ELPHWZE S ") Foa gl BT 5% 14HEd, @ ELPH http:/ / www.Ins.tohoku.ac.jp/ workshop /c024 /index.php

T R O A Ny L LR B DO
}iK I:lj IﬂE[IiI —Jﬁ‘ }E ?7{(}2 O) 17]‘)1: gL'Equ For the E15 collaboration




What is interest?

The simplest kaonic nucleus
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Meson could be a building block of matter!
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* Bound state of kaon and nucleus

KbarN interaction & Kaonic nuclei

# KbarN interaction is strongly attractive in I = 0 channel.
* Low energy KbarN scattering

* X-ray measurement from kaonic atoms

+ Structure of A(1405)

* Kaonic nuclei

“ KbarNN : the simplest kaonic nucleus



KbarNN bound state :: Current status

* Many theoretical & experimental studies
+ Theoretical studies

* B.E and Width strongly depend on
KbarN interaction model.

* Experimental studies

+ Results are different even if we use
the same reaction.

Experimental studies
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.15 experiment

In-flight (K-, n) reaction to generate KbarNN bound state

K~ + 3He - Kpp + n
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Fo/dQ/dM x A

.15 experiment

Binding Energy [GeV]
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# Clear peak from quasi-free process

K- n

+ No clear structure below the
threshold

* Need exclusive analysis
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15 experiment
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E15 experiment

“ Not consistent with 3NA distribution

—M(A(1405)+
M(Z+p+n) 'rM(KS-p+p) P)

“ Peak around M(Kpp)
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Summary of E15-1st

M(A(1405)+p)

: : M(Z+p+n) q ~M(K+p+p)
Exclusive Apn analysis 20 P Tnvarant mass
T 16 vole | Multi-NA sum
D | 3NA (Apn)
([ ] [ ] LD
More statistics 2120 g M /3NA on)
% o : 2NA (Apns)
Kinematically identified = i :‘
K_ 57 S W T Count per 50 MeV/c¢
0 ' Il.l!!l.l.l- 4 8 12 16
: E (a)\ kmematlcal limit Emomentum transfer to Ap
16f e - (©) 2NA (Apns)
aE ,CDS accefl)tance . - x5 3NA (Z°pn)
Z : B S e : 3NA (Apn)
i Invariant-mass measurement — 12F .
N RN — Multi-NA sum
B RRKY S U \
§ u B i T
3 '; 4 — - on
He BEaia 2 O°8:
041

= E15-2nd

0
> e E 2 21 22 23 24 25 26 2.7 28 29 3
(x30 times larger statistics for Apn channel) MiveAp [GeV/c?]



Result of E15-2nd

K~ + 3He - Ap+ n

Kinematically identified

n

K Invariant-mass measurement
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SHe

Result of E15-2nd

K~ + 3He - Ap+ n

Kinematically identified

dap : momentum transfer

* Clear two components

“ Below & above M(Kpp)
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K Invariant-mass measurement

A !
i

:A

! |

002

| | I | | | |
|
4 data 1 data
_ ’ Mo _ counts
.’Q.’ ¢Teé "."..’.’ N .
oo’ S 8 &
feer—— e
i - 1%, _
- N - :i:.-o-_._ -
i : 1 == _
i 1 = _
i 1 = -
i 1 V==
- s - -
" L 1 I I
0 3.0



SHe

* Decomposition into 3 major components

Result of E15-2nd

K~ + 3He - Ap+ n

Kinematically identified

dap : momentum transfer
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K Invariant-mass measurement
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Spectrum decomposition
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Fo/dQ/dM x A

Spectrum decomposition
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SHe

Physics background : Son | Zpp

Spectrum decomposition
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Conversion & FSI processes (or point—like?)-



Spectrum decomposition
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SHe

Well reproduced by 3 components

Spectrum decomposition

K~ + 3He - Ap+ n

Kinematically identified
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Result of Apn analysis
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Result of Apn analysis

K~ + 3He - Ap+ n

Kinematically identified

K= —~ 1

. K Invariant-mass measurement
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Non-mesonic & mesonic channels

Non-mesonic

K~ + 3He - Ap+ n

Kinematically identified
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Result of wXpn analysis

Neutron from X-decay is detection by CDS

K~ + 3He - 7~ X%p+ n
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Result of wXpn analysis

Neutron from X-decay is detection by CDS
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Result of wXpn analysis

Neutron from X-decay is detection by CDS 900
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Conclusionl

* There are many studies of KbarNN bound state.

* We have been performed experiment with (K-, n) reaction.

* We successfully measured exclusive Apn & mZpn channels.
* In Apn channel

+ We observed Clear peak below the M(Kpp).

* Assuming Breit-Wigner shape, B.E. and Width are found to
be,

v B Fr=4] & 3(stat.)f2(syst.) MeV
s —ll5-F 7(stat.)f%8(syst.) MeV
* In mXpn channel

* We observed Y* production in 3He(K-, n) reaction at first time in
IM(7tX) spectrum.

+ No structure was observed below the M(Kpp) in IM(1tXp)
spectrum

* More statistics is desired to understand the mesonic decay
mode of KbarNN

Width (MeV)

Experimental studies
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Further mvestgation



To establish KbarNN

Need more statistics!

* Measuring other decay modes 900
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+ To establish KbarNN,

Further mvestgaton

* Yp decay mode
‘ . ~ 41 acceptance
* Need y-ray detection y-ray / neutron detection
“ mXp decay mode

* Need n detection

oty

— ,
l -
R

“ Jsospin partner by An measurement

)
7,/

* Need 1 detection

“ Spin-Parity

+ Need more careful discussion...



Future experiments

System Reaction

KbarN (A(1405)) d(K—,n)
KbarNN 3H€(K_, n) 3I{e(I{_alj)
KbarNNN 4H€(K_, n) 4H6(K_9 p)

RGEVNININY 61 ; (K™, d)



Conclusion?

* We are planning construct new
spectrometer system

* n /vy detection
* 471 coverage

+ To establish KbarNN

+ To search for other kaonic
nucleus
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Theoretical studies

From F. Sakuma NFQCD2018 slide

KbarN
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Theoretical studies

From F. Sakuma NFQCD2018 slide
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Theoretical studies

From F. Sakuma NFQCD2018 slide
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Theoretical studies

From F. Sakuma NFQCD2018 slide

KbarN . .
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Variational vs. Faddeev : Not so changed

Chral SU(3) vs. Phenomenological : large difference in B.E.



KbarNN bound state :: Current status

* Many theoretical & experimental studies
+ Theoretical studies
+ KbarNN can be exist.

* B.E. & Width strongly depend on
KbarN interaction model.
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Experimental studies :: Stopped K-
A(stopped K, Ap)
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Experimental studies :: Stopped K-
A(stopped K, Ap)
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Daviation UNG/SIM (arb. scale)

Experimental studies :: pp collison
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Experimental studies :: pp collison

p+p—->Ap+ K™

@ 2.85 GeV
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Experimental studies :: (7t-, K) & (v, K
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Experimental studies :: (;t-, K*) & (y, K*mt) reactions
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Results of E15 - 1st
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Results of E15 - 1st

Semi-inclusive analysis of “He(K ™, n)

Missing-mass measurement
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Results of E15 - 1st

Exclusive analysis of "He(K~, Ap)n
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Results of E15 - 1st

Exclusive analysis of "He(K~, Ap)n
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Analyzed channels

Measured exclusive channels are,,,

K~ + 3He —» Ap+ n

Kinematically identified

n

‘ IZ Invariant-mas measurement

Detected particles : p p JU i

K~ + 3He —» 7#7°XFp+ n

Kinematically identified

n

‘ IZ Invariant-mass measurement

o
b~

Detecied parhieles = ¥} p T x T =
Neutron detection by CDS



Comparison between Apn & tXpn

K~ + 3He —»> Ap

2.0

K-+3He »>n+X

3.0

K~ + 3He - 7#7°X%p+ n




Comparison between Apn & tXpn

Above M(Kpp)

K- +3He »n+X

X = p + "K-p"

K~ + 3He - 7#7X%+ n

QF-Y~




Comparison between Apn & tXpn
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Kpp production
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