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Description
{Technical Field}
[0001] The present invention relates to a fluorescence observation unit and a fluorescence observation apparatus.
{Background Art}

[0002] In the related art, there is a known observation apparatus for observing a living sample, such as a small
laboratory animal, with which observation is performed by disposing an objective lens in various directions or at various
positions with respect to the sample (for example, see PTL 1).

[0003] In this observation apparatus disclosed in PTL 1, fluorescence generated at a light-focusing position due to a
multiphoton excitation effect by focusing ultrashort pulsed laser light on a specimen is split off from the optical path of
the ultrashort pulsed laser light immediately behind the objective lens, is guided to an external photodetector by an
optical fiber, and is detected. By using a multiphoton-excitation-type observation apparatus like this, it is possible to
focus the ultrashort pulsed laser light at a portion deep inside the sample, thus generating fluorescence, whereby it is
possible to acquire a fluorescence image of the portion deep inside the sample.

{Citation List}
{Patent Literature}

[0004] {PTL 1} Japanese Unexamined Patent Application, Publication No. 2005-300655

JP 2008 197127 A discloses an objective lens for a microscope including a first lens group and a second lens group in
order from a sample face side, wherein, a light beam splitting means is disposed between the first lens group and the
second lens group.

[0005] EP 1207 387 A1 discloses an installation provided for multi-dimensional nonlinear imaging of a material com-
prising intrinsic chromophores, using laser scanning. This installation comprises one source of time stamp pulses of
synchronized photons, means for locally focusing the pulses on a material to cause its intrinsic chromophores to absorb
groups of at least two synchronized photons to produce response photons, means for directing the response photons
to atleast one collecting zone, means for collecting the response photons in the collecting zone(s), whatever their energy,
processing means for converting the collected photons into data at least representative of their number and storing them
in correspondence with at least the time stamp pulses that cause the material to produce the response photons, and
means for scanning the pulses through a chosen area of the material.

{Summary of Invention}
{Technical Problem}

[0006] However, in the case of the multiphoton-excitation-type observation apparatus, the fluorescence collected by
the objective lens is split offimmediately behind the objective lens, before returning to the scanner. Hence, when ultrashort
pulsed laser lightis scanned over the sample by the scanner, the position of a fluorescence beam also varies accordingly.
Hence, in the case in which the scanning area scanned by the scanner is large, it is difficult to make the split-off
fluorescence enter an optical fiber.

[0007] Furthermore, when the sample is a scattering material, such as a biological tissue, the fluorescence generated
at the light-focusing position of the ultrashort pulsed laser light is scattered by the sample in the course of returning to
the objective lens. Thus, there is an inconvenience that, unless fluorescence collected from a wide area of the sample
by using the objective lens is detected, a bright fluorescence image cannot be obtained.

[0008] The presentinvention has been made in view of the above-described circumstances, and an object thereof is
to provide a fluorescence observation unit and a fluorescence observation apparatus that can increase the scanning
range of the ultrashort pulsed laser light and can acquire a bright fluorescence image by collecting, from a wider area
of a sample, fluorescence generated by a multiphoton excitation effect.

{Solution to Problem}
[0009] To achieve the above-described object, the present invention provides the following solutions.

[0010] A first aspect of the present invention is a fluorescence observation unit according to claim 1.
[0011] The fluorescence observation unitincludes: a light source, a scanner configured to scan ultrashort pulsed laser
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light from the light source; a pupil projection lens that is configured to focus the ultrashort pulsed laser light scanned by
the scanner; an image-forming lens that is configured to convert the ultrashort pulsed laser light, focused by the pupil
projection lens, to substantially collimated light; an objective

lens on which the ultrashort pulsed laser light converted to substantially collimated light by the image-forming lens is
incident and that is configured to focus the ultrashort pulsed laser light converted to substantially collimated light by the
image-forming lens on a sample; a dichroic mirror that is configured to split off, from the optical path of the ultrashort
pulsed laser light, fluorescence that is generated at a light-focusing position as a result of the ultrashort pulsed laser
light being focused on the sample by the objective lens and is collected by the objective lens. The image-forming lens
includes a first optical system having positive refractive power and disposed adjacent to the objective lens, and a second
optical system having negative refractive power and disposed at a position closer to the pupil projection lens than the
first optical system is. The dichroic mirror is disposed between the first optical system and the second optical system.
[0012] According to the first aspect of the present invention, the ultrashort pulsed laser light from the light source is
scanned by the scanner, is focused by the pupil projection lens, is converted into substantially collimated light by the
image-forming lens, and is made incident on the objective lens. The ultrashort pulsed laser light entering the objective
lens is focused on the sample disposed at the focal position of the objective lens, and the photon density is increased
at this light-focusing position. As a result, a fluorescent substance existing in the sample is excited, and fluorescence is
generated.

[0013] The fluorescence generated at the focal position of the objective lens scatters in all directions in the sample,
and only the fluorescence emitted from the surface of the sample in the direction in which the fluorescence enters the
objective lens is collected by the objective lens. Thereafter, the fluorescence is converted to converging light by the first
optical system, which has positive refractive power and constitutes the image-forming lens, and fluorescence entering
the first optical system from outside the optical axis is also split off from the optical path of the ultrashort pulsed laser
light by the dichroic mirror, in a state being refracted toward the optical axis direction.

[0014] Specifically, when the light-focusing position of the ultrashort pulsed laser light on the sample is moved by the
scanner, the fluorescence beam emitted from the focal position and collected by the objective lens fluctuates around
the pupil position of the objective lens. However, by allowing the fluorescence to pass through the first optical system
having positive refractive power, it is possible to reduce the amount of fluctuation.

[0015] Furthermore, the fluorescence entering the objective lens from a relatively wide area around the focal position
is also converted to converging light having a smaller diameter by passing through the first optical system having positive
refractive power and is split off from the optical path of the ultrashort pulsed laser light by the dichroic mirror.

[0016] Hence, it is possible to split off, with the dichroic mirror, the fluorescence that cannot be split off in the form of
a collimated light beam emitted from the objective lens and to efficiently detect the fluorescence. Thus, even when the
ultrashort pulsed laser light is focused at a deeper position in the sample, a bright and sharp fluorescence image can
be acquired.

[0017] According to the first aspect of the present invention, the fluorescence observation unit may further include an
astigmatism correcting plate between the first optical system and the second optical system.

[0018] Because the fluorescence between the first optical system and the second optical system is converging light
due to the first optical system having positive refractive power, the light beam is shifted only in the inclination direction
of the dichroic mirror due to the refraction occurring when the ultrashort pulsed laser light passes through the dichroic
mirror disposed so as to be inclined in one direction with respect to the optical axis. By disposing an astigmatism correcting
plate to shift the light beam in the direction opposite to the direction of the shift caused by the dichroic mirror, the shift
of the light-focusing position of the ultrashort pulsed laser can be eliminated.

[0019] A second aspect of the present invention is a fluorescence observation apparatus including: the fluorescence
observation unit according to the first aspect; and a photodetector that detects the fluorescence split off by the dichroic
mirror.

[0020] According to the second aspect of the present invention, by detecting, with the photodetector, the converging
light formed by focusing the fluorescence fluctuating with a small amount of fluctuation and scattered in a wide area
around the light-focusing position of the ultrashort pulsed laser light on the sample, it is possible to acquire a bright and
sharp fluorescence image at a deeper position in the sample.

[0021] In the second aspect of the present invention, the fluorescence observation apparatus may further include an
optical fiber that connects the fluorescence observation unit and the photodetector, and the fluorescence observation
unit may include a coupling lens that focuses, at an end of the optical fiber, the fluorescence split off by the dichroic mirror.
[0022] With this configuration, by fixing the photodetector somewhere outside the fluorescence observation unit and
by bending the optical fiber, it is possible to move the fluorescence observation unit. Hence, it is possible to move the
fluorescence observation unit while fixing the sample and to observe the various portions of the sample from various
directions.

[0023] In the second aspect of the present invention, the fluorescence observation unit may include an optical-path
deflecting member that deflects the fluorescence split off by the dichroic mirror in the direction parallel to the optical axis
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of the objective lens and causes the fluorescence to be incident on the coupling lens.

[0024] With this configuration, it is possible to deflect the optical path of the fluorescence, focused by the coupling
lens, with the optical-path deflecting member and to cause the fluorescence to be incident on the optical fiber disposed
in the direction parallel to the optical axis of the objective lens. In other words, it is possible to extend the optical fiber
from the fluorescence observation unit in the direction parallel to the optical axis of the objective lens. As a result, even
when the fluorescence observation unit is swiveled about the axis intersecting the optical axis near the focal position of
the objective lens, the optical fiber does not inhibit such a movement, and it is possible to make the space around the
objective lens compact and to ensure a large swiveling angle.

[0025] In the second aspect of the present invention, the fluorescence observation apparatus may further include a
relay lens that relays, to the photodetector, the fluorescence guided by the optical fiber and emitted from the other end
of the optical fiber.

[0026] With this configuration, although the fluorescence entering one end of the optical fiber and guided by the optical
fiber diverges at a predetermined divergence angle when emitted from the other end of the optical fiber, the fluorescence
is converted to substantially collimated light by the relay lens, is focused again, and is made incident on the photodetector.
The projection magnification of the relay lens from the other end of the optical fiber to a light-receiving surface of the
photodetector is set such that the diameter of the fluorescence beam entering the photodetector is within the effective
area of the light-receiving surface of the photodetector and such that the incident numerical aperture (incident NA) to
the photodetector is within an allowable range of the photodetector. Thus, it is possible to efficiently detect the fluores-
cence, without being influenced by the dependence of the photodetector on the angle and the entrance position.
[0027] In the second aspect of the present invention, the relay lens may convert the fluorescence emitted from the
other end of the optical fiber to a substantially collimated light beam, and the fluorescence observation apparatus may
include a light-splitting dichroic mirror that splits the substantially collimated light beam, converted by the relay lens,
according to the wavelength; and a plurality of the photodetectors that detect the fluorescences split by the light-splitting
dichroic mirror, respectively.

[0028] With this configuration, the fluorescence is split according to the wavelength by the light-splitting dichroic mirror
disposed in the collimated light beam portion formed by the relay lens and is detected by different photodetectors. Thus,
it is possible to acquire a bright and sharp fluorescence image with each wavelength.

[0029] Inthe second aspect of the present invention, the fluorescence observation unit may include a housing in which
the scanner, the pupil projection lens, the image-forming lens, and the dichroic mirror are mounted, and the photodetector
may be fixed to the housing.

[0030] With this configuration, it is possible to detect the fluorescence split off by the dichroic mirror with the photode-
tector directly or via a few optical elements, without using the optical fiber. Thus, it is possible to reduce the loss of the
fluorescence occurring every time the fluorescence passes through an optical element and to acquire a brighter fluo-
rescence image.

[0031] In the second aspect of the present invention, the fluorescence observation unit may include an observation-
light deflecting member that deflects the light from the sample, collected by the objective lens, in a direction different
from the direction of the dichroic mirror; an image-acquisition element that acquires an image of the light deflected by
the observation-light deflecting member; and an insertion/retraction mechanism that alternatively disposes the dichroic
mirror and the observation-light deflecting member in the optical path of the ultrashort pulsed laser light.

[0032] With this configuration, by actuating the insertion/retraction mechanism and disposing the dichroic mirror in the
optical path of the ultrashort pulsed laser light between the first optical system and the second optical system, it is
possible to split off, with the dichroic mirror, the fluorescence collected by the objective lens and further focused by the
first optical system from the optical path of the ultrashort pulsed laser light and to detect the fluorescence with the
photodetector. On the other hand, by actuating the insertion/retraction mechanism and disposing the observation-light
deflecting member in the optical path of the ultrashort pulsed laser light between the first optical system and the second
optical system, it is possible to deflect, with the observation-light deflecting member, the light from the sample collected
by the objective lens and further focused by the first optical system in another direction and to acquire an image of the
light with the image-acquisition element. Thus, for example, itis possible to acquire an image of the surface of the sample
to confirm the observation position and then switch to the dichroic mirror to observe the fluorescence image.

[0033] In the second aspect of the present invention, the fluorescence observation apparatus may further include a
swiveling mechanism that causes the fluorescence observation unit to swivel about an axis intersecting the optical axis
of the objective lens near the focal position of the objective lens.

[0034] With this configuration, by actuating the swiveling mechanism, itis possible to change the direction of the optical
axis of the objective lens while substantially fixing the focal position of the objective lens on the sample and to observe
the sample from various directions, while fixing the sample.

[0035] In the second aspect of the present invention, the optical fiber may be a multi-mode fiber.

[0036] In the second aspect of the present invention, the optical fiber may be a liquid fiber.

[0037] With this configuration, by using the multi-mode fiber having a large core, in particular, by using the liquid fiber,
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it is possible to reduce the loss of the fluorescence fluctuating with a small amount of fluctuation, the loss occurring when
entering the optical fiber, and to cause the fluorescence to be efficiently incident on the photodetector.

[0038] In the second aspect of the present invention, the fluorescence observation apparatus may further include a
light-source optical fiber that connects the light source for generating the ultrashort pulsed laser light and the fluorescence
observation unit and guides the ultrashort pulsed laser light emitted from the light source to the fluorescence observation
unit.

[0039] With this configuration, by also fixing the light source for generating the ultrashort pulsed laser light somewhere
outside the fluorescence observation unit and by bending the light-source optical fiber, it is possible to easily move the
fluorescence observation unit and to observe the sample from various positions, while fixing the sample.

{Advantageous Effects of Invention}

[0040] The present invention provides an advantage that it is possible to increase the scanning range of ultrashort
pulsed laser light and to acquire a bright fluorescence image by collecting, from a wider area of a sample, fluorescence
generated by a multiphoton excitation effect.

{Brief Description of Drawings}
[0041]

{FIG. 1} FIG. 1 illustrates a schematic diagram of the overall configuration of a fluorescence observation apparatus
according to an embodiment of the present invention.

{FIG. 2} FIG. 2 illustrates a partial enlarged view of Fig. 1 for explaining detection of fluorescence by a fluorescence
observation unit provided in the fluorescence observation apparatus in FIG. 1.

{FIG. 3} FIG. 3 illustrates a schematic diagram of the overall configuration of a first modification of the fluorescence
observation apparatus in FIG. 1 for detecting multiple-wavelength fluorescence.

{FIG. 4} FIG. 4 illustrates a second modification of the fluorescence observation apparatus in FIG. 1, and illustrates
a diagram for explaining the effect of an astigmatism correcting plate.

{FIG. 5} FIG. 5 illustrates a schematic diagram of the overall configuration of a third modification of the fluorescence
observation apparatus in FIG. 1 having a mechanism for observing the surface of a sample.

{FIG. 6} FIG. 6 illustrates a perspective view for explaining an insertion/retraction operation of a dichroic mirror and
a mirror provided in the fluorescence observation apparatus in Fig. 5.

{Description of Embodiments}

[0042] A fluorescence observation unit 3 and a fluorescence observation apparatus 1 according to an embodiment of
the present invention will be described below with reference to the drawings.

[0043] As shownin FIG. 1, the fluorescence observation apparatus 1 according to this embodiment is a multiphoton-
excitation laser scanning microscope and includes a light source 2 that emits ultrashort pulsed laser light in a near-
infrared band; a fluorescence observation unit 3, according to this embodiment, that irradiates a sample X with the
ultrashort pulsed laser light emitted from the light source 2 and collects fluorescence generated in the sample X; a
photomultiplier tube (photodetector) 4 that detects the fluorescence collected by the fluorescence observation unit 3; a
first optical fiber (light-source optical fiber) 5 connecting the light source 2 and the fluorescence observation unit 3; a
second optical fiber (optical fiber) 6 for guiding the fluorescence from the fluorescence observation unit 3 to the photo-
multiplier tube 4; a relay optical system (relay lens) 7; a swiveling mechanism 25 that can swivel the fluorescence
observation unit 3; a controller 26 that inputs movementinstructions to the light source 2 and the fluorescence observation
unit 3; and a monitor 27.

[0044] The fluorescence observation unit 3 includes a housing 8; and a scanner 9, a pupil projection lens 10, an image-
forming lens 11, a dichroic mirror 12, a mirror (optical-path deflecting member) 13, and a coupling lens 14, which are
accommodated in the housing 8.

[0045] Furthermore, an objective lens 15 is replaceably mounted to the fluorescence observation unit 3.

[0046] The scanner 9 is, for example, a so-called proximity galvanometer mirror, which includes two galvanometer
mirrors 16 that are caused to swivel about non-parallel axes. The scanner 9 can two-dimensionally scan the ultrashort
pulsed laser light emitted from the light source 2 and guided by the first optical fiber 5.

[0047] The pupil projection lens 10 focuses the ultrashort pulsed laser light scanned by the scanner 9 to form an
intermediate image.

[0048] The image-forming lens 11 converts the ultrashort pulsed laser light, with which the pupil projection lens 10
has formed the intermediate image, into substantially collimated light and causes the light to enter the objective lens 15.
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[0049] Inthis embodiment, the image-forming lens 11 includes a first optical system 17 having positive refractive power
and a second optical system 18 having negative refractive power. The first optical system 17 is disposed adjacent to
the base end of the objective lens 15. The second optical system 18 is disposed at a position closer to the pupil projection
lens 10 than the first optical system 17 is, so as to be spaced from the first optical system 17 in the optical axis S direction.
[0050] In the drawings, although the first optical system 17 and the second optical system 18 are each illustrated as
being formed of a single lens, the configurations of the optical systems 17 and 18 are not limited thereto, and they may
be each formed by combining a plurality of lenses so as to have positive refractive power or negative refractive power
as a whole.

[0051] Specifically, the diverging ultrashort pulsed laser light entering the image-forming lens 11 from the pupil pro-
jection lens 10 diverges further as it passes through the second optical system 18, is focused and converted to substantially
collimated light as it passes through the first optical system 17, and enters the objective lens 15.

[0052] The dichroic mirror 12 is formed in the shape of a parallel flat plate and is disposed at an angle of, for example,
45° with respect to the optical axis S. The dichroic mirror 12 has such transmittance characteristics that it allows the
ultrashort pulsed laser light to pass therethrough, while deflecting the fluorescence entering from the objective lens 15
by substantially 90° to split the fluorescence off from the optical path of the ultrashort pulsed laser light.

[0053] The mirror 13 bends the optical path of the fluorescence such that the fluorescence split by the dichroic mirror
12 is further deflected by substantially 90° and is directed toward the opposite side of the objective lens 15, along the
direction parallel to the optical axis S of the objective lens 15.

[0054] The coupling lens 14 further focuses the fluorescence deflected by the mirror 13 and makes the fluorescence
enter an incident end of the second optical fiber 6.

[0055] The first optical fiber 5 is, for example, a single-mode fiber.

[0056] The second optical fiber 6 is a multi-mode fiber, and, in particular, is preferably a liquid fiber. The core diameter,
at the exit end, of the second optical fiber 6 is less than or equal to the effective diameter of the photomultiplier tube 4.
[0057] The relay optical system 7 temporarily converts the diverging fluorescence, propagated by the second optical
fiber 6 and emitted from the exit end, to substantially collimated light, focuses the fluorescence again, and causes it to
be incident on a photoelectric conversion surface 19 of the photomultiplier tube 4. The projection magnification of the
relay optical system 7 from the exit end of the second optical fiber 6 to the photoelectric conversion surface 19 of the
photomultiplier tube 4 is set such that the diameter of the fluorescence beam entering the photomultiplier tube 4 is within
the effective area of the photoelectric conversion surface 19 of the photomultiplier tube 4 and such that the incident NA
to the photomultiplier tube 4 is within an allowable range of the photomultiplier tube 4. The preferred relay magnification
of the relay optical system 7 is, for example, 1x.

[0058] Theswiveling mechanism 25includes a slider (not shown) to which the housing 8 of the fluorescence observation
unit 3 is fixed, and a circular arc shaped rail 28 for guiding the slider. The rail 28 has a circular arc shape centered on
the focal position of the objective lens 15a or the vicinity thereof. By moving the slider over the rail 28, the fluorescence
observation unit 3 can be swiveled about the axis located at the focal position of the objective lens 15 or the vicinity thereof.
[0059] The controller 26 includes a computer (not shown) that executes a control program for the light source 2 and
the scanner 9 of the fluorescence observation unit 3, a memory (not shown) storing the control program executed by
the computer, and an interface unit (not shown). The computer generates a two-dimensional image on the basis of the
information about the position scanned by the scanner 9 according to the executed control program and the brightness
signal detected by the photomultiplier tube 4. The memory stores the two-dimensional image generated by the computer.
[0060] The interface unit includes a driver that transmits an operation instruction from the computer to the scanner 9
and a signal processing circuit that converts the signal detected by the photomultiplier tube 4 from analog to digital and
transmits the signal to the computer.

[0061] The monitor 27 displays the two-dimensional image generated by the computer.

[0062] The operation of the fluorescence observation unit 3 and fluorescence observation apparatus 1 according to
this embodiment, configured as above, will be described below.

[0063] When a fluorescence image of a relatively deep portion in the sample X is to be acquired using the fluorescence
observation apparatus 1 according to this embodiment, ultrashort pulsed laser light is generated by the light source 2,
in response to the operation instruction from the controller 26. The ultrashort pulsed laser light generated by the light
source 2 is guided to the fluorescence observation unit 3 via the first optical fiber 5.

[0064] The ultrashort pulsed laser light entering the fluorescence observation unit 3 through the first optical fiber 5 is
two-dimensionally scanned by the scanner 9 according to the operation instruction from the controller 26 transmitted
via the driver, is focused by the pupil projection lens 10, is converted into substantially collimated light by the image-
forming lens 11, and then enters the objective lens 15. The ultrashort pulsed laser light focused at the focal position of
the objective lens 15 increases the photon density in a very limited area near the focal position and excites a fluorescent
substance existing in that area to cause fluorescence to be generated.

[0065] The generated fluorescence is radiated in all directions, as shown in FIG. 2, and is scattered within the sample
X. Of this scattered fluorescence, the fluorescence radiated from the surface of the sample X toward the objective lens
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15 is collected by the objective lens 15.

[0066] In this case, with the fluorescence observation unit 3 according to this embodiment, because the image-forming
lens 11 in which the first optical system 17 having positive refractive power and the second optical system 18 having
negative refractive power are arranged at a distance from each other in the optical axis S direction is employed, an
advantage is obtained that it is possible to reduce the rearside focal length and to make the image-forming lens 11 itself
have a compact configuration, unlike the case of the typical microscope, where a convex-concave doublet lens is used
as the image-forming lens 11.

[0067] Furthermore, because the fluorescence is split off by the dichroic mirror 12 that is disposed between the first
optical system 17 and the second optical system 18, it is possible to split off the fluorescence that is focused with a
strong refractive power, compared with a case where the fluorescence passing through the whole image-forming lens
11 is split off.

[0068] Specifically, the fluorescence generated at the focal position of the ultrashort pulsed laser light spreads around
the focal position due to scattering inside the surrounding sample X. Because the spread fluorescence is also generated
in the focal position of the ultrashort pulsed laser light, it is desirable to collect as much fluorescence as possible.
[0069] As shown in FIG. 2, when the ultrashort pulsed laser light is focused at each position in the scanning range of
the ultrashort pulsed laser light, scattered fluorescence enters the objective lens 15 from a wider area including the
scanning range. The light entering the objective lens 15 from a wide area like this is collected by the objective lens 15
and then diverges toward the image-forming lens 11. Because the first optical system 17 disposed in the vicinity of the
objective lens 15 has higher positive refractive power than a typical image-forming lens, the light enters a narrow area
of the dichroic mirror 12, in the form of converging light the central axis of which coincides with the optical axis S of the
objective lens 15. Thus, even when the dichroic mirror 12 is small, it is possible to split off the fluorescence coming from
a wide area of the sample X from the optical path of the ultrashort pulsed laser light.

[0070] More specifically, it is possible to collect off-axis fluorescence emitted from the objective lens 15 toward the
image-forming lens 11 at a large angle with respect to the optical axis S by deflecting, with the first optical system 17,
the fluorescence in the direction parallel to the optical axis S and to guide the fluorescence to the photomultiplier tube 4.
[0071] As a result, with the fluorescence observation unit 3 and fluorescence observation apparatus 1 according to
this embodiment, it is possible to efficiently collect the fluorescence generated at the focal position of the ultrashort
pulsed laser light.

[0072] The fluorescence split off by the dichroic mirror 12 is deflected by the mirror 13, is further focused by the coupling
lens 14, and is made to enter the second optical fiber 6.

[0073] Because the second optical fiber 6 is made of a multi-mode fiber, in particular, a liquid fiber, the core of the
optical fiber 6 is large. Thus, it is possible to make the fluorescence focused by the coupling lens 14 efficiently enter the
second optical fiber 6.

[0074] Specifically, with the fluorescence observation unit 3 according to this embodiment that causes the fluorescence
coming from a wider area beyond the scanning range of the scanner 9 to be constantly incident on the second optical
fiber 6, even when the ultrashort pulsed laser light is scanned by the scanner 9, the fluorescence entering the second
optical fiber 6 does not fluctuate and can be made to efficiently enter the second optical fiber 6.

[0075] The fluorescence guided by the second optical fiber 6 is emitted from the exit end of the second optical fiber
6, isrelayed by the relay optical system 7, and is incident on the photoelectric conversion surface 19 of the photomultiplier
tube 4, where it is detected as a brightness signal. The detected brightness signal is converted from analog to digital by
the signal processing circuit and is transmitted to the computer. The computer generates a two-dimensional image on
the basis of the transmitted brightness signal and the information about the position scanned by the scanner 9, and the
generated two-dimensional image is stored in the memory. As a result, it is possible to display the two-dimensional
image stored in the memory on the monitor 27 as necessary and to observe the fluorescence of the sample X.

[0076] Furthermore, the relay magnification of the relay optical system 7 is set such that the core diameter, at the exit
end, of the second optical fiber 6 is projected within the effective area of the photoelectric conversion surface 19. In this
case, by setting the relay magnification of the relay optical system 7 as viewed from the photomultiplier tube 4 side to
substantially 1x or less, the inclination of the fluorescence entering the photoelectric conversion surface 19 is reduced,
which is advantageous for preventing a decrease in intensity of detected light due to the angular dependence of the
detection sensitivity.

[0077] Furthermore, because the core diameter, at the exit end, of the second optical fiber 6 is less than or equal to
the effective diameter of the photomultiplier tube 4, all of the fluorescence guided by the second optical fiber 6 is incident
on the photoelectric conversion surface 19 of the photomultiplier tube 4. Thus, it is possible to efficiently detect the
fluorescence, without being influenced by the entrance position dependence.

[0078] Furthermore, in this embodiment, because the fluorescence deflected by 90° by the dichroic mirror 12 is further
deflected by 90° by the mirror 13, it is possible to easily make the fluorescence, focused by the coupling lens 14, enter
the second optical fiber 6 fixed to the housing 8 so as to extend in the direction substantially parallel to the optical axis
S of the objective lens 15.
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[0079] Furthermore, in this embodiment, even when the fluorescence observation unit 3 is swiveled by the swiveling
mechanism 25 for causing the fluorescence observation unit 3 to swivel about the axis at the focal position of the objective
lens 15 or the vicinity thereof, the second optical fiber 6 does not inhibit such a movement, and it is possible to make
the space around the objective lens 15 more compact, ensuring a large swiveling angle.

[0080] Although the case where single-wavelength fluorescence is acquired has been described in this embodiment,
when multi-wavelength fluorescence is acquired simultaneously, as shown in FIG. 3, dichroic mirrors (light-splitting
dichroic mirrors) 20 may be disposed in the optical path of the collimated light formed by the relay optical system 7 to
split the fluorescence according to the wavelengths and to detect the split-off fluorescences with separate photomultiplier
tubes 4a, 4b, and 4c.

[0081] In this embodiment, because the dichroic mirror 12, formed of a parallel flat plate, is disposed between the first
optical system 17 and the second optical system 18, the ultrashort pulsed laser light passing through the dichroic mirror
12 isrefracted as it passes through the dichroic mirror 12 and is shifted (astigmatism) in the direction in which the dichroic
mirror 12 is inclined. To counter this problem, as shown in FIG. 4, an astigmatism correcting plate 21, which is formed
of a glass parallel flat plate having the same thickness as the dichroic mirror 12 and inclined by the same angle as the
dichroic mirror 12 but in the opposite direction, may be provided. By doing so, it is possible to prevent a shift in focal
position of the ultrashort pulsed laser light due to the dichroic mirror 12.

[0082] In this embodiment, as shown in FIG. 6, a mirror (observation-light deflecting member) 22 inclined in a direction
different from the direction in which the dichroic mirror 12 is inclined may be provided, and an insertion/retraction mech-
anism (not shown) that moves the dichroic mirror 12 and the mirror 22 in a direction as indicated by an arrow Y to
alternatively dispose the mirrors 12 and 22 on the optical axis S of the objective lens 15 may be provided. The inser-
tion/retraction mechanism is, for example, a linear motion mechanism. In this case, as shown in FIG. 5, the fluorescence
observation unit 3 includes an image-acquisition element 23 that captures an image of the light reflected by the mirror
22. In the figure, reference sign 24 denotes a mirror.

[0083] The image-acquisition element 23 is connected to the controller 26. The memory stores a camera-observation
image acquired by the image-acquisition element 23.

[0084] With this configuration, in a state in which the dichroic mirror 12 is disposed on the optical axis S of the objective
lens 15 by actuating the insertion/retraction mechanism, itis possible to irradiate the sample X with the ultrashort pulsed
laser light and to detect the fluorescence, as described above. On the other hand, in a state in which the mirror 22 is
disposed on the optical axis S of the objective lens 15 by actuating the insertion/retraction mechanism, by stopping the
irradiation with the ultrashort pulsed laser light and by irradiating the sample X with white light from outside the fluorescence
observation unit 3, the reflected light from the sample X collected by the objective lens 15 is reflected by the mirrors 22
and 24, and an image of the reflected light is captured by the image-acquisition element 23. In this way, it is possible to
acquire the camera-observation image of the surface of the sample X.

[0085] By acquiring the camera-observation image of the surface of the sample X, by positioning the fluorescence
observation unit 3 with respect to the sample X, while confirming the observation position by displaying the acquired
camera-observation image on the monitor 27, and by irradiating the sample X with the ultrashort pulsed laser light from
the light source 2, with the dichroic mirror 12 being inserted by actuating the insertion/retraction mechanism, it is possible
to acquire a bright fluorescence image.

[0086] Although the fluorescence split off by the dichroic mirror 12 is guided to the photomultiplier tube 4 through the
second optical fiber 6 in this embodiment, instead, the photomultiplier tube 4 may be fixed to the housing 8, and the
fluorescence may be detected by the photomultiplier tube 4, without passing through the optical fiber 6.

[0087] Similarly, although the reflected light from the surface of the sample X, deflected by the mirror 22, is deflected
by the mirror 24, instead, an image of the reflected light may be directly captured by the image-acquisition element 23
after the reflected light is deflected by the mirror 22.

{Reference Signs List}
[0088]

fluorescence observation apparatus
light source
fluorescence observation unit
,4a, 4b, and 4c  photomultiplier tube (photodetector)
first optical fiber (light-source optical fiber)
second optical fiber (optical fiber)
relay optical system (relay lens)
housing
scanner
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10 pupil projection lens

11 image-forming lens

12 dichroic mirror

13, 24 mirror (optical-path deflecting member)
14 coupling lens

15 objective lens

17 first optical system

18 second optical system

20 light-splitting dichroic mirror

21 astigmatism correcting plate

22 mirror (observation-light deflecting member)
23 image-acquisition element

X sample

S optical axis

Claims

1. A fluorescence observation unit comprising:

a light source (2)

a scanner (9) configured to scan ultrashort pulsed laser light from the light source (2);

a pupil projection lens (10) that is configured to focus the ultrashort pulsed laser light scanned by the scanner (9);
an image-forming lens (11) that is configured to convert the ultrashort pulsed laser light, focused by the pupil
projection lens (10), to substantially collimated light;

an objective lens (15) on which the ultrashort pulse laser light converted to substantially collimated light by the
image-forming lens (11) is incident and that is configured to focus the ultrashort pulse laser light converted to
substantially collimated light by the image-forming lens (11) on a sample (X); and

a dichroic mirror (12) that is configured to split off, from the optical path of the ultrashort pulsed laser light,
fluorescence that is generated at a light-focusing position as a result of the ultrashort pulsed laser light being
focused on the sample (X) by the objective lens (15) and is collected by the objective lens (15), characterized
in that

the image-forming lens (11) includes afirst optical system (17) having positive refractive power and disposed adjacent
to the objective lens (15), and a second optical system (18) having negative refractive power and disposed at a
position closer to the pupil projection lens (10) than the first optical system (17) is, and

the dichroic mirror (12) is disposed between the first optical system (17) and the second optical system (18).

The fluorescence observation unit according to Claim 1, further comprising an astigmatism correcting plate (21)
between the first optical system (17) and the second optical system (18).

A fluorescence observation apparatus comprising:

the fluorescence observation unit (3) according to Claim 1 or 2; and
a photodetector (4) that is configured to detect the fluorescence split off by the dichroic mirror (12).

The fluorescence observation apparatus according to Claim 3, further comprising an optical fiber (6) that connects
the fluorescence observation unit (3) and the photodetector (4), wherein

the fluorescence observation unit (3) includes a coupling lens (14) that is configured to focus, at an end of the optical
fiber (6), the fluorescence split off by the dichroic mirror (12).

The fluorescence observation apparatus according to Claim 4, wherein the fluorescence observation unit (3) includes
an optical-path deflecting member (13, 24) that is configured to deflect the fluorescence split off by the dichroic
mirror (12) in the direction parallel to the optical axis (S) of the objective lens (15) and to cause the fluorescence to
be incident on the coupling lens (14).

The fluorescence observation apparatus according to Claim 4 or 5, further comprising arelay lens (7) thatis configured
to relay, to the photodetector (4), the fluorescence guided by the optical fiber (6) and emitted from the other end of
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the optical fiber (6).

7. The fluorescence observation apparatus according to Claim 6, wherein
the relay lens (7) is configured to convert the fluorescence emitted from the other end of the optical fiber (6) to a
substantially collimated light beam, and
the fluorescence observation apparatus (3) includes a light-splitting dichroic mirror (20) that is configured to split
the substantially collimated light beam, converted by the relay lens (7), according to the wavelength; and a plurality
of the photodetectors (4a, 4b, 4c) that is configured to detect fluorescences split by the light-splitting dichroic mirror
(20), respectively.

8. The fluorescence observation apparatus according to Claim 3, wherein
the fluorescence observation unit (3) includes a housing (8) in which the scanner (9), the pupil projection lens (10),
the image-forming lens (11), and the dichroic mirror (12) are mounted, and
the photodetector (4) is fixed to the housing (8).

9. Thefluorescence observation apparatus according to any one of Claims 3 to 8, wherein the fluorescence observation
unit (3) includes an observation-light deflecting member (22) that is configured to deflect the light from the sample
(X), collected by the objective lens (15), in a direction different from the direction of the dichroic mirror (12); an image-
acquisition element (23) that is configured to acquire an image of the light deflected by the observation-light deflecting
member (22); and an insertion/retraction mechanism that is configured to alternatively dispose the dichroic mirror
(12) and the observation-light deflecting member (22) in the optical path of the ultrashort pulsed laser light.

10. The fluorescence observation apparatus according to any one of Claims 3 to 9, further comprising a swiveling
mechanism (25) that is configured to cause the fluorescence observation unit (3) to swivel about an axis intersecting
the optical axis of the objective lens (15) near the focal position of the objective lens (15).

11. The fluorescence observation apparatus according to any one of Claims 4 to 7, wherein the optical fiber (6) is a
multi-mode fiber.

12. The fluorescence observation apparatus according to Claim 11, wherein the optical fiber (6) is a liquid fiber.

13. The fluorescence observation apparatus according to any one of Claims 3 to 12, further comprising a light-source
optical fiber (5) that connects the light source (2) for generating the ultrashort pulsed laser light and the fluorescence
observation unit (3) and that is configured to guide the ultrashort pulsed laser light emitted from the light source (2)
to the fluorescence observation unit (3).

Patentanspriiche

1. Fluoreszenzbeobachtungseinheit, umfassend:

eine Lichtquelle (2)

einen Scanner (9), der dazu ausgelegt ist, ultrakurzes gepulstes Laserlicht von der Lichtquelle (2) zu scannen;
eine Pupillenprojektionslinse (10), die dazu ausgelegt ist, das von dem Scanner (9) gescannte ultrakurze ge-
pulste Laserlicht zu fokussieren;

eine Bilderzeugungslinse (11), die dazu ausgelegt ist, das ultrakurze gepulste Laserlicht, das von der Pupillen-
projektionslinse (10) fokussiert wurde, in im Wesentlichen kollimiertes Licht umzuwandeln;

eine Objektivlinse (15), auf die das ultrakurze Pulslaserlicht, das von der Bilderzeugungslinse (11) in im We-
sentlichen kollimiertes Licht umgewandelt wurde, auftrifft und die dazu ausgelegt ist, das ultrakurze Pulslaser-
licht, das von der Bilderzeugungslinse (11) in im Wesentlichen kollimiertes Licht umgewandelt wurde, auf eine
Probe (X) zu fokussieren; und

einen dichroitischen Spiegel (12), der dazu ausgelegt ist, von dem optischen Weg des ultrakurzen gepulsten
Laserlichts Fluoreszenz zu teilen, die in einer lichtfokussierenden Position im Ergebnis dessen erzeugt wird,
dass das ultrakurze gepulste Laserlicht durch die Objektivlinse (15) auf die Probe (X) fokussiert und von der
Objektivlinse (15) gesammelt wird, dadurch gekennzeichnet, dass

die Bilderzeugungslinse (11) ein erstes optisches System (17) umfasst, das eine positive Brechkraft aufweist und
neben der Objektivlinse (15) angeordnet ist, und ein zweites optisches System (18), das eine negative Brechkraft
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aufweist und in einer Position ndher an der Pupillenprojektionslinse (10) angeordnetist als das erste optische System
(17), und

der dichroitische Spiegel (12) zwischen dem ersten optischen System (17) und dem zweiten optischen System (18)
angeordnet ist.

Fluoreszenzbeobachtungseinheit nach Anspruch 1, die ferner eine Astigmatismuskorrekturplatte (21) zwischen dem
ersten optischen System (17) und dem zweiten optischen System (18) umfasst.

Fluoreszenzbeobachtungsvorrichtung, umfassend:

die Fluoreszenzbeobachtungseinheit (3) nach Anspruch 1 oder 2; und
einen Fotodetektor (4), der dazu ausgelegt ist, die von dem dichroitischen Spiegel (12) geteilte Fluoreszenz zu
erfassen.

Fluoreszenzbeobachtungsvorrichtung nach Anspruch 3, die ferner eine optische Faser (6) umfasst, die die Fluo-
reszenzbeobachtungseinheit (3) und den Fotodetektor (4) verbindet, wobei

die Fluoreszenzbeobachtungseinheit (3) eine Kopplungslinse (14) umfasst, die dazu ausgelegt ist, an einem Ende
der optischen Faser (6) die von dem dichroitischen Spiegel (12) geteilte Fluoreszenz zu fokussieren.

Fluoreszenzbeobachtungsvorrichtung nach Anspruch 4, wobei die Fluoreszenzbeobachtungseinheit (3) ein den
optischen Weg ablenkendes Element (13, 24) umfasst, das dazu ausgelegt ist, die von dem dichroitischen Spiegel
(12) geteilte Fluoreszenz in die Richtung parallel zu der optischen Achse (S) der Objektivlinse (15) abzulenken und
zu bewirken, dass die Fluoreszenz auf die Kopplungslinse (14) auftrifft.

Fluoreszenzbeobachtungsvorrichtung nach Anspruch 4 oder 5, die ferner eine Relaislinse (7) umfasst, die dazu
ausgelegt ist, die von der optischen Faser (6) geleitete und von dem anderen Ende der optischen Faser (6) abge-
gebene Fluoreszenz an den Fotodetektor (4) weiterzugeben.

Fluoreszenzbeobachtungsvorrichtung nach Anspruch 6, wobei

die Relaislinse (7) dazu ausgelegt ist, die von dem anderen Ende der optischen Faser (6) abgegebene Fluoreszenz
in einen im Wesentlichen kollimierten Lichtstrahl umzuwandeln, und

die Fluoreszenzbeobachtungsvorrichtung (3) einen lichtteilenden dichroitischen Spiegel (20) umfasst, der dazu
ausgelegt ist, den im Wesentlichen kollimierten Lichtstrahl, der von der Relaislinse (7) umgewandelt wurde, zu
teilen, entsprechend der Wellenlange; und eine Mehrzahl der Fotodetektoren (4a, 4b, 4c), die dazu ausgelegt sind,
die von dem lichtteilenden dichroitischen Spiegel (20) jeweils geteilten Fluoreszenzen zu erfassen.

Fluoreszenzbeobachtungsvorrichtung nach Anspruch 3, wobei

die Fluoreszenzbeobachtungseinheit (3) ein Gehause (8) umfasst, in dem der Scanner (9), die Pupillenprojektions-
linse (10), die Bilderzeugungslinse (11) und der dichroitische Spiegel (12) montiert sind, und

der Fotodetektor (4) an dem Gehause (8) befestigt ist.

Fluoreszenzbeobachtungsvorrichtung nach einem der Anspriiche 3 bis 8, wobei die Fluoreszenzbeobachtungsein-
heit (3) ein Beobachtungslichtablenkelement (22) umfasst, das dazu ausgelegt ist, das Licht der Probe (X), das von
der Objektivlinse (15) gesammelt wurde, in eine Richtung abzulenken, die sich von der Richtung des dichroitischen
Spiegels (12) unterscheidet; ein Bildaufnahmeelement (23), das dazu ausgelegtist, ein Bild des Lichts aufzunehmen,
das von dem Beobachtungslichtablenkelement (22) abgelenkt wurde; und einen Einfuihr-/Ausfahrmechanismus, der
dazu ausgelegt ist, den dichroitischen Spiegel (12) und das Beobachtungslichtablenkelement (22) in dem optischen
Weg des ultrakurzen gepulsten Laserlichts abwechselnd anzuordnen.

Fluoreszenzbeobachtungsvorrichtung nach einem der Anspriiche 3 bis 9, die ferner einen Schwenkmechanismus
(25) umfasst, der dazu ausgelegt ist, zu bewirken, dass die Fluoreszenzbeobachtungseinheit (3) um eine Achse

schwenkt, die die optische Achse der Objektivlinse (15) nahe der Fokuslage der Objektivlinse (15) schneidet.

Fluoreszenzbeobachtungsvorrichtung nach einem der Anspriiche 4 bis 7, wobei die optische Faser (6) eine Mehr-
modusfaser ist.

Fluoreszenzbeobachtungsvorrichtung nach Anspruch 11, wobei die optische Faser (6) eine fliissige Faser ist.
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13. Fluoreszenzbeobachtungsvorrichtung nach einem der Anspriiche 3 bis 12, die ferner eine optische Lichtquellenfaser

(5) umfasst, die die Lichtquelle (2) zum Erzeugen des ultrakurzen gepulsten Laserlichts und die Fluoreszenzbeob-
achtungseinheit (3) verbindet und die dazu ausgelegt ist, das ultrakurze gepulste Laserlicht, das von der Lichtquelle
(2) abgegeben wurde, an die Fluoreszenzbeobachtungseinheit (3) zu leiten.

Revendications

1.

Unité d’observation de fluorescence comprenant :

une source de lumiere (2) ;

un dispositif de balayage (9) configuré pour balayer une lumiére laser a impulsions ultracourtes provenant de
la source de lumiére (2) ;

une lentille de projection de pupille (10) qui est configurée pour concentrer la lumiére laser a impulsions ultra-
courtes balayée par le dispositif de balayage (9) ;

une lentille de formation d’image (11) qui est configurée pour convertir la lumiére laser a impulsions ultracourtes,
concentrée par la lentille de projection de pupille (10), en lumiére sensiblement collimatée ;

un objectif (15) sur lequel la lumiére laser aimpulsions ultracourtes convertie en lumiére sensiblement collimatée
par la lentille de formation d’'image (11) est incidente, et qui est configuré pour concentrer la lumiére laser a
impulsions ultracourtes convertie en lumiere sensiblement collimatée par la lentille de formation d’image (11)
sur un échantillon (X) ; et

un miroir dichroique (12) qui est configuré pour séparer, a partir du trajet optique de la lumiére laser a impulsions
ultracourtes, une fluorescence qui est générée dans une position de concentration de lumiére par suite du fait
que lalumiere laser a impulsions ultracourtes est concentrée surI'échantillon (X) par'objectif (15) et est collectée
par I'objectif (15),

caractérisée par le fait que

la lentille de formation d'image (11) comprend un premier systéme optique (17) ayant une puissance de réfraction
positive et disposé adjacent a I'objectif (15), et un second systéme optique (18) ayant une puissance de réfraction
négative et disposé dans une position plus proche de la lentille de projection de pupille (10) que le premier systéme
optique (17), et

le miroir dichroique (12) est disposé entre le premier systéme optique (17) et le second systéme optique (18).

Unité d’observation de fluorescence selon la revendication 1, comprenant en outre une plaque de correction d’as-
tigmatisme (21) entre le premier systeme optique (17) et le second systéme optique (18).

Appareil d’'observation de fluorescence comprenant :

I'unité d’observation de fluorescence (3) selon la revendication 1 ou 2 ; et
un photodétecteur (4) qui est configuré pour détecter la fluorescence séparée par le miroir dichroique (12).

Appareil d’'observation de fluorescence selon la revendication 3, comprenant en outre une fibre optique (6) qui relie
I'unité d’observation de fluorescence (3) et le photodétecteur (4),

I'unité d’observation de fluorescence (3) comprenant une lentille de couplage (14) qui est configurée pour concentrer,
au niveau d’'une extrémité de la fibre optique (6), la fluorescence séparée par le miroir dichroique (12).

Appareil d’'observation de fluorescence selon la revendication 4, dans lequel I'unité d’observation de fluorescence
(3) comprend un élément de déviation de trajet optique (13, 24) qui est configuré pour dévier la fluorescence séparée
par le miroir dichroique (12) dans la direction paralléle a I'axe optique (S) de I'objectif (15) et amener la fluorescence
a étre incidente sur la lentille de couplage (14).

Appareil d'observation de fluorescence selon la revendication 4 ou 5, comprenant en outre une lentille de relais (7)
qui est configurée pour relayer, jusqu’au photodétecteur (4), la fluorescence guidée par la fibre optique (6) et émise
depuis l'autre extrémité de la fibre optique (6).

Appareil d'observation de fluorescence selon la revendication 6, dans lequel la lentille de relais (7) est configurée

pour convertir la fluorescence émise depuis l'autre extrémité de la fibre optique (6) en un faisceau de lumiére
sensiblement collimatée, et
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I'appareil d’'observation de fluorescence (3) comprend un miroir dichroique de séparation de lumiére (20) qui est
configuré pour séparer le faisceau de lumiére sensiblement collimatée, converti par la lentille de relais (7), en fonction
de la longueur d’onde ; et une pluralité des photodétecteurs (4a, 4b, 4c¢) qui sont configurés pour détecter des
fluorescences séparées par le miroir dichroique de séparation de lumiére (20), respectivement.

Appareil d’'observation de fluorescence selon la revendication 3, dans lequel

I'unité d’observation de fluorescence (3) comprend un boitier (8) dans lequel le dispositif de balayage (9), la lentille
de projection de pupille (10), la lentille de formation d’image (11) et le miroir dichroique (12) sont montés, et

le photodétecteur (4) est fixé au boitier (8).

Appareil d’'observation de fluorescence selon I'une quelconque des revendications 3 a 8, dans lequel I'unité d’ob-
servation de fluorescence (3) comprend un élément de déviation de lumiére d’observation (22) qui est configuré
pour dévier la lumiére provenant de I'échantillon (X), collectée par I'objectif (15), dans une direction différente de la
direction du miroir dichroique (12) ; un élément d’acquisition d'image (23) qui est configuré pour acquérir une image
de la lumiére déviée par I'élément de déviation de lumiére d’observation (22) ; et un mécanisme d’insertion/rétrac-
tation qui est configuré pour disposer de maniére alternée le miroir dichroique (12) et I'élément de déviation de
lumiere d’observation (22) dans le trajet optique de la lumiére laser a impulsions ultracourtes.

Appareil d’'observation de fluorescence selon I'une quelconque des revendications 3 a 9, comprenant en outre un
mécanisme de pivotement (25) qui est configuré pour amener 'unité d’observation de fluorescence (3) a pivoter
autour d’un axe coupant I'axe optique de I'objectif (15) prés de la position focale de I'objectif (15).

Appareil d’'observation de fluorescence selon I'une quelconque des revendications 4 a 7, dans lequel la fibre optique
(6) est une fibre multimode.

Appareil d’observation de fluorescence selon la revendication 11, dans lequel la fibre optique (6) est une fibre liquide.
Appareil d’observation de fluorescence selon I'une quelconque des revendications 3 a 12, comprenant en outre
une fibre optique de source de lumiére (5) qui relie la source de lumiere (2) pour générer la lumiere laser a impulsions

ultracourtes et I'unité d’observation de fluorescence (3) et qui est configurée pour guider la lumiére laser a impulsions
ultracourtes émise depuis la source de lumiére (2) jusqu’a l'unité d’observation de fluorescence (3).
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