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AND CKM UNITARITY
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The Cabibbo-Kobayashi-Maskawa (CKM) [1,2] three-
generation quark mixing matrix written in terms of the Wolfen-
stein parameters (A, A, p,n) [3] nicely illustrates the orthonor-
mality constraint of unitarity and central role played by .

Vud Vus Vub
Vexkm = | Vea Ves Va
Via Vis Vi
1—)2%/2 A AX3(p —in)
= ) 1—A2/2 AN? +0o0Yh (1)
AN(1 — p—in) —AN? 1

That cornerstone is a carryover from the two-generation Cabibbo
angle, A\ = sin(fcabibbo) = Vaus. Its value is a critical ingredient
in determinations of the other parameters and in tests of CKM
unitarity.

Unfortunately, the precise value of A has been somewhat
controversial in the past, with kaon decays suggesting [4] A ~
0.220 while hyperon decays [5] and indirect determinations via
nuclear B-decays imply a somewhat larger A ~ 0.225 — 0.230.
That discrepancy is often discussed in terms of a deviation from

the unitarity requirement
‘Vud‘Q + |Vus‘2 + |Vub‘2 =L (2>

For many years, using a value of Vs derived from K — mwev
(Kc3) decays, that sum was consistently 2-2.5 sigma below
unity, a potential signal [6] for new physics effects. Below, we
discuss the current status of V4, Vis, and their associated
unitarity test in Eq. (2). (Since |Vip|? ~ 1 x 107° is negligibly
small, it is ignored in this discussion.)

Vud

The value of V,4 has been obtained from superallowed
nuclear, neutron, and pion decays. Currently, the most precise
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determination of V,; comes from superallowed nuclear beta-
decays [6] (07 — 0T transitions). Measuring their half-lives, ¢,
and Q values which give the decay rate factor, f, leads to a
precise determination of V4 via the master formula [7-9]

2984.48(5) sec

2 _
Vaal™ = ft(1+ RC)

(3)
where RC denotes the entire effect of electroweak radiative
corrections, nuclear structure, and isospin violating nuclear
effects. RC is nucleus dependent, ranging from about +3.1%
to +3.6% for the nine best measured superallowed decays. In
Table 1, we give the ft values along with their implied V4
for the nine best measured superallowed decays [6, 10]. They
collectively give a weighted average (with errors combined in
quadrature) of

Vg = 0.97377(27) (superallowed) (4)

which, assuming unitarity, corresponds to A = 0.2275(12). We
note, however, that a recent remeasurement [10] of the 46V Q
value has significantly affected its ft and V4 values, with the
latter now about 2.7 sigma below the average. That recent shift
may point to a potential problem with the Q values and ft
values of the other superallowed beta decays. Remeasurement
of all Q values using modern atomic trapping techniques is
called for and in progress.

Combined measurements of the neutron lifetime, 7,, and
the ratio of axial-vector/vector couplings, g4 = G4/Gy, via
neutron decay asymmetries can also be used to determine V, :

4908.7(1.9)sec

Vaal? =
b (1 +39%)

, (5)
where the error stems from uncertainties in the electroweak
radiative corrections [8] due to hadronic loop effects. Those
effects have been recently updated and their error was reduced
by about a factor of 2 [9], leading to a £0.0002 theoretical
uncertainty in V4 (common to all V4 extractions). Using the

world averages from this Review
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Table 1: Values of V., implied by various
precisely measured superallowed nuclear beta
decays. The ft values are taken from a recent
update by Savard et al. [10]. Uncertainties in
Viq correspond to 1) nuclear structure and Z 203
uncertainties [6, 11] added in quadrature with
the ft error, 2) a common error assigned to
nuclear Coulomb distortion effects [11], and 3) a
common uncertainty in the radiative corrections
from quantum loop effects [9]. Only the first
error is used to obtain the weighted average.

Nucleus ft (sec) Vud

e 3039.5(47)  0.97381(77)(15)(19)

40 3043.3(19)  0.97368(39)(15)(19)

26 A1 3036.8(11)  0.97406(23)(15)(19)

3101 3050.0(12)  0.97412(26)(15)(19)

B 3051.1(10)  0.97404(26)(15)(19)

28¢ 3046.8(12)  0.97330(32)(15)(19)

16y, 3050.7(12)  0.97280(34)(15)(19)

0 M 3045.8(16)  0.97367(41)(15)(19)

o 3048.4(11)  0.97373(40)(15)(19)

Weighted Ave. 0.97377(11)(15)(19)

V¢ = 885.7(8)sec
g = 1.2695(29) (6)
leads to

Viua = 0.9746(4) 7, (18)g, (2)rc (7)

with the error dominated by g4 uncertainties (which have been
expanded due to experimental inconsistencies). We note that a
recent precise measurement [12] of 7, = 878.5(7)(3) sec is also
inconsistent with the world average from this Review and would
lead to a considerably larger V,; = 0.9786(4)(18)(2). Future
neutron studies are expected to resolve these inconsistencies and
significantly reduce the uncertainties in g4 and 7,, potentially
making them the best way to determine V4.
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The recently completed PIBETA experiment at PSI mea-
sured the very small (O(1078)) branching ratio for 7+ —
et v, with about +1/2% precision. Their result gives [13]

BR(r" — e"ve(v))]? (8)
1.2352 x 104

which is normalized using the very precisely determined theo-

retical prediction for BR(mt — etve(y)) = 1.2352(5) x 1074 [7]

rather than the experimental branching ratio from this Review of

1.230(4) x 10~* which would lower the value to V,4 = 0.9728(30).

Theoretical uncertainties in that determination are very small;

Vya = 0.9749(26)

however, much higher statistics would be required to make this
approach competitive with others.

V’lLS

|Vus| may be determined from kaon decays, hyperon decays,

and tau decays. Previous determinations have most often used
K73 decays:

G2 M3 0 21 12 2/ 7l
FKﬁgZWSEW(lJr(SKﬂL(st)C Vaus|™ 5 (0) . (9)

Here, ¢ refers to either e or i, G is the Fermi constant, My is
the kaon mass, Sgy is the short-distance radiative correction,
6% is the mode-dependent long-distance radiative correction,
f+(0) is the calculated form factor at zero momentum transfer
for the fv system, and If( is the phase-space integral, which
depends on measured semileptonic form factors. For charged
kaon decays, dgyo is the deviation from one of the ratio of
f+(0) for the charged to neutral kaon decay; it is zero for the
neutral kaon. C? is 1 (1/2) for neutral (charged) kaon decays.
Previous PDG determinations of |V,,s| have been based only on
K — mev decays; K — mpuv decays have not been used because
of large uncertainties in [ }L( The experimental measurements
are the semileptonic decay widths (based on the semileptonic
branching fractions and lifetime) and form factors (allowing
calculation of the phase space integrals). Theory is needed for
SEw, 6%, dsuz2, and f1(0). These experimental and theoretical
inputs are discussed in the following paragraphs.
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Table 2: Average K semileptonic branching
fractions and widths based on fit to new mea-
surements from KTeV, KLOE, and NA48. The
partial width measurements use the average K,
lifetime quoted in Table 3.

Decay Mode Branching fraction TI'; (107s71)

K — nteTr  0.4040 4 0.0008 0.7908 + 0.0032
K — m*uFr 0.2699 4+ 0.0008 0.5283 & 0.0023

Branching Fractions. Recent measurements of the K — mwev

branching fractions are significantly different from previous
PDG averages, probably as a result of inadequate treatment of
radiation in older experiments. We therefore choose to base av-
erages on recent measurements where the treatment of radiation
is clear.

For the K branching fractions, we consider the following
experimental inputs:

e KTeV measured the following 5 partial width ratios [14, 15]:
K — n5uTv) /T(K, — nFeTv),

K — ntr 7% /T(Kp — nFeTuv),

I"K; — 77%%) /I (K; — nFeTv),

Ky — nt7)/T(K — meTv), and

Ky, — 7% /(K — 7°7%°). Since the six decay

modes listed above account for more than 99.9% of the

total decay rate, the five partial width ratios may be con-
verted into measurements of the branching fractions for the
six decay modes.

e KLOE uses a tagged K sample to measure the 4 largest
K7, branching fractions [16].

e NA48 measures the following 2 ratios: I'ge3/T'(2 track) [17]
and Dooo/T'(Kg — 77°) [18]. These ratios may be used to
determine B(K.3).

A fit to all of these measurements, accounting for correla-
tions, gives the K7, semileptonic branching fractions in Table 2.
Figure 1 shows a comparison of the new experimental measure-
ments, the best fit values, and the 2002 PDG fit values [19].
Note that the new measurements are consistent with each other,
but are shifted significantly from the PDG fit.
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For K¢ — mev, we use the new KLOE measurement [20]:
B(Kg — mev) = (7.06 4 0.06 & 0.04) x 104,

For K* — 7%*v, we use the BNL E865 [21] measurement
of B(K* — 7%*v) = (5.1340.1)%. Preliminary measurements
from NA48, KLOE, and ISTRA+ are consistent with this result.

NATe, e
KLPF ' EV
KTEV —e—H
PDG 02 e . PDG 02
0.38 0.39 0.4 0.41 0.27 0.275
B(K —mev) B(K, —muv)
E%S
PD8 O?
T 0.65+ ' 0' " 0,055
B(K'—m ev)

Figure 1: Recent K; — mev, K — muv,
and K+ — 7V%*v branching fraction measure-
ments (solid points) compared to PDG 2002
fit (open circles). The vertical lines indicate the
+10 bounds from a fit to all recent measure-
ments (from KTeV, KLOE, NA48, and E865).

Kaon Lifetime. KLOE has performed two new measure-

ments of the K lifetime: one based on exploiting the lifetime
dependence of the detector acceptance to find the K, lifetime
required to make the sum of branching fractions equal to 1 [16],
and another based on the Kj — 37” decay distribution [22].
These new results and the old PDG average are listed in Ta-
ble 3. The new average value, which we use for the results
quoted below, is 77, = (50.98 4+ 0.21)ns.

Combining the K, branching fractions with the new lifetime
gives the partial decay widths quoted in Table 2. Note that
correlations between the KLOE branching fractions and the
“indirect” KLOE lifetime determination have been taken into
account.

For the Kg and K™ lifetimes, we use the PDG average

values.
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Table 3: K lifetime measurements.

Source Lifetime (ns)
PDG 2004 Average 51.5+ 0.4

KLOE (sum of branching fractions) 50.72 %+ 0.37
KLOE (379 distribution) 50.87 4 0.31
New Average 50.98 + 0.21

Phase Space Integrals. Recent experiments have also re-

measured the semileptonic form factors needed to calculate
the phase space integrals. These recent measurements of the
semileptonic form factors are much more precise than previous
averages, making it possible to use both the muon and electron
decay modes for K.

We use the KTeV quadratic form factor results [23] for
neutral kaon decays and the ISTRA+ quadratic form factor
measurements [24] for charged kaons. For both charged and
neutral decays, we include an additional 0.7% uncertainty in
the phase space integrals, as suggested by KTeV [23], to account
for differences between the quadratic and pole model form factor
parametrizations, both of which give acceptable fits to the data.
The resulting phase space integrals are Iy, = 0.1535 & 0.0011,
I'eq = 0.10165 + 0.0008, and I, = 0.1591 £ 0.0012.

Theoretical Inputs. We use the following theoretical inputs
to calculate f4(0)|Vys| from Eq. (9).

e Short-distance radiative correction [7, 25]: Sgw = 1.023;

e Long-distance radiative corrections [26, 27]: §%, = 0.0104 £
0.002, 5?(0 = 0.019 & 0.003, 0%, = 0.0006 + 0.002;

e SU2 breaking correction [26,28] dgp2 = 0.046 £ 0.004.
K5 results for |V,¢|. Figure 2 shows a comparison of the

PDG and the averages of recent measurements for |Vys|f+(0)
for K*, K, and Kg. The average of all recent measurements
gives

KT (0)] V| = 0.2169 + 0.0009. (10)

The figure also shows fi(0)(1 — |Vigl? — [Vip|>)Y/?, the ex-
pectation for fi(0)|V,s| assuming unitarity, based on |V,4| =
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0.9738 & 0.0003, |V, = (3.6 £0.7) x 1073, and the Leutwyler-
Roos calculation of f4(0) = 0.961+0.008 [28]. Using the result
in Eq. (10) with the Leutwyler-Roos calculation of f(0) gives

|Vius| = A = 0.2257 £ 0.0021. (11)

A similar result for f4 (0) was recently obtained from a quenched
lattice gauge theory calculation [29]. Other calculations of
f+(0) result in |V,5| values that differ by as much as 2% from
the result in Eq. (11). For example, a recent chiral perturbation
theory calculation [30, 31] gives f1(0) = 0.974 4 0.012, which
implies a lower value of |V,s| = 0.2227 £ 0.0029 [32].

K+
PDG 02 +H—O—
K*e3 (2005) ——0—H
R
PDG 02 HO—
K, e3 (2005) e
K, m3 (2005) —Oo—
Kse3 (2005) —O0— Ks
£,(0)(1-IV 4 *-IV 1)1
Unitarity Tt
- 'O.é1' - '0.é15' - '0.é2' - '0.525'
IV, I £,(0)

Figure 2: Comparison of determinations of
|Vius| f+(0) from this review (labeled 2005), from
the PDG 2002, and with the prediction from
unitarity using |V,4| and the Leutwyler-Roos
calculation of £ (0) [28]. For f1(0)(1—|Vya|*>—
|Vub\2)1/ 2 the inner error bars are from the
quoted uncertainty in f4(0); the total uncer-
tainties include the |V,4| and |Vp| errors. See
full-color version on color pages at end of book.
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A value of V5 can also be obtained from a comparison of the
radiative inclusive decay rates for K — pv(vy) and @ — pv(7)
combined with a lattice gauge theory calculation of fx/fr
via [33]

Vil DK — /W(W))]% )

\Vual fx L(m — pr(y))

with the small error coming from electroweak radiative correc-

= 0.2387(4) {

tions. Employing

LK — pr(y))

[(m — (7))
which incorporates the KLOE result [34], B(K — uv(y)) =
63.66(9)(15)% and [35, 36]

— 1.3383(46), (13)

fi/ fx = 1.198(3)(+16/ = 5) (14)

along with the value of V4 in Eq. (4) leads to

[Vius| = 0.2245(5)(1.198f+/ fx). (15)

It should be mentioned that hyperon decay fits suggest [5]

|Vus| = 0.2250(27) Hyperon Decays (16)

modulo SU(3) breaking effects that could shift that value up
or down. We note that a recent representative effort [37] that
incorporates SU(3) breaking found V,s = 0.226(5). Similarly,
strangeness changing tau decays give [38]

|Vius| = 0.2208(34) Tau Decays (17)

where the central value depends on the strange quark mass.
Employing the value of V4 in Eq. (4) and Vs in Eq. (11)
leads to the unitarity consistency check

[Vaual? + [Vus|? + |Vip|? = 0.9992(5)(9), (18)

where the first error is the uncertainty from |V,,4|? and the sec-
ond error is the uncertainty from |V,4|?. The result is in good
agreement with unitarity. Averaging the direct determination
of A (Vis) with the determination derived from unitarity and

July 27, 2006 11:28



Via gives A = 0.227(1). Although unitarity now seems well es-

tablished, issues regarding the QQ values in superallowed nuclear

[-decays, T, g4, f+(0) and fx/fr must still be resolved before

a definitive confirmation is possible.

References

1. N. Cabibbo, Phys. Rev. Lett. 10, 531 (1963).

2. M. Kobayashi and T. Maskawa, Prog. Theor. Phys. 49,
652 (1973).

3. L. Wolfenstein, Phys. Rev. Lett. 51, 1945 (1983).

4. S. Eidelman et al., [Particle Data Group|, Phys. Lett.
B592, 1 (2004).

5. N. Cabibbo, E. C. Swallow, and R. Winston, Phys. Rev.
Lett. 92, 251803 (2004) [hep-ph/0307214].

6. J. C. Hardy and I. S. Towner, Phys. Rev. Lett. 94, 092502
(2005) [nucl-th/0412050].

7. W. J. Marciano and A. Sirlin, Phys. Rev. Lett. 71, 3629
(1993).

8. A. Czarnecki, W. J. Marciano, and A. Sirlin, Phys. Rev.
D70, 093006 (2004) [hep-ph/0406324].

9. W.J. Marciano and A. Sirlin, Phys. Rev. Lett. 96, 032002
(2006) [hep-ph/0510099].

10. G. Savard et al., Phys. Rev. Lett. 95, 102501 (2005).

11. L. S. Towner and J. C. Hardy, [nucl-th/0209014].

12.  A. Serebrov et al., Phys. Lett. B605, 72 (2005)
[nucl-ex/0408009].

13. D. Pocanic et al., Phys. Rev. Lett. 93, 181803 (2004)
[hep-ex/0312030).

14. T. Alexopoulos et al., [KTeV Collab.], Phys. Rev. Lett.
93, 181802 (2004) [hep-ex/0406001].

15. T. Alexopoulos et al., [KTeV Collab.], Phys. Rev. D70,
092006 (2004) [hep-ex/0406002].

16. F. Ambrosino et al., [KLOE Collab.|, Phys. Lett. B632,
43 (2006) [hep-ex/0508027].

17.  A. Lai et al., [NA48 Collab.], Phys. Lett. B602, 41 (2004)
[hep-ex/0410059].

18. L. Litov [for NA48 Collab.|] hep-ex/0501048.

19. K. Hagiwara et al., [Particle Data Group|, Phys. Rev.
D66, 1 (2002).

20. F. Ambrosino et al., [KLOE Collab.], Phys. Lett. B636,

173 (2006). The published value, (7.0540.09) x 10~* differs
slightly from the preliminary value that we used here.

July 27, 2006 11:28



21.
22.

23.

24.

25.
26.

27.
28.
29.

30.
31.

32.
33.

34.

35.

36.

37.

38.

A. Sher et al., Phys. Rev. Lett. 91, 261802 (2003).

F. Ambrosino et al., [KLOE Collab.], Phys. Lett. B626,
15 (2005) [hep-ex/0507088].

T. Alexopoulos et al., [KTeV Collab.], Phys. Rev. D70,
092007 (2004) [hep-ex/0406003].

O. P. Yushchenko et al., Phys. Lett. B589, 111 (2004)
[hep-ex/0404030).

A. Sirlin, Nucl. Phys. B196, 83 (1982).

V. Cirigliano, H. Neufeld, and H. Pichl, Eur. Phys. J.
C35, 53 (2004) [hep-ph/0401173].

T. Andre, hep-ph/0406006.
H. Leutwyler and M. Roos, Z. Phys. C25, 91 (1984).

D. Becirevic et al., Nucl. Phys. B705, 339 (2005)
[hep-ph/0403217].

J. Bijnens and P. Talavera, Nucl. Phys. B669, 341 (2003).

V. Cirigliano et al., JHEP 0504, 006 (2005)
[hep-ph/0503108].

M. Jamin, J. A. Oller, and A. Pich, JHEP 02, 047 (2004).

W. J. Marciano, Phys. Rev. Lett. 93, 231803 (2004)
[hep-ph/0402299].

F. Ambrosino et al., [KLOE Collab.], Phys. Lett. B632,
76 (2006) [hep-ex/0509045].

C. Aubin et al., [MILC Collab.], Phys. Rev. D70, 114501
(2004) [hep-lat/0407028].

C. Bernard et al., [MILC Collab.], PoS LAT 2005, 025
(2005) [hep-1at/0509137].

V. Mateu and A. Pich, JHEP 0510, 041 (2005) [hep-ph/
0509045].

E. Gamiz et al., Phys. Rev. Lett. 94, 011803 (2005)
[hep-ph/0408044].

July 27, 2006 11:28




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


