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Physics Motivation

@ Meson properties change in nuclear media?

® KPa'N interaction : attractive in 1=0
-2 A good probe for low energy QCD

m,./m, innuclear matter
15
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T. Waas, N. Kaiser & W. Weise, Phys. W.Weise NPA553, 59 (1993). Density
Lett. B379 (1996) 34.

o

provide new insight on M-B interaction in media




Investigation of KP2'N int. @ J-PARC

S.Ohnish et al.,PRC93(2016) 025207
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A(1405) Measurement



KParN Interaction below the threshold

v' KPa'N int. plays an important

role for A(1405)

P__
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Moriya et al., (CLAS Coll.),
Phys. Rev. Lett. 112(2014)082004

? A(1405) or A(1420)

Depending on KN int.

® KPa'N molecular from LQCD

J.M.M. Hall et al., model
Phys. Rev. Lett. 114(2015)132002. &
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Spectral Shape of A(1405)?

v y/p-induced experiments

Spectral shape is still
controversial

do/dm (ub/GeV)

CLAS collaboration:

yp > KT Xt KTn20 KTty

SR ﬁfw’/

L

W =210 GeV |

;

T

sl SO

—T+ } : LA A ‘ L
I \ Wi SRy
O : | el Ay Aagy

27 Invariant Mass (Ger’cz)

PRC87, 035206

L I L L | L L L
1.4 1.45 1.5

do/dM [pbi(MeV/c?)] daldM [pbi(MeV/c?))

do/dM [pbi(MeV/c?)]

HADES collaboration:

pp » K pn Xt Kt prt3y~

0.1 T
(a) Efn ——data
— A(1405)
—F(1385)
— A(1520)
—Im nonjres.
—total fit
0.05— —
o I
0.1
0.05
o]
0.15
0.1
0.05—
4]
1 1 =10°
1.3 1.4 1.5 1.6

T MM(p.KY) [MeVic?]

PRC87, 025201




J-PARC E31 Experiment

" Measurement of A(1405) line shape via KP"N-> X )
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e d(K',n)nX reactions at 0,~0 degree
K- A(1405)
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e Decomposition of I=0 and 1 amplitudes by identifying final state
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Experlmental Setup for E15/E31
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nEntn“n” Final States Selection
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Signal & Background in Tt n“n”
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| =0, 1 Mode (m*X¥)
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e interference between the | =0 and 1 terms of
the m2 scattering amplitudes is observed
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Comparison between
1=0, 1 (niﬁ) &1=1(nX0)
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| = 0 Mode (t°29)

25| |
— [l 1l7@2. —_0w0
%‘ 20 3|T ‘ ’ " < 1T
5 ¢
E 15_— —_—
4 %
l:_-: -
5 E 10_—
== L
= — i
5 b JF + Jf
O:I l_l_l 1 I_I_l__J 1 [ I J L 1 I 1 1 L J [l

1 Lol 1 L
1.36 1.38 1.4 1.42 1.44 1.46 1.48 1.5

2 Mass[GeV/c?]

* The pure | =0 channel is observed

e For further statistics:
— E31-2" will be performed in this autumn/winter




E31 vs. a Theoretical Calculation
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Kamano & Lee Calculation

e Off-shell amplitudes generated from Dynamical
Coupled-Channels (DCC) model are used.

— Parameters (potentials) were obtained by fitting more
than 17,000 data of K'p2>K*'N/nX/nA/MA/KE reactions

e two parameter sets: Model A & B

nx H.Kamano, T.S.Lee, KN
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 Two pole resonance similar to
chiral unitary models

Good agree‘eES’l & calc.

E31 results fever A(1420)!?
More statistics are needed. /




Kaonic-Nuclei Search



Kaonic Nuclei

® Bound states of nucleus and

anti-kaon the simplest kaonic nuclei:

® Predicted as a consequence of N @ N
attractive K*2'N interaction in
1=0
10 | | | E dep |
s @p E-indep, ———
E 6t _/ “~_ IHWzSUE) °
S _ - \"-.\ KbarN Stn
P 4 .
2 L -200
0 -300
—4 I \‘_, -500

1300 1350 1400 1450

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

17



Theoretical Calculations on KParNN

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

Variational Faddeev Variational Faddeev
Method Barnea, Dote, Ik, Yamazaki, Wyceck, Shevchenko, Ikeda,
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] -2 B.E. ~ 20 MeV
— Phenomenological [energy independent] = B.E. ~ 40-70 MeV
e Calculation method:

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

18




Pioneering Experiments on KP3'NN
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Width (MeV)

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

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

Upper limits were also obtained:

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

e HADES@GSI [Exclusive pp—=2>pAK*] 0



Measurement at J-PARC E27

ﬁ +"n" __>"A*" + K+ \

"A*" +"p" --> bound Kpp  minor
--> quasi-free A* dominant
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Y. Ichikawa et al., PTEP (2015) 021DO01.

a1 d QY AM . 4o oy [MDIST/(15MeV/C?

e Exclusive t*d—2>K*Yp
— p,.. =1.69 GeV/c
— Ap/p ~ 2x103
— AC2~ 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

162 751 (stat.) 785 (syst.) MeV:



Measurement at J-PARC E27

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: T, /Ty, =1.2
Sekihara, Jido, Kanda-En’yo PRC79(2009)062201(R).

‘ dG/dQHK ppnezop'

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

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

f p(r,K9)A(1405) @ 1.69GeV/c:
L do/dQ(1405=36.9pb/sr
BNL, NPB56(1973)15 :

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

= (dG/dQ”K-pp"eyp) / (dG/dQA(]AOS)) ~ 7'8%

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



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

Y. Sada'*, S. Ajimura', M. Bazzi®, G. Beer’, H. Bhang*, M. Bragadireanu®, P. Buehler®,
L. Busso”?, M. Cargnelli®, S. Choi*, C. Curceanu?, S. Enomoto®, D. Faso”?, H. Fujioka'?,
Y. Fujiwara'!, T. Fukuda'?, C. Guaraldo?, T. Hashimoto'3, R. S. Hayano!!, T. Hiraiwa',
M. lio®, M. Iliescu?, K. Inoue!, Y. Ishiguro!?, T. Ishikawa!!, S. Ishimoto®, T. Ishiwatari®,
K. Itahashi!3, M. Iwai®, M. Iwasaki!®14, ¥. Kato!?, S. Kawasaki!3, P Kienle®-16, H. Kou!?,
Y. Ma'3, J. Marton®, Y. Matsuda!”, Y. Mizoi!2, O. Morra’, T. Nagae!?, H. Noumi!,

H. Ohnishi'3.!, S. Okada'?, H. Outa'?, K. Piscicchia?, A. Romero Vidal®, A. Sakaguchi'3,
F. Sakuma'3, M. Sato'?, A. Scordo?, M. Sekimoto®, H. Shi?, D. Sirghi®*, F. Sirghi®5,

K. Suzuki®, S. Suzuki®, T. Suzuki'', K. Tanida'®, H. Tatsuno'?, M. Tokuda'¥, D. Tomono',
A. Toyoda®, K. Tsukada®®, O. Vazquez Doce??!, E. Widmann®, B. K. Wuenschek®,

T. Yamaga'?, T. Yamazaki''-'*, H. Yim?2, Q. Zhang'?, and J. Zmeskal®




n-ID from Inclusive 3He(K,Ap)X

Y. Sgaoda et al., PTEP (2016) 051DO01.
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e Global fit both in Ap invariant- and missing-mass

— o ~ 10 MeV/c?

— w/ simulated spectra of 2NA/3NA

2
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 Neutron was identified by kinematics

—3He(K-, Ap)n

missing

— #of Apn events: ~200
— 2%n contamination: ~20%
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Exclusive 3He(K',Ap)n
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Assuming a Breit-Wigner
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A Theoretical Interpretation

Sekihara, Oset, Ramos, PTEP(2016)123D03.

Chiral unitary approach
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What is the structure observed in E151st data?

E15-2"d 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.”




—~450F i
2 400E- Iy
230 ¥ T+++++ Structures around the Kpp
AonE W E <:r threshold can be seen
S T 2 M, = bound-state + QF
usg:_r-:..l. .|....|...;.....|....|.. 1 Ly _.__3 Counts / 0.02
1.0 |¢|-|_|| : TTTTT] | T T1 T Lr T |2{|m| T |4_?_04...|-q-6{|m|
'-’=:'-.'.¥"J'F,'{a-. SR T
o= A AN R,
e = — W Ne i 0 %
PO g e A ";.}'.'\ ¢| Structures are concentrated
0.4 sigems i T, % ._’:E..;!r';'- T : i :
M:j:::.-_;_r. > e A in forward-n region
= F i - = small momentum-transfer
ool :\,"‘ | Coahea - I - . _
g ' I - = :ﬁ e - ] .
< I — —h_ -
'9-2:_ Y \.:\_ .T-.FJ *_.: _-.E_ _:
04b- =~x T e o 8
E detectc;)r\\\='-l= -:-;-E :
0.6 acceptance  M¢= == 1 ]
0.8 I \\E — - R ]
_1 :IIII|IIII|IIII|III!I|IIII|IIII|IrI|IIII|—|ﬂI|IIII: 1 1 | 1 1 | III|/
'9,[} 21 22 23 24 25 26 27 28 29 3.0

Results of *He(K",Ap)n [E15-2"]

Ap invariant-mass (GeV/c?)




Results of *He(K",Ap)n [E15-2"]

r.’z’ ‘ -
‘<10 MK
I,iu.f,;— = : 400_| [T T | T T | T T | [ f ITIITII))I [ | T T | T 11 | T T | T T | T |_
I(I.'-l; | ] —
0.2 .0<cos@. M<0.7 1 - : _|
FretronEe-! koo | o Above M(Kpp) -
b TR 1 Below : —
detect;\ > Bound Stptp 1 H - QF = [Quasi-elastic K] x | -
ound-State!? 5
‘l”‘ acceptance Y50~ o~ 3P ; [KNN%AP] -
K ff,,iii-afianz s :9_ E -|-_H_ + E
% 250— § 'I' —
o : CM —
S [ i 'I"/ 0.7<cos0,"<1.0 .
= 200— g + f =
= - , -
Z - § : Flat distribution -
= 150— o | -
3 - £ + : prop. to phase space |
o 100 € 1 ++ = Point like 3NA?
s g ] [ l # L (0.0<co0s6,<0.7)-
w50/ " = —
: C e TP Ty 2047 .
2 30 - — -+ ]
§20+ g 0_ +|r.-|||||||||||||||||||||||||||||||I‘H"T"h.§...|||||_
S 7§ 20 21 22 23 24 25 26 27 28 29 3.0

31

0 *
22 225 23 235 24 245 25 255 286

My, [Gev] Ap invariant-mass (GeV/ c?)




Results of *He(K",Ap)n [E15-2"]

Counts / 20 (Me\"’fczl

Residual

200

100

M(K pp)

e/ mdt=17.6/19 e Simple fitting w/o 3NA
i — B.S.: Breit-Wigner
— QF: Gaussian

< Fermi-mom. Eff.

— w/ 2% contamination
< from MM(3He(K,Ap)X)

[N IIII|IIII|III||'1II|IIII|IIII|IIII

 Well reproduce the

- + spectrum
3T = - B.E~34Mev/?
: +++++++++HHMH + ++ i, +"""""_' — [~ 75 MeV/c?

Ap invariant-mass (GeV/c?)



Results of *He(K",Ap)n [E15-2"]

cosO . dependence

v

M(K'pp) M(K pp)
B RS S LA () R RS L R AR AR R 100 e e e
- l-l(Jj s - : ! :
= ,»f'” - 3 . Y2/ ndf=18.4/19 3 - I ndf=126/19
Lo n 120~ . — -
I ost 0.75«3080 M1, 0__’ B ] L i
--.----------- --7 ﬁr ]“0—_ | - : :
0.6— — : C B ;-4 C ]
g 1 b EE :
0.4 3 = r ] = .r 7
F - oo - ﬁ C -
0.2F = £ F ] £ L .
Z_ F ] 2 4 - : w j
% 0.0 5 3 © Wb E S ¢ .
S [ =Tl ] F 3 u .
0.2 e - 0}= -
-0.4 } \*\ { .20
- N b 20 : E
s detector E = LE ER
s Y ] ] E». + + E 3
st~ acceptance i 3 F OB 4+ H I l ++ ++‘ e =
ok v R = mF— T z
_lql_l_xiq_l_lJ_l_l_uLLLuJ_LL_lJ_L'|||||'||j_|_|_w||||||||v_|:| 220 1= !
20 20 22 23 24 25 26 27 28 29 3 ﬁﬁ#ﬂ—;%‘%ﬁﬁ%ﬁ‘;% 2
Ap invariant-mass (GeV/c*) Ap invariant-mass (GeVicy)
70EWWT\%£P¢ R R A A 50T e YU SR— \Mmﬂrl""“ﬂ‘rrﬂ-'—r'-v-'-v—rv-'-'-v—-v-'— VA
olE : ¥/ ndf = 18.9/19 3 'ui | x2/indf=194/19 ] - )}/ ndf=234/19 4
£ 3 r ; ] 30— —
Hi= - F ] r ]
&/ E 3 o 0 — o r ]
= = = F ] = =
2 = Z w0 = = E E
S E E s C . s - -
3 W = DT - = r d
o E E “ooF 7 o L 4
G« 17 G S 25 & & = E 1 - ]
F ’+~+ 3 10— — 10— -3
0 = . ] r q
2OV O i D L Y O = d o .
3 =i IE| F Vo7 o SN \WWUIVU o Y V-
_ zuE L] + d n L E _ log n e 1(,5 L) + n E
U= + H E ] 1":— H + E = T E
= E = .k + E Z E 1 4.t E
é 0 e '_+ +++ ++ + HH++++++++++¢+++¢. w 3 0 feee. v + ++++ ++ ++ ++H+ Fe o wesesssss ; 0 ?++ ++ +++ ++. +++ + +++ M,.g,‘.’.."'au-m-.-o-;
£ -0k = = -mg 3 2 -0E =
20 ‘ L 20E- , = 20F ; =
XTI N ) 3 20 21 22 3 0 3

73 ’4 2536 27 18 19 73 ’4 25 26 27, 28 29 SN RS R X X B Y S S Y]
Ap invariant-mass (GeV/ie?) Ap invariant-mass (GeV/ch Ap invariant-mass (GeVich

[}
sl
=]




Results of 3He(K ,(Ap)n [E15-2n]

Peak position (GeV/e®)
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Width (MeV)

Present Status of KPa"'NN

® Exp. CANDIDATES
— Upper limit
e LEPS/HADES

— B.E ~ 10-40 MeV
 E15

— B.E. ¥ 100 MeV
e FINUDA/DISTO/E27

® Theor. calculations.
— Difficult to reproduce

. E27

T T N I I deeply bound state

20

40 60 80 100 120
Binding Energy (MeV)

For further understanding:

using normal KPa'N int.

v' A(1405) production > A*N doorway
v 12N decay channel = new info. of KP2'NN 35




Summary

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

at J-PARC K1.8BR
- 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 ar” - o
— 15t analysis will be finalized ‘%\E ﬁ — -\ ‘ |
— 2nd: will start soon oo \\ /\}’ﬂ'i

e KbarNN: E15 ‘300 1350 1400 1450
— fruitful results were obtained in E151st Wem. (MeV)
— analysis of E152"d data is going on
— E153"d be discussed 36
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KParNN or NOT? --- Other Possibilities

A structure near K*>NN threshold

e A(1405)N bound state T. Uchino et al., NPA868(2011)53.
— loosely-bound system, 1=1/2, J™=0"
— various decay modes, AN/ZN/m2N

A structure near t2ZN threshold

e wAN-2N dibaryon H. Garcilazo, A. Gal, NPA897(2013)167.
— structure near t2N threshold
— 1=3/2, J™=2* = no Ap decay (I=1/2)?

e Double-pole KPa'NN A. Dote, T. Inoue, T. Myo, PTEP (2015) 043D02.
— loosely-bound KP2'NN, &
— broad resonance near the 2N threshold = 2N decay

e Partial restoration of Chiral symmetry

— enhancement of the KP2'N interaction in dense nuclei
S. Maeda, Y. Akaishi, T. Yamazaki, Proc. Jpn. Acad., B89(2013)418.
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KParN Interaction below the threshold

v" A(1405) plays an important
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Recent Measurement at LEPS

A.O. Tokiyasu et al., Phys. Lett. B 728 (2014) 616. - (a) 4 i
| | — total
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Recent Measurement at HADES

G. Agakishiev et al., Phys. Lett. B 742 (2015) 2425 . HADES acc | ;A\
= +
[ - t
Exclusive pp—=2> pAK* 3 o /‘wﬁ\ f |
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- Combined analysis with COSY-TOF/DISTO/HOPI/HADES (pp 2pk:A)



E15: Publications
PTEP Frog Thor. Exp: Py 2015, 61001 (11 pages)

1st s .
Lotter inclusive 3He(K-,n)X E15 experlment:
Search for the deeply bound K ~ pp state from the Only 4daVS data-ta klng

semi-inclusive forward-neutron spectrum in the in 2013
in-flight K~ reaction on helium-3
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Letter

Structure near the K~ + p + p threshold in the
in-flight *He(K —, Ap)n reaction
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dPo/dQ/dM

Semi-Inclusive 3He(K-,n)X
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*He(K, n)X missing mass (GeV/c®) 1 Hashimoto et al., PTEP (2015) 061D01.




Semi-Inclusive 3He(K-,n)X

Binding Energy [GeV]
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Assuming a Breit-Wigner

Y. Sada et al., PTEP (2016) 051D01.

d?ox (I'x /2)?

x | exp (—q%/2Q%)|%,

x p3(Ap
AMmorpdq pa(Apn) X (Minonp — Mx)2 + (I'x/2)2

phase space Breit-Wigner form factor

binding energy from M(K—+p+p) [MeV]
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Experimental Setup

e Beamline spectrometer
— 1.0 GeV/c K
— Ap/p: 0.2%

Neutron
Counter

B/ Charge VETOL
Counter

" Trajectory of .,
the beamcenter o W/

 Target System

— ~0.5l Liquid 3He @ 1.4K
e p=0.081g/cm3

* Cylindrical Detector System ; wonn Y
— Acceptance: 54<0<126 deg. [ solenoid magnet Bl | %‘,H
e 59% of 4xt e N

BPC =1

e Neutron Counter Kaon beam direction.

— Acceptance: 20 msr DEF - —r
"He target call ) .
- Ap/p fOF 1ZGEV/C n: 07% -‘ vacuum vessel/ [ Beam Velo Counter

— Ap,/p,: 5.3% p, + 0.5%/ ']
> ~I [




A Theoretical Interpretation

- /C>.—r’

Sekihara, Oset, Ramos, arXiv:1607.02058 P (A R P [A » A
Chiral unitary approach % 14 ().:it ; % 1
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s

‘ Sekihara, Tue. A-1 ‘

ru

| | Sell(iha'ra, Os«let, Ramosl, E‘j"l.u‘i"l.;‘ A  —
K®2*NN state » SYV(A)
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A: Watson app.

1B: Faddeev app.

60 | B=16MeV, '=72 MeV
e, E1l5 data ——
50 - S E1l5 fit —
................ quasi-elastic kaon
40 | scattering

KPa*NN bound-state picture reproduces the data
-> The data CANNOT be explained with uncorrelated A(1405)p



E15 15t vs 2nd

M(A(1405)+p)
M{X+) MK +p+p) Y. Sada et al., PTEP (2016) 051D01.
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Exclusive 3He(K',Ap)n
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 The events widely distribute in the phase space
— Contribution from 2NA processes seem to be small

* Event concentration is seen at T"M /Q*M~0.4
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Exclusive 3He(K',Ap)n
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Exclusive 3He(K',Ap)n
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3He(K,Ap)n: Decay Channel
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3He(K-,Ap)n:
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E27: Experimental Setup
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E27: Inclusive d(rt*,K*)X

Y. Ichikawa et al., PTEP (2014) 101D03.
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E27: Experimental Setup
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Counts/(5MeV/c?)

E27: One-Proton Coincidence
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E27: Two-Proton Coincidence
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E27: Decay Mode Separation
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E27: “K-pp”-like Structure

Y. Ichikawa et al., PTEP (2015) 021DO01.
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