mquowkO4, Kyoto; 2004 H

Experimental investigation
of

dense kaonic nuclear states

Multi-Quark Hadrons:; Four, Five and More

T. Yamazaki (RIKEN)
Y. Akaishi (KEK), A. Dote (KEK),
M. Iwasaki (RIKEN), T. Suzuki (Uni Tokyo),
P. Kienle (IMEP, Vienna), K. Suzuki (TU, Munich),
N. Herrmann (GSI)




Nuclear excited states Energy [MeV]
with strangeness S = —1 4

as Feshbach resonances

2 2R-1, N(940)
Anlj: stable

A Hypernuclei: Many observed
e, 2911':, 2
2. Hypernuclei:

Unstable: XN — AN conversion
Exception: 4;He

A1405: K-p bound state

K™ nuclear bound states?

Below K N(1433)
Embedded in continuum




How to produce kaonic nuclei

Entrance-channel spectroscopy missing mass
Spectroscopic factor: suppressed? Momentum transfer
normal nuclei --> mquark nuclei
* 4He(stopped K-,n)ppnK~  Preliminary results at KEK
* (K ,N) at AGS, KEK
* (K~,n7) and (n*,K*0) at KEK, AGS, GSI, J-PARC
* (p,K™)
Decay-channel spectroscopy invariant mass
decay rate: suppressed?
* fireballs in heavy-ion reactions Preliminary results at GSI
* A* compound states
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How to produce? Supression?



EXPERIMENTAL SEARCH
M. Iwasaki et al., at KEK
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Experimental set up and particle trajectories
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KEK Experimental Result
Iwasaki et al. October 16, 2003

*He(stopped K-, n) pan_

_II iiii'.liiii'.il1'1_."—:
i H. torward and backward — 150 Observed candidate
i ﬂ mn comparison i
| + ¢ backward (scale: right) -
- + + m $ forward (scale: lefy 100
SR N
— + + 5{|vcg'vn|‘:10mm__
¢ ﬂﬁ# *Hv ; 135 < p, < 250 MeVic - 0
i + + / ﬁ# ' 0
- ‘ i
- + tails from ‘H’
i NsA Myp
i L1 1 1 ||1III[I:|}|!'lI|$r-I|| :|0 |

200 400 600 800

neutron momentum (MeV/c)

B, ~ 170 MeV
25 MeV

Predicted (Akaishi 2002)

B, ~120 MeV
+ 25 MeV (relativistic, etc)
~ 30 MeV

Observed Yield

much smaller than expected



T. Suzuki et al., HYP2003

= P

8 E;zti“g'%ger\*d »
gf: P<400MeV/c %
: ﬂﬁ

q” proton tri gered
“Ecos{np >%
E“ F’>4OO eV/c

caunts/3MeV

N | +
ﬂ - | | | 11 +|+ 1 11 | i- -J- 1 | II |
—3B0 —325 5 —15D 125

=270
fI“.[Kpp -M e —H 1(12



60

20

1 proton, cos(np)>0, dE/dx>4MeVee

i -

-------------------------------------------

T

00 [Z]n]¥]
Neutron Momentum

fastpi-dedx-It8-backward

................................................................

i

N R J L . Tit *:|-+++ .‘|'|'hﬂ'|'+++ér|'+++u+|' t piats 1

400 O

Neutron Momentum

el 1000

Forward proton tagging

Backward pion tagging



Strange bound states
embedded in continuum
" D=, N(940)

Am-: stable
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How to produce
(K,7) and (r,K) reactions
for various proton-rich K- bound systems

* Large ¢: good for large internal momentum * Varieties

(K- r-)

(n~,KO) (n* K*) (=.KO)
AQ -1 0 +1
target
p A, A* >+ y+%
[n] - A, A* X*, XH*
d pnK- ppK- -
He ppnK- pppK -

*He ppnnk- pppnK- ppppK-



CROSS SECTION [mb]

A*—doorway and A*—compound mechanisms

Hepp et al., N.P. B 115 (1976) 82
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K" COMPOUND NUCLEI
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Quark Gluon Plasma

Evaporating hadrons and
K clusters as residues

Cooling
Expanding O o © O

eoe uUdd S

k¥ S

O R cluster

oXe Hadrons




Search for K clusters as residues
in heavy-ion reactions

High-density medium accommodated in QGP fire balls
Deep self-trapping centers of K- produced in fire balls

Slightly delayed decay after the freeze-out: T > Treeze-out
Invariant-mass spectroscopy for decay fragments
Single-K~ ppK--—->A+p
Evaporating hadrons and
pan- -—->A+d Cooling K clusters as residues
ppnnK---—-> A +t Expnding 0 o O o°
pppnK----> A + 3He
Double-K~ ppKK --->A+A

PPPKK —-—->A+A +[
PPP




FOPI from Kutsche (PhD) 1999
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FOPI ClT GSI from Kutsche (PhD) 1999

Superb A identification

X-y plane
Run 3087
Event 160653



Counts

Counts

FOPT 1.9 GeV/u NixNi

p-m” invariant mass particle spectrum with A
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FOPI 1.9 GeV/u NixNi A-d invariant mass
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Yield: Prediction by chemical equilibrium model:

A. Andronic and P. Braun—Munzinger, priv.comm., 16/10/03

~

Prediction: prpn 0.01

Combinatorial background
R=S/N

- BR(Kppn ——>Ad) prpn
/(YA YY)
Y, 015, Y, 2
ppK™ K™

expected at 10 GeV/u cm

+5NM {GEU:I



ppK'K' fragment
expected at 10 GeV/u c.m.

Structure of ppK~ K~

E=-117 MeV
I'=35 MeV

Jaffe's H di-baryon?

uud—ubar—-s—ubar—s—uud not uuddss ?



Prospect

» Invavriant mass spectroscopy of All in
heavy-ion reactions: promising

» Complementary to the formation-channel
spectroscopy (K, ), (%, K),... J-PARC

» Yield esimate by Braun-Munzinger's group
» Search for single-K- and double-K-: 6SI
* More analyses and experiments at FOPI:
A+t for K'ppnn, A+3He for K pppn,...



STRANGENESS AT HIGH NUCLEAR DENSITIES

SChemath Hadrons in Nuclear Matter
Spontaneously, dynamically 1600 |-
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Implication of KEK exp:
B, (b9 = 173 MeV

PP

B, (e =128 MeV

PP
BKppn(obs) — BKppn(caIc)

=45 MeV
——=>> enhanced KN
in medium by 17%
Deeply bound n~
--->> enhanced N by 35%

My < Egn < M, no strong
decay, but weak decay:

--> Metastable: nsec

Exn < My absolutely stable:

Strangelet, strange star
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K- clusters
Cold, dense & microscopic nuclear systems

a New Paradigm - so far untouched

chiral symmetry restoration? quark—gluon phase?
exotic nuclear dynamics, strange matter/star, kaon condensation,......

Temperature &
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