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Abstract—The charge topology in the fragmentation of 10С nuclei in a track nuclear emulsion at an
energy of 1.2 GeV per nucleon is studied. In the coherent dissociation of 10С nuclei, about 82% of events
are associated with the channel 10C → 2α + 2p. The angular distributions and correlations of product
fragments are presented for this channel. It is found that among 10C → 2α + 2p events, about 30% are
associated with the process in which dissociation through the ground state of the unstable 9Веg.s. nucleus
is followed by 8Вeg.s. + p decays.
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The acceleration of stable nuclei and the subse-
quent separation of their fragmentation and charge-
exchange products make it possible to create beams
of relativistic radioactive nuclei. At the same time,
a track nuclear emulsion irradiated with light rel-
ativistic nuclei opens new possibilities for studying
these nuclei owing to a complete observation of their
fragmentation products. A unification of the above
possibilities provides quite an efficient approach to
extending the investigation of the structure of nuclei.
Conclusions concerning special features of light nu-
clei are based on the probabilities for observing dis-
sociation channels and on measurements of angular
distributions of relativistic fragments. The potential
of the spectroscopy of fragmentation final states is
determined, first of all, by the accuracy of angular
measurements. The angular resolution ensured by
the track-emulsion method has a record value not
poorer than 10−3 rad. The accuracy in measuring
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fragment momenta is not as critical as the angu-
lar resolution, and we assume in our analysis that
relativistic fragments conserve the primary-nucleus
momentum per nucleon. The data presented in this
article on the dissociation of 10С nuclei by the Bec-
querel Collaboration [1] permit making the next step
in studying the cluster structure of neutron-deficient
light nuclei [2–6].

The 10С nucleus is of particular interest as a
source of information about the role of unstable
nuclei in the cluster structure. This nucleus is the
only example of a stable structure of four clusters
that belongs to the super-Boromean type, since the
removal of one of the clusters or nucleons leads to an
unbound state. The threshold for the reaction 10C →
2α + 2p, which leads to the production of an unbound
system, is 3.73 MeV. The next dissociation channel
is 3.82 MeV and corresponds to the 8Beg.s. + 2p
channel. The knockout of one of the protons (the
threshold is 4.01 MeV) leads to the formation of an
unstable 9В nucleus, which decays to a proton and a
8Beg.s. nucleus. A 6Beg.s. resonance may arise with
a threshold of 5.10 MeV upon the separation of an
alpha-particle cluster from the 10С nucleus. For this
resonance, the decay energy is 1.37 MeV. The decay
of the 6Beg.s. resonance to the 5Lig.s. resonance is im-
possible since the threshold for the production of the
5Lig.s. + p system is 0.35 MeV higher than the ground
state of 6Be. Moreover, the decay 9Вg.s. →5Lig.s. + α,

1224



DISSOCIATION OF 10С NUCLEI 1225

whose threshold is 1.5 MeV higher than the 9Вg.s.
ground state, is impossible because of the smallness
of the energy window (185 keV). Therefore, the
6Beg.s. and 5Lig.s. resonances must arise directly upon
the dissociation of 10С nuclei.

A stack of layers of BR-2 track nuclear emulsion
was irradiated with a mixed beam of 7Ве, 10С, and
12N nuclei that was created by selecting products
of charge-exchange and fragmentation processes
involving 12С nuclei accelerated to an energy of
1.2 GeV per nucleon at the nuclotron of the Joint
Institute for Nuclear Research (JINR, Dubna) [7].
Interactions where the total charge of relativistic
fragments in the respective events satisfied the con-
dition

∑
Zfr > 3 were sought in layers of irradiated

emulsion via scanning along the tracks of beam
nuclei. The charge classification of beam-nucleus
and secondary-fragment tracks in the events under
analysis was based on the delta-electron density Nδ

(see Fig. 1). The table gives the charge-topology
distribution of 227 detected events in which the total
charge of relativistic fragments not accompanied
by target fragments and product mesons (so-called
white stars, Nws) is

∑
Zfr = 6. Such events refer to

the most peripheral interactions on Ag and Br nuclei.
For the sake of comparison, the distribution of 627
events of 10С fragmentation that are accompanied by
target fragments, Ntf, is given in the table.

Figure 2 shows a macrophotograph of one white
star. The interaction vertex at which a group of
fragments is produced is indicated in the upper pho-
tograph. As we move downward, two H fragments
and two Нe fragments become distinguishable in,
respectively, the middle and lower photograph. The
Н track that has largest angle of deflection from the
beam-nucleus track arose in the dissociation process
10C → 9Вg.s. + p. The remaining tracks correspond
to the decay of 9Вg.s. unbound nuclei. The pair of He
tracks correspond to the decay of another unbound
nucleus, 8Веg.s..

As might have been expected for the isotope 10С,
the dominance of the 2Не + 2Н channel is the main
special feature of the distribution of

∑
Zfr = 6 white

stars. The branching fraction of this channel is 82%.
Channels characterized by higher thresholds have
substantially smaller branching fractions. This pic-
ture undergoes a substantial change for events ac-
companied by target fragments, Ntf.

Angular measurements of tracks were performed
for 184 2He + 2H white stars. Figure 3 shows the
distributions of polar emission angles θ for Н and
Не fragments. The parameters that describe their
Rayleigh distributions are σθН = (51 ± 3) × 10−3 rad
and σθНе = (17 ± 1) × 10−3 rad. These values agree
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Fig. 1. Distribution of the numbers of (solid-line his-
togram) beam-nucleus and (dashed-line histogram)
secondary-fragment tracks with respect to the number
of delta electrons, Nδ , per 1 mm of length in events
measured in a track emulsion irradiated with a mixed
beam of 7Ве, 10С, and 12N nuclei.

with the values predicted by the statistical model [8,
9], which are σθp ≈ 47 × 10−3 rad and σθα ≈ 19 ×
10−3 rad for, respectively, 1Н and 4Не fragments.

In order to separate the relativistic isotopes of H
and He in the mass number Afr, one employs, in
track-emulsion experiments, measurements of the
product of the total momentum of a particle and its
velocity, pβc. This product is estimated on the basis
of the average angle of multiple Coulomb scatter-
ing. The relative error in determining pβc is about
20 to 30%, which is commensurate with the relative
mass difference between the 3He nucleus and the 4He
nucleus (alpha particle). In determining pβc, it is
necessary to employ tracks of length 2 to 5 cm. This

Charge-topology distribution of fragments from white
stars, Nws, where the total charge of relativistic fragments
is

∑
Zfr = 6, and from

∑
Zfr = 6 events, Ntf, accompanied

by target fragments or product mesons

Channel Nws, % Ntf, %
2He + 2H 186 (81.9) 361 (57.6)

He + 4H 12 (5.3) 160 (25.5)

3He 12 (5.3) 15 (2.4)

6H 9 (4.0) 30 (4.8)

Be + He 6 (2.6) 17 (2.7)

B + H 1 (0.4) 12 (1.9)

Li + 3H 1 (0.4) 2 (0.3)
9С + n – 30 (4.8)
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Fig. 2. Successive macrophotographs of an event involving the dissociation of an 10С nucleus at an energy of 1.2 GeV per
nucleon. The arrows indicate the track of a beam 10С nucleus, an interaction vertex (IV; at the top), and tracks of H and Hе
fragments.

 

20 40 60

 

θ

 

, 10

 

–3

 

 rad

80

60

40

20

0

 
N

 

ev

Fig. 3. Distribution of fragments in white stars with re-
spect to the polar emission angle θ for the channel 10C →
2Не + 2Н (dashed-line histogram for H and solid-line
histogram for He).

condition prevents the use of the entire available sam-
ple of interactions. An identification of the isotopic
composition of Н and He fragments was performed
for 16 2Не + 2Н white stars (see Fig. 4). Also
shown for the sake of comparison is the distribution of
pβc values measured for 3Не fragments from events
of the fragmentation process 9C → 33Не [4]. The
separation of 3Не and 4Не fragments on the basis of
measured pβc values is quite unambiguous. Thus,
the assumption that, in the sample of 2He + 2Н
white stars, He and H nuclei are those of the isotopes
4He and 1H, respectively, is justified. By and large,
the charge topology of

∑
Zfr = 6 white stars and the

dominance of the isotopes 1H and 4Не in them con-
firms that the formation of the beam of 10С nuclei was
correct. Therefore all of the observed

∑
Zfr = 6 white

stars were associated precisely with the dissociation
of 10С nuclei.
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Fig. 4. Distribution of pβc for fragments from the 10C →
2Не + 2Н white stars (solid-line histogram for Hе and
shaded-line histogram for H) and the 9C →3Не white
stars (dashed-line histogram).
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Fig. 5. Distribution of events of the channel 10C →
2α + 2p with respect to the total transverse momentum
PT2α2p. The curve represents the respective Rayleigh
distribution.
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Fig. 6. Distributions of 10C → 2α + 2p events with respect to the (a) energy Q2α of alpha-particle pairs and (b) energy Q2αр

of the 2α + p three-particle systems. The insets show enlarged distributions of Q2α and Q2αр.

Measurements of angles of relativistic fragments
make it possible to estimate the transverse momenta
of these fragments according to the expression PT ≈
AfrP0 sin θ, where P0 is the primary momentum per
nucleon, which is 2 GeV/c per nucleon. The vector
sums of the components of transverse momenta yield
values of the total momentum transfer PT2α2p. The
distribution of these events with respect to the total
transverse momentum PТ (Fig. 5) is described by the
Rayleigh distribution whose parameter has a value of
σPT

(2α + 2p) = 161 ± 13 MeV/c, which is charac-
teristic diffractive dissociation [10].

The excitation energy of the system of fragments
is defined as the difference of the invariant mass of the
fragmenting system and the primary-nucleus mass,
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Fig. 7. Distribution of the total transverse momentum of
the 2αр three-particle system, PT2αp, in 2α + 2p events
involving the formation of 9В nuclei. The curve represents
the results of the calculations based on the statistical
model.

Q = M∗ − M . The invariant mass of the system
of fragments, M∗, omentum transfer is determined
on the basis of the scalar product M∗2 = (

∑
Pj)2 =∑

(Pi · Pk), where Pi,k are the fragment 4-momenta
defined in the approximation of conservation of the
momentum per nucleon of the parent nucleus. Fig-
ure 6 shows the distributions of events of the channel
10C → 2α + 2p with respect to the excitation energy
Q2α of alpha-particle pairs and with respect to the ex-
citation energy Q2αp of the 2αp three-particle system.
Earlier, an analysis of the spectra of Q2α in the frag-
mentation of relativistic 9Ве nuclei permitted reliably
revealing the formation of unbound 9Ве nuclei in the
ground state and in the first excited state [11, 12].

In just the same way as in the case of the reac-
tion 9Be →8Веg.s., pairs of alpha particles that have
the divergence angle not exceeding 10−2 rad are ob-
served for 68 10C → 2α + 2p white stars. The dis-
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Fig. 8. Distribution of the transverse momentum PT9C of
9С nuclei in the fragmentation reaction 10C →9С.
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Fig. 9. Distribution of the opening angle Θαp between
an alpha particle and a proton that arise as fragments
(solid-line histogram) and distribution of Θαp in events
involving the production of 9B and 8Be nuclei (dashed-
line histogram).

tribution of Q2α (Fig. 6a) gives sufficient grounds
to conclude that these events lead to the production
of 8Ве nuclei in the ground state, 8Веg.s.. This is
confirmed by mean value of 〈Q2α〉 = 63 ± 30 keV in
them, the respective root-mean-square value being
83 keV (see the inset in Fig. 6a). In turn, the dis-
tribution of Q2αp (Fig. 6b) indicates that the dissoci-
ation process 10C → 2α + 2p is accompanied by the
production of an unbound 9В nucleus in the ground
state, 9Вg.s.. The mean value of 〈Q2αp〉 = 254 ±
18 keV and the root-mean-square value of 96 keV
(see the inset in Fig. 6b) are close to the energy
of the decay 9Вg.s. →8Веg.s + p and the respective
decay width. There is nearly perfect compliance in
the emergence of 8Веg.s. (Q2α < 250 keV) and 9Вg.s.
(Q2αp < 500 keV), and this is indicative of a cascade
character of the process 10C →9Вg.s. →8Веg.s. The
fraction of such events in the sample of 10C → 2α +
2p white stars was (30 ± 4)%. We can conclude that,
in the luster structure of the 10С nucleus, the unstable
nucleus of 9B manifests itself with a probability of
about 25%.

The distribution of the total transverse momentum
PT2αp of the 2αp three-particle system from 10C →9В
white stars (Fig. 7) furnishes an argument in favor
of a manifestation of the 9B nucleus as a component
of the structure of the 10С nucleus. For a group
of 40 events (73%), σPT9В

is 92 ± 15 MeV/c, which
corresponds to the value expected on the basis of
the statistical model (93 MeV/c) [8, 9]. Within this
model, the radius of the region from which the outer
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Fig. 10. Excitation-energy distribution of fragment pairs
formed by an alpha particle and a proton in 10C →
2α + 2p white stars: (solid-line histogram) distribution
of all Qαp combinations, (dashed-line histogram) Qαp

in events not involving the production of 9В and 8Ве
nuclei, (shaded histogram) Qαp in events involving the
production of 9B and 8Be nuclei, and (curve) expected po-
sition of the 5Li resonance. The inset shows an enlarged
distribution of Qαp.

proton is emitted by the 10С nucleus is Rp = 2.3 ±
0.4 fm, which is compatible with the value extracted
from the measured inelastic cross section on the basis
of the geometric-overlap model [13].

The above estimates of σPT9В
and Rp can be com-

pared with data on the fragmentation of 10С nuclei
to 9С. As such events, we classify interactions that
lead to the formation of target fragments and mesons
and in which a heavy fragment retains the charge of
the primary nucleus (see table). In 21 interaction
events of this type, we did not observe more than
one b or g particle, and this gives sufficient grounds
to class them with the cases of neutron knockout
from 10С nuclei. Figure 8 shows the distribution of
transverse momenta of 9С nuclei (PT 9С), which is
characterized by σPT9C

= 224± 49 MeV/c. Thus, the
spectrum of PT 9С for 9С nuclei proves to be substan-
tially harder than the spectrum of PT2αp for 9B nuclei.
This circumstance is associated with the knockout
of neutrons, whose binding energy is substantially
higher than that of outer protons. An estimation of the
radius of the neutron-knockout region on the basis of
the statistical model yields a value of 1.0 ± 0.2 fm. Of
course, this model disregards the clustering of nucle-
ons in the 10С nucleus. Nevertheless, it provides an
indication that the spatial distribution of neutrons in
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Fig. 11. Distribution of pβc for He fragments from white
stars identified as (solid-line histogram) 23Hе+4Нe and
(shaded histogram) 7Bе+3He events.

the 10С nucleus is more compact than the distribution
of protons.

The distribution of the divergence angles Θαp for
736 αp pairs makes it possible to estimate the contri-
bution to the dissociation of 10C from the resonance
decay 5Lig.s. → α + p (Fig. 9). A narrow peak and a
broad maximum, which are clarified in the distribution
of the excitation energy Qαp of αp pairs (Fig. 10), are
features characteristic of the 5Li resonance. The peak
owes its existence to the decays of 9B nuclei. Further,
αp pairs from the region of 20 × 10−3 < Θαp < 45 ×
10−3 rad are grouped in the Qαp region corresponding
to 5Li decays. Their distribution is described by a
Gaussian functions that is characterized by a mean
value of 1.9 ± 0.1 MeV and by σ = 1.0 MeV. These
parameter values comply with the mass (1.7 MeV)
and width (1.0 MeV) of the 5Li resonance. According
to the Gaussian function with the resonance parame-
ters (see Fig. 10), approximately 110 αp pairs could
be associated with 5Lig.s. decays. The contribution
from Qαp values smaller than the value corresponding
to the maximum presumably stemming from the de-
cays of the 6Be resonance is present. We were unable
to separate a signal of the 6Be resonance.

Among white stars, we observed Be + He and
3He events (see table), which, for the 10С nu-
cleus, have the thresholds of 15 and 17 MeV. The
identification of He fragments on the basis of the
parameter pβc (Fig. 11) confirms the interpretation
of these events as 7Be+3He and 23He+4He and is
compatible with the assumption that it is precisely
10C nuclei that undergo dissociation. The popu-
lation of these states requires the transition of a
neutron from an alpha-particle cluster to the nascent
3He cluster. Yet another possibility consists in the
presence of deeply bound 7Be+3He and 23He+4He

cluster states with a weight of 8% in the ground state
of the 10С nucleus. The total-transverse-momentum
(PT ) distribution of these events is described by
the Rayleigh distribution characterized by parameter
values of σPТ(

7Be +3 He) = 152 ± 62 MeV/c and
σPT

(23He +4 He) = 204 ± 65 MeV/c.

A unique cluster structure of the 10С nucleus leads
to a specific character of its dissociation. In the most
peripheral events of the dissociation of 10С nuclei,
about 80% of events are associated with the channel
10C → 2α + 2p. Moreover, it was found that about
30% of these events refer to the cascade process of
the dissociation of 10С nuclei to 9Вg.s + p, whereupon
the unbound nucleus of 9В undergoes a decay to
8Вeg.s + p. The experimental data obtained in our
present study may serve for developing and testing the
cluster model of the 10С nucleus.

ACKNOWLEDGMENTS

This work was supported in part by the Russian
Foundation for Basic Research (project no. 12-02-
00067) and by grants from the plenipotentiaries of
Bulgaria and Romania at the Joint Institute for Nu-
clear Research (Dubna).

REFERENCES

1. The BECQUEREL Project, http://becquerel.jinr.ru/
2. N. G. Peresad’ko et al., Phys. At. Nucl. 70, 1226

(2007); nucl-ex/0605014.
3. R. Stanoeva et al., Phys. At. Nucl. 72, 690 (2009);

arXiv: 0906.4220 [nucl-ex].
4. D. O. Krivenkov et al., Phys. At. Nucl. 73, 2103

(2010); arXiv: 1104.2439 [nucl-ex].
5. D. A. Artemenkov et al., Few-Body Syst. 50, 259

(2011); arXiv: 1105.2374 [nucl-ex].
6. D. A. Artemenkov et al., Int. J. Mod. Phys. E 20, 993

(2011); arXiv: 1106.1748 [nucl-ex].
7. R. R. Kattabekov, K. Z. Mamatkulov, D. A. Arte-

menkov, et al., Phys. At. Nucl. 73, 2110 (2010); arXiv:
1104.5320 [nucl-ex].

8. H. Feshbach and K. Huang, Phys. Lett. B 47, 300
(1973).

9. A. S. Goldhaber, Phys. Lett. B 53, 306 (1974).
10. N. G. Peresad’ko, V. N. Fetisov, Yu. A. Aleksandrov,

et al., JETP Lett. 88, 75 (2008); arXiv: 1110.2881
[nucl-ex].

11. D. A. Artemenkov et al., Phys. At. Nucl. 70, 1222
(2007); nucl-ex/0605018.

12. D. A. Artemenkov et al., Few-Body Syst. 44, 273
(2008).

13. A. Ozawa, T. Suzuki, and I. Tanihata, Nucl. Phys. A
693, 32 (2001).

Translated by A. Isaakyan

PHYSICS OF ATOMIC NUCLEI Vol. 76 No. 10 2013



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


