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Entanglement-enhanced detection of
single-photon scattering events
C. Hempel1,2, B. P. Lanyon1, P. Jurcevic1,2, R. Gerritsma1†, R. Blatt1,2 and C. F. Roos1,2*

The ability to detect the interaction of light and matter at the
single-particle level is becoming increasingly important for
many areas of science and technology. The absorption or
emission of a photon on a narrow transition of a trapped ion
can be detected with near unit probability1,2, thereby enabling
the realization of ultra-precise ion clocks3,4 and quantum
information processing applications5. Extending this sensitivity
to broad transitions is challenging due to the difficulty of
detecting the rapid photon scattering events in this case.
Here, we demonstrate a technique to detect the scattering of
a single photon on a broad optical transition with high
sensitivity. Our approach is to use an entangled state to
amplify the tiny momentum kick an ion receives upon
scattering a photon. The method should find applications in
spectroscopy of atomic and molecular ions6–9 and quantum
information processing.

An ion in an electric trap provides an excellent system for carrying
out precision spectroscopy. Laser cooling10, either directly or sym-
pathetically via an auxiliary ion11, minimizes thermal line broadening.
Long storage times allow for many repeated measurements on the
same particle, and collisional shifts are non-existent. A key require-
ment is to detect whether photons of a given frequency of light are
scattered. For some narrow ionic transitions, corresponding to long
excited-state lifetimes, the electronic configuration change associated
with photon absorption or emission can be detected with near 100%
efficiency using the electron shelving technique1. In the general case
where electron shelving cannot be implemented directly on a ‘spec-
troscopy’ ion of interest, efficient detection is possible using a co-
trapped auxiliary ‘logic’ ion following the technique of quantum
logic spectroscopy12. Here, information about the electronic state of
the spectroscopy ion is mapped via a joint vibrational mode to the
electronic state of the logic ion, where it can be read out.
Alternatively, state mapping can be accomplished via an off-reso-
nantly induced optical dipole force exciting the vibrational mode con-
ditional on the state of the spectroscopy ion13. For broad transitions,
quantum logic spectroscopy fails due to the extremely short excited-
state lifetimes and the resulting inability to spectrally resolve their
vibrational sidebands2.

Another signature of a photon scattering event is the recoil kick
an ion receives upon absorbing or emitting a photon14. The size of
the recoil can be characterized by the ratio of the recoil energy Erec
to the energy of a quantum of motion hv of a harmonically trapped
ion oscillating at frequency v, in the form of the dimensionless
Lamb–Dicke factor h =

����������
Erec/(hn)

√
. For experiments on optical

transitions, the Lamb–Dicke factor typically satisfies h≪ 1. For
an ion cooled to its motional ground state, the probability of
being promoted to the next higher vibrationally excited state by
the recoil of an absorbed photon is h2. Consequently, the
method of monitoring the ground-state population is inefficient

for detecting absorption events. Spectral lines from broad tran-
sitions have been reconstructed by observing changes in the fluor-
escence of a laser-cooled control ion via scattering of many
hundreds of photons15.

We now describe a technique for amplifying the recoil signal of
single photons, which is independent of the particular spectroscopic
ion species of interest (Fig. 1). As with quantum logic spectroscopy,
a co-trapped logic ion encodes a two-level qubit with ground and
excited states | � lz and | � lz , respectively. The logic qubit and a
common vibrational mode of the two-ion crystal are prepared in
their respective ground states. A state-dependent force applied to
this mode splits the vibrational state into two parts, each correlated
with a different eigenstate in the logic qubit16,17. Consequently, logic
qubit and motional state become entangled into a Schrödinger cat
state of the form C = (|�lx|+al+ |� lx|−al)/

��
2
√

, where
|�lx and |�lx are eigenstates of the sx Pauli operator and |+al
are coherently displaced motional states.

In the next step, spectroscopy light of a known frequency is sent
into the trap. The inverse cat generation operation is then applied,
thereby recombining the two vibrational components of the cat
state and disentangling them from the logic qubit. If no spec-
troscopy photon is absorbed, the initial state of the logic qubit
|�lz is recovered. Otherwise, the recoil of the spectroscopy ion
causes both vibrational components to be displaced by habs so
that after recombination the total path in phase space encloses an
area. Here, habs denotes the Lamb–Dicke factor of the absorbing
transition. The result is a geometric phase18 fabs ¼ 2ahabssinwsc ,
proportional to the cat state size a and the photon recoil momen-
tum, which leaves the final logic qubit state rotated by
exp(ifabssx)19,20. Here, wsc ¼ 2pnt is the scatter phase, where t is
the time delay between photon absorption and the time of the
largest spatial extent of C oscillating at frequency n.
Measurements of the logic qubit spin projections kszl ¼
2cos(fabs) or ksyl ¼ sin(fabs), using standard electron shelving
for example, provide information about the photon absorption
process. In summary, the small recoil displacement of the spec-
troscopy ion is converted into a large geometric phase and
mapped onto the logic qubit’s electronic state.

A complete photon scattering event involves two momentum
kicks—one in absorption and one in emission. Because the absorbed
photon comes from a directed laser beam, ideally this beam points
parallel to the vibrational mode supporting the cat state. The recoil
direction due to the spontaneously emitted photon is random. The
effect is to add a second, random geometric phase fem = f̃em cos u
to the measured signal kszl = −cos(fabs + fem), where the bar
indicates averaging over the random photon emission angle u
with respect to the orientiation of the cat state in space, and
f̃em = 2ahem sinwsc. For an isotropic emission pattern, this
expression reduces to
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kszl = −cos(fabs)sinc(f̃em) (1)

and similarly ksyl = sin(fabs)sinc(f̃em).
In our demonstration we confine a mixed-species two-ion crystal

in a linear Paul trap (see Methods). The isotopes 40Caþ and 44Caþ

are used as logic and spectroscopy ions, respectively (Fig. 2a). The
40Caþ provides sympathetic Doppler and vibrational ground-state
cooling of the lowest-frequency axial vibrational mode at
n ¼ 1.199 MHz, a narrow electronic transition in which to
encode a qubit (S1/2�D5/2) and qubit state readout via electron
shelving. We optically pump 44Caþ to its metastable D3/2 state to
perform spectroscopy on the strong D3/2� P1/2 open dipole tran-
sition. Absorption of a single infrared photon populates the P1/2
state (lifetime of 7.1 ns; ref. 21), which—with 96.6% prob-
ability22—will decay to the S1/2 ground state under emission of a

single blue photon. The experimental sequence is presented in
Fig. 2b. A state-dependent force23 is realized using a bichromatic
laser field resonant with the red (2n) and blue (þn) vibrational
sidebands of the logic qubit. A train of short (�60 ns) spectroscopy
pulses, separated by 1/n, is shifted in time by t to vary wsc in order
to retrieve the fringe pattern shown in Fig. 3a for a cat state size of
a ¼ 2.9(2). Precise timing of photon absorption is critical for the
measurement of ksyl. A discussion of timing issues and data for
other values of a is presented in Supplementary Sections S2 and
S5. Because the signal kszl (blue curve) is insensitive to the sign
of the geometric phase shift, the fringe period is equal to half the
motional period. Conversely, signal ksyl (red curve) is sign-sensitive
and therefore oscillates around 0 with a period equal to the motional
period 1/n. Furthermore, while the signal in kszl is sensitive to the
recoils of absorbed and re-emitted photon, the signal in ksyl is
predominantly due to the recoil of the absorbed photon in the
limit of small geometric phases as it depends on fabs in first
order and on fem in second order.

A line profile of the single-photon transition in 44Caþ was recov-
ered using the cat state technique (Fig. 3b). The ksyl signal amplitude
was measured as a function of the spectroscopy laser frequency at a
reduced light intensity. The observed linewidth of 38(5) MHz is close
to the width expected due to the combination of the transition’s
natural linewidth (22.4 MHz) with the Zeeman splitting caused by
an applied magnetic field of 4 gauss. We wish to emphasize that
this profile is due, with high probability, to at most a single infrared
photon scattering on an open dipole transition.

The uncertainty in the spectroscopic signal is determined by
quantum projection noise24 in estimating the expectation values of
the logic qubit state. The signal-to-noise ratio (SNR) can always
be increased by taking more measurements. To compare different
methods it is therefore useful to renormalize by the number of
measurements (N) made and consider the sensitivity
b = SNR/

���
N
√

provided by each method. For comparison we
implemented two additional direct detection schemes that do not
exploit a non-classical state to amplify the scattering signal. The
first and most basic of the two schemes directly measures the prob-
ability of the motional state being excited from |0l to |1l (phonons)
in a single-photon scattering event by applying a red-sideband p

pulse to the logic ion followed by a measurement of kszl. In the
second scheme, ksyl is measured instead. Here, phase-sensitive
detection of the motional state is enabled by keeping the pulse
envelope of the spectroscopy laser phase-locked to the beat signal
(at frequency 2n) of the two laser fields manipulating the ions’
motion (Supplementary Section S1).

Table 1 summarizes the experimentally determined sensitivities.
Compared to the direct detection method, cat-state spectroscopy
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Figure 1 | Cat-state spectroscopy in phase space. a, Schrödinger cat state preparation. A qubit encoded in a logic ion, initialized in |�lz (inset Bloch sphere),

becomes entangled with a joint vibrational mode of the two-ion crystal formed with the co-trapped spectroscopy ion. b, Absorption of a photon by the

spectroscopy ion causes a displacement of size habs (magnified for clarity) in a direction determined by the event’s timing wsc relative to the oscillation of the

cat state. c, The cat state is re-interfered, disentangling the internal state from the motion and leaving the geometric phase fabs in the logic ion’s internal

state, where it can be read out via standard electron shelving.
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Figure 2 | Experimental details. a, Relevant electronic energy levels.

b, Experimental laser pulse sequence. The 40Caþ dipole transition at 397 nm

is used for laser cooling, optical pumping and state detection of the optical

qubit implemented on its 729 nm narrow quadrupole transition, which is

also used for ground-state cooling of the joint vibrational mode. The asterisk

indicates isotope shifts26 that allow off-resonant scattering from the

respective other isotope to be safely ignored at the light intensities used.

Dedicated laser beams resonant with the 44Caþ transitions are used for

initialization (397* nm) and spectroscopy (866* nm pulse train).
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using a cat state of a ¼ 2.9(2) enabled an 18-fold improvement in
measurement sensitivity. Also presented are results showing that,
unlike the direct detection methods, cat-state spectroscopy even
works without ground-state cooling. Theoretically, the method
should work as well with thermal states that lie within the Lamb–
Dicke regime, which can be reached with standard Doppler
cooling25. Experimentally, a loss in contrast is seen, the origin of
which requires additional study.

In principle, the technique’s sensitivity can be further enhanced
by making larger cat states. However, experimental errors will limit
the useful cat size and therefore the achievable sensitivity. In our
experiment, the dominant error source is electric field noise on
the trap electrodes, which adds another random geometric phase
fh. As a result, the contrast of the signal given in equation (1)
needs to be multiplied by a factor exp(−f2

h/2) with
f2

h = 8Rhncat
2
3 tcat + twait

( )
where Rh is the mode’s heating rate,

ncat ¼ |a|2 the cat-state size in phonons, tcat the time needed
for creating the cat state, and twait the time between cat creation
and recombination (Methods and Supplementary Section S4).
The larger the cat state, the more detrimental the noise becomes.
For the ksyl measurement in Fig. 3a and the experimental
parameters ncat ¼ 8.3(1.0), tcat ¼ 50(2) ms, twait ¼ 32(2) ms,
Rh ¼ 40(20) s21, we expect a contrast reduction factor of 0.91(5)
and an overall signal amplitude of Ay ¼ 0.54(4), which is close to
the observed value.

We have demonstrated a method for detecting light scattering
from broad ionic transitions at the single-photon level.
Complementing quantum logic spectroscopy for narrow transitions,
cat-state spectroscopy should provide access to a new range of
atomic and molecular ion transitions for precision spectroscopy.
Fundamentally, the method can approach deterministic single-
photon scattering detection. Assuming that the absorbed and
emitted photons have the same wavelength, equation (1) gives the
maximum probability of detecting a scattering event, in a single
measurement, as 61%. The limit, imposed by the random emission
direction of the emitted photon, could be overcome by using mul-
tiple vibrational modes or by modifying the emission direction,
for example by the introduction of a cavity. In our experiment,
the achieved sensitivity could be boosted significantly by using an
ion trap with a reduced heating rate.

A deterministic measurement of whether an ion has scattered a
photon would be of interest to the field of quantum information
processing, especially as this measurement could be non-destructive
with respect to the joint ion–photon state.

Methods
Experimental set-up. The experiments made use of a linear Paul trap with a
minimal ion–electrode distance of 565 mm. Ions were loaded by isotope-selective
photoionization from a resistively heated oven. The bichromatic laser beam used to
create and re-interfere the cat state was generated by applying two radiofrequencies
offset by 2n to a single acousto-optic modulator, effectively producing a beat note to
which the generator producing the pulse train of spectroscopy light was locked.

Geometric phases contributing to the spectroscopic signal. The total geometric
phase that rotates the logic qubit state is given by f ¼ fabs þ fem þ fh, in which
the terms arise from photon absorption and emission recoil, and random electric
fields displacing the ions, respectively. In contrast to the deterministic phase fabs,
the other two phases are independent random variables with vanishing odd-order
moments. This property simplifies the calculation of expectation values at the end of
the spectroscopy protocol, leading to kszl = −cos(fabs + fem + fh) =
cos(fabs)cosfemcosfh and ksyl = sin(fabs + fem + fh) =
sin(fabs)cosfem cosfh.

As spontaneous emission from the P1/2 to S1/2 state is isotropic,

cosfem =
1
2

∫p
0

du sin u cos(f̃em cos u). Writing the integrand as a Taylor series and

carrying out the integration results in the sinc-function appearing in equation (1).
Electric field noise at the trap electrodes with frequencies close to the vibrational

mode supporting the cat state leads to displacements of the motional state in random
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Figure 3 | Cat-state spectroscopy results. Photon scattering signals on the broad D3/2� P1/2 transition in 44Caþ for a cat state size of a ¼ 2.9(2).

a, Interferometic fringes observed by varying wsc (the relative timing) of a single-photon scattering event with respect to the cat-state oscillation phase.

Weighted sinusoidal fits (solid lines) yield a signal amplitude A in the two detection bases sz (blue curve) and sy (red curve). To maximize the contrast for

the cat state size used, the data are taken at light intensities that ensure a complete pump-out of the D3/2 level, such that with 93.6% probability a single

(6.4% probability ≥ 2) photon is being scattered. b, Line profile of the transition taken in the sy detection basis. At each spectroscopy laser frequency, Ay is

measured by alternating between the maximum and minimum of the fringe pattern. To avoid power broadening, the light level was reduced significantly,

yielding a smaller signal amplitude as, even on resonance, it is not the case that in all experiments a photon is being scattered (Supplementary Section S6).

All error bars are calculated from quantum projection noise.

Table 1 | Comparison of spectroscopic techniques.

Method Sensitivity
(b )

Measurements to
reach 3s

Direct detection kszl 0.018(6) 2.7(1.9) × 105

Phase-sensitive ksyl direct detection 0.107(10) 7.8(1.5) × 102

CSS kszl-signal 0.162(16) 3.4(0.6) × 102

CSS ksyl-signal 0.338(16) 7.9(0.8) × 101

CSS ksyl-signal* 0.109(14) 7.6(2.0) × 102

The sensitivity of various cat-state spectroscopy (CSS) techniques using a¼ 2.9(2), and those
that do not use a non-classical state, are compared (see main text). Also given are the number of
measurements required to reach a confidence of three standard deviations (s) in the detection
of a scattering event. All errors are calculated from quantum projection noise.
*The result for a CSS measurement without ground-state cooling.
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directions. White noise acting on a cat of size ncat for a duration t adds a random

geometric phase fh with zero mean and a variance given by f2
h = 8Rhncatt (ref. 19).

In our model, we assume noise acting on the state throughout the experimental steps
of cat-state creation, photon scattering and cat recombination, where the steps last
for times tcat, twait and tcat, respectively. If a spin-dependent force of constant
amplitude is used for cat creation and recombination, we have to make the

replacement t� 1
3

2tcat + twait where the factor 1/3 accounts for the smaller

average cat size during the first and last steps (Supplementary Section S4).
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measurement method for branching fractions of excited P1/2 states applied to
40Caþ. Preprint at http://arxiv.org/abs/1305.0858v1 (2013).

23. Haljan, P. C., Brickman, K-A., Deslauriers, L., Lee, P. J. & Monroe, C. Spin-
dependent forces on trapped ions for phase-stable quantum gates and entangled
states of spin and motion. Phys. Rev. Lett. 94, 153602 (2005).

24. Itano, W. M. et al. Quantum projection noise: population fluctuations in two-
level systems. Phys. Rev. A 47, 3554–3570 (1993).

25. Kirchmair, G. et al. Deterministic entanglement of ions in thermal states of
motion. New J. Phys. 11, 023002 (2009).

26. Lucas, D. M. et al. Isotope-selective photoionization for calcium ion trapping.
Phys. Rev. A 69, 012711 (2004).

Acknowledgements
This work was supported by the European Commission via the integrated project Atomic
QUantum TEchnologies and a Marie Curie International Incoming Fellowship.

Author contributions
C.R. conceived and designed the experiments. C.H., B.L., P.J., R.G. and C.R. performed
the experiments. C.H., B.L. and C.R. analysed the data. C.H., B.L., R.G., R.B. and C.R.
contributed materials and analysis tools. C.H., B.L. and C.R. wrote the paper.

Additional information
Supplementary information is available in the online version of the paper. Reprints and
permissions information is available online at www.nature.com/reprints. Correspondence and
requests for materials should be addressed to C.F.R.

Competing financial interests
The authors declare no competing financial interests.

LETTERS NATURE PHOTONICS DOI: 10.1038/NPHOTON.2013.172

NATURE PHOTONICS | ADVANCE ONLINE PUBLICATION | www.nature.com/naturephotonics4

http://arxiv.org/abs/1305.0858v1
http://www.nature.com/doifinder/10.1038/nphoton.2013.172
www.nature.com/reprints
mailto:christian.roos@oeaw.ac.at
http://www.nature.com/doifinder/10.1038/nphoton.2013.172
www.nature.com/naturephotonics

	Entanglement-enhanced detection of single-photon scattering events
	Methods
	Experimental set-up
	Geometric phases contributing to the spectroscopic signal

	Figure 1  Cat-state spectroscopy in phase space.
	Figure 2  Experimental details.
	Figure 3  Cat-state spectroscopy results.
	Table 1  Comparison of spectroscopic techniques.
	References
	Acknowledgements
	Author contributions
	Additional information
	Competing financial interests


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /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 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    35.29000
    35.29000
    36.28000
    36.28000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    8.50000
    8.50000
    8.50000
    8.50000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (NPG PRINT PDF Job Options. 4th September 2006. PDF 1.3 Compatibility. Adds Trim and Bleed boxes top Nature pages where none exist.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice


