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COSUBNORMAL DILATION SEMIGROUPS
ON BERGMAN SPACES

THOMAS L. KRIETE, 111

Let Q be a Jordan domain in the complex plane whose boundary 02 contains
0 and such that Q u {0} is starlike about 0. For 7 > 0 we consider the operators

D,: f(z) — f(e~'z) acting on the Bergman space A42%(2), the Hilbert space of all func-
tions f analytic on Q with

1

T

IflI? = Slf(x + iy)|2dx dy < oo.

2

One easily checks that {e='D,},;,isa strongly continuous semigroup of contraction
operators on 4%*(2). We will be interested in when {D}},5, is a subnormal semigroup,
that is, when there exists a strongly continuous semigroup of normal operators on a
larger Hilbert space whose restriction to A%Q) is {Dj},50. A theorem of Ito [3]
asserts that this is equivalent to each D} being separately subnormal.

THEOREM 1. Let Q be as above. Suppose that 0Q is analytic near 0 and that
the interior unit normal vector to 0Q at 0 is in the positive real direction. Then {D}}iso
is subnormal if and only if there exists non-negative numbers A and x, not both zero,
such that Q is the set of points re" with — nj2 < 0 < 72 and

r<cos0 if A—0,%>0 (zdisk),
b4

1 .
r<— if A>0, x=0 (ahalfdisk),

VA

— % + |/x* + 16 A cos®0

r< 4Acosl

if A>0, »>0.
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A few remarks are in order. First, the parameter » in Theorem 1 is the curva-
turc of ¢Q at 0. Second, note that if ¢ # 0 and Q, = {¢z : z € Q}, then (Xf) (=) -
: ¢f(cz) defines a unitary operator X from A% Q,) onto A*Q) satisfying XD,

- D,X. Thus, given that Q is smooth at 0, we may as well assume that the interior
unit normal points along the positive real axis. By the same token, we may and do
assume that (0, 1] « @; when Q is as described in Theorem 1, this says that
24 + %< 2.

Third, the results here are an application of the general theory developed in
[6],and I will draw freely on that paper. Recall that the cogenerator [8] of {e—'D },.., is
a contraction L for which 1 is not an eigenvalue and with e~*D, - : E (L), where

e

tin

o

t
E(z)=e¢e
we have

1]

7

(L)) =f5) = \fOdl, fe AXQ),

8]

=

sce {6, § 4]. Moreover, every kernel function in A*(Q) is a cyclic vector for L* [6,
Thecrem 1], so Bram’s Theorem [1] implies that if L* is subnormal, it is unitarily
equivalent to the operator M,: f(z) — zf(z) acting on P*(u), the L*(u) closure of the
polynomials, for some finite positive Borel measure y on {z: 'z < 1}. The eigen-
value condition on L implies that u({1})== 0, and e~‘D, corresponds to the operator
Ve: fiz) — E(2)f(2) on P*(u). The point spectrum of L is D = {z : iz} < 1}: indeed
the eigenvectors of L are precisely {z* : Reu > —1}, and Lzr®) .= wz?®™) where
p(w) :=2w(l --- w)~', a conformal map of D onto {u : Reu > —1}. It follows that
every point in D induces a bounded point evaluation on P3(u) [2, p. 169]; the ele-
ments of P3(u) are actually analytic on D.

The reproducing kernel for A%(Q) is

k(w, z) == - (;l(;)~(-pl:~)——j
(1 — @(w)p(2))*

where ¢ is a conformal map from Q to D. The analyticity requirement on ¢Q at
0 says that ¢ is analytic at 0 and ¢'(0) # 0, hence k(Z, z) has a pole of order 2 at
z .+ 0. This allows us to specialize Proposition 8 of [6] to the present setting, where
it will form the cornerstone of the proof:

SUBNORMALITY CRITERION. {D,*},;O is subnormal if and only if there cxists a
sequence (B} _2 of finite positive Borel measures cn (—oo, co) such that

(l) k(i.e—r,“.!’ re“".'i’) — Z ﬁ"(U)I'W,

n .-
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0<r<1, 2logr<ov< —2logr, where

oo

Buo) = S e dB,(3).

- 00

Tn the event that {D}} is subnormal, we can take u= fop, where p (as above)
maps D\{I} onto {x +iy:x> —1},

o0

(2) dﬁ(x + Iy) = )_1 dﬁn(y) d5n/2(x);

n=-2

and 4,,, is a unit point mass at n/2, see [6]. Formulas for the f, will occur in the
proof of Theorem 1, thus yielding a description of .

THEOREM 2. Suppose that {D}} s, is subnormal on A¥Q), where Q is as des-
cribed in Theorem 1. Then {€'D}} ., and L* are unitarily equivalent to {V*},, and
M, respectively, where u = f>p and f is given by (2) with

o . 1
xty + —-
"+ 5)

=7 -
B0 = rimhp > Y0 = 5wy

2 sinh(my)

n Z~+1 n f_‘4 . j /' . l2
dp.(y) = (-2— =+ I)A ddo(y) -+ Y, qn, )i T (2 + ly) dy
Jj -2 H

|

Jor even n = 0, and
. n+4d 1 ’ . ;2
B =3 q(mj)fr(--i + ]y)i dy
j=1 !

Jor odd n = 1; here q(n, j) is a non-negative polynomial in x and A with q(n, j) =0
if nis even and j odd, or if n is odd and j even.

TwoO SPECIAL CASES. (i) x =0, 0 < A < 1; Qis é half-disk of radius 4-%/2,
Then f, =0 if n is odd and

n

=
d/fn<y)=(»’;-+1)42 o), n=0,2,4, ... .

It follows that

du = WE) d0 + ¥ (n + 1) 4712 5,

n=90
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where 0 is a unit point mass at z, = n(n + 2)~! and Wd@ is the pullback of
df_o(y)do_y(x) to 8D via p. Since logh ¢ LY(d9), PAWdD) -= LX(WdO) in
contrast to F*(u), which admits many bounded point evaluations (all of D).

(i) 4=-0, % =1; 2 is a disk of radius 1 centered at 1. Then

1 ‘Lf(n+4 N\
B0 =—— 1L -~+1y) dy, ne—2,—1,0,..,
0 2n(n + 3)! ( 2 _ Y

and so u closely resembles the measure associated with the discrete Cesaro operator
C, on /2 [7]. This is not surprising, because for this 2, L* is unitarily equivalent to
8(l -~ Cy), where g(z) = (3z — 1) 3 — 2)-?, see [6, § 4].

Proofs. We may assume that ¢(0) = 1 so that for |z’ small,

o) =1+ ¢z + o2 + . ..

with ¢; < 0. Let us suppose that {D}} >0 is subnormal, so that (1) holds. Using the
form of k(w, z), we will solve for the ﬁ,,(v) and see that the requirement that they be

A A
Fourier transforms determines ¢. We introduce the abbreviations f, = f,(v),
t - *and 2=1¢+ t-%, and record for future reference the equation

s i2 '
3) 1o eity r( +iy)v dy, k=12,...,
Jk 2n(k— 1)! l

see {5, p. 39]. From (1) and the form of k(w, z) we have

©) @' (rt) = (L — o(r/)e(rt))? S‘ B

ne=—2

Now we calculate that

@' (r/)p'(rt) = 2 (Z G+ D —J + 1)ej 16 J_Ht*’ n),-n

n=0 \j
and that
(1 - @(r/t)p(r))* =Y, Byr

where
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If we equate the constant terms and the coefficients of r in (4) we may solve for
23_2 and f}_l, yielding

where ¥ = 2Rec, — c})fcy; x turns out to be the curvature of 0Q at 0, see [6,
§ 4.1.1]. So far so good: equation (3) and I-function identities [4, p. 3,4] yield the
desired expressions for f_, and f_,. In general, if we equate coefficients of r* in (4)

A
and solve for f,_, we have, using B, = ¢}42,

(5) Bn—Z =

7

”n . n=3 A
( G+ DE—j+ Dejarcy_jart¥ " — Y ﬁiBn—i)'
=0 i

)2

Now the definition of B, teils us that

k-1
B, = (S cpc,w,) t* + O(tk-2) as v — oco.

p=1

Let us use this in conjunction with (5) (with n = 2) and our formulas for ﬁ_z and
B_, to estimate Z?.,. We find ﬁo = A + O(t~? as v — oo, where

_ CIC3 - C%

<

A

Since B, is a teal measure we have ii\s(—v) = BAO(_v)—, hence fo = A + ol (%)
as v — — co. An argument in the proof of Proposition 10 in [6] shows that 4 = 4
and df,(y) —= Addy(y) + w(¥)dy where we LY{— oo, o), Since 8, > 0 we have
A=0.

Next we consider ﬁ,,_z for n = 3. From (5), the fact that all /’ij are bounded,

A A A
and our formulas for §_,, f_;, B, and B,, we compute

A n4-1

1 n—1
oo == {(n + 1)y 101 — ( ¥ c,,cm_p) —4 ( Y c,,cn-p)} - 4 O(r"-%)
p=1

1 r=1

A
as v — 0o. Since f3,_ is a bounded function, the coefficient of ¢"~2 vanishes, or replac-
ing n + 1 by n and rearranging,

1 (n—l A ng‘z
¢, = ——— Cplpi1-p | + ——— Cplp_1-
(n — 2)c, 2_7 p ) (n—2>c1(,:;1 pt )
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for n > 4; this holds for n = 3 as well. The first term on the right is the #™ Taylor
cocfficient of the function

z2

Y — 1 — N2
(p(w) ow) diw
wi

41

S Yy

while the second term is the »th coefficient of

/-43“~ S ((p(w) — —1 )n dw.
o w

0

=]

Hence I = is the sum of these functions, a fact which we may convert (by
n 3

rearranging and differentiating) into the Ricatti equation

dU )
¢ - -~ = U+ AU + )
dz
for the function
U= @ — 10—— clz'
22

The appropriate initial condition is U(0) = ¢,. The solution is

Az + f Z
UE) = — ey ——— e
A2+ 2z—1
C1
whence
0,2
O] o) =1—— .
A2+ 2z —1
&1
One checks that if ¢(z) == @(w), then wz = — 1/4 and thus ¢ is univalent on

{z:Rez > 0}. Now Q c {z :Rez > 0} is defined by the condition p(z)* <1,
which is equivalent to

(2Rez) (A]jz12 — 1) + x!zI1? < 0;

the desired description of Q appears on inserting polar coordinates. Since '@, =~ 1
an 02, we see that ¢ maps Q2 onto D.
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Conversely, if Q is described in terms of 4 and x as in Theorem 1, we can
define ¢ by (6) with ¢; = —1 and ¢, = (I — x)/2. The above discussion implies
that ¢ maps Q onto D. We find that

A2z + AW? + 22) + 1

kiw, z) = —— —
[(Awz — D + z) + xwz]?
whence
2,4 2 __ )2
k(rft, re) = 2L AR = Dr 1o
| ).m[l —r(Ar + ")]
Vs
m
2 o0
[ p a1 2+ 2 Y, Eur,
)»2 )~2 }'2 n=0
with

£ = §w+n(k)ﬁymmﬁ

ke (n/2) n—kJ\A

here (n/2) is the least integer not exceeded by n/2. We therefore have

F,
k(efe,rty =~ "r=2 4 Py [ﬁ + 4 (1 - ~2'-)Fo:| +
22 22 2 22

® |
F, 2 © A 2 1
+ 12w Aa(1 =2 R r+ S{SF o+ A1 —Z\F,+-—F,,, |
R (e L b (e AT

The coefficient of »” in this expansion is our purported Fourier transform /?,,. We
already know that f_, and f_, exist (and have the stated form). Let us check ﬁo
and ﬁl. We have

Fy=1, F =2,
)
1

1
&=M+wuya=&myww,,

from which we find
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and

A I I
Bim2ed v 2nd !y wa
3 PR

so that f, and B, both exist and are positive measures.
A
Consider now f, for even n > 2. It is convenient to take n = 2p and write

F. as

n

P ] . . 1\
Fp=¥ G+p+ 1)(” +{) 2 4P~ (—) .
“ p—J A2

. . . U |
1t is clear from (8) that the coefficient of r2” is a polynomial in 3 of degree p + 2.
3

To verify the existence of f,, it is sufficient, in view of (3), to check that this poly-
nomial has non-negative coefficients. It is easy to see that the constant term is

1 p+2 1 pil
3 ) and (:;) are (2p + 3)x**2 and
i3

y)
2p(2p + 1)%*" A, respectively. A somewhat more tedious calculation reveals that

{p + DA+ and the coefficients of(

. 1YV .
forj:-=1,2, ..., p, the coefficient of (’.;) is
At

2 — 2)(2j — — 1\ . N
oD@ -1 (‘D+J 1\, w2 -24P=i42 L (j 4 p+ 2) (p +J) X AP=i+1 3 Q.

(r~Jj+2) p—i+l p—J

We may then write, for n even,
n
A n 5 »1 n-4 . 1
B, = |- -+ 1) 4 -
, ( -+ ) + Y a0
where g(n, j) > 0 with g(n, j) = 0 for j odd. An entirely similar analysis shows that
if n is odd, [’i\,, is given by

ns4 1
i

ﬁn = 2 q(ﬂ, j)/_

with coefficients g(n,j) > 0 which vanish for j even. The equation (3) now implies
that the measures f, all exist (proving Theorem 1) and that they have the form stated

in Theorem 2, provided we absorb the factor —— from (3) into ¢(n,j).

2n(j — 1!
The two special cases can of course be deduced from the general form for
q(n, j), but it is easier to directly expand k(r/t, rt) from the first identity in (7). The
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results are

Case (i): k(e re) =»)‘q-r-2 + ¥ O+ DA,
o n«=0
. © n+3 ,
Case (ii): k(rjt, rt) _n=2_2. ™

and the desired conclusions follow from (3).

CONCLUDING REMARKS. Given a Jordan domain Q satisfying our hypotheses,
the domain A == {— logz :z € Q} is right-translation invariant, and the map
W:f(z) > e %(e-*) is a unitary operator from AX) onto A*A) satisfying
W(e-'D,) —= S, W, where (S,2)({) = g({ + t). Our conditions on  say that for
some ¢ > 0

Ac{x+iy:x> —c,—n[2 <y < n/2},

that the top and bottom legs of 04 are asymptotic to the lines y=4-7n/2 respectively,
and that <04 is analytic at co”’. Therefore, within this class of A we have charac-
terized those for which {S*},s, is subnormal on A2(A4). Note that in special case
(i), A is a half-strip. On the other hand, it was shown in [6, § 4.2] thatif A is a right-
-translation invariant sector with interior angle n/n, n = 2,3, ..., then {S}},5, is
subnormal on A%*(4), though the measure u has a rather different character, The
problems of finding all A for which {S¥},,, is subnormal, and more generally,
of describing the structure of {S,},5, for any 4, seem to me worthy of further inves-
tigation.

This research was supported in part by the National Science Foundation.

REFERENCES

1. BraM, J., Subnormal operators, Duke Math. J., 22(1955), 75—-94.

2. CoNnway, J. B., Subnormal operators, Pitman, Plainfield, Mass., 1981.

3, Ito, T., On the commutative family of subnormal operators, J. Fac. Sci. Hokkaido Univ.,14(1958),
1-15,

4. ErRDELYI, A., et al., Higher transcendental functions, Vol. 1, McGraw-Hill, N. Y., 1953,

5. ERDELYL, A., et al., Tables of integral transforms, Vol. 1, McGraw-Hill, N.Y., 1954.



200 THOMAS L. KRIETE TIE

6. KrIETE, T. L.; RHALY, H. C., Translation semigroups on reproducing kernel Hilbert spaces,
J. Operator Theory, 17(1987), 33—83.

7. Krigve, T. L.; Trurt, D., The Cesaro operator in £* is subnormal, Amer. J. Marh., 93(1971),
215225,

8. 5z.-Nacy, B.; Fouas, C., Harmonic analysis of operators on Hilbert space, North-Holland,
Amsterdam, 1970.

THOMAS L. KRIETE, III
Department of Mathematics,
University of Virginia,
Charlottesville, VA 22903,
U.S.A.

Reccived February 25, 1986; revised May 19, 1986.




<<
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <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 [445.039 677.480]
>> setpagedevice


