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AHHoTanus. B cxeme peructpanuu npeaenbHO MaibIX KojieOaHui MmpoOHOro Tela ONTOaKy-
ctrueckoil anteHHbl OI'PAH BBeneHa B pacCMOTpEHHME JIOMOJIHUTENIbHAST KOMIIOHEHTA IITyMa,
BHOCHMBIN CIIEUATM3UPOBAHHBIM OINTOMIEKTPOHHBIM Y3JIOM, BHITOIHSIOIIUM (PYHKIUIO JEKO-
JMPOBAaHUsI CUTHANA, COJAEPKALIETocs B YaCTOTHO-MAHUITYJIMPOBAHHOM H3JIy4YE€HHM Jia3epa.
BrusiBieH u mpezacTaBieH aHamUTUYeCKHd 3(D(dEKT M00aBlIeHUsT K CHUTHATY CTOXaCTUYECKOTO
MpoI1iecca, BbIBBAHHOTO (DEHOMEHOJIOTHUECKUMU (MITYKTYalUsIMHI MOIITHOCTY U3Ty4EHUs Jla3epa.

KitoueBble ci10Ba: aKyCTUYECKUN PE30HATOP, PErHCTpalldi MpelebHO MalbIX Kojeba-
HUH, TTOPOTOBBII CUTHAJ, YaCTOTHAS MOJYJIAILNS, CTOXAaCTHUECKHI Tporiecc, (BIyKTyaluu
MOIIIHOCTH U3JIy4€HUs J1a3epa

Beenenue. [IpoOHBIM TEIOM SIBISIETCS UMIMHAP U3 AIOMUHUSA JUIMHON Ly = 2 M
B KAa4ECTBE aKyCTHYECKOTO pe3oHaTopa. Bapmanuu MEeTpuKu ToJisi B BOJHE C aM-
wuTy oM Dy, ¥ 9acToToi, GIM3KON K PEe30HAHCHOM ,, CO3/IAI0T SKBUBAICHTHYIO
cuny [1]: Fg,, = thOMa),f /2, tne M — wmacca peszonatopa. Cuia Bo30yskaaeT
KonebamenvHble BapualMy JUIMHGL (0a3el) HUIMHAPA; IS UX PETUCTPALUU B IPO-
exte OI'PAH npumenen onrtuueckuii pesonarop (uarepdepomerp) dadpu-Ilepo,
3epKaja KOTOporo 3akperuiensl Ha topuax [2]. Bapuanuu 6a3er SL(I) BeI3bIBaroT
Bapuanuu dvy(t) COOCTBEHHOM YacTOTHI pe30HATOpa Vgs: OVrs/Vrs = 0L/Lg. Ha mn-
tepdepomMeTp moaaeTcsi uzydeHue yasepa. llepBas, ceHcopHasi 4acTh OINTOAJICK-
TPOHHON CHCTEMBI PETHCTPAIlMH aHTEHHBI O00ECIIEUYMBACT TOYHOE CJICIOBAaHHE Ya-
CTOTHI Jla3epa Vi 3a YaCTOTOM ONTHYECKOIro pe3oHaHca. JlJisi 3TOro mpuMeHeHa
texuuka Ilaynga — Jpusepa — Xomna (ITX) [3, 4], ucnons3syromieit pa3oByro
MOYJISIIHIO U3TydeHus: Beicokoi gactoroir Q (10 MTI'n), co3marouryio aBe 60KoO-
BbIC KOMITOHEHTBI ¢ MOIIHOCTSMH Ps. ®OTOAMO PETUCTPUPYET JIyd, OTPAKEHHBII
oT pe3oHaropa. OTpakeHue Majaroliei Hecylnel P cylecTBeHHO ompenesieTcs
paccorinacoBaHueM Avgsy, = Vgs — VL. Tak, B pe3yapTaTre OMeHud Ha Qoroauone
dbopmupyeTcst IepeMeHHast COCTABJISIONIAs TOKA B HEM:

1
th (PCPS) /2
ne Avpg

L, = Avgg, sin Qt + (I sin Qt + I cos Qt),

rae Avgsy — CTaHJapTHas IIHPHHA MPOIyCKaHWs uHTEepdepoMeTpa-cercopa (mo
ypoBHio -3 1b), I, 1 I KBagpaTypHbIC KOMIOHEHTHI APOOOBOIO TOKA KaK y3KOIIO-
JIOCHOTO TIpoIiecca.
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CHHXPOHHOE JICTEKTUPOBaHKE (aHaJI0roBOe YMHOKEHHE Ha Sin Qt) dopmupy-
eT JUCKPUMHUHATOpHYI0 xapakTtepucTuky (IX) cucremsr AITY maszepa: Ugp =
= DAvgs. IIpu nogaue nanpspxenus Ugp yepe3 cepBOYCHIIMTEINb HAa COCTABHOM aK-
TIOATOP MEPECTPOMKH YaCTOTHI 3aMBIKACTCSl 0OpaTHAs CBSA3b, U YACTOTa U3JTyUCHHUS
TOYHO CJICAYEeT 3a 4acTOTOW pe3oHaTopa; (OPMHUPYETCS YaCTOTHAs MOIYJISAIHS.
OCOOEHHOCTBIO TIPOCKTA SBISAIOTCS 3HAYMTEIbHBIC KBA3HCTATHYCCKUE ApeHQbI
00euX 4acTOT, BhI3BaHHBIC TCTUIOBBIM PACIIUPCHUEM aTFOMUHUSI.

Mertoanl u MaTepuaibl; pesyabrarbl. Kak u B npoekre AURIGA [3], mus
peoOpa3oBaHus B BapHallMK BBHIXOAHOI'O HAINPSDKECHHUS JICBUAIMIA YacTOThI M3JTyde-
HHSL OV, COJEPIKAIMX KOJAMPOBAHHBIE CHUTHAI U IIyM [D], MCIomb3yeTcs IOmoaHu-
TEJBHBIN y3€J1, BBITOJIHAIOMNN (PYyHKIMIO YaCTOTHOTO AEMOAYIIATOpa (IMCKpUMHUHA-
Topa). Y3el TakkKe BhLINOAHEH B TexHuke [1JIX; MCHONB3yeTcs BCIIOMOTraTellbHbIM
uarepdepomerp ¢ 6azoii 0,45 M, gacToTa KOTOPOro MEPECTPAUBAETCS IPOCTHIM IThe-
30KepaMH4YeCcKuM akTroaropoM [2]. Ha unTepdepoMeTp uepes aeauTes H3iTy YeHHsI
MoJIaeTCs JIyd Jia3epa C JieBHalUMsAMU. Bo BTOPOM KOHType OOpaTHOM CBSI3U pe30-
HaHCHast YyacToTa uHTepdepoMeTpa (M Takke HyJIeBOE 3HaAYEHHE AUCKPUMUHATOPHOM
XapaKTEPUCTHKH) CIIEAYIOT 3a KBa3UCTATHYECKMMH M3MEHEHHUSMH YacTOTHI ja3epa
Avir. KoHnenrtyaiapbHOE OTIMYHE KOHTYpa COCTOMT B OTCYTCTBHUH OTCIIC)KHBAHUS
CUTHAJIBHBIX JICBHAIIMK OV(; 3TO JIOCTHTaeTCs 3HAUUTEIBHBIM CITaJIOM YCHIICHHUS Cep-
BOYCHIMTEITS Ha yacToTe curHana 1.3 k', Toraa Ha KpyTOM CKJIOHE YaCTOTHOM Xa-
PAKTEPUCTUKH MPOUCXOJIUT CTaHIAPTHOE NMpeoOpa3oBaHUE JICBHAIMK YaCTOTBHI OV
B BapHalllK BHIXOJIHOI'O HAIPSHKEHUE BTOPOIO0 CHHXPOHHOI'O JIETEKTOPA.

M3BeCTHO, YTO MOIIHOCTh M3IyYEHHUH JIa3epa 3HAYUTCIIHHO I0JIBEPIKEHA TEX-
HUYECKMM (peHOMeHOJornYeckuM Qurykryarusm. MiMeeTcs: aHaTUTHYECKOE Mpe/-
craienue 3toro sddexra [6]: P(t) = Py(1 + &), rue &(t) — croxactuueckuii Moy-
mupyromuii  mporiecc. C yd4eroM 3TOTO IPEACTABICHHS Ha BBIXOJIE BTOPOTO
CHHXPOHHOT'O JIETEKTOPa HUMEEM

v

PooP
Usp = Ky \/—ACO 2 (1+ &) (Avgprr + 6vy).
RDO

riae Avgpir = Avgpr — AviT — pPa3HOCTb JABYX Jped(yronux 4acToT; JAPOOOBBIMA
IIyM OMYIIIEH.

Breigensitorcss aBa peneBaHTHBIX uieHa: Ovy + EAvgprr. [lepBuiil unen mpen-
CTaBJISIET CHUTHAJ, BTOPOW UIEH OMNpPEAEseT AOMOJHUTEIbHBIM CTOXAaCTUYECKUMN
npoiiecc, T. €. peHomeHonoruueckuii myMm. ComnocTaBiaeHue 3TOTO IIyMa ¢ CUTHa-
JIOM OmpeensieT 100aBKy AEMOAYJATOpPa K MOPOTOBOMY CUTHATY CUCTEMbI PEru-
CTpallM; TaK, COOTHOIIEHHE CIEKTPaIbHBIX IJIOTHOCTEW MPHUBEIACHHBIX BEIMYMH
umeer Bug: G(f) = G:(f)A2,, -

JInst onpenenenus AEUCTBYIONMIEH Pa3HOCTH YaCTOT AVRpLT BBIITACHIBAEM COOT-
Howmenus ooparnoit cBsazu: AUspr = Dup (Avepr — Avir), dvror = BKp AUspr, rae
Dp — nekpeMeHT IUCKPUMHUHATOPHOM XapaKTePUCTHKHU y3ia, [f — mapaMerp Ie-
pelnayn aKkTiaTopa MoACTPOUKH 4acToThl, Kp — ko3 UIIMEHT yCcuIeHus: cepBo-
YCUJIUTENS B KBa3UCTATHUKE.
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Pemenne umeet Bua: Aveprr = Avrpr - Avir= Avit/Kop, rae Kop = DpBKo.

3akaouenue, [1oyyeHHbIE COOTHOIIEHHS [TO3BOJISIOT IIOJYYUTh YETKHE YHC-
JIEHHBIE OLEHKH BKJaJa HOBOI'O LIyMa B IIOPOrOBBIA CHUTHAJ U ONPENETUTH MEPHI
II0 €r0 YMEHBIIEHHUIO. [l CEKTPaIbHOM IUIOTHOCTH MOy IMPYIOILETO Hpolecca &
MMeeTCs paHee MOJTydeHHas OleHKa Kak mapamerpa masepa: Gi(f) = 107 '™ [6].

Ecmu monoxkuts Avpprr = 3 K[, 4acTOTHBINA IMyM OOpeTaeT 3HAYEHHUE GJ/ ?=
= 3-107° I'w/I'u™?, koropoe sBistercs: HocTmkeHHeM paGoThl [2] M COOTBETCTBYET
npuBeneHHOMy 1mymy B ememennsx 2-107° em/Tu [7].

N3smenenne temmepatypsl Ha 0,01 K ompenensier 3Hauenue Avpst = Avir =
~ 80 MI'u. [lns mosiydeHus MpeacTaBiIeHHOro paccoriacoBanus B 3 kI pacuer
ompenenser TpeOyemyro TiIyOuHy oOpaTHOH CBsi3M Ha HyJieBod uactote Kop =~
2,5-10°. OnpeneneHHas KOPPEKIMS B pacyeTax MPEosaraeTcs Ipu peatn3aliu

IPOEKTHOTO 3HAYEHMS IOPOTOBOTO CHTHAIA CXEMBI PETHCTPALMH AHTEHHEI
OI'PAH, cocrasisromero 1078 em/T'ii’? [8].
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Phenomenological Noise in the Frequency Demodulator
of the Optoacoustic Gravity Wave Antenna
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Abstract. In the registration scheme of extremely small test body’s oscillations of an opto-
acoustic antenna OGRAN, an additional noise component has entered introduced into con-
sideration, contributed by specialized optoelectronic unit, performing function of decoding
signal contained in frequency-manipulated laser radiation. Effect of adding to signal sto-
chastic process caused by phenomenological fluctuations in laser radiation power has re-
vealed and presented analytically.

Keywords: acoustic resonator, extremely small oscillations registration, threshold signal,
frequency modulation, stochastic process, laser radiation power fluctuations

Introduction. Test body is an aluminum cylinder with length of Ly = 2 meters as
an acoustic resonator. Variations in GW field metric with amplitude h,, and fre-
quency close to resonant w, create an equivalent force [1]: Fg;y = hypLloMw//2,
where M is a mass of the resonator. The force excites oscillatory variations in
length (base) of the cylinder. To register them, in OGRAN project optical resonator
(interferometer) Fabry-Perot has used; its mirrors have fixed at body ends [2]. Base
variations oJL(t) cause variations oJvg(t) of resonator’s eigenfrequency vgs:
dvpy/'vps = 8L[Ly. Laser radiation affects this interferometer. The first, sensor part of
the optoelectronic registration system keeps tracking of laser frequency vi. to reso-
nance frequency vgs. For this purpose, the Pound-Driver-Hall (PDH) technique [3,
4] has applies; it use phase modulation of radiation with high frequency Q (10
MHz), which creates two side components with power Pg each. Photodiode regis-
ters beam reflected from the interferometer. Mismatch Avgst. = vgs - vi. significantly
determines reflection of incident carrier power Pc. Thus, because of beating on a
photodiode, an alternating current component I, is:

1

hy, \ [(P.P) /2

Lp = (7]2) [( CA;) ]AVRSL sin Qt + (Is sin Qt + I cos Qt),
RO

where Avggo is standard bandwidth of the interferometer-sensor (at the level of
-3 dB), Is and I¢ are quadrature components of shot current as a narrow-band sto-
chastic process.

Synchronous detection (using analog multiplication by sinQt) forms discrimi-
nator characteristic of a laser AFC system Usp = DAvgst, where D is a decrement.
When voltage Usgp applies through servo amplifier to the composite frequency re-
tune actuator, feedback locks, and radiation frequency follows resonator eigenfre-
quency; frequency modulation of radiation forms. The special feature of the
OGRAN project is significant quasi-static drift of both frequencies caused by
thermal expansion of aluminum.
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Methods and materials; results. As in the AURIGA project [3], an additional
unit performing function of a frequency demodulator (discriminator) has used to
convert radiation frequency deviations &1, containing coded signal and noise [5],
into variations of output voltage. The unit also implemented in PDH technique; an
auxiliary interferometer with a 0.45 m base is used, a simple piezoceramic actuator
[2] re-tunes eigenfrequency of it. Laser beam with deviations dv; affects the dis-
criminator interferometer through a radiation divider. In the second feedback loop,
the resonant frequency of the interferometer (and zero value of its discriminator
characteristic) follows quasi-static changes in laser frequency Av;r. The conceptual
difference of the loop is absence of signal’s deviations tracking. This distinction
has achieved by significant decrease in gain of the servo amplifier at signal fre-
quency of 1.3 kHz. Thus, on a steep slope of discrimination frequency dependence,
there realizes standard transformation of frequency deviations dvy into variations of
output voltage of the second synchronous detector.

Laser radiation power has known to possess technical phenomenological fluc-
tuations. There is an analytical representation [6]: P(t) = Po(1 + &), where &(t) is a
stochastic modulating process. Taking this conception into account, at output of the
second synchronous detector we get

K): PeoPso (1 + &) (Avgprr + 0v),

where Avgpit = Avgpr = Avyr 1S difference between two drifting frequencies; shot
noise is omitted.

Two relevant terms are present: dv; + EAvgprr. The first term represents signal,
the second one defines an additional stochastic process, i.e., phenomenological
noise. Comparison of noise with signal determines demodulator's addition to
threshold signal of whole registration system. Relation in spectral densities of sto-
chastic processes is: G,(f) = G:(f)AZp.7.

To determine the defining frequency difference Avrpit = Avepr — Avyt, We write
out feedback relationships: AUspr = Dyp(Avepr — Avir) and dvear = BaKa® Ysup
where Dp is a decrement of the unit’s discriminator characteristic, S, is a transmis-
sion parameter of the frequency re-tune actuator, Kp is gain of the servo amplifier in
quasi-statics. The solution is: Aveprr= Avi1/Kop, where Kop = BpDpKp.

Conclusion. The obtained relationships allow us to obtain clear numerical esti-
mates of new noise contribution in threshold signal and to determine measures to
reduce it. For spectral density of modulating process &, there is the previously ob-
tained estimate as parameter of the laser: G«(f) = 10™* Hz™ [6]. If we presuppose
Avgpir = 3 kHz, frequency noise obtains the value G/ 3-107 Hz/Hz!?, which is
achievement of the article [2] and corresponds to reduced displacement noise of
2-10™" cm/Hz"* [7].

Temperature change of 0.01 K determines the value Avgst = Avir= 70 MHz.
To obtain the presented mismatch of 3 kHz, calculation determines required feed-

Uspz =
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back depth at zero frequency of Kop = 2-10°. Certain correction in calculations as-
sumes when implementing the design value of threshold signal of the OGRAN an-
tenna registration circuit, which is ~107° cm/Hz"*[8].
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