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Summary. We study . a unitarization method in conneetion with the
recently proposed Veneziano-like models for the pion electromagnetic
form factor. Using as input the model proposed by Suura, good agreement
is obtained with the experimental data in the timelike region.

1. — Introduection.

The structure of the electromagnetic. form factors in the framework of
‘the Veneziano model has been recently studied by several authors (“?). By
use of current-field identities, current algebra and off-shell extensmn of the
Veneziang representation, the expression

) r o
1) 6= PO gl

. has been obtained for the isovector électromagnetic form factor. Here o(t)
is the linear ¢ Regge trajectory, n a positive odd integer and P(f) a polynomial
in ¢. The various off-mass-shell extrapolations used by different authors only

(*) To speed up publication, the authors of this paper have agreed to not receive
the proofs for ‘correction. .

(**) Work supported in part by the Air Force Office of Scientific Research through
the European Office of Aerospace Research, OAR, United States Air Force, under
contract F'61052 67 0084.

(***): Present . address: Rutherford High-Energy Laboratory, Chilton, Dideot,
Berksh.

(Y) Y..0vanaGY: Tokyo University preprint UT 16-69 (1969).
(?) R. Jexco and E. REmippr: CERN preprint TH-1050 (1969).
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affect the detailed form of P(). We remark that the fact that # in eq. (1.1) is
an odd integer is a-.congequence of the quantization condition for Regge trajec-
tories (3). ’ '

However, all these models fail to satisfy a natural symmetry requirement,
namely  that two chirally conjugate sources, the vector and axial vector cur-
rents V; and 4;, are coupled in a more or less symmetrical way te all the
daughter poles present in the Veneziano representation and which have the
correct quantum numbers. The representation given in eq. (1.1) satisfies thig
requirement for V,, but only the = and the A,, out of all the possible 0~ and 1+
particles have been coupled to 4,.

These symmetry problems have been recently studied by SuurA (4) in
connection with the pion form factor. The requirements of the symmetry
discussed above lead to the following expression for the pion form factor:

3

F R
(1.2) Frft) = 1%— —2%% ‘

The obvious disease of all these representations lies in their lack of unitarity.
In the following Sections we will study the problem of the partial unitarization
(the meaning of this will be clear below) of the above expression for the pion
form factor. However, before doing that, let us discuss in general some features
of eq. (1.1) and (1.2).

 Equation (1.1), with n =7 and P(§) = const, reproduces quite well (°) the
data on the electromagnetic form factors of the nucleon, up to a momentum
transfer —¢ = 25 (GeV)2. Moreover, as pointed out by FREUND (¢), eq. (1.1)
gives some very interesting predictions on the hadron mass spectrum. However,
as discussed above, in the derivation of eq. (1.1) a strong asymmetry is intro-
duced between the currents 4, and V. '

On the other hand eq.:(1.2) correctly embodies the symmetry between A,
and V,. However we remark that for t-> oo, argt=40, eq. (1.2) gives F(t)~t%,
while composite models of elementary particles seem to imply F.(f)<t-! asymp-
totically (7). Finally it has been pointed out that an expression .of the

() C. LoveLACE: Phys. Lett., 28 B, 264 (1968); M. ApEMOLLO, G. VENEZIANO
and 8. WEINBERG: Phys. Rev. Lett., 22, 83 (1969).

(4) H. Suvura: Phys. Rev. Leit., 23, 551 (1969).

(®) P. D1 Veccuia and F. DraGo: Lett. Nuove Cimento, 1, 917 (1969); R. JeNco
and E. REmioni: Lett. Nuove Cimento, 1, ‘922 (1969).

(%) P. G. O. FREUND: Phys. Rev. Leit., 23, 449 (1969).

(") M. Craravont and P. MeNorri: Phys. Rev., 173, 1575 (1968); D. Awmari,
R. Jengo, H. R. RUBINSTEIN, G. VENEz1ANo0 and M. A. Virasowro: Phys. Letl., 27 B,
38 (1968); D. Amatr, L. CaxsscuI and R. Jenco: Nuovo Cimento, 58 A, 783 (1969);
M. Craravowi: Phys. Rev., 176, 1898 (1968); J. 8. BaArr and F. ZACHARIASEN: Phys.
Rev., 170, 1541 (1968).
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- (1.8) o G(t) = const—o— 2P
. I [%‘_ %0' p(t)]

cannot account for the behaviour of the nucleon form factor (%).

In the following we will discuss the unitarization of the pion form factor
starting from the two possible representations (1.2) or

oo T (1))
(1.4,) F(t) = const flm .

The general idea of the following discussion will be that if a Veneziano-like
form factor gives a resonably good representation of the. experimental data
in some region, it cannot be too different, in an average sense, from the correct
unitary one.

Starting from' this-idea in Sect. 2 we derive a singular inhomogeneous inte-
gral equation for the pion form factor, which can be. solved following: the
Omnés method (*). The resulting form factor exactly satisfies elastic unitarity:
in fact elastie unitarity is imposed up to ¢t ~1 (GeV)2

In Sect. 8 we discuss the results of Sect. 2, using as input eqs. (1.2) and (1.4).
It turns out that starting from eq. (1.2) a good agreement with the experimental
data is- obtained. ‘

For completeness in the Appendix we show how the solution of the integral
equation derived in Sect. 2 is obtained.

2. — The integral equation.

Let us begin this Section with o more detailed exposition of the unitarization
method sketched in the Introduction. Suppose that we know that the function .

(2.1) ft)=c 3 2

n=0t—tn,

where f(t) can be either (1.2) or (1.4), gives an approximate representation of
the form factor. Equation (2.1) is obvieusly nonunitary: however an epti-
mistic point of view is that, in view of its phenomenological successes, f(¢) is
in faet close, in some average sense, to the correct, unitary form faecter. We
ean therefore try to use eq. (2.1) as a starting point, but imposing the exact
unitarity requirements in a limited regiom.

(°) P. H. Framerow: Chicago preprint EFI-69-60 (1968).
(®) R, OmxES: Nuovo Cimento, 8, 316 (1958).
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In more detail, ‘we have from @.1)

‘(2.2) ' Im f(t) = ¢, i Ot —1,) .

n=0

The uge of an unsub‘arﬁcted dispersion relation gives back eq. (2.1) from (2.2).
Unitarity now tells us that

(2.3)  TmF(t)=exp [— i8y] sin 8, (f) Fr(t)0(t — 4m2) - inelastic contributions,

where 0,,is the J =1, I=1 phase shift for elastic n-w seattering.

We will use the elastic unitarity relation up to some #, (~1 (GeV)?); this
is suggested by the experimental data and generally aceepted. For ¢ > {, we
will assume that both the elastic and inelastic contributions to eq. (2.3) are
well approximated by eq. (2.2) from which the first term. (corresponding to the
p-meson in our ease) has been removed.

We therefore have

(24)  TmT(t) = expl—id(0)] sindu O Fol) 0t — 4m2) 0(ty— 1)+ ¢ 3 7, 8t —1,).

n=1

It is now clear that the whole procedure is meaningful only if eq. (2.1) is really
a good approximation to the correct unitary expression. This is essentially the
same philosophy used in an N/D attempt (*°) to unitarize the Veneziano
amplitude.

~ Using now (2.4) in an unsubtracted dispersion relation we get the singular
inhomogeneous integral equation : -

@5 Fn(t)=og(t)+% f expl— wl;("’i)]:fi“(“”’j”(x) da .

Here g(t) = (1/c0) g(t) — 7, /(t—1); in (2.1) the constant ¢, is fixed by the normal-
ization condition F(0) =1 and ¢ is fixed by the analogous condition for F,(f).
We expect that if (2.1) is a good starting point the renormalization effect due
~ to unitarity correetions will be small and ¢~ ¢, This is confirmed a Ppo-
steriori.

In Sect. 3 we will use a particular model for the phase shift d8;(¢), which
reproduces quite well the available experimental data. With such a para-
metrization J;(f) = 0 (mod =) for some ¢ =71,.

(1) D. ArrinsoN, L. A. P. Barizs, F. CaroceEro, P. D1 VEccHIA, A. GRILLO and
M. Lusieworr: Phys. Lett., 29 B, 423 (1969); and to be published.
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We will chéoée fi =1y in this Way the 'di“sc()nﬁinnity (2.4) is c‘ontinuousk' :
* both at t=4m’ and {=1,. We will fix the phase-shift determination in such

o way that &,(4m2)= —n and 6;;(t) = 0: obviously the results do not depend |

on this choice. ;
Once F () has been determined from (2.5) in the interval 4m2<t<t,, then
it can be obtained in the whole complex plane by using eq. (2.5) again.
It will be shown in the Appendix that the most general solution of eq. (2.5).is .

7 . p(t) ;
@) Pl = | 6alt) + i exp [e]|exp i8],

where
iy

@.1) Gat) = (1) cos 6u(t) + exp [o1)] % f sin 0y (%) g(w) exp [— o(2)] dw

x—t
4,
and
12
P ()
2. Y — | A
2.8) o)== | 2 da

4m2,.,

p(t) is an essentially arbitrary function of ¢, regular and nonzero at t= 4m2
and t=1t,, and n and m are ¢ priori arbitrary integers.

We will now show. how it is possible to remove this arbitrariness:. We
require that F.(¢) has no poles at = 4m2 nor at ¢t =1,. Since exp [p(f)] has a
simple zero at t= 4mZ and is finite at =1, the only possible choices are
n=0 or 1 and m = 0; the function w(f) is still unspecified. We will' agsume
now that F,.(¢) has no singularities for || < oo, besides the elastic. unitarity. cut
and the input poles. Therefore u(t) must be a polynomial in {. Moreover we
will impose, in the spirit of our approach, that the asymptotic behaviour of
F_(t) is the same of that of f(7), eq. (2:1).

Since exp [o(f)]—1 for ¢+ co we are left with only the possibility n=1"
and yp(f) = const = k.

The conistant k is fixed. by the above requirements, namely

ty
(2.9) E=yo+ % f 8$in ;1 (%) Grle) do .

am

The constant ¢ is now fixed by the normalization condition, and is givenby

I
4m?,

(2.10) ¢ =[g(0) + ;];_ f Smaﬂm_%)ﬁf@ A —

mz

eXp[e(O)]]—l-
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3. - Applications and results.

We will now ‘specify the form used for the phase shift -d;, (). We assume
for the unitary J =1, I=1 pion-pion scattering -amplitude the form sug-
gested by LovELACE (") and collaborators (*2):

Vul(?)

(3.1) fia(t)= 1 ) Val®)’ )

where h(t) is a modified Chew-Mandelstam form (32)

, g 2omd [\/t_+ ZQ] Vt—_“‘;)
3.2 ht) = — i —L — 2 g = V),
©:2) ) @\/t q\/t o8 2Miy (q V4 "
(3.3) V() =1 f cosd(cosO)[ V(t, s) — V(t, u)]

and

(3.4) Vs, ) = — o L= 26(8) T(L —o(t)

TV T A = ap(8) — ()

(%,(f) = at +b), and y is fixed in terms of the mass and width of the p.
The phase-shifts deduced from (3.1) are in good agreement with the experi-
mental data (13).
We believe however that our results do not strongly depend on the detailed
structure assumed for d,,(t), provided that &,(f)= 0 (mod z) at t= 4me
and ¢=1?,, and that it correetly reproduces the p-resonance. ‘

31, Suura model. — We take here
3.5 2
(3.5) ‘ f(t):%f(%—‘h*—-

6 18 given (in the limit m,=0) by ¢,=1/I'(}). The trajectory a,(t) is con-
strained to satisfy the Adler condition a,(my) = %.

(**)-C. LOoVELACE: unpublished,

(1%) See e.g. F. WaeNErR: CERN preprint TH-1012 (1.969).

(*%) C. LoVELACE: invited paper at the Argonne Conference on n-n and K-n Inler-
actions, CERN preprint TH-1041 (1969) and references therein.
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Usmg (3 5) as mput in(2. 6) we obtam the result ghown i 1n Flg 1. Tne agree-
 ment with the experimental data (14 16) iy quite good. Obvmusly at this point
the only free parameters in the model are the mass and the width of the
p-Ieson.

60 F

50 -

IACE

! : I

05 06 0.7 08 09 1.0
Vs GeV)

Fig. 1. — The predictions of the unitarized version of eq. (1.2) compared with the data
of ref. (*16) (timelike region): e AUGUSTIN et al.; + AUSLANDER ef al.

v

The curve shown in Fig. 1 has been obtained with m,== 7656 MeV and
I'y==110 MeV. It is presumably possible to obtain a better fit with small va-
riations of the p mass and width; we did not attempt such a detailed fit sinee
we ‘are here interested only in the general features of the various models.

Note that, if a small w-p interference (which is obviously outside the present
model) exists, as suggested by the recent Orsay results (%), one could probably

(1) V. L. AUSLANDER, (. I. BUDKER, YU. N. PEsT0V, V. A. S1D0ROYV, A. N. SKRINSKY
and A. G. KHaBARHPASHEV: Phys. Lelt., 25 B, 433 (1967).

(**) J. E. Avgustin, J. C. Bizot, J. Hatssinsgt, D. LALANNE, P. MariN, H. Neurex
Neoc, J. PEREZ-Y-JorBA, F. RuMpr and E. Sinva: Phys. Lett., 28'B, 208 (1969).

(*¢) J. AvcusTiN, D. BENAKsAs, J. Buox, F. Furpa, V. Oracco, J. HAISSINSKI,
D. Larawye, F. LAPLANCHE, J. LEFRANGOs, P. LEAMAaNN, P. C. MarIN, J. PEREZ-Y-
JorBA, F. Rumpr and E. Smuva: Lett. Nuove Cimento, 2, 214 (1969).
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~obtain a better fit in the peak reglon (1n thls connectlon compare our ]< ig. 1
“with Fig. 2 of ref. (*%)). :
"~ -As anticipated in Sect. 2 the unitarity renormahzatmn effects turn out to:
be rather small: with the value of m, and. ', given above, and m, = = 139 MeV,
we find ¢,/c = 1.05.

08+

05+

04 < i I " i \ 1
0 0.1 - 02 03 04 05 06 07

-5 [(G eV )2}

Fig. 2. — The predictions of the unitarized version of eq. (1.2) compared with the data
of ref. (1718) (spacelike region): e MISTRETTA el al.; + AKERLOF ef al.

The predictions of the model in the spacelike region are presented in F'ig. 2:
-the experimental information (*"'#) however is very meagre in this region. In
the Figure we plotted the unitarized form of (3.5). It is interesting to note that
the results obtained directly from (3.5) and from its unitarized version are practi-
cally coincident in“the spacelike region: the effect of unitarity is to increase
by a negligible amount the radius calculated from (3.5). These results seem
to confirm @ posteriors the validity of our procedure, as well as of our starting
point, eq. (3.5).

") C. W. AgErroF, W. W. Asa, R. BERRELMAN, ‘A, C. LICHTENSTEIN, A. RamA-
NaUsEAS and R. H. SiEMANN: Phys. Rev., 163, 1482 (1963).

(18) C. MistrETTA, D, TMRIE, J. A. APPEL, R. BUuDNITZ, L. CARROLL, M. GOITEIN,
K. Hawsox and R. Wirsox: Phys. Rev. Lett., 20, 1523 (1968).
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82, Other models. — We take her‘e (®

R v A0 IR s SN
OF[S'—O’p(mn)—“p(t)] OF[“—O{p(t i

(3.6) i) =
the lagt equality following from the' Adler self-consistency condition (3).

In the limit m,= 0, ¢,=1/v/z. If we now use (3.6) in (2.6) the results
are very bad: the resulting peak at the ? mass is by far too hlgh The results
improve if we relax the condition o, (m}) =%, but even in this case are not
very good.

07
Vs (GeV)
Fig. 3. — The predictions of the unitarized version of.eq. (1.3) compared with the data
of ref, (1#18) (timelike region): e AUGUSTIN ¢f al.; + AUSLANDER ef al.

We plotted in Fig. 3 the results obtained with o (my) = 0.6, m = 765 MeV
and I',= 120 MeV.

We considered:the possibility of satellite contributions in (3.6): we added
a satellite term and repeated the calculation, but we did not find any simple
way of improving the results with this method. Of course by adding a larger
number of satellites (and a corresponding number of parameters) the results
could improve, but their meaning is certainly unclear in this case.
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" 4. — Conelusions. - °

There are at present two classes of models for the pion form: factor in the
framework of the Veneziano representation. Models of the first class embody
the natural requirement of symmetry in the couplings of the vector and axial
vector currents. Models of the second class fail to satisfy these requirements.

We ‘have presented here a unitarization method that, starting from the
narrow-width approximation, gives a form factor that satisfies elastic unitarity
up to ¥, ~ 1 (GeV)? and contains zero-width: resonances for larger t.

It turns out that using as input in our unitarization scheme models of the
first class one obtaing good agreement with the experimental data. On the other
hand, if models of the second class are used as input, at least in their simpler
form, they cannot account for the experimental results.

APPENDIX

For completeness we present here the general sclution of the integral equation

(A1) (@) = g(a) + % f exp [ idu(y)) sin du(®) p(®) 5

y—x—ie

following the method of OmMwEs (°). In (A1) g(x) is a funetion continuous in
the interval [¢, b] and 8in dy(e) = sin dy,(b) = 0
We define the function

(A.2) F(z) = Zim f exp [—~iau(;/)—]~szin o) 4,

a

With this definition eq. (A.1) reads
(A.3)  exp[—200. (@) F (1w + ie) — Flw—ic) = g(w) exp [~ 16,1 (x)] 8in 8y, ()

for oo << <Cb.
We now put

(A.4) F(z) = ¢(2) () ,
where the function Q(z) is defined by the condition

(A.5) exp [— 206, ()] Q( - ie) — Qo —is) — 0 .
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Taking the logarithm of (A.5) we find its solution to be

: b
1§ Byl -

(A.6) 0(z) = exp [E J F(yi dyJ .
Equation (A.3) reads now
(A.7) P(@ + ie) — p(w — te) = g(w) sin by () exp [— o(w)]
with ¢ < o < b and

P,
(A.8) e(r) =~ y— dy .

a

The solution of (A.7) is trivial and we finally obtain

(A.9) o) = [g(w) cos O, (%) + % exp{o(x)]-

. f 9(y) sin dun(y) exp [— 0()]

—a dy] ©xP [10n(2)] -

a

The general solution of eq. (A.1) can be obtained by adding to (A.9) the general
solution of the associated homogeneous equation

(A.10) e f exp [— i y)1sin0u(®) 90(¥) 4

7 Y—ax—1ie
a

Following the procedure described above, we can define
(A.11) Fo(2) = ¢o(2) 2(2)
where now ¢,(2) satisfies, for a <<z <<b
(A.12) Do(@ + te) — Po(r—ie) = 0 .
This relation shows that ¢,(z) is analytic in the interval (a,b) except

eventually at the points ¢ and b where it can have poles (we are excluding here
essential singularities). The general solution of (A.1) is therefore

(A18) @) = gl) + i exDLelo) + idul@)],

where the funetion w(x), regular and nonzero at @ =a and »=>5, is essen-
‘tially arbitrary.
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Note added in probfs.

Theé Freund predi’étibns, ref. (%), on the hadron mass speetfum ‘follow from both
our egs..(1.1) and (1.2). This is not clear from the:text. We thank Dr. P. G. O.
FreEUND for pointing out this to us.

RIASSUNTO

8i studia un metodo ‘di unitarizzazione in connessione coi modelli alla Veneziano
recentemente proposti per il fattore di forma elettromagnetico del pione. Usando come
punto di partenza il modello proposto da Suura si trova un buon accordo con i dati
-sperimentali nella regione temporale.

VauTapaocTh M IHOHHEH (hopM-paxTop B MOAEIAX, NOAOOHLIX MOJean Benenuano.

Pestome (*). — MBI mecneayeM MeTOl YHUTAPH3AUH B CBS3W C HEAABHO NPEIIOKEH-
HBIMH ~MOJENAMH, HONOOHBIMEH Mopnenn BeHennano, Ui 5IEKTPOMATHATHOIO HopM-
(daxropa. Hcrnonbays, Kak HCXOAHOE, MOIENb; IIPELIOKEHHYI0 Cyypa; HOIYIaeTCa XOpolIee
COTJIACHE C SKCIEPUMEHTAILHEIME JAHHBIME BO BPEMEHH-IIOHOOHON o6nacTu.

(*) Hepesedeno pedaxyueii.

F. DRAGO,. el al.
21 ‘Febbraio 11970
Il Nuovo Cimento
Serie X, Vol. 656 A, pag. 695-706





<<
  /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


