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Cascade-Nucleus potential

Strong coupling dependence of cascade-Nucleus potential (c.f. Rijken’s talk):
Nijmegen model D: V~-23 MeV
Nijmegen model F: V~ 28 MeV
ESCO04d: V~-18MeV

—->Knowledge of the cascade-nucleus potential would give a valuable
information for the YN interaction,

In Phenomenological side I Woods-Saxon type:

Old emulsion data ‘e PoOtential depth
-24 < V< -20 (MeV)

C. B. Dover and A. Gal, Annals of Phys, 146(1983)309.

Twin lambda emulsion data =~ eesmmgs  \/~ -15 (MeV)

S. Aoki et al., Phys. Lett. B 355 (1995) 45.

Production data — V~-16 (MeV)
k T. Fukuda et al., Phys. Rev. C58 (1998) 1306.




= -production by (K~ ,K*) reaction in E224 at the KEK-
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T. Fukuda et al., Phys. Rev. C58 (1998) 1306.

DWIA calculation suggests that cascade-nucleus potential is
about -16 MeV.

Shallow potential depth is suggested from their investigations.




= -production by (K~ ,K*) reaction in E885 at the

12C(K_,K+)

P=1.80GeV/

C
P. Khaustov et al., Phys. Rev. C61 (2000)

054603-1.

Reasonable agreement between the
experimental data and DWIA calculation is
achieved by assuming a cascade-nucleus
potential well depth of about 14 MeV with the

Theoretical curve: — 20MME(Y Naraet al NPAG14(1997)433)
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Purpose of our study

1. To describe the cascade production spectrum in both of
Bound and Quasi-Free regions on the same footing using
a Fermi averaging t-matrix with on-shell condition

( Green’s function method

—Harada, Y. Hirabayashi, Nucl. Phys. A 744 (2004) 323.
M. Kohno, Y. Fujiwara, M. Kawai et al., Phys.Rev.C74:064613,2006.= P iT,
. imoto, M. Kohho, K. Ogata, M. Kawai, nucl-th/0610126. T f;-‘_;_‘"- 4%%‘ , 2

H. Maekawa, K. Tsubakihara, A. Ohnishi, nucl-th/0701066. : F R o

2. To predict the cascade production spectra on several
targets.



Fermi Averaging of -matrix for elementary process

We include the potential effects at the cascade
/ production points into the optimal Fermi average.

Energy conservation equation

bl ‘EA E _(r+E (r)=E, . (r)+E_(r)
Local Energy of Hadrons 0’ Effective mass of Hadrons
EH(V):\/pH+mH(’”)~mH ﬁ*’VH(’”) mz(r):mé+2mH‘EH(r)
“ “potential”

Local Optimal Fermi Averaging t-matrix (LOFAL)
[ dpyi(s.0)p(p )0 (o1 + Py (1) = Py = (1)

((r,o,0) =—
| dpyp(py)0" (py+ po(r) = Py = Py (1))
2
Double differential cross section: d’o  _ _Pekg R(E)
dE . dQ (272) v,
Response function: R(E) = ——Imjdrdr f*(r)t_*(r)Gaa (E;r',n)t . (r)f. .(r)

Non-Factrization form



Exp

Cascade production Quasi-Free spectra on several targets
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Theory:

V=-14(MeV)
W=-1(MeV)

In many works, spectra on 2C
target are underestimated.

Y. Nara et al.,NPA614(1997)433.
M. Kohno, Y. Fujiwara, M. Kawai et
al., Phys.Rev.C74(2006)064613.

S. Hashimoto, M. Kohho, K. Ogata,
M. Kawai, nucl-th/0610126.

C. Gobbi, C. B. Dover, A. Gal, Phys.
Rev. C 50(1994)1594.

Possible origins: Recoil, t-matrix, ...
These does not change
the spectrum shape.



Cascade production QF and BS spectra on 12C
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We decide the multiplicative factors
in comparison with the QF data.
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Calculated curve reproduces the low
resolution data with cascade-nucleus
potential of about —14MeV.



Cascade production BS spectra on 2C target
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Cascade production BS spectra on 2C target
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i Cascade production BS spectra on 2C target

When the conversion width is not very large (|W|<3MeV),
we can identify the bound state peak.
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Cascade production BS spectra on several targets
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For small width (JW|<3MeV), we can "identify the stretched
state peak just below the threshold.
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Summary and Conclusion

We have investigated the cascade-nucleus potential through the cascade
hypernuclear production spectra by (K-,K*) reaction

in both of the bound and continuum regions
in the Green’s function method of the distorted wave impulse
approximation with the local optimal Fermi averaging t-matrix.

The calculated Quasi-Free spectra are in good agreement with the

experimental data for heavy targets. After fixing the absolute value in QF

region, low resolution bound spectrum data on 12C are well described
with cascade-nucleus potential U ;~-14MeV

The cascade bound state peak structure can be found in the (K-,K*)
spectra on light target such as 12C, as far as
the imaginary part is not very large (|[W|<3 MeV)
and
the experimental resolution is improved (AE = 2~3 MeV),
as expected in the J-PARC experiment.



Model: Green function method by Morimatsu and Yazaki

Ref) O.Morimatsu and K.Yazaki, Nucl. Phys. A483(1988)493.
S.Tadokoro,Y.Akaishi,H.Kobayashi. Phys.Rev.C51(1995)2656.

M.T.Lopez—Arias, Nucl. Phys. A582(1995)440.
Double differential cross section

dz d (ele)
— S(E
iEdo. L (dﬂj ) (£)
verage

T+n—>K+Y \

x AN
\ Strength function

o1+ (pK pcosej K Pk . .
E, Py E.py Fermi averaged Elementary cross section

Kinematical factor

Strength function S (E) = _i Imjdrdr'fa*(r)Gw.(E; r',r)f,.(r)
L0 =2 OOy, O

Include the hyperon
potential in Green function
1

Meson distorted waves (+) (V)Z( )(r) _ ezqrr(r)

E-T,-U,—H, _ +ic

Distortion factor I'(r)= eXp[ EN_[ p(z")dz' O'KNJ p(z' )dz} “Green function”




Meson distorted waves in eikonal approximation

(z,K) reaction at1.20 GeV/c
2" (07 (1) =T (r)

Distortion factor T'(7) = exp|:j_zOo p(z')dz'L p(z')dz':|

~35.2mb ~16.3mb Eikonal phase for Kaon

T =exp -5 [ PN fP(Z')dZ'+

1 i
ZK+(b)=—h—vj_wdzU(z)

Kaon optical potential(real)

Partial wave decomposition for DW product

(+) (r)Z;(z )(I’) 2472'1 ]L (Q’”)YLM (k)YLM (r)

]L(qr)—z “(2L+1)" Z(Zl+1)l\/(21+l)/47z(1010|LO) J,(gr)L,.(r)

Distortion factor

Distorted Bessel function




A production spectra on 28Sij
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A production spectra on 8%Y
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A production spectra on 12C
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CROSS SECTION (ub/sr MeV)[EXP.]

{ Fermi averaging with the on-shell condition
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Several authors pointed out.

In order to describe the Quasi-Free spectrum,

On-shell condition is very important under the averaging

t-matrix of elementary process.

T. Harada, Y. Hirabayashi, Nucl. Phys. A 744 (2004) 323.

M. Kohno, Y. Fujiwara, M. Kawai et al.,Phys.Rev.C74:064613,2006.
S. Hashimoto, M. Kohho, K. Ogata, M. Kawai, nucl-th/0610126.

H. Maekawa, K. Tsubakihara, A. Ohnishi, nucl-th/0701066.
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i Cascade-Nucleus interaction

A different sign of cascade-Nucleus potential:
Nijmegen model D: V~-23 MeV
Nijmegen model F: V~ 28 MeV

—->Knowledge of the cascade-nucleus potential would give
a valuable information for the YN interaction models,

Old emulsion data analysis
3He: B, =5.9 + 1.2 MeV,
UB:B-=9.2 + 2.2 MeV,

3C: B, = 18.1 + 3.2 MeV, L—> Potential depth

13C:B; = 16.0 + 4.7 MeV, -24 < V< -20 (MeV)

'70: B; = 16.0 + 5.5 MeV,

Woods-Saxon type:

C. B. Dover and A. Gal, Annals of Phys, 146(1983)309.

A1: B, =23.2 + 6.8 MeV,
23Mg: B: = 2.4 + 6.3 MeV.
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