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1. Introduction

The interaction of hight and intermediate energy (IE) particles with nuclei is considered as one
of the central subjects from the beginning of nuclear physics. A considerable amount of experi-
mental data for the interaction of different strongly (as well as weakly) interacting particles from
nuclei at those energies have been accumulated.

Many years ago, experiments and theory focused mainly on qualitative peculiarities of reaction
mechanisms [1, 2]. The new trends in nuclear structure investigations began after the discovery of
EMC-effect and cumulative particles production [3].

Atomic nuclei, which consist of nucleons located on distances ≈1 fm, are excellent micro–
laboratories for studding elementary particles and fundamental interactions in medium. At present
time, they are widely utilized for the investigation of the processes at short space-time intervals
(interaction of short living particles with nucleons, fragmentation, hadronization, and that all, see
[4, 5, 6, 7, 8, 9] and references therein).

The significance of in-medium properties appeared in the 90’s when some authors predicted a
connection between in-medium masses and chiral symmetry restoration in hot and/or dense matter.
This seemed to establish a direct link between nuclear properties on one hand and QCD property on
the other. Thus hadronic models are needed for a more specific prediction of properties in medium.

However, partly due to our present lack of knowledge about the details of the confined mecha-
nism, we are far away from a possibility to resolve the problem of in-medium effects from "the first
principles". Every attempt to extract some information concerning in–medium effect from data
will have (in part) the phenomenology. The authors of Ref. [10] (Professors Toshimitsu Yamazaki,
Yoshimori Akaishi) outlined the genuine situation with the investigation of in-medium effects and
highlighted the current problem : "There are a number of theories in this respect. The aim ... is to
provide an interface between experimental observables and theoretical quantities".

One of the most complete information about the in-medium effects was obtained in the ex-
periments performed by physicists at GSI. The deeply bound π states in nuclei have been dis-
covered and the mass shift of π− in Pb nucleus was obtained. A decreased chiral order parame-
ter, ( f nucl

π / f f ree
π )2 ≈ 0.78, of deeply bound states of pions in nuclei from the experiment using a

Td=604.3 MeV at GSI, Darmstadt, was extracted [11, 12].
The study of in-medium properties of hadrons has attracted quite some interest among exper-

imentalists and theorists because of a possible connection with chiral symmetry restoration in hot
and/or dense matter. Experiments using relativistic heavy ions are aimed to produce a system at
very high densities and connected with that very high temperatures. In their dynamical evolution
they run through various states, from an initial high-nonequilibrium stage through a very hot stage
of a new state of matter (QGP). Any observed signal necessarily represents a time-integral over all
these physically quite distinct states of nuclear matter. On the contrary, in experiments with micro-
scopic probes on cold nuclei one tests interactions with nuclear matter in a well-known state, close
to cold equilibrium. Even though the density probed is always smaller than the nuclear saturation
density, the expected signals are as large as those from ultrarelativistic heavy-ion collisions.

In addition, there is an evidence that partial restoration can be observed even in the ground
state of nucleus [11, 12]. (In the lowest order of density, this can be easily shown, see, T. Hatsuda,
S.H. Lee, and H. Shiomi, Phys. Rev. C 52, (1995) 3364.) This situation can direct to a some
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bridge between the investigations at intermediate and hight (IE) and high energy. Experiments at
IE are complimentary to heavy ion collision experiments and will give a good reference points for
theories such, e.g., as the QCD sum rule. Every attempt to extract some information concerning
in–medium effect from data will have (in part) the phenomenology [13].

2. Space-time picture of deep inelastic lepton-nucleus collisions (cumulative
nucleon production and hadron formation time)

Atomic nuclei, which consist of nucleons located on distances ≈1 fm, are exelent micro–
laboratories for studing elementary particles and fundamental interactions (see [5, 6, 7, 8, 9] and
references therein). At present, the semi-inclusive hadron production in Deep Inelastic Scattering
(SIDIS) of nuclear targets has became a focal point of investigations at the intersection of QCD
and relativistic heavy ion physics. Its purpose is at least twofold: this reaction should help us to
understand how a given QCD medium have effect on the non-perturbative hadronization mecha-
nizms. In the second place, such a trial also can help to observe the attenuation effect or quenching
of jets of partons and its formation time in nuclear medium. This is evidently a suggestive issue
in the physics of high energy heavy ion collisions where the quark-gluon plasma is expected to be
produced. In order to investigate the possible emergence of guark–gluon plasma, it is necessary to
understand the properties of ordinary multiparticle productions mechanisms in more simple condi-
tions than in the relativistic collisions of heavy ions [14, 15]. In the connection with production of
particles in different collisions, the concept of formation time is widely used:
from Few-Body Nuclei (see, e.g. M.A. Braun, C. Ciofi degli Atti, L.P. Kaptari, H.Morita, "Finite
Formation Time in Electro-Disintegration of Few-Body Nuclei," arXiv:nucl-th/0308069),
to Heavy Nuclei:
1.) Peter Filip, Jan Pisut, "Hadron Formation Time and Dilepton Mass Spectra in Heavy Ion
Collisions," arXiv:nucl-th/9705051,
2.) Sa Ben-Hao, et al., "Formation time effect on J/Ψ Dynamical Nuclear Suppression," arXiv:nucl-
th/9803033,

Hadronization is a large distance process for which we only have models. We developed a
cascade model of multiproduction of neutrino–nuclei interaction. The model describes a branching
process of the evolution of parton’s jet (up to hadronization) in the atomic nucleus. We assume
that the interaction between incident an lepton and a target nucleus takes place in a lepton–nucleon
interaction. The nucleus is excited by a series of collisions between secondaries (produced in the
first lepton–nucleon interaction) and the intranuclear nucleons. This process continues until all
secondaries escape target nucleus. A part of the energy is spread through the nucleus to produce a
fully–equilibrated nucleus which then decays statistically (as seen in Fig.1).

The process of generation of particles is simulated by the Monte Carlo method. The character-
istics of the partons from neutrino–nucleon interaction and of the produced particles with nucleons
in nucleus are taken from experiments with free nucleons. (The parton spectra is assumed to be
the same as hadronic one. The space–time characteristics of lepton–nucleon interactions inside the
target nucleus were taken into consideration [5, 6, 7, 14]. The cross section for the next collision
of a secondary particle with a nucleon inside the nucleus is given by

σhN = σ exp
hN (1− e−τ/τ0), (2.1)
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where τ is the time from the moment of production of this particle in the previous collision and
σ exp

hN is the experimentally determined total interaction cross section of a hadron with a nucleon
in nucleus at the energy of the secondary particle produced. Thus, only after a time τ (distance
L f ) does the cross section of intranuclear interaction reach the value σ exp

hN –hadronic LPM effect.
The parameter τ0 is a certain characteristic corresponding to the formation time of the secondary
generated hadron [6].

Figure 1: Left panel. Parton propagation in semi-inclusive deep inelastic scattering. Right panel. Evapo-
ration of the particles (protons, neutrons, etc.) from exited residual nucleus.

Below, we present the theoretical results for neutrino–emulsion interaction and compare with
experimental data.

Figure 2: (Left panel) shows the multiplicity distribution of relativistic s-particles for charged-
current νµ -emulsion interactions. The dotted curve corresponds to calculation according to our
model with formation zone parameter L f = 0.0 f m. The solid line is the prediction with L f = 0.5 f m.

The experimental data are taken from ref. [5].
Figure 1:(Right panel) demonstrates the spectrum of protons emitted backwards, with respect to
the beam direction, which have energies not allowed by the kinematics of collisions on a free
and stationary nucleon. The doted curve manifests the of proton with P2 ≤ 0.2(GeV/c)2. The
mechanism of such slow proton production is a process of the evaporation of the residual nuclei
excited in the stage of the propagaton of jets in the nuclei. It is worth to remark that in our approach
the evolution of quark–gluon jets in nuclei in the framework of our model is accompained by a
nucleon emission at backward angles and momentum ≥ 300MeV/c (cumulative nucleons).

The spectrum of such protons is depicted by the solid curve on Figure. In our model the un-
derlying mechanism responsible for energetic protons production was the ordinary quasideuteron
intranuclear absorption process. Such Cumulative Protons( CP) were observed in deep inelas-
tic charged–current neutrino–emulsion interactions [5, 14]. The experimental multillicity of CP
0.33±0.07 are in good agreement with the calculated one equal to 0.29. The effect of intranu-
clear absorption of particles (pions) by intranuclear ‘deuterons’ is well known in the theory of
nuclear reactions at intermediate energy. This process is essential only for the slow pions (of en-

4



P
o
S
(
B
a
l
d
i
n
 
I
S
H
E
P
P
 
X
X
I
)
0
1
1

The signals of partial restoration of chiral symmetry in medium at intermediate energy S.M. Eliseev

0 2 4 6 8 10 12 14
10-3

10-2

10-1

100

 

 

 

W
(N

S)

Ns

 

0,0 0,1 0,2 0,3 0,4 0,5 0,6

100

103

102

101

P2(GeV/c)2

E
/P

dN
/d

P
2 (G

eV
-2
/c

3 )

Lines - Theory, this work

 FNAL, E-564, ZPC,56(1992)391
 HERMES, NP,B609(2001)255

Data:

Figure 2: Left panel. The multiplicity distribution of particles for charged-current νµ -emulsion interactions.
Right panel. Invariant momentum distributions of the final state protons from backward angles.

ergy ≤ 1GeV ). At high energy beams this effect makes all only some percents. As a result, the
existing experimental data on CP from SIDIS of neutrino on nuclei can be interpreted, see solid
line on Figure.

Further more, we insert the four nucleons Blokhintsev‘s fluctons [14], in our model, to explore
the chance to catch more energetic nucleons (than it is observed in the present day experiment.
In such a way, we predicted the production of more energetic nucleons (see dashed line in Fig-
ure). This forecast can be tested in the new class of experiment with much more statistics. In
addition, our estimation of zone formation is in agreement with the other finding for different
particle–nucleus reactions (see [5, 6, 7] and references therein). In conclusion, effect of the forma-
tion of particle is essential in many high energy phenomenon, e.g., in the study of signatures for
QGP formation: "jet quenching", the structure of anomalous J/ψ suppression in nuclear collisions,
etc.[15] The new studies of the parton propagation and hadronization processes expose important
connections between the DIS data, deuterium-gold collisions at RHIC, proton-nucleus interactions
in Fermilab experiment E-906 at 120 GeV, and proton-nucleus collisions at the LHC with multi-
TeV beams. They are providing new tools for understanding the fundamental QCD processes (for
the discussion of this subject see[9, 16]).

3. K+–Mesons Scattering: Hints on New Effects

Upon discovering the EMC effect (the first in-medium effect on the quark level), of great
importance became the problem of detection of the signals of similar effects in nuclear reactions
with hadrons. For this purpose, K

+
– mesons at IE are most suitable since they can probe the whole

volume of nuclei owing to their small cross section of interaction with nucleons [17, 18, 19].
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Our basic idea is to investigate simultaneously the interactions of two various elementary
particles having a like quark structure, but rather different possibilities for nuclear interactions. As
follows from the experiment, the K

−
N system forms a resonance at IE with a large cross section.

The K
+

–meson interacts with a nucleon rather weakly and, therefore can probe the full volume of
nuclei to "see" some exotics in deeper levels of nuclei. (Note that K

−
–mesons interact with nuclei

more peripherally.)
We have used the Glauber model because it became quite standard in the theoretical physics

community. She is used in various theoretical models where it is essential to calculate the propaga-
tion of particle through the medium. On the basis of this model were interpreted several experimen-
tal data, candidates for the signals of a phenomenon beyond the standard scenario: J/Ψ suppression
and the phenomenon of color transparency (see, e.g., Refs. [15, 20]). Therefore it is very tempting
to use the same theoretical approach (as an addition to the numerous calculations in the frame-
work of usual optical model [17, 18, 19]) to recognize whether experiment on K

+
–nuclei provides

us with a hint for some new physics ("swelling" of the nucleon in a nuclei, renormalization of mass,
i.e., partial restoration of chiral symmetry). From the theoretical point of view, this can bridging of
a gap between problems of IE and high energy (relativistic nuclei collision, hadron-nuclei, QCD,
QGP etc [16, 21]). In the Glauber model, we have introduced noneikonal corrections up to third–
order, and both Pauli and dynamic short–range correlations [22]. The nuclear Fermi motion effect
was taken into account. The momenta of intranuclear nucleons are sampled by the Monte Carlo
method. Relevant momentum distributions of nucleons were taken from [23].

Following Glauber, the amplitude for a projectile-target elastic scattering, assumes the general
form:

f (Q) =
ik
2π

∫
eiQ⃗·⃗b

[
1− eiχ (⃗b)

]
d⃗b, (3.1)

where b is the impact parameter and χ is the corresponding phase shift function. More explicitly,
for projectile-nucleus scattering Eq.(3.1) can be cast into the form:

F(Q) =
ik
2π

∫
eiQ⃗·⃗b < [1− eiχ (⃗b,⃗s1,···,⃗sA)]> d⃗b, (3.2)

where s⃗ j is the component of the radius-vector r⃗ j of the j
th

target-nucleon in the direction per-
pendicular to the incident momentum k⃗, while the brackets < > denote the target ground-state
average. Further, given the corresponding projectile-target nucleon amplitudes f (q), one can ex-
press the above projectile–target nucleus amplitude in the parameter–free way:

F(Q) = ik)
∫

bdbJ0(Qb)×

{
1−

[
1− 1

2πik

∫
e−i⃗q·⃗b fp(q)Sp(q)dq⃗

]Z

(3.3)

×

[
1− 1

2πik

∫
e−i⃗q·⃗b fn(q)Sn(q)dq⃗

]N}
,

6
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here S(q) is the nuclear form factor, N, Z are the numbers of neutrons and protons in the target
nucleus, while G(Q) is the corresponding c.m. correlation factor. It is then a straightforward
matter to determine the total cross section for the case of K

+
-target nucleus scattering according to

the optical theorem. The total and reaction cross sections may then be approximated by:

σt = 4π
∞∫

0

Re
[
1− eiχ(b)]bdb, σr = 2π

∞∫
0

[
1− e−2Imχ(b)]bdb, (3.4)

The parameters of kaon–nucleon amplitudes was taken from the data and from the Martin
phase shifts [24, 25, 26, 27]. Having thus the amplitudes f (I) for isospins I = 0 and I = 1 we can
readily find the K

+
–proton amplitude as well as K

+
–neutron amplitude.

Fig. 3 represents our results. We can
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Figure 3: The total, σt , and reaction, σr, cross sections
for K+-mesons interaction with calcium nuclei. The solid
lines denote the prediction of our model. The dotted curve
represents the result of the previous authors [28]. The ex-
perimental data are taken from Refs. [17].

see that our calculated cross sections for
K+ meson interactions with nuclei fail to
describe the experimental data. Compar-
ison of the experimental data with the re-
sults of our calculations clear demonstrates
that the deeply penetrating hadron (K+–
meson) can "see" in the nucleus some "ex-
otics" (beyond habitual mechanism of nu-
clear reactions). At the same time, our
model give an adequate description of col-
lisions of K

−
with targets, i.e. in the case

of more peripheral interactions
(see Tab. 1) . It worth noticing that our
results have been obtained without fitting
any new parameters. Many authors as-
sume some exotic phenomena ranging from
the nucleon swelling to renolmalization of
nucleon in a nucleus (partial restoration of
chiral symmetry). Our results show the
possibility of observing some unusual phe-
nomena in K

+
–nucleus interaction.

The influence of all our corrections
(introduced in usual Glauber model) on
the calculation cross of sections of K

−
–

and K
+

–nuclei interactions is shown in
Tab.1. In comparison with the results of
other authors our present model improves

the agreement between theory and the new experiment for the K
+

–scattering (see Fig. 3). We show
that the greatest puzzle is that the K

−
–nuclei data are rather well described but the predictions for

K
+

are quenched with respect to the new experimental data. We should emphasis that our results
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only argue in favor of the "window" for new physics scenario in K+– nuclei collisions. Much work
to be done to fully settle the nature of the K+-nucleus anomaly.

Table 1. The total cross sections (in mb) for K-mesons interaction with 12C nucleus at momen-
tum 800 MeV/c. In parentheses are given the value of cross sections taken from Glauber model
without corrections.

σ(K−+C) σ(K++C)
Dataa theorya this work Dataa theorya this work
338±7 328 335 (325) 177±1 .5 149 164(161)

a as in [18]
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