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Introduction

Parametric down conversion (PDC) is the effect of a spon-
taneous decay of a photon (“pump”) into a pair of highly
correlated photons (“signal” and “idler”). The effect is
well known in laser physics and has been predicted [1]
and demonstrated [2, 3, 4, 5, 6] for x-rays, as well. It
can be described semiclassically as the four-wave mixing
of the pump-photons with vacuum fluctuations, producing
the signal and idler photons. A nonlinear optical medium
is required, which also has to support the matching of
the wave vectors of the participating photons. With x-
rays, the nonlinearity is due to higher-order corrections of
Thomson scattering from free, or weakly bound electrons
[2, 7], which are due to the Lorentz force and a nonlinear
displacement current. This nonlinearity is very small, and
processes such as harmonic generation are most probably
out of the question at 3rd generation x-ray sources. Due
to the high virtual power density of the electromagnetic
vacuum fluctuations at x-ray frequencies, PDC is observ-
able with some effort. The same level of observability
in an effect based only upon real x-ray photons would be
reached with a source that has a photon degeneracy of the
order of one. Current 3rd-generation sources are below
this threshold by a factor of 10 to 100.
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Figure 1: Wave vector matching in x-ray PDC.

In all x-ray PDC experiments performed to date, wave
vector matching is achieved by diffracting the pump beam
in a crystal and detuning slightly away from the Bragg
condition, as shown in fig. 1. In the symmetric case �����
�	� the relation between �
��� � and

��
is [6]
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where


is the refractive index decrement. Here (diamond
and 23-keV pump photons),

 �����! #"��%$'&)( .
Closely associated with PDC is the so-called edge en-

hancement effect [8]. The observed event rate is propor-
tional to the number of available final states, which de-
pends on the angles �
��� � in fig. 1, and thus on the detuning*+�

. This is illustrated in fig. 2: given a detector aperture
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Figure 2: Edge enhancement in x-ray PDC.

angle
* �	� , the range ,-�.�/�0� ,1� � * ,1� of values admis-

sible for the wave vector 2 � increases as the values of � �
and � � decrease.

Methods and Materials

The experiment was performed at the MHATT-CAT 7ID
beamline of the APS, using a diamond crystal as a non-
linear optical medium. The same crystal had been used
in several previous experiments [4, 5] and is described
in some detail in [6]. The scattering geometry is shown
schematically in fig. 3. X-rays coming from the monochro-
mator on the far left-hand side of the figure are diffracted
upward by an InP (220) crystal and enter the diamond
crystal, whence they are diffracted into the horizontal di-
rection by the (111) reflection. Thus, the down-converted
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Figure 3: The scattering geometry

photons, which exit the diamond at small angles ����� � rel-
ative to the diffracted pump beam, are almost horizon-
tal. Two energy-resolving Si drift detectors register these
down-converted photons. The ionization chambers shown
in the figure were used to determine the flux of pump
photons, and thus to obtain a quantitative measure of the
conversion event rate. The signals from the two detec-
tors were processed in a multiple, time-resolving multi-
channel analyzer [9]. This device registers each event in
each detector and stores in a computer memory its time
of occurence with 20 ns resolution and the photon energy
with 256 bit resolution. Correlations, and in particular co-
incidences, matching energy-dependent selection criteria
can then be extracted offline. This capability proved to be
very valuable in the present experiment because it made
it possible to extract all events for which the energies of
the two detected photons added up to that of the pump, re-
gardless of the individual photon energies. In a secondary
evaluation step, the energy differences of the coincident
photons could then be displayed to show one of the tell-
tale signatures of edge enhancement, namely an increase
in the energy bandwidths of the signal and idler photons,
of course always adding up to that of the pump.

Results
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Figure 4: Time correlation spectrum of energy-selected
events in the two detectors and energy differences of the
coincident photons (see text).
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Figure 5: Same as fig. 4, with
�� �E$B���. mrad.
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Figure 6: Same as fig. 4, with
�� �J$'� $ �K� mrad.

Figures 4 to 7 show time-correlation spectra of those
photons registered in the two detectors that add up to the
pump photon energy within LM�/$ON (setting tighter toler-
ances of L8IFN produces very similar results). In all of
the figures, the large graph shows the time correlation
over L � $�P s, the ordinate being scaled in events per 20-
ns channel and �/$ �D9 pump photons; the right-hand in-
sert shows a zoom of the time correlation into the central
LQ$'� I�P s, the ordinate being scaled in absolute events per
20-ns channel and the left-hand insert shows the energy
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Figure 7: Same as fig. 4, with
�� �J$'� $'�0H mrad.
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Figure 8: Asymmetric case (see text).

differences of the coincident photons (i.e., events in the
central peak of the correlation spectrum) in MCA chan-
nels (60 eV/channel). The number in the left-hand box
gives the coincidence rate per incident pump photon (in-
cident flux determined with the ionization chambers) and
the number in the right-hand box gives the number of ac-
tual coincidences observed. The four figures 4 to 7 differ
in the angles �	�#�U�	� and corresponding

��
(by eq. 1).

As these angles become smaller, the observed coincidence
rate and the energy spread of the down-converted photons
increase. Both of these increases are indications of the
edge enhancement.

The last figure no. 8 shows the results of an asymmetric
configuration with � �WV�J� � . As can be seen by fig. 1, this
results in an asymmetric energy splitting ratio between the
signal and idler photons.

More on this experiment can be found in ref. [6].

0.1 Conclusion

X-ray parametric down conversion is a weak effect, which
can be measured with some experimental effort. Here,
quantitative measurements of the conversion event rate are
presented, and its angular dependence is demonstrated.
Both, the increase in the event rate, and the increase in
the energy spread of the down-converted photons are in-
dications of the edge enhancement effect. An asymmetric
beam geometry results in an asymmetric energy splitting
ratio.
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