* % * %
*7 Tk I :C'I‘* * *
*ecr‘ 2 3 *BW*
* T & * T %
* ** LS

EUROPEAN CENTRE FOR THEORETICAL STUDIES

from Monday, 21 October, 2019 - 08:00 to Friday, 25 October, 2019 - 14:00

STRANEX:
Recent progress and perspectives in STRANge EXotic atoms studies and related topics

Trento, October 21-25, 2019

A novel and peculiar quantum system
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Why a meson bound state is novel and
peculiar quantum system?

hadron: <qqq> proton, neutron, ... : <qgq> m meson, K meson, ...
Fermion Boson
one particle per one state as many for a state
Particle consisting matter Particle generating field
existence (nuclear foce)
form

particle in vacuum
or

meson field in nuclei
(virtual particle)

exists as
particle at anywhere

key question

Can Kaon(meson) be bound in nuclei?

fd
5

Fukushima-Sasaki (2013)
Qusg‘k-GIuon Plasma

Can <qq> be a “real particle” even in nuclei?

What is a role of meson DoF. in nuclei?




Meson predicted in 1935. Since then, it has been
studied for ~80 years to identify mesonic nuclear bound
states, but no definitive evidence was made before.

 A(1405) as KN bound state . KN bound state

Prediction

Two-body KN and NN
+ Three-body KNN ?

Pole position (1415 - 1435) — (10 - 25) i MeV




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

A(1405)

AEX ~ 290 MeV
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From A(1405) to kaonic nuclel
with qq (y-condensate) in vacuum

qq



From A(1405) to kaonic nuclel
two color-singlet objects bound by

A(1405)

qq

M( pK- ) = 1432 MeV/c2



|(state|E)|2

A(1405) (/) in Lattice-QCD

08+

~Real (m,, = 140 MeV/c?)

¢ Recent Lattice
QCD supports,

o

penta-quark

3
meson-baryon molecule

A(1405) = p — K™ = (uud)-(us)

J.M.M. Hall et al., Phys. Rev. Lett. 114(2015)132002.
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From A(1405) to kaonic nuclel
two color-singlet objects bound by

M( pK- ) = 1432 MeV/c?

then, one can
embed K into
nucleus



From A(1405) to kaonic nuclel
kaonic nucleus “Kpp” (E15)

-----

M( pK-) = 1432 MeV/c? My ~ 2320 MeV/c?

M( ppK- ) = 2370 MeV/c2 By, ~ 50 MeV
Tyop ~ 100 MeV



What we

have done at
J-PARC?

K- +3He -
EGK—pp,5 + n
by KN—KN

reaction
as a doorway

\\K— FF” &
%E@Mbj bound

compact ob ject?

Formation-reaction image illustrated by OEW Harald Ritsch
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Acceptance corrected event distribution on (M, q)
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M & q defines kinematics <@ (or M & 6))

—qgsinf
P — qcost

Lab.
n

tan @
VM2 + pj —

K-+3He = “Kpp” + n

|

2prq cos 0 + g2

P — qcost
—qsinf

(

,

g cos b
g sin 6

VvV M?+ g

(

3.0

v
(/)
B 0, \WN\\N B
o 7)) Cg
\\\\\ N N\N 1 O
- Q#2777 '\ \ Y XY = I
Nys7 7 d O
47 7, I NI D,
v’ / ©; @I 3\ 0D £
vl e S o1 Gy Xy €x
K& &% H )\ sJ<
<0 | AN
/3 /? / / !
v /7 / | !
K / / )
/ / <
7 AQQMVZ l L\ / - nlm
q IIIII \I ] I\I -— \ ] ﬂ\ IIIIII
_ / / / S -
/ I 1 i N
- / / /! 1/ 4 = -
/ Y R QN N
/ AN o% -
- / -
vy / [/ /'S o
| | | | | | | | | | | 0.
| | | | | | | | | | | o
Nt momar~o

2.6 2.8

2.4

M [GeV/c?]

M [GeV/c?]



q [GeV/c]

Kinematics of Kaon 2N-absorption (on-shell)
K+Ns+Ns = F(=A +p)

v ma + g2 + (N )+ (V) = VMe+d
q U ) q
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q [GeV/c]
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QFika: K-+N = K +n
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after acceptance correction
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M: g-selected A p + Nmis.

PWIA w/ HO
p3B(M, q) X
(M-
| 1 | | | |
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= | + e
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(erp/z)2

energy (mass)

jwl(pp)2 + (I_‘Kpp/z)2

momentum

GKpp*BrAp ~ 12 “b

BKpp~50 MeV
(B.W. pole)

. erp ~100 MeV

om(Ap) ~ 10 MeV/c?
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q: M-selected A p + Nis.
PWIA w/ HO p3M.q) X (FK’Z’/ J exp[— A ]

(M - MKpp) (erp/z) QKPP
_energy ( mass ) momentum
spectrum [ _ .
5P +  for 2. 27<M<2 37 | -
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% - K'pp -
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Hierarchy inside nucleon
kaonic nucleus “Kpp”
V-3

>

~1.2fm ?



Hierarchy inside nucleon
kaonic nucleus “Kpp”

\‘ . \‘ .
~__' ~_—’

~1.2fm ?

nucleon in nuclei / incompressibile

~ 1.7 fm




Hierarchy inside nucleon

~ 1.7 fm



There could be a hierarchy inside nucleon

partially-colored
point-like nucleon
core \ L3

&R o ok color-singlet shell:
virtual meson cloud

hadron (partially-colored core) could be much
compact than nuclear charge density distribution



Summary future to go

E15: K-+3He—> (A+p)+n

convincing Kpp signal obtained
systematic study on light kaonic nuclei
compact deep nuclear bound system ?

Dote et al., PLB 590 (2004) 51




Renewed key questions:

- Dose K-meson change mass in nuclei?
=) Atomic number (A) dependence = n detector

“K-p”( =A(| 405) )’ “K-pp”, “Konn”, “K-ppn”’ “K-ppnn”, cee
- Spatial size?

=) precise angular dependence = full coverage

- Quantum state & decay?
=2 Ap /3% /T30 =y detector

(Y if budget-wise feasible: maybe too expensive)




Upgrade Plan

upstream downstream
E15 : return yoke
setup .
a) Solenoid Return Yoke B e e e e e e e = =
— n/y calorimeter
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Thank you for attention!



note: M Spectrum depend on how detected
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Key question (research motivation):
- Can Kaon(mason) be bound in nuclei?

- Anti-quark q and quark q co-exist in nuclei
if so, - Extremely new quantum states not previously known

- Gateway to ultra-high density physics
[ , [ [

|
150} : 350 < q <650 MeV/c -
§ H+ o acceptance
> X corrected
= = '
< 1001 * + ¢ data —
o | ]
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? + ++ OF g4
£ ool { it BG
— all ]
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Bipp~50 MeV (BW.) = -
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Physics Letters B 789 (2019) 620-625



What happens when one observe

point-like K-+3He = A + p + n reaction
oc phase-space

phase-space phase-space x eff:c:ency efficiency

~— Ps(M Q)A’V’Aq_ Z(M q)p3(M q)AMAq_
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not easy to apply efficiency correction!



We introduced three model functions to fit
data on (M, q) plane 2-dimensionally

E(M,q) x ps(M,q) x physx (M, q)

detector Apn 3-body physics
efficiency phase space process

“Kpp” QFka broad(BG)

KN—KN, KNN-“Kpp” KN—-KN, KNN—Ap K 3He—Apn ?

22 24 . . . ‘ . . . 2.4
M [GeV/c?] M [GeV/c?] M [GeV/c?]
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Hierarchy inside nucleon

~ 1.7 fm
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Insieme a un gruppo di ricerca di cui faccio parte abbiamo scoperto una nuova forma di
materia "strana” in un esperimento effettuato all’acceleratore J-PARC, in Giappone.
Questa scoperta ci aiutera a capire meglio I'origine della massa immediatamente dopo il

, ma anche il cuore delle stelle di neutroni.
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