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3 4
maxima dlsappgar Lhroug!_l intcrfcrcnce_and only the main As described herein, in a preferred embodiment of the
maximum remains. In particular, the position and apex angle invention, at least one converging lens is connected down-
qt Ehf: me‘;O-Gpthal e]cn}cms are ch0§en such that construc- stream of the lens group and whose [unction it is to focus the
le%ll‘mcrtcrcncc results in the area of the central light beam light beam leaving the lens group to a line beam In
Lwdclhs,; Ltlt]nc st?oudirzj maxima in contrast thereto eliminate 5 particular, if by using Axicons as first and second m-eso
3 er through destructive interference The beam first optic i i i % i
. ; ptical element in the inventive oplic 1 configurati
encounters the first meso-optical element resulting in 2 D e
T _ S : 2 ng in a central hollow beam is generated, the it i
non-diffraction-limited beam. This beam i i gt
_ : goes through the particular a plano-convex lens that focus =
one aspherical lens, which generates an exactly ce ate in li o e ol
e s g y calculated extremely thin line. In a preferred ve i F thi i
shift of the beam’s amplitude and phase The beam s irror D ET e
g se. The beam subse- 10 ment, a scan mirror is additi i i

, a8 : ionally provided. By moving the

quently goes through a sccond meso-optical element sC i i i e Sigh
. g . 0 mes ] scan mirror around a vertical axis, an extremely thin light
i\:;l;{,r_(,b'y .dun, to dcst?uctwe mtcrlercncc the secondary sheet with a very high Rayleigh length is Ue)rzerated gby
xima (in particular ring structure) disappear and a central, shifting the line. A linear shifting of the line cail in that case

FS%CC}?I‘IY (Ejmllow heap&——whcn using Axicm‘ls as the first preferably be achieved either by moving the scan mirror
ii'nh se_\;on mcso—opt{cal elements—respectively a static 15 correspondingly in radial as well as in X and Y directions
ight sheet—when using Powell lenses as the first and Alternatively, a converging lens is preferably provided inthe-

sec;‘n‘ld m%‘so-optical e!cmems—.will rf:su]t._ o beam direction before the scan mirror or a converging lens
ceordingly, a preferred object of the invention 15 an is provided downstream of the scan mirror.
optical configuration, wherein the first and second meso- A preferred embodiment of the invention is accordingly

optical ¢lement in the lens group is respectively a Powell 20 also an optical configuration wherein a scan mirror, suitable
lens, whereby a static light sheet can be generated. An for the active beam diffraction and for dynamically gener-

alfernative preferred object of the invention is an optical ating a light sheet, is connected downstream of the inventive
configuration, wherein the first and second meso-optical lens group. An object of the invention is thus also a method

element in the lens group is respectively an Axicon, whereby for generating a light sheet, wherein the method for gener-
a light beam can be generated. This light beam is in 25 ating a thin light beam is performed and the light beam is
a so-called “hollow beam™ with a distinct circular deflected with a scan mirror moving over it, so that the

particular

ring-shaped intensity profile. In this configuration, it can be focused light beam when the scan mirror is moved scans an
used, as will be described hereinafier in more detail, advan- area and so that thus a light sheet is formed.

tageously in the context of STED microscopy as excitation In a preferred embodiment, a light source is connected
light beam and in particular as deexcitation light beam. Due 30 upstream of the inventive lens group in the beam direction
(o a very thin hollow beam being generated in the described and which is specifically designed for gencrating a light

optical configuration, it is ideal for super-resolution through heam with flattened transverse intensity profile, a so-called
the combination with STED. By means of STED, it is “flat top” beam (FTB). Preferably, the light source com-
possible to break the diffraction limit in light microscopy in prises to this effect two aspherical lenses placed facing one

the central excitation focus is 35 another. In particular in the embodiment with a light sheet

that for fluorescent specimens,
surrounded by 2 desexcitation ring in an other wavelength, generated by scanning, a levelled flattened Gaussian laser

so that the focus is to a certain extent squeezed together and beam (FGB) is first generated from an initially Gaussian
can be made smaller than the diffraction limit. This is laser beam with corresponding optical clements, for
admittedly also possible for a line, as deseribed in DE 10 example two aspherical lenses.

2009 008 646. In this case, the central excitation line is 40  An object of the invention is also a method for generating
surrounded to a certain extent by a deexcitation tube. How- a thin light sheet or line beam, wherein a light beam is sent

ever, Gaussian beams for excitation and deexcitation are through the inventive optical configuration and wherein the
used with correspondingly lower Rayleigh length. clements of the inventive lens group are positioned in such
The non-classical beams described here according to the a manner in their position along the optical axis of the light

invention are outstandingly suitable for STED light sheet 45 beam and if necessary the apex angle of the meso-optical
microscopy. Thus, according to the invention, it is also elements in the inventive group is adapted in such a way that
provided that in this way two beams with different wave- a phase shifting along the transverse enlargement of the light
lengths integrated within one another are generated simul- beam results, in such a way that the central beams overlap
taneously. The inner, extremely thin beam can be generated constructively and the secondary maxima climinate each
through a laser of the excitation wavelength. The hollow 50 other through destructive interference, whereby alight beam
second beam overlapping this one can be generated through or a light sheet is gencrated. This light beam or the light
a laser of the deexcitation wavelength. Since according to sheet has an exceptionally greal Rayleigh length. In one
the inventive configuration the two beams have great Ray- variant of this method, it is additionally provided that from
leigh lengths, it is possible in this way lo generat¢c an the generated thin light beam a light sheet is generated by
extremely thin long coaxial beam, By actively scanning this 55 active scanning. wherein the thin light beam previously
beam, it is possible to achicve an extremely thin light sheet. aenerated is deflected with a moving scan mirror, so that the

Alternatively, or additionally, the invention provides for a focused light beam when the scan mitror is moved scans an

static light sheet Lo be gencrated in the form of a hollow light area and thus the light sheet is formed. This is an alternative
sheet in the optical configuration by using Powell lenses as to the previously described embodiment wherein, specili-
first and second meso-optical element in the lens group. As 60 cally by using Powell lenses as the first and second meso-

in the case of a single beam, by overlapping the hollow light optical elements of the inventive lens group, a so-called
s directly generated.

sheet of longer wavelength with a coaxial central static light sgtatic™ light sheet i
sheet of shorter wavelength, il is possible to generate a An object of the invention is also a method, wherein two
combined light sheet that can be used in the context of overlapping light sheets of different wave length are formed,
STED. This represents a great improvement since the thick- 65 wherein the one Jight sheet of longer wavelength is hollow
ness of the (simple) light sheet so far constituted the factor and surrounds the other light sheet of shorter wavelength.
limiting resolution in light sheet microscopy. Preferably. the excitation and disexcitation wavelengths are
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4. Optical configuration according to claim 1, suitable for
generating a light beam, wherein each of the first and second
meso-optical element (101, 103) is an Axicon.

5. Optical configuration according claim 1, wherein in a
group (100) between the first and second meso-optical
element (101,103) a phase-shifting clement (102) is pro-
vided.

6. Optical configuration according to claim 5, wherein the
phase-shifting element (102) comprises an aspherical lens or
consists thereof.

7. Optical configuration according to claim 1, wherein at
least one converging lens (104, 106) for focusing the light
beam to a line beam is provided downstream of the group
(100).

8. Optical configuration according Lo claim 7, wherein a
scan mirror (105), suitable for active beam deflection for
generating a light sheet, is provided downstream of the
group (100).

9. Optical configuration according to claim 1, wherein a
light source, specifically designed for generating a light
beam with flattened intensity profile, is provided upstream
of the group (100).

10. Optical configuration according to claim 1, wherein
the meso-optical elements are diffractive elements.

11. Method for gencrating a light sheet or line beam,
wherein a light beam is sent through the optical configura-
tion according to claim 1 and the elements of the group (100)
are positioned in such a manner with respect to their position
along the optical axis of the light beam and if necessary the
apex angle of the meso-optical elements is adapted in such
a way that a phase shift along an outer ring of the light beam
results, in such a way that the central beams overlap con-
structively and the secondary maxima cancel each other out

through destructive interference, so as to generate a light 3

beam or a light sheet.
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12. Method according to claim 11 for generating a static
light sheet, wherein a Powell lens is used as meso-optical
element.

13. Method according to claim 11 for generating a thin
light beam, wherein an Axicon is used as meso-optical
element.

14. Method for generating a light sheet, wherein the
method according to claim 13 for generating a thin light
beam is performed and the light beam is deflected with a
scan mirror moving over it, so that the focused light beam
when the scan mirror is moved scans a plane and so that thus
a light sheet is formed.

15. Method according to claim 11, wherein two overlap-
ping light sheets of different wave lengths are formed,
wherein the one light sheet of longer wavelength is hollow
and surrounds the other light sheet of shorter wavelength.

16. Method according to claim 15, wherein the excitation
and decxcitation wavelengths are chosen such that in the
fluorescent specimen, by means of STED (stimulated emis-
sion depletion) an extremely thin light shect is effected.

17. Method according to claim 11, wherein infrared
irradiation of a femtosecond laser is used for two-photon
excitation of fluorescence in the specimen.

18. Method for microscopically examining large and/or
scaltering specimens, wherein the method according to
claim 17 is performed for two-photon excitation of fluores-
cence in the specimen.

19. Method according to claim 11, wherein confocal line
detection is used for reducing the effect of scattering of the
emitted light.

20. Method according to claim 11, wherein structured
lighting is used in order to reduce the effect of the scattering
of the emitted light.

21. Use of the optical configuration according to claim 1
for generating a thin light sheet or a light beam, respectively,
of high Rayleigh length.
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