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Abstract. Using the data of about 33 pb_1 collected at and around 3.773 GeV with the BES-II detector at
the BEPC collider, we have studied the exclusive semileptonic decays DT 5 K ntetue, DY KO —et Ve,
Dt — K%y, and D° — K* etve. The absolute branching fractions for the decays are measured to

be BF(DT = K nteTwe) = (3.50 £0.75 4+ 0.27)%,

BF(D® — K% ~etve) = (2.61 +1.04 +0.28)%,

BF (D" — K*%tv.) = (5.06+1.21£0.40)% and BF(D® — K*~ et ve) = (2.87£1.48+£0.39)%. The ratio
of the vector to pseudoscalar semileptonic decay rates I'(DT — K*%etve)/I'(DT — Kt ve) is determined

to be 0.57+0.17+0.02.

1 Introduction

Semileptonic decays offer access to weak interaction matrix
elements since the effects of weak and strong interactions
can be separated reasonable well. Measurements of branch-
ing fractions for exclusive decays of D mesons play an im-
portant role to develop and to test models of their decay
mechanisms.

Earlier theoretical predictions [1,2] implied that the
ratio of the vector to pseudoscalar D meson semilep-
tonic decay rates R=I'(D — K*etv,)/I'(D — Ketv,)
lies in the range from 0.9 to 1.2 [3]. E691 Collabora-
tion reported a measurement with a lower ratio I'(DT —
K*%ty,)/I'(D° — K~ etv,) = 0.45+0.11 [4], while
MARK-IIT Collaboration obtained I'(D — Kme'v,)/
I'(D — Ketv,) =1.0703 [5] which is consistent with the
early theoretical predictions. Since then, some controver-
sies evolved concerning the R ratio from both theoretical
predictions and experimental measurements. Contrary to
the earlier expectations, recent theoretical predictions and
experimental measurements tend to support a smaller
value [6,7]. A compilation of predictions and experimental
values can be found in [6]. The R ratio is governed by form
factors of the hadronic currents. So a measurement of R is
essential to test form factor calculations.

In this paper, we report direct measurements of the
branching fractions for the decays DT — K- ntety,
(throughout this paper, charge conjugation is implied),
DY - K%~ etv,, Dt — K*%¢ty, and D° — K*~eTv, by
analyzing the data sample of about 33 pb~1 [8, 9] collected
at and around the center-of-mass energy 3.773 GeV with
the BES-II detector at the BEPC collider.

2 BES-II detector

The BES-II is a conventional cylindrical magnetic detector
that is described in detail in [10]. A 12-layer vertex cham-
ber(VC) surrounding a beryllium beam pipe provides input
to event trigger, as well as coordinate information. A forty-
layer main drift chamber (MDC) located just outside the
VC yields precise measurements of charged particle trajec-
tories with a solid angle coverage of 85% of 4r; it also pro-
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vides ionization energy loss (dE/ dz) measurements for par-

ticle identification. Momentum resolution of 1.7%+/1 + p?
(pin GeV /c) and dE/ dz resolution of 8.5% for Bhabha scat-
tering electrons are obtained for the data taken at /s =
3.773 GeV. An array of 48 scintillation counters surround-
ing the MDC measures time of flight (TOF) of charged par-
ticles with a resolution of about 180 ps for electrons. Out-
side the TOF counters, a 12 radiation length, lead-gas barrel
shower counter (BSC), operating in limited streamer mode,
measures the energies of electrons and photons over 80% of
the total solid angle with an energy resolution of og/E =
0.22/vE (E in GeV) and spatial resolutions of o4 = 7.9
mrad and oz = 2.3 cm for electrons. A solenoidal magnet
outside the BSC provides a 0.4 T magnetic field in the central
tracking region of the detector. Three double-layer muon
counters instrument the magnet flux return and serve to
identify muons with momentum greater than 500 MeV /c.
They cover 68% of the total solid angle.

3 Data analysis

The ¢ (3770) resonance is produced in electron-positron
(ete™) annihilation at the center-of-mass energy of about
3.773GeV. It is believed to decay predominately into
D°D® and DtD~ pairs. Therefore, if a D meson is
fully reconstructed (this is called a singly tagged D me-
son) [8,9], the D meson must exist in the system recoil-
ing against the singly tagged D meson. In the system
recoiling against singly tagged D~ and D° mesons, we
select semileptonic decays Dt — K~ 7n(K*%)etv, and
D° — K%~ (K*)etv, respectively, and measure branch-
ing fractions for the decays directly.

3.1 Event selection

In order to ensure the well-measured 3-momentum vectors
and the reliability of the charged-particle identification, all
charged tracks are required to be well reconstructed in the
MDC with good helix fits, and to satisfy a geometry cut
|cos 6] < 0.85, where 6 is the polar angle. Each track, ex-
cept for those from K9 decays, must originate from the
interaction region, which is defined by V,, < 2.0 cm and
[V.| <20.0 cm, where V,,, and |V;| are the closest approach
of the charged track in the xzy-plane and z direction.

Pions and kaons are identified using the dE/dz and
TOF measurements, with which the combined confidence
levels (CL, or CLk) for a pion or kaon hypotheses are cal-
culated. A pion candidate is required to have CL, > 0.001.
In order to reduce misidentification, a kaon candidate is re-
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quired to satisfy CLx > CL,. Electrons are identified using
the dE/dz, TOF and BSC measurements, with which the
combined confidence level (CL.) for the electron hypothe-
ses is calculated. An electron candidate is required to have
CL, > 0.001 and satisfy the relation CL./(CL. + CLgk +
CL,) > 0.8.

Neutral kaons are reconstructed through the decay
K g — mtw~. The difference between the invariant mass of

7t~ combinations and the K9 nominal mass should be
less than 20 MeV /c?.

Neutral pions are reconstructed through the decay
7 — 7. A good photon candidate must satisfy the follow-
ing criteria: (1) the energy deposited in the BSC is greater
than 70 MeV; (2) the electromagnetic shower starts in the
first 5 readout layers; (3) the angle between the photon and
the nearest charged track is greater than 22°; (4) the open-
ing angle between the direction of the cluster development
and the direction of the photon emission is less than 37°.

3.2 Singly tagged D~ and D° samples

The singly tagged D~ and D° samples used in this analysis
were selected in the previous work [8, 9], we here give a brief
description for the selection of the singly tagged D~ and
DO samples.

The singly tagged D~ mesons are reconstructed in
nine hadronic decay modes of K+t7n—n—, K%n—, KK,
KtK—n—, K~ n—nt, KO 70, Kto—n 0,
Ktn~n 7~ 7t and 77~ nT. And the singly tagged D°
mesons are reconstructed in four hadronic decay modes of
Kt Ktn nnt, K%t7n~ and K7 7.
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Fig. 1. The distributions of the fitted invariant masses of the
nKmn (n=0,1,2;m =1,2,3,4) combinations in the singly
tagged D~ modes: (a) KTn~ 7, (b) K%, (¢) K°K~, (d)
KYK 77, (e) K% a7t (f) K%~ 7%, (g) KTn 77, (h)
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Fig. 2. The distributions of the fitted invariant masses of
the Kmm (m =1,2,3) combinations in the singly tagged D°
modes: ga) Ktn=, (b) Ktn 7z nT, (¢) K% "7~ and (d)
Ktrrx

In order to improve the momentum resolution and the
ratio of signal to combinatorial background in the invariant
mass spectra, the center-of-mass energy constraint kine-
matic fit is imposed on each of the nKmz(n=0,1,2;m =
1,2,3,4) combinations. If there is a Kg or 7 among the
D daughter particles, an additional constraint kinematic
fit will be imposed on the decay K2 — nt7~ or 7% — 7.
Combinations with a kinematic fit probability greater than
0.1% are accepted. If more than one combination satisfies
the criteria in an event, only the combination with the larg-
est fit probability is retained.

The resulting distributions of the fitted invariant masses
of the nK'mm combinations, which are calculated using
the fitted momentum vectors from the kinematic fit, are
shown in Figs. 1 and 2 for the singly tagged D~ and D°
modes, respectively. A maximum likelihood fit to the mass
spectrum with a Gaussian function for the D signal and
a special function [8,9] to describe the background shape
yields the observed numbers of the singly tagged D~ and
DY mesons for each mode. These give the total number of
the reconstructed singly tagged D mesons, 5321 + 149 +
160 for D~ [8] and 7584 + 198 4+ 341 for D° [9], where the
first error is statistical and the second systematic obtained
by varying the parameterization of the background.

3.3 Candidates for DT — K~ ntet v,
and D° - K%~ etuv,

Candidates for the semileptonic decays DT — K~nTetv,
and D° — K% —etv, are selected from the surviving
tracks in the system recoiling against the singly tagged
D mesons. For the selected candidate events, it is re-
quired that there should be no extra charged track or
isolated photon, which has not been used in the recon-
struction of the singly tagged D mesons. The isolated
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Fig. 3. The distributions of the U,,;ss for the Monte Carlo
events of (a) DT — K nTetve versus D~ —> Ktr—n™,
(bg DY - K~ 7tetve versus D~ - KTn 7 7% (¢) D° —
K n €+l/e versus DO — K 7~ and (d) D° — K%~ eT v, ver-
sus D — Kt~ 70

photon detected in the BSC should have an energy ex-
ceeding 100 MeV and should satisfy the photon selection
criteria described earlier. There are possible hadronic
backgrounds for each semileptonic decay due to misidenti-
fication of a charged pion as an electron, for example, the
decay D — K—ntat (D° — K%+ 7~) could be misiden-
tified as D* — K-ntefv, (D° — K%~ etv,). However,
these events can be suppressed by requiring the invari-
ant masses of K ~7tet (K7~e?t) combinations to be less
than 1.75 GeV /c2.

In the semileptonic decays, there is one massless neu-
trino which is undetected. To obtain information about
missing neutrinos, a kinematic quantity Upiss = Fmiss —
Pmiss 18 used [8,9], where Episs and pmiss are the total
energy and momentum of all missing particles. To select
the semileptonic decays, it is required that the candidates
for the semileptonic decays should have their |Upiss,i| <
30Umiss,i’ where the OUpniss. i is the standard deviation of
the Umiss,s distribution obtained by analyzing the Monte
Carlo events of D¥ — K~ ntetv, (D° — K7 etv,) ver-
sus the ith singly tagged D mode. Figure 3 shows the dis-
tributions of the Uss, with each peak centered at zero as
expected, for the Monte Carlo events of D* — K ~nTety,
versus D~ — Ktr—n~, DT — K~ nTety, versus D~ —
Ktrn 7 7% D% — K% ety, versus D° — KT7~ and
DY — K%~ eTv, versus D° — K+7~ 70, respectively. Fig-
ure 4a and b respectively show the distributions of the
Unpiss for the selected candidates for D — K ~ntetv, and
DY — K9~ ety, from the data.

Figure 5 shows the distributions of the fitted invari-
ant masses of the nK'mm combinations from the events
in which the candidates for DT — K~nTetr, and D% —
KO~ etu, are selected in the system recoiling against the
nKmm combinations. Figure 5a indicates that an obvious
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Fig. 4. The distributions of the Uy,;ss for the selected candi-
dates for (a) DT — K~ n et ve and (b) D° — K27~ et ve from
the data

signal of Dt — K~nteTv, via the D~ tags is observed.
There are 37 events in the +30 Mp, Mass window of the fit-
ted D meson mass Mp,, and 18 ‘events in the outside of
the signal regions, where OMp, is the standard deviation

of the nK'mmr distribution for the ¢th mode. By assuming
that the distribution of background is flat, 5.6 + 1.4 back-
ground events in the signal regions are estimated. After
subtracting the number of background events, 31.44+6.2
candidates for Dt — K~ ntetwv, are retained. A similar
analysis of the events in Fig. 5b yields 9.9 + 3.4 candidates
for D° — K%~ et v,. There may also be the 77~ combi-
natorial background. By selecting the events in which the
invariant masses of the 7t7~ combinations on the recoil
side of the tags are outside of the K2 mass window, we es-
timate that there are 0.6+ 0.2 background events in the
candidate events. After subtracting the number of back-
ground events, 9.3 £ 3.4 candidate events are retained.

3.4 Candidates for Dt — K*%et,
and D° - K*—etv,

To select the candidates for Dt — K*%¢ty, and D° —
K*~etv,, we calculate the invariant masses of K7™
(K°7~) combinations from the selected candidates for
Dt — K- ntetv. (D° — K°r~etv,). Figure 6a and b
show the distributions of the invariant masses of K7t
and K%~ combinations for the events in which the in-
variant masses of the nK'mm combinations are within the
j:3oMD mass window of the fitted D meson mass Mp,.

A clear K*° signal is observed in Fig. 6a. Fitting the
K~ 7" invariant mass spectrum with a Gaussian function
for the K*0 signal and a S-wave K phase space back-
ground shape, we obtain 29.146.6 candidates for Dt —
K*%¢ty,. In the fit, the mass and width of K* are re-
spectively fixed to 0.8961 GeV /c? and 50.7 MeV /c? quoted
from PDG [11], the mass resolution is fixed to 10 MeV /c?
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Fig. 5. The distributions of the fitted invariant masses of the
nKmm combinations for the events in which the candidates for
(a) Dt - K~ n"etve and (b) D° — K%%~eT v, are observed
in the system recoiling against the singly tagged D

determined by Monte Carlo simulation. Using the same
background shape, a similar fit to the K%z~ invariant
mass spectrum in Fig. 6b yields 7.4+ 3.3 candidates for
D° — K*~ety,. After subtracting the number of 7+7~
combinatorial background of 0.1+ 0.1 events, 7.3 + 3.3 can-
didate events are retained.

However, there are still some K* contaminations from
other modes of D meson decays or from continuum back-
ground due to the combinatorial background in the singly
tagged D signal regions. These K* contaminations must
be subtracted from the fitted number of the selected can-
didates for DT — K*%¢*ty, and D® — K*~etv,. They are
estimated by using the D sideband events. The numbers
of the events satisfying the selection criteria in the D side-
band are then normalized to obtain the numbers of the
background events in the D signal regions. Totally 0.8 4+
0.8 and 0.7+0.5 background events for Dt — K*%ety,
and D° — K*~eTwv, are obtained respectively. After sub-
tracting the numbers of the background events, 28.3+
6.6 and 6.6 + 3.3 candidate events for DT — K*%ety, and
D® — K*~eTv, are respectively retained.

The distribution of the momentum of the electrons
from the selected candidates for DT — K*9¢*v, is shown
in Fig. 7, where the points with error bars are from the
data and the histogram is from the Monte Carlo events
of Dt — K*%%v,. The contaminations from hadronic and
some other semileptonic decays have been subtracted from
the observed events based on study of the Monte Carlo
events of ete™ — DD.

3.5 Other backgrounds

The events from other hadronic or semileptonic decays
may also satisfy the selection criteria for the semileptonic
decays and are misidentified as the semileptonic decay
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Fig. 6. The distributions of the invariant masses of (a) K~ 7+
combinations from the selected candidates for DT — K*0et Ve
and (b) K U7~ combinations from the selected candidates for
DY — K*~ e+1/e

events. The numbers of the misidentified events have to
be subtracted from the candidates for the semileptonic de-
cays. The numbers of the background events are estimated
by analyzing the Monte Carlo sample which is about 14
times larger than the data. The Monte Carlo events are
generated as ete™ — DD, where the D and D mesons are
set to decay into all possible final states with the branch-
ing fractions quoted from PDG [11] excluding the decay
modes under study. The particle trajectories are simu-
lated with the GEANT3 based Monte Carlo simulation
package for the BES-II detector [12]. The number of the
events satisfying the selection criteria is then normalized
to the data. Monte Carlo study shows that the domin-
ant background for D* — K~ 7+ (K*%)e*v, is from Dt —
K*Ou*y,, and the background for D° — K7~ (K*~)et v,
is from D° — K*~n*. Totally 2.54+0.5, 0.840.3, 0.7+
0.3 and 0.2 4 0.3 background events for D* — K~nteTv,,
D —» K%~ etv,, Dt — K*%*ty, and D° — K*“eTv, are
obtained, respectively. After subtracting the numbers of
the background events, 28.94+6.2, 8.5+ 3.4, 27.6 £ 6.6 and
6.4 4 3.3 signal events for the semileptonic decays D+ —
K-ntety,, D° - K~ etv,, DT — K*%*v, and D —
K*~etv, are obtained.

4 Results

4.1 Monte Carlo efficiency

The detection efficiencies for the semileptonic decays
Dt - K ntety,, D° - K%~ etv,, DT — K*%Tv, and
DY — K*~etu, are estimated to be

€Dt K—ntetve — (1551 + 012)% ’
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€PO 4 ZOx—ety, = (4.3040.05)%,
€D+ R*0ety, = (10.26 £0.08)%

and
€D Koty = (2.94+0.04)%

by Monte Carlo simulation, which include the branching
fractions for the intermediate sub-resonance decays.

4.2 Branching fractions

The branching fraction for the semileptonic decay D — j
(where j = K- ntetv,, Ko7 etv,, K*%etv, and K*~
etv,) can be determined by
. ND*} j
BF(D —j)= —+ 1
(D)= 22— 1)

where Np_,; is the number of the signal events for the
jth mode; N Diag is the total number of the singly tagged

D~ or D° mesons; € D—j is the detection efficiency for the
jth mode. Inserting these numbers in (1), we obtain the
branching fractions for the semileptonic decays to be
BF(D" - K ntetv.)=(3.50£0.75+0.27)%,
BF(D® — K7 etv,.) = (2.614+1.04+£0.28)%,
BF(D" — K*%*v,) = (5.06+1.21+0.40)%

and
BF(D° — K*"etv,) = (2.87+1.48 £0.39)%,

where the first error is statistical and the second system-
atic. The systematic error arises mainly from the uncer-
tainties in tracking efficiency (~2.0% per track), in particle

identification (~0.5% per track for charged pion or kaon,
~1.0% per track for electron), in photon selection (~2.0%),
in K2 selection (~1.1%), in Up;ss selection (~0.6%), in
background subtraction [~(2.5%~9.3%)], in Monte Carlo
statistics [~(0.8%~1.4%)|, in the number of the singly
tagged D mesons (~3.0% for D~ and ~4.5% for DO)
and in the fit to the mass spectrum of K7t or K%n~
combination (~1.7% for D* — K*%*v, and ~2.5% for
D® — K*~etv,). These uncertainties are added in quadra-
ture to obtain the total systematic error, yielding ~7.6%,
~10.8%, ~8.0% and ~13.7% for the semileptonic decays
Dt - K—ntety,, D° - K%~ etv,, Dt — K*%Tv, and
D — K*~eTuv,, respectively.

. r(Dt—5K*%etve)
4.3 The ratio of T(DF = R9eFu.)

With the measured branching fraction for DT — K*%e*tu,
and the previously measured branching fraction BF(D+ —
K%%v,)=(8.95+1.59+0.67%) by BES Collaboration [8],
we obtain the ratio of the vector to pseudoscalar D meson
semileptonic decay rates to be

(Dt — K*%ty,)
(Dt — K%ty,)

—0.57+0.17+0.02, (2)

where the first error is statistical and the second systematic
which arises mainly from the uncanceled systematic uncer-
tainties including K2 selection (~1.1%), background sub-
traction (~3.5%), Monte Carlo statistics (~1.1%) and the
fit to the mass spectrum of K 7" combinations (~1.7%).

5 Summary

Using the data of about 33pb~! collected around
3.773 GeV with the BES-II detector at the BEPC col-
lider, the absolute branching fractions for the decays
Dt - K—ntety,, D° - K%~ etv,, D* — K*%Tv, and
D% - K*~etu, are measured to be

BF(Dt = K~ ntetv.) = (3.50+0.75+0.27)%,

BF(D° — K7~ etv,.) = (2.61 +£1.04+0.28)%),
BF (D" — K*%%v,) = (5.06+1.21+0.40)%

and
BF(D° = K* etv,) = (2.87+1.484+0.39)%.

With the measured branching fraction for D* — K*%etv,
and the previously measured branching fraction for DT —
K%™uv,, the ratio of the vector to pseudoscalar D me-
son semileptonic decay rates I'(D* — K*%etv,)/I'(Dt —
K%%v,) is determined to be 0.57£0.1740.02, which is
in good agreement with theoretical predictions and other
measurements [6, 7] within error.

Acknowledgements. The BES collaboration thanks the staff of
BEPC and computing center for their hard efforts. This work is



The BES Collaboration: Measurements of BF(D — Kme've) and BF(D — K*etve) 37

supported in part by the National Natural Science Foundation
of China under contracts Nos. 10491 300, 10225 524, 10225 525,
10425523, the Chinese Academy of Sciences under contract
No. KJ 95T-03, the 100 Talents Program of CAS under Con-
tract Nos. U-11, U-24, U-25, and the Knowledge Innovation
Project of CAS under Contract Nos. U-602, U-34 (IHEP), the
National Natural Science Foundation of China under Contract
No. 10225522 (Tsinghua University).

References

1. M. Wirbel, B. Stech, M. Baucer, Z. Phys. C 29, 637
(1985)

2. V. Lubicz et al., Phys. Lett. B 274, 415 (1992)

3. J.D. Richman, P.R.Burchat, Rev. Mod. Phys. 67, 893
(1995)

10.

11.

12.

. The Tagged Photon Spectrometer Collaboration, J.C. An-

jos et al., Phys. Rev. Lett. 62, 722 (1989)

. Mark III Collaboration, Z. Bai et al., Phys. Rev. Lett. 66,

1011 (1991)

. FOCUS Collaboration, J.M. Link et al., Phys. Lett. B 598,

33 (2004)

. CLEO Collaboration, G.S. Huang et al., Phys. Rev. Lett.

95, 181801 (2005)

. BES Collaboration, M. Ablikim, et al., Phys. Lett. B 608,

24 (2005)

. BES Collaboration, M. Ablikim, et al., Phys. Lett. B 597,

39 (2004)

BES Collaboration, J.Z. Bai et al., Nucl. Instrum. Methods
A 458, 627 (2001)

Particle Data Group, S. Eidelman et al., Phys. Lett. B 592,
1 (2004)

BES Collaboration, M. Ablikim, et al., Nucl. Instrum.
Methods A 552, 344 (2005)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


