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Precision Hypernuclear Spectroscopic Data
reveal the Baryon-Baryon Interactions
In collaboration with Precision Theoretical Calculations

=N —
A } EN-AA-ZF
N1 AN-EN
AN
System = Two body (Few Body) Many body

Few-body Calc.

|
Theory = (O)BQEI\F/I’A/Gv-Matrix & Averaged Potential

!

I i 3

| Hypernuclear
EXp. = |YN scat'ng Structure




YN, YY Potentials €= Hypernuclear Structures

Spin-Spin, Spin-Orbit, Single-Particle Structure: B, —U,
Tensor SS, LS splittings

Spin-Isospin dependence  Multi-body Effect (Many body force)
Coupled Channels

In A hypernuclear System, we have demonstrated
that the frameworks work very well.

We expect that it can be applicable to the = (or AA)
Hypernuclear System,
which will be examined in J-PARC



The Question to be asked for E438 was:

“Is the 2-Nucleus Potential Attractive or Repulsive?”



Situation in 2-Nucleus System

Olsospin dependent U ;. in light systems
- a bound state in A=4 at KEK (R.S. Hayano et al., PLB231(1989)355)

at BNL (T. Nagae at al., PRL80(1998)1605)
- systematics of (K-,m*) in A=4,6,9 (S. Bart et al., RL83(1999)5238)

OX'-- atomic X ray data suggest that...
- attractive/m. absorptive In tp-potential
- repulsive/s. absorptive in DD-potential
(C.J. Batty, E. Friedman, and A. Gal, PTP117(1994)227)

ONo other data is available...
- Poor YN Scattering Data
- (K-,®*) spectraon A=16
Vs (Re U;)>-10 MeV from 12C(stopped K-, ")

by M. Iwasaki 5



2+,O

CROSS SECTION (ub/sr MeV) [EXP.]

4He! K",n ) spectrum at 600 MeV/c (BNL)

1 T.Harada, PRL81(1998)5287 ~_
50 — AHe TT— ——— Theoretical calculations | i
I : | : : . . sdospln
+He ) sog.z ep.
40 - 4 By=0 W
| =
30 - | - 40 S
L I ——
i Hﬂ + i 5
20 | ikt Hw bl e
i W ] 2o 5
: T
10_ | ~
1 | S u =
0 - | | , T eemadi .

-

200 22D 200 275 300

Histogram and closed cirles:T. Nagae et al., PRL80('98)1605



Strong Isospin—Dependence of 2 —Nucleus Potential

d°o/dQdE (ub/sr/MeV)

BNL; S. Bart etal, PRL83, 5238(1999)
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(K™, =) spectra A=16 ,insufficient statistics, no BG free no peak
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>--nucleus optical potentials in 2’Al+X-

40 T 11 - T - ] 20
LOANF [\ [opa | £27A1
[ 'I' ‘\‘ <
/ “ Real 0
>
O
)
E 1-20
(2|
D)
L
A
—40
0 1 2 3 4 5 6
r (fm)
S Compiled by
_20 TP B BN T P T Harada (Osaka-EC
o 1 =z 3 4 s ¢ I.Harada(Osaka-EC)
Real part Imag. part Real part Imag. part
Type | repulsive strong (30-40MeV) Type Il | (weak) attractive  weak (< 10MeV)




E438: Study of 2-nucleus potential
by the (7,K*) reaction on heavy nuclei
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Inclusive (n,K*) spectra at p,.,,=1.2 GeV/c on CH,, Si, NI, In and Bi
were measured at KEK-PS K6 with SKS in Oct. & Dec., 1999.
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Energy Scale

Energy Resolution
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Measured Inclusive (7,K*) Spectra on C, Si, Ni, In, & Bi

.. P. K. Saha, PhD thesis, KEK-Rep.2001-17

8 i'gng)lea;ksiiaps <0 My P K- Saha, Phys. Rev. C70, 044613(2004
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Spectrum Analysis based on DWIA
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Fermi-averaging of the Elementary Cross Section

do/dQy-(s,t) = 2., AP (cos f.+) in CM

A~
—
98
~
O
=.
~—
_5_||||1lll|||11 e oo by o o by
1600 1800 2000 2200 1600 1800 2000 2200
sqrt(s) [MeV] sqrt(s) [MeV]
30 =
= 35 £ Az M.L. Good et al., PR183, 1142(1969)
9 4 J.C. Doyle et al., PR165, 1483(1968)
2= | O.L. Dahl et al., PR163, 1430(1967)

Cooovou 1y
1600 1800

Il l L
2000

2200 dT/dR o, (E) =

do/dQ,,,. in Lab

=i —B, dependence

.} Si, 0dg,

FJ PP I PP P |
-50 =25 0 25 50

| IV IPUPEPIPE IPUPUPE PRI |
75 100 126 150 175

-B,(MeV)

/%)T"

e
Fermi motion of a proton = @/ k-

L S oWldo/dQ(st)] S k-P)ok

sqrt(s) [MeV] S 0 k) S k—-P)dk

P =k +ks- = k-



Compared with DWIA Cal.
- Fitting Results -
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DWIA application to...
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Concluding Remarks of E438

1. Inclusive (r",K*) spectra on CH,, Si, NI, In, & Bi were
measured with a good resolution (3~5 MeV in FWHM).
1.1 The measured spectra show a similar shape.
1.2 No peak structure in the bound region
1.3 The maximum at -B,- >120 MeV

2. The measured spectra on Si, NI, In, & Bl were compared
to calculated ones within the framework of the DWIA.
2.1 A repulsive 2—-nucleus potential with a non-zero size
of the imaginary part was required to reproduce the
measured (rt",K*) spectra in shape.
2.2 This framework was successfully applied
to reproduce the (x*,K*) spectrum on C.
Fermi-averaging of the elementary reaction on mass-shell
condition iIs required. — Optimal Fermi Averaging
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Sigma-Nucleus Potential in A = 28
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We have studied the (77—, K*) reaction on a silicon target to investigate the sigma-nucleus potential.
The inclusive spectrum was measured at a beam momentum of 1.2 GeV/c with an energy resolution of
3.3 MeV (FWHM) by employing the superconducting kaon spectrometer system. The spectrum was
compared with theoretical calculations within the framework of the distorted-wave impulse approxima-

tion, which demonstrates that a strongly repulsive sigma-nucleus potential with a nonzero size of the
imaginary part reproduces the observed spectrum.

DOI: 10.1103/PhysRevLett.89.072301 PACS numbers: 21.80.+a, 13.75.Ev, 25.80.Hp, 25.80.Nv

The sigma(3)-nucleus potential describe Papers: pUblIShed N PRL89(2002)072301

of a X2 hyperon in the nuclear medium.
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Recent Theoretical Analysis
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(m—,K*) reaction
at 1.2GeV/c

28Gj | 2.~
by T. Harada
(Osaka-EC)

repulsive

attractive

DWIA analysis with

the optimal Fermi-averaging

T.Harada,
Y .Hirabayashi,
NPAT759 (2005) 143
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Comparison with resent studies

Compiled by T. Harada
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[MeV]

J. Dabrowski, PRC60 (1999) 025205.

J. Dabrowski, J. Rozynek, Acta. Phys.
Pol. B35 (2004) 2303.

“The X s.p. potential is repulsive
Inside nucleus. Only NHC-F is
acceptable.”
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Prospects of X Hypernuclear Studies

* More precision measurement of the (7,K*) spectrum
over a wide range from the A-bound up to 2-unbound states

The A region would be sensitive to the AN-2N coupled channel:
conversion width
— E10 for J-PARC

* High resolution Spectroscopy of the low-lying 2*-atomic state
via the (K-, #*) reaction near the recoilless momentum

Large Shift of 1s state

 Study of 2-N interaction using light 2-nuclear systems
— H. Tamura’s, Lol for J-PARC

e 2-N and/or 2-Nucleus Scattering Experiment
— K. Miwa’s, Lol for J-PARC
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