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The process of pion production in AA collisions at central rapidities with a large transverse
momentum in the region kinematically forbidden for reactions with free nucleons (cumulative
production) is analyzed. It is shown that in this region the dominant contribution is from the
flucton—flucton interaction, leading to the emission of a quark, which then fragments into a pion.
The asymptotic behavior of the inclusive cross-section at high initial energies near the kinematic
boundary of the process is calculated and quark counting rules for the inclusive cross-section in
this region are formulated. The found patterns can be tested in the MPD and SPD experiments
at the NICA collider.
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1. Introduction

Cumulative production is the emission of particles in interactions involving nuclei in
regions that are kinematically forbidden for reactions with free nucleons. This phe-
nomenon was first observed experimentally in the works.!:?> Then, as a consequence,
the hypothesis® was put forward that a theoretical explanation for this effect could be
the assumption of the presence in nuclei of heavy objects — fluctons consisting of
several nucleons, which periodically arise in nuclei when nucleons approach each
other at distances smaller than the radius of the nucleon.
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From a modern point of view, such multi-nucleon clusters inherent in nuclei can
be considered as multi-quark bags — baryon-enriched quark-gluon clusters, similar
to drops of cold quark-gluon plasma. A consequence of the existence of such cold
dense nuclear matter clusters in nuclei is the emission of particles in regions kine-
matically forbidden for reactions with free nucleons (cumulative production). Until
now, these effects have been studied experimentally*~!! and theoretically'>~'7 mainly
only in the region of fragmentation of one of the colliding nuclei (target nucleus or
projectile nucleus).

The construction of the NICA collider,'®!'? whose characteristic feature in com-
parison with the RHIC and LHC colliders is relatively low energies of colliding nuclei
and high luminosities, opens up the possibility of studying this phenomenon in a new
cumulative region of central rapidities and large transverse momenta.?? % It is im-
portant to note that the study of cumulative phenomena in this new region opens up
the possibility of experimentally studying a new interesting process of flucton—fluc-
ton interaction in MPD and SPD experiments at NICA, which cannot be studied in
the region of fragmentation of one of the nuclei.

In this regard, it is also necessary to note that studying this process in dd collisions
at NICA SPD?’ has some additional advantages. In this case, there will be no con-
tribution from additional nucleon—nucleon collisions, which will make it possible to
study this process in its purest form, when both interacting deuterons are in the state
of 6-quark bags at the moment of interaction.

In this paper, we calculate the asymptotic behavior (at high initial energies) of the
inclusive cross-section for the emission of a quark with a large transverse momentum
near the cumulative kinematic boundary of an AA collision in the region of central
rapidities (it is assumed that later, at the hadronization stage, this quark fragments
into a cumulative pion). We show that the main contribution in this region comes
from the interaction of two fluctons. In our analysis, we use a generalization of the
approach!726730 developed earlier to describe particle production from a flucton and
based on an estimate of the asymptotic behavior of the QCD diagrams near
thresholds.

As a result, we find the quark counting rules for the inclusive cross-section,
characterizing the asymptotic dependence of this cross-section on two parameters —
the initial energy and the deviation of the momentum of the produced particle from
the kinematic threshold. We also show that the proposed approach, in the case of its
application to the analysis of the asymptotic behavior of elastic and quasi-elastic
reactions, reproduces the already known?' 3% quark counting rules for the differential
scattering cross-section in the region [t| ~ s > m2.

2. General Formulae

The amplitude of the process leading to the production of a pion in the cumulative
region with a large transverse momentum %k, ~ /54 7 /2 in a collision of two nuclei
A, and A, is schematically shown in Fig. 1. Here, P, and P, are the momenta of the
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Fig. 1. Schematic illustration of the amplitude of the process leading to the production of a quark in the
cumulative region with a large transverse momentum &, ~ /54 2,/2 in a collision of two nuclei 4; and A,.

colliding nuclei and n; and n, are the numbers of their constituent “elementary”
objects (constituent quarks and, possibly, diquarks®®). It is also convenient to in-
troduce the momenta per nucleon of the nucleus: p; = P,/ A, py = P,/ A,, then

saa, = (P + P)? = AjAgs + (A — Ay)*m%, s=syv = (01 +p2)% (1)

For the case of a collision of identical nuclei (4; = Ay = A) /544 = Ay/s. The
approach presented below is supposed to be used to describe pion production in
nuclear collisions in the new cumulative region of large transverse momenta and
central rapidities, accessible for observation in the SPD and MPD experiments at the
NICA collider.?°-2* For example, to analyze dd and pp collisions, it is sufficient to set
A =2 and A =1, respectively, in the general formulas obtained.

In this paper, we will also limit ourselves to calculating the inclusive cross-section
of quark production with momentum £ in the specified cumulative region, leaving
aside the description of the process of its fragmentation into the observed cumulative
pion, as well as the process of fragmentation of recoil quarks with momenta I, .. .,1,
into hadrons. In this case, the inclusive cross-section I(k), corresponding to the
amplitude T, presented in Fig. 1, will be equal to

10 = (my'2ky 5 =5 [ irear, )
where
dr, = 2r)*¢* (P, + P, — k — izi) f[ % (3)
= i 2lio(27)
and

J= 4\/ (P1P2)2 — P12P22 = 4A1A2\/ (p1p2)2 — m?v = 2A1A2\/ S(S — 4m§v) (4)

Here, my is the mass of the nucleon.
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We will estimate the amplitude T corresponding to the diagram in Fig. 1 for the
case of high energies, when s > m3%;. We will carry out the analysis in the center-of-
mass system of the NN collision. In this system p; + p, = 0 and |p;| = |p2| = |p|-

V3 =2/p2 +m3 ~ 2lp| > my. (5)
In this case, moving on to the light front variables

z =k /oy, ki = (kg + ki) /2, (6)

we can connect the vertex I'; in Fig. 1 with the partonic wave function of the nucleus
A; on the light front, similar to how it was done in the works!'"3:
Fl (Jf,', kL)
V(@i kiy) ™ — ) (7)
Z m2+k? A mg
ML Ay

. xi
i=1

where m is the mass of the constituent quark. It is important that in this ultra-
relativistic case the dependence of the vertex I'; on the small components k;_ can be
neglected, just as in the nonrelativistic case the dependence of the vertex on the
components k;, can be neglected.?”

From the condition that the form factor should tend to 1 for small transferred
momenta, the following normalization condition!” can be obtained for the wave
function defined according to (7):

n, ny g 2k
2 3 i il
/|¢1(ﬂ3z‘7ku)| 25(; T — > (2m)36 (Z ku) 711 2, (27) A (8)

Similarly, for a nucleus that flies in the opposite direction, we can neglect the
dependence of the vertex I'y on the small components h;, and introduce the partonic
wave function ¥y (y;, h; | ), where y; = h;_/py_.

3. Asymptotic Behavior of the Inclusive Cross-Section

Block B in the diagram for the amplitude 7T in Fig. 1 contains hard interactions
between partons of colliding nuclei with the transfer of large momenta ~ /s which
provide the emission in the region of central rapidities of a quark with a large
transverse momentum k; ~ /5,4/2 = A\/s/2, as well as p =n; +ny — 1 recoil
quarks with momenta l;. In the center-of-mass system used

k+Y 1,=0, 9)

and

D
VIE T2+ 3"\ 4 m? = 5ir = AV, (10)
i=1
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where m is the constituent quark mass. The maximum possible value of k = [k| is
determined by the energy conservation condition. It is easy to show that it

is achieved when all momenta 1; = —k, .. /p are equal. The value of ky,, = Ky is

determined from the condition

\/k:mx +m? + \/kmax m)® = AVs. (11)

In the leading approximation in m?/s < 1 we have ky,, ~ A+/s/2.

We will seek the asymptotic behavior of the inclusive cross-section (2) for the
process in Fig. 1 over two small parameters: m?/s < 1 and (1 — k/kp.y) < 1, ie.,
near the kinematic boundary for AA collisions, similar to how it was done in Ref. 17.
In this case, when calculating block B, we can set the values of the parton momenta
in the final state equal to their limiting values. In addition, when estimating the
contribution of block B, we also neglect small differences of the initial momenta k;
and h;, which arise due to the relative motion of the constituents in the nuclei A; and
Ay, from their average values P;/n, and Py/n,:

B(kw hzv ka 11) ~ B(Pl/nh P?/n2; kmax7 _kmax/p)' (12)

In this approximation, the contribution of the diagram in Fig. 1 to the amplitude
T is factorized:

T=1J,J B. (13)

ny Y ng

Here, J,,, and J,, are the contributions from the vertices I'; and I'; together with the
attached propagators. For them, we find

! cr dv; d’k;
=1 =1 =

and a similar formula for .J,,,. It is clear that if we move from momentum to coor-
dinate space, then J,, will be proportional to the value of the wave function with the
relative spatial coordinates of the constituents equal to zero.

Jo, ~ 1 (2 —2;=0,1;; —1;; =0). (15)

This corresponds to the results obtained in the works®??? in estimating the asymp-
totic behavior of elastic and quasi-elastic processes in the region of large momentum
transfers, when ¢ ~ s. Physically, this means that the hard process described by block
B requires that nuclei (e.g., deuterons) be in the flucton state at the moment of
interaction.

A more accurate estimate of .J, using formula (14) and the normalization con-
dition (8) yields
i
n m(nlfl)/QRi’("I*l)/? ’

(16)
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where R; is the radius of the nucleus A; in the system in which it is at rest
(for A; =1, Ry is the nucleon radius). C; is a dimensionless coefficient. A similar
estimate is obtained for .J,,.

Physically, this estimate is understandable, since it follows from (15) that J2 is
proportional to the probability for n constituents of a nucleus of volume V, to gather
in some small volume V:

) , A 7,g(n*l)
o~ (2 — 2= 0,1 — 15, =0)[" ~ (vA) = R (17)

To estimate the asymptotic behavior of block B for s > m?, we will use the
considerations expressed earlier in Refs. 17, 32, 33 and 36. This block contains hard
interactions between partons of colliding nuclei with the transfer of large momenta
~ /s, which ensure the emission of a quark with a large transverse momentum
ki ~ kyae = Ay/s/2 (11) in the region of central rapidities, as well as p recoil quarks
with momenta l; = —k,../p (12). We will assume, as was done in the Refs. 17, 32, 33
and 36, that hard exchanges in block B occur between all n = n; + ny quarks. This
means that the interaction between all n quarks occurs at one point — at distances
much smaller than the characteristic nuclear (or nucleon) distances R; and Rs.

On the other hand, since each interaction in block B involves transfer of large
momenta ~ /s, then due to the property of asymptotic freedom in QCD it intro-
duces an additional smallness. Therefore, the main contribution to B will be given by
diagrams with a minimum number of exchanges that connect all n quarks, i.e., which
contain n — 1 exchange. Examples of such diagrams are shown in Fig. 2.

In Ref. 33, considerations were put forward, verified for the case of quantum
electrodynamics, that in any renormalizable theory the effective quark interaction
potential V(¢?) tends to a constant (with an accuracy of up to taking into account

q1 Qg2 qn-2

A i g i i g i g _Gn-23
i g i i g i g g
" " " " " " " "

A i g a2 &

L ¢l

Fig. 2. Examples of the diagrams contributing to the hard block B in Fig. 1.

2441022-6



Int. J. Mod. Phys. E Downloaded from www.worldscientific.com

by EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN) on 12/23/24. Re-use and distribution is strictly not permitted, except for Open Access articles.

Cumulative production at central rapidities due to interactions involving fluctons

powers of log|¢?|) when ¢> — —oo. In Ref. 17 this fact was confirmed for the case of
scalar quarks. In particular, it was shown that the product of the vertices of gluon
attachment to scalar quarks by its propagator tends to a constant when ¢> — —oo.
Using this observation to estimate the asymptotic behavior of the diagrams
contributing to block B, we conclude that the main dependence of block B at high
initial energy (s> m?) and large momentum transfers (|¢?| ~ s) will come from
n — 2 “internal” quark propagators with momenta |¢?| ~ s, which enter the dia-
grams in Fig. 2 between gluon exchanges. This leads to the following estimate of the

dependence of B on the initial energy:
G O (18)

- gn—2 - gnitne—=2"

where Cp is a dimensionless constant.

Substituting the obtained expressions into Eq. (13), we find the following ex-
pression for the asymptotic behavior of the amplitude 7T in the region under con-
sideration:

Cl C2 C B Cl CQ CB

= m(n—Z)/QR:l)’("l_1>/2R2("2_1)/25n72 - m (n—2)/2 R3(n—2)/2gn-2 "

(19)

The last transition is performed for the case of identical nuclei R; = Ry = R.
Substituting this asymptotic expression for the amplitude T into the formula (2) for
the inclusive cross-section, we obtain

I(k) = §|T|27—p7 (20)

where

p p dgli,
Tp:(27r)4/54<P1+P2—k—Zli> Hm (21)

1=1 i=1

4. Calculation of Phase Volume

It remains to calculate the phase volume 7, Eq. (21). As mentioned in the previous
section, we will calculate it for momenta & near the kinematic boundary for an AA
collision (we will restrict ourselves to the case A; = A, = A), using an additional
small parameter (1 — k/k,,.) < 1. To describe the magnitude of the deviation of
momentum k& from the kinematic boundary, the so-called cumulative number z is
usually used. In our case this variable is defined as follows:

x5 = VK2 +m? + 1/ k2 + [p(z)m]>. (22)

Comparing this formula with Eq. (11), we see that © = A corresponds to the kine-
matic boundary of the AA reaction, provided that p(A) = n; +ny, — 1.

2441022-7
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It is important that in order for this variable simultaneously to coincide with the
kinematic limits of the reaction for smaller integer values (1,...,A — 1), the de-
pendence of the number of recoil quarks on the cumulative number, p = p(z), must
be entered into the definition (22). If we do not yet introduce diquarks into con-
sideration and assume that each nucleon contains three constituent quarks, then
p(x)=ny+ny—1=3A;+34y,—1=6A—1=06z — 1. In this case, for example,
for z = 1, Eq. (22) gives the correct kinematic limit for pp collisions. For noninteger
values of z, Eq. (22) uniquely determines the value of the cumulative number z for a
particle (in our case, a parton) as a function of its momentum k.

By calculating 7, (21) for A —x <1, we obtain the following asymptotic ex-
pression for the integral of the phase volume:

1 [As(A- ) i
T, = . i K ,
p 24p75p3p/271mp71 (%p _ %)[

(23)

where for half-integer values instead of the factorial (3p/2 — 5/2)! you need to use the
Gamma function I'(3(p — 1)/2).

Substituting this result into Eq. (20) and taking into account Eq. (19), as well as
the fact (4), that J ~ 2sA?, we find the asymptotic dependence of the inclusive cross-
section of production of a quark with a large transverse momentum in the cumulative
region on two small parameters m?/s and A — x:

I(z) = (27)32k,

3 _ )3
dlcz: C(A—x) (24)

Bk (m2R3)P )20

where z is a cumulative number that is determined from k using the formula (22),
p=mn—1=n; +ny —1and Cis a dimensionless constant that is independent of the
dimensional parameters of the model.

5. Quark Counting Rules for Quasi-Elastic Processes

31734 quark counting rules for elastic and quasi-elastic processes

Earlier, in the works,
were obtained. Note that within the framework of the presented approach, they are
also correctly reproduced. Indeed, acting similarly to how it was done above when
finding the asymptotic behavior of the inclusive cross-section, for the differential
cross-section of quasi-elastic scattering (A; + Ay — A} + Ab) at t ~ s> m?, we

obtain the following expression:

do C
dt 82n72m2n74Ri’("1*1)Rg(”z*l)R/lg(”,l*l)R/;(”,z*l) ’

(25)

here C is a dimensionless constant that is independent of the dimensional parameters
of the model.

Taking into account that in our case n = n; + ny, = n} + nb, this result agrees
31-34

with the predictions’ of quark counting rules for elastic and quasi-elastic
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processes:
do 1

dt 3711+77,2+71,1+n2—

(26)

Note that, unlike the inclusive cross-section, in this case t ~ s and there is only one
small parameter m?/s < 1.

6. Conclusion

In this paper, an analysis of the process of pion production in AA collisions at central
rapidities with a large transverse momentum in the region kinematically forbidden
for reactions with free nucleons (cumulative production) is carried out. It is shown
that in this region the dominant contribution is from the flucton—flucton interaction,
leading to the emission of a quark, which then fragments into a pion. The asymptotic
behavior of the inclusive cross-section at high initial energies near the kinematic
boundary of the process is calculated and quark counting rules for the inclusive cross-
section in this region are formulated.

The found patterns can be tested in the MPD and SPD experiments at the NICA
collider. Note that for reliable registration of the very rare production of particles in
the cumulative region and separation of their tracks from various kinds of false
background tracks, a signal from the Internal Tracking System is highly desirable,
allowing confirmation of the exit of the cumulative particle track from the primary
interaction vertex.

Acknowledgment

The work was supported by the Russian Science Foundation, project 23-12-00042.

ORCID

Vladimir Vechernin ® https://orcid.org/0000-0003-1458-8055
Semyon Yurchenko ® https://orcid.org/0000-0002-5904-9648

References

G. A. Leksin, Sov. Phys. JETP 5 (1957) 371.

L. S. Azhgirei et al., Sov. Phys. JETP 6 (1958) 911.

D. I. Blokhintsev, Sov. Phys. JETP 6 (1958) 995.

A. M. Baldin et al., Sov. J. Nucl. Phys. 18 (1974) 41.

J. Papp et al., Phys. Rev. Lett. 34 (1975) 601.

A. M. Baldin et al., Preprint JINR-1-82-28 (JINR, Dubna, 1982), https://doi.org/
10.17182/hepdata.71072.

AN o

7. V. G. Ableev et al., Nucl. Phys. A 393 (1983) 491.
8. L. S. Azhgirei et al., Sov. J. Nucl. Phys. 46 (1987) 661.
9. S. V. Boyarinov et al., Sov. J. Nucl. Phys. 55 (1992) 917.

2441022-9


https://orcid.org/0000-0003-1458-8055
https://orcid.org/0000-0002-5904-9648

Int. J. Mod. Phys. E Downloaded from www.worldscientific.com

by EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN) on 12/23/24. Re-use and distribution is strictly not permitted, except for Open Access articles.

V. Vechernin € S. Yurchenko

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

32.
33.
34.
35.
36.
37.

. V. Boyarinov et al., Sov. J. Nucl. Phys. 46 (1987) 871.

. V. Boyarinov et al., Phys. Atom. Nucl. 57 (1994) 1379.

. V. Efremov, Prog. Part. Nucl. Phys. 8 (1982) 345.

. V. Burov, V. K. Lukyanov and A. L. Titov, Phys. Lett. B 67 (1977) 46.
. A. Schmidt and R. Blankenbecler, Phys. Rev. D 15 (1977) 3321.

. L. Frankfurt and M. I. Strikmann, Phys. Rep. 76 (1981) 215.

. V. Efremov et al., Sov. J. Nucl. Phys. 47 (1988) 868.

. A. Braun and V. V Vechernin, Nucl. Phys. B 427 (1994) 614.

. Kekelidze et al., Nucl. Phys. A 967 (2017) 884.
V. Kekelidze et al., Phys. Part. Nucl. 48 (2017) 727.
V. V. Vechernin, Phys Part. Nucl. 52 (2021) 604.
V. 1. Zherebchevsky, V. P. Kondratiev, V. V. Vechernin and S. N. Igolkin, Nucl. Inst.
Methods Phys. Res. A 985 (2021) 164668.
V. V. Vechernin, Phys. Part. Nucl. 53 (2022) 433.
V. V. Vechernin, S. N. Belokurova and S. V. Yurchenko, Phys. Part. Nucl. 55 (2024) 889.
V. Vechernin, S. Belokurova and S. Yurchenko, Symmetry 16 (2024) 79.
The SPD Collab. (V. Abazov et al.), arXiv:2404.08317 [hep-ex].
M. A. Braun and V. V. Vechernin, Phys. Atom. Nucl. 60 (1997) 432.
M. A. Braun and V. V. Vechernin, Phys. Atom. Nucl. 63 (2000) 1831.
M. A. Braun and V. V. Vechernin, Nucl. Phys. B — Proc. Suppl. 92 (2001) 156.
M. A. Braun and V. V. Vechernin, Theor. Math. Phys. 139 (2004) 766.
V. Vechernin, AIP Conf. Proc. 1707 (2016) 060020.
V. A. Matveev, R. M. Muradyan and A. N. Tavkhelidze, Nuovo Cimento Lett. 7 (1973)

719.

S. J. Brodsky and G. R. Farrar, Phys. Rev. Lett. 31 (1973) 1153.

S. J. Brodsky and B. T. Chertok, Phys.Rev. D 14 (1976) 3003.

Yu. N. Uzikov, JETP Lett. 81 (2005) 303.

V. T. Kim, Mod. Phys. Lett. A 3 (1988) 909.

S. J. Brodsky, P. Hoyer, A. Mueller and W.-K. Tang, Nucl. Phys. B 369 (1992) 519.
V. N. Gribov, Sov. Phys. JETP 29 (1969) 483.

2441022-10



	Cumulative production at central rapidities due to interactions involving fluctons
	1. Introduction
	2. General Formulae
	3. Asymptotic Behavior of the Inclusive Cross-Section
	4. Calculation of Phase Volume
	5. Quark Counting Rules for Quasi-Elastic Processes
	6. Conclusion
	Acknowledgment
	ORCID
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


