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Antikaon + Nucleon

D. Jido et al., NPA 725, 181 (2003)
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Antikaon + Nucleon

D. Jido et al., NPA 725, 181 (2003)

one-pole state? two-pole state?
KN bound state at 1405MeV? 1420MeV?
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Antikaon + Two Nucleons
(KNN bound state)

T. Hyodo and D. Jido, arXiv:1104.4474 [nucl-th]

theory

The bound state will exist.
(B<100MeV, Γ: moderately large)
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Antikaon + Two Nucleons
(KNN bound state)

experiment FINUDA (2005) and DISTO (2010)

Phys. Rev. Lett. 94, 212303 (2005)

stopped K- + A (Li, C) → p + Λ + X
(invariant mass spectroscopy)
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Antikaon + Two Nucleons
(KNN bound state)

experiment FINUDA (2005) and DISTO (2010)

1.3. OBSERVATION OF K−PP SYSTEM IN THE FIRST FINUDA DATA TAKING 14

]
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Figure 1.6: Invariant mass of a Λ and a proton in back-to-back from light targets before the
acceptance correction. The inset shows the result after the acceptance correction. Taken
from [65].

The important statements in the paper are two-folded as follows.

First observation of Λp pairs in stopped K− absorption
As described in the previous section, one-nucleon absorption, which emits a hyperon
and a pion in low momentum, had been intensively studied in 1960’s and 1970’s. It was
also noticed that there were significant amount of hyperons which do not associate any
pion. However, a detailed discussion on multi-nucleon absorption processes was difficult
due to the limited experimental information. One of non-pionic absorption modes of
Λp pairs was directly observed with a good momentum resolution for the first time,
thanks to the large acceptance of the FINUDA spectrometer.

Assignment of back-to-back Λp pairs to K−pp decay
We attributed the decrease of the invariant mass from the threshold to the binding of
K− into two protons, and we assumed the existence of K−pp bound states. However,
the obtained binding energy was much larger than a theoretical prediction (48MeV)

Phys. Rev. Lett. 94, 212303 (2005)

stopped K- + A (Li, C) → p + Λ + X
(invariant mass spectroscopy)
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Antikaon + Two Nucleons
(KNN bound state)

experiment FINUDA (2005) and DISTO (2010)

Phys. Rev. Lett. 104, 132502 (2010)

p + p → p + Λ + K+ @ 2.85GeV
(missing mass spectroscopy & 
invariant mass spectroscopy)

MX=2267±3±5MeV
 ΓX=118±8±10MeV

6



Present Status

FINUDA

Magas et al. [Phys. Rev. C 74, 025206 (2006)]
final state interaction after 2-nucleon absorption?

analysis with higher statistics data (2006-2007)

DISTO

reanalysis @ 2.50GeV [arXiv: 1102.0482]

new experiment at GSI-FOPI
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New experiments
at J-PARC

toward confirmation of the (non-)
existence of kaon-bound states

E15 : 3He(K-, n)K-pp, 3He(K-, p)K-pn

E27 : d(π+, K+)K-pp

LoI : stopped p+3He→K++K0+K-K-pp

LoI : 3He(stopped K-, n)K-pp

http://j-parc.jp/NuclPart/Proposal_e.html
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Giant Earthquake on 3.11

http://kek.jp
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K1.8

K1.8BR

π, K, ... from
production target

E27 (π+, K+)

E15 (K-, n)

(Feb. 2011)12



J-PARC E15 experiment
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J-PARC E15 experiment
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missing-mass
spectroscopy
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J-PARC E15 experiment

3He K- K-pp n 
p 

Λ 

missing-mass
spectroscopy

invariant-mass
spectroscopy
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J-PARC E15 experiment
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J-PARC E15 experiment
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CDS commissioning

Preliminary!!! 

Preliminary!!! 

π beam on C, Cu target inside CDS (Oct. 2010)

π+π- invariant mass [GeV/c2] pπ- invariant mass [GeV/c2]
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(simulation by T. Hiraiwa)

a few mb/sr instead of 10 ub/sr?
[T. Koike, T. Harada, Phys. Rev. C80, 055208 (2009)]

assumption
dσ/dΩ(0o)×BR(Λp)=1mb/sr

We can start the first physics run
even if the beam intensity is 
~1/10 of the designed one. 
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J-PARC E27 experiment

d!π+! K-pp K+ 
p 

Λ 

cf. d(K-, π-) reaction
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J-PARC E27 experiment

missing-mass
spectroscopy
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cf. d(K-, π-) reaction
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J-PARC E27 experiment

missing-mass
spectroscopy

two-proton
tagging
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J-PARC E27 experiment
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J-PARC E27 experiment
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Two-proton tagging
two fast protons from K-pp decay

cf. very slow proton as a spectator
from quasi-free processes
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range counter and
test experiment 

Start counter 
(100*100*10 mm)

Range Counter 
(2 Units)!-

Lq. H2 

SKS

π±, p from π-+p reaction
parasite of E19 experiment

(Θ+ search experiment)
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range counter and
test experiment 

PID
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range counter and
test experiment 
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(Θ+ search experiment)

We were to start the physics run
from this April.
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η-mesic nuclei

Predicted by Haider and Liu
[Phys. Lett. B172, 257 (1986)]

first experiment @ BNL : (π+, p) reaction
[R. E. Chrien et al., Phys. Rev. Lett. 60, 2595 (1988)]
“narrow bound states were not observed.”

J-PARC LoI (2007)
(K. Itahashi, H. Fujioka, S. Hirenzaki, D. Jido, and H. Nagahiro)

“Spectroscopy of η mesic nuclei
by (π-, n) reaction at recoilless kinematics”
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TAPS @ MAMI

γ+3He→π0+p+X

M. Pfeiffer et al., PRL 92, 252001 (2004)

COSY-GEM

p+27Al→25Mg-η + 3He 
π-p pair

(back-to-back)

A. Budzanowski et al.,
PRC 79, 012201(R) (2009)
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η-mesic nuclei and
N*(1535) in medium

strong coupling 
between η mode and
N*(1535)-hole mode

The N* mass may be 
reduced at finite 
density, which alter the 
η-nucleus interaction.

Nagahiro et al.,Phys. Rev. C 80, 025205 (2009)23



Slide by Dr. Nagahiro @ HNP09
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Nagahiro et al.,Phys. Rev. C 80, 025205 (2009)
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π+
p
15°
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recoilless
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Nagahiro et al.,Phys. Rev. C 80, 025205 (2009)

π+ p
p

π-

exclusive

J-PARC LOI (2007)

(π-) (n)
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Experimental idea

momentum : 0.8-1.0 GeV/c (magic momentum)

similar setup as the E15 experiment
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π - beam(~0.8 GeV/c)

Cylindrical
Detector System

scattered n
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π - beam(~0.8 GeV/c)

Cylindrical
Detector System

scattered n

detect p+π- / p+p
from η-mesic nuclei
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(p, 3He) reaction
-- discussion with Prof. Machner and Prof. Roy --

 6Li (=α-d) target → 4He-η system

detection of decay particles (N*→π-p)

may be possible at J-PARC,
but much intense beam (>107Hz) is needed.

SKS Spectrometer
@ K1.8 beamline

ENSTAR
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low-energy η-N interaction

Haider and Liu, PRC 66, 045208 (2002)29



d(π+, p)N*(1535) reaction

N(1535)

η
p

n

π+

η

p

p

H. Garcilazo and M.T. Peña, Phys. Lett. B696, (2011)

rescattering of η meson inside deuteron

•η angular distribution
•two-proton detection
from π++d reaction
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Summary (kaonic nuclei)

Missing-mass spectroscopy with π/K beam

search for kaonic nuclei
(two approved proposals + LoI)

E15: preparation in progress

E27: was almost ready to start

31



Summary (η-mesic nuclei)

Missing-mass spectroscopy with π/K beam

search for η-mesic nuclei

LoI: 7Li(π-, n)

 6Li(p, 3He)

extraction on the strength of ηN interaction

π++d→p+p+η (pη rescattering)
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J-PARC E27 collaboration list
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