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Kaonic Nuclei

® Bound states of nucleus and anti-kaon

® Predicted as a consequence of attractive KN

interaction in I=0
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@ Will provide new insight on K"*'N interaction in media
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Present Status of K*2'NN = “K-pp”

KP"NN s symboljedatly Trotqted as “K-pp” in this talk
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Upper limits were also obtained:

e LEPS@SPring8 [Inclusive d(y, K*m')X]
e HADES@GSI [Exclusive pp—>pAK*] 3




J-PARC E15 Experiment

* 3He(in-flight K-,n) reaction @ 1.0 GeV/c
@ 2NA processes and Y decays can be discriminated kinematically

1 GeV/c 1.2~1.3 GeV/c
K- SHe Kpp
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“K pp”. a K-Meson Nuclear Bound State, Observed in *He(K~, Ap)n Reactions
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We observed a distinet resonance peak in the Ap invariant-mass spectrum of 3Hc(K ~, Ap)n, well
below the mass threshold of M (K ~pp). By selecting a relatively large momentum-transfer region
g = 350 ~ 650 MeV /e, one can clearly separate the resonance peak from the quasi-free process,
KN — KN followed by the non-resonant absorption by the two spectator-nucleons K NN — AN.
We found that the simplest fit to the observed peak gives us a Breit-Wigner pole at By, =
47 + 3 (stat.) T3 (sys.) MeV having a width Tkcpp = 115 £ 7 (stat.) 75° (sys.) MeV, and the S-wave

Gaussian reaction form-factor parameter QQxpp, = 381 & 14 (stat.

}+°‘ (sys.) MeV /e, as a new form

of the nuclear bound system with strangeness — “K ~ pp”.

Since the prediction of the m-meson by Yukawa [1],
there has been a long-standing question as to whether
a mesonic nuclear bound state exists. Mesons are in-
troduced as mediators between nucleons to confine them

in vacuum one needs energy m to produce them. If a
mesonic nuclear bound state exists, it will form a quan-
tum state at an energy Eyr below m whose binding en-
ergy By = m — Epp. Many mesons have been examined



Experlmental Setup @ K1 SBR

s heutron counter
@ charge veto counter
proton counter
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3He + K- = A p n Selection

%1000
S
S
S 500
25
e A—2>7p and p are detected '
with CDS 20
— A missing neutron is identified ~

by missing-mass of 3He(K",Ap)n ..;

e Apn

miss

events are selected by

log-likelihood method (/nL)

— distance-of-closest-approach
for each vertex

— kinematical constraint
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IM(Ap) vs. cos(0 M)
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IM(Ap) vs. Momentum Transfer q,,
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IM(Ap) vs. Momentum Transfer q,,
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“K'pp” Bound-State
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“K'pp” Bound-State

AKpp (FKpp/2)2
(M - MKpp)2+ (FKpp/2)2

f{Kpp}(Ma Q) -
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. v 350 <gq
Fit values = P
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“K'pp” Bound-State

2 2
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f{Kpp}(M’ q)=

T N 1 1 T 1
* Binding energy: ~50 MeV 350 < g, < 650 MeV/c ™
— Much deeper than chiral-SU(3) based = acceptance ]
theoretical predictions corrected
e Width: ~100 MeV v data ]
— Non-meonic YN decay modes would be ] -
dominant o KF{’I’
* in theoretical calculations, width is + — OF¢y
evaluated with mesonic YN channel +++ BG
e S-wave form factor: ~400 MeV ++ + all
— K+ 3He reaction would be compact + ot 4 +++ §
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Present Status of “Kpp”
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For further understandings:

v' A(1405) production > A*N doorway
v 12N decay channel = new info. of KP2'NN
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A(1405) in 3He(K,tZp)n

A(1405)

°.. @ = Qo

7\

P “Kpp”
“fre en ‘ uK.ppn
A(1405) O formation

A(1405)




A(1405)p and “Kpp”

 Theoretically, “K'pp” is expected to be produced
via A(1405)+p—2"K pp” door-way process

— comparison between A(1405)p and “Kpp”
production would give us an important information
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K- 3He = nXpn @ E15

: C
* Exclusive measurement of Ds
=Xt pn final state in K+3He b
K- 3He X Y
°.. @ @@
1 GeV/c
)
n Or

CDS

 Experimental challenge of neutron
detection with thin scintillation
counter (t=3cm)

n detection efficiency ~ 3%




nt2.pn Events
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IM(1tX) vs. cos(0,M)

e TIXT events

using kinematical-fit

— Constraints:
e M(Z2>nm)

e 4-momentum conservation

— Event selection by 2
probability (0.01<p)

constraint: 4-mom. conservation
= n mass constraint
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IM(7tX) vs. Momentum Transfer q,,
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Y* CS (qy,<0.65)
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Production of A(1405)p and “Kpp”
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“K'pp” in *He(K",tZp)n

Search for “K'pp” = n2N decay channel



Two Decay Mode of “Kpp”

CDS
1. “K'pp” search via Ap channel D
-2 Non-mesonic channel «op” | @

Pl
%‘.

‘
1GeV/C

2. “K'pp” search via tZp channel
- Mesonic channel

NO measurement so far
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Two Decay Mode of “Kpp”

ﬂ S.Ohnish et al.,PRC88(2013)025204
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IM(1tZp) vs. cos(0 M)
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IM(tXp) vs. Momentum Transfer q, .
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IM(TtEZ ) vs. IM(TTEZ T p)
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Conclusions

e We have observed a resonance peak
below the Kpp threshold in 3He(K",Ap)n,

llK-pp” 150:_ L |+*

'
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'
'
'
'
.
.
.

1 1 1 1 1 1
350 < g,, < 650 MeV/c

— Binding energy: ~50 MeV % } é :
— Width: ~100 MeV £ b i L) o
— S-wave form factor: ~400 MeV : | | Ty i
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. A(1405) was clearly observed in TtX¥p
n.... final state

— Large CS of A*compared to “K'pp” formation

< need theoretical feedbacks
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e

e Weak structure below the Kpp threshold
is seen in IM(TtEX *p)

— Non-meonic YN decay modes would be dominant

< need further investigation of “K'pp” 2 nZN .



What we have to do next

e More quantitative studies of the “K'pp”
_ P

e Angular distributions are consistent with a J°=0- assumption in current
statistics

— nm2p decay mode
e Due to phase-space, or, detector acceptance(?)

* Series of the kaonic nuclei searches:
— “K'ppn” via [K" + *He], “K'ppnn/Kpppnn” via [K + 5Li], etc.
— “K'K'pp” via [p°2 + 3He annihilation]

We need a 47t detector system

with y/n sensitive detectors 5



Thank You!
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