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In Liebe und Dankbarkeit fiir ein langes und erfiilltes Leben

nchmen wir Abschied von

Prof. Dr. Dr. h. c.

Haruhiko Morinaga
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Wir werden Dich immer in unseren Herzen bewahren.

Keiko Morinaga
Taro und Kumiko

Jiro und Regina mit Elias

Die Trauerfeier fand im engsten Familienkreis in Ito/Japan statt.
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Antiprotonic Helium AtomMolecule
Miraculous Metastable Interface between
Matter World and Anti-Matter World

Antiprotons in matter e

---> prompt annihilation in picosec @5

Exception: Longevity in He media
- Discovered in 1991 at KEK(Japan)
M. Iwasaki et al. PRL (1991)
- 3 %, long lifetime ~ 3 microsec ! 2 ) IR S L LS
- Triggered by an accidental 10° o :
encounter with long-lived ‘““;

K- mesons in liquid helium (1998)  10* AR {4
- Systematic studies //)’”Es’ \‘M«,...,,. i

at CERN-LEAR 1991 - ma
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Antiprotonic Helium AtomMolecule

Metastability of pHe™

33
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large ionization energy: Iy ~ 25 eV 4 37
"“:;:1.?2 4g0as 68N
P4 7L7L 36
Suppressed Auger decays: S A ApT-€
— — i _ — +
pHe™(n.l) — pHe2+(n/,l') + e~: ,____—7L7L * p4He
‘_\E ~ 3 372.58 ;”12
® i il 7 4
Suppressed Stark decays:
_E'”_.li' - ‘E?-i'._lil_]. g [].:3 EV
e

Slow radiative decay:
(n,l) = (n—1,1—1); AE ~2eV

Retarded radiative decay: e~ polarization by p
Core Polarization: Arima-Horie (1954)
Suppressed E1 transitions ~ 1/3
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Hypothetical, Stable, Neutral, Protonic

Astronomical Objects
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Kaonic Proton Matter (KPM)
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High-density kaonic-proton matter (KPM)

composed of A* = K~ p multiplets and its

astrophysical connections

Yoshinori Akaishi'* and Toshimitsu Yamazaki'
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Akaishi—-TY: 2002
K™ atom

K—-N scattering
A(1405)= K™

nucl
UK
MeV
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rms distance

Strong K™ — p attraction [0 W.Weise(1995)

: o —.
Nuclear shrinkage Cikas };EFK }E ?‘*}Z DT =
Y. Akaishi and T. Yamazaki, PRC 65 (2002) 044005
T. Yamazaki and Y. Akaishi, PLLB 535 (2002) 70
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K PP _{ %=l 12 | Experimental evidences
2 20t 8
i i T.Yamazaki et al, PRL (2010)
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Pionic and kaonic origins of nuclear forces

a la K. Nishijima
T.Y-Y.A., PJAB(2007)

Molecular Nuclear Force Super Strong
Nuclear Force
Heitler-London (1927) Yukawa (1935) (2007)
Heisenberg (1932)
np P P
P p
_ K
e 1 .-
T+
T -
e K
P p P n P P
migrating mediating migrating
real virtual real

fermion boson boson



S. Maeda, Y. Akaishi & T. Yamazaki, Proc. Jpn. Acad. 89 (2013) 418
Dynamical formation of A*=K-p clusters in KK-pp
- A* condensed matter

Repulsion among K-'s

diminished Strong attraction among A™'s

rPunn [’ KKpp

K p (A*) condensed matter

~ A* - A*
12 -
N Siy =
J'rﬁ" — A7
— 13
— 14
0.8 —=t5
16
- — A7
!
o4 A\
A
§.75 N\
5 xﬁh
0 : : ——
0.0 05 1.0 15 2.0 25 3.0

r [fm]



NEW EXPERIMENTAL PROPOSAL

(conceptual) ™ sowosTaTE | E MoV]
PRODUCTIONOF %] /N i
5 0.9- \ .
K- K-p p fﬁ o5 — - .t
Gateway toward S 0ol ‘
Kaon Condensed I\/Iatf.’éro 2500 2600 2700 28;%2900 3000

M(K K'pp) [MeV/c ]

byp +p->A*+ A* + K + K*
> K_K_pp+K++K+

A denser state more favored 1n short-range collision
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A*A* model for K'Kpp

Y. Akaishi

D(1,1;) = N{ (M) (72) £ ¢ (7)) (1)
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If K- is assumed to be a Fermion:
Fermion covalent bonds
cancel each other.

Boson covalent bonds

are always added !
0.5 1.0 1.5 2.0 2.5 3.0
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1432
1405 = K- or A*
A* {A* Stl’ﬂﬂg&l&t l in mean field
x99 . «
A" in2A 15.9 p,
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1193
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1116 =——- A

At least 300 MeV binding

is necessitated for A* 3.2 py R. tetrahedron
12 covalent bonds
Neutron
Fermi level
040 n 3 5 10 ;
938 p Neutron matter density P '

ric. 4: “*Fig-v3-2-L*strangelet-levels.eps™ Predicted energy levels of A* = K~ p in
A* multiplets. The corresponding nuclear densities and neutron Fermi levels are
also shown, indicating that the A* in the A* sextet cannot decay to neutron.
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Hadronization +

Big Bang KPM seed formation
QGP
Evaporating hadrons and
& k¥ i Cooling K clusters as cold rgsldues

"#.##':.- ™ Expanding © ©

Stabilized KPM
DARK MATTER

*-*,:. '-f 0O D '::]'
Seowe™ Cooling
ses undd p = uud Expundfng
*%¥* S5 K'=su
p = uud r:} o & ‘
cgr’ O o
o ©°0 ' K duster
Q@ @ Hadrons
MATTER Dk s Kaonic Proton Matter
uark Sector
u,d s — {S, u ubar, d, dbar}
ANTI-MATTER
| Hybrid Sector quark polymer
Anti-Quark Sector
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No short-range repulsion



When and where anti-quarks disappeared ?
When and where quark-gluon bound system formed?

- s u® -uud branching
MATTER

ubar 4+ y = annihilation Quark Sector
u,d s
ANTI-MATTER
rid Sector
Anti-Quark Sector Hyb p
0,d,s uds uds ~2x10
Primordial - o
anti-quarks S u Su -uud
~0 ~2x 108
disappearing stable relic residue

Primordial quarks

Quark Gluon Bound system
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KPM
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