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MEDICAL IMAGING SYSTEM COMPRISING
A MAGNET UNIT AND A RADIATION UNIT

PRIORITY STATEMENT

[0001] This application is the national phase under 35
U.S.C. § 371 of PCT International Application No. PCT/
EP2017/059690 which has an International filing date of
Apr. 25, 2017 and which claims priority to European Appli-
cation No. EP 16200280.2 filed Nov. 23, 2016, the entire
contents of each of which are hereby incorporated herein by
reference.

[0002] The activity leading to this application has received
funding from the European Institute of Innovation and
Technology (EIT) under grant agreement No EIT/EIT
HEALTH/SGA2017/1. This FEuropean body receives sup-
port from the European Union’s Horizon 2020 research and
innovation programme.

FIELD

[0003] An embodiment of the present application is
directed to a medical imaging system including a magnet
unit and a radiation unit.

BACKGROUND

[0004] Magnetic resonance imaging (MRI) is an imaging
method characterized by particularly high soft-tissue con-
trast. Therefore, it can in particular be used in the diagnosis
of tumors and in angiography.

[0005] In such fields of application, it is furthermore
known to use radiation units such as X-ray sources or
particle radiation sources. In this case, particle radiation can
in particular be electron radiation or Hadron radiation. These
radiation units can, on the one hand, be used together with
a suitable detector for imaging and, on the other, for the
manipulation of tissue.

[0006] In numerous medical diagnostic applications, it is
desirable to use both MR image data and image data
obtained from radiation units. During the manipulation of
tissue by way of particle radiation, it is furthermore desirable
to monitor the position and other characteristics of the
irradiated tissue via MR imaging.

[0007] TItis known to perform MR imaging and irradiation
at different times of via an MR device and via a radiation
device separate from the MR device. In this case, however,
the patient has to be transported between the two different
devices or even relocated. Furthermore, because of the time
between the two procedures, it is possible that the anatomy
of the patient can change, for example due to respiration or
metabolic processes. This complicates the combination of
MR imaging with irradiation.

[0008] It is known from US 2015/0247907 A1 to operate
an X-ray source and an X-ray detector in the examination
opening of magnetic resonance scanner. However, this
requires both the X-ray source and the X-ray detector to be
designed to be operated in strong magnetic fields.

[0009] Itis furthermore known from the publication GAN-
GULY, Arundhuti et al.: “Truly Hybrid X-Ray/MR Imaging:
Toward a Streamlined Clinical System”, in: Academic Radi-
ology (12) 2005, pages 1167-1177, to use an MR device
comprising a plurality of magnet units and to embody the
radiation unit such that beam path passes through the
different magnet units. Although this does not cause the
radiation unit to be influenced by the strong magnetic field
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in the examination opening of the MR device, the plurality
of magnet units makes it difficult to achieve a homogeneous
magnetic field necessary for the MR imaging in the exami-
nation opening.

SUMMARY

[0010] At least one embodiment of the present invention
provides an eflicient possibility for simultaneous MR imag-
ing and the exposure of the examination object to radiation.

[0011] At least one embodiment of the present invention is
directed to a medical imaging system. Advantageous
embodiments are described in the claims.

[0012] At least one embodiment of the present invention
relates to a medical imaging system, comprising a magnet
unit embodied for magnetic resonance imaging of an exami-
nation object and a first radiation unit embodied to irradiate
the examination object, wherein the magnet unit comprises
amain magnet and a first housing, wherein the main magnet
is arranged inside the first housing and wherein the main
magnet comprises coil elements and at least one coil carrier.
The magnet unit furthermore defines an examination open-
ing along an examination axis such that the magnet umt
surrounds the examination opening. The magnet unit fur-
thermore comprises a first region that is transparent to
radiation emitted by the first radiation unit radially to the
examination axis. The first radiation unit is furthermore
arranged on the side of the magnet unit facing away from the
examination opening and embodied to emit radiation
through the first region of the magnet unit in the direction of
the examination opening. The first radiation unit is further-
more embodied to rotate about the examination opening.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The following describes and explains the invention
in more detail with reference to the example embodiments
shown in the figures, in which:

[0014] FIG. 1 shows a perspective view of a medical
imaging system,

[0015] FIG. 2 shows a magnet unit with an internal and an
external window,

[0016]
[0017] FIG. 4 shows a section through the medical imag-
ing system perpendicular to the examination axis,

[0018] FIG. 5 shows a section through the medical imag-
ing system perpendicular to the examination axis, wherein
the magnet unit has been rotated,

[0019] FIG. 6 shows a section through the medical imag-
ing system parallel to the examination axis,

[0020] FIG. 7 shows a section through the funnel of a
magnet unit,

[0021] FIG. 8 shows a section through the window of a
magnet unit,

FIG. 3 shows a magnet unit with a funnel,

[0022] FIG. 9 shows a medical imaging system with a
second X-ray source and a second X-ray detector,

[0023] FIG. 10 shows a medical imaging system with a
first particle radiation unit comprising a particle accelerator
and a particle-beam guide,

[0024] FIG. 11 shows a medical imaging system with a
particle radiation unit, wherein the particle radiation unit
emits electrically charged particle radiation.
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[0025] FIG. 12 shows a section through the medical imag-
ing system, where the main magnet can be rotated indepen-
dently from the gradient coil unit and the radio-frequency
antenna.

[0026] FIG. 13 shows a lateral view of the medical imag-
ing system, where the main magnet can be rotated indepen-
dently from the gradient coil and the radio-frequency
antenna.

DETAILED DESCRIPTION OF THE EXAMPLE
EMBODIMENTS

[0027] At least one embodiment of the present invention
relates to a medical imaging system, comprising a magnet
unit embodied for magnetic resonance imaging of an exami-
nation object and a first radiation unit embodied to irradiate
the examination object, wherein the magnet unit comprises
a main magnet and a first housing, wherein the main magnet
is arranged inside the first housing and wherein the main
magnet comprises coil elements and at least one coil carrier.
The magnet unit furthermore defines an examination open-
ing along an examination axis such that the magnet unit
surrounds the examination opening. The magnet unit fur-
thermore comprises a first region that is transparent to
radiation emitted by the first radiation unit radially to the
examination axis. The first radiation unit is furthermore
arranged on the side of the magnet unit facing away from the
examination opening and embodied to emit radiation
through the first region of the magnet unit in the direction of
the examination opening. The first radiation unit is further-
more embodied to rotate about the examination opening.

[0028] The first region of the magnet unit is, in particular
in an embodiment, transparent to radiation from the first
radiation unit such that the intensity of radiation from the
first radiation unit emitted radially to the examination axis
and passing through the first region is attenuated to a lesser
degree than the intensity of radiation from the first radiation
unit emitted radially to the examination axis which does not
pass through the first region.

[0029] In particular in an embodiment, the attenuation of
the intensity of the radiation passing through the first region
after passing through the magnet unit is less than half or less
than 10% or less than 1% of the attenuation of the intensity
of the radiation that does not pass through the first region
after passing through the magnet unit. The examination
opening is in particular embodied to receive the examination
object. The first radiation unit can in particular be embodied
outside the magnet unit. The medical imaging system can in
particular comprise precisely one magnet unit. The inventors
have recognized that the arrangement of the radiation unit
outside the magnet unit does not cause this to be influenced
by the strong main magnetic field in the examination open-
ing during the MR imaging. It is, therefore, possible to use
inexpensive radiation units that are not designed to be
operated in strong magnetic fields.

[0030] A further advantage of an arrangement of the first
radiation unit outside the magnet unit, of at least one
embodiment, compared to the arrangement in the examina-
tion opening, is that that more space is available for the first
radiation unit outside the magnet unit and therefore it is
possible to use more efficient and/or stronger first radiation
units. The inventors have furthermore recognized that an
arrangement outside the magnetic fields also makes the first
radiation unit very easily accessible for maintenance work.
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[0031] The inventors have furthermore recognized that the
region of the magnet unit transparent to the radiation from
the first radiation unit means it is not necessary to use a
plurality of separate magnet units. This enables a more
homogeneous magnetic field and hence more accurate MR
imaging to be achieved than with a plurality of separate
magnet units in at least one embodiment.

[0032] According to a further possible embodiment of the
invention, the magnet unit furthermore comprises a first
outlet region that is transparent to radiation from the first
radiation unit emitted radially to the examination axis
through the first region and the examination object and
wherein the first outlet region does not overlap the first
region. The inventors have recognized that an additional first
outlet region on the one hand enables a radiation detector
also to be arranged outside the magnet unit. A first outlet
region can furthermore be used to divert the non-diffuse
radiation from the first radiation unit out of the magnet unit
without interacting with and damaging the magnet unit.
[0033] According to a further embodiment of the inven-
tion, the coil elements of the main magnet and the at least
one coil carrier are arranged outside the first region of the
magnet unit. In particular there is no coil element of the main
magnet and no coil carrier arranged within the first region of
the magnet unit. The inventors have recognized that this
geometry of the coil elements and of the coil carrier of the
main magnet can enable transparency to the radiation from
the radiation unit to be achieved particularly efliciently and
inexpensively since no special materials have to be used for
the coil elements of the main magnet and for the at least one
coil carrier and there is no radiation intensity loss on the
transillumination of the coil elements of the main magnet or
the at least one coil carrier.

[0034] According to a further embodiment of the inven-
tion, in the first region, the magnet unit comprises at least
one internal window and at least one external window in the
first housing, wherein the internal window and the external
window are transparent to the radiation emitted by the first
radiation unit radiation. In this case, the internal window is
arranged on the side of the magnet unit facing the exami-
nation opening, in particular as part of the first housing. In
this case, the external window is furthermore arranged on
the side of the magnet unit facing away from the examina-
tion opening, in particular as part of the first housing. The
inventors have recognized that the use of at least two
windows enables the structure and hence the stability of the
magnet unit to be maintained and simultaneously transpar-
ency of the first region of the magnet unit to be achieved.
[0035] The internal window and the external window are
in particular transparent in that the material of the internal
and the external window is more transparent to the radiation
from the first radiation unit than the material of the first
housing. In particular, the attenuation of the intensity of
radiation on passage through the window is less than half or
less than 10% or less than 1% of the attenuation of the
intensity on passage through the first housing.

[0036] According to a further possible embodiment of the
invention, the interior window and/or the exterior window
are made of beryllium. The inventors have recognized that
windows made of beryllium can be produced cost-effi-
ciently. In addition, such windows will be less susceptible to
radiation damage than windows made of other materials
with smaller mass number of the atomic nucleus such as
graphite.
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[0037] According to a further embodiment of the inven-
tion, the first region is embodied as a funnel in the magnet
unit extending radially to the examination axis and which
can be penetrated by the radiation emitted by the first
radiation unit radially to the examination axis. A funnel is in
particular a continuous opening in the magnet unit. The
inventors have recognized that the use of a funnel causes the
radiation sent from the radiation unit through the magnet to
be only very weakly attenuated.

[0038] According to a further embodiment of the inven-
tion, the funnel can in particular be formed by the first
housing of the magnet unit; in particular the side walls of the
funnel can be formed by the first housing. The inventors
have recognized that the formation of the funnel by the first
housing enables the magnet unit to be embodied as particu-
larly stable, and in particular an enclosed cooling system to
be embodied as simply and inexpensively as possible.
[0039] According to a further embodiment of the inven-
tion, the funnel can in particular be filled with a material
transparent to the radiation from the first radiation unit. The
inventors have recognized that filling with a radiolucent
material enables the stability of the magnet unit to be
increased.

[0040] According to a further possible embodiment of the
invention, the medical imaging system furthermore com-
prises a first radiation detector, wherein the first radiation
detector is embodied to detect radiation sent from the first
radiation unit through the first region of the magnet unit and
wherein the first radiation detector is arranged on the side of
the examination object facing away from the first radiation
unit. A first radiation detector can in particular be a first
X-ray detector, a gamma detector and/or a particle detector.
The inventors have recognized that the detection of the
radiation can be used to measure the radiation dose to which
the examination object is exposed due to irradiation with the
radiation from the first radiation unit and hence to minimize
the radiation dose.

[0041] According to a further embodiment of the inven-
tion, the first radiation unit is a particle source embodied to
generate particle radiation. The inventors have recognized
that irradiation by way of particle radiation enables a par-
ticularly large amount of energy to be deposited in a tissue
and that the irradiation is therefore particularly effective.
[0042] According to a further embodiment of the inven-
tion, the first radiation unit is a radioactive source embodied
to generate particle radiation or gamma radiation. The
inventors have recognized that a radioactive source is not
influenced by a magnetic field outside of the magnet unit, so
the radioactive source does not have to be shielded or
modified. Using such a radioactive source is therefor par-
ticularly cheap.

[0043] According to a further possible embodiment of the
invention, the particle source is embodied to generate elec-
tron and/or Hadron radiation. The inventors have recognized
that electron and/or Hadron radiation can be generated
particularly simply and inexpensively with a particle radia-
tion source.

[0044] According to a further embodiment of the inven-
tion, the first radiation unit is a first X-ray source. The
medical imaging system furthermore comprises a first X-ray
detector, wherein the first X-ray detector is arranged on the
side of the examination object facing away from the first
X-ray source and wherein the first X-ray source and the first
X-ray detector are embodied for X-ray imaging of the
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examination object. The inventors have recognized that
X-rays emitted by a first X-ray source and received via a first
X-ray detector enable imaging that is efficiently supple-
mented by the MR imaging because the MR imaging has
good soft-tissue contrast and the X-ray imaging is an effi-
cient way of depicting bone structures and contrast media.
[0045] The inventors have furthermore recognized that an
arrangement of the first X-ray source outside the magnet umt
results in a greater distance and a smaller enlargement ratio
for the X-ray projections than an arrangement in the exami-
nation opening. This reduces the radiation dose absorbed by
the surface of the examination object, in particular the skin
of a patient, and the blurring of the X-ray projections.
[0046] According to a further embodiment of the inven-
tion, the first X-ray detector can be arranged in the main
magnetic field of the main magnet. The inventors have
recognized that a first X-ray detector is, on the one hand,
much more insensitive to high magnetic fields than a first
X-ray source and that, on the other, due to the arrangement
in the main magnetic field, the X-rays only have to pass the
main magnet once and not a second time, which is linked to
an attenuation of intensity. Therefore, this arrangement also
does not require an outlet region of the magnet unit to be
transparent to X-rays.

[0047] According to a further embodiment of the inven-
tion, the first X-ray detector can be curved. The inventors
have recognized that, with a curved embodiment, more
space is left in the examination opening for examination
objects and/or it is possible to use a larger first X-ray
detector.

[0048] According to a further embodiment of the inven-
tion, the magnet unit can comprise a first outlet region and
furthermore the first X-ray detector is arranged outside the
magnet unit on the side of the magnet unit facing away from
the examination opening before the first outlet region such
that the first X-ray detector can receive X-rays emitted by
the first X-ray source through the first region. The inventors
have recognized that the arrangement of the first X-ray
detector outside the magnet unit enables the examination
opening to be embodied at large as possible.

[0049] According to a further embodiment of the inven-
tion, the first X-ray detector is embodied to rotate about the
examination opening simultaneously with the first X-ray
source. The inventors have recognized that simultaneous
rotation causes the relative position between the first X-ray
source and the first X-ray detector to remain constant and the
X-ray imaging does not have to be adapted to a changed
relative position. The simultaneous rotation furthermore
makes it possible, instead of a large, non-rotatable first X-ray
detector, to use a first X-ray detector that is as small as
possible and hence inexpensive.

[0050] According to a further embodiment of the inven-
tion, the magnet unit is embodied to rotate about the
examination opening. The inventors have recognized that
this enables the first region of the magnet unit to be rotated
in different alignments and irradiation from different direc-
tions can always pass through only one transparent region of
the magnet unit. This means that the transparent region of
the magnet unit only has to be as large as the beam path of
the radiation unit. A first region that is small as possible
increases the stability of the magnet unit; furthermore the
coil elements of the main magnet and the coil carrier of the
main magnet can be arranged in a larger volume, which
simplifies the generation of a homogeneous magnetic field.
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A first region that is as small as possible furthermore
simplifies the arrangement of a gradient coil unit and a
radio-frequency antenna unit outside the first region and
hence improves the quality of the gradient field and the
radio-frequency field.

[0051] According to a further embodiment of the inven-
tion, the magnet unit comprises a gradient coil unit, wherein
the orientation of the gradient coil unit is fixed relatively to
the examination opening, and wherein the main magnet is
embodied to rotate about the examination opening. In other
words, the orientation of the gradient coil unit is variable
with respect to the main magnet. The magnet unit can also
comprise a radio-frequency antenna which is fixed relatively
to the examination opening. In other words, the orientation
of both the gradient coil unit and the radio-frequency
antenna can be variable with respect to the main magnet. In
particular, the orientation of the radio-frequency antenna is
fixed relatively to the gradient coil unit. The inventors have
recognized that within such a configuration conventional
pulse sequences can be used for the gradient coil unit and/or
the high frequency antenna, due to the relative position of
the gradient coil unit and the examination volumes being
fixed, which is simpler and cheaper than using adapted pulse
sequences for the gradient coil unit and/or the high fre-
quency antenna.

[0052] According to another possible embodiment of the
invention, the medical imaging system comprises a second
housing, wherein the second housing comprises the gradient
coil unit, and wherein the second housing is transparent to
radiation emitted by the first radiation unit radially to the
examination axis; furthermore, the medical imaging system
comprises means for rotating the first housing relatively to
the second housing. The inventors have recognized that in
this arrangement the relative position of the gradient coil
unit and the main magnet can be changed very easily.
[0053] According to a further embodiment of the inven-
tion, the first radiation unit and the main magnet are embod-
ied to rotate simultaneously about the examination opening.
In particular, the first radiation unit can be connected to the
magnet unit. In particular, the first radiation unit can be
connected to the magnet unit such that the radiation emitted
by the first radiation unit passes through the first transparent
region of the magnet unit. The inventors have recognized
that simultaneous rotation of the first radiation unit with the
magnet unit means that no separate, time-intensive align-
ment and/or positioning of the first radiation unit is neces-
sary during the examination. Furthermore, the first region of
the magnet unit can be selected as small as possible. The
inventors have furthermore recognized that, in this arrange-
ment, the magnetic field of the main magnet unit outside the
examination opening that penetrates the first radiation unit
does not depend upon the orientation of the first radiation
unit. This enables measures to compensate the magnetic
field to be taken in the first radiation unit which are not
dependent upon the orientation of the first radiation unit.
[0054] According to a further embodiment of the inven-
tion, the magnet unit is designed to cool the coil elements of
the main magnet by way of heat conduction. The inventors
have recognized that cooling by way of heat conduction is
less expensive than convection-based cooling by way of
immersion in a coolant because cooling by way of heat
conduction requires less coolant. The inventors have fur-
thermore recognized that, with cooling by way of heat
conduction, the cooling efficiency is not influenced, or is
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only influenced less than with cooling by way of immersion,
by the alignment of the magnet unit. This enables efficient
cooling even in the case of a magnet unit that is designed to
rotate.

[0055] According to a further embodiment of the inven-
tion, the waste heat from the coil elements of the main
magnet is dissipated by pipes containing a circulating cool-
ant. The inventors have recognized that the pipes enable
particularly effective cooling. The inventors have further-
more recognized that the first region can be embodied as
particularly transparent to the radiation from the first radia-
tion unit when the pipes are arranged outside the first region
of the magnet unit.

[0056] According to a further embodiment of the inven-
tion, the coil elements of the main magnet are made of an
electrically superconducting material, wherein the critical
temperature of the superconducting material is higher than
the boiling point of helium. The inventors have recognized
that a critical temperature higher than the boiling point of
liquid helium enables the use of coolants other than liquid
helium and/or cooling methods other than immersion in
liquid helium, in particular cooling by way of heat conduc-
tion. Therefore, this type of cooling is less expensive and
furthermore particularly advantageous with a magnet umt
embodied to rotate; furthermore this type of cooling is
particularly advantageous for embodying the first region of
the magnet unit transparent to the radiation from the first
radiation unit.

[0057] According to a further possible embodiment of the
invention, the electrically conductive material of the coil
elements of the main magnet is magnesium diboride. The
inventors have recognized that magnesium diboride is a
metallic superconductor with a particularly high critical
temperature. This enables the use of measures for cooling
the coil elements, which are particularly inexpensive and
transparent to the radiation emitted by the radiation unit.
[0058] According to a further embodiment of the inven-
tion, the medical imaging system furthermore comprises a
second radiation unit, wherein the second radiation unit is
arranged on the side of the magnet unit facing away from the
examination opening. The magnet unit furthermore com-
prises a second region that is transparent to radiation emitted
by the second radiation unit radially to the examination axis.
The second radiation unit is furthermore embodied to emit
radiation through the second region of the magnet unit in the
direction of the examination opening; the second radiation
unit is furthermore embodied to rotate about the examination
opening. In particular, the second radiation unit can be
arranged outside the magnet unit. The inventors have rec-
ognized that a second radiation unit based on MR imaging
and X-ray imaging that is present in addition to a first X-ray
source enables irradiation to be performed via the first X-ray
source with the second radiation unit. This enables the use
of the complementary image information from the MR
imaging and the first X-ray imaging. This enables the second
radiation unit to be used particularly efficiently.

[0059] The second region of the magnet unit is in particu-
lar transparent to radiation from the second radiation umt
such that the intensity of radiation from the second radiation
unit emitted radially to the examination axis and passing
through the second region is attenuated to a lesser degree
than the intensity of radiation from the second radiation unit
emitted radially to the examination axis which does not pass
through the first region or through the second region. In
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particular, the attenuation of the intensity of the radiation
passing through the second region during said passage is less
than half or less than 10% or less than 1% of the attenuation
of the intensity of the radiation that does not pass through the
first and or the second region.

[0060] According to a further embodiment of the inven-
tion, the second radiation unit is a second X-ray source; the
medical imaging system radiation furthermore comprises a
second X-ray detector, wherein the second X-ray detector is
arranged on the side of the examination object facing away
from the second X-ray source. The second X-ray detector is
furthermore embodied to rotate about the examination open-
ing simultaneously with the second X-ray source. The
second X-ray source and the second X-ray detector are
furthermore embodied for X-ray imaging of the examination
object. The inventors have recognized that such an arrange-
ment enables two X-ray projections to be recorded simul-
taneously from two different directions without having to
rotate the X-ray sources or to rotate the magnet unit. This
enables the reconstruction of a three-dimensional X-ray
image data set without rotation of the X-ray sources or
rotation of the magnet unit.

[0061] According to a further possible embodiment of the
invention, the magnet unit furthermore comprises a second
outlet region that is transparent to radiation emitted from the
first radiation unit radially to the examination axis through
the second region and the examination object, wherein the
second outlet region does not overlap with the second
region. The inventors have recognized that an additional
second outlet region on the one hand enables a radiation
detector also to be arranged outside the magnet unit. A
second outlet region can furthermore be used to divert the
non-diffuse radiation from the second radiation unit out of
the magnet unit without interacting with and damaging the
magnet unit.

[0062] According to a further embodiment of the inven-
tion, the second X-ray detector can comprise further features
of the first X-ray detector. All advantages assigned to one
embodiment of the first X-ray detector can also be assigned
to the corresponding embodiment of the second X-ray
detector.

[0063] According to a further embodiment of the inven-
tion, the second region of the magnet unit, the first outlet
region and/or the second outlet region can comprise all
further features of the first region of the magnet unit. All
advantages assigned to one embodiment of the first region of
the magnet unit can also be assigned to the corresponding
embodiments of the second region, the first outlet region
and/or the second outlet region.

[0064] According to a further embodiment of the inven-
tion, the connecting line from the first X-ray source and the
first X-ray detector and the connecting line from the second
X-ray source and the second X-ray detector enclose an angle
of between 60 and 120 degrees or between 80 and 100
degrees or between 85 and 95 degrees. The inventors have
recognized that the angle between the connecting lines
corresponds to the angle between the projection directions of
the X-ray projections recorded with the two X-ray sources
and the two X-ray detectors. An angle of this kind between
the X-ray projections enables three-dimensional X-ray pro-
jections to be reconstructed from the two-dimensional X-ray
projections in a particularly efficient way.

[0065] In an embodiment, a magnet unit can in particular
be cylinder-shaped, ring-shaped and/or torus-shaped. The
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magnet unit furthermore comprises a side facing the exami-
nation opening, which is called the internal side; the magnet
unit furthermore comprises a side facing away from the
examination opening, which is called the external side. The
magnet unit surrounds the examination opening such that it
surrounds the examination opening along a loop around the
preferential direction; therefore, the examination opening is
in particular open at two ends. The magnet unit also sur-
rounds an examination opening if it has design-related
recesses.

[0066] In an embodiment, a radiation unit emits electro-
magnetic radiation or particle radiation. Electromagnetic
radiation can in particular be X-rays or gamma rays. X-rays
in particular designate electromagnetic radiation with a
wavelength of between 1 pm and 500 pm, in particular
between 5 pm and 250 pm, in particular between 5 pm and
60 pm. Gamma in particular designates electromagnetic
radiation with a wavelength of less than 5 pm, in particular
less than 1 pm, regardless of the generation of the radiation.
The spectra of X-rays and gamma radiation can be mono-
chromatic or polychromatic. Particle radiation in particular
corresponds to a stream of particles in a common direction.
Particles can, in particular, be leptons or baryons. Baryons
can in particular be protons or neutrons. Leptons can in
particular be electrons, positrons or muons.

[0067] A first region, a second region and/or an outlet
region of the magnet unit are in particular transparent to the
radiation from the first radiation unit when the intensity of
the radiation after passing through the first region, the
second region and/or the outlet region is at least 10%, in
particular at least 50%, in particular at least 90%, in par-
ticular at least 95%, in particular at least 99%, in particular
atleast 99, 9% of the intensity of the radiation before passing
through the first region, the second region and/or the outlet
region. The magnet unit is in particular more transparent to
radiation from the first radiation unit emitted radially to the
examination axis and passing through the first region, the
second region and/or the outlet region than for radiation
from the first radiation unit emitted radially to the exami-
nation axis which does not pass through the first region, the
second region and/or the outlet region, if the attenuation of
the intensity of the radiation emitted radially to the exami-
nation axis which does not pass through the first region, the
second region and/or the outlet region is greater than the
attenuation of the intensity of the radiation emitted radially
to the examination axis which passes through the first
region, the second region and/or the outlet region by more
than a factor of 2, in particular by more than a factor of 5,
in particular by more than a factor of 10, in particular by
more than a factor of 50. In this case, the intensity designates
the energy of the radiation per unit area and per time unit. In
the case of monochromatic electromagnetic radiation, the
intensity of the radiation is in particular proportional to the
quadratic amplitude of the variable electrical field. In the
case of particle radiation, the intensity of the radiation is in
particular proportional to the energy of the particles and to
the number of particles per time unit.

[0068] A first unit and a second unit in particular rotate
simultaneously about an axis or a region when they rotate
about or the region with the same angular velocity. There-
fore, the angle between the first connecting line of the first
unit and the axis or the region and the second connecting line
of the second unit and the axis or the region also in particular
remains constant.
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[0069] The cooling of coil elements of a magnet can take
place by heat conduction, heat convection and/or heat radia-
tion. The coil elements of the main magnet of an MR device
are embodied, for example, for cooling by way of heat
convection in that they are stored in liquid helium. The coil
elements of the main magnet of an MR device can further-
more be embodied for cooling by way of heat conduction.

[0070] Superconductor designates materials with an elec-
trical resistance that falls to zero when a critical temperature
is fallen below (another technical term is transition tempera-
ture). Superconducting materials are in particular used in
coils and coil elements for the generation of strong magnetic
fields.

[0071] A first unit, which is arranged on the side of a third
unit facing away from a second unit does not have to be part
of third unit or comprised by the third unit. A first unit is in
this case in particular, viewed from the third unit, arranged
behind the second unit, however, the first unit can in
particular also be attached or arranged directly on the second
unit. A first unit, which is arranged on the side of a third unit
facing a second unit does have to be part of the third unit or
comprised by the third unit. A first unit is in this case in
particular, viewed from the third unit, arranged before the
second unit, the first unit can in particular also be attached
or arranged directly on the second unit.

[0072] FIG. 1 is a perspective view of a medical imaging
system 10. In this example embodiment, the medical imag-
ing system 10 comprises a magnet unit 20, a first X-ray
source 30, a support and rotating appliance 40, an MR-
control and evaluation unit 50, an X-ray-control and evalu-
ation unit 60 and a support appliance 70 on which an
examination object 80 is located. The magnet unit 20
comprises an examination opening 90 embodied to receive
the patient support appliance 70 with the patient 80.

[0073] In this example embodiment, the magnet unit 20 is
embodied in the shape of a hollow cylinder around an
examination axis 91, wherein the examination axis 91
extends parallel to a third coordinate axis z. Also depicted
are a first coordinate axis x and a second coordinate axis y,
which together with the third coordinate axis z form a
three-dimensional Cartesian coordinate system.

[0074] In this example embodiment, the magnet unit 20 is
embodied by way of the support and rotating appliance 40
rotatably about the examination opening 90, in particular
rotatably about the examination axis 91. At the same time,
the first X-ray source 30 is permanently connected to the
magnet unit 20 so that, on a rotation of the magnet unit 20
about the examination axis 91, the first X-ray source 30 is
also rotated about the examination axis 91 and about the
examination opening 90.

[0075] The magnet unit 20 is connected to the MR-control
and evaluation unit 50. The first radiation unit 30 is con-
nected to the radiation-control and evaluation unit 60. The
MR-control and evaluation unit 50 is furthermore connected
to the radiation-control and evaluation unit 60, in particular
the MR-control and evaluation unit 50 and the radiation-
control and evaluation unit 60 are able to exchange image
information and/or control signals with one another. It is also
alternatively possible for the MR-control and evaluation unit
50 and the radiation-control and evaluation unit 60 to be
implemented in a common control and evaluation unit.

[0076] In the example embodiment shown, the examina-
tion object 80 is a patient 80, and the support appliance 70
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a patient support appliance 70. The patient support appliance
70 is embodied to transport the patient 80 into the cylindrical
examination opening 90.

[0077] FIG. 2 shows a magnet unit 20 with an external
window 25.1 and an internal window 25.2, wherein the
windows are embodied as part of the first housing 26 of the
magnet unit 20. In this example embodiment, the first region
of the magnet unit 20 is bounded by the external window
25.1 and the internal window 25.2. Here, the external
window 25.1 and the internal window 25.2 are made of
glass. However, the two windows 25.1, 25.2 can also be
made of beryllium, aluminum or another material, wherein
the other material is transparent to the radiation 32 from the
first radiation unit 30. In the example embodiment shown,
the external window 25.1 and the internal window 25.2 are
rectangular. However, the two windows 25.1, 25.2 can also
be round, oval or have another shape. The design of the
external window 25.1 and the internal window 25.2 can in
particular take account of the necessary stability of the
magnet unit 20 and the geometric shape of the beam path of
the radiation 32 from the first radiation unit 30.

[0078] In the example embodiment shown in FIG. 2, the
magnet unit 20 is embodied to rotate about the examination
axis 91 and only precisely one first region of the magnet unit
20 is bounded by the external window 25.1 and the internal
window 25.2. If the magnet unit 20 is embodied not to rotate
about the examination axis 91, it is alternatively possible to
use a magnet unit 20 with a plurality of first regions and
hence a plurality of external windows 25.1 and internal
windows 25.2 or a magnet unit 20 with a larger first region
defined by a larger external window 25.1 and by a larger
internal window 25.2 so that the first radiation unit 30 can
irradiate the examination object 80 from different directions.
In the example embodiment, the external window 25.1 and
the internal window 25.2 are adapted in an arched shape to
the curvature of the first housing 26 of the magnet unit 20.
It is also possible to use a flat external window 25.1 and/or
a flat internal window 25.2.

[0079] FIG. 3 shows a magnet unit 20 forming a funnel 24
as a first region. The funnel 24 is in particular formed by the
first housing 26 of the magnet unit 20. In this example
embodiment, the funnel 24 is embodied in a prism shape
with a rectangular base. However, the funnel 24 can also be
embodied in a prism shape with a base of a different shape
or as a pyramid frustum or cone frustum. In particular, it is
possible for the funnel 24 to be cylindrical. The design of the
funnel 24 can in particular take account of the necessary
stability of the magnet unit 20 and the geometric shape of the
beam path of the radiation 32 from the first radiation unit 30.
In the example embodiment, the funnel 24 is filled with air.
However it is also possible to fill the funnel 24 with another
material which can be penetrated by the radiation emitted by
the first radiation unit 30. If the first radiation unit 30 is a first
X-ray source 30, the funnel 24 can in particular also be filled
with Plexiglas.

[0080] In the example embodiment shown in FIG. 3, the
magnet unit 20 is embodied to rotate about the examination
axis 91 and only precisely one first region of the magnet unit
20 is formed by a funnel 24. If the magnet unit 20 is
embodied not to rotate about the examination axis 91, it is
alternatively possible to use a magnet unit 20 with a plurality
of first regions and hence a plurality of funnels 24 or a
magnet unit 20 with a larger first region with a larger funnel
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24 so that the first radiation unit 30 can irradiate the
examination object 80 from different directions.

[0081] FIG. 4 shows a section through the medical imag-
ing system 10 orthogonal to the examination axis 91, in
particular a section through the magnet unit 20. FIG. § also
shows a section through the medical imaging system 10
orthogonal to the examination axis 91, in particular a section
through the magnet unit 20. In the example embodiment
shown, the magnet unit 20 is embodied to rotate; the first
radiation unit 30 is furthermore permanently connected to
the magnet unit 20 and embodied to rotate jointly and
simultaneously with the magnet unit 20 about the examina-
tion opening 90. The orientation of the magnet unit 20 is
specified by a first rotated coordinate axis x' and a second
rotated coordinate axis y', wherein the second rotated coor-
dinate axis y' is orthogonal to the first rotated coordinate axis
x' and wherein the first rotated coordinate axis x' and the
second rotated coordinate axis y' are orthogonal to the
examination axis 91 and hence to the third coordinate axis
z. In the example embodiment shown, the first radiation unit
30 corresponds to a first X-ray source and the medical
imaging system 10 furthermore comprises a first X-ray
detector 31. It is obviously also possible for the magnet unit
20 to be connected to another first radiation unit 30 and
embodied to rotate simultaneously about the examination
axis 91. In the example embodiment shown in FIG. 4 and
FIG. 5, the first X-ray detector 31 is embodied to rotate
simultaneously with the first X-ray source 30 and hence
simultaneously with the magnet unit 20. Alternatively, the
first X-ray detector 31 could also be embodied as stationary;
in this case, it is necessary to use a much larger and/or a
curved first X-ray detector 31 in order to detect the X-rays
32 from the first X-ray source 30 from different directions.
[0082] In the example embodiment shown, the first radia-
tion unit 30 is a first X-ray source 30 embodied to emit
X-rays 32. However, the first radiation unit 30 can also be
embodied to emit gamma radiation or particle radiation. The
first radiation unit 30 can also be a radioactive source, in
particular a Cobalt-60 source emitting gamma radiation. The
usage of a radioactive source has the advantage that the
radioactive source is not influenced by a strong magnetic
field.

[0083] In the example embodiment shown, the first X-ray
source 30 is embodied as a first X-ray tube 30 with a rotating
anode. A first X-ray tube 30 can in particular be embodied
together with a first X-ray detector 31 for the X-ray imaging
of the examination object 80 in that X-ray projections of the
examination object 80 are recorded. In this case, a first X-ray
tube with rotating anode and a first X-ray detector 31 are
known from the prior art. The use of a plurality of X-ray
projections of an examination object with respect to different
projection directions can also enable the reconstruction of a
three-dimensional X-ray image data set.

[0084] A first X-ray source 30 can alternatively also be
embodied as a first X-ray tube with a static anode or a liquid
metal jet anode. A first X-ray source can furthermore be
embodied as a linear accelerator or LINAC. Compared to an
X-ray tube, a linear accelerator is in particular able to
generate X-rays with a shorter wavelength. These X-rays
can then in particular be used for the manipulation of a
region of the examination object 80. In this case, it is in
particular possible for the irradiation to destroy tissue, in
particular tumor tissue. A linear accelerator can also generate
particle radiation.

Sep. 12,2019

[0085] A linear accelerator comprises a linear acceleration
unit embodied along an axis. The linear acceleration unit can
be embodied parallel to the first rotated coordinate axis x'.
The linear acceleration unit can also be embodied in another
direction, in particular parallel to the third coordinate axis z
or parallel to the second rotated coordinate axis y'. In this
case, the space requirements above the magnet unit 20 is
particularly small and the medical imaging system 10 can be
used in standard examination chambers, although then an
additional deflection unit has to be used in the case of
particle radiation in order to emit the radiation 32 through
the first region of the magnet unit 20 correctly.

[0086] A first X-ray detector 31 can, as shown in the
example embodiment depicted, be embodied as flat. In this
case, different embodiments are known for a flat X-ray
detector 31, for example made of amorphous silicon or
complementary metal-oxide semiconductors (commonly
abbreviated to “CMOS”). Also known are photon-counting
first X-ray detectors and first X-ray detectors comprising a
screen-film, wherein the screen-film converts X-rays 32 into
visible light. The first X-ray detector 31 can alternatively
also be curved or curved in parts.

[0087] As shown in the example embodiment in FIG. 4
and FIG. 5, the first X-ray detector 31 can be embodied
within the examination opening 90. The X-ray detector can
furthermore also be embodied between the main magnet 21
and the examination opening 90, in particular between the
parts or within the gradient coil unit 22 or the parts or within
the radio-frequency antenna unit 23. However, alternatively,
the first X-ray detector 31 can also be arranged outside the
magnet unit 20 on the side of the magnet unit 20 facing away
from the first X-ray source. In this case, the magnet unit 20
comprises an outlet region 27 transparent to the radiation 32
from the first radiation unit 30, wherein, after passing
through the examination object 80, the radiation 32 passes
through the outlet region 27.

[0088] FIG. 6 is a schematic depiction of the mode of
operation of a magnet unit 20 with reference to a section
orthogonal to the second coordinate axis y. The magnet unit
20 surrounds an examination opening 90 for receiving a
patient 80. In the present example embodiment, the exami-
nation opening 90 is cylindrical and surrounded in a cir-
cumferential direction by the magnet unit 20 in a hollow-
cylindrical shape. However, in principle an embodiment of
the examination opening 90 deviating therefrom is conceiv-
able at any time. The patient 80 can be pushed into the
examination opening 90 via a patient support appliance 70.
To this end, the patient support appliance 70 comprises a
patient table embodied movably within the examination
opening 90. The magnet unit 20 comprises a main magnet 21
for the generation of a strong and in particular homogeneous
main magnetic field within the examination opening 90. The
magnet unit 20 is screened from the outside via a first
housing 26.

[0089] The magnet unit 20 furthermore comprises a gra-
dient coil unit 22 for the generation of magnetic field
gradients, which are used for spatial encoding during imag-
ing. The gradient coil unit 22 is controlled via a gradient
control unit 53 of the MR-control and evaluation unit 50.
The magnet unit 20 furthermore comprises a radio-fre-
quency antenna unit 23, which, in the present example
embodiment, is embodied as a body coil which is perma-
nently integrated in the magnet unit 20. The radio-frequency
antenna unit 23 is designed to excite atomic nuclei that
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become established in the main magnetic field generated by
the main magnet 21. The radio-frequency antenna unit 23 is
controlled by a radio-frequency antenna control unit 52 of
the MR-control and evaluation unit 50 and irradiates radio-
frequency alternating fields into an examination chamber,
which is substantially formed by an examination opening 90
of the magnet unit 20. The radio-frequency antenna unit 23
is furthermore embodied to receive magnetic-resonance
signals.

[0090] The gradient coil unit 22 can in particular generate
magnetic fields with a gradient in the direction of the first
rotated coordinate axis x', in the direction of the second
rotated coordinate axis y' or in the direction of the third
coordinate axis y. To this end, in this example embodiment,
the gradient coil unit 22 comprises three gradient-coil sub-
units, each of which is able to generate a magnetic field with
a gradient in the direction of one of the coordinate axes x',
¥, €. In this case, an arrangement is known for each of the
three gradient-coil subunits so that each gradient-coil sub-
unit is arranged outside the first region of the magnet unit 20.
[0091] To control the main magnet 21, the gradient coil
unit 22 and to the control the radio-frequency antenna unit
23, the magnet unit 20 is connected to an MR-control and
evaluation unit 50. The MR-control and evaluation unit 50
controls the magnet unit 20 centrally via a system control
unit 51, such as, for example, for the performance of a
predetermined imaging gradient-echo sequence. In this case,
the control is effected via a radio-frequency antenna control
unit 52 and a gradient control unit 53. The MR-control and
evaluation unit 50 also comprises an evaluation unit, which
is not shown in any more detail, for the evaluation of
medical image data acquired during the magnetic-resonance
examination. In addition, the MR-control and evaluation
unit 50 comprises a user interface, which is not shown in any
more detail, this comprises a display unit 54 and an input
unit 55, each of which are connected to the system control
unit 51. Control information such as, for example, imaging
parameters, and reconstructed magnetic-resonance images
can be displayed on the display unit 54, for example on at
least one monitor, for a medical operator. The input unit 55
can be used by the medical operator to input information
and/or parameters during a scanning process.

[0092] If the magnet unit 20 is embodied to rotate about
the examination volume 90, and the gradient coil unit 22 is
embodied to rotate simultaneously with the magnet unit 20,
the gradient coil pulse sequences are modified such that to
ensure that the vectors of the gradient magnetic fields in the
plane orthogonal to the third coordinate axis z do not rotate
with respect to the patient.

[0093] FIG. 7 shows a section orthogonal to the first
rotated coordinate axis y' through a funnel 24 through the
magnet unit 20. In the example embodiment shown, the
funnel 24 extends through the main magnet 21 and the
gradient coil unit 22, but not through the radio-frequency
antenna unit 23. In this example embodiment, the radio-
frequency antenna unit 23 is at least partially embodied as
penetrable to radiation 32 from the first radiation unit 30. It
is also possible for the funnel 24 to penetrate the radio-
frequency antenna unit 23. It is furthermore possible for the
funnel 24 not to penetrate the gradient coil unit 22; in this
case the gradient coil unit 22 must be embodied to be at least
partially penetrable by radiation 32 from the first radiation
unit 30. The funnel 24 penetrates the main magnet 21 such
that the main magnet 21, in particular the coil elements 21.1,
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can generate a homogeneous magnetic field in the exami-
nation opening 90. In the example embodiment shown, the
main magnet 21 comprises a plurality of superconducting
coil elements 21.1 on a coil carrier 21.2, which are sur-
rounded by a coolant 21.3. In this case, the superconducting
coil elements 21.1 encircle the examination opening 90. The
coil carrier 21.2 on the one hand provides mechanical
stability and dimensional stability of the coil elements 21.1
and also cooling of the coil elements 21.1.

[0094] Ifin this embodiment the magnet unit 20 is embod-
ied to rotate about the examination volume 90, and the
gradient coil unit 22 is embodied to rotate simultaneously
with the magnet unit 20, the gradient coil pulse sequerces
are modified such that the vectors of the gradient magnetic
fields in the plane orthogonal to the third coordinate axis do
not rotate with respect to the first coordinate axis x and the
second coordinate axis y, but such that they do rotate with
respect to the first rotated coordinate axis x' and the second
rotated coordinate axis y'.

[0095] FIG. 8 shows a section orthogonal to the first
rotated coordinate axis y" through the external window 25.1
and the internal window 25.2 of the magnet unit 20. In the
example embodiment shown, the external window 25.1 and
the internal window 25.2 are a part of the first housing 26 of
the magnet unit 20. Here, both the external window 25.1 and
the internal window 25.2 are embodied as rectangular.
Obviously, other window shapes are also possible, in par-
ticular round windows 25.1, 25.2. In this example embodi-
ment, the thermal insulation 21.4 also comprises regions
21.5 which are penetrable by the radiation 32 from the first
radiation unit 30. These regions 21.5 of the thermal insula-
tion 21.4 can, for example, be constructed from the material
of the thermal insulation 21.4, but embodied thinner than the
first housing 26 outside the region. The regions 21.5 of the
thermal insulation 21.4 can also be made of a metal foil, in
particular aluminum foil or copper foil.

[0096] In the example embodiment shown, the external
window 25.1 and the internal window 25.2 are made of
beryllium. It is furthermore possible for the windows 25.1,
25.2 to be made of another material that is transparent to the
radiation 32 from the first radiation unit 30, for example
aluminum or glass.

[0097] In the example embodiment shown, the electrically
conductive material of the coil elements 21.1 is magnesium
diboride MgB2. The critical temperature 39 K of magnesium
diboride MgB, is above the boiling point 4.2 K at normal
pressure, 1013 hPa. Alternative electrically conductive
materials for the coil elements 21.1 are also conceivable, in
particular superconducting materials, and in particular
superconducting materials with a critical temperature above
the boiling point 4.2 K of helium at normal pressure, 1013
hPa, for example niobium-germanium NbsGe with a critical
temperature of 23 K.

[0098] In the example embodiment shown in both FIG. 7
and FIG. 8 shown, the cooling takes place by heat conduc-
tion via the coil carrier 21.2 in that the coil carrier 21.2 is
cooled via a tube system, wherein a coolant for heat transfer
is circulated in the tube system and the heat is transferred to
a heat exchanger. This can be supported by way of an
optional gaseous coolant 21.3. The tube system, which is not
shown in FIG. 7, is embodied such that it is not embodied
in the first region of the magnet unit 20 in order to improve
the transparency of the first region to radiation 32 from the
first radiation unit 30. Alternatively, and in particular in the
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case of magnet units 20 which are embodied not to rotate,
the coil elements 21.1 can be cooled by immersion in a
coolant 21.3, for example in liquid helium 21.3. A tube
system of this kind is, for example, known from DE 10 2004
061 869 B4.

[0099] In the example embodiment shown in both FIG. 7
and F1G. 8, the coil elements 21.1 of the main magnet 21 and
the coil carrier 21.2 of the main magnet 21 are not arranged
in the first region of the magnet unit 20. In addition no parts
of the coil elements 21.1 and no parts of the coil carrier 21.2
are arranged in the first region of the magnet unit 20. In the
case of a magnet unit 20, the coil elements 21.1 typically
encircle the examination axis 91 in a ring shape, in order to
generate a homogeneous magnetic field in the direction of
the third coordinate axis z when there is a current flow in the
examination opening 90. The ring-shaped coil elements 21.1
are spaced apart from one another with respect to the third
coordinate axis z. To ensure no parts of the coil elements
21.1 are embodied in the first region of the magnet unit 20,
it is in particular possible to select a distance between two
different coil elements 21.1 that is greater than the extension
of the first region with respect to the third coordinate axis z
and the two different coil elements 21.1 can be arranged on
different sides of the first region. This distance can in
particular be greater than the distances between all the other
adjacent coil elements 21.1. In particular, it is also possible
to arrange the two different coil elements 21.1 on different
sides of the first region, so that the distance between the two
coil elements 21.1 with respect to the third coordinate axis
7 is larger near the first region than far away from the first
region.

[0100] In the example embodiment shown in FIG. 7 and
FIG. 8, the coil carrier 21.2 embodies a continuous opening
in the first region which is greater than the extension of the
beam path of the radiation 32 through the coil carrier 21.2.
Alternatively, it is conceivable to arrange in each case at
least one separate coil carrier 21.2 on different sides of the
first region. It is furthermore also possible to use a material
which is transparent to the radiation 32 from the first
radiation unit 30 as the material of the coil carrier 21.2. The
coil carrier 21.2 is advantageously made of a material with
high thermal conductivity and low mechanical deformabil-
ity, in particular metal, in particular aluminum. In particular
the coil carrier 21.2 can be embodied to cool the coil
elements 21.1 of the main magnet 20 by way of heat
conduction, in particular the thermal conductivity of the
material of the coil carrier 21.2 can be above 10 W/(m-K),
in particular above 20 W/(m-K), in particular above 50
W/(m-K), or in particular above 100 W/(m-K). Here the unit
W/(m-K) is an abbreviation for Watts per meter and per
Kelvin.

[0101] FIG. 9 shows a schematic section through a medi-
cal imaging system 10 with a first X-ray source 30, a second
X-ray source 33, a first X-ray detector 31 and a second X-ray
detector 34. In this case, the first X-ray source 30 is
embodied to emit X-rays 32 through the magnet unit 20 and
through the examination object 80 in the direction of the first
rotated coordinate axis x" to the first X-ray detector 31, the
second X-ray source 33 is embodied to emit X-rays 35
through the magnet unit 20 and through the examination
object 80 in the direction of the second rotated coordinate
axis y' to the second X-ray detector 34. In this case, the
rotated coordinate axis x' is orthogonal to the rotated coor-
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dinate axis y', and both rotated coordinate axes are orthogo-
nal to the examination axis 91 and hence to the coordinate
axis 7.

[0102] This arrangement enables two X-ray projections to
be recorded simultaneously with respect to orthogonal pro-
jection directions. The two X-ray projections can be used to
reconstruct a three-dimensional image data set. In the
example embodiment shown, the magnet unit 20 is embod-
ied to rotate about the examination opening 90, in particular
about the examination axis 91. The first X-ray source 30, the
first X-ray detector 31, the second X-ray source 33 and the
second X-ray detector 34 are embodied to rotate simultane-
ously with the magnet unit 20 about the examination open-
ing 90, in particular about the examination axis 91, for
example in that they are permanently connected to the
magnet unit 20.

[0103] In FIG. 9, the connecting line between the first
X-ray source 30 and the first X-ray detector 31 corresponds
to the coordinate axis x' and the connecting line between the
second X-ray source 33 and the second X-ray detector 34
corresponds to the coordinate axis y'. In this example
embodiment, the connecting lines are orthogonal to one
another, but other angles are also possible.

[0104] FIG. 10 shows a schematic section through a
medical imaging system 10 orthogonal to the second coor-
dinate axis y. In addition to the magnet unit 20, the medical
imaging system 10 comprises a radiation unit 30 with a
particle accelerator 30.1 and a mobile particle-beam guide
30.2 for charged particles (an English technical term for a
mobile particle-beam guide is “gantry”). In this example
embodiment, the particle accelerator 30.1 is embodied as
stationary and the particle-beam guide 30.2 is embodied to
rotate about the examination opening 90, in particular about
the examination axis 91. In the example embodiment shown,
the magnet unit 20 is furthermore embodied to rotate about
the examination opening 90. In this case, the particle-beam
guide 30.2 and the magnet unit 20 are embodied for simul-
taneous rotation. The mobile particle-beam guide 30.2 com-
prises deflecting units that generate a magnetic field and
guides the particles on curves along the particle-beam guide
30.2 by way of the Lorentz force acting on charged particles.
In this case, the strength of the magnetic fields of the
particle-beam guide 30.2 can be adapted for the mass, the
charge and the speed of the guided particles.

[0105] In this example embodiment, the medical imaging
system 10 furthermore comprises an outlet region 27 and a
screen 28. The outlet region 27 is embodied such that the
radiation 32 sent by the radiation unit 30 through the funnel
24 to the examination object 80 leaves the magnet unit 20
through the outlet region 27. This ensures that the particle
radiation 32 does not damage the magnet unit 20. The screen
28, which is advantageously made of lead, absorbs the
particle beam 32 to prevent the particle radiation 32 posing
a hazard.

[0106] In the example embodiment shown, the outlet
region 27 of the magnet unit 20 is arranged with respect to
the examination axis 91 directly opposite the funnel 24 of
the magnet unit 20. It is however also possible to embody the
outlet region 27 at another position so that the deflection of
the radiation 32 by the main magnetic field of the main
magnet 21 is taken into account.

[0107] FIG. 11 shows a further section of the medical
imaging system 10 shown in FIG. 10. Since the main magnet
21, the gradient coil unit 22 and the radio-frequency antenna
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unit 23 generate time-constant or time-variant magnetic or
electrical fields, radiation 32 consisting of electrically
charged particles is diverted by the Lorentz force. In this
example, the first radiation unit 30 is embodied to adapt the
speed and the direction of the electrically charged particles
in the particle beam 32 such that they arrive at a predefined
part of the examination object 80 taking account of the
electrical and magnetic fields prevailing in the examination
opening 90.

[0108] In order to match the particle radiation unit 30 with
the magnetic field of the magnet unit 20, in this example
embodiment, the radiation-control and evaluation unit 60
and the MR-control and evaluation unit 50 are connected, in
this case the MR-control and evaluation unit 50 provides
information on the magnetic field in the magnet unit 20 to
the radiation-control and evaluation unit 60, which adapts
the speed and the direction of the particles of the particle
radiation 32. It is, however, also possible to embody the
radiation-control and evaluation unit 60 and the MR-control
and evaluation unit 50 as a common control and evaluation
unit, which controls both the magnet unit 20 and the first
radiation unit 30 and evaluates the data obtained.

[0109] In the example embodiment shown, the MR-con-
trol and evaluation unit 50 furthermore transmits MR image
data sets to the radiation-control and evaluation unit 60. The
radiation-control and evaluation unit 60 can then control the
radiation unit 30 such that the radiation 32 arrives at a
predetermined part of the examination object 80. In this
case, a possible movement of the predetermined part of the
examination object 80 due to changes or movements of the
examination object 80 can be detected by an analysis of the
MR image data sets and compensated via the radiation-
control and evaluation unit 60.

[0110] FIG. 12 shows a section through the medical imag-
ing system, where the main magnet 21 can be rotated
independently from the gradient coil unit 22 and the radio-
frequency antenna 23. FIG. 13 shows a lateral view of the
same embodiment of the medical imaging system. In this
embodiment, the main magnet 21 comprises several coil
elements 21.1 and coil carriers 21.2 within a first housing 26.
The main magnet is embodied to rotate simultaneously with
the first housing 26 about the examination axis 91. The first
housing 26 comprises further means for cooling the several
coil elements 21.1, which are not displayed due to clearness.
In this embodiment, the first radiation unit 30 is a radioactive
Cobalt-60 source, which is embodied to emit gamma radia-
tion, and which is embodied to rotate simultaneously with
the main magnet 21 by being attached to the second housing
27 of the main magnet 21. Since the radioactive Cobalt-60
within the radioactive Cobalt-60 source cannot be controlled
to stop emitting gamma radiation, the radioactive Cobalt-60
source comprises a closable shutter for blocking the gamma
radiation 32, whenever no gamma radiation 32 is needed in
the examination volume. Alternatively, the first radiation
unit 30 can also be a X-ray source, another gamma radiation
source or a particle radiation source.

[0111] The gradient coil unit 22 and the radio-frequency
antenna 23 are attached to a second housing 27. The second
housing 27 as well as the gradient coil unit 22 and the
radio-frequency antenna 23 are fixed and are not embodied
to rotate about the examination axis.

[0112] In this embodiment the second housing 27 is not a
closed housing, but is embodied to support the gradient coil
unit 22 and the radio-frequency antenna 23 only from one
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side. In particular the second housing 27 is embodied to not
interfere with the radiation 32 of the first radiation source 30.
Furthermore, the gradient coil unit 22 and the radio-fre-
quency antenna 23 are split, in other words there two
cylindrical gradient coils subunits 22.1, 22.2 that form the
gradient coil unit 22, and there are two cylindrical radio-
frequency subantennas 23.1, 23.2 that form the radio-fre-
quency antenna 23. If the radiation 32 has the coordinate
value 0 with respect to the third coordinate axis z, then the
first gradient coil subunit 22.1 has positive coordinates with
respect to the third coordinate axis z, and the second gradient
coil subunit 22.2 has negative coordinates with respect to the
third coordinate axis z, furthermore, the first radio-frequency
subantenna 23.1 has positive coordinates with respect to the
third coordinate axis z, and the second radio-frequency
subantenna 23.2 has negative coordinates with respect to the
third coordinate axis z. Alternatively, the second housing 27
is a closed housing. In this alternative embodiment, the
second housing 27 is embodied to be transparent for the
radiation 32 of the first radiation source 30 in the same way
as the different embodiments of the first housing 26 are
embodied to be transparent for the radiation 32 of the first
radiation source, for example by comprising an external
window and an internal window or by embodying a funnel.
[0113] Furthermore, in this embodiment the medical imag-
ing system 10 comprises means 28.1, 28.4 for rotating the
first housing 26 within the second housing 27. In this
embodiment the means 28.1, 28.4 are rubber wheels, where
one rubber wheel 28.1 is driven by an engine, and where the
other rubber wheels 28.2, 28.3, 28.3 guide the rotation of the
first housing 26 within the second housing 27. Alternatively
it is also possible to drive more than one of the means 28.1,
28.4 for rotating the first housing 26.

[0114] In this embodiment the magnet unit 20 comprises
an internal window 25.2 and an external window 25.1 in the
first housing 26 within the first region, where both the
internal window 25.2 and the external window 25.1 are
transparent for the radiation 32. The internal window 25.2
and the external window 25.1 can in particular be made of
beryllium; alternatively they can be made of another mate-
rial like aluminum or glass. Alternatively the first region can
also be embodied as a funnel 24 in the magnet unit 20
extending radially to the examination axis 91, and wherein
the first region is transparent to the radiation 32 emitted by
the first radiation unit 30 radially to the examination axis 91.
[0115] In this embodiment there is only one first radiation
unit 30 attached to the magnet unit 20, where the first
radiation unit 30 is embodied as a Cobalt-60 source, fur-
thermore, the magnet unit comprises only one first region
that is transparent to radiation 32 emitted by the first
radiation unit 30. Alternatively and additionally, there can be
a second radiation unit 33 attached to the magnet unit 20, the
magnet unit comprises can comprise a second region that is
transparent to radiation 35 emitted by the second radiation
unit 33.

1. A medical imaging system, comprising:

a magnet unit, embodied for magnetic resonance imaging
of an examination object, the magnetic unit including a
main magnet and a first housing, the main magnet being
arranged inside the first housing and the main magnet
including coil elements and at least one coil carrier,

the magnet unit defining an examination opening along an
examination axis such that the magnet unit surrounds the
examination opening; and



US 2019/0274649 Al

a first radiation unit, embodied to irradiate the examina-
tion object and arranged on a side of the magnet unit
facing away from the examination opening,

wherein the magnet unit includes a first region, transpar-
ent to radiation emitted by the first radiation unit
radially to the examination axis, and

wherein the first radiation unit is embodied to emit radiation
through the first region of the magnet unit

in a direction of the examination opening

and wherein the first radiation unit is furthermore embodied
to rotate about the examination opening.

2. The medical imaging system of claim 1, wherein the
coil elements and the at least one coil carrier of the main
magnet, are arranged outside the first region of the magnet
unit.

3. The medical imaging system of claim 1, wherein, in the
first region, the magnet unit includes at least one internal
window and at least one external window in the first
housing, and wherein the at least one internal window and
the at least one external window are transparent to the
radiation emitted by the first radiation unit.

4. The medical imaging system of claim 1, wherein the
first region is embodied as a funnel in the magnet unit,
extending radially to the examination axis,

and wherein the first region is transparent to the radiation
emitted by the first radiation unit, radially to the exami-
nation axis.

5. The medical imaging system of claim 1, wherein the
first radiation unit is a particle radiation source embodied to
generate particle radiation.

6. The medical imaging system of claim 1, wherein the
first radiation unit is a radioactive source embodied to
generate particle radiation or gamma radiation.

7. The medical imaging system of claim 1,

wherein the first radiation unit is a first X-ray source,

wherein the medical imaging system furthermore includes
a first X-ray detector,

wherein the first X-ray detector is arranged on a side of
the examination object facing away from the first X-ray
source, and

wherein the first X-ray source and the first X-ray detector
are embodied for X-ray imaging of the examination
object.

8. The medical imaging system of claim 7, wherein the
first X-ray detector is embodied to rotate about the exami-
nation opening simultaneously with the first X-ray source.

9. The medical imaging system of claim 1, wherein the
magnet unit is embodied to rotate about the examination
opening.

10. The medical imaging system of claim 1, wherein the
magnet unit comprises a gradient coil unit, wherein orien-
tation of the gradient coil unit is fixed relatively to the
examination opening, and wherein the main magnet is
embodied to rotate about the examination opening.

11. The medical imaging system of claim 9, wherein the
first radiation unit and the main magnet are embodied to
rotate simultaneously about the examination opening.

12. The medical imaging system of claim 1, wherein the
magnet unit is designed to cool the coil elements of the main
magnet via heat conduction.

13. The medical imaging system of claim 12, wherein
waste heat from the coil elements of the main magnet is
dissipated by pipes containing a circulating coolant.
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14. The medical imaging system of claim 1, wherein the
coil elements of the main magnet are made of an electrically
superconducting material, and wherein a critical temperature
of the electrically superconducting material is relatively
higher than a boiling point of helium.

15. The medical imaging system of claim 7, further
comprising:

a second radiation unit,
the magnet unit including a second region that is transparent
to radiation emitted by the second radiation unit, radially to
the examination axis,
the second radiation unit being arranged on the side of the
magnet unit facing away from the examination opening,
the second radiation unit being embodied to emit radiation
through the second region of the magnet unit in the direction
of the examination opening, and

the second radiation unit being embodied to rotate about

the examination opening.

16. The medical imaging system of claim 15, further
comprising:

a second X-ray detector,

wherein the second radiation unit is a second X-ray

source,
wherein the second X-ray detector is arranged on a side of
the examination object facing away from the second X-ray
source,

wherein the second X-ray detector is embodied to rotate

about the examination opening simultaneously with the
second X-ray source, and

wherein the second X-ray source and the second X-ray

detector are embodied for X-ray imaging of the exami-
nation object.
17. The medical imaging system of claim 16, wherein a
connecting line runs from the first X-ray source to the first
X-ray detector, and another connecting line runs from the
second X-ray source and second X-ray detector, the con-
necting line and the another connecting line enclosing an
angle of between -60 and 120 degrees.
18. The medical imaging system of claim 2, wherein, in
the first region, the magnet unit includes at least one internal
window and at least one external window in the first
housing, and wherein the at least one internal window and
the at least one external window are transparent to the
radiation emitted by the first radiation unit.
19. The medical imaging system of claim 2, wherein the
first region is embodied as a funnel in the magnet unit,
extending radially to the examination axis, and wherein the
first region is transparent to the radiation emitted by the first
radiation unit, radially to the examination axis.
20. The medical imaging system of claim 2,
wherein the first radiation unit is a first X-ray source,
wherein the medical imaging system furthermore includes
a first X-ray detector,

wherein the first X-ray detector is arranged on a side of
the examination object facing away from the first X-ray
source, and

wherein the first X-ray source and the first X-ray detector

are embodied for X-ray imaging of the examination
object.

21. The medical imaging system of claim 20, wherein the
first X-ray detector is embodied to rotate about the exami-
nation opening simultaneously with the first X-ray source.
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22. The medical imaging system of claim 3,
wherein the first radiation unit is a first X-ray source,
wherein the medical imaging system furthermore includes
a first X-ray detector,

wherein the first X-ray detector is arranged on a side of
the examination object facing away from the first X-ray
source, and

wherein the first X-ray source and the first X-ray detector

are embodied for X-ray imaging of the examination
object.

23. The medical imaging system of claim 22, wherein the
first X-ray detector is embodied to rotate about the exami-
nation opening simultaneously with the first X-ray source.

24. The medical imaging system of claim 10, wherein the
first radiation unit and the main magnet are embodied to
rotate simultaneously about the examination opening.

25. The medical imaging system of claim 17, wherein the
connecting line and the another connecting line enclose an
angle of between 80 and 100 degrees.

26. The medical imaging system of claim 25, wherein the
connecting line and the another connecting line enclose an
angle of between 85 and 95 degrees.
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