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Introduction

@ study of antibaryon (p, A X, é) bound states in selected nuclei:

o behavior of antibaryon in the nuclear medium

o changes of the nuclear binding energy, single particle energies and
density distributions

e p absorption in a nucleus

@ previous study I.N. Mishustin et al, Phys. Rev. C 71 (2005)
e possibility of long living p in the nuclear medium?

@ testing models of (anti)hadron—hadron interactions

o knowledge of p—nucleus and Y—-nucleus interaction for future
experiments (PANDAQFAIR)



RMF approach

@ Baryons treated as Dirac fields interacting via the exchange of meson
fields

o isoscalar-scalar field o, isoscalar-vector field w,,, isovector-vector field
Py, and massless vector field A,,.

@ The standard RMF models TM and density dependent model TW99

giN(PVN) — giN(Psat)fi(X) ) I = o,w,p,

where pyy is a vector baryon density and x = pyn/psat

(S. Typel, H.H. Wolter, Nucl. Phys. A 656 (1999) 331)



RMF approach

@ Dirac equation for nucleons and antibaryon

[—iaV + B(mj + §j) + VjJof = v, j=N,B,

1+
S= 80j0, VJ = Zuwjwo + ZpjpoT3 + EjTTBAo + 3R s
08w b5} g,
T = & ~ pvnwo + Eoll PINPO — & N psno
apVN 8PVN BPVN

@ Klein-Gordon equations for meson fields

(=& +m2)o = —gon(pyn)ps—&,5(Pvn)Psa
(—A+ mf,)wo = gun(pvn)pv+8,8(Pvn)PyvE
(=2 + m2)po = gon(pvn)pi+8,5(Pvn) o5

—AAo = epptegpi-



Baryon-nucleus interaction

@ Nucleon-meson couplings obtained by fitting nuclear matter and finite
nuclei properties
@ Hyperon-meson coupling constants:

e for w and p field obtained from SU(6) symmetries,
o for o field obtained from fits to experimental data (A hypernuclei, &
atoms, = production in (K™, K™) reactions)

8on = 0.621g,p, Bwh = 2/3ng7 8o\ = 0,
8ox = 0.5g,n, 8wy = 2/3ng7 8py = 2/?’gpN >
8= =0.29g,n, &= =1/3gun, 8= = &N



B-nucleus interaction

B-nucleus interaction

A

e BN — BN interaction — G-parity transformation G = Ce/™h

go'B = gG'B7 ng = _gUJB7 ng = ng
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Fig.1: The scalar and vector potential acting on nucleon in %0 (left) and p in *°0;
(right), calculated statically in the TM2 model.
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p-nucleus interaction

@ Antiprotonic atoms: energy shifts and widths due to the strong
interaction — the depth of ReV; ~ 100 — 300 MeV

@ Reduced p coupling constants

8op = fgaN, 8wp = _f BwN, 8pp = égpN )

where parameter £ is from (0, 1)

o large polarization effects confirmed
(I.N. Mishustin et al, Phys. Rev. C 71 (2005))

@ density dependent model TW99 - similar results as TM model



B-nucleus interaction

The issue of the p self-interaction

KG equations for a meson 121
field acting on nucleons: 1k
2 _ — 08
(_A + m/\/l)(DN = EMNPMN g . ZOSPbBTMl
+&mpPmp O
. _ 04l
acting on p: =
02F N

(=A + m3))®p = gunpmn T N
Tgmprmn rifml

Fig.2: The p density in 2°Pbj, calculated
with and without the p self-interaction.




B-nucleus interaction

The p absorption

@ p—nucleus optical 1~0;
potential: osh
ReVp =€ VRwF — o6
Im V5 = Z £ B AmboprmE » b

channel
0.2fF
£=0.2, Imby = 1.9 fm ;
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Fig.3: The phase space suppression factor f;
as a function of the center-of-mass energy +/s.



B-nucleus interaction

The p absorption

Table 1: The 1s single particle energies Es and widths ' (in MeV) in
1805, calculated dynamically (Dyn) and statically (Stat) with the real,
complex and complex with f; potentials (TM2 model), consistent with

p—atom data.
Real Complex Complex + f5
Dyn | Stat | Dyn | Stat | Dyn | Stat
Ep | 193.7 | 137.1 | 175.6 | 134.6 | 190.2 | 136.1
M5 - - 552.3 | 293.3 | 232.5 | 165.0
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B-nucleus interaction

CMS vs LAB frame

@ p absorption in a nucleus — non-negligible contribution from the
momentum dependent term in

2 = = \2
s = (Ew+ Ep)” — (Pn + Fp)”
where E; = m;j — B; for i = N, p.
Table 2: The 1s single particle energies Es and widths I'5 (in MeV) in

1605, calculated dynamically in TM2 model with different approach to
/s, consistent with p—atom data.

| CMS | LAB
Es [ 190.2 | 191.6
5 | 2325 | 179.9
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Spin symmetry

Spin symmetry in p spectrum

o relativistic symmetry of Dirac Hamiltonian when V=S+const
J.N. Ginocchio, Phys. Rep. 414, 165 - 261 (2005)

@ spin doublets - states with j = £ + % are degenerate
@ upper components of p wave function are equal gn, ¢11/2(r) = gn, e—1/2(r)
@ lower components are related by the equation

9 l+2 0 -1
<E + f) fope+1/2(r) = <E - ) fo0-1/2(r)

r

@ spin symmetry is well preserved in antinucleon spectra
X.T. He, 5.G. Zhou, J. Meng, E.G. Zhao and W. Scheid, Eur. Phys. J. A 28, 265
- 269 (2006)
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Spin symmetry

0.003

372

o
=3
S
[~}

0.001

wave function [fm

!
I’
=}
L \‘ ! £
M ! 1-0.0004 3
\ ! E]
ol ] —-0.0006 =
Yool 5
L e
oL =-0.0008 5
Vol e
|/ pin oM
V' goam 000
Il Il Il 1 1 1
0 2 2 3 4
r [fm] r [fm]

Fig.4: Upper (g) and lower (f)

components of the p wave function

in 05 TM2, calculated dynamically.

wave function [fm

Spin symmetry

0.001

0.0005

2
r [fm]

Fig.5: Upper (g) and lower (f)
components of the p wave function

40

2
r [fm]

differential relation

in 1*0; TM2, calculated dynamically

with p absorption in the nucleus.



B spectrum

Antibaryon potential
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Fig.6: The B-nucleus (left) and B-nucleus (right) potentials in *¢0.
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B spectrum

Antibaryon spectrum
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Fig.7: The spectrum of A and A in *®0, calculated in the TM2 model.
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B spectrum

Baryon vs. antibaryon s.p. energies
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Fig.8: Single particle energies of =~ and =* for £ = 0.2 in various nuclei, calculated

dynamically in the TM model.
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Conclusions

@ antibaryons are deeply bound in the nuclear medium
o large polarization effects of the nuclear core due to B confirmed

@ p absorption in a nucleus — p widths are suppressed due to the phase
space reduction, but still remain large for potentials consistent with
p—atom data

e significant contribution from Tz and Ty to I'p

@ spin symmetry in p spectrum is preserved even if the polarization
effects in the nucleus and the p absorption are taken into account
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