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AHHOTAUA

Ha nuxere I1K-14 I'maBuoi mrTonsHe BHO co3nana saGoparopusi yucroii armocdepsbl,
0003HaUYEHHAs HA TJIaHE MOA3EMHBIX YCTAHOBOK KaK «Kamepa IpaBUTAIMOHHBIX aHTEHH» B
JAHHOM  JTa0OpaTopvM  pacIoNaraloTcs  /IBeé  YCTAHOBKHU Uil NPElU3MOHHBIX
rPaBUTALMOHHBIX HU3MEePEeHUIi. bonpmras YCTaHOBKa «ONTO-AKYCTHYECKAS
rpaButanuonHasi anrenia OI'PAH» mpexacraBnser coOOi AETEKTOp TPaBUTALMOHHOTO
U3JIy4eHUsI KOCMHYECKOr0 MPOUCXOXKICHHS (COOTBETCTBYIOIIMI NpoeKT pa3BuBaicsi B bBHO
coBMecTHO ¢ MHcTuTyTOM Jlazepuoit ®uszuku CO PAH u 'TAWII MI'Y) HoBast yctaHoBka
nporotun  (MUJIOTHAS  MOJeJb) KPYIMHO MAacCIITa0HOTO KOJIBIEBOTO JIa3ePHOTO
unrepgepomerpa , T.H. «I'upockon CaHbsiKa» SBISIIONMMCS YyBCTBUTEIIBHBIM JTATYUKOM
IrpaBM —HMHEPUUAIBHBIX BO3MYILEHUN Ha3eMHOro (QoHa 100AJIbHOTO U  JIOKAJbHOTO
xapakrepa. Takue BO3MYILIEHUsT MOIYT BBI3BIBATBCA ACTPO -T€O-IMHAMUYECKUMHU U
reopusznueckumu  dpdexrtamu,  MOPOKIAEMBIMU  BHYTPEHHEH  TpaBUTAllMEd U
TEPMOJIMHAMUKON 3eMJIH, a TaKke €€ CyTOYHbIM M OpOUTAIbHBIM BpailieHHueM. C 1momMoIb
JazepHoro nHreppepomerpa Canbsika BO3MOKHO MoJy4eHHe MHGOpMAIIUUA, MMeEIONIei
HEHHOCTH MAPAJLIEeJbHO NI (PU3UKH FIEMEHTAPHBIX YaCTUI, KBAHTOBOM TEOPHH MOJIs,
JIa3epHOM (PU3MKH, ACTPOMETPHUH , ITI00ATbHOM reOAMHAMUKH U CEiCMOJIOTHH.

B noknage KpaTko OMMCaHbl IJIaBHBIE NPUHIMUIIBI U KOHCTPYKTHBHBIE OCOOCHHOCTH
yKa3aHHbIX  ycTaHOBOK. CdopmMyaupoBaHbl  OCHOBHBIE IIYHKTBl ~ NPOrPaMMbl  HX
ucnonb3oBanus.  OOpaiieHo  BHUMaHue Ha  pacmmpenue  nporpamvbl  BHO
«1eTekTupoBaHMe [ajlakTHYeCcKHX KOJLIAICapoB» 3a Cc4YeT COBMECTHOIO IIOMCKA
«HEUTPUHO-TPABUTALMOHHBIX Koppeasiuuin» Ha AerekTopax OI'PAH u BIICT.
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Puc 4 CrpykTypa nogszemHoun nabopatopun OIPAH



GD-gravdetector
D-discriminator
PD-photodetector
CCD-camera

M-mirror

Fl-Faradey isolator
EOM-electrooptical modulator
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Puc 5 Onto-anekTpoHaa cxema OINPAH ¢ asymsa @I sTanoHamu BbICOKOMU
PE3KOCTU, 3N1eMeHTaMK CBeTO NPoBoAa ( uenu KoHTponsa paboyen TOUKM U
aBTOMNOACTPOMKOM Na3epa He NoKasaHbl)




Puc 6 Bua KoHcTpykuuu getektopa OIPAH Ha ucnbiTaTeNlbHOM
CTeHAe C KOJIbLLOM OMOPHOM NOABECKU N CEMCMO PUNBTPAMMU



Puc 7 Bupg 3arpy>eHHOM BHELWWHEN KaMepbl ONTOAKYyCTUYECKOTO
netektopa ONPAH B noa3zemHon nabopatopuu MK-14 Ha
aHTUcencmmnyeckom dyHaameHTe 3a 3alMTHOM NaHenblo (cnpaga).



Puc 8 Bnag aHTeHHbl O'PAH B npouecce MOHTa)Ka C ONTO-31EKTPOHHbIMMU
y3/1aMU: HA ONTUYECKOM CTOJ1e YCTaHOB/IEHA Kamepa C ONOPHbIM
PE30HATOPOM ANCKPMMMHATOPA: CUCTEMA OTKAYKM (CNpaBa) He NOAKAKOYEHA



Puc 9 Kamepa OIPAH (Bua, c Topua) B Yexsie akTUBHOro TepmocTaTa
noageprkmeatrowero TemnepaTtypy Kamepbl ¢ TodHocTbio 0.01 K




Puc 10 Kamepa OI'PAH B akTBHOM Tepmo-yexsne (Bua cboKy OT ONTUYECKOro CToNa



REVIEW OF SCIENTIFIC INSTRUMENTS 85, 065114 (2014)

A high frequency resonance gravity gradiometer
S. N. Bagaev,1 L. B. Bezrukov,2 N. L. Kvashnin,1 V. A. Krysanov,2 S. I. Oreshkin,3

A. M. Motylev,3 S. M. Popov,3 V. N. Rudenko,2,3 A. A. Samoilenko,3 M. N. Skvortsov,1
and I. S. Yudin3

A new setup OGRAN—the large scale opto-acoustical gravitational detector is described. As distinguished from known
gravitational bar detectors it uses the optical interferometrical readout for registering weak variations of gravity gradient
at the kilohetz frequency region. At room temperature, its sensitivity is limited only by the bar Brownian noise at the
bandwidth close to 100 Hz. It is destined for a search for rare events—gravitational pulses coincident with signals of
neutrino scintillator (BUST) in the deep underground of Baksan Neutrino Observatory of INR RAS.
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Puc 11 CrekrpasbHas MI0THOCTH IryMa anTeHHsl OI' PAH (myHKTHpHAS JHHHUS - SKCIIEPUMEHTAIbHAS
KpHBasi CTaporo Bapuanrta ycTaHoBku (pe3koctb F=2000); cmiomnas muaus - kpusasi CITII anTeHHBI
nocie moaepuusanuu (F=30000).
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Puc 12 HeittprHHas CBETUMOCTH KOJUTANICUPYIOIeh 3Be3161 M =
20M _, tb - Bpems mocie orckoka (R. Mayle, J.R. Wilson, D.N.
Schramm, Astrophys. J. 318, 288 (1987)).
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Puc 13 Crpykrypa Bcruiecka I'B ot kosarica 38e31b1 Bpamenus M = 20Mo, tb - Bpems
nocie orckoka (H.Dimmelmeier,C.D. Ott, A.Marek, Phys. Rev. D 78, 064056 (2008)).
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Abstract: The problem of joint data processing from ground-based gravitational and neutrino de-
tectors is considered in order to increase the detection efficiency of collapsing objects in the Galaxy.
The development of the “neutrino-gravitational correlation” algorithm is carried out within the
framework of the theory of optimal filtration as applied to the well-known OGRAN and BUST
facilities located at the BNO INR RAS. The experience of analyzing neutrino and gravitational data
obtained during the outburst of supernova SN1987A is used. Sequential steps of the algorithm are
presented; formulas for estimating the statistical efficiency of a two-channel recorder are obtained.

Keywords: gravitational waves; neutrino telescope; multi-messenger astronomy
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Cxema gw - v Koppenaunu: BpemeHHasa 3BOIOLMA BbIXOAHbIX CUTHAN0B
I'paBUTAIMOHHOTO (KpPACHBIM) U HEUTPUHHOTO (CHHHUM) AETEKTOPOB

-

Puc 14

T =t (E) + T + 6T, (T, t((E) BpemeHa gw u v cobbiTuin)
St—casur, R, Tg —amnanTyaa v ANMTeNbHOCTb W CUrHana
KPpUTEPUN EW - V KOppenauum no sapmaumam ot

D =max | Y =1{R? (ty + 61)}/ 02| = Ca

o—aucnepcus, Ca—nopor peleHus



KOJIbLIEBOM JIa3epHbIN HHTEphepoMeTp
[I'upockon Canbsika (I'C)]

NPeU3UOHHbIA JATYUK
IPaBU — HHEPUHUAJIbHBIX BO3MYIICHUHA



X(E)

Konbuesou nHtepdpepometp I'C Ha noBepxHocTn 3emnu

3¢ PeKkTuBHan yrnosasa ckopoctb I'C : Qeff = Qe sin (¢ + On) cos(Sk)
, rae Qe — yrnoBaa CKOpocTb 3emau, ON , Ok - Yrbl OTKIOHEHUA K
ceBepy U BOCTOKY, O - WWUMpOTa pacnonoxeHus IC.



K Treopuu r3¢ppexra Canbsika

HHTepHnpeTaunusa KHHeMAaTu4eckou npupoasl 3¢ dexra — 3akoubl CTO
B HenoaBMXKHOM crcTeMe oTcyeTa CKOPOCTh FTAPMOHUYECKO BOJIHBI V,
Oerymeli KOJbLEBOMY BONHOBOMY 00pasyercs u3 €€ (pa30BOil CKOPOCTH V,p, n
JIMHEWHOU CKOPOCTH TOYEK HA nmepudepuu KoabIa, Bpallaroierocs BOKpyT
OCH CHMMETPHH ¢ yroBoii uactoToii (). 1o peJsiTHBHCTCKOMY 3aKOHY
cioxxkeHus ckopocred B CTO nmeem:
V.= (Vo= RQ)/(1+v,, RQ) (1)

i€ 3HaKu (£) OTBEYAIOT BCTPEYHBIM BOJIHAM OETYIIIUM 10 Y MPOTUB BPaIlCHUS
KoJiblia paguyca R . IMes pa3Hble CKOPOCTH pacpOCTPaHEHN S, BCTPEYHBIE BOJIHbI
3aTpavyrBaOT Pa3HOE BpPEeMs Ha IIPOXOXKICHHE TiepuMeTpa konbla P = 2nR.
Ncnonb3ys (1) gerko noacyuTarh 5T BpemeHa t, u ux pasHocThb

St=t,-t =4R2Q/c1- (RQ/c)Y] (2)

[Tpu manoi ckopoctu BpamieHus: RQ << c
St=4(QA)c2 , 5D =8r(QA)ch (3)

®opmynel (3) 3amucanbl IS OOIIETo CiIydast B BEKTOPHOH (hopMe, Koria HopMalib
K TuIomIaau Koieita N=A/|A| He coBIagaeT ¢ 0ChIO €ro BparieHus (T.€. TOTIa BXOIUT
ckaisipHoe rpousBeneHue (QA))
Oddexr CaHpsika yHHBepcaJieH M0 OTHOIIEHUIO K MPUPO/ie 0erymux no KoJabIly
00bEKTOB , OyIb TO TAPMOHHYECKHE BOJTHBI, COTUTOHBI HJIM YACTHIbI
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Ring Lasers Performance
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MunotHaa mogenb I'C (L=16 cm)



®dot1o 16 HUU Montoc nponsBoaUT HaBUTALMOHHDbIE 1a3epHble FTMPOCKoNbl ANA
rpa*kaaHcKou asMaummn. Hambonee nssectHon cepmeit ABAAIOTCA TMPOCKONbI
KM-11-1A (nepumeTp Konbua 24 cm, CTOpoHa 7.6 cm). MacwutabHbii
KoappuumeHT (pacwenneHmne Canbaka) @ 0.8 My, /rpaa/uac. 3a Bpems
namepeHua 1 yac pakTMyecknii yposeHb Lyma AonycKaeT Bbixog Ha Omin
0.002 paa/c

JKcnepumeHTanbHble 06pa3ubl ¢ nepumetrpom 120 cm (ctopoHa 40 cm) nmetor
QOmin @ 4 10-12 paa/c npu sBpemeHun nsmepeHma 100 yacos.



KonbueBon HeNe nasep Ha ocHoBe 3adhhekTa 3eemaHa
C YaCTOTHOM NOACTaBKOM

Jdnuna nepumerpa: 16 cm

Bo3smoxxknocTn:
- He3aBUCHUMas CTaOWIU3aIMs TOKa
paspszia B IByX IUiedax 00JacTy pa3psja;

- CO37/aHuE MMOCTOSHHOMN WU
3HAKOIIEPEMEHHOM YaCTOTHOM MOJCTaBKU
pa3HbIX (HopM (TIPSIMOYTOITHHOM,
rapMOHHUYECKOH, TPEYTOJIILHOM U JIp.);

- IepecTpoiKa IITMHBI pe30HaTopa
B JIMANa30HE JI0 TPEX MOCIIe0BATEIbHBIX
MOJI;

- CHCTEeMa PETUCTPAINH ¢ KOMIIBIOTEPHOU
00paboTKol nH(pOpMaLIUH.

oy B naanax:
| - BBOJI JIaHHBIX O HampasiaeHuy H,
o e opmupyro1Iero
- =, _
;m:nmuwj o YaCTOTHYIO IOJCTABKY, B KOMIIBIOTED;
g ;;:mm-m i ‘u-’;-v" s
0004 [T g Led) - aBTOMAaTHU3aIUs CUCTEMBI CTaOUIN3alliu
: IIepUMeETPa PE30HATOPA.
:nino:o&wnéomi»uioonhuﬁwniww’ul flaysa |
Macrors Ty
hmmh.:mm XX TR O rampess i
1 L



PasHocTb vacror, dF [Hz]

NMpoBepka YyBCTBUTENBLHOCTU - pPerucTpauum
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«I'upockon Canbsika» B nmoazeMHoi oocepparopuu LNGS

GINGER » 3D- Sensor

» Larger Scale Factor
» Active Stabilization
» Deep Underground Installation

Shared Cavities with control of diagonals...

.. however we are after a DC quantity!!!




Octahedral configuration of GINGER.
Six mirrors give rise to three mutually
perpendicular square rings. The active
control of the geometry may be achieved
by laser cavities along the three diagonals
connecting the mirrors.

*OkrTaipuueckast KoHpurypauus tpex I'C.

*(IllecTh 3epkaJj 00pa3yoT TPU B3AUMHO
NneprneHIuKYyJIAPHbIX KBAAPATHBIX KOHTYPA;
AKTHBHBIN KOHTPOJIb T€OMETPHUH
OCYLIECTBJIAETCSH JIa3ePHBIMHM PE30HATOPAMHU,
YCTAHOBJICHHBIMH B/J10JIb TPEX TUATOHAJIEH,
COCIMHAIOIIUX 3ePKAaJIa).



Eur. Phys, J. Plus (2021) 136:394
hitps:/doi.org/10.1140/epjp/s13360-021 013734

Constraining theories of gravity by GINGER experiment
Orpanmuenns rpasutanus 03 GINGER skcnepuvent

Salvatore Capozziellol 24, Carlo Altueeil, Franceseo Bajardil, Andrea Baztis 4,
Nicola Beverinis, Giorsio Carellis, Donatella Ciampinis, Angela D, V. Di Virgilios,
Franceseo Fuzo:, Umberto Gummﬂ]u , Enrico Maccioni: 4, Paolo Marzilis,
Antonello Drtolan- Alberto Porzio:, Andrea Simonellis, Giuzeppe Temmu,
Raffacle Velotta:

Abstract The debate on gravity theories to extend or modify general relativity is very active today becauze of
the izzues related to ultraviolet and infrared behavior of Emnstein’s theory, In the first case, we have to
address the quantum gravity problem. In the latter, dark matter and dark energy, zoverning the large-zcale
structure and the cosmological evolution, seem to ezcape from any final fundamental theory and
detection. The state of the art iz that, up to now, no final theory, capable of explaining gravitational
interaction at any zcale, haz heen formulated. In this perspective, many research efforts are devoted to test
theories of gravity by space-bazed experiments, Here, we propoze straightforward tests by the GINGER
experiment, which, being Earth based, requires little modeling of external perturbation, allowing a thorough
analyziz of the systematics, erucial for experiments where senzitivity breakthrough is required. Specifically,
we want to zhow that it 1z poszible to conztrain parameters of gravity theories, like scalar—tenzor or Horava-
Lifshitz gravity, by conzidering their post-Newtonian limits matched with experimental data. In particular,
we uze the [enze-Thirring meazurements provided hyGINGER to find out relations among the parameters
of theories and finally compare the rezults with those provided by LARES and Gravity Probe B zatellites

GINGER (Gyroscopes IN General Relativity) experiment



Konrtakr ¢ I'pan Cacco rpynnoii I'C npoekra

e-mail 27 march 2023 year

Dear Valentin,

....I'read your paper, which is a very good and well written review
paper, but it lacks of the more recent updates. | send you the pdf
of some of our recent papers First of all, the design of GINGER is
change. We abandoned the octahedral configuration ...

Works are in progress with the collaboration of Italian geophysical
institute on the recent earthquake in Turkey and Afganistan. The
interest for multiple high performant rotational sensors
distributed on the globes certainly very high both for
Geophysics/Geodesy and gravitational theory (see Eur. Phys. J.
Plus (2021) 136:394)

Ciao, Nicolo Beverini



Thanks for your attention



