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FrROM QCD 10 NUCLEAR FORCE?
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MESON BOUND STATES
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Meson Bound States
D bound state (d, :He) reaction!
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PioninNuclel  Fas, T,

First observation of
Deeply Bound Pionic State
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How to progress physics in KN interaction?

"Kaonic Hydrogen Puzzle” has been solved!

\

Sub-threshold Domain
deeply bound Kaonic state

Precise Measurement
resolve isospin dependence

revisit anomalous shift and width of Kaonic *He (3d-»2p)
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Kaonic Hydrogen Puzzle

Inconsistency between the analysis of
KN Scattering Data and the Atomic Data

Opposite Energy Shift!
Atomic Data = Attractive
Scattering Data (k-matrix) = Repulsive

If attractive, pole can not exist
below K p threshold energy

\

L (1405) exist !?
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Is KN interaction Repulsive?

Existence of L (1405)
Kaonic Atom Data
Scattering Data

l

L (1405) = K- p bound state
by the Strong Int.
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What is the Present Situation?

KN is very strongly ATTRACTIVE!

KpX

Scattering data

L (1405)

Compilation of other atomic data Batty-Friedman-Gal Phys.Rep. 287 (1997) 385

Deeply-Bound Kaonic State question is how narrow and how deep it can be!

Anomalous shift and width of Kaonic “He (3d-+2p)
DE +iG2= 42@©8) +i2710 eV (?)

Helium bubble chamber data
KNN-+>YN kaon two nucleon absorption ~ 20%! WHY SO MUCH?

(stopped K, p*) experiment
KN+ pY




TheOrEtl Cal Predl Ctl On Akaishi and Yamazaki
Strongly attractive for isospin 0
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If It exist, what It means?

L (1405) = K~p bound state A

3 quark state? E Free K + nucl.

KN interaction in nuclei ¥ 20%ofkaon masst
SU(3) Deeply Bound K
Higher nuclear density S+nucl.
SU(3), chiral symmetry ] +:}’Eilmuc €l
' L Hypernuclei
Kaon condensation?! ypernuclei

light neutron star

nucl.




Deeply Bound Kaonic State

3 - T=0
Energy and Width He® K
Eqs = - 108 MeV o e
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Lower than Sp threshold (- 90~98 MeV)
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Will be seen as two-nucleon K absorption
in Bubble Chamber Experiment!



Anomalous shift and width of Kaonic “He (3d+2p)
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Experimental Feasibility Study

(stopped K7, n3) ;
K'+4He—>RH + N <H—=>LNN (eg)
Looks like two-nucleon K absorption

TOF (b~0.3) | in Bubble Chamber Experiment!
Branch?
GTheo
B=—"— >6 % aisti > 20 % < 20 % upper limit
ptota unpublished for conventional
or

G . Goioa =2~ 3 eV
— K —_— +3.

B—? —2-2-0.9%(?)
o4 <— K aonic Helium Atom Data

Decay ?
L pNN small in phase space

SNN } Two nucleon
L NN absorption!

Ld  (?)

—p | > 50 % assumed

Background Neutron?




How to Produce?
Nuclear Auger from Atomic State of Kaon

N
@© Mono-energetic!

Atomic —
Orbits L Nuclear
> K Auger !
He cluster S ot
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o Sl 'IA
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‘He 3, Radius Shrinks!
K

Strongly Attractive!



Background Processes

Quasi-free hyperon production
Hyperon production into free space KN YNp
Hyperon decay

cascade reaction
SN LN conversion

elastic and breakup by p, N, Y

Kaon two-nucleon absorption
KNN YN Lower branch for higher deep-K formation!

Negative p re-absorption

Hypernuclear formation and decay

S at rest reaction

meta-stable state
SN LN conversion

Input
Needs <— Helium Bubble Chamber

Detailed Simulation _ o
Pion momentum distribution
Kaon at rest in Helium



Comparison of the branching ratio
to the final states

Final state Simulation Bubble chamber data
Yot 9.55 93 £+ 2.3
YFrr~dn 0.85 1.9 +£ 0.7
YT pnn 0.79 1.6 £ 0.6
Yt r0nnn 1.81 3.2+ 1.0
YT nnn 1.31 1.0 £ 04
YT total 14.31 17.0 £ 2.7
Yot 4.51 4.2 + 1.2
Y- Tdn 0.99 1.6 = 0.6
Y- n T pnn 0.39 1.4 + 0.5
>~ 70 3He 1.38 1.0 £ 0.5
¥~ m%dp 0.68 1.0 £ 0.5
¥~ mppn 0.25 1.0+ 0.4
>"dp 1.78 1.6 + 0.6
> " ppn 1.17 2.0 £ 0.7
>~ total 11.15 13.8 £ 1.8
A7~ °He 11.48 11.2 &+ 2.7
A= dp 18.99 10.9 £ 2.6
A~ ppn 4.98 9.5+ 24
¥~ 3He 2.15 0.9 £+ 0.6
Y97 dp(ppn) 0.94 0.3 + 0.3
A(X°%)7w%dn(pnn) 23.24 22.5 + 4.2
A(X%)dn(pnn) 10.56 11.7+ 24

(X%)
(20w nnn 2.20 2.1 +£0.7
(5 total 7455 69.2 £ 6.6




Charged p Spectrum and the Present Simulation

counts

(KEK)

600 I T T T T

500F
400}
300}
200}

100

I T T T T I T T T T I T T T
p+momenturm spectrum

L

‘Smulatlon

0100

150 200 250
Momentum (MeV/c)

counts

2500 T
2000
1500

1000t

S500f

T I T T T T I T T T T I T T T T ]
p-momenturm spectrum _-

|||L"—r‘-#-==

0100 150 200 250
Momentum (MeV/c)




Simulated Neutron momentum spectrum
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Tagging How to improve S/N ratio?
L charged decay
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Neutron Detectors

Proposed Setup

LC counter for

Side View

K / p separation
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Proposed Setup down sream view

Downstream View
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Simple Fitting

Gaussian Shape Background 1s Assumed
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Conclusion

Feasible for
B,>100MeV B >2%
Study two nucleon absorption process
Study K *He atom X-ray using Si(Li)
Partially Approved in KEK-PS PAC
Run in 2002 for 80 shifts (JHF ...)
We need Neutron counters of about 4000 liter!

Experimental budget and man power is tight
Again JHF!




Meson Bound State Hunting
Plon : precise physics Sn isotope 2001 @ GSI

N,W : interaction can be studied 2002 @ GSI
even from the spectral shape

KaonNn: striking if it exists 2002 @ KEK

really below Sp threshold?
-- nothing can be found without try

Peak Hunting I1s Fun!



Spare OHPs



L Energy Spectrum and the Decay mode?
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Other Target of Interest

d @ L (1405)



