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Abstract. We generalise the Raychaudhuri equation for the evolution of a self gravitat-
ing fluid to include an Abelian and non-Abelian hybrid magneto fluid at a finite temper-
ature. The aim is to utilise this equation for investigating the dynamics of astrophysical
high temperature Abelian and non-Abelian plasmas.
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1. Introduction

It is perhaps one of the finest tributes to the simplicity and elegance of Einstein’s
theory of gravitation and to the human spirit that a laboratory scientific assistant,
who later became a teacher sitting in Kolkata, was able to conceive the equation
for the evolution of a gravitating fluid now known as Raychaudhuri’s equation [1].
The equation served as a lemma for the Penrose-Hawking singularity theorems and
for the study of exact solutions in general relativity [2,3]. It provides a simple
validation of our expectation that gravitation should be a universal attractive force
between any two particles in general relativity [4]. This equation has stood the test
of time and has been generalised in many ways. It has found applications in modern
theories of strings and membranes [5,6]. We attempt a more modest generalisation
to tackle the statistical properties of a hot astrophysical plasma. This may be an
electromagnetic or a chromomagnetic (quark gluon) plasma. We are guided here by
a recent formalism that has been used to investigate the dynamics of a hot charged
fluid in terms of a hybrid magneto-fluid [7]. The changes brought about to the
Raychaudhuri equation by the introduction of statistical attributes associated with
finite temperature are many and interesting. We illustrate some of these changes
in the context of the evolution of gravitating non-Abelian plasmas [8] in the early
Universe.
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2. Raychaudhuri’s equation for a ‘unified’ charged gravitating fluid

For a congruence of time-like vectors U¥, the standard Raychaudhuri equation can
be written down in the following form [9]:

. q q
®=—Fr, U+ —=F*Q97, -39, Zgﬂo‘—an Q9B
m Vs + m vy B B

1 1 5

—362 = 87 (ty — St )U"U". (1)
With our notation, (U,U* = —1), the limit F},,, — 0 is the (geodesic) Raychaud-
huri equation. For a geodesic congruence, 7 ; = 4 (Uais + Upia) — 5U7 5 (gap +
U,Up) is a symmetric, tracefree tensor and is called the shear tensor, QY 5 =

2(Uasp — Upia) is called the vorticity tensor and © = U®,, is called the expan-
sion scalar. Also, Einstein’s equations have been used to replace the Ricci tensor
by the energy-momentum tensor.

For the use of the Raychaudhuri equation to describe astrophysical plasmas in
which gravitational effects are compatible with the fluid attributes, we have to
account for the temperature and pressure of the fluid. For this, we incorporate
into a small volume element of the fluid a statistical factor f which represents
a temperature-dependent statistical attribute of the fluid, and is related to the
enthalpy h, the scalar density in the rest frame n and the mass m of the fluid
particles by the relation h = mnf(T). When one does the kinetic theory of high
temperature plasmas, f(7') seems to emerge as the most useful variable to repre-
sent temperature effects. For relativistic plasmas, h = mnKs(ms/T)/Ka(ms/T)
and f(T) is purely a positive function of temperature. The velocity vector of the
fluid is obtained as the average velocity of this small volume of the fluid and is
written as V# = fU#. This drastically alters the character of the terms in the
evolution equation. For example, now V#V, = —f 2_in contrast with U# U, = -1,
and, unlike UUy;p = 5(U%Ua);3 = 0, now V*Vy5 = —f9sf. These terms sig-
nificantly change the spatial terms of the Raychaudhuri equation and necessitate a
generalisation to account for these statistical factors. Indeed, this statistical limit
for the fluid velocity [7], unlike the particle limit, provides a natural factor for pro-
ducing acceleration forces from within the fluid due to pressure and temperature
gradients. In the unified magnetofluid picture one can write the equation of motion
of a magneto-fluid with entropy o as

T0"0 = gM"U,, (2)
where
MW = v 4 msuv (3)
g
and
S = 0u(fU,) — 0,(fU,) (4)

are antisymmetric second rank ‘flow’ tensors defined in [7]. In this sense, M, rep-
resents an anti-symmetric ‘unified’ field-flow tensor constructed from the kinematic
(U*), statistical (f(T)) and electromagnetic (F),,) attributes of the magneto-fluid.
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While the statistical factors provide us with additional acceleration terms which
alter the purely spatial character of the shear and vorticity tensors, there are some
relations that remain unaltered. A trivial example is that V# remains orthogonal
to the hypersurface with metric hop defined as the projector hog = gag + UaUg.
We notice that

V”;aﬁ = (fUM;a + U“f;a);ﬂ
= f;ﬂUu;a + U”;Bf;a + qu;aﬁ + fU#;aﬁ' (5)

It is easy to see that anti symmetrization in indices «, 3 allows us to write
VFap = VFga = f(UM;aﬁ +U"ga) = fR'5apU?” = RV 50V, (6)

and its character is unchanged in the transition to a hot fluid.

The question that arises now is the following. Is it possible to define the gener-
alizations of the standard definitions of the shear and vorticity tensors in a similar
manner, and can they be constructed to be purely spatial tensors?

Let us decompose, following the standard procedure, B,g = V4,3 into its irre-
ducible parts:

1
f

The trace of B, defines the expansion scalar © via

_ - _ 1-
Baog = 3o+ Qag + g@hag + - V,0sf. (7

1
f

where we have assumed that the generalized shear tensor iuv is symmetric and
traceless. If we now define

B, =0+ Ve, f=V",, (8)

N 1 1~ 1

Bap = 5 (Vais + Via) = 560has — ﬁ(vaaﬁf + V30af), 9)
then its trace

~ ~ 1

,=vt, -0 - ?V“ﬁuf (10)

goes to zero, because of eq. (8); the trace-free condition also reproduces the required
definition of ©. 3
The generalised vorticity tensor 0,3 may also be written as

Qs = 5(Vass = Vi) = 57 (Va0 = Vadaf). (1)

We see that the tensor S, defined in eq. (4) allows us the following identification:

L G = L (Va5 f — Vo f). (12)

Q =
b= 9 2f
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From an earlier work, we know that the gradient of f, for a perfect fluid, is related
to the pressure gradient and to Lorentz force from the presence of an electromag-
netic field [7]. So, unlike the standard particle picture of the shear and vorticity,
the unified picture of shear and vorticity automatically includes accelerations com-
ing from the internal forces of the fluids. This in turn ensures that the shear is
now not a purely spatial tensor and the vorticity tensor behaves in a similar man-
ner. It is the sum of the shear and vorticity tensors that leads us to the following
simplification:

V(s + Qas) = 0. (13)
This implies that

VeBas =0 (14)
and
1
f

The decomposition of V.3 into its irreducible components can therefore be writ-
ten as

BopV? = (Zap + Qap + S Valsf)VPE = VosVP = V,. (15)

L
f

So, while the generalized expansion scalar, shear and vorticity tensors show evidence
of internal fluid forces, the tensor, B, = Vi, itself shows similarity with the
original tensor, Bog = Uq;3.

. . - 1.
Va;g = Ba,@’ = Eag + Qa,@ + g@hag + Vaaﬁf. (16)

From the definitions of 6, & uv and QW, the following equations relate the scalar
of expansion, shear and vorticity for a geodesic congruence in the particle view to
those in the unified view of gravitating fluids with acceleration forces:

0 = fo,
iul/ = fzg;u/a
Q;w = ng;wa (17)

which then imply
B, = B, + V.0, In . (18)

In analogy with the derivation of the standard Raychaudhuri equation [1], if we
consider the parallely transported Bag,y = Va4, then from eq. (6), we get

Baﬁwv’y = (Va;75V7 - Rav“/ﬁvav’y)
= ((Va;vvv);ﬁ - Va;vv’y;ﬁ - Ramﬁvov’y)
= (Va)ﬂ - Ba’vé'yﬁ — RaoysV7V7). (19)

Taking the trace over the indices o and using eq. (8) we have
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| . ..
(©+ ?Vﬂﬁuf),ﬂ” = (Ve — BoyB"* — Ro, VIVT). (20)
We now use Einstein’s equation to get

<é + %V“aﬂ f) 7al
Y

: - 1
= (Va;a — BopBP* — 8 (tw - thw> V“V”) : (21)

The acceleration forces are two-fold, one coming from the EM forces within the
fluid and the second from the fluid forces themselves (pressures, etc.). To examine
what these are, we return to the equation of motion for a fluid with entropy o in
the unified picture eq. (2) and use the fact that

S = 0 F(TVU) = Du(F(TVU) = Vi — Vi (22)
For an isentropic fluid,

Uto,o =o,VH"=0. (23)
Therefore, we can write

T0,0 = -TU"U,0,0 —U,0,0]

T
= _PV#[V’@U - V,0,0]. (24)
Putting this together with (3), we find
T, L m
—FV V.0,0 =V, 0,0] =qU" | F,, + ES,,# (25)
or
T
mV*# S, =qVI'F,, + ?V“[Vﬂ&,o -V, 0u0]. (26)
Therefore,
T
VIV, — VIV, = % (V“FW + %V”[V#&,a — V,,aua}> (27)
and
. T
V, = —fo,f+ L (vrE,, + o vi,0,0 — V0,0 ) . (28)
m af
Defining a pure fluid factor N, as
T
Nuy = Z(0:uVi = 0 V3), (29)

f
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the acceleration vector simplifies to
V, = —fo,f + Lynw (Fw + me> : (30)
m q
Defining
Guu :FHV+%N},LV7 (31)
substitution into (21) yields

- 1 .
O+ V9.1V = (—faaf + %Vﬁmﬁ)u — BogB®
— 87t VIV — dm f2t, (32)
which simplifies to
é + C = (_faaf);a + gvﬁ;aGaﬁ + gvﬁGaﬁ;a
m m
—BapBP® — 8t VIV — Ar f2t, (33)

where we have defined V#0,In f = (. Using the relationship between B, and

B,,, we find

778
O+ = (=0 + LVuG + Lyaos,,
m m
~fBagfB’* — 2BV, 0, In f + ¢? — 87t VIVY — drn f2t

= Ly,.6o% 4 Ly,ges., — fB.sfB%
m m
+¢% — f2(0*In f) — 87t,, VIV — dm ft. (34)

Simplifying the left-hand side, we have
6=2Lv;.6%+ Ly, — fBasfB* +
m m
—( — f2(O*Inf) — 87t VIV — Amft. (35)

On further simplification of the B,,, B¥# terms, we have

6 = 3-Sag G + LVGP (i(wiﬁa
+Q0as2% + ;éQ) +¢?={— (0 f)
—87t,, VIVY — Ar f2t. (36)
This final form of the generalised Raychaudhuri equation, incorporating the sta-

tistical attributes of the gravitating hot plasma, reduces to the standard equation
in the limit f(7') — 1.
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3. A Raychaudhuri equation for the unified non-Abelian magneto fluid

In a recent paper [8], we had generalised the proposed unification of the Abelian
magneto fluid [7] to a non-Abelian magneto fluid. The equations of motion for
the magneto fluid clearly indicated the possibility of solitonic solutions which are
normally absent in the Abelian case. The inherent non-linearities present in the
Yang—Mills magneto fluid allow such possibilities and a natural question arises
as to what will be the dynamics of a self-gravitating non-Abelian magneto fluid?
This is particularly relevant in view of the compelling experimental evidence from
the relativistic heavy-ion collider at Brookhaven National Laboratory (BNL) that
the universe in its first few moments may have existed as a quark-gluon fluid.
Since, large gravitational fields are also present in this epoch, it provides us with
a motivation to give a generalisation of the Raychaudhuri equation for the non-
Abelian magneto fluid.

The suggestion in [8] was that each worldline would now carry an internal index
i labelling the non-Abelian species. Generalising the Lorentz force law to the non-
Abelian case, we had derived the equation of motion for the magneto fluid in
terms of a unified antisymmetric tensor, Mi,“, = Fiw, + %Siw, where FiW is
the standard Yang-Mills field strength tensor while S°,,, is given by

Silw = au(fUiu) - aV(fUiu) - igf[Au, Uu]i +igf[Au, Uur
—imf2U,, U, (37)

with the gauge covariant derivative being defined by D, = 9, — ig[4,,]. The
non-Abelian fluid equations of motion corresponding to eq. (3) for the ‘Yang—Mills
magneto-fluid’, with entropy o are given by

T0"0 = gM!"Uqy. (38)
For a non-Abelian magneto fluid velocity vector U?,,, we can write
Utye = U™, = Ry gU™. (39)
Examining B, = U’,,.,,
BYaUi® = (U 15aUi%) 0 = Rupna UM U = U' 0 Ui®. (40)
From our earlier work [8], we can write
trl, = U' o, Uy = %Fiu,,Ui” (41)

for the generalisation of the Lorentz force law in the particle picture of the non-
Abelian magneto fluid; the trace is over the internal, gauge group indices (i =
1...N = dim(gauge group)). Clearly, since now, U?,U;* = —N, we can henceforth,
assume that the Uiﬂ are normalised so that UiNUi” = —1, i.e we assume that
Ui, — U',/V/N. With this proviso, we can define an orthogonal projection
tensor as before
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Rw = G + U WU (42)
It follows that

U’'thy, = Ultg,, + UMU' U, =U7, —590;, =0 (43)
and

hw U7 = g, U + U U, U = U7, — 69U, = 0. (44)
Equation (40) can be reduced to

%Fi/Lana)'v - R;LpuanHUip - Ui,u;ana;l/- (45)

Biuu;ana = ( ;
Tracing over indices p and v, and defining ©* = B¢, *, we find
6i = (LFi,U).,, — RyoUi®Us? — B0 BV (46)
m
Once again, we can decompose the tensor B? uv into its irreducible parts and write
i i i i Lo
BuuzUu;u:Euu+qu+§@h#u~ (47)
It is to be noted here that we are considering a special sector of the magneto fluid
dynamics, that of a non-interacting sector of the full non-Abelian fluid as is seen
from our definition of the acceleration vector a,, = U*,,,U;". From a fluid point of

view, we are dealing with a multi-species model of the non-Abelian fluid. The full
non-Abelian interactions of the fluid will be explored in a future study. Returning

to the decomposition of B? v, We write
i Lo i L
Y = §(U pw +U V;u) - 59 Py,
i Lo i
Q pv = §(U pw —U V;u)‘ (48)

Clearly, these definitions give a decomposition of B?,, into its irreducible com-
ponents. As expected, the resulting Raychaudhuri equation, upon substitution of
B wwBi* into eq. (46), is a multi-species generalisation of the standard Raychaud-
huri equation. This non-Abelian generalisation of Raychaudhuri’s equation gives us
a means of studying the shear and vorticity of quark-gluon astrophysical plasmas.

4. Conclusion

High temperature plasmas have an important role to play in the early universe.
In what is known as the ‘classical’ or the ‘radiation’ epoch of the universe, both
gravitational and high temperature effects are of equal importance. Thus, for the
evolutionary dynamics of such a hot gravitating plasma, a generalisation of the
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Raychaudhuri equation to include finite temperature fluid forces as well as elec-
tromagnetic effects was called for. Using a unified magneto-fluid approach to con-
struct a generalised Raychaudhuri equation, we have attempted to respond to this
call. Non-linear plasmas also find an application in cosmology through the (now
compelling) evidence that a non-Abelian, non-linear quark gluon fluid existed in
the early epochs of the universe. To deal with the evolution of this fluid when
the gravitational effects are strong, we have laid the foundation of a generalised
Raychaudhuri equation for the evolution of non-Abelian gravitating plasmas. Most
interesting plasmas involve collective effects which are non-linear even in the special
relativistic situation and the inclusion of gravity can only lead to more intriguing
highly non linear phenomena. The investigation of further implications of the ideas,
germinated in this paper, is a promising avenue for future research. The amalga-
mation and unification of ideas that cut across barriers always enriches physics.
We feel that any work of this kind is a fitting tribute to a man whose physics has
crossed international boundaries.

Acknowledgement

The research of one of the authors (SMM) was supported by the USDOE contract
No. DE-FG02-04ER-54742.

References

[1] A Raychaudhuri, Phys. Rev. 98, 1123 (1955)

[2] S Hawking, Phys. Rev. Lett. 15, 689 (1965)

[3] R Penrose, Rev. Mod. Phys. 37, 215 (1965)

[4] N Dadhich, Derivation of the Raychaudhuri equation, arXiv:gr-qc/0511123

[5] S Kar, Phys. Rev. D53, 2071 (1996)

[6] E Zafiris, Phys. Rev. D58, 043509 (1998)

[7] S M Mahajan, Phys. Rev. Lett. 90, 035001 (2003)

[8] B A Bambah, S M Mahajan and C Mukku, Phys. Rev. Lett. 97, 072301 (2006)
[9] A K Raychaudhuri, Theoretical cosmology (Clarendon Press, Oxford, 1979)

Pramana — J. Phys., Vol. 69, No. 1, July 2007 145




<<
  /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


