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Kaonic Nuclei
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@® Theoretical Calculations on “Kpp”
The simplest kaonic nuclei, KNN (JP=0, I1=1/2)
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@%® Experimental Situation “before E15”4
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J-PARC E15 Experiment

* 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- SHe Kpp

reaction
°o- @@

A =X

PHYSICAL REVIEW C 102, 044002 (2020)

Observation of a KNN bound state in the *He(K ™, Ap)n reaction
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Experlmental Setup @ K1. SBR

"4 heutron counter
@ charge veto counter
proton counter

K Aaaﬂ et. al., PTEP 2012, 02B011
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Exclusive 3He

T.Yamaga et. al., PRC102(2020)044002.
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 Momentum transfer

analysis using the
(K-,n) reaction
v M(Ap) vs. q

v'give a clear information
on reaction processes



q [GeVI/c]

Exclusive 3He(K,Ap)n

T.Yamaga et. al., PRC102(2020)044002.
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Exclusive 3He(K,Ap)n

T.Yamaga et. al., PRC102(2020)044002.
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Exclusive 3He(K,Ap)n

T.Yamaga et. al., PRC102(2020)044002.
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“K-pp” Bound State

(FKpp/z)z
(M - MKpp)z'l'(FKpp/z)z
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> large binding energy > wide momentum transfer

-2 suggest the “Kpp” is quite compact



Many Questions to be Answered

e More heavier kaonic nuclei? og (g/
K'pp K'pp

— Mass number dependence?
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03 KNNN and KNNNN (&’

Kppn Kppnn

 More heavier system must be explored to provide
more conclusive evidence of the kaonic nuclei
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mWG - the larger B.E. I # resolved if the models adopt
200 | 4 BGL 100 both mesonic & non-mesonic
- decays
-¥-OHHMH . 0

60—

Width (MeV)

150 *51 5-2nd
- EsAe m |
100/~ e

i 20— _

0—— — — 0—— — —
KNN KNNN KNNNN KNN KNNN KNNNN

> The KNNNN system is expected to be the most
compact system due to an o particle configuration

Binding Energy (MeV)




NNN and KNNNN (8:

Y.Kanada-En’yo arXiv:2008.06802
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New Project @ J-PARC

-- systematic investigation of the light kaonic nuclei --



Strategy of the New Project

- for systematic study from the KN to KNNNN systems -

Reaction Decays Key
KN d(K-,n) nE0y+0 F-factor = n/y identification
KNN  3He(K,N) Ap/An JP > polarimeter
KNNN “He(K,N) Ad/Apn large acceptance € A first step
KNNNN °©Li(Kk,d)  At/Adn/Apnn many body decay
KKNN p+3He AA p beam yield

* To realize the systematic measurements, we need

[1 a large acceptance spectrometer € new CDS
» detect/identify all particles to specify the reaction

O high-intensity kaon beam < modified K1.8BR

 more K™ yield than the existing beamline

* We take a step-by-step approach
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A New Cylindrical Detector System

S

A new 47 spectrometer with n/y detection capability
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* Expected KNNN in K+*He
"
" ‘ K+*He=>Ad+n ‘ ‘ K+*He=>Apn+n ‘
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(PRC102(2020)044002.) are adopted to K'ppn/QF/BG shapes

* “K'ppn” signal [g-independent] will be seen clearly

IM(Ad) [GeV/c?]




K pp

Expected KNNN in K+*He
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* Assumption: similar parameters obtained at E15

 Mass-number dependence of the kaonic nuclei
will be provided for the first time.



Summary

® We observed the “Kpp” bound state in 3He(K",Ap)n
v/ PLB789(2019)620., PRC102(2020)044002.

® As the next step, the new project has been launched
to reveal the properties of the light kaonic nuclei from
the KN to KNNNN

» a powerful probe to understand low energy QCD
» the best approach to cold & high-density nuclear matter

® We take a step-by-step approach:
— a KNNN search via *He(K-,N) reactions as the first step
— a spin/parity measurement of the KNN as the second step

— experimental challenges of KN, KNNNN, and KKNN will
also be followed
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¥ OWA/Harald Ritsch
H:gh mtense K beam New large CDS

Thank you for your attention!

A first step of the new project

© 09 of

K'p K'pp \__K'ppn_/ K'ppnn
via in-flight *He(K",N)
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Investigation of fundamental
properties of the KNN state

J-PARC P89



26

J-PARC P89 7

Internal structure & spin-parity

[Tl'here are two possible J as for the KNN ground state.]

( — R a8 — )
" " u "
(N N )(1.sym><S.asym) ® K (N N )(I.asymxS.sym) ® K
JP=0" JP=1"
P — D — P —
s =-L= s + s -%— =-0=s s =-0=s
4 r Ka p n K& » _-
[Iey=01 _3 gy =01 _ 1
gy =11 1 [Igy =11 3
\ Deeper bound expected y L Shallower bound expected -

* Positive parity state should be higher excited state if exist.

T. Yamaga (RIKEN), 32nd J-PARC PAC meeting, Jul.14-16, https://kds.kek.jp/event/38719/
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J-PARC P89

How to determine J©

— Ap spin-spin correlation (a,,,) in K"pp — Ap decay -

f
p__p ) wm— p
S%OS+S -(.F_;

p P K3 p n_ K

To make neia‘cive iarity from Ap

TobeJ =0

e

\ Spin parallel

~

_

r A
P_ _P
F-
P n_ k&
To make neiative iarity from Ap
TobeJ=1
BR=1/3 SAp=0 + SAp: B Br=23
\ J

JP=1"

[We can deduce J* from Ap measurement.]

T. Yamaga (RIKEN), 32nd J-PARC PAC meeting, Jul.14-16, https://kds.kek.jp/event/38719/
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J-PARC P89

How to measure spin-spin correlation

— Spin alignment measurement by A — pz~ & p-C scattering —

# Spin-spin correlation on ¢h-asymmetry —
P
N(py,) = Ny - (1 + rv ap, COS Py )

P
0

A-spin estimation

by A — px~ asym.

: asymmetry reduction factor defined by;

a_: A\ asym. parameter B : Magnetic field

A,c : Analyzing power  Bg: Binding energy

fs :Spin distribution g : Momentum transfer

E/Ve can observe a,, from qup-distribution]

p-spin estimation
by p-C scat. asym.

T. Yamaga (RIKEN), 32nd J-PARC PAC meeting, Jul.14-16, https://kds.kek.jp/event/38719/
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J-PARC P89 )

Cylindrical detector system
return yoke

coil
polarimeter. |
tracker stack | | —
(L p-recoil"'-
CDC enadeann DEF.. ..... uK.ppu decay

H —>— ) “K-pp” formation

|_| =1 = ¥ .- Wt ll -
DUG .
y
| P T n-
Cap ........ ! -
hodoscope™ .
. N C——— Conceptual design in E80 proposal ——/————1
. P 9 prop
In ner Z trlg https://j-parc.jp/researcher/Hadron/en/pac_2007/pdf/P80_2020-10.pdf
Cpr—— *Design has been slightly modified. O

[-N 41 acceptance for charged & neutronjﬁjolarimeter system for p-spin measurement]

T. Yamaga (RIKEN), 32nd J-PARC PAC meeting, Jul.14-16, https://kds.kek.jp/event/38719/
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J-PARC P89

Expected spectra

— To measure ¢, -asymmetry for J© determination —

A-spin estimation - Event selection for p-C scattering N
by A — pn~ asym. T

He— w/0 resolution

107 =

W/ resolution (1mm)

1 IIIHHI

_
<

JIIIIII

Selection window

- »
< »

H
=)
L
T :
t»‘."‘

relative yield

e /)C SCatteripg,

Multiple
scattering
o | [ I 1
. . . 1 40 10 20
])—Splh estimation gp (deg)
by p-C scat. asym. \_ )

T. Yamaga (RIKEN), 32nd J-PARC PAC meeting, Jul.14-16, https://kds.kek.jp/event/38719/
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J-PARC P89

Expected spectra

— To measure ¢, -asymmetry for J' determination —

i L .

1-17""|"""“""7 1.17""\""\""\""

[We would exclude J¥ = 1~ with 95% confidence level from only P p-asym. ]

T. Yamaga (RIKEN), 32nd J-PARC PAC meeting, Jul.14-16, https://kds.kek.jp/event/38719/
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