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ABSTRACT

The recently discovered symmetries of random systems in the framework of stochastic
quantisation may be obtained systematically and much more simply and directly from the Fokker-
Planck equations.The associated constants of motion follow, from the same equations, by a standard
construction.

Stochastic quantisation(1:2) is a relatively new method of quantisation of field theories. It was first
proposed by Nelson(D) in the non-relativistic domain as an alternative method of derivation and
interpretation of the Schroedinger equation based entirely on concepts of classical physics. Its
underlying physical idea is that a quantum system may be simulated by a classical dynamical system
subject to small random perturbations from a large background. This latter is usually referred to as a
heat bath (the thermal reservoir) and the random force exerted by it on the system as a noise. The
noise induces randomness, or stochastic behaviour, in the dynamical variables of the system.
Stochastic quantisation makes use of a correspondence between a dispersive, non-equilibrium system
in Minkowski space-time and quantum field theory in Euclidean space-time. The equations of motion
for the randomised variables combine two different structures:



(i) A Lagrangian

dx(t) de(t) V) )

L= 921' gij X) ==
which describes the deterministic motion of the unrandomised variables. The system will be supposed
to have N degrees of freedom xi(t) (i=1,2,...N).

(ii) A probability law which describes the incomplete and uncettain kriowledge of the state of the
perturbing background and of its effects on the system through a set of time-dependent random
variables Mq(t) (a=1,2...N). For simplicity it is supposed that there are also N such random
variables. These structures are combined in the Langevin equations for the variations Axi(t) of the
fields xi(t)

Axi(t) =al, (x) At + el (x) An, (t); At >0 (2a)
Axi(t) =al_ (x) At + ¢l (x) An (0); At <0 (2b)

aii(x) are related to the Lagrangian L. They are the so-called forward (+) and backward (~)

velocities. el (%) is a non-singular matrix which couples the system to the background. Eq. (2)

describes a stationary stochastic process, a process being simply a random function of time. The
stationarity of the process means that al+(x) and ela(x) do not depend explicitly on time. The
probability law accompanying Eq. (2), specifies the distribution of the random variables N (. Ttis
assumed to be such that its variations An,, () in Eq. (2) satisfy the equations

<AN, () >,=0 (32)
<An, ) Ang (t) >4 = f'n; 504;1 t-t| (3b)

e ho,
where < ... >, stands for an average over the distribution of the 1 o (). The parameter o isa

characteristic constant of the process (its diffusion constant) and is chosen here, for later convenience,
to be the ratio of Planck's constant f to the mass m in the Lagrangian L. Eq. (2) is a well known

model for the evolution of a non-equilibrium system towards equilibtium. Its distinguishing feature is
that the velocities a‘+(x) contain time reversible and irreversible components and consequently
dissipative and non-dissipative modes.

Its fluctuating or random terms represent microscopic time reversible dynamics. For a long time,
this has been the general understanding of the Langevin equations®). Recently, however, Parisi and
Sourlas® have discovered that the assumptions underlying the Langevin equation invariably imply



the existence of symmetries, including supersymmetries, of the system. This is a very remarkable
result. This lies not so much in the fact that the symmetry algebra is so large as to include
supersymmetries but in the fact that, in formulating eq. (2), the symmetries of the Lagrangian L
and/or of the coupling to the random background was never an issue.

In a previous paper(®) we have shown how these symmetries arise and how they may be derived
systematically. The argumerts in this reference were based mainly on the properties and
consequences of time reversal non-invariance of the Langevin equations. Although simple, the
method by which one arrives at the symmetries using these arguments are not very familiar. We wish
in this paper to give a simpler and more straight-forward derivation based only on the Fokker-Planck
equations. These latter are partial differential equations and much more manageable than the Langevin
equations. The operators shown in ref. (6) to define the symmetries also define the differential
operators of the Fokker-Planck equations.

We shall therefore start with the construction of the differential operators associated with the
Langevin equations. Let f(t,x) be a function with continuous derivatives of, at least, first order in t
and of, at least, second order in the xi, The forward (+) and backward (=) derivatives of f(t,x) are
defined by means of the equation

Dyf(tx)= Lim Zslf <f @+ AL X (t+AD) — £ (£+X) > @

At —04

Substituting from egs. (2) and (3) into (4), one finds the expressions

Dy=t% -g; + ;;— H, (52)
. 9 YR 2
He=fiah®) o5+ 5 8900 55 (5b)
where
gl () = el (%) e, (%) ®

with summation over repeated indices to be understood. Eq. (6) establishes a deep connection
between the Lagrangian in eq. (1) and the fluctuation term in eq. (2). The inverse of gl (x) is in fact
the kinetic matrix in eq. (1), that is

&ij (x) = ey (x) €aj (x) : )]



It is well known that from the positivity of the kinetic energy, the matrix g;; (x) may be interpreted

as the Riemannian metric of the configuration space of the variables xi. Egs. (6) and (7) identify this
metric also with the diffusion matrix defined by the fluctuation correlation matrix eia(x). This

identification allows to covariantise the theory. To this end, one introduces the determinant

g(x) = det (g;; (x)). ®)

The transformation

Hy — (5(x)™2 Hy (5(x)'? )
then brings H, into the covariant forms

.. ﬁz
Hy=h @+v) Vi+— A
2m (10)
where
i 1ri i L
ul ) =5 [a, 0 +al @] +5z &0 T ) (11a)
v =5 [4, 0 -] (1)

are the so-called irreversible (or stochastic) and the reversible (or current) velocities, respectively.

0 - 0
A=gl2 L 12 i ) = 12
g o3 (g g()axj) (12)
is the Laplace-Beltrami operator, I‘ijk (x) the connection of the metric 8k (x) and V, the associated

covariant derivative.
Next consider the Hilbert space scalar product

<] 0> =] dN @) Vgx) 0% %) ¢y () a3

The adjoints of the operators H, with respect to it are the Fokker-Planck operators

o 2
Fo=—hV; @t v) )+ 1 A, (14)

for forward (+) and backward (-) time evolution.
Let p(t,x) be the probability distribution of the x! at time t. It satisfies the Fokker-Planck equations



+ 9—"—%—‘-"-)- = F, p (tX) (15)

Taking the sum and difference of the equations in eq. (15) one gets the equivalent set of equations

2
-h V, (ui p(tx))+ %n— Ap(tx)=0 (16a)
QE.Sa‘t_;_’.‘l +V,(Vip %)) =0 (16b)

The first of these equations has been used up to now rather limitedly as providing a_definition for
ul (x), in the form

2 2
i ho -1g . h -1 i
v = 5= (X)) Ve @ptx) =70 V;E &px) an
where p (x) is the stationary limit of p (t, x). Similarly, one uses the stationary limit of (16b), that is

V, Mpx)=0 (18)

to provide a definition for vi(x) in the general form

. 2 "
Vi) = g (0 )1V (e p () =0 (19)

where Gjj x)=- Cii (x) is an arbitrary antisymmetric tensor. Eqs. (17) and (19) constitute the so-

called potential conditionsG:7), They define the velocities ui(x) and vi(x), in terms of the symmetric
and antisymmetric tensor potentials g (x) and Cjj (x), respectively. These potentials are not uniquely

defined. This is obvious for Cj (x), from the way it was introduced, but less so for gij(x). Both are,

however, subject to gauge transformations:

65 (0 = 5 0 =¢; (0 + g (PO VK Dy () (p () @)
&ij (x)— E;J (x) = 8ij (x)+ hij (x) (21a)

where the gauge function Dijk (x) is totally antisymmetric. The constant ¢ is introduced on
dimensional grounds only. It has the dimensions of velocity so that Dijk is dimensionless. For ui(x)
to remain invariant, g (x) has to be invariant. Consequently the symmetric gange function hij (x)

must vanish, that is



Eq. (21b) is not at all trivial.
The functions hij (x) satisfying it are the vanishing Killing forms of the metric g (x), that is

hy; (x) = \Z w; + Vj w;=0 22)

The vectors wi (x) are the generators of the infinitesimal transformations

xl 53X =xi +e wix) +0(?) (23)
which leave the metric 8ij (x) invariant, that is

Eij/(;(—) = 8jj (;(_) 24)

Eq. (24) is rigorously equivalent to eqgs. (21a) and (21b). The invariance of the metric g (x) gives

rise to the symmetries (i.e. the isometries) associated with the Langevin equation. Why this is an
important result is that the stochastic equations of motion imply that this metric cannot be generic.

We wish here to show how this invariance emerges directly from the Fokker-Planck equations,
egs. (16a).and (16b). These equations are thus more than just defining equations, for the velocities ul
(x) and V! ().

To this end one introduces in eqs. (16) the new function y(t,x) defined by

p (tx) = p (x) y(t,x) (25)

y(t,x) measures the departure from equilibrium or more generally stationarity. Making use of (17)
and (18), one finds that it satisfies the equations ‘

Hwy(tx)=0 (263)
f a—"i-é—tt—;-l‘l +Ly(tx) =0 (26b)
where '
. ﬁ 2
H=fu (xV.+=—A = (H,+H_
GVi* om (v i) (27a)
i 1
L=+" V. =~(H -H ,
V'V, > (H-H_) G
We seek solutions of (26) by separation of variables: that is, we put
Y(t,x) = q(H) o) (28)

Eqgs. (26) then reduce to



Hex) =0 (292)
Lo®W= hoo® (29b)
a® =q)e™ (29¢)

f o is the separation constant in eq. (26b). According to eq. (29b) the function ¢ (x) is in general
non-trivial; that is, it is not a constant if the energy eigenvalue f @ # 0. Egs. (29a) and 29b) therefore
imply that @(x) is a simultaneous eigenfunction of the operators H and L. From this would follow that
H and L commute. Much more generally, one gets from combining eqs.(29a) and (29b), that

HLl=-Ax)H (30)

where A(x) is a c-number function. The case when H and L commute is obtained for A(x) = 0.
Eq.(30) is the general condition compatible with egs. (29a) and (29b). An operator L satisfying
eq.(30) with respect to a given operator H is said to be a symmetry of the latter ®). For A(x) =0, L is
said to be an exact symmetry of H; for A(x) # 0, it is inexact.

Eq. (30) is the condition giving rise to symmetries. We shall next show that A(x) is indeed zero
and that this condition is the same as expressed by eq. (22). The direct computation of the
commutator on the left hand side of (30), from eqs. (27a) and (27b), is slightly cumbersome. One
lightens the task by using egs. (17) and (19) to re-express the operators Hy in the compact forms

2

ho ij
Hy= > (Px) V(X b,x)V;) a1
where
b (x) = b= g0 + ¢V (x) 32)
From eqs. (27a) and (31) one finds
" 2
2 e -1 . lJ .
H= > Px)  V(px) g x)V) 33)
From the identity
1
H,Ll=%x{H, H.
LU= 5[H, H] o
and the definition
[H,, H]=2mc” H, (35)

one finds, by substituting (31) and (32) in the left hand side of (35),



[H, L]=mc” Hy (36)
where
H—ﬁz(())"v bo (x)V
0= 5 (PG V;(p(x) by () V) -
and
boij (x) = ~ﬁ—2- (Vlv ! x) + VJvl (X))
mc (38)
Eqgs. (30) and (36) together yield,
H,=- 7‘("3 H
mc (39

Comparing the coefficients of powers of covariant derivatives on both sides of (39) one gets

H ) i i
5= (PE) " V, (b (xp(0) = -1 () u' (x)

(40a)
balx) = -A gl x @05)
From these and the definition of ul (x) in eq. (17), it follows that
A®) = - -2 -V, v' (x) = const
Nmc 41)

If the velocity vi (x) vanishes at infinity, A(x) = 0. In this case, from eqgs. (40), b,ii (x) = 0.
Making use of this in eq. (38) yields the Killing equations

ViV 0 +V, v, 0)=0 (42)

in agreement with eq. (22). The solutions vl (x) (0 =1, 2 ..) of eq. (42) generate the symmetries of
the system through the operators L, =" vi o X) V, with

Lo, H =0 ; a=1,2,.. 43)

There are a total of 1/2N (N + 1) such solutions v4i (x) in general for given gij (x). Eq. (42)
expresses a coexistence condition between the long term convectional modes described by the current
velocity vi(x) and the microscopic fluctuations represented by the diffusion metric gij (x). The



condition is that the convectional motion leaves the configuration of fluctuations invariant in the sense
that the vi(x) are Killing vectors of the fluctuation metric.

It is interesting that the Fokker-Planck equations express this condition rather explicitly by their
very structure. To better understand this let us enquire as to the constants of motion associated with
these symmetties. One of these is given directly by the stationary current conservation equation.
Consider eq. (18); it may be rewritten in the form

ui(x) v 0 =0 “4)

on making use of eq. (41) with A (x) =0.
Let ul (x) = ui (x(t)) define a flow by means of the equation

') i

& v (x(t) 45)
Taking the derivative of eq. (44) along ui (x(t)) and making use of eq. (42), one finds.
dudix) + T A 0" ) ] v; ®) =0 )

Thus in the subspace of configuration space spanned by the Killing vectors vig (o = 1, 2....), the

irreversible drift velocity ui(x) is a geodesic tangent vector and satisfies the geodesic equation

du’ (x)
dt

+I’Jku x) u (x)-—O
CY)

This is again a coexistence condition between fluctuations and dissipation: the geodesics of the

diffusion metric are generated by the irreversible drift vector ul (x). The generalisation of eq. (44) to
all geodesic tangent vectors uly (x) (o = 1, 2....) and Killing vectors vig (B = 1, 2....), allows to

construct the constants of motion of the system in a standard way ®:

Eop (%) : = %u;(x) v (0, o, B, = 1,20 e

(48)
In fact from
'@ i
=u t
L = g (X)) (492)
du; (X(t)) i i k
— ¥ Ly ug g =0 (49b)

and

ViVBj(X) + Viji(x) = (50)
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one finds that

dEaB(x) -
dt (S1)

The Eqg(x) are thus indeed constants of motion. There may be many more such constants of
motion. The Eqg (x) are the ones which follow directly from the Fokker - Planck equations.
We conclude therefore that:

() The symmetries discovered recently in the framework of stochastic quantisation may be obtained
in a systematic manner from the basic assumptions of the Langevin equationsl®! . The Fokker -
Planck equations however provide, the simplest and most straight forward way of doing this as
well as of constructing the associated constants of motion.

(i) These symmetries arise as coexistence conditions in the interplay of fluctuations and dissipation
in the dynamics. They express local fluctuation-dissipation correlations.

(iii) The deep connection between these symmetries and quantum theory is that the operator H with
respect to which they are defined (eq. (30)) is indeed related to the Schroedin ger Hamiltonian. In
fact the transformation

Hg=—(px) " H ()" (52)

allows to pass from H to the Schroedinger Hamiltonian Hg

2

H¢=~- h A+ V,®x)
§ 2m ° (53)

where

2

h o AWP®X))

T (54)

W®=§Wf®+%$®m®=

is the so-called quantum potential. Eq. (54) shows that if Vo(x) where given, one may solve for

p(x) as the ground state wave function of the Hamiltonian Hs. Eqgs. (53) and (54) achieve the
derivation of the Schroldinger equation starting from the Langevin equations in the case in which the
reversible velocity vi (x) is zero.



11

REFERENCES

1)
2
3
@
&)
(6)

®)

®

E. Nelson; Phys. Rev. 150 (1966) 1079.

G. Parisi and Wu Yong-Shi; Acta Phys. Sinica 24 (1981) 483.

H. Haken; Rev. Mod. Phys. 47 (1975) 67.

G. Parisi and Sourlas; Phys. Rev. Lett. 43 (1979) 744.

E. Etim and L. Schulke; Phys. Lett. 187 B (1987) 141.

R. Graham and H. Haken; Z. Phys.B 243 (1971) 289;

C. Enz; Physica 89 A (1977) 1.

W. Miller, Jr.; Symmetry and Separation of Variables; Encyclopedia of Mathematics and its
Applications, Vol. 4 (Addison Wesley Publishing Co. Reading, Massachusetts, 1977) ch. 1.
C.W. Misner, K.J. Thorne and J.A. Wheeler; Gravitation (Freeman, San Francisco, 1973)
ch.75, pp 650 - 654.




<<
  /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


