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Outline

‣ Introduction

‣ J-PARC E151st

• Two published papers
- Semi-inclusive 3He(K-,n)X & Exclusive 3He(K-,Λp)n 

‣ J-PARC E152nd

• Preliminary results on the 3He(K-,Λp)n channel

‣ Summary and outlook
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Λ(1405) & “K-pp”
‣ J-PARC E31  

(previous talk)

‣ J-PARC E15  
(this talk)
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+ +
K- 3He K-pp n

+ +
K- Deuteron Λ(1405) n

K-p quasi-bound state?

What happens?
Is there nuclear bound state?

B.E (KbarN): 10 ~ 30 MeV >> B.E.(NN) ~ 2MeV 
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Kaonic nuclear bound state

the lightest kaonic nucleus 
“K-pp” : [Kbar(NN)I=1,S=0]I=1/2, Jπ=0-
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1.Y. Akaishi and T. Yamazaki. Phys. Rev. C 65, 044005 (2002).
2.T. Yamazaki and Y. Akaishi. Physics Letters B 535, 70–76 (2002).

Assumption
↓

A. Doté et al. / Physics Letters B 590 (2004) 51–56 53

Table 1
Summary of the present calculations. B.E.: total binding energy. ρ(0): nucleon density at the center of the system. Rrms: root-mean-square
radius of the nucleon system. ν: width parameter of a Gaussian wave packet used in the calculation. β: deformation parameter for the nucleon
system. ppnK−† and 8BeK−†: AY’s results

B.E. [MeV] ΓK [MeV] ρ(0) [fm−3] Rrms [fm] ν [fm−2] β

3He 7.65 – 0.15 1.54 0.22 0.02
ppnK− 113 24 1.39 0.72 1.12 0.19
ppnK−† 116 20 1.10 0.97

8Be 46.7 – 0.13 2.38 0.21 0.60
8BeK− 159 43 0.76 1.42 0.52 0.55
8BeK−† 168 38 ∼ 0.85

Fig. 1. Calculated density contours of ppnK−. Comparison between (a) usual 3He and (b) 3HeK− is shown in the size of 5 by 5 fm. Individual
contributions of (c) proton, (d) neutron and (e) K− are given in the size of 3 by 3 fm.

24 MeV. The present result is very similar to the AY
prediction: BK = 108 MeV and ΓK = 20 MeV. We
have not considered the decay width from the non-
mesonic decay (K̄NN → ΛN/ΣN ), but according
to AY it is estimated to be about 12 MeV [1]. The
width of ppnK− remains still narrower than that of
Λ(1405), even when the non-mesonic decay is taken
into account.
Surprisingly, the central density (“uncorrelated den-

sity”) of the system amounts to 8.2-times the normal
density due to the shrinkage effect. Fig. 1(a) and (b)
shows a comparison between 3He and 3HeK−. In or-

der to see how the bound K̄ changes the nucleus in
more detail we show the calculated density distribu-
tions of the constituents in Fig. 1(c)–(e). Apparently,
the proton distribution is more compact than the neu-
tron distribution. This phenomenon is attributed to
the property of the K̄N interaction. Table 2 shows
how protons and a neutron in ppnK− contribute to
the kinetic energy and the expectation value of the
K̄N interaction, and also to each root-mean-square
radius. This table together with Fig. 1 can be inter-
preted as follows. Since the K−p interaction is much
stronger than theK−n one, the protons distribute com-

A.	Dote,	H.	Horiuchi,	Y.	Akaishi	and	T.	Yamazaki,	Phys.	Le;.	B	590	(2004)	51

1.T. Waas et al. Physics Letters B 379, 34–38 (1996).

dense nuclei are predicted

Kaon mass in nuclear medium?

ppn ppnK

Could be a good probe for dense & cold QCD
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Present status
‣ Experiment

• FINUDA            stop-K-

• DISTO
• J-PARC E27
• LEPS
• HADES

‣ Few-body calc.
• B.E.& Γ depend on  

interaction model 
- Chiral  

(energy-dependent)
- Phenomenological 

(energy-independent)
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Chiral� Phenomenological	Chiral� Phenomenological	

E15-2nd�

?�

“K-pp” should be studied more

d(⇡+,K+)X

pp ! ⇤pK+

d(�,⇡�K+)X

pp ! ⇤pK+NULL

NULL
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In-flight K- reaction on 3He
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Figure 2: Total cross section of Kaon
Nucleon reaction

Figure 3: Beam intensity per pulse as a function
of incident kaon momentum.

3.2 Beam Line Spectrometer

A part of beam line magnets together with beam tracker, kaon identification detector
and time zero detector will be a components of the beam line spectrometer.

3.2.1 Beam Line Tracker

Trajectory of the incident kaon beam will be tracked with beam line tracker. The
momentum of the kaon will be analyzed with this tracking information together with
beam optics of beam line magnet. The momentum for the incident kaon will use
for the proposed experiment is 1.0 GeV/c so that thickness of the material in beam
line tracker will be minimized, because multiple scattering of 1.0 GeV/c koan is not
negligible to analyze momentum with good precision. Moreover, beam intensity where
we would like to install our tracker upstream of the beam line is estimated to be around
2.5 M particles per pulse (0.7s) with proton energy and intensity in J-PARC proton
synchrotron as 30 GeV/9µ A. It corresponds to 3.5 MHz hits rate. Once this intensity
and energy recovery of the J-PARC happened, this number will be increased about
factor three higher. Therefore tracking chamber must satisfy two requirements. One
is the tracker thickness in term of material budget must be minimize. The other is
it should be handle up to 10 MHz event rate, including some safety margin. One
possible candidate of the detector is very fine pitch wire chamber, the other possibility
is tracking detector using Gas Electron Muiliplier (GEM) technique. For example,
thickness of the one tracking detector made with GEM is estimated to be 1.0x10−3 %
radiation length per tracking plain. For the momentum analysis, we need to measure
direction of the beam before and after the dipole magnet, so that we need at least 4
tracking planes. Finally, coulomb multiple scattering angle is calculated as 0.7 mrad

5
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K1.8BR experimental areaJ-PARC K1.8BR

Forward TOF 
counters

beam dump

beam sweeping
magnet

liquid 3He
target system

Cylindrical
Detector System

beam line
spectrometer

K- beam

γ, n p

15m

1.0 GeV/c K
Δp/p : 0.2%

Acceptance: 60% of 4π
Δpt/pt : 5.3%pt + 0.5%/β

Acceptance: 20msr
Δp/p : 0.7%@1.2 GeV/c n

K. Agari et al., PTEP 2012, 02B011 
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E151st

4 days in May, 2013
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Two papers from E151st
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Formation Channel, 
Semi-Inclusive 3He(K-,n)X 
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Prog. Theor. Exp. Phys. 2016, 051D01 (11 pages)
DOI: 10.1093/ptep/ptw040

Letter

Structure near the K− + p + p threshold in the
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3He(K-, n) : semi-inclusive

3He(K-, Λp)n : exclusive
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Hyperon decay
K- + 3He → Y + π(π)(π) + 2Ns

Y → n + π 

Quasi-elastic
K- + 3He → K0 + ds + n
K- + 3He → K- + 2ps + n

FINUDA
DISTO/E27

DATA

MC

Resolution σ ~ 10 MeV/c2 @ threshold

Deep-bound region
→ No significant peak
     set upper limit: 
         a few hundreds ub/sr
      = a few % of quasi-elastic K

Just below the threshold
→Significant yield ~ 1 mb/sr

should include quasi-free Λ(1405)
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Λp invariant mass with a missing neutron

11

PTEP 2016, 051D01 Y. Sada et al.

(a)
(c)

(b)

Fig. 8. (a) Two-dimensional distribution of the !p invariant mass and the momentum transfer to !p. (b) The
fit result of the !p invariant mass spectrum. (c) Distribution of the momentum transfer to !p and the fit results
of the simulation.

the core motion in the reaction, the effect is as small as about 20%.1 If we assume a P-wave pole
resonance instead of an S-wave, then the reaction with smaller Q X , namely a longer interaction range,
is preferred.

It should be noted that the pole position is close to the two threshold energies, M(K − + p + p)

and M(Y ∗ + p), and thus the symmetric Breit–Wigner formula could be too simple. For example,
the K̄ N N -decay channel opens at the K − pp threshold, so the spectral function observed in the
!p-decay channel could be suppressed above the corresponding thresholds.

There might be a totally different approach to account for the peak structure. One can expect a
peak-like structure by assuming Y ∗N → !N conversion, after the quasi-free Y ∗ production by the
two-nucleon reaction, namely the 2NA(Y ∗nps) reaction followed by Y ∗ ps → !p in our notation
(Y ∗ = !(1405) or "(1385)). In this case, the peak position naturally depends on the momentum
transfer as MX (q!p) (or cos θCM

n ). Although the statistics are limited, there is no clear hint of
momentum dependence of the peak structure as shown both in Fig. 6 and Fig. 8.

6. Conclusion The 3He(K −, !p)nmiss. reaction has been studied with an incident K − momen-
tum of 1.0 GeV/c for the first time. We found that 17 ±2 µb of the !p events in the neutron window

1 T. Harada, private communication, 2016.
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Resolution σ ~ 10 MeV/c2 @ threshold

χ2-test with pole & 3NA(Ypn) 
– S-wave Breit-Wigner pole 
– w/ Gaussian form-factor 

d

2
�

dMdq

/⇢3(⇤pn)

⇥ (�X/2)2

(M �MX)2 + (�X/2)2

⇥ |exp
✓
� q
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2Q2
X

◆
|2

MX ⇠ 15 MeV

�X ⇠ 100 MeV

QX ⇠ 400 MeV

Compact state?
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E152nd

3 weeks in Nov.&Dec., 2015



T. Hashimoto@EXA2017

Comparison between E151st & E152nd

‣ x 30 data for Λp(n) final state
• x 7 beam + dedicated trigger (requires > 3 hits on CDH)
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T. Yamaga 

Analysis for the 𝐇𝐞𝟑 𝑲−, 𝚲𝒑 𝒏 reaction 
�Final spectrum of 𝚲𝒑 invariant-mass 

2017.03.20 

JPS Meeting @ Osaka University 

8 

• Continuum contribution 
• Peak structure around 
𝑲−𝒑𝒑 mass-threshold 
» Contribution from other 

material can not make 
the structure 

» The peak structure can 
not seen in “Mixed 
event analysis” 

Chapter 4 . Results and discussion

where TCM
n , TCM

p and TCM
Λ are kinetic energy of neutron, proton and Λ in the center of

mass system and QCM is the Q-value of the reaction. This Dalitz plot shows almost flat
distribution if Λpn events are distributed uniformly in the phase space. The details of this
plot were already described in Section 3.10.

The events in the Dalitz plot indicate two components; one component widely distributed
in the three-body phase space uniformly, and the other concentrates at a specific neutron
energy corresponding a peak structure near K−pp threshold in invariant mass spectrum.
We will discuss each component in the following sections.
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Figure 4.2: Λp invariant mass(a) distribution and Dalitz plot(b) of the selected Λpn events

4.3 Multi-nucleon absorption of K−

Genuine multi-nucleon absorption of K− is an expected process in 3He(K−,Λp)n reaction.

Two-nucleon absorption (2NA) process (K−NN → ΛN) was observed in stopped K−

absorption reactions in high fraction (∼20% ). Fig. 4.3 shows the simulation for 2NA
events. Apparently, such a component is not prominent in the data. In this analysis,
events of 2NA process were generated by flat distribution in the Λp two body phase space.
The Fermi momentum distribution of a spectator neutron was considered as that of a past
measurement[84] in offshell, which means that binding energy of 3He is not considered.

Figure 4.4 shows Λp invariant mass(a) distribution and Dalitz plot(b) of the simulated
three-nucleon absorption of K− (3NA) reaction events in which Λpn are distributed uni-
formly in the phase space. Events of Fig. 4.4(b) is consistent with the component of the
data which is widely distributed in the phase space. This is the first evidence of the three-
nucleon absorption in in-flight kaon reactions. However, we observed a significant excess
over the smooth phase space distribution near the K−pp threshold as shown in Fig. 4.2(a).

112

Resolution σ ~ 10 MeV/c2 @ threshold

1st 2nd
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Comparison between E151st & E152nd
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Analysis for the 𝐇𝐞𝟑 𝑲−, 𝚲𝒑 𝒏 reaction 
�Final spectrum of 𝚲𝒑 invariant-mass 

2017.03.20 

JPS Meeting @ Osaka University 

8 

• Continuum contribution 
• Peak structure around 
𝑲−𝒑𝒑 mass-threshold 
» Contribution from other 

material can not make 
the structure 

» The peak structure can 
not seen in “Mixed 
event analysis” 

0

4

8

12

16

20

Co
un
t p
er
 2
0 
M
eV
/c
2

(a)
M(K+p+p)
M(Λ(1405)+p)

M(Σ+p+π)

Λp invariant mass 

]2 [GeV/cMinv.Λp

2 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3



T. Hashimoto@EXA2017

M
(K
+p

+p
)�

IM(Λp)�

cos(θ
n )�

detector	
acceptance�

C
h
ap
te
r
1
.
In
t
r
o
d
u
c
t
io
n

ce
nt
ly
,
2N
A
of
K
−st

op
p
ed
re
ac
ti
on
on
4
H
e
ta
rg
et
w
as
ob
se
rv
ed
in
K
E
K
-P
S
E
54
9
ex
p
er
im
en
t[
42
,

43
].
O
n
th
e
ot
h
er
h
an
d
,
th
er
e
is
n
o
ex
p
er
im
en
ta
l
d
at
a
ab
ou
t
m
u
lt
i
nu
cl
eo
n
ab
so
rp
ti
on
in

in
-fl
ig
ht
K
−
.
T
hu
s,
th
e
p
re
se
nt
an
al
ys
is
is
th
e
fi
rs
t
m
ea
su
re
m
en
t
of
m
u
lt
i-
nu
cl
eo
n
ab
so
rp
-

ti
on
in
in
-fl
ig
ht
K
−
.
W
e
ca
n
id
en
ti
fy
2N
A
p
ro
ce
ss
,
b
ec
au
se
ev
en
ts
of
2N
A
re
ac
ti
on
sh
ou
ld

b
e
d
is
tr
ib
u
te
d
in
a
n
ar
ro
w
re
gi
on
of
th
e
ed
ge
of
th
e
p
h
as
e
sp
ac
e.
A
ls
o
ev
en
ts
fr
om
3N
A

re
ac
ti
on
ar
e
ex
p
ec
te
d
to
w
id
el
y
d
is
tr
ib
u
te
in
th
e
p
h
as
e
sp
ac
e,
w
e
ar
e
ab
le
to
id
en
ti
fy
3N
A

re
ac
ti
on
an
d
th
e
¯K
N
N
b
ou
n
d
st
at
e
by
ch
ec
ki
n
g
th
e
p
h
as
e
sp
ac
e
d
is
tr
ib
u
ti
on
of
th
e
Λ
pn

ev
en
ts
.

T
h
e
an
ot
h
er
ad
va
nt
ag
e
of
ex
cl
u
si
ve
an
al
ys
is
is
a
la
rg
e
ac
ce
p
ta
n
ce
of
n
eu
tr
on
.
B
y
u
si
n
g

m
is
si
n
g
n
eu
tr
on
,
w
e
ar
e
ab
le
to
co
ve
r
a
w
id
e
ra
n
ge
of
co
s
θ l
a
b.

n

as
sh
ow
n
in
F
ig
.
1.
15
.

T
h
e
d
et
ai
ls
of
th
e
ac
ce
p
ta
n
ce
w
il
l
b
e
d
is
cu
ss
ed
in
S
ec
ti
on
.
3.
10
.
O
n
th
e
ot
h
er
h
an
d
,

th
e
ac
ce
p
ta
n
ce
of
fo
rw
ar
d
n
eu
tr
on
co
u
nt
er
is
ve
ry
li
m
it
ed
as
∼
20
m
sr
,
co
rr
es
p
on
d
in
g
to

co
s
θ l
a
b.

n

>
0.
99
5.
T
hu
s,
w
e
ar
e
ab
le
to
m
ea
su
re
an
an
gu
la
r
d
is
tr
ib
u
ti
on
in
th
e
3
H
e(
K
−
,Λ
p)
n

re
ac
ti
on
.
T
h
e
Λ
an
d
p
ro
to
n
w
er
e
d
et
ec
te
d
w
it
h
a
cy
li
n
d
ri
ca
l
d
et
ec
to
r
sy
st
em
w
h
ic
h
co
ve
re
d

49
to
13
1
d
eg
re
es
in
th
e
L
ab
.,
ab
ou
t
66
%
of
4π
.
T
h
e
d
et
ec
ti
on
th
re
sh
ol
d
s
of
m
om
en
tu
m
ar
e

∼
12
0
M
eV
/c
fo
r
lo
w
en
er
gy
p
ro
to
n
an
d
∼
30
M
eV
/c
fo
r
p
io
n
s,
w
h
ic
h
li
m
it
ed
by
ge
om
et
ry

of
th
e
d
et
ec
to
rs
an
d
m
at
er
ia
ls
.

1
－

0
.5

－

0

0
.5

1

0

0
.0
2

0
.0
4

0
.0
6

0
.0
8
0
.1

0
.1
2

0
.1
4

0
.1
6

0
.1
8
0
.2

 c
os
θ
(la
b.
) o
f n
eu
tr
on

co
sθ
(la
b.
)

detection efficiency

F
ig
u
re
1.
15
:
A
cc
ep
ta
n
ce
of
co
s
θn
in
Λ
p
n
ev
en
ts
.
θ
=
0
is
th
e
b
ea
m
d
ir
ec
ti
on
in
th
e
L
ab
.

fr
am
e.In

th
is
an
al
ys
is
,
w
e
ca
n
se
ar
ch
fo
r
th
e
¯K
N
N
b
ou
n
d
st
at
e
in
cl
u
d
in
g
a
re
gi
on
n
ea
r
th
e

K
−
pp
th
re
sh
ol
d
co
rr
es
p
on
d
in
g
to
w
ea
kl
y
b
ou
n
d
st
at
e
w
it
h
Λ
p
in
va
ri
an
t
m
as
s.
In
ad
d
it
io
n
,

th
e
p
re
se
nt
an
al
ys
is
is
th
e
fi
rs
t
m
ea
su
re
m
en
t
of
m
u
lt
i-
nu
cl
eo
n
ab
so
rp
ti
on
in
in
-fl
ig
ht
K
−
.

M
ea
su
re
m
en
t
of
m
u
lt
i-
nu
cl
eo
n
ab
so
rp
ti
on
in
in
-fl
ig
ht
K
−
is
al
so
im
p
or
ta
nt
to
u
n
d
er
st
an
d

b
ac
kg
ro
u
n
d
p
ro
ce
ss
es
in
in
-fl
ig
ht
K
−
re
ac
ti
on
.

34

Reaction angle: cosθn

15

~0.1

A
cceptance
For Λpn
Larger dataset allow us
to perform detailed systematic study.
i.e., angular dependence etc.



T. Hashimoto@EXA2017

Reaction angle dependence: cosθn

‣ Structure around the threshold prefers the forward neutron
‣ Events widely spread to the phase space in the other region

• Point-like three nucleon absorption? 2 NA relatively weak.
16
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Slice by reaction angle: cosθn
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Two structures

Above	M(K-pp):		QE	+	IC	
peak	shiI	by	recoil	kaon	energy	

Below	M(K-pp):		Bound	state!	
peak	is	independent		to	cosθn		
				(	~	momentum	transfer)
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Kinema'cal	
Limit�
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Momentum transfer
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Momentum transfer
Reaches ~ 600 MeV/c
for sub-threshold structure

Compact state !?

Consistent
with E151st
(E151st  includes unbound region)
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Fig. 4 Missing-mass spectrum of the d(π+,K+) reaction for two-protons coincidence and

the Σ0p decay branch events. The mass acceptance of the RCA’s are corrected. The spectrum

was fitted with a relativistic Breit-Wigner function (see the text for the detail). We found

the mass 2275 +17
−18 (stat.) +21

−30 (syst.) MeV/c2 and the width 162 +87
−45 (stat.) +66

−78 (syst.) MeV.

the miss-identification of π± in RCA. Red points with error bars in Fig. 2 (c) are the sum

of the pink points and blue line. The normalization constant C and the amplitude of the

flat component (blue line) were adjusted to minimize the differences between the black and

red points. Thus, the obtained one proton coincidence probability spectrum of the broad

enhanced region could be reproduced by the “K−pp” and flat background.

What is the nature of the “K−pp-like structure? It should have strangeness −1 and baryon

number B = 2 from the observed reaction mode, so that the hyper charge Y = 1. As for the

spin of the K−pp system, a K− is theoretically assumed to couple with a spin-singlet (S = 0)

p-p pair in S-wave (L = 0). So that the JP = 0−, presumably. Alternative view of the system

as a Λ∗p bound state [21] also predicts the bound state spin to be 0. There is also a theoretical

prediction of a (Y, I, JP ) = (1, 3/2, 2+) dibaryon as πΛN–πΣN bound state [22].

4. Summary. We have observed a “K−pp”-like structure in the d(π+,K+) reaction at

1.69 GeV/c with coincidence of high-momentum (>250 MeV/c) proton(s) in large emis-

sion angles (39◦ < θlab. < 122◦). A broad enhancement in the proton(s) coincidence spectra

are observed around the missing-mass of 2.27 GeV/c2, which corresponds to the bind-

ing energy of the K−pp system of 95 +18
−17 (stat.) +30

−21 (syst.) MeV and the width of

162 +87
−45 (stat.)

+66
−78 (syst.) MeV. The branching fraction between the Λp and Σ0p decay modes

of the “K−pp”-like structure was measured to be ΓΛp/ΓΣ0p = 0.73 +0.13
−0.11 (stat.) +0.43

−0.21 (syst.),

for the first time.
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Mðp!Þ # 2255 MeV=c2 of the K$pp candidate reported
by FINUDA [16].

The X production rate is found to be as much as the
!ð1405Þð¼ !&Þ production rate, which is roughly 20% of
the total ! production rate. Such a large formation is
theoretically possible only when the p-p (or !&-p) rms
distance in X is shorter than 1.7 fm [3,4], whereas the
average N-N distance in ordinary nuclei is 2.2 fm. The
pp ! !& þ pþ Kþ ! Xþ Kþ reaction produces !&

and p of large momenta, which can match the internal
momenta of the off-shell !& and p particles in the bound
state of X ¼ !&-p, only if X exists as a dense object. Thus,
the dominance of the formation of the observed X at high

momentum transfer (#1:6 GeV=c) gives direct evidence
for its compactness of the produced K$pp cluster.
As shown in Fig. 4, the peak is located nearly at the "!

emission threshold, below which the N"! decay is not
allowed. The expected partial width of K$pp, #N"!, must
be much smaller than the predicted value of 60 MeV [2],
when we take into account the pionic emission threshold
realistically by a Kapur-Peierls procedure (see [20]). Thus,
#non-! ¼ #p! þ #N" ¼ #obs $ #N"! ( 100 MeV, which
is much larger than recently calculated nonpionic widths
for the normal nuclear density, #non-! # 20–30 MeV
[7,21]. The observed enhancement of #non-! roughly by a
factor of 3 seems to be understood with the compact nature
of K$pp [4].
The observed mass of X corresponds to a binding energy

BK ¼ 103) 3ðstatÞ ) 5ðsystÞ MeV for X ¼ K$pp. It is
larger than the original prediction [2,8,9]. It could be
accounted for if the $KN interaction is effectively enhanced
by 25%, thus suggesting additional effects to be investi-
gated [4,22]. On the other hand, the theoretical claims for
shallow $K binding [10–12] do not seem to be in agreement
with the observation. We emphasize that the deeply bound
and compact K$pp indicated from the present study is an
important gateway toward cold and dense kaonic nuclear
matter [15,23].
We are indebted to the stimulating discussion of

Professors Y. Akaishi and R. S. Hayano. This research
was partly supported by the DFG cluster of excellence
‘‘Origin and Structure of the Universe’’ of Technische
Universität München and by Grant-in-Aid for Scientific
Research of Monbu-Kagakusho of Japan. One of us (T. Y.)
acknowledges the support of the Alexander von Humboldt
Foundation, Germany.
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Fig. 4 Missing-mass spectrum of the d(π+,K+) reaction for two-protons coincidence and

the Σ0p decay branch events. The mass acceptance of the RCA’s are corrected. The spectrum

was fitted with a relativistic Breit-Wigner function (see the text for the detail). We found

the mass 2275 +17
−18 (stat.) +21

−30 (syst.) MeV/c2 and the width 162 +87
−45 (stat.) +66

−78 (syst.) MeV.

the miss-identification of π± in RCA. Red points with error bars in Fig. 2 (c) are the sum

of the pink points and blue line. The normalization constant C and the amplitude of the

flat component (blue line) were adjusted to minimize the differences between the black and

red points. Thus, the obtained one proton coincidence probability spectrum of the broad

enhanced region could be reproduced by the “K−pp” and flat background.

What is the nature of the “K−pp-like structure? It should have strangeness −1 and baryon

number B = 2 from the observed reaction mode, so that the hyper charge Y = 1. As for the

spin of the K−pp system, a K− is theoretically assumed to couple with a spin-singlet (S = 0)

p-p pair in S-wave (L = 0). So that the JP = 0−, presumably. Alternative view of the system

as a Λ∗p bound state [21] also predicts the bound state spin to be 0. There is also a theoretical

prediction of a (Y, I, JP ) = (1, 3/2, 2+) dibaryon as πΛN–πΣN bound state [22].

4. Summary. We have observed a “K−pp”-like structure in the d(π+,K+) reaction at

1.69 GeV/c with coincidence of high-momentum (>250 MeV/c) proton(s) in large emis-

sion angles (39◦ < θlab. < 122◦). A broad enhancement in the proton(s) coincidence spectra

are observed around the missing-mass of 2.27 GeV/c2, which corresponds to the bind-

ing energy of the K−pp system of 95 +18
−17 (stat.) +30

−21 (syst.) MeV and the width of

162 +87
−45 (stat.)

+66
−78 (syst.) MeV. The branching fraction between the Λp and Σ0p decay modes

of the “K−pp”-like structure was measured to be ΓΛp/ΓΣ0p = 0.73 +0.13
−0.11 (stat.) +0.43

−0.21 (syst.),

for the first time.
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momentum transfer (#1:6 GeV=c) gives direct evidence
for its compactness of the produced K$pp cluster.
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when we take into account the pionic emission threshold
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is much larger than recently calculated nonpionic widths
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[7,21]. The observed enhancement of #non-! roughly by a
factor of 3 seems to be understood with the compact nature
of K$pp [4].
The observed mass of X corresponds to a binding energy

BK ¼ 103) 3ðstatÞ ) 5ðsystÞ MeV for X ¼ K$pp. It is
larger than the original prediction [2,8,9]. It could be
accounted for if the $KN interaction is effectively enhanced
by 25%, thus suggesting additional effects to be investi-
gated [4,22]. On the other hand, the theoretical claims for
shallow $K binding [10–12] do not seem to be in agreement
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Comparison with a theoretical spectrum

‣ Qualitatively rather 
good agreement
• Two peak structure
• “Kpp” + “QE+IC”

‣ Binding energy is 
much deeper in our 
experiment

‣ Details of the 
theoretical calculation  
               → next talk
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� Spectrum shape is similar. 
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Summary
‣ J-PARC E15: “K-pp” search in the 3He(K-,n) reaction

‣ Λp spectrum with a larger data set obtained in 2015
• Above the M(K-pp) threshold
- Peak shifts against cosθn / qK

- Quasi-elastic + Internal conversion

• Below the M(K-pp) threshold
- qK-independent peak → bound state !
- Could be a compact state  
← momentum transfer distribution

• Consistent with  
forward neutron spectrum
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Outlook
‣ Further analysis with the E152nd dataset

• Differential cross sections
• Forward proton channel (K-pn)

‣ Considering major detector upgrade
• Neutron counter in the CDS

- Λ(1405) / K-ppn with large angular acceptance

‣ Kaonic atom X-ray measurements (from Jun. 2018)
• E62: K- 3/4He with TES   → talk by S. Okada 
• E57: K-d with SDDs       → poster by C. Trippl
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J-PARC E15 collaboration
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2017.03.20 JPS Meeting @ Osaka University 

∼ The E15 collaboration ∼ 
Thank you for your attention 
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Thank you for your attention !


