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MpoToTun geTeKkTopa rpaBUTALUOHHDbIX BOJIH A1 perucTpayum us-
NyyeHus paHHeu BcesieHHOW B KU1IorepL,0BOM AMana3oHe

U3maiinos I'.H. gizmailov@mail.ru

NP3 PAH nm. B.A. KoTenbHMKoOBa, MOCKBa, Poccus

AnHoTanud. [IpeyioxxeH npuHUMNO AEUCTBHUS JETEKTOPa U €ro KOHCTPYKIMS, TpEeHa3Ha-
YEHHOTO JIJIsl PETHCTPALMKM U3JTy4YeHHs] paHHed BceleHHoi, B paMKax rpaBUTALIMOHHOIO
KaHaJIa repegadyu dHepruu. HoBbIl TUIT IETEKTOpA PaCCMATPUBAETCS KaK MHCTPYMEHT IS
IKCTIIEPUMEHTAIFHOTO HMCCIIEIOBAHUS HCTOPUU Kocmoca. [loguepkuBaeTcsi akTyallbHOCTD
MPOEKTAa U YKA3bIBAETCS TEOPETHUYECKAs BO3MOKHOCTh CYIIECTBOBAHUSI I'PaBUTAIMOHHBIX
BOJIH B KWJIOTEPIIOBOM JAHAaNa30HE YacTOT. AHAIM3UPYIOTCS CXEMbl COBPEMEHHBIX KpHO-
TeHHBIX JETEKTOPOB, KOTOPbIE MOTYT CIY>KUTh MPOTOTUIIAMU I pa3pabOTKU HOBOTO TPHU-
oopa.

Kuarwuesble ciioBa: peaukToBOE ['paBUTAllMOHHOE U3JIYYEHHE, CTOXACTUYECKUN IpaBUTa-
[IMOHHBIN BOJIHOBOH ()OH, KPUOTEHHKA, MAarHUTOKAJIOPUMETPHI

BBeaenue. Pa3zpaboTka mMpoTOTHIIA AETEKTOPa rpaBUTAlMOHHBIX BOJH (I'B) B KH-
gorepuoBoM (kI'm) awWama3oHe dYacTOT NPEACTABISAET COOOH IEPCIIEKTHBHOE
HaIpaBJIeHUE B COBPEMEHHOM (u3nke u acTpodusuke. U3BECTHO, UTO perucTparius
PETMKTOBOIO0 MHKPOBOJIHOBOTO H3JIydeHHs, Haymiero u3 kocmoca B 1965 r., mox-
TBepauiia Teoputo bosbmioro B3peiBa BeeneHHol u coBepiiviia IpophiB B MO3HA-
au kocmoca [1-5]. Mcmonb3oBanme apyroro KaHajga repeadyd SHEPTUH MOXKET
CTaTh BAXXHBIM MHCTPYMEHTOM [l MCCIEIOBAaHUS paHHEHW BcelleHHOHM, a Takxke
JUTSL U3YYEHHS SK30THUECKUX acTpO(QU3NUECKUX OOBEKTOB, TAKUX KaK HEUTPOHHBIE
3BE€3/IbI, YEPHBIE JIBIPHI MM TMIIOTETHYECKHE KOCMOJIIOTHUECKHE CTPYHEI [0, 7].

Metoabl M mMaTepuaJibl; pe3yiabTarbl. A. OCHOGHbIE NpUHUUNBL PAdOmMbL
npomomuna. I'B npeactasisior coO0l yHUKAIBbHBIN KaHaj rnepefaaud uHbopma-
1uu o coowITHsIX BO Beenennoit. [IporoTun geTektopa npenosaracT UCIoJIb30Ba-
HUE€ YYBCTBUTEIBHBIX 3JIEMEHTOB, PEArpyroIUX Ha MUKPOCKOMMYECKUE U3MEHE-
HUSI TPOCTpPaHCTBOBpeMeHU B kl'Il nuanasone. I' B ¢ yactoramu B Auana3zoHe OT
HECKOJIBKMX COTEH repll 10 HECKOJIbKUX KHJIOTEPIl MOTYT OBITh BbI3BAHBI CIUSTHUEM
HEUTPOHHBIX 3BE3/1, KOJICOAHUSIMHU MOJIOABIX HEUTPOHHBIX 3BE3]] UJIU JPYTUMHU BbI-
COKOYHEPreTHIECKUMH Tiporieccamu [7].

[IpoTroTun nomKeH ObITh ONTUMU3UPOBAH IS PETUCTPAIlMA UMEHHO 3THUX 4Ya-
CTOT, YTO OTJIMYAET €ro OT CymecTByromuX aerekTopos (Hampumep, LIGO,
VIRGO, KAGRA), pa6oraromux B 60/iee HU3KOM 4aCTOTHOM jauarna3oHe [8].

Membpannvle, pe3oHancHble U MASHUMOCMPUKYUOHHbIE CUCEMbL: B KAUECTBE
YyBCTBHUTEJIBHBIX JIEMEHTOB AETEKTOPOB UCIIOIB3YIOT MEXAHUYECKHE PE30HATOPBI
WM MEMOpaHbl, KOTOPbIE CIIOCOOHBI YCUJIMBATh CUTHAJIbI TPABUTAIIMOHHBIX BOJH
3a CYET UX COOCTBEHHBIX KOJEOaHWN. DTU CHUCTEMBI MOTYT OBITh M3TOTOBJICHBI U3
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CBEPXUHMCTHIX MATEpPHUAJIOB, TAKUX KaK KPEMHUN WK candup, i MUHUMHU3ALNH
noTeph dHEpruu. J[aHHBIM TUN ACTEKTOpa HCIOJIL3YeT TeHEPAIMI0 MarHUTHOTO
OTKJIMKa MaTepuaia AaT4rKa npu ero aedopmanuy rpaBUTAIIMOHHON BOJHOM.

st foCTH>KEHUSI BBICOKOM 4y BCTBUTEIBHOCTHU JETEKTOP MOKET UCIOIb30BATh
KPUOTE€HHBIC CUCTEMBI, CHWXAIOIIUE TEIUIOBOM IIYM U IOBBIIIAIONIME TOYHOCTh
nsmepennii. CoBpeMeHHbIE KpuoreHHble aerekrophl, Takue kak KAGRA (Smo-
HUST), CITy)KaT OCHOBOM TSt pa3paOOTKK HOBBIX TEXHOJIOTHIA.

b. Bo3moosicnvle cxemul peanusayuu. bonomempuueckue oemexkmopwi: 00110-
METphI, YyBCTBUTEIbHbIE K U3MEHEHHSIM TEMIIEpaTyphbl, MOTYT OBITH aJlallTUPOBA-
HBI JUIA PETUCTPAIlMd BTOPUYHBIX A((PEKTOB TpaBUTANMOHHBIX BOJIH, HAIPUMED,
HarpeBa MaTtepuania.

ANbTEpHATUBON MOTYT CIY>KUTh HAaHOPa3MEPHbIE MEXaHUUYECKHE OCIHILISATO-
PBI, OXJIAXKIEHHBIE 10 CBEPXHU3KUX TEMIEpaTyp, MOTYT MCHOJIb30BATHCS sl 00-
Hapy>XKEHUsI MAJIbIX BO3MYILIEHUN MPOCTPAHCTBOBPEMEHH.

B. Ilenecoobpaznocms npoekma. Hayunas snayumocms: OOHApyKeHUE Ipa-
BUTALIMOHHBIX BOJH B KMJIOTEPIIOBOM JIMANA30HE MO3BOJIUT MOJYYUTh HOBBIE JaH-
HBIE O TPOIECCax, MPOUCXOAIIUX B IKCTPEMAIbHBIX YCIOBUSIX, TAKUX KaK CIIUs-
HUE HEUTPOHHBIX 3BE3]] WM KOJUIAIIC MACCHUBHBIX OOBEKTOB. JTO TaKKE MOXKET
MOMOYb TIPOBEPUTH TEOPHH, BBHIXOJAIINE 32 PAMKHU CTaHIAPTHOU MOJenH (PU3MKH,
HaIMpuMep, TEOPHUIO CTPYH WM IOMOJIHUTEIbHBIE U3MEPEHHUS.

Texnonoeuueckas 6asza: pa3pabOTKa MPOTOTUIA CTUMYJIUPYET Pa3BUTHE HO-
BBIX TEXHOJIOTUM, TAKUX KAaK KPUOTCHHBIC CHCTEMBI, KBAHTOBAsI ONTHKA M HAHOME-
XaHUKa, KOTOPbIE MOTYT HAUTH MPUMEHEHHUE B APYTHX 00JACTAX HAYKU U TEXHUKH.

Jononnenue k cywecmsyrowum skcnepumenmam: nerekrop B kI’ nuamazone
Oynmer momonHATh cymiectByromue npoekTsl, Takue kak LIGO, VIRGO, KAGRA
u Oymayme kocmudeckue muccnu (Hampumep, LISA). Dto mos3onut co3nars 60-
Jiee TIOJIHYI0 KapTUHY TPaBUTALIMOHHO-BOJIHOBOTO «HEOa.

Ouenka aykryanuu temmnepatypbl. OnpenenuM CTaTUCTHYECKYIO TeMIle-
parypy IpH TeHepali BOJH 3Heprud O( CTOXaCTUYECKUM TPABUTALIMOHHO-
BOJIHOBEIM (poroM (CI'BD),

T = o0
- ds’
rae dS = kglnW, kg — nocrosiunast bonbiimana, W — 49uciio 10myCcTHMBIX SHEp-
retryeckux cocrostauit [9]. TMomaras, 4To mpu reHepanuy poKIaeTcs ABa KBAHTa
M3IydeHus ¢ sHeprueii hy, rae v = 10T,

AT ~ 1,40 -107* K.

Pe3yabTatsl. MTak, B KpuoreHHou ycraHoBke ¢ temmeparypoi 7' < 0,2:10-4 K
MO>XHO 3aMETHTh ()IYKTYallMH TEMIIepaTypbl, BbI3BaHHbIE mnorjomenuem CI'BO.
JIiss 3TOr0 MOXKHO MPEAJIOKUTh YCTAHOBKY U3 JIBYX MEPIECHIUKYISIPHO PaCIoJio-
KEHHBIX JIETEKTOPOB U MOAKIIOYEHHUE CXEMbl AHTHUCOBMIAJECHUN KX MOKa3aHUM.
B o0630pe mporoTunoB yctaHoBokK uisi peructpaiuu CI'BO ykazanbl cXeMbl
[10, 11] cymecTByromux u MpOEKTUPYEMBIX MATHUTOKAJIOPUMETPOB, TP PabOUNX
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TeMIIEpaTypax HMKE MUKPOKEIFBUHOB, B KauecTBe MexaHM3Ma Nepeady SHEPIUU
IPaBUTOHA MAarHUTHOMY IIOJIIO B MArHUTOKAJIOPUMETPAX MPEMLIATAeTCs BO30YKIe-
Hue marnona [12].

~ (1)

«X channel»

uhp:tl-n ﬁ—-—-l?‘{:-—--..

] -
(DC-SQUID)
Puc. 1. MarHUTHbI KanopumeTp (puc. u3 ctatbu [10])

3akmiouenue. [Ipororun nerekropa I'B B k['11 quanaszone — 310 MHOroooe-
LIAOLIMN [TPOEKT, KOTOPBIM MOKET 3HAUYUTEIBHO PACIIMPUTH HAIllK 3HaHUA O Bcee-
neHHoU. Mcnonb3yss COBpEMEHHBbIE KPUOTEHHBIE TEXHOJIOTMU M KBAHTOBBIE METO-
IbI, MOHO C€O3/aTh NPUOOp, CIOCOOHBI 3apEerucTPpUpPOBATH  CHUTHAJIBI,
HEJIOCTYIIHBIE [l TEKYyLIMX cUCTeM. Peanu3anust Takoro IeTekropa CTAHET BaXK-
HBIM 11arOM B Pa3BUTUHU I'PABUTALMOHHO-BOJIHOBOM aCTPOHOMMH U OTKPOET HOBbIE
TOPU30HTHI B UCCIEAO0BAHUH KOCMOCA.
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Prototype of a Gravitational Wave Detector to Record Radiation
from the Early Universe in the Kilohertz Range

Izmailov G.N. gizmailov@mail.ru

V.A. Kotelnikov IRE RAS, Moscow, Russia

Abstract. The operating principle of a detector designed to register radiation of the early
Universe within the gravitational energy transfer channel is proposed. The new type of the
detector is considered as a tool for experimental study of the history of space. The rele-
vance of the project is emphasized and the theoretical possibility of the existence of gravita-
tional waves in the kilohertz frequency range (SGWR) is indicated. The schemes of modern
cryogenic detectors are analyzed, which can serve as prototypes for the development of a
new device.

Keywords: relic gravitational radiation, stochastic gravitational wave background, cryo-
genics, magnetocalorimeters extreme conditions, such as the merger of neutron stars or the
collapse of massive objects.

Introduction. Development of a prototype gravitational wave (GW) detector in the
kilohertz (kHz) frequency range is a promising direction in modern physics and
astrophysics. It is known that the registration of relic microwave radiation coming
from space in 1965 confirmed the Big Bang theory of the Universe and made a
breakthrough in the study of space [1-5]. Using another energy transmission chan-
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nel can become an important tool for exploring the early Universe, as well as for
studying exotic astrophysical objects such as neutron stars, black holes or hypothet-
ical cosmological strings [6, 7].

Methods and materials; results. A. Basic principles of the prototype. GW
are a unique channel for transmitting information about events in the Universe. The
detector prototype involves the use of sensitive elements that respond to micro-
scopic changes in spacetime in the kHz range. GWs with frequencies in the range
from several hundred hertz to several kilohertz can be caused by neutron star mer-
gers, oscillations of young neutron stars or other high-energy processes [7].

The prototype should be optimized to register these frequencies, which distin-
guishes it from existing detectors (e.g. LIGO, VIRGO, KAGRA) operating in a
lower frequency range [8].

Membrane, resonance and magnetostrictive systems: Mechanical resonators or
membranes have been used as sensitive elements of detectors, which are capable of
amplifying gravitational wave signals due to their own oscillations. These systems
can be made of ultra-pure materials such as silicon or sapphire to minimize energy
losses. This type of detector uses the generation of a magnetic response of the sen-
sor material when it is deformed by a GW.

To achieve high sensitivity, the detector can use cryogenic systems that reduce
thermal noise and increase the accuracy of measurements. Modern cryogenic de-
tectors, such as KAGRA (Japan), serve as a basis for the development of new tech-
nologies.

B. Possible implementation schemes. Bolometric detectors: Bolometers are
sensitive to temperature changes so its can be adapted to register secondary effects
of gravitational waves, such as heating of a material. An alternative is nanoscale
mechanical oscillators cooled to ultra-low temperatures, which can be used to de-
tect small disturbances in spacetime.

C. Feasibility of the project. Scientific significance: Detection of gravitational
waves in the kHz range will provide new data on processes occurring in extreme
conditions, such as the merger of neutron stars or the collapse of massive objects.

It can also help test theories that go beyond the standard model of physics,
such as string theory or extra dimensions.

Technological base: The development of the prototype will stimulate the devel-
opment of new technologies such as cryogenic systems, quantum optics and nano-
mechanics, which could find application in other areas of science and technology.

Addition to existing experiments: The detector in the kHz range will comple-
ment existing projects such as LIGO, VIRGO, KAGRA and future space missions
(e.g. LISA). This will allow us to create a more complete scope of the gravitational
wave “sky”.

Evaluation of temperature fluctuations. We will determine the statistical tem-
perature during the generation of energy waves 6Q by stochastic GW background

60
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where dS = kg InW, kg is the Boltzmann constant, W is the adopted energetic levels
number in the system [9]. Assuming that two radiation quanta with energy hv are
generated during generation, where v = 10° Hz,

AT ~1,40-107* K.

So, in a cryogenic setup with a temperature of T < 0.2:10* K, temperature
fluctuations caused by the absorption of the SGWB can be observed. For this pur-
pose, a setup of two perpendicularly located detectors and the connection by an
anticoincidence circuit for their readings can be proposed. In a review of prototype
setups for recording the SGWB, schemes [10, 11] of existing and planned magne-
tocalorimeters are indicated, at operating temperatures below microkelvins.

Magnon excitation [12] is proposed as a mechanism for transferring graviton
energy to a magnetic field in magnetocalorimeters.
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Fig. 1. Magnetic calorimeter (fig. from [10])

Conclusion. The prototype of the GW detector in the kHz range is a promising
project, which can significantly expand our knowledge of the Universe. Using
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modern cryogenic technologies and quantum methods, it is possible to create a de-
vice capable of registering signals that are inaccessible to current systems. The im-
plementation of such a detector will be an important step in the development of
gravitational wave astronomy and will open new horizons in space exploration.
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