamic connection.



Some general features: 

i) The  and  hadronic weak decays involve significant cancelations 
among the pole terms which is determined by the SU(3) flavor 
symmetry. 

ii) However, the cancellations are sensitive to the SU(3) flavor symmetry 
breaking, which means a coherent study of the free  and  hadronic
weak decay is necessary.  

iii) Information about the short-distance behavior of the wavefunction is 
also crucial, but only contributes to the overall factor.

The dominance of pole contributions in the  and  hadronic weak 
decays has important consequence for the lifetime of light hyper-nuclei.



Hadronic weak decay of 
3H
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• Pauli principle will forbid the intermediate (nn) to stay in the same state, which 
will make these two pole terms different in hyper-nucleus decays.



Wavefunctions for the light nuclei, -- anti-symmetrized in the isospin space 

The spin and isospin wavefunctions are: 



Spacial wavefunction: 

Wavefunction in momentum space: 



Mean square radius: 

The r.m.s are from Juelich model and 

Nijmegen model, with which the HO 

parameters are fixed. 

• H. Polinder, J. Haidenbauer and U.-G. Meisner, Phys. Lett. B 653, 29 (2007)

• J. Haidenbauer, S. Petschauer, N. Kaiser, U.-G. Meisner, A. Nogga and W. Weise, 

Nucl. Phys. A 915, 24 (2013)

• T. A. Rijken, M. M. Nagels and Y. Yamamoto, Few Body Syst. 54, 801 (2013)



Transition matrix element for 



Partial width: 

“Lifetime” in comparison with the exp. data: 

Sensitivity of the pole term cancellation mechanism to the nuclear model: 

Other channels, e.g. 
3H

  d  p,   2p  n, 0  d 

 n, 0  p  2n, will further 

contribute to the partial width 

and further shorten the 

lifetime. 







• Diquark does not favor to be a compact object although 
spin-flavor correlations might exist.

• The  and  hadronic weak decays are dominated by non-
local interactions. 

• The presence of Pauli blocking plays a unique role in light 
hypernucleus weak decays and can explain the fastened 

lifetime of 
𝟑𝑯. 

• Contributions from pole terms cannot be neglected in 
charmed baryon hadronic weak decays.

Brief summary 

Thanks for your 

attention!





Lifetime of neutron: 880 sec. 

~ 2.22 MeV 

V(r)

r

n  p + e +e

Mp= 938.27 MeV

Mn= 939.56 MeV

Mp+Mn= 1877.83 MeV

Mp+Mp= 1876.54 MeV  

Md= 1875.61 MeV 

deuteron

Neutron becomes stable inside the deuteron since the binding 
energy is larger than the excess energy.  

~ 1.29 MeV 

p n 

p p 


