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Meson in a Nucleus?

e Lightest S=-1 meson, K~

— Kba"-N interaction:
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100 200 100

200

m‘ l r I KpeIT
|
K'p+=K'p 10
Lo 11
—{ KN scattering :
| NPB179(1981)33. }jusr

M

ém {pratim)

100 150 200 250 00
LAB. MOMENTUM (MeVic)

150 200 250

™ 100

780

K'p atom
3 o PLB704(2011)113.
S
= SIDDHARTA
O 600 —
= + i
400~ — -
2001 { ]
r KEK-PS 7
E228 DEAR
v by by ey by by

-QOO -400 -300 -200 -100 0
Shift g15 [eV]

112

1 =2.4 Mev/c?

2/3

1/2 u
up

=4.8 MeV/c*

-1/3 d

down

OB -

three generations of matter

(fermions)

=95 MeV/c?
-1/3

1/2 S

strange

Wjkipedia



KPar_-Nuclear Bound State

Predicted from attractive KP?'N interaction in 1=0

Y.Akaishi and T.Yamazaki, PRC65(2002)044005.
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Theoretical Calculations on “Kpp”

e Chiral SU(3) Phenomenological
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“K'pp” Search via Stopped-K-
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“K'pp” Search via Stopped-K-
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“K'pp” Search via pp Collisions
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“K'pp” Search via d(r*,K*)X
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“K- pp” Search via d(t*,K*)X
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“K'pp” Search WAS Controversial..

What we have learned from previous
experiments:
 Intermediate state is of importance

 Should use more simple reaction
 Exclusive measurement is a key
= J-PARC E15 experiment
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J-PARC E15 Experiment

* 3He(in-flight K-,n) reaction @ 1.0 GeV/c
©' 2NA and Y decays can be discriminated kinematically
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J-PARC E15 Experiment

* 3He(in-flight K-,n) reaction @ 1.0 GeV/c
@- 2NA and Y decays can be discriminated kinematically
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Experlmental Setup @ K1.8BR
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IM(Ap) vs. Momentum Transfer q,,
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IM(Ap) vs. Momentum Transfer q,,
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IM(Ap) vs. Momentum Transfer q,,
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IM(Ap) vs. Momentum Transfer q,,
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IM(Ap) vs. Momentum Transfer q,,
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IM(Ap) vs. Momentum Transfer q,,
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IM(Ap) vs. Momentum Transfer q,,
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IM(Ap) vs. Momentum Transfer q,,

E15 collab., PLB789(2019)620.

400 T T 1 : :
IM(Ap) M(Kpp) Kpp dat e Fit with 3 components
=00 byt 1] aila
¢ data H**+ e — Bound state
200 - I 1
;: AR al ; * centroid DOES NOT
100 |- “‘o*t L2\ et ! - COlin ) L depend on A
..l. | | : l | | 1 [ g 8 g 8
0 |~ LA S R * BW*(Gauss form-factor)
- 1 .‘ . .
! . \ - ( Ak pp TJ\;;/ . (W?E)-
. : : ’§$S_: :'-:i_o-._* Jicppy(M, q) = (O — ”h”) T /) .
- E = T/ X 1 — Quasi-elastic K abs.
- p T _._:,__-"'i- . * centroid depends on g,
0.5 + = - * Followed by Ap
5 10 1 N conversion
B 1 :ri_._f..’.:- "‘_::.._— B Mpr(q) = \/ 4771?\.7 + I’??.-%\.v +dmy ’.rn'f\.v + ¢2.
; - _ V
090 22 24 26 28 30 — Background
Miny pp [GeV/c] e Broad distribution

22



IM(Ap) vs. Momentum Transfer q,,

E15 collab., PLB789(2019)620.

o IM(Ap) | WKo) T gy * Fit with 3 components
§ ET 5."*2 T data  _ goynd state
200 ' /A i .,'-, all | e centroid DOES NOT
1001 1A "f"uo,,",n 1 . cog"ts 3 B depend on q,

e BW*(Gauss form-factor)
AKpp (PKP'P/Q)Q e_(Q_Kg;)_z
(M — Micpp)+ (T pp/2)° |

f{f‘\’;lp}(ﬂ‘[? (}) =

BS and QF are well separated in
0.35 < q,,, < 0.65 GeV/c — Quasi-elastic K" abs.

e centroid depends on q,,

e Followed by Ap

conversion
Mp(q) = \/47?’?%; + mf 4+ dmny/mi + ¢,
090 22 24 26 28 3.0 — Background

My, Ap [GeV/cT] e Broad distribution

23



“K'pp” Bound-State
Facpp(M, q) =
80

QKpp

(*M - ﬂfffpp)%ﬁ (FK'pp /2)2

2
14_[{1[)1) (FJT{)‘)P /2) e - ( . ) 2

do/dM [nb/(MeV/c2)]
S 8
QS
AR

-0 350 < g <650 MeV/c _

60

50—

S,
L)
]

2.4 2.6
M |[GeV/c?]
E15 collab., PLB789(2019)620.

.|

2.8 3.0

24



2 B &8 8 B

oL

Width (MeV)
=

] o =)
= = =

=

Observed “K'pp”

i S E; 3ISO<Iq<I650IMeIV/c_

Tur s HE o

é_ so_i } i ¢ data i
: ol | —
= E | BG
] K-3He >nX : *
— . JE15.2™
- | [ ° Binding energy: ~50 MeV
] s — Much deeper than chiral-
- + 7 B SU(3) based theoretical
C o o ! predictions
: e rsneseesaanaenans® 3 Phenomenolo ical .
~ Chiral al » Width: ~100 MeV
_ Lo e b b by - Seems to be Iarger than
0 20 40 60 80

Binding Energy (MeV) theoretical calculations
(mesonic Y decays only)




Observed “Kpp”

the most reliable observation NI S——
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Conclusion |

* We observed the “K'pp” [ 777 Scdeiin
bound state in 3He(K,Ap)n :v *HF o
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— Width: ~100 MeV i H“ Nl
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e Spin/Parity of the “Kpp”
— New 4 detector system is needed € Future plan
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 Only YN non-mesonic decays were reported



We need further understanding

e Spin/Parity of the “Kpp”
— New 4 detector system is needed € Future plan

e Other decay channels

— 2N mesonic decay is theoretically expected to be
the dominant channel

 Only YN non-mesonic decays were reported

 Reaction mechanism
— Relation between A(1405) & “Kpp”

1/

e A(1405) has been considered as “Kp

e Theoretically, “K'pp” is expected to be produced via
A(1405)+p—=>"Kpp” door-way process




We need further understanding

e Spin/Parity of the “Kpp”
— New 4 detector system is needed € Future plan

e Other decay channels

— 2N mesonic decay is theoretically expected to be
the dominant channel

 Only YN non-mesonic decays were reported

 Reaction mechanism
— Relation between A(1405) & “Kpp”

1/

e A(1405) has been considered as “Kp

e Theoretically, “K'pp” is expected to be produced via
A(1405)+p—=>"Kpp” door-way process




K- 3He = nXpn Measurement

C
e Exclusive measurement of Ds
it *pn final state in K+3He
K- 3He /
O " §
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n Or

CDS

 Experimental challenge of neutron
detection with thin scintillation
counter (t=3cm)

n detection efficiency ~ 3-10%
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IM(t*2 ") in T X " pn Final State
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Y pn Final State

M(rx’ M(K 2/NDF = 11.9/17
A(1405) ]~ dafa
P IM(TT=X™) A ¥(1385)"
H T s - A(1520)
Fit w/ Flatté formula: 20 — - A(1405)
Re(z) ~ 1420 MeV N_g AU nonres. Tt}
Im(z) ~ 15 Mev IR [\ ___ total fit / A(1520)
s R d:2<cosoZ™)”  ~ 100 pb
2.- | selecteg
£0(1385) - 3 F N . TP
N . [ i\ i non-resonant
20-100 pb O PR B P - o
[evaluated from 7 N
>+-(1385)> 1A A s e~
measurement] ?_3 - 14 1.5 1.6
(£(1385)>mA/nX : 87.0/11.7%) IM(nif) [GeVIcz]

35



A(1405)pn Final State Selection
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IM(1t2p) in A(1405)pn Final State
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IM(1t2p) in A(1405)pn Final State
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PS Limitation of “K'pp” 2> nZp Decay
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Comparison of Apn & A(1405)pn
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Comparison of Apn & A(140% . s
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Conclusion Il

e We observed the uK-ppn :: T h 350 < g < 650 MeVe |
bound state in *He(K,Ap)n - H*@zf _
— Binding energy: ~50 MeV %m | ++ * SpR 4
— Width: ~100 MeV ol “* L )
< E15 collaboration, PLB789(2019)620.10-§ | }H ++"+*++.++,++ﬁ*+
s,
( 0.35<q_<0.65 GeVic \
 We found large CS of the O |
A(1405)p formation A
compared to the “Kpp” g 2 Eh }H /
— quite important information on the =02 ]\ + ]l
production mechanism of the “K'pp”  So4 A0 ] H
| . N
< paper in preparation T e Ty

\_
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Need further investigation

 More quantitative studies of the “Kpp”
— JP and other decay modes

A new 47 detector with y/n sensitive detectors is required
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“K'pp” Bound-State
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2
AKpp (FKPP/Q)

o

(M' - ]\/[Kpp)Q‘F (FKPP/Q)Q

q

)2
RQKpp /|

2

80
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that reproduce the spectrum:
Bgpp =47 + 3 (stat.) t2 (syst.) MeV
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BG: 2NA followed by FSI
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Comparison of Apn & A(1405)pn
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 No clear structure below M(Kpp) in the IM(nZp)

e QF followed by A(1405)p is dominant
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IM(TtEZ ) vs. IM(TTEZ T p)
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Detector Acceptance: Ap vs. an

below the threshold N i 3cceptancey R
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Neutron ID with CDS

e m'mp events (3 tracks) in CDS with 4 CDH hits are selected
e a CDH hit with CDC-veto (outer-layer) is applied to identify the “neutral hit”

dE vs. 1/B dE-cut dependence
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Neutron can be identified with CDS
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Kp=2>Xtn /2 nt* Cross Section
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Exclusive 3He(K',Ap)n
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Semi-Inclusive 3He(K-,n)X
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Forward nmis. + A p @ E151st

Resolution o ~ 10 MeV/c2 @ threshold
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0300 f—

IM(Ap) vs. cos(0 M)

E15 collab., arXiv:1805.12275
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Results of 3He(K",Ap)n [E15-2"]

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

Peak position (GeV/c?)

238
236
234

2.32F

Peak posmon Mor =M

K™ pp 2M

MK ppl

2.50 | LI — T T
s T

.“.-Iﬁ:— =Lower peak
r +H|;,htr peak
244

o Gau55|an

240

%

Breit-Wigner

1 1 1 1 | 1 1 1 1 1 1 1 1 1 1
23075 0.80 0.85 0.90

M
cosB

Above M(K-pp):

— peak shift by recoil kaon energy

Below M(K-pp):

— peak is independent to cosO,
( ~ momentum transfer)

Similar tendency as a theoretical

calc., but QF seems to be originated

from recoil kaon

Wldth

11[”_ 1 I 1 1 1 1 1 1 I 1 1 1 1 |
. - Lower peak ]
100 - —Higher peak -
su:— -1 | —
60— L -
a0 — T N .
201 ol -
N | L0 | | ]
873 0.80 0.83 0.90 0.95 1.00
l{)\HEE“
1 I I.
08 : -
\ QF
B.S
06 .
Ed:;
g Sekihara, Oset, Ramos,
04
PTEP(2016)123D03
d’c / dM,,, dcos6™ [ b/ GeV |
02 .
[
0 500 1000 1500 2000
| | | | | | |
59

22 225 23 235 24 245 25 255 286
M_,\p [ GeV ]




A Theoretical Interpretation of E15

Sekihara, Oset, Ramos, PTEP(2016)123D0
Chiral unitary approach

nipp)  plpp) Alpi)

Uncorrelated
A(1405)p
state

n
[ -
(R
MR w He (P)
’0
L 4

: 24 245 25 255 2

140 T “lo. T T | T T
’o.. This work — se—
120 El5 data = = -
E15 fit
100 - Opt.A (Watson]]

80
60

|

40

f

20

0

= o1t (): - :'::‘.‘O +.
\ (pr) plpp) AL
quasi-elastic
bar
K"'NN kaon
bound-state /| scattering
\‘ K(k) = R
%, wﬂﬂe(P) ] R
2.2 2’2‘5 23 235 24 245 2’% 255 26
8‘0 I ‘0 | | | I .’ I I
“.‘ i Thigtork — se—
; 70 | B=16MeV*, E,t% data =~ ——g—
> 60 -['=72MeV ’;.4 ~EL5 fir
© > Opt.A (Watson) |
o 50
-
— 40
= 30
%
= 20 *
o
T 10




	K-pp Bound System at J-PARC
	Meson in a Nucleus?
	Kbar-Nuclear Bound State
	Theoretical Calculations on “K-pp”
	“K-pp” Search via Stopped-K-
	“K-pp” Search via Stopped-K-
	“K-pp” Search via pp Collisions
	“K-pp” Search via pp Collisions
	“K-pp” Search via d(p+,K+)X
	“K-pp” Search via d(p+,K+)X
	“K-pp” Search WAS Controversial..
	J-PARC E15 Experiment
	J-PARC E15 Experiment
	Experimental Setup @ K1.8BR
	IM(Lp) vs. Momentum Transfer qKn
	IM(Lp) vs. Momentum Transfer qKn
	IM(Lp) vs. Momentum Transfer qKn
	IM(Lp) vs. Momentum Transfer qKn
	IM(Lp) vs. Momentum Transfer qKn
	IM(Lp) vs. Momentum Transfer qKn
	IM(Lp) vs. Momentum Transfer qKn
	IM(Lp) vs. Momentum Transfer qKn
	IM(Lp) vs. Momentum Transfer qKn
	スライド番号 24
	スライド番号 25
	スライド番号 26
	Conclusion I
	スライド番号 28
	スライド番号 29
	スライド番号 30
	スライド番号 31
	K- 3He  pSpn Measurement
	pSpn Events
	IM( 𝛑 ±  𝚺 ∓ ) in  𝛑 ±  𝚺 ∓ 𝒑𝒏 Final State
	 𝒀 ∗ 𝒑𝒏 Final State
	L(1405)pn Final State Selection
	IM(pSp) in L(1405)pn Final State
	IM(pSp) in L(1405)pn Final State
	PS Limitation of “K-pp”pSp Decay
	Comparison of Lpn & L(1405)pn
	Comparison of Lpn & L(1405)pn
	Comparison of Lpn & L(1405)pn
	Conclusion II
	Need further investigation
	Thank You!
	Spares
	スライド番号 47
	BG: 2NA followed by FSI
	Comparison of Lpn & L(1405)pn
	IM( 𝛑 ±  𝚺 ∓ ) vs. IM( 𝛑 ±  𝚺 ∓ 𝒑)
	Detector Acceptance: Lp vs. pSp
	Neutron ID with CDS
	K-pS+p-/S-p+ Cross Section
	Exclusive 3He(K-,Lp)n
	Semi-Inclusive 3He(K-,n)X
	スライド番号 56
	IM(Lp) vs. cos(qnCM)
	Results of 3He(K-,Lp)n [E15-2nd]
	Results of 3He(K-,Lp)n [E15-2nd]
	A Theoretical Interpretation of E15

