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— covers wide variety of field

Meson Science Laboratory ,
by the variety of researchers —

nuclear physics

mesonlc atoms (atomlc physms / nuclear physics)
mesons |n nuclel (nuclear PhySICS) | — today!

Nin nuclei (nuclear physics) 1 nsrr2024 i1 ¢ : DT
muon science

|,|CF °* muon catalyzed fusion (chemistry/atomic physics/nuclear physics)
MSR : muon spin rotation / resonance ... (condensed matter physics)

MA® : muohic atoms (nuclear physics)

cold-p : muon magnetic microscope / muon g-2
(particle physics / atomic physics / condensed matter physics)

Mossbauer

in-beam M : RlI-beam Mossbauer spectroscopy
(condensed matter physics)
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To organizers, thank you for giving me a chance to talk.

To speakers, all the participants and secretaries, thank you for joining.

named and organized by K. Itahashi and S. Fujiyama

with helps from researchers who have been contributed
Meson Science Laboratory in RIKEN

I apologize for not being able to cover my contributions
as Chief Scientist at RIKEN due to time constraints.

I hope the missing parts are well covered by
the other speakers of 2024.
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Before entering main subject — Kaon Physics RIRATF DA 7 D 534

A Typical Experimental Research Cycle

Result: Eurther Problerm?
- urther Problem®”
Objective: Ansatz Positive Verification
Unsolved Problem * Assumption * Experiment
Why and How? Methodology X

Negative

Identify problems in previous methodology

Terminate Project and
Proceed to Other Problem

Consider alternative / better methodology

mistake / hidden bias in the analysis — Must be corrected, and open that to public.

— To encourage ambitious research,
failure must be embraced.

AAR IR RFTA, PRI FETAL~ L
pretend to be positive — unacceptable scientific misconduct
ELTHETEE, BATIHBHEBRT - AR F03 4o 1R R
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Let me start from a mile-stone experiment, which makes me to be
a Principal Investigator (PI)

The KpX experiment

“It takes three years from gaining PhD in 1987 to
develop original research ideas in 1990, and another
seven years to get the first results reported in 1997.”

oo A EIETHETRODF R AT (LI E -
c BN R AT10F 1513 F L e 2 h> b .-
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My first success as a researcher

Resolving the kaonic hydrogen puzzle is a must

PraysicaL REVIEW D aonic Aom Formation
VOLUME 50 (”;*m;ﬁi)s o s Stark-effect prevents x-ray observation

1 AUGUST 1994

e

THE A(1405) by R.H. Dalitz, Oxtord University 2) Cascade {aamz(%)
....... ey emisson L n I R Ry
The present status of the A(1405) thus depends heavily ' " T A e g
on theoretical arguments, a somewhat unsatistfactory basis for . /
a four-star rating. Nevertheless, there is no known reason to Strong Interaction i
doubt 1ts existence or quantum numbers. A measurement of 3) Energy Shift & Width  4) Absorption Reaction o meta_stable o
the energy-level shifts and widths for the atomic levels of o be bsered Kp»2n' etc sl
kaonic hydrogen (and deuterium) would give a valuable check Sackaround & st mtem Auger trayémon
on analysis of the (2, NK) amplitudes, since the energy of ; : o | O
the K™p atom lies roughly midway between those for the two 2p { At°mi"(:a%r:its of ] il / L
sets of data. The three measurement of (AE-iI'/2) for kaonic [ 2p ->1s X-rays ] T
hydrogen are inconsistent with one another and require that n B iiis

. | AE2: Shi O anils -------
__the sign of Re(A,_, + A;_) be opposite that deduced from (Strong-interaction) 1S |—_ [AEZP. Shift ] \ e M

NK reaction data (see BATTY 89). Accurate measurements [zp: Width _[onteiine
of (AE-iI'/2) values for kaonic hydrogen are badly needed, ﬁ absorption S
but may not be possible until the KAON factory becomes (Coulomb-only) 18 = = — - S

molecular ion formation

operational.

radiative transition

nuclear absorption
(s- or p-orbit)

— Kaonic Hydrogen Puzzle!



Previous data on the kaonic hydrogen
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Can you really see signals in these spectra?
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Theories and Experimental results are inconsistent
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Most probably the applied
experimental methods are insufficient!

How to improve?

Z)IXL A7



B #g AR 2 (L& T Fe 5 B
My first proposal to PAC (REREEEEDR): ) gE A% %

Simply REJECTED ... Insufficient to convince reviewers

Consider more about how to initiate the break through Reaction Produced Brancling /sfe Mukiplilty v Mukiplcity
to overcome experimental difficulties? el -
T e w2y 21.2 % 1 2
Second proposal to PAC: .. break through ideas "y iy s . :
p oy p 2y 3.18 % 1 2
» Gas Target (liquid previously) S o 4
i i I 24D 10 % 1 2
Stark Free (drastically improve S/N) DR wwia 0K 2 0
. Yt mtr n 46 7 2 0
* Background Free (reduce noise) o T om 8K : g
Final state tagging / Specify reaction point S ; A

Require kaonic hydrogen atom formation

- X-ray detector in Hydrogen Gas
Si(Li) without x-ray window
Drastically improve signal

ACCEPTED by fully convincing o A —
reviewers ... | |

Won a strong budgetary support
from KEK (K. Nakai)

H\Ib h3
.\i__ﬁ 2
Water Cerenkov



Succeeded in Kaonic Hydrogen x-ray Measurement
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The European Physical Journal C

Volume 15 - Number 1-4 - 2000

THE A(1405)

Revised March 1998 by R.H. Dalitz, Oxiord University

From the measurement of 2p —.ls X rays from kaonic-
hydrogen, the energy-level shift"AE and width I' of its Is l d A o t
state can give us two further constraints on the (2, NK) .. l€adS ASSociarte

system, at an energy roughly fnidway between those from the professar Posifion in
low-energy hydrogen bubblé chamber studies and those from TITech nd successivel
qR(Zm) observations bélew pK~ threshold. ITWASAKI 97 ! G. . . Y
have reported the firdPeonvincing observation of this x ray, to Chief Scientist

with a good 1nitial eSéimate: P osi.l.i on in RIKEN
AE —iI'/2 =8323+ 63+ 11) - 1(204 £ 104 + 50) eV. (2)

the errors heifig encompass about half of the predictions made
following "W@arious analyses and/or models for the in-flight

K p and“sub-threshold qR(Zm) data. Better measurements Wh a-'-’s next in Physics?

will beé needed to discriminate between the analyses and pre-
dictigns. ..., perhaps from the DA®DNE storage ring at Frascati,

infermation vital for our quantitative understanding of the 2> B , S S
627, NK) system in this region. ..... k’%k ‘ﬂ ‘?& ? éﬁ A 7‘\ jt» 7
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Does KN interaction repulsive?

W, = —277 MeV fm™' x a = -30 MeV

o T , K™- He a; =0-1tm

Shift (eV)
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R. Seki, Phys. Rev. C5 (1972) 1196
S. Baird et al., Nucl. Phys. A392 (1983) 297
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Width (eV)

C.J. Batty, Nucl. Phys. A508 (1990) 89¢c

o »

KRBB D 57!
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Does KN interaction repulsive?

W, = —277 MeV fm™' x a = -30 MeV
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Does KN interaction repulsive?

W, = —277 MeV fm™' x a = -30 MeV

8r— | K™ - He a; =0-1fm
f [\
> -
@
e o
-E —\/
(¥p) L
o - | CUSTON WLE, METW ON A G N TS e A ST M R e N D e
0 0-5 1-0 9 2-0 r o 3-0
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20 e
20 |—

= b R. Seki, Phys. Rev. C5 (1972) 1196

= “C S. Baird et al., Nucl. Phys. A392 (1983) 297

S of
& — C.J. Batty, Nucl. Phys. A508 (1990) 89c
= 05 S = 2-0 2.5 3.0

\/ ag (fm)
/ -
fom—
ato K Coulomb

[
| attractive shift!

+ Strong

KRBV D HR7!




Does KN interaction repulsive?

Shift (eV)

Width (eV)

W, = —277 MeV fm™' x a = -30 MeV

8 _ K™= He

0-S 1-0 -5

R. Seki, Phys. Rev. C5 (1972) 1196
S. Baird et al., Nucl. Phys. A392 (1983) 297

C.J. Batty, Nucl. Phys. A508 (1990) 89¢c

Raiak | & | SO
2-0 25 3-0

ag (fm)

il

nuclear

+ Strong

No! strongly attractive!

Kaonic Nuclear state exists?

KRBV D 15417!
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- 00
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(0p) Transition (QGP)
— Cooling by expansion
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The KpX experiment trigger
kaonic nuclear bound state search,
world wide
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What is A(1405)?

- Is It quark excited state of A baryon (uds)?

<>
N

0.8

.Q
(=)
L] 1 Ll

0.2

A(1405)> T 55 H D ?

A(1405) = KN ... a “molecule-like hadron composite”
. R.H. Dalitz and S.F. Tuan, Ann. Phys., 3, 307 (1960)

KN

@

@Y

m

¥

156 296 ' 411
m, (MeV)

570

702

¢+ supported by kaonic hydrogen data

Phys. Rev. Lett., 78, 3067 (1997)
¢ supported by Lattice QCD

J.M.M. Hall et al., Phys. Rev. Lett. 114(2015)132002.

why not KNN ?
Y

forming a nuclear
bound state

meson-baryon molecule



From A(1405) to kaonic nuclel 7 & — 7 TR ?
Is A(1115) an excited state of uds?

A(1405) .

AEx ~ 290 MeV

- - oy
-~
= ~

7 3 — 7 hdedRE e L1 D A(1405) #1&



From A(1405) to kaonic nuclel N4 5 NERARE DL ?
with qq (y-condensate) in vacuum

A(1405) -

qq

Om@ AT CE@TIEY L

q@ﬂt o THRAE L T\ A
e LT\ A

AT qq B4 L A(1405)



From A(1405) to kaonic nuclei OENPRAN S TN ¥
two color-singlet objects bound by meson exchange :

- - - - -~
L

A(1405)

p 'S
M( pK- ) = 1432 MeV/c?

NFegFa skt re LT D A(1405) B2



A(1405) in gqq & meson-baryon

\(1405)
:=qqq

M(A(1405)) = 1405 MeV/c?

56 K_ p99

P M(pk)=1432 MeV/c?, B, =27 MeV

A(1405) is on-site of “hadronization”, where
stretched-gluon capture qq from vacuum

SR PN T B DGR



A(1405) In qqq & meson-baryon 7kt Fi#0 547

A quantum state known as

A(1405) can be molecule-like
hadron cluster composed of

“K—p b4

P M(pk)=1432 MeV/c?, B, =27 MeV

A(1405) is on-site of “hadronization”, where
stretched-gluon capture qq from vacuum



A(1405) In qqq & meson-baryon 7kt Fi#0 547

A quantum state known as
A(1405) can be molecule-like

\(1405) hadron clu‘ftef c,o’mposed of
=qqq *,_ K™p
Then you may put one more proton ...
4
14 K- p” -'---a_-.\

P M(pk)=1432 MeV/c?, B, =27 MeV

A(1405) is on-site of “hadronization”, where
stretched-gluon capture qq from vacuum



A(1405) In qqq & meson-baryon 7kt Fi#0 547

A quantum state known as

A(1405) can be molecule-like
hadron cluster composed of

“K—p b4

Then you may put one more proton ...

P M(pk)=1432 MeV/c?, B, =27 MeV

A(1405) is on-site of “hadronization”, where “K “pp” will exist
stretched-gluon capture qq from vacuum
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First trial to search for Kaonic Nuclei resulted in wrong
interpretation in 2004.

The biggest Failure

“It was very difficult to overcome the challenges caused
by the mistake.”

e ARV LAY ORI ES - WABFEr 1D
PRI E - ARNARSH (15432 L) (L1144 -+
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(top and right detectors are omitted , i

First trial to search for Kaonic Nuclel

via kaon absorption at-rest in 4He target
Reaching wrong conclusion faked by data

Ansatz in E471

If kaonic nuclear bound state K~ & 3He exist

as It is predicted,

Atomic '
Orbits Nuclear
~ Auger
’
H\‘ L'lll\l\"l'_ "
’
YN

’

-:H@Radius Shrinks!
K

Strongly Attractive!

mono-energetic neutron will be emitted
from kaon absorption reaction from kaonic
helium atom via nuclear Auger effect by
substituting neutron with kaon

N
@ Mono-energetic!

dedicative simply for
neutron spectroscopy

4He(stopped K-, p) spectrum
previous result from E47 |
mono-energetic proton observed,

instead

Proton TOF spectrum
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Verification Study by ourselves gave Negative Result!
Obviously, we were in BIG BIG trouble ...
i¢ What Happened ?!
Ansatz in E549 / E570

If we upgrade our setup dedicative for
proton spectroscopy, we can get
confirmative proton spectrum.

Add proton tracker

with own start counter
Replace thin charge-veto counters
to high resolution (thicker) counters
for proton TOF
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i¢ What Happened ?! “The imperfect analysis hidden in
insufficient experimental setup”
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If we upgrade our setup dedicative for
proton spectroscopy, we can get
confirmative proton spectrum.

More specifically, imperfect sluing correction

Add proton tracker

with own start counter
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Verification Study by ourselves gave Negative Result!

Obviously, we were in BIG BIG trouble ... The answer is:

i¢ What Happened ?! “The imperfect analysis hidden in
insufficient experimental setup”
Ansatz in E549 / E570

If we upgrade our setup dedicative for
proton spectroscopy, we can get
confirmative proton spectrum.

More specifically, imperfect sluing correction

What’s sluing correction?

' TTTTTTTTI
sluing correction

MIPS

Add proton tracker

with own start counter \j

Replace thin charge-veto counters V x At® 1) I&\q_l_l_l_l_l;

to high resolution (thicker) counters | o 0 ” ~2
for proton TOF MIPS: 1209 (TELE (T2 H 4L 5 Hik s 5 UIMNEC [nsec]
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Verification Study by ourselves gave Negative Result!

Obviously, we were in BIG BIG trouble ... The answer is:

i¢ What Happened ?! “The imperfect analysis hidden in
insufficient experimental setup”
Ansatz in E549 / E570

If we upgrade our setup dedicative for

proton spectroscopy, we can get : : :
confirmative proton spectrum. What'’s sluing correction?

sluing correction
C

JP

More specifically, imperfect sluing correction
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true timing

Add proton tracker
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Verification Study by ourselves gave Negative Result!

Obviously, we were in BIG BIG trouble ... The answer is:

i¢ What Happened ?! “The imperfect analysis hidden in
insufficient experimental setup”
Ansatz in E549 / E570

If we upgrade our setup dedicative for

proton spectroscopy, we can get : : :
confirmative proton spectrum. What'’s sluing correction?

sluing correction
C

JP

insufficient statisties to
have precise calibration

More specifically, imperfect sluing correction

=1

irue fiming
QN

Pulse-Height (B,) (A.U]

Add proton tracker

MIPS i
% with own start counter B |
Replace thin charge-veto counters I I 2 Y I

to high resolution (thicker) counters | o 0 . _
for proton TOF MIPS: 1Z IR 09 (THEGE (U b 4L 5 Hikgs 5 1M [nsec]




Why we were FAKED...

We shall publish the reason why we were faked,
because we found our mistake by ourselves.

identified by M. Sato (the one who cannot come today) ...

What will happen if sluing correction is
slightly mistuned by 5 ps/ MeV ?

much smaller than the resolution
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Why we were FAKED...

We shall publish the reason why we were faked,
because we found our mistake by ourselves.

identified by M. Sato (the one who cannot come today) ...

What will happen if sluing correction is
slightly mistuned by 5 ps/ MeV ?

much smaller than the resolution
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Pulse Hight anomaly forms a spurious peak
in the momentum spectrum at exactly the
same place where we found a fake signal



Why we were FAKED... This is a very hard lesson for us.

We shall publish the reason why we were faked, This doesn't mean there's non-existence of
because we found our mistake by ourselves. kaonic nuclear bound state.

identified by M. Sato (the one who cannot come today) ... Background is very severe in kaon reaction

What will happen if sluing correction is at-rest.
slightly mistuned by 5 ps/ MeV ? Eur. Phys. J. C 79, 190 (2019)

: the AMADEUS results —+— data
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Let me digress on what I learned as a researcher on

What is the most important point as a researcher
to realize break through achievement

4T (T EAAIRR Y H L 57
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What questions to be addressed ...

is the source of research



Differentiate from
previous approach

Looking at the same problem from
a different angle can make it easier.
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What questions to be addressed ...

is the source of research



Differentiate from
previous approach

Looking at the same problem from
a different angle can make it easier.
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Communication

with others

Nobody can do anything alone (at
least for experimental research).
Communication is the star tmg pOil’lt s the source of research
for the collaboration.
Diversity can be a source of unique
idea.
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What questions to be addressed ...



Differentiate from
previous approach

Looking at the same problem from
a different angle can make it easier.

g2 AL <R} TIEA

Communication

with others

Nobody can do anything alone (at
least for experimental research).
Communication is the star tmg point s the source of research
for the collaboration.

Diversity can be a source of unique Having several

idea.
—~ QU =T b ok 4 Sfrengfhs 1'0 be PrOUd

Leo@b ) s rsiasmsr  of as a researcher

Collaboration through division of . \
speciality / role in the collaboration. WAFEE LT DI

What questions to be addressed ...



Differentiate from
previous approach

Looking at the same problem from
a different angle can make it easier.
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Communication What questions to be addressed ...
with others Perspective view
Nobody can do anything alone (at Summarize situation eventually...
least for experimental research). To escape from local optimum.
Communication is the starting point i the source of research Not to loose the way to go.

for the collaboration.

Diversity can be a source of unique Having several

idea.
—~ QU =T b ok 4 Sfrengfhs 1'0 be PrOUd

Leo@b ) s rsiasmsr  of as a researcher

Collaboration through division of . \
speciality / role in the collaboration. WAFEE LT DI
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To researchers:

Keep asking why even to textbooks (common sense) ... I hope you aim for discoveries
that change the world or demand a rewrite of the textbooks.
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that change the world or demand a rewrite of the textbooks.
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Allocate time to ponder things and think holistically about how to approach and consider
a problem, rather than constantly staying busy trying to solve the issue in front of you.
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Keep asking why even to textbooks (common sense) ... I hope you aim for discoveries
that change the world or demand a rewrite of the textbooks.
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Allocate time to ponder things and think holistically about how to approach and consider
a problem, rather than constantly staying busy trying to solve the issue in front of you.

CAALLT I REBEET LR RAL I AT/
Receiving critical reviews or opinions about your scientific achievements can be

disheartening, but you can use them as a valuable teacher or source to identify even
more challenging and/or essential problems to solve.
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To researchers:

Keep asking why even to textbooks (common sense) ... I hope you aim for discoveries
that change the world or demand a rewrite of the textbooks.
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Allocate time to ponder things and think holistically about how to approach and consider
a problem, rather than constantly staying busy trying to solve the issue in front of you.
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disheartening, but you can use them as a valuable teacher or source to identify even
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AN TR 7 2 N S N 11 b <30 /N ol I S PR 270 U
To administrators:
Please prioritize securing research resources for researchers, including time for

meditation, to maximize research outcomes, rather than strictly enforcing rules.
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To researchers:

Keep asking why even to textbooks (common sense) ... I hope you aim for discoveries
that change the world or demand a rewrite of the textbooks.

EOF YA ALL, HACAHPHTOZTIHLATOL LI TEALY AH LT
Allocate time to ponder things and think holistically about how to approach and consider
a problem, rather than constantly staying busy trying to solve the issue in front of you.

CAAZLAS IV RZHEAET LIFRTRAL I KT
Receiving critical reviews or opinions about your scientific achievements can be

disheartening, but you can use them as a valuable teacher or source to identify even
more challenging and/or essential problems to solve.
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To administrators:
Please prioritize securing research resources for researchers, including time for
meditation, to maximize research outcomes, rather than strictly enforcing rules.
R FEPR|ZWTH A T:OIITHFITR LV P EING
Please streamline lengthy documents and rulebooks, and explain the reason why

these policies and regulations are essential by using the SWI1H method.
Otherwise it won’t be respected so efficiently.
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Let me digress more in the context of
scientific mistake and misconduct
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What everyone knows ...

Scientific misconduct never pay off !!
Y Rrg SEVE N T NN o I/l
The motivation for misconduct is the desire to be recognized as a researcher
for significant scientific contributions.

Significant academic achievements will extensively be verified | examined.

Result of misconduct will never be verified, though...
KGR« FTETRIE - FEDFEA



What everyone knows ...

Scientific misconduct never pay off !!
ik SN Rl T N R/
The motivation for misconduct is the desire to be recognized as a researcher
for significant scientific contributions.
Significant academic achievements will extensively be verified | examined.

Result of misconduct will never be verified, though...
LR« T E IR - T 2D EA
Why can't research misconduct be completely eradicated?

People could consider even a short-lived glory to be glory.

Without outstanding achievements, fixed-term researchers can't secure their next
position. — This fact also makes it difficult to eradicate research misconduct.
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To researchers:

To administrators:



To researchers:

No matter how challenging, one should take essential efforts with a holistic perspective;
otherwise, you may wandering around local (or selfish) optimum.
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To researchers:

No matter how challenging, one should take essential efforts with a holistic perspective;
otherwise, you may wandering around local (or selfish) optimum.
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Don't isolate yourself. Instead, find someone you trust. Who will help you to
resist any temptation to misbehave. Moreover, they can boost your research.
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To administrators:



To researchers:

No matter how challenging, one should take essential efforts with a holistic perspective;
otherwise, you may wandering around local (or selfish) optimum.
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Don't isolate yourself. Instead, find someone you trust. Who will help you to
resist any temptation to misbehave. Moreover, they can boost your research.
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To administrators:
Excessive ethics simply waste valuable research time for sincere researchers.

Ethics are of no help to the fundamental solution, as all the people already
understand that misconduct is unacceptable. HE ISR T AL AT TR



To researchers:

No matter how challenging, one should take essential efforts with a holistic perspective;
otherwise, you may wandering around local (or selfish) optimum.
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Don't isolate yourself. Instead, find someone you trust. Who will help you to
resist any temptation to misbehave. Moreover, they can boost your research.

RKBDIGERNVEEIDTRT L, AFrEoTd 5245 40T
To administrators:
Excessive ethics simply waste valuable research time for sincere researchers.

Ethics are of no help to the fundamental solution, as all the people already
understand that misconduct is unacceptable. HE ISR T AL AT TR

»

N\

Communication between research labs (or organizations) and creating an open

minded atmosphere where people freely express their opinions are essential for
preventing misconduct — expanding projects that involve multiple research labs,

such as exploring new research areas, is important for this purpose.
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A Typical Experimental Research Cycle T 7&7447
Result: Eurther Problerm?
N urther Problem*
Objective: Ansatz Positive * Verification
Unsolved Problem * Assumption * Experiment
Why and How? Methodology X Negative

Identify problems in previous methodology

Terminate Project and
Proceed to Other Problem

Consider alternative / better methodology

— Must be corrected, and open that to public.

mistake / hidden bias in the analysis — To encourage ambitious research,
failure must be embraced.

AAR IR XFTAE, PR FFE T 405~ ¢
pretend to be positive — unacceptable scientific misconduct
ELTHETEE, BATHENT - MAF I b0 r R R
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A Typical Experimental Research Cycle  ©7#®7#t7

Result: Eurther Problerm?
. urther Problem?~
Objective: Ansatz Positive » Verification
Unsolved Problem * Assumption * Experiment
Why and How? Methodology X Negative

— Must be corrected, and open that to public.

analysis — To encourage ambitious research,
failure must be embraced.
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pretend to be positive — unacceptable scientific misconduct
ELTHETEE, BATHENT - MAF I b0 r R R



J-PARC Fi15 ‘£ ~

Back to the kaonic nuclear search

How to discriminate K-nucl. formation
signal out from severe backgrounds?

How to breakthrough the experimental difficulty?

Kk @) F BT BIRE 4T (LR R 7

LAEFRY 4157 9!



Fl24h3 : A=A T IR V4T S A RBRAHIIE LA -

"The opposite of success is not failure. Its not trying."
- Attributed to F.C. Farmer, sometime mistakenly attributed to T. Edison.

"Failure happens when you stop challenge. If you keep

going until succeed, that's success.”
- Attributed to K. Matsushita, probably inspired by words of T. Edison.

Further challenges based on deeper insights on what we shall do for ideal experiment!
Simplify formation channel: K™N — KN’
* Specify decay channel: KNN — Ap

Study on multi-dimensional kinematics: (mAp, QAp)

Complicated dynamics

Insufficient information

... Improve information in ideal manner
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Nucleon knockout reaction K™N — KN~ ;5 24079 x =

Introduced by T. Kishimoto 1999
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Why don’t we
knockout
nucleon by kaon
so as to form
anti-kaon close
to at-rest near
residual nuclei?
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Introduced by T. Kishimoto 1999

KEK-PS E548 led by T. Kishimoto: observe forward going nucleon produced by
K~ N — KN'reaction on carbon target. (missing mass spectroscopy)

The result suggests
kaonic nuclear bound
state formation, but the
signal is not distinct to be
iIdentified as a peak
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J-PARC E15: “Kpp” Exploration

knocking out n from 3He

(K™+pp) +n
substitute n in °*He by K-

minimize number
of particles

A HEER Y 15 L T

provides multi-dimensional kinematical nformation

34
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J-PARC E15: “Kpp” Exploration

K- +3He (ppn

knocking out n from 3He
by K-

(K +pp) *n

substitute n in *He by K-

minimize number
of particles

K-+°He - (K- +pp) + n

provides multi-dimensional kinematical information

A HEER Y 15 L T

- formation

34



J-PARC E15: “Kpp” Exploration

K- +3He (ppn

knocking out n from 3He
by K-

(K +pp) *n

substitute n in *He by K-

minimize number
of particles

P4 0H LB Y 15 L T

If “K pp” exits, a peak will be formed In invariant

mass spectrum below M(K~pp)
M(K pp) = Mg+ 2mp

K-+3He — (K-+pp) + n : formation

provides multi-dimensional kinematical information 34
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J-PARC E15: “Kpp” Exploration

K- +3He (ppn

If “K pp” exits, a peak will be formed In invariant

mass spectrum below M(K~pp)

M(K™pp) = mg- + 2m,

K-+3He — (K-+pp) + n : formation

knocking out n from 3He

by K- (K' + pp) - A + P :decay (M, q)
(K" +pp) +n

substitute n in *He by K-

minimize number
of particles

provides multi-dimensional kinematical information 34



J-PARC E15: “K-pp” Exploration ILISAIRRE dds LT
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If “K pp” exits, a peak will be formed In invariant
mass spectrum below M(K™pp)
M(K™pp) = mg- + 2m,

kinematically identified

- formation

knocking out n from 3He

(K +pp) (R +p) : decay (M, o

by K-
(K"+pp) ¥ n identified as caed particles
substitute n in *He by K- select K' 3He — (A+p)+n events,
minimize number analyze Of (K™ + pp)-system

of particles and | momentum tmnser C 1 to the system

provides multl dlmensmnal klnematlcal mformatlon 34



Experlmental Setup for E15 J-PARC E15 K RULA.
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Experimental Setup for E15 J-PARC E15 K RULA.
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Experimental Setup for E15 J-PARC E15 K RULA.
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3He(K-, nnc)X — missing mass study
K~ +°He —» (K+ NN) +n’

binding threshold

— e e

2 11 | \ 712
d“o/d€2/dM x A pq (LD/sT/(MeV/c?))

"He(K , n)X missing mass (GeV/c*)

Counts/10 MeV/c?
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"He(K , n)X missing mass (GeV/c")

Dominance of nucleon knockout reaction, K~ N — Kn/, is confirmed as a doorway
36
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MISSINg Mass spectroscopy Is
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% 1 from QF-K leakage

%1 ) QF-K ) o %R F ¥ £V D AR (missing

& unbound < mass) 1307 T T+ 5

21 (K + NN) = 2
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Dominance of nucleon knockout reaction, K~ N — Kn/, is confirmed as a doorway
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Acceptance corrected event distribution on (M, q)

+n1i events
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+n ' events Acceptance corrected event distribution on (M, q)

binding threshold

on (M, g)-plane
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+n ' events Acceptance corrected event distribution on (M, q)
‘f reconstructed “KNN” mass (1) =

binding threshold
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— sticking probability: high-¢g
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: reconstructed “KNN” mass (1) =

binding threshold
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capture happens if the system is Q
compact — S
Q
O,

M-distribution: binding energy

& absorption width 0.5
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+n ' events Acceptance corrected event distribution on (M, q)
: reconstructed “KNN” mass (1) =

binding threshold

on (M, g)-plane

q-distribution: system size 1.0
— sticking probability: high-¢g
capture happens if the system is Q
compact — S
Q
O

M-distribution: binding energy

& absorption width 0.5

—both information gives KN
interaction strength —
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The K-pp signal
is clearly seen on (M, q)-plane! %90 55— 24 26 28 3.0

—relatively deep and wide, and M V/
extended to high-g region — [GeV/c] 37



M & q defines kinematics @ (or M & On) %)% #515 o t Adlk A £ e Ak

K-+3He = “K-pp” + n tan gLab- — _—45m0 9
PK — ¢ COS
Vm2 + p2 M VvV M? + ¢? VM2 + pi — 2prqcos b + ¢
PK + 0 — q cos 0 + DK — qCcosf
0 0 g sin 6 —qgsinf

q [GeV/c]

0.5

90 22 24 26 28 30 22 24 26 2B 30
M [GeV/c?] M [GeV/¢?]
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7 4 v b IEZ
model fitting function in (m, q)-plane

U P : Lorentz-invariant phase-space

KNN productlon QF-K absorptlon
SCDRRR UM
N : | i
0.5 -
i L Apnl E':I .~. » L . ] | ngp S
i %22 24 26 28 : Y, R W S ¥ S ¥R
m (GeV/c?) m (GeV/c?)
02 21 22 23 24 2.5 2 6 27 28 29 .
my (GeV/e?) BW(m)x  fop-g(m,q) . quasi-free

fm\f(ma Q) : fO

rm factor(q)  (on mass-shell) K abs. .,



I\P + Nmis. VS. fheory

Structure in E15!st can be explained with quasi-
free K absorption (QFka) & Kpp @ x-UM?

| 1A

1p
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. . 7 4 v b &EEK e AR
PWIA based interpretation

— from time integral —
form factor / structure factor

(plane wave impulse approximation)

o (M, q) x p3s(M,q) X

(M - 1\41(1)1))2 + (erp/z)z

(T 2) (

Fourier Transformation of S-
wave Harmonic Oscillator (HO)

Differential Lorentz invariant — from spatial integral —
cross section phase space (Apn) =
Invariant Mass Snectrum Momentum Transfer Spectrum E T 1 2 3 r
80 | | ] VT T T T T T T T T 11 =T
acceptance corrected 1= | ¢ data acceptance corrected - L
70 0.3<¢<0.6 4 o - Kpp — Ap 227 <M <237 GeV/c? _
— GeV/c LIRE Kpp — 5°p ITe ¢ data -100
1’ °oF ? i — QF & _>YAPO E i ¢ ﬁ. —— Kpp— Ap
> : KNN—=Ap,="p ; 20 K.pp _s 30 p - ’
o 50| i BG o | ? SYAp - -200 ‘YA
— = Y AD /
E 40 | I OF kNN Ap,3%p - F By ~50 MeV
= +H 9 /" Ty~60MeV
| + — L -300 T. Yamazaki & Y. Akaishi,
% 30 ) *H | + + _ _g' PLB 535 (2002) 70
N ! x> 10 -
S : + S
T 2 | - S T
° .{H + ! + ‘ -400 By,, ~ 50 MeV Qgpp ~ 400 MeV/c
10 + i +++++++ ++ Ikpp ~ 100 MeV
' ¢ ] sooL o~ 260 MeV
0
2.1 2.2 2.3 2.4 2.5 2.6 0.5 1.0 BK+ % hw ~ 435 MeV
M(Ap) [GeV/c?] q(Ap) [GeV/c]

strong binding (KN attraction)

wide momentum width
QKpp~ 400 MBV/C

... could be quite compact ...

( Repp~0.6fm (H.0.)) 7 ¥/~ 7 |k
4



JPARCE15 €855~ L 1z D
E15 result
Succeeded in Observing First Clear “K-pp” Signal

Strong binding (KN attraction)
Large width (very unstable)

Large Q (could be very compact)

42
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https://doi.org/10.1007/978-981-15-8818-1 37-1

The detail can be found.:

— in a review — Kaomg:
Nuclei from
KN interaction study via kaonic atom Handbook of the _
Nuclear Experimental
Search for KNN nuclear bound state as a Physics Viewpoint

natural extension of A(1405) = KN

Research on kaonic
nuclear bound

Recent results on K bound state ctates is 3
completely new
Future direction of K () bound state study field. This nuclear

system consists of



88 PWIAT D AREEZ) A F 414
— — 1
KN = Y*(~1700) = KN f@x.Pa) <{AIVID + Vg VID + ..

'KNsNs = “K-pp” S-wave resonance?

: oc { €X l X Xp|1? X
0\PK; Pn p > p 2R, > p > P R

“s5x-x PWIA

47

Vi — . 1 1 2
o 20 d3xexp( l.(PK Pn) x)exp( ( 4 2)x)
A n RKpp RHe 2

2
Z—;;fd3xexp(ik-x)exp( 2);2), R = Rkpp [1+(R
\/EVR?’CX Rk
p VO SRR T 18
do

R2,2 2
— o |fo(q)I* o eXp( hg ) = exp( 22)

749




Further analysis on E15 data KNNO ik 3 320k ¥ 4% 5 %
R A SRk A REF v 2OV EEIL ?

Mesonic decay branch of K/NN ?
V5 EAD2E NN ? vs. M F EADLE (T EAF?
for example:
K-+3He = (K- +pp) +n vs. K +3He = (K +n)p) +p
(K™ +pp) = A+p (x=A)+p) > = A +p
— will be sensitive to the internal structure (compactness) of KNN.

— will be sensitive to the isospin partner of KNN.

(K- +n)p) = (K° + nn)

KNN isospin partner: K- pp €@ KO nn — 441445 0 £ 4 (1 LA
... done by 1. Yamaga



K-+ 3He —m-App reaction

((2/,ASIN)/qu) bpuip /0 p
ok )

(a) (mApp) final state

(- e

o o o o
((2/ASWD)/QM) uip jop

46

.. analyzed by 1. Yamaga



K-+ 3He —1m-App reaction

(a) (m-App) final state consistent with K-+ 3He — Apn reaction

208 branch seems to be oder bigger
S 06
s
30.4
502
< 0
i 1.5/\
IS )
< | %
% | S
S c
: =
@E \ .5'~§
S
O
=

2.2 24 2.6 , 2.8
m s, (GeV/c?)

... analyzed by 1. Yamaga 46



K-+ 3He —1m-App reaction

(a) (m-App) final state consistent with K-+ 3He — Apn reaction

208 branch seems to be oder bigger
% 056 .
>, ... €XcCess 1S not easy to see ...
S04
3
.§ 02
S
i 1.5/\
I, )
S | 3
2 | S
S | G
' =
@g \ .5'~§
<
9
=

2.2 24 2.6 , 2.8
m ., (GeV/c?)

excess! ... analyzed by T. Yamaga



K-+ 3He —1m-App reaction

(a) (m-App) final state consistent with K-+ 3He — Apn reaction

208 branch seems to be oder bigger
06 .
>, ... €XcCess 1S not easy to see ...
E.OA . . 20 1000 500
< Let’s normalize eventdensity ' ' ' ' ' U 1 TG
S 02 by 4-body ph
S y 4-Dody phase space
S0 1.5
' . 1.8
. =~  The normalization by 4-body -
I, <X phase space, i.e., final-state- & |
o~ > density S |
~ 1 L )
% : \2_/ ) (2. 1.6 |
2 | 3 A"Nppp) *E
: ~ Paapp) = E |
5 ‘ .5§ Amy - ppy AMy -7 Ll
< .
© k % %
2 X Py X Py X Py .
0 2.2 2.4 2.6 2.8 1.2

My, (GeV/c?) .
M ap [GeV/c?]

excess! ... analyzed by 1. Yamaga 46



K-+ 3He —1m-App reaction

© o o
B O o0

do/dm (ub/(MeV/c?))
-
bo

-

(GeV/c)

anN

(a) (mApp) final state

i
'
'
'
'
'
'
'
'
'
'
\

excess!

consistent with K-+ 3He — Apn reaction

branch seems to be oder bigger

—

dmdg (nb/(MeV

excess 1s not easy to see ...

Let’s normalize event density

[—
n

1))

d*c/

by 4-body phase space

The normalization by 4-body

phase space, i.e., final-state- &

density S

d S

) B Ne-app) P

(z=App’) — =
A z=ppy A1 (77

X Py X Py X pi*

... analyzed by 1. Yamaga

2.0

—h
oo

1.2

—
(o))

—h
=

M ap [GeV/c?]
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K-+ 3He —1m-App reaction

© o o
B O o0

do/dm (ub/(MeV/c?))
-
b

-

(GeV/c)

qn:AN

(a) (mApp) final state

i
'
'
'
'
'
'
'
'
'
'
\

excess!

consistent with K-+ 3He — Apn reaction

branch seems to be oder bigger

[—

dmdg (nb/(MeV

excess 1s not easy to see ...

Let’s normalize event density

[—
n

1))

d*c/

by 4-body phase space

The normalization by 4-body

phase space, i.e., final-state- &

density S

d S

) B Ne-app) P

(z=App’) — =
dm{zr—Ap} dm{ﬂ_/\}

X Py X Py X pi*

... analyzed by 1. Yamaga

2.0

1.2

—h —h
(o)) (0]
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=

M ap [GeV/c?]
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K-+ 3He —1m-App reaction

© o o
B O o0

do/dm (ub/(MeV/c?))
-
bo
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(GeV/c)

anN

(a) (mApp) final state

i
'
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'
'
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'
'
'
'
\

excess!

consistent with K-+ 3He — Apn reaction

branch seems to be oder bigger

—

dmdg (nb/(MeV

excess 1s not easy to see ...

Let’s normalize event density

[—
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1))
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by 4-body phase space

The normalization by 4-body

phase space, i.e., final-state- &

density S

d S
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A z-ppy ANz

X Py X Py X pi*

... analyzed by 1. Yamaga
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K-+ 3He —1m-App reaction

© o o
B O o0

do/dm (ub/(MeV/c?))
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(GeV/c)
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(a) (mApp) final state
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excess!

consistent with K-+ 3He — Apn reaction

branch seems to be oder bigger
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dmdg (nb/(MeV

excess 1s not easy to see ...

Let’s normalize event density
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K-+ 3He —1m-App reaction

© o o
B O o0

do/dm (ub/(MeV/c?))
-
bo

-

(GeV/c)

anN

(a) (mApp) final state

i
'
'
'
'
'
'
'
'
'
'
\

excess!

consistent with K-+ 3He — Apn reaction

branch seems to be oder bigger

—

dmdg (nb/(MeV

excess 1s not easy to see ...

Let’s normalize event density
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The normalization by 4-body
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... analyzed by 1. Yamaga
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ma.a [GeV/c?]

2.2 D.4 2.6
m:,,-Ap [GeV/c?]

M(R%nn) ~ 2377 MeV/c2

D

/
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/

1% 35.Knn> o 151 ? 0 p

K’nn signal-like event concentration

below K-bound threshold is seen?
— twice more data become available in April —

ma.a [GeV/c?]

2.2 D.4 2.6 2.8
M ap [GeV/c?]

M(R%nn) ~ 2377 MeV/c2

47



/

1% 35.Knn> o 151 ? 0 p

K’nn signal-like event concentration

below K-bound threshold is seen?
— twice more data become available in April —

ma.a [GeV/c?]

2.2 D.4 2.6 2.8
M ap [GeV/c?]

M(R%nn) ~ 2377 MeV/c2

47



KNN binding threshol

K'nn signal?

2.2 D.4 2.6
n'i u-Ap [GEV/CZ]

M(R%nn) ~ 2377 MeV/c2

— /

4 S DR Y N * N

below K-bound threshold is seen?

=

o O

S S o) . .

% +== K "“nn signal-like event concentration
| _

— X

o c — twice more data become available in April —

300

N KN binding threshold

200 2(1385) contribution is not negligible
100 compared to (Ap) + n final state.
0

47



K’nn signal-like event concentration

below K-bound threshold is seen?
— twice more data become available in April —

300
N KN binding threshold
200 2(1385) contribution is not negligible
100 compared to (Ap) + n final state.
0
2.2 2.4 2.6 2.8 event cluster at 1, , ~ | /Sg-q ~ 2.833GeV
n‘i,,-Ap [GeV/c?] 5 is most likely ... VR T SR — RO EAD
~ E 'NA: K~ d — Y*p reaction — K seems to be sensitive to
M(K°nn) ~ 2377 MeV/c? P the deuteron cluster in °He —

leaving p’ as a spectator 47



Further analysis on other data

b o e FVKRFPHRFRFHITT D H?

Signal of KNNN ?

ZAR 09K~ D H—F

* K-+%He = (K~ +ppn) +n
(K™ +ppn) = A+d

K-+3He = (K +pp) +n
(K™ +pp) = A+p

Preliminary data analysis for KNNN formation study utilizing f\lHe

lifetime measurement via K~ + “He — 7' + f\lHe reaction giving us
a very interesting result

... done by T. Hashimoto 48



A\ p on 3He target

E15: Ap o) PLB789(2019)620

0.5

q [GeV/c]

20 22 24 26 28
M [GeV/c?]

AR

N\d on 4He target

49



120945 A L 1

N\ p on 3He target N\d on 4He target
. T77 N\d M(Kppn)

PLB/789(2019)620

V/c) / 60 MeV
3453

o 0.6

q [GeV/c]

(G

.41
0.2

Ogn 2.2 2.4 2.6 2.8 3. 3 3132333435363738
M [GeV/c?] M, (GeV/c ) / 40 MeV

before acceptance correction

1. Hashimoto



T A E A
N\ p on 3He target N\d on 4He target
. T77 N\d M(Kppn)

PLB/789(2019)620

e
N

—i
N

V/c) / 60 MeV

]
Q0
IIIII

o 0.6

q [GeV/c]

(G

9.4
0.2

"0 22 24 26 28 3l 37313293%435363788

M [GeV/c?] M, . (GeV/c?) / 40 MeV
before acceptance correction

. Two distributions are quite similar

. structure below the threshold, QF-K, and broad background i
1. Hashimoto .



A\d decay

Promising signal observed similar to KNN — Ap

B FTIKED 547
O:"""'"""""l""" "lm
3 3132333435363738° 28 8¢%¢
M, (GeV/c®) / 40 MeV AU )



N\ d decay

Promising signal observed similar to KNN — Ap

(5
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3132333435363738° ;
M, (GeV/c?) / 40 MeV

00ﬂwe DlAe
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) 1
N\d decay — KNNN spin-parity is FIXED to be I(J©) = 0 = ).

Promising signal observed similar to KNN — Ap | ‘2
1) Ad decay requires isospin Iy =0 3% 3R D F?

2) NNN must be either (pp)n or p(nn), thus the nucleons’
symmetry requires Jyy = 1/2 and J gy = 1/2

—I-IIIIIIIIIIIIIIIII.‘IIIIIIIIIIIIIIIIIIIIIIIII-l—

3) K (pseudo-scaler) presence requires negative parity (P)

§ 202— _+_.I._+++ + : -<|'—<I>-+ ++ E
L A T s SN AN

- I I i I I I :

3 ' O{RNNN—Ad) -

40 i -

b % : ~ A Hb

g 302— I: —

8 25;_ :‘ e

2 20F =
>
@)
O

—h
9]
NERN

—h
o
NERN

0.3 <¢g,,< 0.6

GeV/c window

| lllllllllllllllllllll .............. _.””|””|””|I m | 13 3.2'_"- ‘_é.;{""‘ I36 — 381
3 3132333435363738°:f¢:%:¢ .. (GeV/)

M, (GeV/c®) / 40 MeV D 50




What we learned for kaonic nuclear bound state:
KXAWB LoV Thhr 572 r
- KNN (I(JP) ——(0 or 1~ ?)) identified in KNN — Ap analysis

Phys. Lett. B789, 620-625 (2019)

“K pp” — Ap decay requires Phys. Rev. C102, 044002 (2020)
the isospin to be gy = 1/2.

- KNN — 7Yp decay dominance Br,,, > 10 X Br,,

- KNN isospin partner could be identified in 7~ Ap decay icemore j"p’,f;,

KN interaction is also strong in I, = 1, at least for absorption
Will be published soon... 1. Yamaga

> | : . N ne mor
- KNNN (1% =0(5 ) ) identified in KNNN — Ad i
2 Spin-Parity automatically FIXED!
Preliminary analysis — Three nucleon bound state!

Higher statistics is needed to be conclusive... 1. Hashimogg



Z

Basic understanding of nuclei =~

2
- - +—u| c |t
- Nuclel consist of nucleons bound by nuclear force %

nucleons (N): qqq meson: qgq —1d| s | b

g=uord Fermion: Boson: auark flavor
Pauli exclusion particles can share a quantum state

Yukawa Theorem tells -
- in nuclei, mesons are virtual particles and form nuclear potential ¢ x —exp (—mr)

EADPNAR AT

=53

52
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Basic understanding of nuclei =~

2

. . +—u| c |t
- Nuclel consist of nucleons bound by nuclear force %
nucleons (N): qqq meson: qq —1d| s | b
qgq=uord Fermion: Boson: auark flavor
Pauli exclusion particles can share a quantum state

Yukawa Theorem tells -

- in nuclei, mesons are virtual particles and form nuclear potential ¢ x —exp (—mr)
r

- In vacuum, mesons are real particles having own intrinsic masses

Long standing question :

Can meson be a constituent particle forming nuclei?

— Can meson form a guantum state as a particle ? —
A DA 48 £ T

52



y4

Basic understanding of nuclei =~

2

. . +—u| c |t
- Nuclel consist of nucleons bound by nuclear force %
nucleons (N): qqq meson: qq —1d| s | b
qgq=uord Fermion: Boson: auark flavor
Pauli exclusion particles can share a quantum state

Yukawa Theorem tells -

- in nuclei, mesons are virtual particles and form nuclear potential ¢ x —exp (—mr)
r

- In vacuum, mesons are real particles having own intrinsic masses

Long standing question :

Can meson be a constituent particle forming nuclei?

— Can meson form a guantum state as a particle ? —
... finally resolved as ... EADWALY W 4 T

K (gs) forms a bound state
with two nucleons

K meson (K-:Us, K°: ds) 52




y4

Basic understanding of nuclei =~

2
. . +—u| c |t
- Nuclel consist of nucleons bound by nuclear force %
nucleons (N): qqq meson: qq —1d[S | b
qgq=uord Fermion: Boson: auark flavor
Pauli exclusion particles can share a quantum state

Yukawa Theorem tells -
- in nuclei, mesons are virtual particles and form nuclear potential ¢ x —exp (—mr)

- In vacuum, mesons are real particles having own intrinsic masses 4
Long standing question : Pl —
Can meson be a constituent particle forming nuclei?
— Can meson form a quantum state as a particle ? —
... finally resolved as ... EADIPA Y 4 A T n n
K (gs) forms a bound state totally new probe (impurity)
with two nucleons to study inside nuclei

K meson (K-:Us, K°: ds) 52



I(JP) L AN R R Y

— essential verification for transitioning from
“observation” to “discovery” —

Further Verification Study is Required

“Charge Mirror State (isospin partner) exists?”’
“What is the Quantum Number I(JP) of KNN?”’
“Is the system really compact?”

“Systematic study of Kaonic Nuclei in Heavier System?”’

A IR AL o RBANITEAF -
o R IR RZIETIE. ALV LR orz o

53



Toward next generation experiments! WA= 7 a2 =7

New spectrometer based on Grant-in-Aid (MEXT)

Are kaonic nuclei real ly for Specially Promoted Research ... M. Iwasaki — 2022-2026
comp aci-? for Scientific Research (S) ... F. Sakuma — 2024-2028

expecting collaborative inputs from international collaborators

Isospin-partner “Knn” exist? ... constructedsunder F. Sakuma

What is the spin-parity I1(JP)?
Systematic study on

_—--—--—--—--—--—--

/) I\(1 405)
|
' _KPp Kpp

N e T SN SN ST SN SN ST SESN GESN S SN GESN ST G GES S G e e

molecule-like hadronic nuclear cluster
"Does it have a unique shape

like a chemical molecule?"




How to study the size?

Simple method for KNN:
— Reaction Form(structure)-Factor

In PWIA, reaction dynamics is ignored,
and simply applied delta function.
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How to study the size?

Simple method for KNN:
— Reaction Form(structure)-Factor

In PWIA, reaction dynamics is ignored,
and simply applied delta function.

Simple method for KNNN:
— Dalitz-plot of Apn three-body decay

P. Kienle, Y. Akaishi, T. Yamazaki: Phys. Lett. B 632 (2006) 187

ppnK- (T=0) —> A+p+n ppnK- (T=0) -> A+p+n
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How to study the size? LD RREY E D B 7

Simple method for KNN:
— Reaction Form(structure)-Factor

In PWIA, reaction dynamics is ignored,
and simply applied delta function.
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Simple method for KNNN:
— Dalitz-plot of Apn three-body decay

P. Kienle, Y. Akaishi, T. Yamazaki: Phys. Lett. B 632 (2006) 187

—> A+pP+n ppnK- (T=0) --> A+p+n

If it decays in kaon-2NA process, (KNN)N — (AN) + N s
then the N should have Fermi-momentum of the system. 55



How to study the size? L2DH A XMEY IS b H?
Simple method for KNN:

— Reaction Form(structure)-Factor — Decay branching ratio: zYN/ YN
In PWIA, reaction dynamics is ignored, How to derive the relation between the size
and simply applied delta function. and the ratio between mesonic/non-mesonic?

Simple method for KNNN:

— Dalitz-plot of Apn three-body decay — Decay branching ratio: Apn/ Ad
P. Kienle, Y. Akaishi, T. Yamazaki: Phys. Lett. B 632 (2006) 187 Does coalescence picture still hold to emit deuteron
R = h/ D ~ followed by the kaon 2NA? In the
s Aspan f;n.(. (T=0) —> A+p 4+ n (KNN)N — (AN) + Ny process, \ and N are

ejected back-to-back at ~ 550 MeV/c, while Ny, is in
Fermi-momentum.

5 - 4 V& Y. | v It would be more easy to understand to form
SO deuteron in 3NA with coalescence
KNNN — (ANN) — A + d or the system size is

compatible as R = h/p, ~ 0.4tm ?
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If it decays in kaon-2NA process, (KNN)N — (AN) + N s
then the N should have Fermi-momentum of the system. 55



How to study the size? L2DH A XMEY IS b H?
Simple method for KNN:

— Reaction Form(structure)-Factor — Decay branching ratio: zYN/ YN
In PWIA, reaction dynamics is ignored, How to derive the relation between the size
and simply applied delta function. and the ratio between mesonic/non-mesonic?

— Substantial theoretical progress is needed —
Simple method for KNNN:

— Dalitz-plot of Apn three-body decay — Decay branching ratio: Apn/ Ad
P. Kienle, Y. Akaishi, T. Yamazaki: Phys. Lett. B 632 (2006) 187 Does coalescence picture still hold to emit deuteron
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then the N should have Fermi-momentum of the system. 55
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Spin-Parity I(JP) Assignment for KNN

- ZFIREDMT T iko bk AR FFH -
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Two possible internal structures: I(JP) ? AE YV F 4 KED 2o DT 4
KNN:1=1/2,J°= 0 Inn=1,Snw=0, Lk = 0
NN (isospin) symmetric (Inv = 1) and spin anti-symmetric (Sxy = O)
KNN : | = 1/2,JP= 1 InN=0,Snn=1,Lk=0
NN (isospin) anti-symmetric (Inn = 0) and spin symmetric (Snny = 1)

: ' I(KNN) / JE(KNN) (1/2)/(07) (1/2)/(17)
What s clear: NN symmetry I(IW) =1, S(AN) = I(\N) = 0, S(IW) =1
“K™pp” — Ap decay requires K pp?
the isospin to be [y = 1/2. 1 ¢¢ ¢ T
L(KN\N) = + — 0 0
Presence of kaon requires 3 2 NK“ X
— obn+n n—n
negative parity for KNN, while \/_K K pﬁp> < 73 ) Ko(pﬁp) ®( : ﬂ\;%” ll)
both A and p are positive.
] 74 L.
P T Sui T
1w = -2 |
\/_Konn+K_pn+np> (Tl lT) - (pn — np) ®< , N+ It il)
In the Ap decay: ;ﬁ V2 V2 2 V2
The decay must be in P- RN coupling len =0 — = J Trn = — = i
wave due to the negative — Iy =1 : ley =1 >
. OKOnn
parity. 0.13 ~0.15 ~ 0.75

OK pp 57
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KNN:1=1/2,J°=0": Inn=1,Snw=0, Lk =0

Ap decay axis and spin axis of KNN JP

proton spin orientation referring to the decay axis

j’fzj ‘/‘%ﬁ\# v R K VEy

KNN: | = 1/2,JP= 1 Inn=0,Snn=1,Lk=0

—e»

Ap spin triplet o)

Ap spin triplet $¢ Ap spin singlet $¢
|
L spherical
symmetric Kpp
around Kpp decay
decay axis axis
Angular momentum & Clebsch-Gordan
define spin orientation referring to the BR=1/3

1.0 —r+—r—r—

0.8

o
o

normalized yield
o
N

O
N

0.0 I

p
¢§ spin parallel
100%

0

cost—-
Sp' Vp

symmetric
around Kpp
decay axis

decay axis.

Orthogonal spin (referring to its
motion cos0=0) can be efficiently
measured.

Strong Ap spin-spin correlation can
be measured in JP =0+, not in 1-.

10—

0.8]

O
o

normalized yield
o
N

O
N

=1/3

0.0
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How to measure spin-spin correlation yiszs e aatino 1a:t 4 2gprnlz

— spin asymmetry measurement using A — pm~ & p-C(H) scattering—

p-C(H) scattering sensitive only on ¢ asymmetry

SJ\O(A_WE—) ~ ‘—j’?(/\—mﬂ_)(in A— CM)

N(@)dp x (1 +7r-ay,cos@)dp
I" . scaling factor
r=AA-ApC-§-§”-C

cony

AA . A\ asymmetry parameter

ApC . proton spin-analyzing-power
on carbon (and on p)

S-S (= Sp -SpH) : Spin sensitivity
referring to motional axis

C.., - cOnvolution coefficient
between two asymmetries
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Toward JP (spin - parity) study of K-pp with 3He target

polarimeter...
tracker stack

CDC --
K—

inner Z trig

61



1Bt g 2t a2 R 27 L

Ap spin-spin asymmetry

() J" =0"case _ (b)J =1"case

1.1 |
ZO - - _
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With new spectrometer, we will conduct

— a systematic study on light kaonic nuclei —

2\ FE 2T AL LW
T RIAE~D¥5i8 | 7

molecule-like hadronic nuclear cluster
"Does it have a unique shape like a chemical molecule?”

— in future —

We wish to know
how hadron mass is generated
and

d %gvﬁvw

8000800 — phySiCS at hlgh density

) rk OONH P
CELLLL )

Quark Matter




to J-PARC

vacuum vessel

HHRFDIMBERANT7 ba =7 oYK similar vessel vesl
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Proposed K1.8BR

e Shortened beam line

to enhance Kaon yield

> K- yield will increase by
~ 1.4 times @ 1.0 GeV/c

with mt/K ratio ~ 2

— realize additional test beam line

present geometry}. |

FLI FL3

I

I [l

[ ]

Shorten the beam line (~2.5m) by
removing the final D5 magnet

Relative beam-line

length (m)
Present CDS 0 -3.7

New CDS +1.2 -2.5

CRN
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TR TR SRS RS ' A
3 B PRI Pttt B .
SRS ST INE. YL i N -
Ol - ) ,-L\ v " ,‘,l‘ . .
N ’ - 4 B . "
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proposed geometry
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Please collaborate with us, if you are interested in.

XX TOME P ERRE (g9 H 5T 6 R L T L AH27 -

e TV IR, At [FRAOMEARR) 27 -

I'm going back to being an ordinary researcher for three
years to conduct a Grant-in-Aid for Specially Promoted
Research — as a play on the Candy's retirement in 1977 —

A5 FM A F) o AT TOFF AR LTV
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Yet Another Extension:

KK bound state via p annihilation?

®N bound state via p annihilation?
O AEEDT LMY
arXiv:2212.12690

Evidence of a p—¢ bound state

Emma Chizzali*?*, Yuki Kamiya®%**, Raffacle Del Grande?,
Takumi Doi?, Laura Fabbietti’, Tetsuo Hatsuda?, and Yan Lyute
The possibility of the existence of a ¢/N bound

state (/ = 1/2) as a novel molecular hadron
cluster has been pointed out. This is consistent

with ¢»¢) dominance near the production
threshold of the pp reaction channel.

N

cross section (b

[ A

KX ++# [ o< -+
++ + #+++ + +

+¢* 4+ +
++ |2K+2Kl+

* PR L | PR

JEH

16 B -

|nC|dent p momentum (GeVV./c)
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If exist, nuclear ¢ bound states search is of interest

¢®N bound state search?

polarimeter...

NEIRNF2 L ER A
tracker stack

b AE DV R AN N = I %

inner Z trig

EEENEEREEE
0 Tm

... H. Onishi



Thank You for Attention!
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Bonus topics:

— What | learned with the Talk —

bivd: Pp=7FBlTAT T eH
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Bonus topic 1:

It 1s important:

When you make matters clear and organized, you may realize
the essence of a problem that you were not aware of, and you
may also have more perspective view to identify a better way
to resolve a problem.

In the talk, I realized that my materials in not sufficiently
clear and organized, so I updated the this materials.

mﬁyﬁﬁtAuﬁiék$@&6F*7?¢éttm\
miywm%céiém%?@mk$ﬁ%115@¢&;
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Bonus topic 2:

The critical questions:

En’yo-san raised question: “What will you do, if the charge mirror
state K’nn do not exist?”
BB BAE LT oo I T 5DH 2
AsS the sign of the existence already seen in the analysis, speculating
about the non-existent is a pointless exercise, often termed the devil's
proof as it is impossible to prove.
BARDBBEP AL T VEVAL GALTOTRLOEZVHRMIDIIRE
Instead, we aim to verify the signs of existence that we have seen in our
experimental study of the n~ Ap + p’ final state.
U Ubaa Ap+p IR FE TR A TS50 D B A BIE T 15E L Fo
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Bonus topic 3:
EBRR~D W AT
Possible bias generated in mixed-trigger:
— mentioned by K. Itahashi

To study the systematic error, we often utilize Mixed Trigger, but it
may fake us on DAQ efficiency.

To study the systematic error, we usually utilize Mixed Trigger, but it may fake us
on DAQ efficiency. Y. Tanaka realized that the DAQ efficiency is not a general
number, but it differs for trigger conditions. — Self-inefficiency for pre-scaled

trigger is very low by definition, but the inefficiency caused by pre-scaled trigger

to the crucial one is not. Thus, the stability of the DAQ efficiency shall be
studied as a function of pre-scaling factors in a systematic manner, if one wish to
apply mixed-trigger on an experiment. It may fake us on the total cross section!

I AT N, T RDA -
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Bonus topic 4: B 7% %
F i ab M ~ D BA 45

To improve effectiveness in enforcing compliance
with the rules:

One needs a reason to follow, especially for Scientist who trained to raise
question even to the textbook or supervisor, and requested not to follow blindly.

Ex. Rule: Never cross a crosswalk at a red light.

I followed the rule ever since I was asked “what ethical responsibility can you
take, if some children imitates you in time and involved in a car accident?”

W=V 333 Tt L 2RY -
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