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Outline

- Brief introduction

_ 1 _
- KNN, I, = + — identified in KNN — Ap analysis

2 Phys. Lett. B789, 620-625 (2019)
Phys. Rev. C102, 044002 (2020)

- KNN — 7YN decay dominance Br,y, > 10 X Br,,

preliminary analysis ... 1. Yamaga

- KNNN, I = 0 identified in KNNN — Ad analysis

preliminary analysis ... T. Hashimoto



Basic understanding of nuclel

- Nuclel consist of nucleons bound by nuclear force
nucleons (N): qqq

Fermion:

Pauli exclusion
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- Nuclel consist of nucleons bound by nuclear force ff
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 nuclel, mesons are virtual particle and form nuclear potential
- 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 ? —

... what we learned ...

K (gs) forms a bound state totally new pobe (impurity)

~ with two nuiceons to study inside nuclei
K meson (K-:us, K°:ds) 3
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What is A(1405)?

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

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

X

>

T

m

X

156

296 Y
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.

o

why not KNN 2

penta-quark
Lo 0%

forming a nuclear
bound state

meson-baryon molecule



what we have done ...

_ 1 _
- KNN, I3 = + 5 identified in KNN — Ap analysis

Phys. Lett. B789, 620-625 (2019)
Phys. Rev. C102, 044002 (2020)



J-PARC E15: “Kpp” Exploration Research

K- +°He (ppn)

knockingout n from 3He

(K"+pp) +n
substitute n in *He by K-
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J-PARC E15: “Kpp” Exploration Research

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,

final state particles

knockingout n from 3He

by K-
(K"+pp) *n
substitute n in *He by K- select K' 3He — (A+p)+n events,
(invariant mass M) of (K~ + pp)-system
strong KN attraction? and | momentum tmnsfer ’ } to the system

“K PP” bound state? / compact system?






Acceptance corrected event distribution on (M, q)
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q [GeV/c]

M & q defines kinematics <@ (or M & 6,)
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kinematics of Kaon 2N-absorption after KN — KN’
K +Ns+Ns - F (2 A+p)

() (3 () (757
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4 [ [
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PWIA based interpretation
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(plane wave impulse approximation)
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... could be quite compact ...
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what we are working on ... |

Mesonic decay of KNN

KNN — nYN

... 1. Yamaga
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Why 1 is so large?

observation in non-mesonic channel:

BE = 42 + 3 (stat.) J_fi (syst.) MeV

['=100=x7 (stat.) * +19 (syst.) MeV
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>& mesonic decay channel only
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observation in non-mesonic channel:

BE = 42 £+ 3 (stat.) J_fj (syst.) MeV Theoretical calculations: [’ ~ 50 MeV
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['=100=x7 (stat.) * +19 (syst.) MeV
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note:
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Study on mesonic decay of “KNN ~
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Study on non-mesonic decay mode: :
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Why is not THAT clear?

. —7o

- Due to| phase volume reductlon below M g\ toward M s

f' nal state density

Jew(m, q) Xp{Apn}(m Q) fQF-K(m Q) Xp{Apn}(m q) fmv(m Q) X Pispmy (M, @) fop-g(M, q) Xp{]z'z,pn}(m q)

KNN productlon QF- Kabsorptlon KNN productlon QF- Kabsorptlon
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Fit result assuming fzyy and for_z are common

with what observed in Ap
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Fit result assuming fzyy and for_z are common
with what observed in Ap

All distributions are well fitted

with [, (e, and [ZS).
N

[misconceiving of

Y d 26 0 05 12 14 16
m_. (GeV/c?) q_, (GeV/c) m_, (GeV/c?)



Fit result assuming fzyy and for_z are common
with what observed in Ap

6 & 05
¥ 9., (GeV/c)

1

vvvvvvvvv

T2

T4 16
m_,, (GeV/c?)

All distributions are well fitted

with [, (e, and [ZS).
N

[misconceiving of

Can only be fitted by assuming
the presence of
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Cross section x Brryn from the fit

Cross section of KNN x Br. me.samc d@C‘.Cly channel

is more difficult to
>& Statistical error only ldentl]ﬁ/ KNN Slgnal ln

85.4 £ 21.2 ub invariant mass due to
p {ﬂan}(m Q)
43.8 +9.6 ub I, 1S more than

O ( 10) larger

5 c Omp ar ed l‘O 1—lec)n —mesonic

ST

mesonic non—mesonic

83.6 + 12.0 ub

9.3 £0.8%14 ub



what we are working on ... Il

Signal of KNNN

>

K-+3He = (K +pp) +n
(K~ +pp) = A+p

K-+%He = (K- +ppn) +n
(K™ +ppn) - A+d

... 1. Hashimoto
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PLB/789(2019)620
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q [GeV/c]

24 26
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Preliminary Ad result
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Preliminary Ad result

before acceptance correction
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E15: Ap Preliminary Ad result

before acceptance correction
PLB789(2019)620 T77 Ad |, (Kppn)

—r )k
= NN B

V/c) / 60 MeV
o
00

q [GeV/c]

000 22 24 26 25 3. 331353534 353637 38
M [GeV/c?] M, , (GeV/c?) / 40 MeV

. Two disributions are quite similar
. structure below the threshold, QF-K, and broad background
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Preliminary result

“KNNN" Breit-Wigner wtih Gaussian form factor

:: ﬂ : : Broad BG and QF-K-shape from ET15
%— H++ —% c P e ]
2 E 45 : =
— E 402— o : —E
C\IO 355— : OB <qX < 06 —E
% a0k $ :
> - :
O ol 'S =
> i ; :
= £ 201 =
D 3 15
’\50.8_ 10F _
® 0.6f E
g JCI;'+I 0
O_ED 4_ m, (GeV/c)
4 W Bgyyy = xx £ 11(stat) MeV
0- 373132353435363738 £1T vy ~ 100 MeV

M, , (GeV/c?) / 40 MeV (O )
: ORNNN—Ad ~ 4 HD



Summary:

_ 1 _
- KNN, I, = + — identified in KNN — Ap analysis

2 Phys. Lett. B789, 620-625 (2019)
Phys. Rev. C102, 044002 (2020)

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

preliminary analysis K absorption in I3y, = 1 as well

- KNNN, I = 0 identified in KNNN — Ad analysis

preliminary analysis Three nucleon bound state!

K nuclear bound state becomes more solid
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Toward JP (spin - parity) study

we welcome you if you can join !!!
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Thank you for your attention!
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(‘ ——— Production reaction

|
|

What we measured/observed in E15

>

K-

j

)

S _ R N R R

I =+1/2 ’

Theoretical calculations: I ~ 50 MeV

~ F/\(14()5)

>% Excluding non-mesonic decay
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What we measured/observed in E15

——— Production reaction ——
(‘ )

| K n
|

A\

— R R R e

K
A
S =y i

' (b) 03 <4,

o0
-
|

N
-
| 1

(nb/(MeV/c?))

— T
<0.6 GeV/c

KNN signal

Theoretical calculations: I ~ 50 MeV

~ F/\(14()5)

>% Excluding non-mesonic decay

2.4
m, (GeV/c?)
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——— Production reaction ——
(‘ )

|
|

What we measured/observed in E15

100 I I I | I I I | I I I
(] 2 () £

BE = 42 + 3 (stat.) *7 (syst.) MeV

K- n ['=100 %7 (stat.) ¥, (syst.) MeV

— R R R e

Theoretical calculations: I ~ 50 MeV

K A
A
S =y i

~ F/\(14()5)

>% Excluding non-mesonic decay

P— m——— S — ——————— RN e SR — - ] E—

2.4 2.6 2.8
m, (GeV/c?)
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Measurement / Analysis

~‘." - 2
L -
-“‘ -

.
. 5
.
’
-
~ "
-
g

“*« Cylindrical detector system

Forward spectrometer

~
.

<
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Measurement / Analysis

Cylindrical detector system

[

Beam tracker

He-target

28



Measurement / Analysis

[

Beam tracker

Detected with CDS

He-target
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Measurement / Analysis

Cylindrical detector system

In the case of

)+ X

1111SS

Beam tracker

— 7 (7 n)p
—— ————
Detected with CDS

He-target

@

miss

V t no sensitivity,
ENOT zero
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Measurement / Analysis

In the case of

N+
A+ X _ _ .
— n (7" n)p 0577975 1 225
Detected with CDS M(Iflﬂj'l') (GeV/C )
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Measurement / Analysis

‘ v

Cylindrical detector systen

In the case of

) + X

miss

— 7 (7 n)p
—— ———
Detected with CDS

Selected'as (:n: > pn)

m(X) (GeV/c?)

=
in

115 12 125
m(nr) (GeV/cZ)
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A d+n event selection

deuteron ID

CDC track curvature &
CDH time of flight

N\ reconstruction Missing neutron ID

w/ vertex consistency cut
w/ pipd missing mass cut

w/ vertex consistency cut
w/ lambda mass cut

—
'
.’

Momentum x Charge (GeV/c)

1
o
oo

120_[ [ | L | T T | T T 1 | T 11 | L | 17T 1T 1] 180__I T | L | T I | L | L | L | I I I__

moi_ﬂnal sampleﬁ 4 160rfinal sample Lm -

: : 1 140 -

- 80} 120 -

- I 3\\ 1001 E
- 60 \

- i \ 80— -

E_ 40: N 600 -

- i 40 -

20
i 20 —
N il N ] N |‘||_||_'_'— \\\\\\ N\ I A RN B =N
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. A\ dn final states are identified with a good purity
by considering kinematical & topological consistensies

~20% contamination from 29dn/2-dp
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Kaonic nuclel

predicted from dense nuclei are predicted
attractive KvrarN interaction in =0

(ks : [k e
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1.Y. Akaishi al_wd T. Yamaz_ak!. Phys.. Rev. C 65, 044005 (2002). T. Waas, N. Kaiser & W. Weise, Phys.
2.T. Yamazaki and Y. Akaishi. Physics Letters B 535, 70—76 (2002). Lett. B379 (1996) 34.

Anti-Kaon could be a unique probe for hadron/nuclear physics



KNNN: Theoretical situaion
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AY: PRC65(2002)044005, PLB535(2002) /0.
WG: PRC79(2009)014001.

BGL: PLB/712(2012)132.

OHHMH: PRC95(2017)065202.

Width
(mesonic-only)

Larger binding than gvyv and similar width are predicted.
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Acceptance for K*He reaction
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