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Physics Motivation

@ Meson properties change in nuclear media?

® Kb2'N interaction : attractive in 1=0
-> A good probe for low energy QCD

m,./m, innuclear matter
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provide new insight on M-B interaction in media




Investigation of KP2'N int. @ J-PARC

S.0Ohnish et al.,PIRC93(|2016)I 025207/
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(1) Kaonic-Atom Measurements
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KParN Interaction at the threshold

v' Low-energy K-p scattering

v" Kaonic hydrogen X-ray M. Bazzi et al.,(SIDDHARTA Coll.),
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Re[fyy

KParN Interaction at the threshold

v' Low-energy K-p scattering

v Kaonic hydrogen X-ray

? isospin dependent KP>N

S.Ohnish et al.,PRC93(2016) 025207
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KParN Interaction via Kaonic-atoms

Kaonic atom
X-ray spectroscopy

X-ray
n+1 7 ol detector

Strong
iINnteraction

R

Width r
Shift AE

S.0Okada, 21th J-PARC PAC

EG2 ES7
Kaonic X-ray | K-He 3d-2p| K-d 2p-1s
Energy ~ 6 keV ~ 8 keV
Width ~2eV ~ 1000 eV
Yield ~7 % ~0.1%
per stop-K (Liquid He) (0.05% of liq. D2 density)
X-ray detector TES SDD
FWHM ~5eV ~ 150 eV
resolution
Effective - 0.2 cm?2 ~ 200 cm2
area
. K-nucleus |KN (to disantangle
Physics potential I=0,1components)
— K-Nin nuclei — | - KN in free space -




S.0kada, 21th J-PARC PAC

E62: K-nucleus Potential

Phenomenological Model

— potential —
typically 180 MeV deep
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Two theoretical approaches
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Chiral Unitary Model
— shallow potential —
typically 50 MeV deep

10

= oo1}

0.001 |

0.0001
0

6 10 15 20 25 30 3IF 40

Z (nucleus atomic number)

— Closely related to K™ nuclear cluster study
— Current data quality is not good enough
to determine K-nucl. potential strength




E62: K3/*HeX with TES

S.0Okada, 21th J-PARC PAC

Th Many of theoretical calculations predict
€o. finite values of | AEx | <1 eV (e.g., ~0.2 eV)

SDD TES
+2 eV
{ + 0.2 eV

Precision goal

with a novel high-resolution
cryogenic detector

Expt.




E57: KAX Measurement
K-p scattering length K-d scattering length

Precise measurement @ NO experimental results
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Commissioning run in 2016

CommiSSiOning s.0Okada, 23th J-PARC PAC

1. Beam / K- stop tune
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@ A(1405) Measurement



KParN Interaction below the threshold

v' KbarN int. plays an important

role for A(1405)

Moriya et al., (CLAS Coll.),
Phys. Rev. Lett. 112(2014)082004
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® KPa'N molecular from LQCD
J.M.M. Hall et al.,
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Spectral Shape of A(1405)?

v y/p-induced experiments

Spectral shape is still
controversial
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J-PARC E31 Experiment

" Measurement of A(1405) line shape via KP*'N> 72 )

K.

N

K Tto ‘ Inoue ‘

- N i y,

e d(K',n)nX reactions at 0,~0 degree to enhance S-wave
Kba’NénZ reactlon

1 GeV/c

A(1405)

~0.25 GeV/c . '
~1.25 GeV/c

e Decomposition of I=0 and 1 amplitudes by identifying final state
A(1405) =0 |'Swave iyt wox0
¥(1385) =1 P wave it wOA

Non-resonant 1=0,1 |S,PD,..
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| =0, 1 Mode (t*X)
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e interference between the |l =0 and 1 terms of
the mX scattering amplitudes is observed
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Comparison between
1=0, 1 (niﬁ) &1=1(nX0)
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e | =0 dominant below the threshold
_ |T(0)|2/|T(1)|2~ 100



| = 0 Mode (nt°X9)
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 The pure | =0 channel is observed

e For further statistics:
— E31-2" will be performed in May-Jun. 2017




@ Kaonic-Nuclei Searches



Kaonic Nuclei

® Bound states of nucleus and | | |
anti-kaon the simplest kaonic nuclei:

® Predicted as a consequence of
attractive KP'N interaction in

1=0
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87 (a):\ E-indep: - e
= 7 NS HWySUE) E
D: 4 :,.-' ~o KbarN i
I .
‘+—§ 2 " -200
& 0 -300

2t

4 —t

1300 1350 1400 1450

W, ., (MeV) Y.Akaishi & T.Yamazaki, PLB535, 70(2002).

20



Theoretical Calculations on KParNN

KbarN int Chiral SU(3) Phenomenological
' (energy dependent) (energy independent)

Variational Faddeev Variational Faddeev
Method Barnea, Dote, ek Yamazaki, Wyceck, Shevchenko, lkeda,
Gal, Hyodo, Kamano, L
: . Akaishi Green Gal, Mares Sato
Liverts Weise Sato
B (MeV) 16 17-23 9-16 48 40-80 50-70 60-95
I' (MeV) 41 40-70 34-46 61 40-85 90-110 45-80

e KParN interaction model:

— Chiral SU(3) [energy dependent] -> B.E. ~ 20 MeV
— Phenomenological [energy independent] = B.E. ~ 40-70 MeV
e Calculation method:

— Almost the same results = depending on KP°'N interaction

21




Pioneering Experiments on KP3'NN

By IMeV]
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Width (MeV)

Comparison between Calcs. and Exps.

180
160
140F
120F DIST.QI.,.
80 { g |
n FINUD
60" + e %
e
200 Chiral Phenomenological
0_ | | | | | | | | | | | | | | | | | | | | | | | |
0 20 40 60 80 100 120
Binding Energy (MeV)

* Binding energy
— Chiral:
B.E. ~ 20MeV
— Phenomenological:
B.E. ~ 40-80MeV
— FINUDA/DISTO (if kternny:
B.E. ~ 100MeV
 Width

— almost agreement in
[~40-100MeV
» Theor.: mesonic decay
» Exp.: non-mesonic decay

Upper limits were also obtained:

e LEPS@SPring8 [Inclusive d(y, K*m)X]

» HADES@GSI [Exclusive pp=>pAK*] -



Recent Measurement at J-PARCE27

" " +
TE+ + unu > A* + K
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Y. Ichikawa et al., PTEP (2015) 021D01.

e Exclusive ttd—2>K*Yp

— p,.. = 1.69 GeV/c
— Ap/p ~ 2x103
— AQ ~ 100 msr

— final-state is identified by
MM[d(r*,K*pp)X]

® Bump structure in 2%

decay mode:

— Mass

2275 T17 (stat.) T35 (syst.) MeV /c?

— Binding energy
95 HS (stat.) © (5} st.) MeV

— Width

162 T3 (stat.) 789 (syst.) MeVa



Recent Measurement at J-PARCE27

Y. Ichikawa et al., PTEP (2015) 021DO01.
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® Decay branch:
I'ap/I'sop = 0.92 +g ﬁ (stat.) '_"BE'S (svst. ).
Theor. Cal. on Y*N>YN: Ty /Ty, = 1.2
Sekihara, Jido, Kanda-En’yo PRC79(2009)062201(R).

. dG/dQuK ppnezop'

3.0 + 0.3 (stat.) *7 (syst.) pb/sr
Y.Ichikawa, PhD-thesis. Kyoto-U (2015)

------------------------------------------------------------
*

f p(r,K°)A(1405) @ 1.69GeV/c:
i do/d€Q(1405=36.9ub/sr
BNL, NPBS6(1973)15

. o
-----------------------------------------------------------

= (do/dQy opr>vp) / (do/dQ) (1405) ~ 7-8%

- large prob. of A(1405)p=2> “Kpp”
c.f., large prob. in DISTO, but < 50% in HAZLSDES



J-PARC E15 Experiment

e 3He(in-flight K,n) reaction @ 1.0 GeV/c

— 2NA processes and Y decays can be discriminated kinematically

1 GeV/c 1.2~1.3 GeV/c
K- 3He Kpp

_} .

P reaction :

o @@




Exclusive 3He(K,Ap)n
-== result of E15-15tin 2013 ---

Y.Sada et al., PTEP (2016) 051DO01.

P@ Prog. Theor, Exp. Phys. 2016, 051001 (11 pages)
DOI: 10,1093/ plep/ptwid0

Letter

Structure near the K~ + p + p threshold in the
in-flight SHe(K—, A p)n reaction

J-PARC E15 Collaboration
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Experlmental Setup
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n-ID from Inclusive 3He(K",Ap)X

Y. Sgaoda et al., PTEP (2016) 051D01.
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— w/ simulated spectra of 2NA/3NA
 Neutron was identified by kinematics
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missing
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* Global fit both in Ap invariant- and missing-mass

2
d“O3NA(Apn)

3NA(Apn):

— # of Apn events: ~200
— 2Ppn contamination:

dTMd cos 6

o p3 (Apn)

29

~20%



Exclusive

3He(K,Ap)n

n
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Count per 20 MeV/ 2
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A bump structure exists
near the K-pp threshold
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Assuming a Breit-Wigner
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A Theoretical Interpretation

Sekihara, Oset, Ramos, PTEP(2016)123D03.
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What is the structure observed in E151st data?

E15-2"9 Experiment
--- completed in Dec. 2015 ---

data-taking 4 days 3 weeks
(K-,n) ~7 times more data
(K, Ap) ~30 times more data*

* dedicated trigger was introduced for (K-,Ap)

Will be published as “T.Yamaga et al., XXX (2017) XXX.”




Results of 3He(K",Ap)n [E15-2"]
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Results of *He(K",Ap)n [E15-2n]
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Results of *He(K",Ap)n [E15-2n]
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Results of *He(K",Ap)n [E15-2n]
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Results of *He(K",Ap)n [E15-2n]
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Present Status of KPa'NN
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For further understanding:

v' A(1405) production > A*N doorway
v N decay channel = new info. of KPa'NN 39




Summary

To investigate the KP2'N interaction,
various experiments are proposed/conducting

at J-PARC
- Sensitive in different energy region & isospin -

S.Ohnish et al.,RRC93(2016) 025207

* Kaonic-atom: E62/E57 10 e
— will start in 2018/2019 AN o
e A(1405): E31 s 4 :/ - o
— 15t analysis will be finalized %\E é _ i ‘ |
— 2nd: will start in 2017 oo \\ /\}’ﬂ'i

e KbarNN: E27/E15 “300 1350 1400 1450
— fruitful results were obtained in E27/E15%t  Wem. (MeV)

— analysis of E152"d data is going on
— E153d be discussed after analyzing new data 40



The Collaborations @ J-PARC K1.8BR

J-PARC E15/E31 collaboration J-PARC E62 collaboration (K-He)
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