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Abstract. The two-scale model and its improved version were used to perform a fit to the HERMES data
for the v (the virtual photon energy) and z (the fraction of v carried by hadron) dependences of the nuclear

multiplicity ratios for 7

and 7~ mesons electro-produced on two nuclear targets (**N and %*Kr). The

quantitative criterion x? was used for the first time to analyze the results of the model fit to the nuclear
multiplicity ratios data. The two-parameter’s fit gave satisfactory agreement with the HERMES data. Best
values of the parameters were then used to calculate the v and z dependences of the nuclear attenuation
for 7°, K+, K~, and p produced on the 84Kr target, and also make predictions for v, z, and the Q? (the
photon virtuality) dependences of the nuclear attenuation data for those identified hadrons and nuclei that

will be published by HERMES.

1 Introduction

Studies of hadron production in deep inelastic semi-inclu-
sive lepton—nucleus scattering (SIDIS) offer a possibility to
investigate the quark (string, color dipole) propagation in
dense nuclear matter and the space-time evolution of the
hadronization process. It is well known from QCD that con-
finement forbids the existence of an isolated color charge
(quark, antiquark, etc.). Consequently, it is clear that af-
ter the deep inelastic scattering (DIS) of a lepton on the
intra-nuclear nucleon, a complicated colorless pre-hadronic
system arises. Its propagation in the nuclear environment
involves processes like multiple interactions with the sur-
rounding medium and induced gluon radiation. If the final
hadron is formed inside the nucleus, it can interact via the
relevant hadronic cross section, causing further reduction
of the hadron yield [1]. QCD at present cannot describe the
process of quark hadronization because of the major role of
“soft” interactions. Therefore, the understanding of quark
hadronization is of basic importance for the development of
QCD. for this purpose we investigate the nuclear attenua-
tion (NA), which is the ratio of the differential multiplicity
on a nucleus (A) to that on deuterium (D).
The experimentally measured observable is
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with N”(v, z, Q?) being the number of semi-inclusive had-
rons in a given (v, z, @?) bin, and N¢(v, Q?) being the num-
ber of inclusive DIS positrons in the same (v, @?) bin. The
experimental data used are one dimensional, which assumes
that integration is done over all other kinematic variables.

Presently, there are numerous phenomenological mod-
els on the market for the investigation of the NA [2-14]. The
two-scale model (TSM) [4] and its improved version (ITSM)
is used in this work to perform a fit to the HERMES NA
data [15,16]. For a fit procedure we use the high-statistics
and therefore a more precise part of the data sample, which
includes data for the v and z dependences of NA for 7+
and 7~ mesons on two nuclear targets (*N and 8*Kr).
The v and z dependences of NA for 7%, K+, K, and an-
tiproton, produced on the 8*Kr target, are described with
best values of the parameters obtained from the above-
mentioned fit. Then, the set of parameters is used also for
the prediction of the v, 2z, and Q? dependences of NA for
the data from those targets that will be published soon by
HERMES [17]. The remainder of this paper is organized
as follows. In Sect. 2 we briefly recall the TSM. In Sect. 3
we discuss the possibility of the inclusion of the Q? depen-
dence in the TSM. In Sect.4 we describe the scheme we
used to improve the TSM, substituting the step-by-step
increase of the string—nucleon cross section by a smooth
raising function. In Sect.5 we present the results of the
model fit to the HERMES data. Our conclusions are given
in Sect. 6.



220

2 The two-scale model

The TSM is a string model which was proposed by EMC [4]
and used for the description of their experimental data. The
basic formula is

Ry = 275/ bdb/ dap(b, x) (1)
0 —00

A—-1

X [1 —/ da' o5 (Ax)p(b, ) ,

where b is the impact parameter, x the longitudinal coordi-
nate of the DIS point, p(b, z) the nuclear density function,
z' the longitudinal coordinate of the string—nucleon inter-
action point, o5 (Az) the string—nucleon cross section on
a distance Arx = 2z’ — x from the DIS point, and A the
atomic mass number.

The string models are based on the idea that after
DIS the knocked-out (anti)quark does not leave the nu-
cleon remnant, and forms a string (color dipole) with the
(anti)quark on the fast and the nucleon remnant on the
slow end, while the color string itself consists of gluons. Its
longitudinal size must be larger than the transverse size,
but cannot be essentially larger than the hadronic size
because of confinement. The string can then break down
into two strings according to the following scenarios. First,
when the quark—antiquark pair from the color field of the
string is produced; and second, when the color interaction
between the string and the nucleon (lying on its trajectory)
has occurred (see for instance [3]). In the “history” of the
string there are two time scales which are of interest to
us. These are the time scales connected with the produc-
tion of the first constituent (anti)quark of the final hadron
and the interaction of two constituents for the first time.
As it has been mentioned above, the model contains two
scales (see Fig.1): 7. (I.) the constituent formation time
(length)!; and 7, (I;) the yo-yo formation time (length).
The yo-yo formation means that a colorless system with
valence content and quantum numbers of the final hadron
is formed, but without its “sea” partons.

In the two-dimensional string models which satisfy the
following conditions:

(1) quark—antiquark pairs arising from the vacuum do not
have energy;

(2) energy loss of the leading quark on unit length (string
tension) is constant (a widely known example is the Lund
model), there is a simple connection between 73, and 7:

Th — Te = 2V/K, (2)

where z = Ej, /v, Ej, and v are the energies of the final
hadron and the virtual photon respectively, and x is the
string tension (string constant). Further we will use two
different expressions for 7.. The first expression for 7. is
obtained for hadrons containing a leading quark [18]:

Te=(1-2)/k. (3)

! In relativistic units (A = ¢ = 1, where h = h/2x is the
reduced Planck constant and c the speed of light) 7; = 15,4 = ¢, h
because partons and hadrons move with near-light speeds.
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The color string fully spends its energy on a distance of
L = v/k beginning from the DIS point (see Fig. 1). The last
hadron produced from the string is h = H;, which contains
a leading quark and carries an energy Ej. At distance L,
the energy of the leading quark becomes equal to zero and
the whole energy of the hadron is concentrated in another
constituent. This constituent collects its energy from the
string and will have energy E} on a distance L only if it
was produced on a distance Ej,/k = zv/k from L. This is
reflected in (3). It is important to note that the hadron
produced on the fast end of string is not always necessarily
the fastest hadron.

The second expression for the average value of 7, used
in this paper was obtained in [5,19] in the framework of
the standard Lund model [20]:

TC:/ ldlDC(L,z,l)// diD(L,z,0),  (4)
0 0

where D.(L, z,1) is the distribution of the constituent for-
mation length [ of hadrons carrying momentum z. This
distribution is

C
« (5@ S L4:D)+ ;:Zi) 0(1)0(L — 2L — 1),

where L = v/k, and C = 0.3 is the parameter which
controls the steepness of the standard Lund fragmentation
function. The path traveled by the string between the DIS
and interaction points is Az = x’ — x. The string—nucleon
cross section is

Ustr(Ax) — H(TC _ Aq})aq + Q(Th — A$)0(AJJ — TC)O'S

x — DIS point
t le— const. formation length
l,— yo—yo formation length
L — full hadronization length

X X+l x+I, x+L  x

Fig. 1. Space-time structure of hadronization in the string
model. The two constituents of the hadron are produced at
different points. The constituents of the hadron h are created
at the points P2 and Ps. They meet at Hs to form the hadron
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Fig. 2. a The behavior of the string—nucleon cross section as
a function of the distance in the TSM. b The same as in a for

ITSM taking into account a more realistic smoothly increasing
string—nucleon cross section

+0(A£L’—Th)0'h, (6)

where 04, 0, and o3, are the cross sections for the interac-
tion with the nucleon of the initial string, the open string
(which means the string containing the first constituent
(anti)quark of the final hadron on its slow end) and the
final hadron respectively (see Fig. 2a).

It is worthy to add that (1) is written for the case
where the nuclear properties of deuterium are neglected.
In our calculations we also take into account absorption in
deuterium, and use the ratio R}, = Ra/Rp with R4 as
defined in (1).

3 Inclusion of the Q? dependence in TSM

In the following discussion two quantities will be used for
the virtuality of the string: Q2 (precise value) for con-
sideration of the Q2 dependence, and Q2 (average value)
for consideration of the v and z dependences. The TSM
was introduced in [4] for the description of the v and z
dependences of NA and does not contain a direct Q2 de-
pendence, while it deals with cross sections measured at
average values of Q?:

Oq = UQ(Q2)5 o5 =04 A?rc)a (7)

where QQ is average value of @2 in the moment of DIS.
36 = Q?(7.) is the value of Q? for the open string, or in
the time interval 7, after DIS. Q2 must be smaller than

QQ, because the string radiates gluons and diminishes its
virtuality. QCD predicts the Q% dependence of the string—
nucleon cross section in the form [21,22]

7(Q%) ~ 1/Q%  04(Q7) ~1/Q7 . (8)
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Using this prediction we can express the cross section for
the initial string as follows:

04(Q%) = (Q*/Q*)0,(Q?) . (9)

In the same way the expression for the open string cross
section can be written as

05(Q2.) = (Q7./Q2)0s(Q2),

where Q2 = Q*(7.) is the virtuality of the string in the
time interval 7. after DIS. In order to estimate the ra-
tio of Q2 /Q2 we adopt the scheme given in [23,24]. In
accordance with this scheme, during time ¢ the quark de-
creases its virtuality from the initial Q? to the value Q?(t)
as follows:

(10)

Q1) = v(t) - ()

(t) +tQ*”

where v(t) = v — kt. The calculations show that for the
HERMES kinematics (1.2 < Q? < 9.5GeV? and Q? =

2.5 GeV?), the values for the ratio QE/QEC are close to 1
(for 7. in the form of (3), it changes in the region 0.97-1.04,
and in the form of (4) in the region 0.92-1.12). This ratio
is not dependent on v, while it depends on z and @2, and
only at z larger than 0.7 for 7. in the form of (4), it deviates
from 1 by more than 10%.

However, in the case of a Q> dependence, just the aver-
age value of z in a given Q? bin should be taken into account.
Since the multiplicity as a function of z diminishes at large
z values, the average value of z cannot be greater than 0.5
depending on the kinematics of the experiment. Calcula-
tions show that the inclusion of a factor Q% /Q2. instead
of unity leads to a maximal deviation in the R%, value for
the lowest and highest 2, which in the case of HERMES
kinematics corresponds to 2% at Q? = 1 GeV? and 2.5% at
Q? = 10 GeV2. Taking into account the above-mentioned
arguments we can conclude that the constant approxima-
tion for o4 is quite reasonable in the HERMES kinematics.

4 Improved version of the two-scale model

In the TSM the string—nucleon cross section is a function
which jumps in the points Az = 7. and 73,. In reality the
cross section increases smoothly until it reaches the size of
the hadronic cross section, hence it makes direct sense to
improve the model in order to reflect this (see Fig. 2).
We introduce the parameter ¢ (0 < ¢ < 1) in order to
take into account the well-known fact that the string starts
to interact with the hadronic cross section soon after the
creation of the first constituent quark of the final hadron
and before the creation of a second constituent. The string—
nucleon cross section starts to increase from the DIS point,
and reaches the value of the hadron—nucleon cross section
at Ar = 7. However, in that case one cannot extract the
exact form of o' from perturbative QCD, at least in the
region of Az ~ 7. This means that some model for the
shrinkage—expansion mechanism has to be introduced. We
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use four versions for the definition of o*%. Two of them
were taken from [25].

Let us briefly discuss the physical reason behind the lin-
ear or quadratic dependence of the cross section on Az /7,
which will be presented below [26]. The QCD lattice calcu-
lations show that the confinement radius is much smaller
than the mean hadronic radii. Consequently the color field
in the hadrons is located in tubes with a transverse size
much smaller than the longitudinal one. The valence quarks
and diquarks are placed at the end-points of these tubes.
In case of inelastic scattering, the interacting hadron-tubes
intersect in the impact-parameter plane. The probability
of the crossing of the tubes is proportional to their length.
This means that o** increases proportional to Az /7. In the
naive parton model, the inelastic cross section of a hadron
with a nucleon is proportional to the transverse area which
is filled in by its partons, i.e. o' increases proportionally
to (Ax/T)2.

The first version of the definition of o
quantum diffusion:

St s based on

o™ (Az) = 0(1 — Ax)[oy + (0 — 04) Az /7]
+0(Ax — 1)op, , (12)

where 7 = 7. + cAT, AT =T, — TC.
The second version follows from the naive parton case:

o (Az) = 0(1 — Az)[oy + (on — 04)(Az/T)?]

+0(Azx — 7)oy, . (13)
Two other expressions for o5 were also used [2,6]:
A
o (Az) = op, — (o4 — 0y) exp (_a:) (14)
T

and
o (Ax) = o — (o4 — 04) exp (- (Af>2> . (15)

One can easily note that at Az/7 < 1 the expressions (14)
and (15) turn into (12) and (13), respectively.

At first glance it may seem that the ITSM, as opposed to
the TSM, is actually a one-scale model. But one must note
that 7 is a function of the two scales 7 = (1 — ¢)7c + ¢,
whereas the parameter ¢ regulates the inclusion of each
scale into 7.2

5 Results

In this work we have formulated one of possible improve-
ments of the TSM and performed a fit to the HERMES
data [15,16] using the TSM and ITSM. Only the NA data
for the v and 2z dependences for 77 and 7~ mesons on
14N and #4Kr nuclei were used for the actual fit. For each

2 We encourage the readers to form their own opinion on
this definition.
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measured bin the values of % (averaged over the given v
bin) in the case of the v dependence, and ¥ in the case of
a z dependence were taken from the experimental data,
whereas the use of these values allows one to avoid the
problem of additional integration over z and v in (1). The
string tension (string constant) was fixed at a static value
determined by the Regge trajectory slope [24,27]

k=1/(2na’z) =1GeV /fm. (16)
The nuclear density functions (NDF) were used as fol-
lows: for deuterium the hard core deuteron wave functions
from [32] were used. For He and *N, the shell model [28]
is used, according to which four nucleons (two protons and
two neutrons) fill the s-shell, and the other A — 4 nucleons
are on the p-shell:

p(r) = po (j + % (A; 4 :j) exp <—:22) , (17)

A A

where 74 = 1.31 fm for *He and r4 = 1.67 fm for 14N.
For ?°Ne, 8 Kr, and '*'Xe the Woods-Saxon distribu-
tion was used:

p(r) = po/(1+ exp((r —ra)/a)). (18)

These three sets of NDF’s were used for the fitting with
the following corresponding parameters: the first set [29],
a = 0.54 fm,

ra = (0.978 4 0.0206AY/3) AY/3 fm . (19)
The second set [30], a = 0.54 fm,
1.61
ra = (1.19A1/3 - A1/3> fm (20)
and the third set [31], a = 0.545 fm,
ra=114A3fm, (21)

where the values of pg are determined from the normaliza-

tion condition:
/ dPrp(r) =1.

The parameter a is practically the same for all three sets;
the radius r 4 for the third set is larger by approximately 6%
than the one for the first and second sets. Two expressions
for 7. were used for the fitting procedure — (3) and (4). For
%" (Ax) one expression in TSM, (6), and four different
expressions in ITSM, (12)—(15), were used. The values of
oy, (hadron—nucleon inelastic cross section) used in the fit
were set equal to o,+ = 0,- = 20mb. Two parameters
were determined from the fit. In the case of TSM they are
04 and o, and o4 and c in the case of ITSM. The meaning
of the parameter ¢ was introduced in Sect. 4.

Afterwards, using the best fit parameters, different pre-
dictions were made for the v, z, and Q? dependences for
those identified hadrons and nuclei that will be published
by HERMES [17].

(22)
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Table 1. The TSM: the best values for the fitted parameters and x?/DOF (Nexp = 58,

Npar = 2)
Te (3) Te (4)
NDF oy (mb) os (mb) x?/DOF o, (mb) os (mb) x*/DOF
(19) 53+0.01 17.140.08 4.3 424001 16.6+0.07 2.3
(20)  5540.01 17.7+£0.08 4.5 434001 17.34£0.07 24
(21)  5840.01 18.3+0.08 4.8 444001 18140.07 2.6

Table 2. The ITSM: 7. (3). The best values for the fitted parameters and x?/DOF

(Nexp = 58, Npar = 2)

oStr (12) oStr (13)
NDF ¢, (mb) c x?>/DOF o, (mb) c x*/DOF
(19)  046+0.02 0.324+0.03 1.4 3.5+0.01 0.23+0.002 1.9
(20)  0.62+0.01 0.314+0.01 1.7 3.740.01 0224002 2.1
(21)  0.78+£0.02 0.304+0.03 1.8 3.9+0.01 02140.003 2.3
oStr (14) oStr (15)
NDF ¢, (mb) c x*/DOF o, (mb) c x*/DOF
(19) 114001 0154003 2.1 3.74001 015+0.02 23
(20)  1.340.02 0.154+0.03 24 394001 0.14+0.02 26
(21) 154002 0144003 28 414001 014+0.02 29

Table 3. The ITSM: 7. (4). The best values for the fitted parameters and x?/DOF

(Nexp = 58, Npar = 2)

o (12) o (13)
NDF o4 (mb) c x?/DOF o, (mb) c x*/DOF
(19)  0.04+0.001 0.56+0.02 4.6 0.97+0.01 0.17+£0.002 1.6
(20) 0.0£0.002 0.53 £0.02 4.3 1.0 +£0.02 0.17+£0.02 1.5
(21) 0.0+ 0.002 0.49+£0.006 4.0 1.1+£0.02 0.16 £0.02 1.6
o (14) o (15)
NDF o4 (mb) c x*>/DOF ¢, (mb) c x*/DOF
(19) 0.0+0.001 0.24 £0.02 3.0 1.54+0.02 0.103+£0.02 1.5
(20) 0.0£0.002 0.21£0.02 2.9 1.74+0.02 0.096+0.02 1.6
(21) 0.0+ 0.002 0.18£0.02 2.8 1.8 £0.02 0.089+0.02 1.8

The results of the performed fit are presented in Ta-
bles 1, 2, and 3.

Table 1 shows the best values of the fitted parameters,
their errors and x? /DOF for the TSM. Tables 2 and 3 show
these values for the ITSM. The only difference between
Tables 2 and 3 is the form of 7. that was used.

Results for the TSM (Table 1) are qualitatively close to
the results of [4]. The values of 6, < o}, and o, are approxi-
mately equal to 0y,, while o, obtained in the present analysis

is larger than the same in [4], because Q? for the HERMES
kinematics is smaller than at the EMC experiment. The
lowest (best fit) value of x?/DOF = 1.4 was obtained for
the ITSM (see Table 2) for NDF by (19), 0% (Az) as in
(12) and the constituent formation time 7 in the form of
(3). Values close to x?/DOF = 1.5, were obtained for the
two other versions of the ITSM with the constituent for-
mation time 7. in the form of (4) (see Table 3) for NDF,
(20), o**, (13), and NDF, (19), o**, (15).

For the TSM (Table 1) the best fit value of x2/DOF =
2.3 was obtained for NDF as in (19), and the constituent
formation time 7. in the form of (4). The results for NA,
calculated with the best values of the fit parameters from
the ITSM and TSM, for the v and z dependences of the
produced charged pions on the N and 3*Kr targets are
presented on Fig.3. One can see that where precise ex-
perimental data are available, it is useful to perform not
only a visual comparison of the models to the data but
also use the correct quantitative comparison using the y?
criterion. Indeed, even though a visual comparison hardly
allows one to determine which model better describes the
data, the value of x?/DOF for the ITSM is substantially
smaller. Furthermore, the NA for the hadrons produced
on the 8 Kr target (but not included in the fit), were cal-
culated. In Fig. 4 one can see the v and z dependences for
these identified hadrons. The values of o, that were used
are as follows: 0,0 = og- = 20mb, o+ = 14mb, and
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Fig. 3. Hadron multiplicity ratio R of charged pions for the
N [15] and #*Kr [16] nuclei as a function of v (left panel)
and z (right panel). The solid curves correspond to the ITSM
with NDF, (17), for '*N and NDF, (19), for 3Kr and %,
(12), with 7. in the form (3) for the values of the parameters
04 = 0.46mb, ¢ = 0.32. The dashed curves correspond to the
TSM with the same NDF for nuclei and 7. in the form (4)
for the values of parameters o, = 4.2mb, 0, = 16.6 mb. These
data were included in the fit and the curves were obtained as
a result of the fit

o5 = 42mb. The curves correspond to the ITSM and TSM
model calculations with the best set of parameters.

Satisfactory agreement is achieved for all of the con-
sidered hadrons. The proton was not included in these
calculations due to the following reasons. Among others,
the proton is quite unique, because it already exists in the
nucleus before the DIS act. All other hadrons are mainly
produced as a result of fragmentation of the knocked-out
quark and only the proton has more complicated produc-
tion mechanisms: from the remnant of the nucleon on which
the DIS takes place, from the fragmentation of the knocked-
out quark. Also, another possible scenario could be the color
interaction of the other nucleons with the string.

Figure 5 shows the results of the TSM and ITSM in com-
parison with the experimental data for the NA of charged
hadrons on the %3Cu target [4] performed in the region of
v and Q2 values higher than in the HERMES kinematics.
In order to compare with the EMC data we have redefined
o4 to the Q%MC ~ 10.6 GeV? according to the expression
(9). We would like to discuss Fig.5 in detail for several
reasons. First, the EMC data for the NA are for charged
hadrons and it is not quite clear which value should be
used for oj,. We use the same o, as for the pions, due to
the simple assumption that at higher energies mainly the
pions are produced; moreover, it has been checked that the
NA weakly depends on o}, at higher energies. Secondly, we
see that the high energy data can be used to distinguish,
or choose more precisely, different versions of the models.
In particular, the EMC data seem to agree better with
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Fig. 4. Hadron multiplicity ratio R of different species of had-
rons produced on the *Kr target [16] as a function of v (left
panel) and z (right panel). These data were not included in
the fit. The curves are calculated with the best fit parameters
described in the caption of Fig.3

® EMC T

0.9 -

0.8 I P ST B BT T BT S B
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z

Fig. 5. Theratio R for charged hadrons for ®3*Cu [4] as a function
of v (upper panel) and z (lower panel). The solid, dashed, and
dotted curves correspond to three sets of parameters with the
minimal values of x?/DOF in case of ITSM (see Tables 2
and 3): solid NDF, (19), o, (12), 7, (3), 04 = 0.46mb,
¢ = 0.32, x>/DOF = 1.4; dashed NDF, (20), ¢, (13), 7,
(4), 0, = 1.0mb, ¢ = 0.17, x*/DOF = 1.5; dotted NDF, (19),
a** (15), 7, (4), 04 = 1.5mb, ¢ = 0.103, x*/DOF = 1.5. The
dashed-dotted curves correspond to the best set of parameters
in case of TSM (see Table 1): NDF, (19), 7, (4), 04 = 4.2mb,
os = 16.6mb, x*/DOF = 2.3
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the case where the constituent formation time 7. is used
as in (4).

The investigation of NA is not complete, until one in-
cludes also the Q? dependence into the consideration. This
was already discussed in Sect. 3. On the figures that show
the results for the @2 dependence it is convenient to rep-
resent the NA ratio versus the inverse of Q?, because of
the connection of this dependence with higher twist effects.
Indeed, from (9), (6), (12)—(15), and (1) we can conclude
that in first approximation the expansion over the degrees
of 1/Q? for the NA ratio can be represented in the form
R4 = a+b/Q?% where b is negative. One has to note that
for the calculation of the Q2 dependence, o,(Q?) was used
instead of o4, whereas the corresponding expression is given
by (9). Using the best set of parameters obtained by per-
forming a fit to the published HERMES data [15,16] for
TSM and ITSM, we present the predictions for the new set
of the HERMES data [17] for *He (Fig.6), ?°Ne (Fig.7),
84Kr (Fig. 8), and *'Xe (Fig.9). Let us finally briefly dis-
cuss the nuclear matter distribution functions. For medium
and heavy nuclei the preferable NDF is the Woods—Saxon
distribution. However, there is some freedom in the choice
of the parameters themselves, therefore we have included
three sets of parameters, (19)—(21), in order to study the
uncertainty of the fitting procedure related to the NDFs.

6 Conclusions

(1) The HERMES data for the v and z dependences of NA
of the 77 and 7~ mesons on two nuclear targets (1N and
84Kr) were used to perform the fit of the TSM and ITSM.
(2) The x? criterion was used for the first time for such
a kind of analysis, to perform a comparison with the NA
data.

(3) A two-parameter fit demonstrates satisfactory agree-
ment with the HERMES data. A minimum x? (best fit)
was obtained for the ITSM, including the expression (12)
for 05" and (3) for 7. The published HERMES data do not
give the possibility to make a choice between the expres-
sions (12)—(15) for the o™, as well as to make a distinct
preference of the definitions (3) or (4) for 7., because they
give close values of x2.

Preferable NDF’s are the sets (19) and (20) as described
in Sect.5, because with these NDF’s, the lowest values
of x? were obtained for both TSM and ITSM. Moreover,
considering ten versions of different forms for 7, and &%
in TSM and ITSM, only two of them with the relative
minimal x? values correspond to NDF (21) (see Tables 1,
2, and 3).

(4) More precise data that are expected from HERMES [17]
will provide essentially better conditions for the choice of
preferable version of the model in terms of the different
expressions for o' and 7.

(5) In all versions we have obtained that o, < o},. This
indicates that at an early stage of the hadronization process
color transparency takes place.

(6) We do not include in the consideration the NA of pro-
tons, because in this case additional mechanisms connected
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Fig. 6. The ratio R for different species of hadrons for the
“He target as a function of v (left), z (central), and Q? (right
panel). NDF has been taken in the form (17). The solid and
dashed curves calculated with best fit parameters for ITSM
and TSM, respectively (see the caption of Fig. 3). Calculations
performed for extended kinematics of HERMES [17]: for mesons
v >2GeV, z > 0.1, Q® > 1GeV?; for antiprotons v > 4 GeV,
z2>0.1, Q%> 1GeV?
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Fig. 7. The same as described in the caption of Fig. 6 for the
2ONe target
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Fig. 8. The same as described in the caption of Fig. 6 for the
84Kr target. The NDF are taken in the form (19)
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Fig. 9. The same as described in the caption of Fig. 6 for the
131Xe target. The NDF are taken in the form (19)

with the color interaction (string-flip) and final hadron

rescattering become essential (see for instance [3, 5]).
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