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DESCRIPTION

[0001] The United States Government has rights in this invention pursuant to Contract No. DE-
ACS2-07/NA27344 between the U.S. Department of Energy and Lawrence Livermore National
Security, LLC, for the operation of Lawrence Livermore National Laboratory.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to x-ray and gamma-ray imaging, and more specifically, it
relates to technigques for lowering the dose required in such imaging techniques.

Description of Related Art

[0003] In conventional 2-D x-ray/ gamma-ray imaging the patient or object is illuminated with a
wide field of x-rays or gamma-rays and the transmitted signal is recorded on a 2D film or array
of detectors. Variations of density within the object cause variations Iin transmission for the
penetrating radiation and these variations appear as shadows on film or a detector array. The
dynamic range of this imaging technique Is determined by the response function of the
detector system. In addition all parts of the object see the same Input flux (photons per unit
area) and the total dose impinging upon the object is set by the area of the object and the flux
required to penetrate the most dense region of the object, 1.e., the flux required to resolve the

structures of interest within the object. In this imaging modality, the entire object sees a high
dose.

[0004] Suggestions for pixel by pixel feedback imaging have been made previously in which a
rotating anode, bremsstrahlung source i1s used In place of a laser-Compton source. In this
case, upon accumulation of a threshold quantity of photons at the detector, a signal i1s sent to
either disable the current to the anode or to physically block the x-ray beam. This approach
suffers several drawbacks In relation to the invention of this disclosure.

1. a) Rotating anode sources are CW or quasi-CW devices and neither interrupt methods
mentioned above are instantaneous. Thus, there will be dose accumulated while the
source Is being shut down or is being physically blocked. On the other hand, in the case
of a laser-Compton x-ray source (LCXS) or laser-Compton gamma-ray source (LCGS)
X-rays or gamma-rays are produced for each interaction of a laser pulse with an electron
bunch. If the signal from the detector to divert the laser pulse I1s fast compared to the
time interval from one laser pulse to the next and the electro-optic switch operation Is
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fast compared to the time Interval from one laser pulse to the next, then the x-ray or
gamma-ray source may be turned off completely before additional exposure occurs.

2. b) Rotating anode devices operate with beams of electrons impinging upon the anode
material at a constant rate. Interruption of the electron beam current, can change the
electromagnetic environment around the anode and the thermal loading of the anode
material. Re-initiation of electron beam does not necessarily instantaneously produce
the same electron beam focus or x-ray flux as that occurring during steady state
operation. On the other hand, In the case of the LCXS by electro-optically diverting the
laser pulses from interacting with the electron beam, one does not change the electron
beam dynamics of the electron beam used In a laser-Compton source. The electron
beam may remain on and operational even without producing x-rays or gamma-rays If
there are no laser photons. A simple change of the electro-optic switch that returns the
laser photons to the laser-electron interaction region will produce a laser-Compton
source that is identical to that used to image the previous pixel.

3. ¢) Rotating anode sources are not well suited to production of highly-collimated beams
of x-rays or gamma-rays. They produce light in all directions and can only produce
collimated beams by passage through narrow apertures that in turn greatly reduce their
flux. LCXS and LCGS devices intrinsically produce narrow beams of photons. Effectively
all of the LCXS may be used for single-pixel feedback imaging while only a small portion
of the output from a rotating anode source may be used in this manner.

SUMMARY OF THE INVENTION

[0005] This invention represents a new method for ultralow-dose, x-ray or gamma-ray imaging
based on fast, electronic control of the output of a laser-Compton x-ray source or laser-
Compton gamma-ray source (LCXS or LCGS). In this method, X-ray or gamma-ray
shadowgraphs are constructed one (or a few) pixel(s) at a time by monitoring the LCXS or
LCGS beam energy required at each pixel at the object to achieve a threshold level of
detectability at the detector. The beam energy required to reach the detection threshold is
proportional to the inverse of the opacity of the object. The beam energy to reach threshold is
determined simply by measuring the illumination time required by the constant power LCXS or
LCGS to achieve threshold detectability at the detector. Once the threshold for detection is
reached, an electronic or optical signal is sent to the LCXS/LCGS that enables a fast optical
switch that in turn diverts either in space or time the laser pulses used to create Compton
photons. In this way, one prevents the object from being exposed to any further Compton x-
rays or gamma-rays until either the laser-Compton beam or the object are moved so that a
new pixel location may be illumination. This method constructs the image of the object with the
minimal possible x-ray or gamma-ray dose. An important aspect of this invention is that this
method of feedback control on the x-ray or gamma-ray source does not in any way perturb the
steady state operation of the laser or accelerator subsystems of the LCXS/LCGS and thus the
beam available for exposure at each imaging location is identical from pixel to pixel once the
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electronically activated switch Is disabled. Another important aspect of this imaging system is
that the dynamic range of the image 1s not constrained by the detector dynamic range but
rather by the time one Is willing to dwell at any one pixel. Uses of the invention In x-ray and
gamma-ray radiographic Imaging Include medical Imaging, Industrial non-destructive
evaluation of objects and precision metrology.

[0006] LCXS and LCGS have output that is polychromatic but highly angle correlated. With
proper design and apertures a LCXS or LCGS may produce a narrow beam of nearly mono-
energetic photons (relative bandwidth of <1%). Mono-energetic beams are able to produce x-
ray and gamma-ray shadowgraphs with much less dose than anode based sources because of
their lack of absorbing, low-energy photons. Tunable mono-energetic beams may also be used
to take images of the same pixel above and below the k-edge of specific contrast agents and In
this way be used to further reduce the dose to the object.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The accompanying drawings, which are incorporated into and form a part of the
disclosure, Illustrate embodiments of the invention and, together with the description, serve to
explain the principles of the invention.

FIG. 1 shows an exemplary overall layout of an embodiment of the invention that utilizes an
electro-optical switch after the laser amplifier.

FIG. 2 shows an example of "spatial diversion” of the interaction laser output.

FIG. 3 illustrates an example of "temporal diversion” of the interaction laser pulse.

DETAILED DESCRIPTION OF THE INVENTION

[0008] In this Invention, a laser-Compton x-ray source (LCXS) or a laser-Compton gamma-ray
(LCGS) source I1s used In a feedback, pixel-by-pixel imaging configuration to create high-
resolution, x-ray or gamma-ray shadowgraphs of the material and density variations within an
arbitrary object. The X-ray or gamma-ray shadowgraphs are constructed one (or a few)
pixel(s) at a time by monitoring the number of LCXS or LCGS beam photons required at each
pixel to achieve a threshold level of detectability. The beam energy required to reach the
detection threshold is proportional to the inverse of the opacity of the object. The beam energy
to reach threshold i1s determined simply by measuring the illumination time required by the
constant power LCXS or LCGS to achieve threshold detectability. Once the threshold for
detection 1s reached, a signal 1s sent to the LCXS/LCGS to enable a switch to rapidly
(nanoseconds) divert either in space or time the laser pulses used to create Compton photons.
In this way one prevents the object from being exposed to any further Compton x-rays or
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gamma-rays until either the laser-Compton beam or the object are moved so that a new pixel
location 1s ready for illumination. The image of the object is constructed with the minimal
possible x-ray or gamma-ray dose. An important aspect of this invention is that this method of
feedback control does not iIn any way perturb the steady state operation of the laser or
accelerator subsystems of the LCXS/LCGS and thus the beam available for exposure at each
Imaging location is identical from pixel to pixel once the electro-optic switch is disabled. Another
Important aspect of this imaging system is that the dynamic range of the image iIs not

constrained by the detector dynamic range but rather by the time one is willing to dwell at any
one pixel.

[0009] Laser Compton scattering (sometimes also referred to as inverse Compton scattering)
IS the process In which an energetic laser pulse Is scattered off of a short duration, bunch of
relativistic electrons. This process has been recognized as a convenient method for production
of short duration bursts of quasi-monoenergetic, x-ray and gamma-ray radiation. In the
technique, the Incident laser light induces a transverse dipole motion of the electron bunch
which, when observed In the rest frame of the laboratory, appears to be a forwardly-directed,
Doppler-upshifted beam of radiation. The spectrum of any laser Compton source extends from
DC to 4 gamma squared times the energy of the incident laser photons for head on laser-
electron collisions. (Gamma is the normalized energy of the electron beam, 1.e., the energy of
the electron divided by the rest mass energy of the electron. Gamma = 1 when the electron
energy = 511 keV.)

[0010] By changing the energy of the electron bunch, beams of high energy radiation ranging
from -10 keV x-rays to > 20 MeV gamma-rays have been produced and used for a wide range
of applications. The spectrum of the radiated Compton light is highly angle-correlated about
the propagation direction of the electron beam with highest energy photons emitted only in the
forward direction. With an appropriately designed aperture placed in the path of the x-ray or
gamma-ray beam, one may create quasi-monoenergetic x-ray or gamma-ray pulses of light
whose bandwidth (DE/E) is typically 10% or less. At Lawrence Livermore National Laboratory
(LLNL), systems have been designed for generation of narrow bandwidth (bandwidth of the
order 0.1%) gamma-rays that may be used to excite isotope-specific nuclear resonances. Such
beams of gamma-rays may be produced through optimized design of interaction of the laser
and electron and with the use of high-quality laser and electron beams whose respective
spectra are less than 0.1%.

[0011] Laser-Compton x-ray sources (LCXS) and laser-Compton gamma-ray (LCGS) sources
are also highly collimated especially in comparison with conventional rotating x-ray or gamma-
ray bremsstrahlung sources. The cone angle for emission of the half bandwidth spectrum is
approximately 1 radian on gamma or of order milliradians while the cone angle for narrowest
bandwidth, on-axis spectrum may be of order 10 micro-radians. Typical rotating anode sources
have beam divergences of -500 milli-radians. It is this high degree of collimation that makes
LCXS or LCGS devices ideally suited for pixel by pixel imaging modalities. For example a 0.1%

bandwidth LCGS may have a beam diameter of order 100 microns even at a distance of a
meter from the point of gamma-ray creation.
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[0012] The basic design of laser-Compton x- ray and laser-Compton gamma-ray sources are
known In the art. See, e.g., U.S. Patent No. 8,934,608, titled "High Flux, Narrow Bandwidth
Compton Light Sources Via Extended Laser-Electron Interactions,” incorporated herein by
reference. For example, in U.S. Patent No. 8,934,608, a laser system provides a UV beam to
drive the photogun of the linear accelerator. In one embodiment, interruption of this laser beam
will turn off the electron bunches provided from the linear accelerator. In the remaining
disclosure, the output of either x-rays of gamma-rays from the laser-Compton source may be
referred to as a Compton beam. FIG. 1 shows an exemplary overall layout of an embodiment
of the Iinvention that utiizes an electro-optical switch after the laser amplifier of a laser-
Compton source. In the figure, an RF clock 10 synchronizes both the interaction laser 12 and
the photogun laser 14. The photogun laser 14 illuminates the photo-cathode of the linear
accelerator 16 which provides electron bunches to interaction region 18 as is known In the art.
The output from interaction laser 12 is linearly polarized by polarizer 20 the output of which Is
directed to an electro-optic modulator 22. In one embodiment, If no voltage 1s applied to the E-
O modulator 22, the laser light having the linear polarization set by polarizer 20 will be allowed
to pass through polarizer 24 and propagate into interaction region 18 where it collides with the
electron bunches to produce a Compton beam which is directed to an object 26 to be imaged.
Based on this disclosure, those skilled in the art will recognize that a variety of means can be
used in place of the combination of polarizers and E-O modulator described above for allowing
or preventing the output laser beam from propagating into interaction region 18. Preventing the
output laser beam from colliding with the electron bunches will effectually switch the system off
and no x-rays or gamma-rays will be produced to propagate onto the object. Electrons that are
scattered from the collision with the laser beam are collected in an electron beam dump 28.
The system i1s configured so that a portion of the Compton beam that passes through the
object will In turn pass through a collimation tube 30 before propagating onto detector 32. A
computer system 34 having data acquisition and means for controlling the E-O switch iIs
connected between the detector and the E-O switch. In operation, the laser beam is allowed to
propagate into the interaction region such that a Compton beam is produced only for a period
of time necessary for at least one pixel of the detector to register a predetermined signal
threshold. Once this threshold has been met, the computer system operates the E-O
modulator to prevent the laser beam from propagating any further, thereby shutting of the
production of the Compton beam. The object or the Compton beam can be moved to a
different location on the object and the Compton beam is then turned on again until a detection
threshold is met. In this manner, an image of the object density can be produced. By allowing
only the amount of radiation from the Compton beam to propagate onto each object location
as Is needed to achieve a threshold of detection, the amount of radiation absorbed by the
object iIs minimized at each location on the object that the measurement is made.

[0013] As briefly discussed above, the output from a LCXS or LCGS Is dependent upon the
simultaneous presence of laser photons and electrons at the point of collision, which iIs
sometimes referred to as the interaction point or, in the above example, as interaction region
18. Removal of either the laser photons or the electrons from reaching the point of collision
eliminates the output of the source completely. If one wishes to rapidly turn off the x-ray or
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gamma-ray output there are a number of alternatives, some of which are described below.

1. 1) One switching method is to divert the laser pulse from the interaction region. This may
be accomplished by passing a polarized laser pulse through an electro-optic switch
comprised of a Pockels cell and a polarizer. An example of such configuration was
described above In the embodiment of FIG. 1. FIG. 2 shows an expanded view of such a
"spatial diversion” of the interaction laser 12 output described in the embodiment of FIG.
1. Voltage 34" applied to the E-O modulator (Pockels cell) 22 rotates the polarization of
the laser pulse. A half wave voltage will rotate the polarization by 90 degrees and thus
change the direction of the beam on the polarizer 24. The advantages of this method
are that it 1s fast since the Pockels cell may be pulsed with nanosecond pulses, It Is
capable of switching energetic laser pulses (Jjoule level and above), and the method
leaves the bulk of the upstream laser system unchanged either thermally or optically.
This method, of course, also does not perturb the electron accelerator at all. This
method also has the shortest delay between the detector 32 and an "off" state of the
Compton source.

2. 2) Another switching method is to divert the seed laser pulse prior to amplification in the
laser chain. This may be done via a number of electro-optic methods including that
described above, but also via mach-zender switches similar to that used In the telecom
Industry or via acousto-optics switches. The advantages here are that the switches may
be faster (sub-nanosecond) due to the smaller size of the laser beam and that the cost
and size of the switching device may also be smaller. The disadvantage is that the bulk
of the laser amplification chain does not remain unchanged thermally, and thus there
may be transient distortions on the laser beam upon re-seeding of the amplification
chain. In this embodiment, the mach-zender switch i1s located between the seed beam
and the amplifier. Mach-zender switches themselves are known in the art.

3. 3) Still another switching method is to divert the UV laser pulse that creates the electron
pbunches In linear accelerator. The switching In this case can have the advantages
outlined In 2) above. The disadvantage i1s that steady state electron accelerator
performance Is dependent upon the electron beam charge in the accelerator structure
and there may thus be transient beam changes upon restart of the electron beam.

4. 4) Another switching method 1s to mistime the UV laser pulse that creates the electron
bunches In the linear accelerator. The delay required to maintain the electron beam
performance but to miss the laser pulse would be one RF cycle or nominally 100 ps for a
high frequency RF accelerator. Because the transit time through the region over which
the electron and laser pulse interact may be much shorter than 100 ps, smaller delays
can effectively shut off the x-ray or gamma-ray output, but these delays will also inject
electrons out of phase into the accelerator and thus potentially affect the dynamics of
subsequent electron bunches.

5. 5) Still another switching method is to slightly mistime the seed laser pulses for the laser
amplification chain. The required delay in this case Is on the order of the transit time of
the laser and electron bunch through the interaction region which is significantly smaller
(picoseconds) than the gain lifetime of the laser amplifier (typically 100s of
microseconds). Such delays may be created via a number of methods electro-optically
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Including via a Pockels cell arrangement as illustrated in FIG. 3. This method again
leaves both the laser chain and the accelerator in their steady thermal and electrical
configuration and thus enables an Instant on and iInstant off mode of operation.
Referring to FIG. 3, a seed beam pulse from low energy seed laser 50 propagates
through a Pockels cell $2 which sets the polarization to be in parallel to the plane of the
page. In this configuration, the beam passes through polarizers 34 and $6 and into the
Interaction laser amplifier 38. A sufficient voltage applied to the Pockels cell $2 rotates
the polarization of the seed laser beam 90 degrees. This causes polarizer $4 to reflect
the beam to mirror 60 which reflects the beam to mirror 62 which reflects the beam to
polarizer 36 which reflects the beam into the Interaction laser amplifier 58. The
Increased beam path distance produced by reflecting the beam by the Pockels cell 52
causes an Increased delay in the propagation time of the beam from the seed laser 50
to the Interaction laser amplifier 58. As stated above, If this delay is a small fraction of
the gain lifetime of the laser amplifer gain medium, the laser does not notice the change
at all. In our case the change required to turn off the Compton beam is less than 1 part

in 1,000,000).

[0014] Of the methods described above, 1 and 5 are preferred with 1 being preferred over 5
for Compton sources that utilize closely spaced electron bunches.

[0015] In order to accurately perform feedback imaging, the output of the source should be
known by a secondary, calibrated means other than by intercepting the entire beam with an
Integrating detector. In the laser Compton case this can be done in a number of ways.

[0016] It Is necessary to know how many photons were incident on the object in order to reach
the threshold of detectability. An assumption can be made that the Compton beam has a
constant output and a simple monitoring iIs made of the time that the beam was on before the
threshold was reached. Note that this can produce erroneous results If the Compton beam
changes as a function of time. The comments below get around this problem by using the
unique properties of Compton beams to determine the absolute flux that illuminated the
Individual pixel of the object.

1. 1) One can first measure the steady state electron beam parameters and then calibrate
the x-ray or gamma-ray production as a function of the interaction laser beam energy.
Since the Iinteraction laser beam energy I1s not significantly attenuated by the Compton

scattering process (1 part in 1079, measuring the laser pulse energy after the interaction
region provides a high accuracy measurement of the laser field present during the
Interaction with the electron bunch which can be in turn used via the previous calibration
to determine the flux of x-rays or gamma-rays produced.

2. 2) The spectrum produced by laser-Compton scattering is highly angle correlated. For
most imaging cases one will desire to use the higher-energy, near on-axis photons for
feedback imaging and will remove the lower-energy (higher absorbing) off-axis photons
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by passing the beam through an aperture. The x-ray or gamma-ray energy deposited In
this aperture Is proportional to the total laser-Compton output and proportional to the on-
axis flux used for the imaging. The energy deposited in the aperture may be determined
IN any number of ways depending upon the material composition of the aperture. If the
aperture, for instance, were made of a scintillator material, one could collect the
scintillation photons as a proportional measure of the total beam flux.

3. 3) One could pass the entire beam or just the off axis portion or just the on axis portion

of the beam prior to illumination of the object through a standard ionization chamber
used to measure x-ray or gamma-ray dose.

[0017] After exiting the object, the un-scattered or un-attenuated transmitted beam is passed
through a narrow aperture, as shown In FIG. 1, whose diameter I1s the size of the beam
diameter. This aperture serves to reject any small-angle, scattered radiation from the
llHluminated object (a common issue In medical radiography). Behind the aperture is placed a
highly sensitive detector whose response Is optimized to be sensitive to single photons of the
lluminating x-ray or gamma-rays but not to surrounding visible or UV radiation (such detectors
are sometimes known as "solar blind" detectors.). Note it is not critical to have the scatter
rejection aperture In front of the detector but doing so will create an image with the lowest
possible dose.

[0018] The goal iIn x-ray or gamma-ray imaging is to determine the density variations within the
object as a function of position. In this idea, such a map of density variations 1s obtained by
lluminating one pixel (or small area of the object) at a time. The number of x-ray or gamma-
ray photons incident on the object Is increased from zero until a single (or few) photon(s) Is
detected by high-efficiency detector. The duration of the illumination and thus the number of
total incident photons iIs recorded when this occurs and associated with the pixel. The object Is
then moved relative to the beam or the beam Is scanned to a new location on the object and
the procedure Is repeated. In this way a 2D map of the number of photons required to produce
a single photon or a threshold number of photons on the detector is obtained. From this, and
knowledge of the overall thickness of the object as a function of 2D position, 1t I1s possible to
determine the attenuation of the object as a function of 2D position and thus to construct the
equivalent "radiograph” of the object that would be obtained via conventional means. Further
base on this disclosure, it should be noted this procedure for creating a 2D image could be
extended by those skilled in the art to produce 3D tomographic images by repeating the
procedure above to produce different views of the object. Creating a 2D image in the manner
described above has the following distinct advantages:

1. 1) the total flux illuminating the object i1s absolutely the minimal possible to determine the
attenuation at a given position. Once the threshold photon (or number of photons) has
been detected at a given position, illumination i1s ceased and a new location Is
lluminated. Imagine an object in which one area that is 1/10th of the total image area
has a 10x higher attenuation than the rest of the object. In conventional imaging the
entire object will be subject to sufficient flux to determine the attenuation of the small
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dense region. |If imaged by the technique described above the same information could
be obtained with nominally 10x lower overall dose to the object.

2. 2) the dynamic range of the density information obtained Is not dependent upon the
dynamic range of the photon detection system but rather on the dynamic range by which
one can adjust the input x-ray or gamma-ray beam which in principle can be many
orders of magnitude greater than that of the detector.

3. 3) the Influence of photon scattering within the object upon the image is effectively
eliminated. The aperture In front of the detector, which might be a long collimated, high
density tube aligned with the axis of the input beam, precludes the scattered photons
from reaching the high efficiency detector.

[0019] The resolution of the image described above will be that of the beam area at the object.
For laser-Compton sources optimized for collimation, the beam area at the object may be of
order 100 microns. However for laser-Compton sources in which a small laser spot and small
electron spot sizes are utilized to create a high flux of x-rays or gamma-rays, the x-ray or
gamma-ray beam divergence may be milli-radians and the beam area at the object may be of
order millimeters. However, the source size of the laser-Compton source in this case can be
microns (10 microns Is a readily achievable value) and thus there is potential for much higher
spatial resolution iImaging and indeed higher resolution than typically obtained from a rotating
anode source. It 1s possible to use feedback imaging with a small-spot, laser-Compton
configuration to achieve, low dose, high-dynamic-range, high spatial resolution images If the
single pixel detector is replaced by a small area pixel array detector whose array size subtends
the beam size at the object. For example If the beam size were 1 mm at the object but the
source size of laser-Compton photons were 10 microns, one could use a 100 x 100 array of 10
micron pixels to obtain a 10 micron or better resolution images of the object. The threshold
detection value that determines when to move to the next imaging location could be either
determined by the total photons collected by the entire array or by the minimal level required to
declare that each pixel has been sufficiently illuminated.

[0020] It should also be noted that feedback imaging with laser-Compton sources as described
here, 1s very well suited to two-color, x-ray imaging schemes in which one exposes the object
to be Imaged to x-rays with energies that are both above and below the k-edge absorption of
the target material. The two images are then subtracted to create a higher contrast map of the
desired material than would be obtained via single color imaging. Because laser-Compton
sources are highly angle correlated In their spectral output. By aperture selecting only the
central portion of the laser-Compton output one may obtain a beam with bandwidth well below
10%. Slight changes In either the laser photon energy or the electron beam energy allows one
to produce x-ray beams that are tuned either above or below the k-edge absorption of the
desire material. The dose required to reach a threshold level of detection will of course be
lower for the case of photons below the material k-edge. Deployment of feedback imaging as
described here for each of the two images will thus minimize the total dose to which the object
IS subjected.
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[0021] Finally it Is important to note that while the examples presented here suggest using a
Pockels cell as a fast electro-optic switch to either spatially divert the interaction laser beam
from Interacting with the electron beam to produce Compton photons, or to temporally delay
the Iinteraction laser so that it arrives at the interaction region at a time when no electrons are
present, many other electronically controlled means of spatial and temporal diversion could be
envisioned. These Include but are not limited to electronically triggered acousto-optic systems,
electronically controlled fiber optic delay lines, direct electro-optic beam deflection, crossed
laser-beam polarization rotation etc. The salient point of this invention is that the deflection or
delay of the interaction laser be done in a manner that does not affect or perturb either the
steady state operation of the laser or the electron beam systems of the laser-Compton source
so that when the electronic signal that initiates the beam diversion or delay is removed the
laser-Compton source returns immediately to its normal state of x-ray or gamma-ray
production. This aspect Is fundamentally different from feedback imaging performed with
conventional rotating anode devices.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. |t does not
form part of the European patent document. Even though great care has been taken In
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Patentkrav

1. Fremgangsmade, omfattende:

tilvejebringelse af en strale fra en laser-Compton-rgntgen- eller gamma-

stralekilde; retning af stralen mod en farste position af et objekt;

detektering ved en detektors detektionsgraense af en farste del af stralen,
som strammer gennem den farste position, for at frembringe et farste

detekteret signal pa detektoren;

iIdet detektorens detektionsgraense bestemmes af et antal fotoner, som
er ngdvendige pr. pixel af detektoren for at na et graenseniveau for
detekterbarhed, for pa denne made at frembringe det forste detekterede

signal;

efter at detektionsgraensen er naet, og det farste detekterede signal er

frembragt, forhindring af, at stralen udbredes pa den farste position;

bestemmelse af et farste antal fotoner eller en fgrste straleenergi rettet
mod den farste position, hvor det forste antal fotoner eller den farste
straleenergi er den maengde, som er ngdvendig for at frembringe det

forste detekterede signal ved detektorens detektionsgraense;
retning af stralen mod en anden position af objektet;

detektering ved detektorens detektionsgreense af en anden del af stralen,
som strammer gennem den anden position, for at frembringe et andet

detekteret signal pa detektoren;

efter at detektionsgraensen er naet, og det andet detekterede signal er

frembragt, forhindring af, at stralen udbredes pa den anden position;

bestemmelse af et andet antal fotoner detekteret pa den anden position,
hvis det farste antal fotoner blev bestemt, eller en anden straleenergi
detekteret pa den anden position, hvis den farste straleenergi blev

bestemt pa den anden position, hvor det andet antal fotoner eller den
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anden straleenergi er den maengde, som er ngdvendig for at frembringe

det andet detekterede signal ved detektionsgraensen; og

frembringelse af et kort over taethedsvariationer af objektet ved at
anvende (i) det farste antal fotoner og det andet antal fotoner, eller (i)

den fgrste straleenergi og den anden straleenergi.

2. Fremgangsmade ifglge krav 1,
hvor det farste antal fotoner eller den fgrste straleenergi, som er ngdvendig til at
na den forste graense, bestemmes ved at male den belysningstid, som er

ngdvendig, for at stralen nar det farste graenseniveau for detekterbarhed.

3. Fremgangsmade ifalge krav 1,

hvor stralen frembringes af en kilde, som indeholder en linezer accelerator til at
tilvejebringe en serie bundter af relativistiske elektroner rettet ind | et
vekselvirkningsomrade, hvor kilden desuden omfatter en vekselvirkningslaser til
at tilvejebringe en pulserende strale af laserlys rettet ind |
vekselvirkningsomradet for at kollidere med elektronbundterne med henblik pa

at frembringe den kvasi-mono-energetiske strale.

4. Fremgangsmade ifglge krav 3,
hvor trinnet med at forhindre stralen i at udbredes omfatter omdirigering | rum af

det pulserende laserstralelys fra en kollision med elektronbundterne.

5. Fremgangsmade ifglge krav 4,

hvor trinnet med at forhindre stralen 1 at udbredes forhindrer objektet | at blive
yderligere eksponeret for den kvasi-mono-energetiske strale, far enten den
kvasi-mono-energetiske strale eller objektet flyttes, sa en ny position kan

bestrales.

6. Fremgangsmade ifglge krav 3,
hvor trinnet med at forhindre stralen | at udbredes omfatter tidsmaessig

omdirigering af det pulserende laserstralelys fra en kollision med
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elektronbundterne.

7. Fremgangsmade ifglge krav 6,

hvor trinnet med at forhindre stralen i at udbredes forhindrer objektet i at blive
yderligere eksponeret for den kvasi-mono-energetiske strale, far enten den
kvasi-mono-energetiske strale eller objektet flyttes, sa en ny position kan

bestrales.

8. Fremgangsmade ifalge krav 3,

hvor trinnet med at forhindre stralen i at udbredes ikke pa nogen made
forstyrrer den stabile drift af vekselvirkningslaseren eller acceleratoren, og
saledes er stralen, som er tilgaengelig for eksponering pa hver
billeddannelsesposition, identisk fra position til position under trinnene, hvor

stralen rettes.

9. Fremgangsmade ifalge krav 1,
hvor stralen er en kvasi-mono-energetisk strale, som har en relativ bandbredde
pé <20%.

10. Fremgangsmade ifalge krav 1,

hvor straleenergien til at na greensen bestemmes ved at male den bestralingstid,
som er ngdvendig, for at den konstante stramkilde nar greensen for
detekterbarhed.

11. Anordning, omfattende:

en laser Compton-rgntgen- eller gamma-stralekilde til tilvejebringelse af
en strale, hvor kilden indeholder en lineaer accelerator til at tilvejebringe
en serie bundter af relativistiske elektroner rettet ind | et
vekselvirkningsomrade, hvor kilden desuden omfatter en
vekselvirkningslaser til at tilvejebringe en pulserende strale af laserlys
rettet til at kollidere med elektronbundterne i et vekselvirkningsomrade

for at frembringe stralen;
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en detektor konfigureret til at detektere en del af stralen, efter at den er

strammet igennem et objekts position;

iIdet detektoren har en detektionsgraense, som er bestemt af et antal
fotoner, som er ngdvendige pr. pixel af detektoren for at na et

greenseniveau for detekterbarhed;

midler til at bestemme antallet af fotoner eller en farste straleenergi pa
positionen, som var ngdvendige for at na detektorens graenseniveau for
detekterbarhed;

midler beregnet til at aflede eller forsinke vekselvirkningslaseren for at
forhindre stralen | at udbredes pa positionen, nar detektoren detekterer
greenseniveauet for detekterbarhed, hvor midlerne til at fornindre stralen |
at udbredes pa positionen ikke i veesentlig grad pavirker eller forstyrrer
den stabile driftstilstand af hverken vekselvirkningslaseren eller den

lineaere accelerator.

12. Anordning ifalge krav 11,
hvor midlerne til at bestemme antallet af fotoner eller en fagrste straleenergi pa
positionen maler den bestralingstid, som er ngdvendig, for at stralen nar

greenseniveauet for detekterbarhed.

13. Anordning ifglge krav 11,
hvor midlerne til at forhindre stralen i at udbredes omdirigerer det pulserende

laserstralelys | rum eller tid fra en kollision med elektronbundterne.

14. Anordning ifglge krav 11,
hvor stralen er en kvasi-mono-energetisk strale med en relativ bandbredde pa
<20%.

15. Anordning ifglge krav 11,

hvor midlerne til at forhindre stralen | at udbredes pa positionen omdirigerer
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laserpulsen far forstaerkning | laserkaeden at vekselvirkningslaseren.
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