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Introduction

n meson - nucleus system

N(1535):JP=1/2-
S-wave coupling

NN system strongly couples to N(1535)

N(1535)-hole contributions important

cf. T-nucleus system: A-hole

can observe in-medium effect on N(1535) as well as on n

Formation reaction
(d,BHe), (Wap)a (va)a

missing mass spectra

recoilless condition (zero momentum transfer)

to stop eta in nucleus
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N(1535): Possible candidate of chiral partner of N

Chiral Partner Chiral doublet model

mass

N and N* : chiral multiplet of SU(2), ® SU(2)r
at ChRP, N and N* degenerate, ChSB splits the masses

Assuming partial restoration of ChS in nuclear medium

reduction of mass difference as density increases

0 strength of chiral restoration
my(p) —my«(p) = A(o), = (1 —C—)(my — my-~) J at the saturation density p,
Po C=0.1~03 =nNoterm
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Chiral Partner Chiral doublet model

mass

N and N* : chiral multiplet of SU(2), ® SU(2)r
at ChRP, N and N* degenerate, ChSB splits the masses

Assuming partial restoration of ChS in nuclear medium

reduction of mass difference as density increases 0 Go

0 strength of chiral restoration
[ my(p) —my«(p) = A(o), = (1 —C—)(my — my-~) J at the saturation density p,
Po C=0.1~03 =nNoterm

Meson-Baryon Bound State Chiral unitary model
N* is infroduced as a resonance generated dynamically in meson-baryon scattering

essentially
quasi bound state of KX
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N*: insensitive to the medium effect !!
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Optical potential of n in nucleus
N*-hole excitation

Assumption ;

1) N* dominance: Consider only N*-hole excitation.
2) s-wave coupling for n NN*
3) n atrestin nucleus due to the recoilless condition n

Optical potential of 7 in nucleus

Vn (w) B 9727 ,O(T) {4 Nn-nucleus reduced mass

9y, NNN* coupling

T 2uwt my(p) . (p) + iCn-(@ip)/2 | w nenery
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Optical potential of n in nucleus
N*-hole excitation

Assumption ;

1) N* dominance: Consider only N*-hole excitation.

2) s-wave coupling for 7 NN* N N
3) n atrest in nucleus due to the recollless condition n
Optical potential of 7 in nucleus
9y, NNN* coupling
9727 ,O(T) (t N-nucleus reduced mass
V77 (Cd) — * *

26w ¥ 1 () — - (P iDn- (@i p)/2 | w nenery

Real part of optical potential depends on eta energy and mass difference of N and N*.

w+my —mpy. >0 attraction N*-hole

w+my —my. <0 repulsion N 48 MeV

Density dependence
Ener'gy dependence no medium effects
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Optical potential of n in nucleus
N*-hole excitation

Assumption ;

1) N* dominance: Consider only N*-hole excitation.
2) s-wave coupling for n NN*
3) n atrest in nucleus due to the recollless condition n

Optical potential of 7 in nucleus
9n NNN* coupling
92 ,O(T) N-nucleus reduced mass
V77 (UJ) — = * g

2pfw + my (p) — miy. (p) L' = (w; p) /2 w_ N energy

Real part of optical potential depends on eta energy and mass difference of N and N*.

We have seen reduction of N-N* mass difference in nuclear medium in chiral doublet model.

w+my —my~ >0 attraction N*-hole = __.....

w+mliy —mi. <0 repulsion 1 48 MeV 7] l

v, level crossing

Density dependence
Ener-gy dependence no medium effects medium effects ?
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Optical potential of n in nucleus

Density dependence  fixing energy at w = m,,

N(1535)* dominance

N*-hole excitation

n

S
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Optical potential of n in nucleus

Density dependence  fixing energy at w = m,,

N(1535)* dominance - no strong medium modification N*-hole
for the masses of N and N*
N*-hole excitation Attractive N ' 48 MeV
J
N . = 600 ———
= Repulsive |

m_—.
n

450 U U U RN B
00 02 04 06 08 1.0
p/p,
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Optical potential of n in nucleus

Density dependence  fixing energy at w = m,,

N(1535)* dominance - no strong medium modification N*-hole
for the masses of N and N*

N*-hole excitation m N ' 48 MeV
n

Reduction of = 600 e L

N N* mass difference & | \ .
of N and N* — Repulsive
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Optical potential of n in nucleus

Density dependence  fixing energy at w = m,,

N(1535)* dominance - no strong medium modification N*-hole
for the masses of N and N*
N*-hole excitation Attractive N 48 MeV
n
Reduction of < 60T
N N* mass difference = .
of N and N* = Repulsive
n 950 E mn_-
. 500 m.-My
Level crossing N\
between eta and ' [
N*-hole modes asob o,

00 02 04 06 08 1.0

UL PP,
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Optical potential of n in nucleus

Density dependence  fixing energy at w = m,,

N(1535)* dominance - no strong medium modification N*-hole
for the masses of N and N*

n

Reduction of 600 ——T——T————7—

>
N N* mass difference é | Repulsive
of N and N*

. I
Q L Attractive
: 500 f MMy
Level crossing N\
between eta and ' '
N*-hole modes 450F . 4 L

00 02 04 06 08 1.0
JL pIp,

- sufficient reduction of the mass 7
difference of N and N* —_—

N hole
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Optical potential of n in nucleus

Density dependence  fixing energy at w = m,,

N(1535)* dominance - no strong medium modification N*-hole
for the masses of N and N*

N*-hole excitation m N ' 48 MeV
n
Reduction of = 600 T
N N* mass difference 2 . Repulsive
of N and N* =
77 L
Q | Attractive
. . L m -m_ .
Optical potential ~ ® = my, Level crossing 500 N N\
Real Part between eta and -
repulsive core N*-hole modes asob .,

00 02 04 06 08 1.0
JL pIp,

- sufficient reduction of the mass 7
difference of N and N* —_—

[ hoke

attractive pocket
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Green function of in-medium eta meson
Energy dependence
potential strongly depends on energy

— bound states calculated in self-consistent way

1 W\ "
Gplw) = N
77( ) w_mn_vn(w) NQN* n N
. 1 "
propagation of modes as poles n
Self-energy Green function

pole position: in-medium “mass”
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1 W\ "
Gplw) = N
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. 1 "
propagation of modes as poles n
Self-energy Green function
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Two modes of propagation
Eta meson mode
N*-hole mode

couple in nuclear medium
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Green function of in-medium eta meson

Energy dependence

potential strongly depends on energy

— bound states calculated in self-consistent way

Gy(w) = :

w —my — Vp(w)

propagation of modes as poles
pole position: in-medium “mass”

Two modes of propagation
Eta meson mode
N*-hole mode

couple in nuclear medium

change places
| if level crossing takes place
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Spectral function of in-medium eta meson

Energy dependence
Infinite matter calc.

Gy(w) = :

w —my — Vp(w)

Optical potential of 7 in nucleus

g p(r)

2p w +my(p) — my«(p) +iL'n=(w; p)/2

0) [MeV]

o (k=
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Spectral function of in-medium eta meson

Energy dependence Spectral function

Infinite matter calc.
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Spectral function of in-medium eta meson

Energy dependence Spectral function

S(w) =—-ImGy(w)

Infinite matter calc.

Gy(w) = :

w —my — Vp(w)

Optical potential of 7 in nucleus

g p(r)

2p w +my(p) — my«(p) +iL'n=(w; p)/2
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Spectral function of in-medium eta meson

Energy dependence Spectral function

Infinite mtter calc. S(w) = —Im G, (w)

Gy(w) = L p=0.1p, | 1
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Spectral function of in-medium eta meson

Energy dependence Spectral function
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Spectra of 12C(y,p)""B®n

D 200!
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consider (Y,p) reaction ~
=100
missing mass spectra =
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of emitted proton
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C target 50 |
in recoilless condition > 60
(no momentum transfer) 7
Green function method 20 |
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L details and pion induced case — Nagahiro’s talk J
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Eta mesic nuclei

Spectral function Spectra of 12C(y,p)""B®n
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Conclusion

The N*-hole contribution is important for the eta meson in

nuclear matter and it brings strong energy dependence on
the eta self-energy.

Reduction of the mass difference of N* and N as a result of
the medium effects induces level crossing of the eta and N*-

hole modes, which causes effective change in the spectral
function.

The change of the spectral function is observed in
formation spectra of eta mesic nuclei.




