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The "Event Generator Mode (E-mode)" has been introduced into the Particle and Heavy lon Transport Code Sys-
tems (PHITS) in the treatment of transport phenomena of low energy neutrons below 20 MeV. In E-mode, the
evaluated nuclear data for neutron-induced reactions and a special statistical decay model are combined so as to trace
all correlations of ejectiles and residuals in a collision under the energy and the momentum conservation. For the va-
lidation of the E-mode below 20 MeV, we have calculated neutron-induced activation cross sections and double
differential cross sections by the E-mode, and compared them with the experimental data and the evaluated nuclear
data library such as ENDF/B-VII and JENDL-4. As results, calculated results for neutron emission reproduced the
data well, but there was small discrepancy between calculated results for charged particle emission and the evaluated
nuclear data. As an application of this mode, we indicated new calculations about the energy distributions of charged
particles for the "*B(n,;, o)’Li and 24 keV ®Li(n, o) reactions. In future, E-mode of PHITS will be modified and ap-
plied to the analysis of the biological effects, the single setup error of semiconductor, and many other fields.
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I. Introduction

The concept of the event generator is rather popular with
the Monte Carlo simulation code for high energy particles.
In the event generator mode, the conservation law on the
energy and the momentum is sustained in each event. Re-
cently, the correlated quantities such as event-by-event
distribution of deposit energy even in low energy fields are
often required for microdosimetric estimations of irradiation
effects in biology and semiconductors. For these require-
ments, the "Event Generator Mode (E-mode)"" has been
introduced into the PHITS code” in the transport of low
energy neutrons. In this mode, the evaluated nuclear data for
neutrons and a special statistical decay model are combined
so as to trace all correlations of ejectiles keeping the energy
and the momentum conservation in a collision. This mode
enables us to calculate the correlated quantities mentioned
above, and also to estimate the activation cross section, the
Kerma coefficient and the displacement cross section data
without additional evaluated cross section libraries. The va-
lidation of E-mode for the Kerma coefficient and the
displacement cross section was presented in the other pro-
ceedings.”

For the validation of E-mode in neutron-induced reactions
under 20 MeV, we have calculated low energy neu-
tron-induced activation cross sections and charged particle
production cross sections by E-mode, and compared them
with the experimental data and the evaluated nuclear data
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library such as ENDF/B-VII¥ and JENDL-4.” As an appli-
cation of this mode, we have suggested a new approach to
the energy distribution for the thermal and 24 keV neutron
incident reactions on boron and lithium-6.

I1. Method of Calculations

A brief flowchart of the Event Generator Mode is shown
in Fig. 1. A detail is presented in the other paper.” The eva-
luated nuclear data of the total cross section, and the channel
cross sections, i.e. capture, elastic and (n,n’), (n,Nn) cross
sections, are used for branching the reactions, and the double
differential cross sections of outgoing neutrons are used for
the spectrum of the first emitted neutron.
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Fig. 1 A brief flowchart of the Event Generator Mode. Energy
and momentum are conserved in an event.
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Fig. 2 Activation cross section for the **Nb(n,2n)*’Nb reaction.
All experimental data were taken from the web site of NNDC®.

We categorize the channels by the number of outgoing
neutrons. For the channel which does not produce neutron,
we call this “neutron disappearance channel”, the excitation
energy and momentum of neutron-captured nucleus is de-
termined uniquely from the incident energy of neutron and
target nucleus. For the decay process of this excited nuclei,
the special statistical decay model in which the dcay width
of neutron is assumed to be zero, is applied. Then all infor-
mation of ejectiles, in this case, charged particles, photon
and residual nucleus can be determined.

For an elastic reaction, the scattering angle of outgoing
neutron is determined according to the nuclear data. By the
kinematics of this elastic channel, the energy of neutron and
the momentum of the residual nucleus can be determined
uniquely.

For (n,n’) reactions, the momentum of outgoing neutron is
determined according to the double differential cross section
of the nuclear data. By the kinematics of this emission, the
excitation energy and momentum of the residual nucleus are
determined uniquely. Next, the special statistical decay
process without neutron emission width is also applied.

Finally, for (n,Nn’) reaction, a similar way as in the (n,n”)
case is applied, but after one neutron emission, the special
statistical decay process with only neutron emission width is
adopted until N nucleons are emitted. After this, the special
statistical decay process without neutron emission width is
applied. By these processes, we can treat a low energy neu-
tron collision as an “event”, which means the energy and
momentum are conserved in an event. Therefore, by this
mode, we can extract any information, e.g. the kinetic energy
distribution of the residual nuclei, two-particle correlation,
etc in the transport calculation of PHITS.

II1. Validation of E-Mode

In the procedure of E-mode, the total cross section, the
branching ratio of each reaction channels and the neutron
production double differential cross sections are taken from
the nuclear data library. The other information, which is ne-
cessary to determine all ejectiles of the reaction in an event,
is complemented by the special statistical decay model. We
do not use the production cross sections of charged particle,
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Fig. 3 Activation cross section for the **Ni(n,p)**Co reaction.
All experimental data were taken from the web site of NNDC®.
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Fig. 4 Activation cross section for the ’Al(n,a)*Na reaction.
All experimental data were taken from the web site of NNDC®.

residual nuclei, nor photon included in the nuclear data li-
brary. Therefore, the evaluated charged particle production
cross section in the nuclear data library may be different
from the results obtained by E-mode in PHITS. So it is im-
portant to compare these production cross sections between
the calculated results obtained by E-mode and the evaluated
nuclear data. In this section, we have indicated the validation
of E-mode for the activation cross section and the charged
particle double differential cross section by showing com-
parisons between calculated results of E-mode and evaluated
nuclear data such as ENDF/B-VII and JENDL-4, and also
experimental data. JENDL-3.3 was employed for the calcu-
lation of E-mode. Experimental data were taken from the
web site of National Nuclear Data Center (NNDC) in
Brookhaven national laboratory.®

1. Activation Cross Section

Neutron induced activation cross section is important for
the estimation of radioactivity in facilities of accelerator and
nuclear power plant. Therefore, the evaluated nuclear data
library for the activation cross section has been made using
many experimental data. In Figs 2-4, we have compared the
calculated results with evaluated nuclear data library of
ENDF/B-VII and JENDL-4 and experimental data for the
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Fig. 5 Double differential cross section for the 27Al(n,xp) reac-
tion at 60°. Experimental data were taken from Reference 7.

%*Nb(n,2n)"*Nb, *Ni(n,p)**Co, and *’Al(n,a.)**Na reactions.

Calculated results for the **Nb(n,2n)’’Nb reactions agree
very well with the evaluated nuclear data and experimental
data. The results for the **Ni(n,p)**Co and the *’Al(n,0)*Na
reactions slightly disagree with the ENDF/B-VII data. The
reason for this discrepancy might be that all charged par-
ticles are produced by the special decay process in a
statistical way in E-mode. The other reaction mechanisms
such as a preequilibrium emission and break up processes
are necessary to improve this situation.

2. Double Differential Cross Section

For the evaluation of the heat in the material, an important
thing is the kinetic energy distribution of charged particles
and photons produced by a collision. As mentioned earlier,
only the first neutron production double differential cross
section is taken from the nuclear data and the other cross
sections such as charged particle and photon are described
by E-mode. Therefore, it is important to compare the calcu-
lated results using E-mode with evaluated nuclear data for
the charged particle and photon production. Figures 5-7
show calculated double differential cross sections of the
proton, alpha and photon productions for the 14.1 MeV and
9.5 MeV neutron incident reactions and comparisons to
ENDEF/B-VII and experimental data.”® For the proton, alpha
and photon productions, calculated results of E-mode as well
as ENDF/B-VII data have shown discrete levels although
experimental data is almost continuum due to the contribu-
tion of the energy resolution of detectors. In E-mode, we
have taken into account the discrete levels near the ground
state of nucleus in the special statistical decay process, but
we do not consider the characteristic of each level for the
transition but only by a statistical way. These might be the
reasons that calculated results show discrete levels but the
strength of some peaks of the results differs from the data. It
is also noted that the hybrid treatment of both nuclear data
and a statistical decay mechanism should be carefully ap-
plied to realistic problem. For example, the charged particle
emission channels are treated as an evaporation process from
a compound nucleus. This is only valid if induced neutron
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Fig. 6 Double differential cross section for the *’Al(n,xar) reac-
tion at 60°. Experimental data were taken from Reference 7.
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Fig. 7 Double differential cross section for the 2’Al(n,xy) reac-
tion at 127°. Experimental data were taken from Reference 8.

energy is less than 10 MeV. Above 10 MeV the main
process will be a preequilibrium emission, which removes
more energy than the evaporation, consequently the excita-
tion energy of the residual nucleus will be lower. In future, a
more realistic physical model should be adopted.

IV. E-Mode Calculation Examples

By E-mode in PHITS for low energy neutron transport
phenomena, we can calculate many new quantities which
cannot be obtained by using only the evaluated nuclear data,
e.g. kinetic energy distribution of charged particles,
two-particle correlation, and so on. Here we show an exam-
ple of the event generator mode in PHITS, i.e. energy
distribution from the '“B(n, o)’Li and °Li(n, o)t reactions,
which is a typical quantity beyond one-body observable. The
thermal neutron induced '°B(n, o)’Li reaction will be very
important in the microdosimetric analysis for the bo-
ron-neutron capture therapy (BNCT). The °Li(n, o)t reaction
is also important in the analysis for the response of neutron
detectors. In these reactions, the total reaction cross section
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Fig. 8 Flowchart of the n+'°B and n+°Li reactions

and branching the reactions are taken from the nuclear data
library, energies of emitted particles are calculated by the
special statistical decay model with isotropic angular distri-
bution in the CM system. Figure 8 shows a flowchart of the
""B(n, a)'Li and ®Li(n, o)t reactions.

In the thermal '"’B(n, o)’Li reaction, after the capture of
thermal neutron by '°B, ''B compound nucleus is formed in
the intermediate state. The primary decay mode for this sys-
tem is alpha particle decay. For the decay, the residual
lithium nucleus can be left in either its ground state 'Li or in
its first excited state 'Li" which decays by prompt gamma
emission with Egmm, = 477.6 keV. In the first case, the alpha
particle has the kinetic energy T(o,) = 1.78 MeV, we call
this ‘alpha zero’ o, and in the second case, T(ay) =
1.47 MeV, called ‘alpha one’ a;. In E-mode, the branching
ratio '°B(n, o.,)/"°B(n, ) was set to be 15 taken from expe-
rimental data.”

For the °Li(n, o)t reaction, the most decay mode is alpha
decay system and tritium can be left in the ground state. The
alpha and tritium particles have the kinetic energy T(a) =
2.05 MeV and T(¢) = 2.73 MeV, respectively.

E-mode in PHITS includes these specific reactions and
traces all correlations of ejectiles keeping the energy and
momentum conservation in a collision. As mentioned earlier,
the cross sections for charged particles are produced by the
special statistical decay model while evaluated nuclear data
is used only for the total cross section and branching the
reactions. Figures 9 and 10 shows calculated energy distri-
butions of produced particles for the thermal '“B(n, o)'Li
and 24 keV °Li(n, o))t reactions and comparisons to experi-
mental data” which was presented in arbitrary unit.

The distortion of peaks in calculations is resulted from
the target thickness. The experimental data includes not only
the contribution of the target thickness but also the energy
resolution and the wall effect of a detector. In general, the
shape of calculated energy distributions and the ratio of each
charged particle agree quite well with experimental data.
These examples indicate that the energy distribution of
charged particles and residual nuclei can be described by
E-mode in PHITS even for low energy neutron induced
reactions without additional evaluated nuclear data. In addi-
tion to these inclusive observables, the correlation of these
emitted charged particles and residual nuclei are well de-
scribed in event-by-event. So E-mode would be applied to
the calculation of the distribution of energy deposition in a
cell, the microdosimetric analysis of the biological effects
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Fig. 9 Calculated energy distributions of produced particles for
the thermal '°B(n,a)’Li and comparisons to experimental data.
Experimental data were taken from Reference 9.
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Fig. 10 Calculated energy distributions of produced particles for
the thermal °Li(n,t) o and comparisons to experimental data.
Experimental data were taken from Reference 9.

and many other correlated quantities.

V. Summary

The E-mode in PHITS has been developed to reconstruct
an event with the energy and momentum conservation for
the low energy neutron transport phenomena. To investigate
the validation of the E-mode in the energy region below
20 MeV, the activation cross section and the double diffe-
rential cross sections of charged particles and photons were
calculated and compared with the evaluated nuclear data and
experimental data. As results, calculated results reproduced
the data very well, As applications of E-mode, we indicated
new calculations about the energy distributions of charged
particles for the thermal '’B(n, o)’Li and 24 keV °Li(n, )z
reactions. These reactions are important in the microdosime-
tric analysis for BNCT and the response of neutron detectors.
The shape of calculated energy distributions and the ratio of
each charged particle agree well with experimental data. At

PROGRESS IN NUCLEAR SCIENCE AND TECHNOLOGY



Application and Validation of Event Generator in the PHITS Code for the Low-Energy Neutron-Induced Reactions

the present, there are some problems in E-mode. For an ex-
ample, in higher energy region above 10 MeV, we should
take into account the other reaction mechanism such as
preequilibrium emissions and break up processes instead of
the statistical decay model in the present E-mode model.
However, E-mode of PHITS may have a great ability to
analyze the microdosimetric biological effects, the single
setup error of semiconductor, and to many other fields which
are related to the correlated quantities beyond one-body ob-
servables.

Acknowledgment

The authors wish to thank Dr. Tokio Fukahori for his ad-
vice on the evaluated and experimental data.

References

1) K. Niita, Y. Iwamoto, T. Sato, H. Iwase, N. Matsuda, Y. Saka-
moto, H. Nakashima, “A new treatment of radiation behavior
beyond one-body observables,” Proc. of International Confe-
rence on Nuclear Data for Science and Technology 2007, Nice,
France, April 22-27, 2007, DOI: 10.1051/ndata:07398 (2007).

2) K. Niita, N. Matsuda, Y. Iwamoto, H. Iwase, T. Sato, H. Naka-
shima, Y. Sakamoto, L. Sihver, PHITS - Particle and Heavy lon
Transport Code System, Version 2.23, JAEA-Data/Code
2010-022, Japan Atomic Energy Agency (JAEA) (2010).

3) Y. Iwamoto, K. Niita, Y. Sakamoto, T. Sato, N. Matsuda, “Va-

4)

5)

6)

7

8)

9)

935

lidation of the event generator mode in the PHITS code and its
application,” Proc. of International Conference on Nuclear
Data for Science and Technology 2007, Nice, France, April
22-27,2007, DOI: 10.1051/ndata:07417 (2007).

M. B. Chadwick, P. Oblozinsky, M. Herman et al.,
“ENDF/B-VII.O: Next Generation Evaluated Nuclear Data Li-
brary for Nuclear Science and Technology,” Nuclear Data
Sheets, 107, 2931-3060 (2006).

K. Shibata, O. Iwamoto, T. Nakagawa, N. Iwamoto, A. Ichihara,
S. Kunieda, S. Chiba, K. Furutaka, N. Otuka, T. Ohsawa, T.
Murata, H. Matsunobu, A. Zukeran, S. Kamada, J. Katakura,
“JENDL-4.0: A New Library for Nuclear Science and Engi-
neering,” J. Nucl. Sci. Technol, 48[1], 1-30 (2011).

National Nuclear Data Center, Brookheaven National Labora-
tory, http://www.nndc.bnl.gov

H. Takagi et al., “Measurement of Double-Differential Cross
Sections of Charged Particle Emission Reactions for " Zr, Al
and "Ti by Incident DT Neutrons,” Proc. 1998 Symposium on
Nuclear Data, Nov. 19-20, 1998, Tokai, Japan, JAERI-Conf
99-002, 204 (1999).

G. L. Morgan, F. G. Perey, “Cross sections for the Al(n,xn) and
Al(n,x-gamma) reactions between 1 and 20 MeV,” Nucl. Sci.
Eng, 61,337 (1976).

M. L. Stels, R. E. Chrien, M. Goldhaber, M. J. Kenny, C. M.
McCullagh,”Angular distributions of the °Li(n,t)*He and
lOB(n,ot)7Li reactions at 2 and 24 keV,” Phys. Rev., C19,
1159-1167 (1979).

VOL. 2, OCTOBER 2011



	I. Introduction
	II. Method of Calculations
	III. Validation of E-Mode
	1. Activation Cross Section
	2. Double Differential Cross Section

	IV. E-Mode Calculation Examples
	V. Summary
	Acknowledgment
	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 /CMYK
  /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 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 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 ()
  /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


