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Abstract. Goldstone and Jafle proved using very
general arguments that for a chiral bag surrounded
by a Skyrme soliton, the baryon number of the
Dirac vacuum inside the bag exactly cancels the
(known) baryon number of the soliton outside.
Their analysis applies to massless quarks. In order
to obtain a formalism easier to generalize to massive
quarks, we rederive the result for spherical bags by
solving the Dirac equations for the inside of the bag
and explicitly performing the required summations
over the energy levels.
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Chiral bags

Dirac lagrangian for fermions in the bag, the Skyrme lagrangian for the pion cloud outside
the bag, and the interaction between fermionic and bosonic fields at the surface of the bag:
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static hedgehog
ansatz
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Skyrme’s soliton: Uy (r) = exp [i8(X)7 - n}

H0) = —n
B(c0) = 0.

S = [ d*x(igop—B)+ | d*xLs— § dZ8,(TrUypr+T,UMypy).

F; J
Loy = = Tr (0, Ud"UY)+ 207 Tr [(6, U)UY, (3, U)UTY?,
. €
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Boundary condition at the surface of a spherical

bag for isodublet of massless Dirac fields *

— iy n¥(r) = exp (iO7 - u}lﬂl‘F{r}

Symmetry SU,: K=1I1+J=1+L+S,

For a spherical bag of radius R this condition applies at {r[ = R and the unit
vector n, which is the external normal to the bag surface, reduces to r/R. Under isospin
transformations the Dirac bispinors ¥ transform as a doublet. This corresponds to the
inclusion of u and d quarks only. The components of the vector 7 are the Pauli matrices
acting in isospin space. The parameter @ is a real number describing the strength of the
classical pion field at the surface of the bag.
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Discrete spectrum of energy: n, K, M, k, P, €
(SU, :K=0,1,2 ...; -K<M <K) - degenerate: M

Equations for the energy levels:

K=O X = IE!R.
(1 +sinE'}si11x+cns@msx—icusﬁ'sinx=ﬂ
K>0

[k l(x)fﬁ:+1(x}““ﬁ:(-‘f)] cos @ —jp(x) Ligx—1(x)—Fx+1(x)]

sin @

EK—l—ljﬁ(I) Lic_ ()4 jg1:(%)] = 0.
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S=1-1+1-1+1...="7
S=1-(1—-1+1—-1+1-...)=1-S5
2S=1 = s=%

Poisson summation:

S= lim R1=5(-q)" -
1

: 1
lim — ==
q—-1- 1+q 2
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Spectral asymmetry for quarks in chiral bags

B,,. = —& lim Z K exp{—1tE\).
t-*ﬂ*‘
1 : b T
B{H}—E(E‘— sin & cos @), =5 C, {E

B(rn+ ®)=B(®)= — B( —0)
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On the distribution of baryon number
In chiral bags

K.J. Heller and MJ, Nucl. Phys. A481 (1988) 679
(Received 7 December 1987)

Abstract

We calculate the even moments of the baryon number density originated from the
vacuum polarization in chiral bags. All these moments are shown to be finite after the
point splitting regularization. Our results agree very well with those derived from the
parametrization of baryon density given by Jackson and Vepstas (accompanying article).

Important steps:
K.J. Heller, MJ and M.A. Nowak, Z. Phys. C 30 (1986) 483;
MJ, Acta Phys. Polon. B 19 (1988) 33 (Received April 6, 1987)
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Vol. B11 (1980) ACTA PHYSICA POLONICA No 6

HIGH ENERGY ANTIPROTON ANNIHILATION ON NUCLEI
AND MULTIPLE SCATTERING MODELS

By M. JeZABEK AND K. ZALEWSKI

Institute of Nuclear Physics, Cracow®
{ Received December 21, 1979)

We point out that according to multiple scattering models an antiproton incident on
a heavy nucleus is likely to annihilate, even at incident momenta of a few hundreds GeV/c,
when the annihilation probability in pp collisions is very small. Experimentally, a comparison
of the leading p and leading p spectra in pA and pA collisions at the same energy gives a good
chance of discovering this effect, if it exists. Quantitative predictions valid for a wide class
of multiple scattering models are presented and discussed.

Marek Jezabek (;racow
Epiphany
Conference



‘2 ‘ A.Biatas, M.Bteszynski, W.Czyz,
A 200 Ge‘% Nucl.Phys. B111, 461 (1976)

'6- ﬂ s aA,nnnih
.
O A, inel NF

oan(b) = 1-[1-G(B)]",

Gr(b) = jdlﬂﬂﬂ.n(f—b) § dzea(s, 2),

Energy dependence:

~0.61
OHamnin = 01 mb P,

50 100 150 200 250 A

We point out that according to multiple scattering models an antiproton incident on
a heavy nucleus is likely to annihilate, even at incident momenta of a few hundreds GeVJe,

. when the annihilation probability in pp collisions is very small.
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|

~ A measurement of the annihilation cross-section in pA scattering would shed
much light on the space-time evolution of scattering processes on nuclei. It might for in-
stance exclude the leading particle cascade mechanism, or give information about energy
losses i induvidual collisons,

40 Years Later: o,,,,;, not measured, LPC ruled out
* hard processes (e.g. Drell-Yan:T.Jaroszewicz&MJ,1980)

»= p spectra in pA collisions (A.Biatas, W.Czyz, K.Zalewski...;
DPM: A.Capella, A.Krzywicki, J. Tran Tranh Van... )
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~ A comparatively simple experiment would consist in & comparison of the fast
proton spectra in pA collisions with fast antiproton spectra in pA collisions at the same
energy. Our calculations show that also this measurement can give the necessary informa-
tions about the evolution of the mtranuclear process.

40 Years Later: Yes!
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-
Leading proton and antiproton distributions in

proton-nucleus and antiproton-nucleus interactions
|
We present a study of leading protons and antiprotons mp-nucleus andp -nucleus on Be, Cu, Ag, W, and U
targets. The experiment was performed at the CERN-SPS at a beam energy of 120 GeV. For all targets a
suppresston of secondary anttprotons with respect to protons 15 observed. The difference between thep andp
spectra ncreases with decreasing y-values and the effect 1s stronger for heavier nucler. The features of the data
ate qualitattvely conststent with multiple-collistons modesls. The data are analysed m terms of a dual parton
model which gives a satistactory description of leadingp andp spectra.

Bailey R., ..., Rézanska M., et al., Z. Phys. C29, 1 (1985);
MJ, J. Karczmarczuk, M. Rézanska, Z. Phys. C29, 55 (1985)
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Dual Parton Model for pA inelastic collisions

n = n,, 4 - number of wounded nucleons in A (participants)
After collision:
Q=0 Q1 +p, Qo +p3 Q3 +...; O =|n><n|;

|n>= |n>p| n>, , Where|1>p=|1 >,=|Dg>

Forn=1:

D —valence diquark
g — valence quark
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2>,=[Dqg;Dqg>

2> p= Dagqgsqs > where g, is a sea quark
and four colorless objects are formed

(Da) (aD)(gs D) (g5 q)

———)  — —

and after fragmentation one baryon moves in
direction of p (Forwards) and two baryons
move in direction of A (Backwards)

=  no transfer of baryon number between
B and F hemispheres
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Is it possible that

Q£ = (1-c) Q, + ¢ Q;

Q, =12" >< 2'|

2" >=]|9gqqgq>, IDDD>, 7
Yes, for 10 - 10 color configuration.
(@D) (@D) (aD)

— — —
After fragmentation three baryons in

backward hemisphere! AB_,z = 1.

A similar mechanism in p inelastic scattering
on two wounded nucleons in a nucleus may
lead to baryon number annihilation.
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