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Meson-Baryon Interaction

 “Virtual” light mesons

Ve (r) [MeV]

— play an important role in
a nucleus as “glue”
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Meson-Baryon Interaction

 “Virtual” light mesons

— play an important role in @o\ T

a nucleus as “glue”

LQCD calculation
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CROSS SECTION (mb)

K~ Meson in Nucleus?

e Lightest S=-1 meson, K~

— Kba"_N interaction: @o\ K-

strongly attractive in 1=0
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K~ Meson in Nucleus?

e Lightest S=-1 meson, K~

— Kbar-N interaction: m\A(1405)

strongly attractive in I1=0

* A(1405) .
[ &y ) KPa'N molecule from LQCD
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KPar_.Nuclear Bound State

Predicted from attractive KP?'N interaction in 1=0

Y.Akaishi and T.Yamazaki, PRC65(2002)044005.

Bindin
Kaonic J Width Central
: Energy _
Nuclei [MeV] | Density
[MeV]
K—p 27 40 3.5p¢
K-pp 48 61 3.1p,
K-ppp 97 13 9.2p,
K=ppn 118 21 8.8pg

A. Dote et al. PRC70(2004)044313. etc.
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KPar_Nuclear Bound State

Y.Akaishi & TYamazaki, PLB535, 70(2002). . My /My In nuclear matter
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Theoretical Calculations on “Kpp”

e Chiral SU(3) Phenomenological
' (energy dependent) (energy independent)

Variational Faddeev Variational Faddeev
Method  Barnea, — leea, Bayar, Yamazaki, Woyceck, Shevchenko, Ikeda,

Gal, Hyodo, Kamano, L
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“K'pp” Search via Stopped-K-

FINUDA@DA®NE ___ o e multi-nucleon absorption
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“K'pp” Search via Stopped-K-

FINUDA@DA®NE ___ o AMADEUS@DA®NE
|
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“K'pp” Search via pp Collision
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“K'pp” Search via pp Collision
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“K'pp” Search via d(rt*,K*)X
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J-PARC E15 Experiment

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

1 GeV/c 1.2~1.3 GeV/c

K- K-pp

SHe
reaction
o @9




Experlmental Setup @ K1.8BR
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IM(Ap) vs. Momentum Transfer q,,
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e Can beinterpreted as

3 components

— Bound state

e centroid DOES NOT
depend on q,,

— Quasi-elastic K abs.
* centroid depends on q,,

— Background
* Broad distribution
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IM(Ap) vs. Momentum Transfer q,,

E15 collab., arXiv:1805.12275
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IM(Ap) vs. Momentum Transfer q,,

E15 collab., arXiv:1805.12275
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IM(Ap) vs. Momentum Transfer q,,

E15 collab., arXiv:1805.12275
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4

IM(Ap) vs. Momentum Transfer q,,

E15 collab., arXiv:1805.12275
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“K'pp” Bound-State

Select 0.35<¢,,,<0.65
GeV/c

— BS and QF are well
separated
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“K'pp” Bound-State

Akpp (FKPP/2)2
M,q)=
f{Kpp}( q) (M — MKPP)Q—F (Tepp/2)
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Observed “K- pp

the most reliable observation
- simple reaction

- exclusive measurement
- ho BG from 2NA

350 < ¢ <650 MeV/c |

H{: o acceptance
corrected

¢ data
— Kpp |
p— QFI?A 4

BG
el 4

do/dM [nbl(MeV/c"’)]
8 8
T

e Binding energy: ~50 MeV

— Much deeper than chiral-
SU(3) based theoretical
predictions

* Width: 100 MeV

— Seems to be larger than
theoretical calculations

Width (MeV)
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Conclusion |

* We observed the “K'pp” [~ m&daw
bound state in 3He(K,Ap)n A" *HF o
— Binding energy: ~50 MeV g:: | ﬂ i orn
— Width: ~100 MeV Ezo: H“ g**”%

< arXiv:1805.12275, accepted to PLB 1;,5“2?2 ' ,:%"ie.;v;iﬁ?’ﬁ;‘ e
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We need further understandings

e Spin/Parity of the “Kpp”
— New 4 detector system is needed <€ Future plan

e Other decay channels

— 2N mesonic decay is theoretically expected to be
the dominant channel

 Only YN non-mesonic decays were reported

 Reaction mechanism
— Relation between A(1405) & “Kpp”

1/

e A(1405) has been considered as “Kp

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




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 ~ 3-10%




IM(Tt*2 ") in T X pn Final State
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A(1405)pn CS 0.2<cosf,M
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A(1405)pn CS 0.2<cosf,M

v?>/INDF = 21.4/15
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Comparison of Apn & A(1405)pn
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 No clear structure below M(Kpp) in the IM(ntZp)
e QF followed by A(1405)p is dominant 30
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Comparison of Apn & A(1405)pn
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Comparison of Apn & A(1405)pn
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Com

parison of Apn & A(1405)pn

0.35<qKn<0.65 GeVic

0.5
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Comparison of Apn & A(1405)pn
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K-
Qo—
1 GeV/c

‘é . ‘n : ®  IM(n*='p) [A(1405) region]
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Conclusion |l

 We observed the “Kpp”

bound state in 3He(K,Ap)n

— Binding energy: ~50 MeV
— Width: ~100 MeV

< arXiv:1805.12275, accepted in PLB

 We found large CS of the
A(1405)p formation
compared to the “Kpp”

— quite important measurement for the
production mechanism of the “Kpp”

< paper in preparation
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What we have to do next

 More quantitative studies of the “Kpp”
— JP and other decay modes

e Study of other kaonic nuclei:
— Single: “K'ppn” via [K" + *He], “K'ppnn/Kpppnn” via [K™ + °Li]
— Double: “K'Kpp” via [p°" + 3He]

return yoke

Need the new 47w detector with y/n sensitive detectors
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IM(Ap) vs. cos(0 M)

E15 collab., arXiv:1805.12275
e Structures around the K'pp
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IM(Ap) vs. cos(0 M)

E15 collab., arXiv:1805.12275

s A Aaaa Structures around the K'pp
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KParNN or NOT? --- Other Possibilities

A structure near K*>NN threshold

e A(1405)N bound state T. Uchino et al., NPA868(2011)53.
— loosely-bound system, 1=1/2, J™=0-
— various decay modes, AN/ZN/n2N

A structure near t2ZN threshold

e wAN-2N dibaryon H. Garcilazo, A. Gal, NPA897(2013)167.
— structure near t2N threshold
— 1=3/2, J™=2* = no Ap decay (I=1/2)?

e Double-pole KPa'NN A. Dote, T. Inoue, T. Myo, PTEP (2015) 043D02.
— loosely-bound KP2'NN, &
— broad resonance near the 2N threshold =2 ©2N decay

e Partial restoration of Chiral symmetry

— enhancement of the KP2'N interaction in dense nuclei
S. Maeda, Y. Akaishi, T. Yamazaki, Proc. Jpn. Acad., B89(2013)418.




Interpretation as the “K-pp”

A-hypernuclei

~

/ uK-ppn @ E15 \

@ 0 » P o | o @ » ® o
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 On the analogy of the formation of A-hypernuclei,
the observed bump structure would be the “Kpp”
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BG: 2NA followed by FSI
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IM(TtEZ ) vs. IM(TTEZ T p)
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Detector Acceptance: Ap vs. an

* Detector acceptance 15

different between Ap and ©tZp ..

— At cosO,~1:

e Ap: flat acceptance

o t2p: limited acceptance
below the threshold

o
N
|

ost  cf. ﬂ+2+pn PS-MC

Cov v b by v Lot byvvwn bwwwn by o Py gl vy [

.‘.'.‘.ﬁ!?.‘.’.?.-.._.

w/ detector acceptance

21 22 23 24 25 26 27 28 29 3

IM(nprtr’) [GeV/c?]

=
]

)
£
=]

-0.2

-0.4

-0.6

-0.8

1.0

0.8

0.2

0.0

1899 20 22 23 -z4 z—- 26 27 28 29 3,

Ap 1r1\']rlant mass (GeV/c%)

M(nZp)
M(K'pp)

detector \
\
acceptance

21 2.2 23 2.4 2.5 2.6 2.7 2.8 2#0:

IM(nprttrt) [GeV/c?]



Neutron ID with CDS

e m'mp events (3 tracks) in CDS with 4 CDH hits are selected
e a CDH hit with CDC-veto (outer-layer) is applied to identify the “neutral hit”

dE vs. 1/B dE-cut dependence

: oo = S
SE g | | —
of- - 1.372 <1/p 0 B0l e
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Neutron can be identified with CDS
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IM(nr*) [GeV/c?),
' >

N
|

nt2.pn Events

IM(n7t*) vs MM(mt*tpn)

IM(n7t’) vs MM(7mt*tpn)
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Kp=2>Xtn /2 nt* Cross Section

* Error box represents systematic error
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dPo/dQ/dM

Binding Energy [GeV]
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Forward nNmis. + A p @ E151st

Resolution o ~ 10 MeV/c2 @ threshold
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A Theoretical Interpretation of E15

Sekihara, Oset, Ramos, arXiv:1607.02058
Chiral unitary approach
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Exclusive 3He(K',Ap)n
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Results of 3He(K",Ap)n [E15-2"]
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Results of 3He(K ,(Ap)n [E15-2n]

Peak position (GeV/e®)
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