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“Kaonic Nucle

e Kaonic nuclei = anti-kaon — nucleus bound states
v’ Predicted from attractive KN interaction in 1=0 channel
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KN Interaction and A(1405)
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A(1405) to “Kaonic Nuclei”

* A(1405) = considered as a quasi-bound state of KN
—> possible K-nucleus quasi-bound states has been widely discussed

* first idea from Y.Nogami PL7(1963)288
* Pioneering calculation by Y.Akaishi, T.Yamazaki PRC65(2002)044005, PLB535(2002)70
* Many calculations showing the existence of kaonic nuclei

« KNN system : the simplest K-nucleus system, so called “K'pp”
* It has attracted interest from both theory and experiment.

@®+0 = 6@

IJ%) = 0 —(o )

Kp =A(1405) p K'pp



Theoretical Calculations of KNN

Chiral unitary model Phenomenological model

(energy dependent) (energy independent)
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“K'pp” Bound State Searches
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* Despite of many “K-pp” searches, NO conclusive results
»Complex reactions & difficult to understand background




Experimental Studies at J-PARC

—via in-flight (K-,n) reactions —




©c® “Kpp” Search @ J-PARC E15
“PP 3He(in-flight K-,n) reaction @ 1.0 GeV/c
) multi-NA and Y decays can be discriminated kinematically
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©s® “Kpp” Search @ J-PARC E15
“PP 3He(in-flight K-,n) reaction @ 1.0 GeV/c

) multi-NA and Y decays can be discriminated kinematically

1 GeV/c 1.2~1.3 GeV/c
K- 3He K-pp —

reaction NC mation
r
O " 6 GD ¥ ' - Ve3\'\3\\( n)
em\ clus!
PTEP v

Key points of the experiment

@ Strongly excite below M(KNN)
using (K-,n) reaction

@ Identify all the final states of

the reaction
3 Cover a wide range of
kinematics
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Hadron Experimental Facility (HEF)

» <2.0GeV/c
» < 1.1 GeV/c K1.8 > ~ 106 K/spill

>~ 5X1(?5 K'/spiI.I "6(“ » S=-1 and S=-2 hypernuclei
> Kaon in nuclei \

- SR\ » 16 deg extraction
‘,% e SBI:M el 8 > ~2.1GeV/c~ 107 K% /spill @

» <95 kW > <31 GeV/c unsepa. t ~ 107

_Hadron physncs
_Lw.

» L beam
. . : OMET
will startin 2023 3 11-e conversion e

» 30 GeV proton beam,*
> 80kW (7x10%3 ppp, 4.25)
[as of 2025, Feb]



/” > <1.1GeV/c
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“Kpp” Search w/ Momentum Transfer Analysis

/ K p, He \
1 GeV/c ‘

'\q Kn
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* Momentum transfer
analysis using the
(K-,n) reaction

v M(Ap) vs. q

v’ give a clear information on

Qeaction processes /

q [GeVIc]

d2c /(dM - dq) K- “He
M(Ap) M(Kpp) [nb/(MeV?/c3)] ‘:w
— I ev/c
1.0[
0.5F "
_ b) 4 If a bound state exists,
000 22 24 26 28 3.0 there is a peak
M [GeVic?] structure independent
q : (K,n) momentum transfer of q below the M(Kpp)

M : Ap invariant mass
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“Kpp” Search w/ Momentum Transfer Analysis

2K N

3He
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* Momentum transfer
analysis using the
(K-,n) reaction

v M(Ap) vs. q

v’ give a clear information on

Qeaction processes /

q [GeVic]

PLB789(2019)620., PRC102(2020)044002.
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q : (K,n) momentum transfer
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A peak structure
independent of g =

A bound state exists
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“Kpp” Search w/ Momentum Transfer Analysis

* Momentum transfer
analysis using the
(K-,n) reaction

v M(Ap) vs. q

v’ give a clear information on

Qeaction processes /

q [GeVIc]

Quasi-free K scattering

PLB789(2019)620., PRC102(2020)044002. (+2NA absorption)
d2c/(dM - dq K- *He
M_(grl») ___M(Kpp) ‘[nlb/(zvlleVZ/ ] o—
L et SN meffectlve\& i 1 Gev/c
LT I-'-F'J‘.. G
p
1.0 K-
L <@ ‘n%
' iyt
- p
. S
0.5F “L ‘ . n
: acceptance & /:
| efficiency ¥
ool—retet Iy vt A peak structure
2.0 2.2 2.4 2.6 2.8 S0 . _
M [GeVIc] independent of g =
q : (K,n) momentum transfer A bound state exists

M : Ap invariant mass



16
A PWIA-based Interpretation

Energy term (BW type) from time integral Momentum term from spatial integral
(FKpp/Z)Z exp | — qz

_ 2 2 2
(M MKpp) +(FKpp/2) QKpp

30 rF1gtnh 1111 17 1T 1T 1T

Plane Wave Impulse Approximation

Fit with PWIA oM,q) « p(M,q)
. PRC102(2020)044002.
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Deep binding = Strong K*@'N int. Large Q = Suggesting a compact system
Byop(BW) ~ 40 MeV, I, (BW) ~ 100 MeV Q,,, ~ 400 MeV

Binding energy Decay width Form factor



PTEP

A Theoretical Interpretation

A calculation based on chiral unitary approach
reproduces the data well using the KNN bound state

Prog. Theor. Exp. Phys. 2016, 123D03 (27 pages)
DOI: 10.1093/ptep/ptw 166

On the structure observed in the in-flight
SHe(K —, Ap)n reaction at J-PARC

Takayasu Sekihara'**, Eulogio Oset?, and Angels Ramos®
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Theoretical
investigations are
indispensable!

do / dM,, [pb/GeV ]

KbarNN

bound state

70
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Quasi-free K" scattering

%, : = Theorys —
d | S Exp. (all -BG) —e— |
1= .
| =
I
I
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+ I
(BG subtracted) :
2.2 225 2.3 235 2.4 245 25 2.55 2.6

M,, [GeV] TSekihara 2022



Further Investigations
to establish the existence of kaonic nuclei

* A(1405) state
— KN qusi-bound state as considered?
— Relation between KN and KNN?

* Further details of the KNN

— Mesonic decay modes? >prc110(2024)014002. 00
— Spin and parity of the “Kpp”?
— Compact and dense system?

* Heavier kaonic nuclei
— Mass number dependence?

* Double kaonic nuclei
— Much compact and dense system?

K'p

K'pp

18
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“K'ppn” Search with K*He - Adn

® An analysis of the Adn final state with K™*He reaction at 1 GeV/c

has been conducted
» T77: lifetime measurement of #,H in 2020

® The results will be updated with a part of the E73 controlled data
» E73: lifetime measurement of 3,H in 2024-25

system
AN T77 (“He)  ~6x10°
e E73 (*He) ~12 x 10°

—— A

7~ 4 o/

beam line 2
spectrometer;

. =




“K'ppn” Search w
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“K'ppn” Search with K*He - Adn

2D fit on the (M,q) space with similar shapes to E15:
Breit-Wigner wtih Gaus. form factor (PWIA), QF-K-, and Broad BG

M M (Tx/2)? 2
oL@ o< pUL D X Gr vz P\ "o
2t HHH of | IMKppn) T3
S wof " E :
g 20_ ++++++*il’li 1 | +++ " E 405— $ P[T@ﬂﬂmg@@fy -
ob+ o, 35[ |03<qX<OGGeV/c—_
Sl I ]
- % 305— % _E
1.4f 3 o5k E
3 1.2 éeoj— + -
E ' 3 15t 3
@ : + g
D 0. P s A
S T 32 34 3.6 38
§. ) 11 i m,, (GeV/c?)
02 : [ By = 64 + 11(stat) MeV
0 | 1Y [y =~100MeV

Oxona ~ 4 ub



Further Investigations
to establish the existence of kaonic nuclei

* A(1405) state

— KN qusi-bound state as considered? g
— Relation between KN and KNN?

 Further details of the KNN

— Mesonic decay modes? >prc110(2024)014002. 00
— Spin and parity of the “Kpp”?
— Compact and dense system?

* Heavier kaonic nuclei
— Mass number dependence?

* Double kaonic nuclei
— Much compact and dense system? KKpp

K'pp
RE -
K'ppn K'ppnn

22
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Q A(1405) Line Shape @ J-PARC E31

PLB837(2023)137637.
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A(1405) Line Shape @ J-PARC E31
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New Kaonic Nuclei Project at J-PARC
— from the KN to KNNNN systems and beyond —

© 00 0p @ -




Systematic investigation of the light kaonic nuclei

® Promote systematic measurement at J-PARC

* mass number dependence
* binding energy, branching ratio, g dependence, ..

* spin/parity determination

» Extract internal structure with theoretical investigations

Reaction Key Decay Mode 250 - :x; 'ge Lar?er nuclei
- - - e the larger B.E.
© KN d(K_,n) niOZJ’O § 200— ;OHHMH(chiral) ;
(o8¢ KNN 3He(K-,N) Ap/An Eel %i’“”“!”(‘i”’k,
g,g KNNN “He(K",N) Ad/Apn % x mnd(BW)_ =
& RNNNN  SLi(Kd) At/Adn I S—
KNNNNN  SLi(KN) Aoi/Add/Adpn e # e
KNNNNNN  7Li(K,N) Aon/Addn LA
@ KENN 5 e AA K R:g” K':%'NN
0



KNNN @ E80 ——

via *He(1 GeV/c K-, n) reaction — M reacton '

K'ppn + \)
@ Establish the existence of KNNN * 4He data ,\’A::;i»~f;/67\ ,Dd\)
> “K-ppn”=>Ad 2-body decay PSRN W (T77~3days) 0 T - ---- -
: EY L L B AL N AL IR

= 0.3<q<0.6GeV/c

Q. gcceptance
— notcorrected

P @Hﬁmﬁf@@”g
)

=
Kpp

— : s N 45:—
@ Study the multi-particle decay mode of KNNN : +
toward understanding its internal structure
» “K-ppn”—>Apn 3-body decay

Paul Kienle >, Yoshinori Akaishi ©¢, Toshimitsu Yamazaki ¢¢*

Utilize Dalitz plots —> Differences in distribution

¢ data

N
o
TI P T[T rI T Trrr [Tt

Counts / 30 MeV/c?
B 8 8
[ [ [

ppnK- (T=0) --> A+p+n

—
(8]
T T11

10
40 - :
5 ]
20 - ]
Oi [ |+ " )
. 3 8. 34 . 3.8
2
/ m,, (GeV/c)
Ggy, PLB632(2006)187 (Gay 2 48
Yot s, h e f h [} K— »n
Distributed in parts of the plane Widely distributed in the plane the si g n ot the p p n
* 1 nucleon has the Fermi momentum * All particles have a momentum larger than

the Fermi momentum



— Measurement for Az pair  —

*Assuming J P = 0~ (strict case)
“ KN N @ E89 0.3 < gy, £0.6 GeV/cselected
VUG simulation

pp  vig 3He(1 GeV/c K-, n) reaction ST TR — An

S ifY o

@ Search for “K°nn”, isospin partner of “K-pp” -l N R _
> “K°nn”=>An/Zp z |

@ Determine the spin/parity of KNN R IS S - SN

> spin-spin correlation measurement of “K'pp” > Ap L My, (GeVIC?) y

There are two possible configurations for the KNN ground state.

r —. ) ( >
" n ') n
(N N )([.S'ymxS.a.S‘ym) ® K (N N )(I.a.s;vm><S.s.\'m) ® K
JP=0" =
y = F — P —
s -Q-s+s-%---s s%-.’-s
p p K p n K° p n K&
Iev=01" _3 Igy=01" 1
[Tgy=11" 1 ey=12 3
Deeper bound expected Shallower bound expected y pC scattering

7\l




New Cylindrical Detector System (CDS)

New CDS

Present CDS

v'Solid angle: x1.6 (59% = 93%)
v'Neutron eff.: x7 (3% = 12%x1.6)

+ forward TOF counter
+ proton polarimeter (in future)

to be completed in 2026

29
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Construction Status of the CDS

Return York: SC Solenoid: CDC:

completed completed, in commissioning
V ) —7-; Al JL : = ‘

The experiment will be ready
in early 2027



Summary

eé® A(1405) from d(K-,n)
v'1i¥: PLB837(2023)137637.

©® “Kpp” from 3He(K", n)
v'Ap: PLB789(2019)620., PRC102(2020)044002.
v'mYN: PRC110(2024)014002.

“Kppn” from “He(K-,n)
v'Ad: A hint has been observed.

¢

®New project has started from E80, “K'ppn”, aiming at
the systematic study of the kaonic nuclei
* Constructing a large solenoid spectrometer
e will start in early 2027
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Thank you for your attention!

A first step of the project

© 09 of

K'p K'pp \__Kppn / K'ppnn
via in-flight “He(K-,N)

OWA/Harald Ritsch

New large CDS
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