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BOJ1I0OKOHHO-ONTUYECKUI pblvar U UHTepdepoMeTp C pe3oHaTopamMMm
®abpu — MNMepo aNA 06HaApPY)XEeHUA rPaBUTALUOHHbBIX BOJIH

MeTpos Hukonaii MsaHosuy petrovni@mail.ru

Hay4yHO-TEXHONOrMYECKUN LLeHTP YHUKaNbHOro npnbéopoctpoeHmns PAH, MockBa,
Poccusa

AHHoTanms. PaccMoTpena HemapakcuasbHasi SBOJIOMS BOJHOBBIX MAKETOB B ONTHYECKUX
BOJIHOBOJIaX C MCIIOJIb30BAHHEM KBAHTOBO-TEOPETUUECKOTO METO/Ia KOTEPEHTHBIX COCTOSHUIA.
[IpogemMoHCTpUpOBaH KOJLJIAC ¥ BO30OHOBIIEHUE BOJIHOBBIX MAKETOB MPU HEMapaKkCHaTbHON
HBOJIIOLIMM B MHOTOMOJIOBOM BOJTHOBOJIE BelieACTBUE MHTepdepeniun mo. [lokasana Bo3-
MOKHOCTh U3MEPEHHUSI CMEIICHUI TIOpsIIKa 107 MEX]Ty TBYMSI COCTHIKOBAHHBIMH BOJIHO-
BOJIAaMH, YTO JIOCTATOYHO JIs OOHAPY)KEHHs IpaBUTALMOHHBIX BosH [1]. Tarke paccmarpu-
BaeTCsl MajorabapuTHBIA HACTOJBHBIN Ja3epHblid nHTEpdepoMeTp ¢ pesoHaTtopamu Padbpu —
I[epo, cocTosimuMH U3 ABYX MPOCTPAHCTBEHHO-PACHPEICICHHBIX «3epKaj», i oOHapyKe-
HUS TPABUTAIIIOHHBIX BOJIH.

KiroueBbie ¢ji0Ba: ONTUYECKHE METO/IbI OOHAPYKEHUS TPABUTAIIMOHHBIX BOJIH, KOTEPEHT-
HbIC COCTOSIHHS, ONITHYECKUU pbryar, uaTepdepomerp Maxa — Ilannepa, pezonarop dabd-
pu — Ilepo

BBenenne. HecmoTpss Ha cymiecTBOBaHME HEIKBUBAJIECHTHOCTH KJIACCHYECKOM
M KBAaHTOBOM MEXAHUKHU U ONTUKH, MEXKIY KIIACCHYECKOM OINTHUKOM U KBAHTOBOM
¢bu3uKOl MOXXKHO HAWTH OYeHb OMM3KHE aHAJOTHH. Takue aHaJOoTUU TO3BOJISIOT
MMUTHUPOBATh KBAHTOBBIE SIBJICHUS MOCPEACTBOM MOJIECIMPOBAHUS PACIPOCTpPaAHE-
HUS CBETA B KJIACCUYECKUX CUCTEMAX. JTO OTKPHIBAET BO3MOKHOCTH ISl BU3Y aJlu-
3aI[MM KBaHTOBBIX SIBJICHUM, TAKHX KaK cocTossHUE KoTa lllpenuHrepa, cxarsie co-
CTOSIHUSI, KOJUIAIC M BO30OHOBICHHE, Ha MaKpPOCKOIHMYECKOM ypoBHe [2]. Dtm
SBJICHUSI TIPEJICTABISAIOT OOJIBIION MHTEPEC BO MHOTHUX OOJACTSAX (PU3UKH, TaKUX
KaK KBaHTOBAs ONITHKA, KBAHTOBBIEC BBIUNCIICHUS U IPELIU3MOHHBIE NU3MEPEHHUSI.

Metoabl 1 MaTepuabl; pe3yiabTaThbl. [[1s 0OHApy)KEeHUs YPE3BbIYANHO Ma-
JIOTO CMEIIEHUS B JIA3€PHBIX I'PAaBUTALUMOHHO-BOJIHOBBIX 3KCIIEPUMEHTaX MOKHO
MCIIOJIb30BaTh ONTUYECKUM pblUar, COCTOAIINN U3 JBYX COCTHIKOBAHHBIX BOJHOBO-
noB (puc. 1). CMerenne ocu MeXIy IBYMS BOJHOBOJAMH, BBI3BAHHOE I'PaBHTAIIN-
OHHOM BOJIHOM, MOBJIMSAET HA BBIXOAHBIE NTApAaMETPhl PACIIPOCTPAHSIOIIErOCs ITyY-
ka. B KkauecTBe BBIXOJHOTO TMapamMeTpa MOXHO BBIOpaTh HU3MEHEHHE (Da3bl
BOJIHOBOT'O MaKeTa. PacueTsl MOKa3pIBalOT, YTO UMEIOT MECTO (Da30BbI€ CABUTH TO-
psagka 6¢p < 1076 pan, KOTOpbIE MOKHO JIETKO HAOIIONATh U3 U3MEPEHHIA.

Kpaiine xenarenbHO UMETh KOMIAKTHBIN JTIa3epHBIA HHTEphEepoMeTp st 00-
Hapy:KeHHs TIpaBUTAlMOHHBIX BoiH [3]. 3mech mpemnaraercs MaioraGapUTHBINI
HACTOJIBHBIN Ja3epHbId UHTEpPepomeTp ¢ pe3oHatopamu Padbpu — Ilepo, cocro-
SN U3 IBYX MPOCTPAHCTBEHHO-PACTIPEICICHHBIX «3epKan» (puc. 2, a).
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Puc. 1. Cxema CBSI3U MeXaHU4YeCcKoro ocumnnnatTopa
c onTuyeckumm sBonHosogamm Wi v W2, coegUHEHHbIMU BCTbIK:
L — na3sep, P — poTopeTekTop
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Puc. 2. (@) OnTuyeckasa cxema UHTepgepomMeTpa Maxa — LlaHaepa ¢ nepuoanyecknmm
CTPYKTYypaMMn B KauyecCcTBe OTpa>katoLux 3epkan. 1 — nasep, 2 — pasgenutenb Ny4yka,
3 — 3epkano, 4 — pesoHaTtop Pabpu — Mepo c nepnoguYecKMmMmm CTpyKTypamm, 5 —

doTopeTekTop; (6) KOIPDULUNEHT NPONYCKAHMSA KaK PYHKLUSA pacCTPONKN Ak

[lupHHa THHAK TPOIYCKAHHS MOKET JOCTHTaTh 3HadeHnit 0k ~ 10723 cm™
P pacCTOsTHUU Mex Ty 3epkanamu d = 1 m st ymnHb! BostHBI n3nyuenns 630 v,
DTO COOTBETCTBYET CIEKTpanbHoOMy paspemienuto 5A /A, = 8k [k, ~ 10728,

3akirouenue. Pe3ynbrarbl MOrYT OBITH MOJIE3HBI B Pa3JIMYHBIX 001ACTSIX,
HanpUMep, B IKCIIEPUMEHTaX C TPaBUTAIMOHHBIMU BOJHAMH, CIIEKTPOCKOIHUU BhI-
COKOTO pa3pelieHus, KBaHTOBOM 00paboTke nH(pOopMaIui U METPOJIOTUH.
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Abstract. A long-term nonparaxial evolution of wave beams in multimode optical wave-
guides is considered using a quantum-theoretical approach of coherent states. Collapse and
revival of wave packets at long-term nonparaxial evolution due to mode interference is
demonstrated. The possibility of measuring displacements of the order of 10™ m between
two butt-jointed waveguides is shown, which is sufficient to detect gravitational waves [1].
A small-sized tabletop laser interferometer with Fabry — Perot resonators consisting of two
spatially distributed “mirrors” for detecting gravitational waves is also considered.

Keywords: optical methods for detecting gravitational waves, coherent states, optical lever,
Mach — Zehnder interferometer, Fabry — Perot resonator, periodic diffraction structure,
spectral resolution

Introduction. Despite the existence of the nonequivalence of classical and quan-
tum mechanics and optics, very close analogies can be found between classical op-
tics and quantum physics. Such analogies allow us quantum phenomena by means
of light propagation in classical systems to be mimicked. This opens possibilities to
visualize quantum phenomena, such as Schrodinger cat’s state, squeezing, and col-
lapse and revival, at a macroscopic level [2]. These phenomena are of great interest
in many fields of physics such as quantum optics, quantum computation and preci-
sion measurements.

Methods and materials; results. To detect such a small mechanical dis-
placement in laser gravitational-wave experiments the optical lever consisting of
two butt-jointed waveguides (fig. 1) can be considered.

P

Fig. 1. Scheme for coupling a mechanical oscillator’s position
to optical butt-jointed waveguides W1 and W2:
L — laser, P — photodetector

Axis displacement between two waveguides caused by the gravitational wave
will affect output parameters of a propagating beam. As an output parameter the
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phase change of wave packet can be selected. Calculations show that the phase
shifts of the order §¢p « 107° rad take place, which can be easily observed from
measurements. Note that in the LIGO interferometer the measurement of 10° m
requires a phase shift measurement of 10 ° rad [1].

It is highly desirable to have a compact laser interferometer for detecting grav-
itational waves [3]. Here, a small-sized tabletop laser interferometer with Fabry —
Perot resonators consisting of two spatially distributed “mirrors” for detecting
gravitational waves is proposed (Fig. 2a). A method for detecting gravitational
waves is proposed based on the measurement of the correlation function of the ra-
diation intensities of non-zero-order resonant modes from the two arms of the
Mach — Zehnder interferometer. The influence of light absorption in crystals on
the limiting resolution of such resonators is studied. A higher sensitivity of the in-
terferometer to shorter-wave laser radiation is shown.
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Fig. 2. (a) Optical scheme of Mach-Zehnder interferometer with periodical structures as
reflecting mirrors. 1—laser, 2—beam splitter, 3—mirror, 4—Fabry-Perot resonator with
periodical structures, 5—photodetector; (b) transmittance as function of detuning Ak

The line width of the transmittance can reach the values of 6k ~ 10723 ¢cm™ at
a distance between the mirrors d = 1 m for the radiation wavelength 630 nm. This
indicates that the spectral resolution is equal to A/, = 6k/k, ~ 10728,

Conclusion. Results may be useful in various fields, e. g. in gravitational wave
experiments, high precision spectroscopy, and quantum information processing and
metrology.
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