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The collisional coupling of the relativistic electrons and non-relativistic ions in hot plasmas has been analyzed. It was shown that the
relativistic effects produce a quite new feature in the collisional transfer of energy from the electrons to ions with different
temperatures. While in the non-relativistic limit the condition for absence of the collisional decoupling is 7,/7; < 3, the relativistic
effects shift the maximum of the energy-exchange with increasing the temperature to a higher values of 7./T; until it finally
disappears that makes an appearance of the collisional decoupling impossible.
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MPO E®EKTUBHICTb OBMIHY EHEPI'I€IO ITPU 3ITKHEHHSAX EJIEKTPOHIB TA IOHIB
V PEJSITUBICTCHKIN IIJIA3ZMI
I.M. Mapyuienko, M.O. A3apeHkoB
Xapriscokuu nayionanbnuu ynieepcumem imeni B.H. Kapa3zina
np. Kypuamosa 31, 61108 Xapxis, Ykpaina

VY cTarTi aHaNi3yeThCs MIBUAKICTE OOMIHY €HEpri€lo MpU 31TKHEHHSAX MK PESTUBICTCHKUMHE €EKTPOHAMH Ta HEPENATHBICTCHKIMU
10HAMH y peNATUBICTCHKiH mra3Mmi. [loka3aHo, MO PEIATUBICTCHKI eEeKTH MPHU3BOAATEH 10 3HAYHHX 3MIHEHb y XapaKTepi IepeHocy
SHeprii MpH 3ITKHEHHSX BiJ] CIICKTPOHIB JI0 10HIB 3 PI3HUMH TeMIeparypamu. Y TOH 4ac sIK y HEpEJATUBICTCHKIH MeXi YMOBOIO
CTabIIBHOCTI eHeprooOMiHy mpu 3iTKHeHHsX € T./T; < 3, ypaxyBaHHS PEISTUBICTCHKHX €(EeKTIB NPU3BOAUTH O 3MIICHHS
MaKCUMyMy IIBHIKOCTI OOMIHY €HEpTisIMH y HaNpsMKy OinbImX 3HayeHb 7./T;, JOKM He 3HHKAE B3araii, 10 poOUThH BTPATY 3B’ 3Ky
TIPY 3ITKHEHHSX HEMOXIIHBOO.
KJIIOUOBI CJIOBA: pensTuBicTChKA I1a3Ma, KiIHETHKA, 0OMiH €HEpTi€lo IPH 3iTKHEHHIX

OB DPPEKTUBHOCTHU CTOJKHOBUTEJBHOI'O SHEPTOOBMEHA 2JIEKTPOHOB U HOHOB
B PEJISITUBUCTCKOM IJIAZME
H.H. Mapymenko, H.A. A3apenkosn
Xapvkosckuil hayuonanvhvlll ynusepcumem umenu B.H. Kapasuna
np. Kypuamosa, 31, 61108 Xapvkos, Ykpauna

B crarbe aHaNMM3UpyeTCsl CTOJIKHOBUTEIBHBII YHEPrOOOMEH MEXIY PEISITUBUCTCKUMU DJICKTPOHAMU Y HEPEJISITUBHCTCKUMH HOHAMU
B ropsiueil rasme. [lokazaHo, 4To peisTHBUCTCKHUE P (EKThI MPUBOIAT K 3aMETHBIM H3MEHEHHSM B XapaKTepe CTOIKHOBUTEIHLHOTO
NEpeHOca SHEPTUM OT 3NEKTPOHOB K MOHAM C Pa3HBIMU TeMmmepaTypamu. Torza kKak B HEPEIATHBUCTCKOM Ipefese yCIOBHEM
CTa0MIBHOCTH dHeproodmena spusercss 1./7; < 3, y4eT pensiTUBUCTCKUX 3((EeKTOB NMPHUBOAUT K CABHTY MAaKCHMyMa CKOPOCTH
oOMeHa dHEPrusAMU B CTOPOHY GoJbluX 3HaYeHuil oTHomenus 7./7; MOKa He MCYE€3aeT BOBCE, YTO JEJAET HEBO3MOXHBIM IOTEPIO
CTOJIKHOBHTEITLHON CBSI3H.
KJIIOUYEBBIE CJIOBA: pensTuBHCTCKas IIa3Ma, KHHETHKA, CTOJIKHOBHTEIBHBII 00OMEH YHEprueH

The relativistic effects were recognized as basics in astrophysics long time ago and necessary formalism for
description of relativistic plasmas has been developed [1]. For the fusion reactions, sufficiently high temperatures are
required [2] and careful consideration of the kinetics in hot plasmas is necessary. Apart from this, the production and
heating of plasmas by the high-power laser pulse has been intensively studied [3] and it was shown that for the
interpretation of an experimental results the relativistic effects are necessary [4,5].

The relativistic effects in hot plasmas created in a laboratory devices are usually considered as important only with
respect to the populations of high-energetic electrons [2] while the macroscopic consequences of the relativistic effects
have not been studied well. Only few tasks related to the relativistic effects in hot fusion plasmas were investigated: this
is, in particular, solving the relativistic Spitzer problem for the calculation of conductivity [6] and electron cyclotron
current drive; see [7] and the references therein.

A quite common opinion about a negligible role of the relativistic effects in plasmas without any non-thermal
populations is based on the assumption that those are important only for the relativistic and ultra-relativistic electrons
with energies E ~ meoc” and higher (for example, running-away electrons in tokamaks [8]), while the bulk electrons are
rather non-relativistic even at high temperatures. At the same time, the relativistic effects can appear also due to a
macroscopic features of the relativistic thermodynamic equilibrium given by the Jiittner distribution function [1], known
also as relativistic Maxwellian [6]. In particular, contrary to the non-relativistic Maxwellian, the shape of the Jiittner-
Maxwell distribution function, which is Gaussian only in the non-relativistic limit, c—o0, depends on the temperature
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and, as a consequence, the relative «weight» of the bulk electrons is decreasing with the increasing of the temperature.
For example, it is known that for the electron temperature 7, even less than 10 keV a use of the relativistic kinetic
model gives a non-negligible effect in electron cyclotron current drive (ECCD) [9], while the main contribution in
generation of ECCD is coming from the thermal electrons (0.5-2.5 thermal velocities). However, all transport codes
(like ASTRA [10]) are still non-relativistic.

In the present work, we focus our attention only at the collisional energy exchange between the relativistic
electrons and the ions which are considered as non-relativistic (this is true for almost all fusion temperatures). It is
known from the experiment [11] that if the power is launched in the plasma by heating of only the electrons, the
collisional decoupling can happen, which means that the increasing of T, leads to following degradation of collisional
coupling between electrons and ions and 7,/T; is increasing (here, 7; is the ion temperature).

Since the relativistic Coulomb operator is applied [6], an applicability of the results is limited by a validity of a
small-angles scattering approach, Tu/mec® << (137 InA)"? [12], while in the opposite case the bremsstrahlung and
creation of the Coulomb pairs dominate (here, m, is the electron rest-mass and InA is the Coulomb logarithm).

GENERAL DEFINITIONS

In fully ionized plasmas, the electrons heated by the external sources collide only with themselves and ions. Since
the collisions within the same plasma components conserve the energy, the electron-electron collisions do not lead to
any cooling down but only to the thermalization of the power absorbed from the external sources. Collisional energy
losses for hot electrons appear only due to an electron-ion friction.

Below, we consider the electrons which can be heated by any external high-power source (for example, megawatt
laser pulse or RF-heating) as relativistic, while the ions which obtain the energy predominantly by the collisions with
hot electrons are classical. Here, we are going to check the relativistic effects of zeroth order and use the assumption
about the thermal equilibrium within each plasma component, i.e. assuming that both electrons and ions have their own
Maxwellian with the temperatures defined by the energy balance. The Maxwellian for the ions with density #; and
temperature 7; is taken as a standard one,

n. 7/“2
f‘Mi= 3/21 36(171)) > (1)

7 Uti
where v, = (2T/m;)"* is the ion thermal velocity. The electrons with density n, and temperature 7, are considered as
relativistic with the Jiittner-Maxwellian distribution function [1,6],

n — 1, (-1
Snte = Cops 7[3/2;3 et )s 2

te

where u, = p/mey wWith p,, = (2meT, e)l/2 is the thermal momentum per unit mass, &, = Mmoo/ T, e and y = (1+u2/cz) with
the momentum per unit mass u = vy. Since f)y. is normalized by density,

T et 15
Cp=———=1-——+..( >1). 3)
MoN2w Ky(u) o 8u,

Note also the important difference from the non-relativistic Maxwellian: since z, (y-1) = 2x*/(y-1) with x = w/uy, the
“weight” of the tails with u >> u,, is increasing together with T..

The energy balance equation in the relativistic plasmas can be presented in the same form as the well-known non-
relativistic one. In contrast to the linear dependence between temperature and internal energy contained in Maxwell
distribution function, We("l) = J(meovz/2)fMed3v = (3/2)n.T. (similar definition with arbitrary distribution function of
electrons was used by Braginskii [13]), internal energy contained in Jiittner-Maxwellian distribution function, W, =
Imeoc®(y-1)fimed’u, is the complex function of temperature. It is convenient then to introduce a new quantity 7.% defined
by W. = (3/2)n.T.X, which is a relativistic analogue of a temperature

Tk =%Jmeocz(j/—l) Foedu=(1+7r)T, 4)

with relativistic correction-term

24, [ Ki(u,) 5.5
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Now, weighting the relativistic kinetic equation for electrons [6,12] (not shown here) by the kinetic energy, meoc*(y-1),

and integrating over the momentum, one can obtain the energy balance equation,
oW, 3onTk
e _ 27 P,.. (6)
o 2 ot
where P,; is the rate of energy exchange between the relativistic electrons and classical ions, P, is the power of the

external heating (laser pulse or RF-heating) and P is the total energy losses of the electrons (including radiation and
transport losses). Below, we consider only the case which is the most desirable for experiments: the heating of electrons

=—F,+P,

ext
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is balanced predominantly by the collisional transfer of power to the ions, i.e. |Pei| >> |Ploss-

COLLISIONAL ENERGY EXCHANGE IN RELATIVISTIC PLASMAS
Let us consider the collisional energy exchange between relativistic electrons and classical ions. For the electrons
and ions with own Maxwellians fjv. and fy; the rate of energy exchange is

P, ==[d*um,¢*(y =DCul fse, fiu} (7)
Applying the relativistic collision operator written in the Fokker-Planck form [6,12],
a eli a e eli
Cei [f/Me’ fMi] = Da(ﬂ / ﬂ_ Fﬁ / f/Me H (8)
ou, Ou

where D iaﬁ(u) and F* i[3(u) are the Coulomb diffusion and friction coefficients, respectively, integrating by parts and
taking into account the relation DY, = —(T}/me)(y/u)Fe/iu, which nullifies for the thermal equilibrium the local phase-
space flux, given in the brackets in Eq. (8), one can obtain the rate of energy exchange between the relativistic electrons
and ions,
o 3
LT 1 et ) () ©)
I o7

where F* iu(u) is the Coulomb drag of the relativistic electrons with ions. Since m; >> m,, the main contribution in the
integral in Eq. (7) is coming from the range u >> v,;, and for the non-relativistic ions the “high-speed-limit” expression
for F (1) can be applied [6],

})ei = _47rm80

) 72 2
F ()= v 2o e L (10)
m; u

e

The final expression for the rate of energy exchange can be written in the form

equal to 1 eV (chosen as non-relativistic case), 25 keV,

50 keV, 75 keV and 100 keV. One can see that with

0 e b b b b b v by B increaseoftheiontemperature,themaximum0f|Pei|
1 2 3 4 5 8 7 8 9 is shifting towards the higher values of 7,/T.

T./T; The expression given in Eq. (11) is limited only

Fig.1. The absolute value of the rate of energy e/i exchange, DY the “high-speed-limit” in e/i collision coefficients

|Po(T.,T)| scaled by (T)'"2, as function of T,/T; for the different ~and can be used for wide temperature range from non-

values of 7} is shown (7; = 1 eV corresponds to the non-relativistic ~ relativistic to high-energy limit 7, < mc’, while the
limit). small-angles scattering approach is still valid.

. 2 2

Pei:PeE‘I)CJM(ﬂr)[I"'_"'Tjs (11)
06 LI L L L L L L L L B LA Where Pei(Cl) = (4/”1/2)Ve()niZiZ(me/mi)(Te'T'i) iS the
— C 100 keV ] classical (non-relativistic) rate of energy exchange, vy
= C 75 Kk ] = 4nnee4lnA/(meozute3) is the thermal collision

. B eV ] A .. .
s, - . frequency and the relativistic correction in Eq. (11) is

—o04f SO0keV 3 equal to unity in the non-relativistic limit.

L 25keV In Fig. 1, the value Ti”2|Pci(T o) is plotted as a
5 C 3 function of T,/T;. The scaling factor 7;"* was applied
\E:L - 1eV . only for convenience of graphical presentation and
QEE 5 1 does not introduce any qualitative changes (one can
= 0.2H - find the weighting of P; by factor 7;"?, for example, in
§ C ] review of Sivukhin [15]). The results are shown for T;

—_
o

STABILITY OF COULOMB COUPLING OF RELATIVISTIC ELECTRONS AND IONS
In the simplest case, when 7; is constant in time, one can easily find from the energy-balance equation Eq. (6) that
stability of the steady state with respect to the collisional decoupling is defined by the sign of dP.;/dT.. Indeed, if the set
of plasma parameters corresponds to a steady state, —P; + Pex — Ploss = 0, the equation for deviation of the electron
temperature from the steady state, 6T, = T,— T, can be written as follows:

§(1+a)neﬂ:_dﬂ, ST, (12)
2 ot ar, °

where a = r + T(dr/dT,) << 1; see Eq. (4). It is evident that any steady state is absolutely stable with respect to
collisional decoupling (growth of 67, together with dropping P.;) only if dP/dT, > 0 and unstable for the opposite sign.

It can be shown that the sign of dP.;/dT, is definitive for stability with respect to the collisional decoupling also for
more complicated model. Let us analyze the case, which is of practical interest, namely: the power from the external
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source, Py, is absorbed only by electrons (electron cyclotron heating, for example) and ions are heated only due to the
collisions with hot electrons. Moreover, we assume a most wanted situation when any losses from electrons are small
and the power balance is kept only through the ion channel. The energy balance equations then can be written as
follows:

Fepo-py Ziop-n (13)
ot ot T,

where W, = (3/2)n.T.} and W, = (3/2)mT; are the internal energies for (relativistic) electrons and ions, respectively, and
7 is the confinement time. Again, considering the deviation from the steady state, P, — W;/7z = 0, which is realized in

the temperature disturbances for both electrons and ions, 67, and 67}, one can get the system of coupled equations:

Svam P o i 5p 4P 5p

2 ot dT, dT,

3 08T, dP dP 3 o7, (19
_ni i ei 57'; + ei 57: __ni i .

20 ot dT, dT 27 g,

Since dP./dT; is always negative and never turns to zero, it is convenient to abbreviate f = -(2/(3n.))dP./dT; and
normalize the Eq. (14) by £ (we assume for simplicity that n. = n;). Finally, the system of equations can be rewritten as
follows:

00T, oT, T,

pot +Ql Tra
+a +a
00T, (13)
——L=-Q6T,—-v*3T,
pot

where Q = -2/(3n.f) dP/dT, and v* = 1 + (7). Since a << 1 and v* > 1, the single parameter which is responsible
for qualitative behaviour of the solution is sign of Q. If Q) is negative, i.e. dP/dT, > 0, the solution is stable with respect
to collisional decoupling. If Q is positive, i.e. dP.;/dT, < 0, — the decoupling is possible.

Below, the system Eq. (15) is examined in the non-relativistic approach for the cases of negative and positive Q2.
Since in the non-relativistic limit oo = 0 and Q = (x-3)/2x with x = T,/ T}, the equations are simplified. Introducing
convenient new abbreviations u = 6T, /Ty and v = 6T}/ Ty, and denoting the operation d/d(Bt) by the dot, we obtain the
equations,

u=+Qu+m0,

v=-Qu-v*o. (16)
Let us consider Eq. (16) for two cases, (2 = -0.25 (stable) and Q = +0.25 (unstable) with v* = 1.25. The phase-portraits
of the system Eq. (16) are shown in Fig. 2a and Fig. 2b. In both figures x-axis corresponds to u# and y-axis corresponds
to v. Axes are given in arbitrary units.

TN T T
E\\\\\\\\\\\\\\\\\\\\\\ \

Fig.2. The phase-portrait of Eq. (16)
a) Q=-0.25 and v* = 1.25: stable solution, b) Q =+0.25 and v* = 1.25: unstable solution
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The phase-portraits of the considered system were obtained by solving Eq. (16) with the initial conditions distributed on
the plane (u, v). One can see from Fig. 2a that all the phase-lines returns to zero with # — oo, independently of the initial
conditions for #(0) and v(0). It means that the solution of Eq. (16) calculated with O = - 0.25 (this value corresponds to
x=2,1.e. T, = 2T)) is absolutely stable. Note that we do not discuss here a feature of the solution but only a tendency.
The opposite case, with Q =+0.25 (i.e. x = 6 and T, = 67T;) is shown in Fig. 2b. In this case, all the phase-lines are going
to infinity with # — oo practically with any initial conditions (apart from one specific phase-line which corresponds to
the exclusive quasi-stable solution). Neither asymptotic solution nor quasi-stable one are not interesting in the context
of the considered problem and are not studied here.

INFLUENCE OF RELATIVISTIC EFFECTS ON STABILITY CRITERIA

Physically, the condition for collisional decoupling, dP.;/d7, < 0, means that if the ions are heated only by the drag
with hot electrons, i.e. without any auxiliary ion heating, the positive feedback can appear leading to the new steady
state with T, >> T; stabilized by other factors not considered here. Experimentally, the collisional decoupling was
observed predominantly in low density discharges [11,14]. Important remark: this instability takes place only in the case
if the temperature dependencies of the heating and the loss terms responsible for the steady state are sufficiently weak
(for example, if the gradients of plasma parameters are small enough and the diffusive transport is suppressed),
otherwise this instability is not mandatory but still potentially danger. The case, when the collisional transfer of energy
to the ions is of minor importance and heating of electrons is balanced predominantly by transport or emission, i.e. |Pe
<<|Pexl, |Pross|» 1s one of the most unwanted scenarios for experiment.

Let us analyze the classical (non-relativistic) limit.
Since the temperature dependence of P, can be written
explicitly as P, o (T, - T})/T,”?, one can immediately
recognize that dP,V/dT, changes sign at the point T, V=
3T; (temperature threshold). As consequence, the heating
of plasma by electrons is absolutely stable with respect to
the collisional decoupling if 7, < 37;. In the opposite case,
any increasing of the electron temperature leads (if any
other factors do not prevent this) to a degradation of the
collisional energy transfer from electrons to the ions. It is
also known that in the ultra-relativistic case, the
temperature dependence of P, is the monotonic function
of temperature, P, o« (T, - Ty)/T,, and the energy transfer
' from electrons to ions is absolutely stable with respect to

10 20 30 40 50 60 70 80  gisional decoupling in this limit. Now, by means of
Ti [KeV] analysis of Eq. (11), one can connect both limits to find out
Fig.3. The ratio ('T J/T)*, which corresponds to the maximum of  yhat happens to the temperature threshold when the
|Pei as the function of the ion temperature 7. The area under o yeratures are increasing from non-relativistic to
the line corresponds to a stable collisional coupling between . . . I
the electrons and fons, and vice versa. sufﬁc1ent!y high values for which the relativistic effect
becomes important.

In Fig. 3 the maximum of P,; is plotted as a function of 7,/7;. One can see that the maximum of P,; disappears for
T:= 75 keV when P, becomes a monotonically increasing function of 7,/7; (see also Fig. 1). In this limit, the collisional
energy exchange between electrons and ions becomes absolutely stable and the collisional decoupling becomes
impossible at such temperatures.
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SUMMARY

It is well known from experiments that the collisional decoupling has the temperature threshold. However, different
conditions of the experiments made the threshold sufficiently varying value. In this paper, an exact definition for the
threshold defined solely by the feature of the Coulomb interaction is given.

The case when the collisional transfer of power from the hot electrons to ions is the dominant channel for balancing
the heating of electrons, which is the most critical from the point of view of possible collisional decoupling, is
considered. The opposite case, when the collisions are of minor importance and heating of electrons is balanced by
transport and/or emission, is not considered here being one of the most unwanted scenarios for experiment. It was
shown that the sign of dP.;/d T is definitive for stability of plasma with respect to collisional decoupling.

A specific feature of the rate of energy exchange between the relativistic electrons and non-relativistic ions with
own Maxwellians has been studied. It was shown that while in the non-relativistic plasmas the condition for stable
collisional coupling is T,/T; < 3, the relativistic effects lead to a significant improvement of the Coulomb coupling
between the electrons and ions and for the sufficiently high temperatures (7,; > 75 keV) the Coulomb coupling
becomes absolutely stable with respect to the collisional decoupling. It means that in the scenarios with heating of
plasma exclusively by the heating of electrons, the collisional decoupling has the temperature threshold shown in Fig.3,
and for higher temperatures the decoupling cannot appear anymore.



151

physical series «Nuclei, Particles, Fields», issue 3 /55/ On efficiency of collisional...

10.
11.
12.

13.
14.

15.

ACKNOWLEDGEMENT
The authors are grateful to N.B. Marushchenko for support and fruitful discussions.

REFERENCES
de Groot S.R., van Leewen W.A., van Weert Ch.G. Relativistic Kinetic Theory. — North-Holland Publishing Company,
Amsterdam, 1980.
Ward D.J. The physics of DEMO // Plasma Phys. Control. Fusion. —2010. — Vol.52. — P.124033
Dunne M. A high-power laser fusion facility for Europe // Nature Physics. — 2006. — Vol.2. — P.2-5.
Honda M., Mima K. Relativistic Effects on Transport Coefficients in Collision Dominant Magnetoactive Plasmas // J. Phys.
Soc. Jpn. — 1998. — Vol.67. — P.3420-3428.
Robiche J., Rax J.M. Relativistic kinetic theory of pitch angle scattering, slowing down, and energy deposition in a plasma //
Phys. Rev. E. —2004. — Vol.70. — P.046405.
Braams B.J. and Karney C.F.F. Conductivity of a relativistic plasma // Phys. Fluids B. — Vol.1. — 1989. — P.1355-1368.
Marushchenko N.B. et al. Electron cyclotron current drive in low collisionality limit: on parallel momentum conservation. //
Phys. Plasmas. — Vol.18. —2011. — P.032501.
Helander P., Eriksson L.G., Andersson F. Runaway acceleration during magnetic reconnection in tokamaks // Plasma Phys.
Control. Fusion. —2002. — Vol.44. — P.B247.
Karney C.F.F., Fisch N.J., Reiman A.H. Green's function for RF driven current in a toroidal plasma // AIP Conf. Proc. — 1989.
—Ne190. — P.430.
Pereverzev G.V., Yushmanov P.N. ASTRA: Automated System for Transport Analysis in Tokamak. — Max-Planck Institute
Report IPP 5/98, 1998.
Braun D.G., Emmert G.A. Time evolution of ECRH power deposition in a tandem mirror plasma // Nuclear Fusion. — 1984. —
Vol.24. — P.1393-1406.
Beliaev S.T., Budker G.I. Relativistic Kinetic Equation // Sov. Phys. Dokl. — 1956. — Vol.107. — P.807-810.
Braginskii S.I. Reviews of Plasma Physics/ ed. by M. A. Leontovich. — Consultants Bureau, New York, 1965. — Vol.1. — P.205.
Stroth U. et al. Recent Transport Experiments in W7-AS on the Stellarator-Tokamak Comparison // Physica Scripta. — 1995. —
Vol.51. — P.655-664.
Sivukhin D.V. Reviews of Plasma Physics/ ed. by M. A. Leontovich. — Consultants Bureau, New York, 1966. — Vol.4. — P.93.

Marushchenko Ilya - Specialist (theoretical nuclear physics), PhD student of Department of nuclear materials of
Kharkiv National University

Research interests: physics of plasma, plasma kinetics, collisional transport in magnetized plasma, plasma
confinement, spintronics, disordered alloys.

Azarenkov Nikolay Alekseyevitch — Academician of National Academy of Sciences of Ukraine, D.Sc., Full
Professor, Honoured worker of science Ukraine, Head of Department of nuclear materials of Kharkiv National
University, Prorector from scientifically-educationally work of the Kharkiv national university named
V.N. Karazin.

Scientific interests: physics of the systems of lacking amenities, nonlinear physics of plasma, cooperation of
plasma with substances, radiation materials. An author and coauthor are the over 400 publications.




<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


