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Summary. — The problem of the convergence of the unitarity series,
saturated with Reggeized multiperipheral graphs, is formulated in a
clear mathematical way. The agymptotic approximation is extensively
treated.

1. — Introduetion.

In this last year, starting from the C.G.L. multi-Regge equation, strong
interest has been devoted to multiperipheral models for the high-energy scat-
tering amplitude (%).

A group-theoretical approach to the C.G.L. equation was proposed by Crnew
and DE TAR (?) at zero momentum transfer and its: partial diagonalization

(1) G. F. Caew, M. L. GoLDBERGER and F. E. Low: Phys. Rev. Lell., 22, 208 (1969);
I. G. Hatray and L. M. SANDERS: Nuovo Cimento, 80 A, 177 (1969); L. CaANEscHI
and A. PiGNoTTI: Phys. Rev., 180, 1525 (1969); W. R. FrazEr,and C. H. Mzura:
-University of California, San- Diego preprint, UCSD-10Plo-60 (1969); J. 8. BaLL and
G. MarRcHESINI: Berkeley, preprint,, UCRL-19282 (1969).

() G. F. CaEw and C. Dr Tar: Phys. Rev., 180, 1577 (1969).
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was obtained by CEEW and FRAzer (°) and more recently by MUELLER and
MuziNicH (4). CrAFALONI, Di TAR and MISHELOFF (5) studied the kinematical
complications which arise at spacelike momentum trarsfer and performed the
corresponding little-group expansion.

In these developments some problems, whose arrangement is not completely
satisfactory, arise. Firgt of all we outline the fact that the substitution of the
unitarity graph series by an integral equation, also if it is a useful mathematical
tool, is not unambiguous. Actually, it can be shown that the integral equation
has several solutions and obviously the physically relevant one is that we can
identitify with the unitarity graph series sum. Bo it seems an essential point
to specity what convergence means for the unitarity series. Another difficulty
is.due to the fact that we have to perform a partial diagonalization with respect
to a noncompact group and only well-behaved functions, 4.e. square summable
on the group parameters, can be expanded in a definite way.

The above-mentioned difficulties can be tackled if we consider the problem
in the framework of a clearer mathematical formalism: a possible way consists
of associating to each unitarity graph a pseudobilinear: funetional in some dense
subspaces of the Hilbert spaces in which the « crossed partial-wave analysis »
is performed. The structure .of these spaces has been introduced in ref. (6).
So in this formalism the problem is to sum an infinite series of pseudobilinear
funectionals.

Another important point is the fact that the many-particle production ampli-
tudes, parametrized by means of the Chew, Bali and Pignotti variables (7), are
not free from kinematical singularities, so the imaginary part itself cannot show
the correct analyticity properties. This difficulty arises from the well-known.
fact that a scattering amplitude constructed by a single Regge pole has not
the correct analyticity properties and an-infinite family of trajectories must
be exchanged. These last properties can be achieved by means of a generalization
of the model for the two-body scattering amplitude developed by CoSENZzA,
SorarriNo and ToLLER (%) in which these difficulties are eliminated (multi-
Lorentz model) (9). )

A unified treatment of these problems, in the framework of a definite math-

() G. F. Carw and ‘'W. R. Frazer: Berkeley, preprint, UCRL-18681 (1968);
Phys. Rev., to be published.

(*) A H. MurrrLer and I. J. MuziNice: Brookhaven National Laboratory. report
BNI1-13728 (1969).

(®) M. Crararoni, C. Dz Tar and M. N. Misurrorr: Berkeley preprint,
TUCRL-19286 (1969). '

(%) M. ToLrLER: Nuoevo Oimenio, 54 A, 295 (1968).

(") N. F. Ban1, G. I, Caew and -A. P1eNoTTI: Phys. Rev., 163, 1572 (1967).

(®) G. CosEnza, A. SciarriNo and M. TorrLrr: Nuovo Cimento, 57 A, 263 (1968);
62 A, 999 (1969).

(%) ‘M. Torrrr: Ref. TH-1026-CERN-Geneva (1969).
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ematical structure, will be the object-of a future work. In this paper however,
we show, as an example, how this mathematical formalism allows us to treat
completely the- problem, at least when the asymptotic approximatien (3) for
the projected graphs is considered (spinless particles involved).

2. — The unitarity-graph series eonvergence.

The unitarity condition for a generical reaction (1) 4 (2) — (3) + (4), can
be written in the following way:

(2.1) — [y @ LI (T~ THH @) = (Ifs @ Ll TT'TH ® £1) 5

where T =—i(8§—1I) is a normal operator ([7, T'] = 0), {; are single-particle
states and the matrix elements in (2.1) define two bounded functionals on the
topological product H#L X AT HT = H1 R H? and H#T = H* R H* are the Hil-
bert spaces of the initial and final states respectively. Following ref. (¢) we
can also-define two pseudobilinear functionals

(2.2) Dfs ® oy 1 ® Ifs) = —i([fs @ 1], (T— TN, ® 1:1)
(2~3) E(fél ® sza fl ® Jfa) = ([fs ®f4:[7 TT+U1 @fz]) 9

on S8 X4, where #® and s#4 are the Hilbert spaces 7 ® #> and H#' R H?
which eontain the pseudostates.(°) of the reaction.f, ® Jf,, L ® Jfz. J is the
antilinear mapping which transforms a Hilbert space o in its adjoint 2.
We obgerve that these functionals are defined only in the dense subspaces
FECHE, P4 cH#* which contain elements of factorized type and their finite
sums. The unitarity condition becomes

(2'4) d}(fBa fA) :E(fo fA) .

As shown in ref. (%) the Hilbert spaces 4, #% can be decomposed as a direct .
integral of Hilbert spaces #%5,#7;. In the equal-mass case (EE) we have
My=M,=M,, My= M,= M, and the explicit form of the projection of the
functionals @ and Z at zero momentum transfer is

(2.5) @Q-o(fg-oy fg-o) :fd[u*(PB) d/’L+(BA)fg=0(PB) I M (P, Pg; PA?-PB)'.fgnO(PA) ’

(2.6) Ea=o(fg-ov fg=o) = E Xn+2(fg=-o’ fz-o) ’

=

(1) 8. FErrARA and G. Martiori: Nuovoe Cimento, 65 A, 25 (1970).
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where

(2:7) Xn+2(f‘g=oy fgmo) :J‘dlf(PB) dﬂiv(PA) 1—[ dﬂ+(Pn) :

=]

nt1 —
AM(Po, Py ooy Py Pois By B 0By B 3 P.) foolBy) ol B2).

i=0

du'(p) is the invariant measure on the mass hyperboloid and fouoPp) =
= f(Py F— Py, feo(P) =h(P)fs(—P,) are the wave functions of the
pseudostates at zero momentum transfer. The function M(P,, ..., P,,; P,, P,)
is defined by the relation '

(2.8)  ([ps(Po) @ - @ Pua(Prutn)]; Tgs(P) @ @5(Py)]) =

: ntl
:@w%m@+g—2@meqmngw

i=0

and Py=P,, Py, =P, (from now on we will omit the index @ = 0).
Following ref. (*) we now use the B.C.P. group-theoretical variables and

“we obtain

(2.9) Im M(P,, P,; P, P,)=.#(a;"a,),

B

(2~10) [M(.Po, vy Pm’—l; PA 7PB)IZ :‘/V(le rey Wn+15 9}7 mery gn+1) 7
where W, == (P, -+ P;)* = @2 and
W§:Q?:(Pi——1+Qi—1)2 (=2,...,n+1).

The Lorentz transformation a, (a,) connects the rest frame of the particle A (B)
to the laboratory system; ¢, are elements of the little groups H,, of @, and are
defined by the relations

(2.11) 9;= qgj1a:1“{ (i=1,..,n+1),

where a; are Lorentz transformations which connect the systems in which the
four-momenta have the form

(2.12) Q@ =9, mziwﬁwmm% it W,>0,
Q1= 6:Qis (0,0,0,V—W), it W,<0,
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to the laboratory system and g, are boosts in the direction of the z-axis. The
following relations hold:

(2.13) Qo == A 7, ity = B Qi ity Qp == Opoy Quia ¥y y

and the elements », and r, are simple rotations.
The group elements can be parametrized in the usual way:

(2.14) 9y = () 4, () u,(v,)

where wu(u,), ,(»,) are rotations about the indicated axis and a,(;) is a rotation
about the z-axis if W,> 0 and a boost if W, << 0.
The single multi-Regge contribution to the function (2.10) is
(2.15) N Wy ooy Wit Gy oens Gutn) = gzmﬂ)ﬂA(Wl)(OOSh gyt
BW,, W,)(cosh £, . (cosh £,,)** 7™ B (W,.4)
where the functions § are the square moduli of the residue functions, gis a coup-

ling constant and angular dependence is neglected.
If we express the phase space in group-theoretical variables we finally obtain

51“ A)

(2.16) YLore(fB, FA) = g2r+2 272 (2m)8 B( 1)A W, M%, u®)-

631( ) ~ '2(7'1;)
S (cosh 13220 (W, Woy ) . =

'ﬂB(Wnﬂ) AWy, Mgl y Mz)f—B(PB) fA‘:ﬂ)~dW1’{- AWy dag ... dayy, da,das.
The symbols used have the following meaning: A(a, b, ¢) = A¥(a, b, 6)6(A(r, b, c))
where A(a, b, ¢) = a® 4 b% -+ ¢*— 2ab — 2ac — 2be is the triangular function and
6 is the step function, u is the mass of the produced particles, which are as-

sumed all identical, and 63(a) is a d-like distribution on the Lorentz group with
the property

(2.17) ff(a) () da ::ff(g) dg

The last expression can be rewritten as

(2.18)  mralf )= gZ(ﬂ+2)J.Bn(aA’ Oty Wars) 272 (277) /3” W)

A(Wn+1’ MB7 M ) (az) F4( aA) deﬂ da,, dagday,
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where

(219) Bn(aA, an+1y ~Wn+1) :an—l(a’Ay 06,,, Wn)ﬁ(Wny‘Wn-!-ly //‘2) *

. 5?1’177.+1y(gn+1)

(€08 G oo T AW, da
n+1

and we have

ALY 8%, (91)
(2:20)  Byloy, a,, W)= 42 BAW)A( (Wy, M3, u®) =227 (cosh £, )0 da,

M2 W]
If we deﬁné the kernel
(2.21) G(W', a'~ra, W) = B(W', W)[W|83,(g)(cosh )™
and the funection
, ~ 611[3(/"3)
(2.22) Ay(ra, W) =22 (277:)6‘6’3( Woii) A(W, 1y MB, 7 )

we can write the formula (2.18) as

(2.23) Anta(f?) f4) = g2<"+2)fda3.douf(a3) f(aA)deI v AW,y -
dag ... @y Bo(ayy @y W) oo G(Wy a3 @y, Wit)) Aoy Wass)

It can be shown that the functionals y,(f% #4) are bounded provided
Rea(0) < —4; in order to do this it is' convenient to use a symmetrized kernel

*
Lid GW', o~ a, W),

(2.24) GW', 4’1, a, W)= lW

80 we obtain

(2.25)  yosa(f?, f4) = g2t f day daflas) f(a,) f AW, ... AW,y -

8 o Aty Bolaay @y W) oo G(Wa, 07, Gy Woa) Doy, W)
where
Bya,, ay, W,) = |W,[* By(ay, ay, Wy),
(2:26) [ Aofryy Wogs) = Woasa] Aoy, Wor) -

Then we can write

(2.27) nralf?, P <Igle 2| BTG 1AL 072 1] -
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The norms of the integral operators @, EO, 4, satisfy the following inequali-
ties (11):

18] < :dedW’ (fdalé(w, a W’)])T,

(2.28) | uféo” < :de(fda]ﬁo(a, W)[)Z]%,
2= [ faw([aniZes, w) ]

and the integrals converge if Rea(0)<<—%. Then, for these values of «(0),
the functionals are bounded: they are the matrix elements of bounded oper-
ators (12), so we can study the convergence problem in.the operator norm (uni-
form topology). Consider Rex(0)<< — 1, performing the O;, expansion of the
bounded functionals (*3) y.4s(f%, f4), the unitarity equation at zero momentum
transfer reads '

(2.29) D(fp, f4) = 3 grens» g f A2 M2 — A2) it (272, fa2Py,

n=

where the projected functionals are bounded and generated by Hilbert-Schmidt
operators ('2)
(2.30) HE1P, 1477 = (7, AR G B

If we choose f*(a,), f*(a,) in the set. of continuous functions with compact
support, which is. a dense set in L2, these functionals are analytic in the strip
|Re A|<< —20¢(0), and are uniformly bounded with respect to A'in every closed
strip inside |Re A|<< —2x(0). For g2 < |G| the projected series converges in
the operator norm, uniformly with respect to ¢ and A, M so exchanging the
integration with the sum in (28) we have

{co

s o, = Sgr[arae—i S e, Ty G gy ety —

J. )'2 BMA AM}. [BMA - RM}. BM}.] fAM") :

(*Y) This result can be obtained by using some results of R. L. Lapsax: Bull. Am.
Math. Soc., T, 652 (1967).

(12)-M. A. NAIMARK: Normed Rings, Chap. I (Groningen, 1964), p. 90.

(13) See ref, (5).
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and the resolvent operator B¥* satisfies the equation
(2.32) o — gy (e
its kernel satisfles - the corresponding equation
(2.33)  RFhun(W', W)= g GFhsn(W', W) -+

+ > ngﬁi”ffmmn(W’, W) G2 (W, WY AW
J'm"

When ¢ increases in such-a way that |g|2 > | @~ the functional (2.31) becomes
unbounded (*°) and the projected sum exhibits poles which cross the integration
path in the inversion formula in (2.31). However the quantity ®(/%, /) which

- has a well-defined physical meaning (see (2.2) and (2.3)) in correspondence to
pseudostates, is finite so we may evaluate it performing an analytic continua-
tion in g. To do this we rewrite (2.31) as

@34 (=3¢ f AR — ) PN A By AR B
P g R

—~§0

where the functions ¥#* are so defined
(2.35) A Tl

and are analytic (*) in the strip |[Red|<2 if /" ¢ &7, f* € #4 The analytic con-
tinuation in g is obtained by modification of the integration path in the right-
hand side of (2.34), using the analyticity properties of the resolvent R** and
of the functions ¥¥?*,

‘3. — The asymptotic approximation.

In order to investigate the unitarity series to higher values of Rea(0)
(Rea(0)>— %) we assume the asymptotic approximation for the projected
kernel. Consider Rea(0)< 0, the projection of the kernel & is given by (14)

5.1) (W', W) =[G 0, W) D) a

== |
J
93,1

(1) The explicit expression of the matrix elements of the irreducible representa-
tions of Og4 can be found in A. ScrarriNo and M. Torrer: Journ. Math. Phys., 8
1252 (1967).

’
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For W > 0 the integration is over the compact group O, and the result defines
an entire function of Ain all the A-plane, so it is congistent with our approxi-
mation to completely disregard this contribution. For W< 0 the integra-
tion is over the moncompact group O,, and the integral defines an analytic
function of A in the strip |Re | << — 2¢(0) (a/(0)>0) (*5):

AXW', W, p?)

~ , o ’ Ll
(3:2)  Grman(W, W)= B(W', W) [wwE

Som Gom:(€OSR0)2 M B0, (qg) dy .
It is easy to find that

90,(8) 15z, (1) 0a(8) ~ wy(6) as () wy (Jj) ,

where coshy = cosh ycosh & and tg(6/2) = ¢7%, costiy = u2—W — W' |4|WW'}},
Using the asymptotic approximation for the representation matrices (*4)

1
(3.3) D3050(90(L)) = 5 Zoul0) azt bﬁ“e%’ﬁm<— 7—;) (cosh y cosh £)*~*
we obtain (we put 2%} (a) = 2%(a))

(3.4) FHW, W) =

— L (cosh ) L (0) 0 bﬁ-“.%zo(-

”) W', W) AW, W', p?)
2

2) TWWE 1 —2a(W)

This is just the pole approximation considered by CEHEW and FRAZER: we
observe that this kernel is justified only for 4 near 2¢(0). In fact this approxi-
mation describes exactly the part of the kernel which is singular near this point
but an important nonsingular correction may be present. In particular it does
not possess the symmetry property for A —— 1. We will discuss later, in the
analytie continuation in «(0) and g, the possible effect of neglecting mirror
and satellite cuts. ' )

In this approximation the analyticity properties of the projected resolvent
derive from the Fredholm theory of compact operators.

The Hilbert-Schmidt eondition fer the kernel is

(3.5) S| AW AW’ [GEX W, W) < oo .
' .

(1) For W< 0 6(A(W, W', u2)) =1, so AW, W', u2) = AW, W', u2).
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It can be shown that

(3.6) Roul0) a3 01 T (— %‘)N J*,
80 we use the symmetrized kernel

(3.7) GEAW', W) = J"* W, Wy gt

The sum over J’,J converges only if Rel<—1. In order to work with

Rel>—1 we observe that the kernel (3.7) is factorized with respeet to J', J
80 also the resolvent must have the gsame form

5.8) REHW' W) = FL2(0) a5 RO, W)t ()
and R*¥ (W', W) satisfies the integral equation

(3.9)  B™(W', W)= G" (W', W) — f AW R™ (W', W) G (W', W) 8" (W", W),

where
wop L B W) 1
and

(8.11)  SHW, W)= bﬁ”%(——g) o 0) a3 = (bgh 7)™ dly(cteh ) .
J

The function dgM is & representation matrix of the group O,, (**). The result
(3.11) is not trivial; in fact the (infinite) sum in the right-hand side can be per-
formed only by means of an extension of the theorems given in ref. (%) on the
traces of the irreducible representation operators of 8L, ,.

The kernel of the eq. (3.9) is given by

BW’, W)

: JTHMA ! e )
(3.12) KW', W)= T 2a)

[WW AW, W, w22 @2 (ctgh 4)
»

and the residues (W', W) -are -singular at W', W=0 and behave like
IW/’—-a(W’)JWI-—zx(W)' :

() M. H. Nammarx: Linear Representations of the Lorentz Group, Chap. III
(London, 1964), p. 137.
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Then:the kernel (3. 12) is of H. S. type (") for Rel>2 Rew(0 ]M[—l
with a cut starting from:2e(0) and going to the left (A.F.S. cut), We observe
that the equation for the resolvent is. of Fredholm type near the cut-where the
asynmptotic approximation is very good. However the analytic properties of the
resolvent of the eq. (3.9) in all the strip |Red|< 2 can be investigated (for
any value of «(0) which does not violate the Froissart bound) following a tech-
nigque: developed by TIKTOPOULOS. (18) It is possible to separate the kernel
in two parts:

(3.13) KW, ) oMW, W)—l—H”"‘(W’ W)

where H*(W, W') is a H.S. kernel for Rex(0)< 1 and |Rel|< 2 and
CM (W', W) is of finite rank:

(3.14) oW, W iw”“(W' 0) FIH(W, (0)) -

§=1

Thig. decomposition can be carried out using an expansion near W, W'=0
for the terms of the kernel which are not factorized.
The resolvent R¥X (W', W) of O‘“(W’, W) has the form

M A 1 v.:2 =M
(3.15) R,,"(W,W)zmzn(m Ay (0)) yr (W', 2(0)) (W, (0))

]

where d(M, 4, «(0)), the Fredholm determinant of the factorized kernel cx:
and the functions f,( M, 4, «(0)) are constructed by means of the scalar products
of the «vectors » pX* (W, «(0)) and F¥*( W, «(0)). These last functions are mero-
morphic with poles at” A = 20(0) — | M| —n which are eancelled by the same
poles which are present in the function d(M, 1, «(0)) so the function R¥ (W', W)
is meromorphic with the peles given by the zeros of d(M, 4, «(0)). The resolvent
operator of K** is given by

(3.16) RMA (I 4+ Rgl)[I_HMI(I_{_ RJ:A)]—-I___I

Then we have that R¥* is analytic in A, o, g until

: Reoc(O),<—-;j, [Re A< 2, |g§2<ﬁy

(*7) The |M|-dependence arises from. the fact that the function AW, W) behaves
like (WW!'YaV2 for W, W'~ 0.
(*®y G. TikroroULos: Phys. Rev., 133 B, 413 (1964).
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~apart from a eut starting from 20.(0). When «(0) and g increase the resolvent be-
‘comes meromorphic in the strip |Rel| <2, Rea(0)< 1. The analytic continuation
of the pseudolinear functional @ is obtained by modification of the integration
path in the inversion formula (2.34). However we observe that in the analytic
continuation the contribution of the mirror cut at 1= —2x(0) and of the
satellite cuts at A= + 2¢(0) —n cannot be neglected and the asymptotic ap-
proximation is ne longer valid. ‘In particular a satellite mirror cut can lie near
the Lorentz cut at 1 = 2«(0) and could in principle give a big contribution.
Only & future deeper analysis can answer this question. In this econnection
we note that in the Bethe-Salpeter (*) ladder model the Regge and the mirror
poles exhibit a sort of orthogonality which forbid their interference.

® k%

We are grateful to Prof. M. TorLer and Dr. C. CosENzA for helpful dis-
cussions.

(**) L. SErrorIo and M. ToLLER: Nuovo Cimento, 38, 413 (1964).

RIASSUNTO

Si da una chiara formulazione matematica del problema della convergenza - della
serie dell’unitarietd, saturata con grafici multiperiferici reggeizzati. Una dettagliata
‘trattazione viene dsta per I’approssimazione asintotica.

O pemxenzoBannoit MyapTHEEpHBEPTIECKOl MOTETiL

Pestome (*). — YeTkum MaTeMartuieckum o6pazoM dopMympyeres npobrema cxo-
AMMOCTH  YHHTAPHBIX - PSIJOB, HACBILEHHBIX ¢ IOMOIIBIO PEKCH3OBAHHBIX MYJIbTHANCDU-
depmdeckux rpaduxor. HIupoko paccMaTpHBaeTCs aCHMITOTHYECKOE IPUOIIKEHNE,

(*) ‘Iepesedeno pedaxyueii.




<<
  /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


