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1)  New experimental informations and their 
interpretations   concerning Lambda(1405) production in p+p 
reactions.  	



          HADES experiments: PRC87 (2013) 025201.  	


����    Analysis of Hassanvand et al.: PRC87 (2013) 055202	


2) Population of Lambda(1405) and K^-pp,K^-pn, K^-ppn, K^-pnn 

in K^- reactions�for AMADEUS and J-PARC 	


3) Further analyses of DISTO data (overlapped with Ken Suzuki's 

talk)	


4) New theoretical predictions of double-Kbar clusters: 	


       Maeda, Akaishi.	


5) Proposed experiments to search for K^-K^-pp and Kbar 

strangelets  Pbar-induced reactions p+p collisions above 8 GeV 
HI collisions �
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Partial restoration of chiral symmetry breaking 
 in nuclear medium 
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  Two	
  different	
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  mechanisms	
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  Λ*p	
  -­‐-­‐>	
  K-­‐pp	
  
Conventional:  π+ + n --> Λ* + K+ 	


    Λ*-p distance ̃ 2.2 fm�
    sticking probability: small ̃ 1% �
    Λ*: mostly in the q. f.  region  	



New     p + p --> Λ* + p + K+�

Collision distance RNN ̃ 1/mρ̃ 0.3 fm�
 matches the small size ̃ 1.05 fm�

    of the dense K-pp bound state. 	


  sticking probability ̃ 100% 	


Dominance of Λ1405-p sticking �
 in NN collisions: Λ*-p doorway	
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Production of X Mesons in Three-Body States in Proton-Proton
Interactions at |7 Bev/c*

W. CHINOwsKY, R. R. KINsEY) S. L. KLEIN, M. MANDELKERN, AND J. SGHULTzf
Lawrence Radiation Laboratory, University of California, Berkeley, California

F. MARTIN7 M. L. PERL, AND T. H. TAN
Stanford Linear AcceLerator Center, Stanford University, Stanford, California

(Received 31 August 1967)

Analysis of 9700 events, containing at least one observed neutral or charged decay, produced by 6-BeV/c
protons in the LRL 72-in. liquid-hydrogen bubble chamber has yielded 1746 examples of the reaction
proton+proton -+ hyperon+E meson+nucleon. Production cross sections for these three-body reactions
are as follows:

o(hE+p) =54 5+3 pb, a(r E+p) =17 2+ pb, o(r+E p) =26&4 pb, a(z+X+yg) =57+7 pb.
Strong &*production is observed in all channels. In particular, one or more T=-, resonant states with mass
near 1700 MeV/c', decaying into AE+, and a T= 2 resonance with mass 1920 MeV/c', decaying into Z+E+,
are produced. In all cases the data are consistent with a production process dominated by a single-pion-
exchange mechanism. No evidence is found for a dibaryon state in either the A.-proton or Z-nucleon system.

I. INTRODUCTION
' 'T has been well established that the strong inter-
~ ~ actions of mesons with nucleons, and of mesons with
mesons, are invariant to a good approximation under
the operations of the group SU(3).As first discussed by
Oakes, ' it is straightforward to extend the application
of this symmetry requirement to the baryon-baryon
interaction and to classify multibaryon states as mem-
bers of irreducible representations of this group. Since
the nucleon is a member of an octet, it follows that the
deuteron, a system of hypercharge two and isotopic
spin zero, belongs to a 10 representation, and the virtual
isotopic triplet state of the deuteron occurs in a 27
representation. The validity of this classification and
thus of the relevance of SU(3) symmetry to the nuclear-
binding interactions would be most directly established
by the discovery of other members of the representations
as bound states or resonant interactions of hyperon and
nucleon or hyperon and hyperon. Investigations of
hyperon-nucleon interactions, both in elastic scattering'
and final-state interactions' of particles produced in
*Work done under the auspices of the U. S. Atomic Energy

Commission.
f Present address: University of California, Irvine, Calif.' R. J. Oakes, Phys. Rev. 131, 2239 (1963).
~B. Sechi-Zorn, R. A. Burnstein, T. B. Day, B. Kehoe, and

G. A. Snow, Phys. Rev. Letters 13, 282 (1964); L. Piekenbrock
and F. Oppenheimer, ibid. 12, 625 (1964); J. Schultz, R. Kinsey,
W. Chinowsky, and N. Rybicki, Bull. Am. Phys. Soc. 10, 529
(1965); R. Englemann, H. Filthuth, V. Hepp, and E, Kluge,
Phys. Letters 21, 587 {1966);H. G. Dosch, R. Englemann, H.
Filthuth, V. Hepp, and K. Kluge, ibid. 21, 236 (1966); R. A.
Burnstein, University of Maryland Technical Report No. 469,
1965 (unpublished).
3 A. C. Melissinos, N. W. Reay, J. T. Reed, T. Yamanouchi,
E. Sacharidis, S. J. Lindenbaum, S. Ozaki, and L. C. L. Yaun,
Phys. Rev. Letters 14, 604 (1965); P. A. Pirou6, Phys. Letters
11, 164 (1964); W. J. Hogan, P. F. Kuny, A. Lemonick, P. A.
Piroub, and A. J. S. Smith, Bull. Am. Phys. Soc. 12, 517 (1965);
W. A. Wenzel (private communication); G. Alexander, O.
Benary, B.Reuter, A. Shapiro, E. Simopoulou, and G. Yekutieli,
Phys. Rev. Letters 15, 207 (1965).
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nucleon-nucleon collisions have not as yet yielded any
conclusive evidence for a resonance in the hyperon-
nucleon system. The only indication of such a resonance
is the reported enhancement in the A.-p mass spectrum
near minimum A-p mass in small-momentum-transfer
p-p collisions. ' To search more intensively for such
baryon-baryon states and to reveal more general details
of nucleon-nucleon reaction mechanisms, an extensive
study of proton interactions in the LRL 72-in. liquid-
hydrogen bubble chamber was undertaken. We report
here results on the observed characteristics of hyperon
production in three-body final states via the channels

PP ~P E+P (a),
Z'E+p (b),
Z+E'p (c),
Z+E+e (d) .

The states produced in these reactions would appear to
be most suitable for elucidation of final-state hyperon-
nucleon interactions, whose effects might be obscured
in states including pions by the presence of I'*, S*,
and E* resonances. The data reported result from
analysis of approximately 500 000 photographs, taken
in two separate running periods, of interactions of
protons in a beam averaging ten particles per pulse.
The incident momentum was 6.10&0.02 BeV/c during
the first running period and 6.00&0.02 BeV/c during
the second.

II. EXPERIMENTAL PROCEDURE

Protons, produced in a target s in. high, 4 in. wide, and
—,'in. long at 7' to the direction of the external proton
beam of the bevatron, were transported to the bubble
chamber using the arrangement shown schematically
in Fig. i. The optical elements determining the focal
1466
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others. Rather, only in a region de6ned by limits on
FE+ effective mass is there such a concentration. The
existence of only AK+ and Z+E+ 6nal-state interac-
tion is demonstrated more condusively in the effective-
mass distributions of Figs. 8—11, shown together with
the corresponding phase-space distributions. Correc-
tions to the data have been made here for observational
biases, so that each observed event is weighted as
discussed above. The bin heights in each histogram are
the sums of the weights for individual events falling
into the relevant bins. Statistical errors are given by
the application of Poisson statistics to a weighted
collection of events; thus, if
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FIG. 12.The A-P mass distribution for the channel APE+ shown
as a function of momentum transfer to the proton. The curves are
phase-space distributions.

of the F-E and I'-S systems with the observed mass
distributions, followed by isotropic decay in their
center-of-mass frames, and calculating the expected
reQections in the F-E and F-K systems, respectively.
The results of such calculations are shown in Fig. 8 for
the ApE+ reaction. It is clear that the Ap peak can be
understood as a reQection of a AE+ enhancement,
while the converse does not hold.
The above assumption. of an isotropic disintegration

of the two-body system cannot be completely justified.
The breakup angular distributions of either two-body
system can be readily obtained from the Dalitz plots,
Figs. 4-7. The ordinate and abscissa may be interpreted,
respectively, as the square of the F-nucleon mass and
the cosine of the angle between the hyperon and the
E line of Qight in the I'-e center-of-mass system. The
latter angle need not be isotropically distributed, as a
consequence of the production mechanism, or final-
state interactions. A new hyperon-nucleon resonance
with a pathologically anisotropic decay distribution
could be invoked to explain the over-all distribution in
the Dalitz plot and the I'-K enhancement as a reflec-
tion. It is quite unnecessary to invoke such a new
resonance with complicated properties, but we rather
attribute the distribution purely to already well-
established F-E resonant interactions, speci6cally
Eg/2 (1688) and X3/9 (1920).
This conclusion is greatly reinforced by the observa-

tion that the I -E production is predominantly periph-
eral and consistent with a single-pion-exchange model
as discussed below. It should be noted that if those
events produced with low momentum transfer to the
initial proton are eliminated from the A-p mass dis-
tribution, a spectrum results that is in excellent agree-

2.30

M(Z 20

IO

Cos 8

FIG. 13. Decay angular distribution of the X+X+ system pro-
duced in the channel Z+E+e. The angle 8 is between the Z+ and
momentum transfer directions in the X+X+ rest system. The
curves are predictions of pion exchange with a form factor.

7 K. Sierman, A.: P. Colleraine, and U. Nauenberg, Phys. Rev.
147, 922 (1966).

ment with phase space, as seen in Fig. 12. Thus, even
in the region where peripheralism does not dominate,
there is no suggestion of a dibaryon resonance. In cal-
culating momentum transfer, there are, of course, two
values for each event since the initial-state protons
are indistinguishable. We use the smaller momentum
transfer to de6ne the identities of the initial-state
protons when comparing with dynamical models and
require our theoretical calculations to be consistent
with this procedure. Such a choice is suggested by the
strong peaks at low momentum transfer which char-
acterize peripheral production. This procedure is well
justi6ed by the further demonstration below that the
mechanism is indeed peripheral.
The Ap and AE+ mass spectra may be understood

to result from a quasi-two-body process, pp —+ X&/2*P,
proceeding via a peripheral mechanism, with subse-
quent decay of the S~ into AK+. The conclusion that
there is no evidence for a AP resonant state is in agree-
ment with that of Bierman e/ a/. ' The K+P mass dis-
tribution for this reaction (Fig. 8(c)j shows structure
not observed in E+P elastic scattering with enhance-
ments at 1.8 and 2.1 Bev/c'. These features cannot
be directly explained as reflections of the Xg/2~(1688)
production. However, their absence in E+p elastic
scattering suggests that the peaks observed here are
not resonances, but rather kinematical correlations
associated with other aspects of the production pro-
cess, or statistical Quctuations.
Consequently we conclude that we have observed

no dibaryon resonances in either the T= ~ or the T=-',

PRODUCTION OF K MESONS IN pP INTERACTIONS

TABLE II. Pion-nucleon resonances between 1600
and 2000 MeV/cp. '

7.5
I & I ' l ' l

Resonant
state

+7/2
Sl/2
Ds/2
~5/2

' Values are quoted from Ref. 8.

M'
(MeV)

1920
1700
1670
1688

FinelasticI'elastic

100
216
56
72

100
24

38

(MeV) (MeV)
6.5

Ol

5.5
Cl

+ 4.5

N
X

state in the mass range from 2.05 to 3.14 BeV/c'. It
is conceivable that a dibaryon resonance in this range
would be dificult to detect above the background of
peripherally produced events in this reaction. Never-
theless, the absence of distinct localized enhancements
in the hyperon-nucleon mass spectrum leads to the
above conclusion. Further, we estimate that the cross
section for the production of the enhancement reported
by Melissinos et al.' is less than 0.2 pb in the present
experiment.

V. NUCLEON ISOBAR PRODUCTION

Analyses of pion-nucleon elastic scattering have
revealed evidence for the existence of three T=—', reso-
nances near 1690 MeV and one T=—', resonance near
1920-MeV total c.m. energy. ' The properties of these
resonances inferred from the phase-shift analyses are
listed in Table II. We interpret the observed resonance
production as production of these +-nucleon resonances
and their subsequent decay into hyperon and kaon.

2.5
0 2 6

(BeY/c )*

FxG. 15. Scatter plot of AE+ mass versus momentum
transfer for reaction pp ~AX+p.

Analysis of the angular and polarization distributions
observed' in pr+p ~Z+E+ show that this reaction pro-
ceeds in part through an Fz/2 resonance at 1925 MeV
with width I'=175 MeV, consistent with the param-
eters of the resonance observed in x-nucleon elastic
scattering. The partial width of the Fz/2 into Z+E+
was found to be about 1 MeV. Our peak in the X+K+
mass spectrum in the channel Z+eE+ is naturally
interpreted as due to the production of this resonance
and its subsequent decay into X+K+. To estimate the
rate of resonance production the distribution in 6',
momentum transfer to the neutron, and M, 2+IV+
effective mass, were fitted to the expression

2.55

1 gd20'=
(++LE)p M

1's+z+(M) M'
X 1+c

(MpP M2)2+Mpprp q
dMPdLV, (1)

~67
0 I

Cos 8

20
IO

' A. H. Rosenteld et al. , Rev. Mod. Phys. 39, 1 (1967).

FIG. 14. Decay angular distribution of the h.K+ system. The
angle 8 is between the A, and momentum-transfer directions in the
AE+ rest system. The curves are predictions of pion exchange with
a form factor.

which is a sum of resonance and background con-
tributions. The form factor 1/(++6')' is required to
parameterize the strong peripheralism shown in the
data. Here q is the momentum of the Z+ in the Z+E+
rest frame, Mo the resonance energy quoted in Table
II, F the total width, and c a number which character-
izes the production cross section. The energy-dependent
partial width into the channel X++K+was taken to be

(q/qp) "+'(Mp/M)I"z+z+= I'z+z+
(q2+ +2) l/ (q 2+X2)l

The "partial width" P~+~+ is a measure of the coupling
of the resonance to the decay channel in question, and
the rest of the expression is the product of phase space,
a barrier penetration factor, and form factor normalized
to unity at the central mass Mo of the resonance. Both
these latter factors depend strongly on the orbital
9%.G. HoUaday, Phys. Rev. 1398, U48 (1965).
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From Hashimoto, INPC2013�



Hashimoto, INPC2013�



First J-PARC result	



Hashimoto et al.,	


INPC2013, Firenze, June 8 �





Examina<on	
  of	
  expected	
  cross	
  sec<on	
  	
  
Y.	
  Akaishi	


  The neutron detector is set at the forward angle.  
This favours quasi-elastic and quasi-free production 
       over the dense-X signal. Analyses in progress  
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YDA: T. Yamazaki, A. Dote & Y. Akaishi	
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New	
  data	
  M(dΛ)	
  in	
  HI	
 N. Herrmann, BORMIO2012�
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 Estimate of the chiral symmetry restoration	


  caused by the shrinkage of Kbar Clusters	


according to the QCD vacuum clearing model 	


       of Brown, Kubodera and Rho �
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Experimental	
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  K-­‐K-­‐pp	
  

Toshimitsu	
  	
  Yamazaki	
  	
  
with	
  P.	
  Kienle,	
  M.	
  Maggiora,	
  K.	
  Suzuki,	
  et	
  al.	
  

Y.	
  Akaishi,	
  S.	
  Maeda,	
  M.	
  Hassanvand	


	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  New trends in the low‐energy QCD 
                in the strangeness sector:  

        experimental and theoretical aspects 
          ECT*, Trento, 15 – 19 October 2012	




Why not	


 Λ* + Λ*	


sticking ?! �Abundant production of Λ*	



      in pp -> p Λ* K+   ~ 1/10 of Λ �

K-pp ~ Λ*p � K-K-pp ~ Λ*Λ*�

Λ*p sticking	
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