We've Found Gravitational Waves. Now What?

David Reitze, executive director of the LIGO
Laboratory, took the podium at the National
Press Building in Washington, DC, this morning,
and said the words we've all been waiting on
tenterhooks to hear: “We have discovered
gravitational waves.” And a packed auditorium in
Caltech’s Cahill building in Pasadena—where
people had gathered to watch the live feed—
erupted into wild applause.

Similar scenes were likely playing out at MIT, in
Livingston, Louisiana, in Hanford, Washington,
and in Europe, because LIGO is a $1 billion
international collaboration with hundreds of
scientists. And this moment has been 100 years
in the making. Einstein predicted the existence of
gravitational waves with his general theory of
relativity in 1915, and physicists uncovered
indirect evidence in the 1970s and 1980s. But
direct detection has proven elusive—until now.
And the story of gravitational waves and what
they're able to tell us is just now beginning.

Here's how it went down. On September 14,
2015, at 5:51 AM EST, the LIGO detectors at
Livingston and Hanford both picked up signals
within milliseconds of each other. The
waveforms of those signals closely matched
predictions of the simulations.

It's like an audio fingerprint, akin to the decay
signatures that high-energy physicists use to
identify subatomic particles produced in
collisions at the Large Hadron Collider. And it's
exactly what you would expect to find in your
data if two black holes, about 30 solar masses
each (that's 30 times bigger than our own Sun),
spiraled inward toward each other and merged
in a massive collision event, sending powerful
shock waves ripping across spacetime, some 1.3
billion years ago.

It was so clean, in fact, that Reitze worried it was
too good to be true. So did Alan Weinstein, who
heads LIGO Caltech. After all, in the early
operational phase of LIGO, project leaders had
deliberately inserted false signals into the data to
test the rigor of the analysis. Even though his
colleagues assured him that this new signal was
not a so-called “blind injection” exercise,
Weinstein couldn't quite believe it. He wondered
if it was the work of a disgruntled member of the
LIGO team injecting a false signal into the data as

Mwu BusiBunu rpasitadiidi xsuni. LLlo Tenep?

Jesig Paliue, BUKOHaBUMIA gnpekTop nabopatopii LIGO,
CbOroAHi BpaHLi BUCTYNWB 3 TPMBYHW B HauioHanbHil
6yaiBni npecn y BawHrToHi, okpyr Konymois, i ckasas
Te, WO BCi MU TaK NparHyan novytn: «<Mu Bussmnam
rpasiTauUiiHi XBuAi». | NnepenoBHeHa N0AbMU ayaNTOpISA
B byaiBni Kelxiny B KanipopHiicbkoOMy TeXHONOTiIYHOMY
iHCTUTYTI B [MacageHi, Ae BCi 3ibpanncs, o6
NOAVBUTUCS NPSAMY TPAHCAALi0, BUBYXHYNa
BYyPXAMBMMIN OMneckamu.

MogaibHi noaii po3roptanoca y MaccauyceTcbkomy
TexHonoriyuHomMy IHcTUTyTI; y JliBiHFCTOHI, WTaT JlyisiaHa;
y l'eHdopgai, wraT BalWwWmMHITOH, Ta B €BpPONi, OCKINBKN
LIGO - ue MixHapogHa opraHisauig Ha Minbsapa AoNapis,
3 KOO CMiBMPALOrTL COTHI BUeHMX. [lo Li€i mo4ii Mu
ML BXe COTHIO pokiB. ¥ 1915 poui EMHLWITENH
nepeabaynB iCHyBaHHS rpaBiTaLiiHNX XBUAb Y CBOIN
3aranbHin Teopii BigHocHOCTI, @ B 1970-x i 1980-x pokax
disnkn BUSBMAW HenpaMi Jokasn usoro. Ane
6e3nocepesHE BUABIEHHA He YBIHYAN0Ch YCMiXOM — ax
[0 UbOro MOMeHTY. A icTOpis rpaBiTaLiiHNX XBU/b, AKa
6araTo nNpo Lo HaM 3MOXe PO3MNoBICTY, AnLLe
NOYMHAETHLCS.

Ocb sk Bce 6yno. 14 BepecHsa 2015 poky 0 5:51 paHky 3a
CXigHUM YacoMm, obuasa gatumkm LIGO -y JliBiHrcToHi Ta
B XeHdopai, 3adikcyBanm CUrHaan 3 pisHULEO B
AeKinbKa MinicekyHz oO4ViH Bif o4HOro. Yactotu umx
CUTHaniB Maixe BiANOBIAANN TUM, LLO 6ynn
nonepesHbL0 3MOe/IbOBaHi.

Lle Haue ayaio-BiaOUTOK, MOAIBHNI Ha caign po3nagy,
AKi GI3NKM BUCOKUX eHeprii BUKOPUCTOBYOTE AS
ineHTNdIKaLii cybaTOMHMX YaCTUHOK, LU0 YTBOPKOKOTLCS
niz yac 3iTkHeHHi y Benvkomy agpoHHOMY Konaigepi. |
came Le BUM 6 BUABUAN 6113bKO 1,3 Minbsapga pokis
TOMY, AKLLO 6 ABi YOpHI Aipw, Npn6an3Ho no 30
COHSAYHMX Mac KoxHa (Lo B 30 pasiB binbLue, Hix Halle
CoHLe), 3aKpyTUANCL OAHA B OAHY i 3N1UINCS B
MacLWTabHOMY 3ITKHEHHI, NOCUIaUM NOTYXHI yAapHI
XBWAI, SKi 6 BUpMBaNNCh y NPOCTip-4ac.

Yce 6yno HacTinbkn 04eBUAHO, LLO PeinTue HaBiTb
TypbyBaBCs: Lie 3aHaATO Aobpe, Wob 6yTy NpaBAoto.
Takoi x aymkun 6ys AnaH BalHwuTtaliH, kepiBHMK LIGO
KanipopHiNcbLKOro TeXHONOMYHOMO IHCTUTYTY.
3peLuToto, Ha paHHbOMY eTani ekcnnyaTau,ii LIGO
KepiBHUKW NPOEKTiB HABMUCHO BCTaB/IANN MOMU/KOBI
CUTHaNW B AaHi, Wo6 nepeBipnTY TOYHICTb aHanisy.
Monpwu Te, WO Konery BaiHwTanHa 3aneBHSAN Moroy
TOMY, LLIO Lieil HOBWIA CUTHaN He € Tak 3BaHOH
«MepeBipKOoIO», BiH He Mir y Lie noBipuTW. BiH npunyckas,
O e He3aA0BoleH uneH komaHan LIGO BcTaBnsiB




revenge.

Or perhaps it was the work of an evil genius. “We
cannot rule out the evil genius hypothesis,” he
deadpanned during a Caltech press conference.
“We're doing our best to rule out the evil genius
hypothesis. But | like to think a binary black hole
collision is more likely.”

From just that one signal alone, physicists could
infer the masses of both black holes by studying
the frequency (one was 29 solar masses, the
other 36 solar masses). After the merger, the
newly formed black hole was missing roughly 3
solar masses—emitted in a powerful burst of
gravitational waves. Imagine three of our Suns
suddenly annihilating and you'll get an idea of
just how much energy we're talking about here.
Studying the amplitude told them the collision
happened some 1.3 billion light years away in the
southern hemisphere.

So not only is this the first direct detection of
gravitational waves, it's also the first proof that
binary black hole systems actually exist. And all
this came from data during an engineering run
right after the upgraded Advanced LIGO came
online. It's still not hunting at full sensitivity yet.
When that happens, physicists expect to see
many more such events, giving them a new
window into how the universe works. In fact,
Weinstein said that an additional 12 LIGO-related
papers would be posted by the end of today.

That makes LIGO “a new instrument for
observing a new form of radiation come from the
heavens,” said Bill Weber, a physicist at
Universita di Trento and member of the LISA
Pathfinder collaboration.

“First detection is very important in terms of
fundamental physics because of what it says
about gravity, but it also opens a window onto
what has previously been the dark universe,” said
Avery Broderick, a physicist at the Perimeter
Institute and the University of Waterloo in
Canada. “For centuries, astronomers have been
looking up at the night sky and thinking about
the light side of the universe. Now we're going to
get our first look at the dark side. There's every
expectation that it will be just as rich and
exciting.”

Think of the revolutionary potential this way:
every time astronomers have looked at our
universe in a different wavelength of light—with

NOMWAKOBI CUTHaNU B laHi 3 HAMiPOM MOMCTW.

A MoXe, Le byna cnpasa pyK 310ro reHis. «<Mu He
MOXEMO BIiZKWHYTU FinoTesy 3/10r0 reHis», -3
He3BOPYLUHMM BMPa3oM 06/1M44A CkasaBs BiH Nij vac
npec-koHdepeHLUii KanibopHiiCbKOro TeXHOA0r4YHOro
IHCTUTYTY. «MK POBMMO BCE MOX/IMBE, LLIO6 BIAKNHYTH
yro rinotesy. OCO6BUCTO A CXUAAKCA A0 AYMKU, LLO Lie
6yN10 3iTKHEHHS BiHapPHVX YOPHUX Aip.»

3 04HOTO INLL LbOro cUrHany ¢isvkn 3pobun
BMCHOBOK NP0 Macy 060X YOPHUX Aip, BUBYMUBLUN iX
4yacToTy (04Ha - 29 CoOHAYHKMX Mac, a gpyra - 36). [icna
3/IMTTA, HOBOYTBOPEHIl YOPHIl Aipi He BUCTayvano
NPUGAN3HO TPEOX COHAYHUX Mac - BTpaYeHuX nig
NOTYXXHWM CMECKOM rpasiTauiiHnX xBuAb. LLLo6 Kpalle
3PO3YMITK, MPO AKY KiNbKICTb eHeprii n4eTbCs, yABITh
€o6i, Wwo Tpn Hawmx COHUA panToM BUBYXHYN.
BuBueHHa amnnityam gano ¢ismkam iHdopmadio npo
Te, WO 3iTKHEHHS Big6ynocs y NiBAEHHIN Kyni
npuénn3Ho 1,3 MAPA CBITNIOBMX POKIB TOMY.

TakM YMHOM, Lie He TiNbKK NepLue 6e3nocepesHe
BUSIB/IEHHSA IPaBiTauiiHVX XBW/b, ane i NepLUnii A40Ka3
TOrO, LLO BiHAPHI CUCTEMW YOPHUX Aip CNpaBai iCHYHOTb.
Yci ui gaHi 6ynn oTprMaHi nig yac Npo6bHOro 3anycky
OHOBJIeHOI BAOCKOHaneHoi LIGO Bigpasy nicnd Toro, gk ii
nigeaHann o mepexi. Mok Wo BNoBUTY XBUJII Ha
BMCOKMX YacToTax il He BAAETBLCA. A KOAW Lie TpanuTbCs,
b3k oUikyOTb MO6AUNTY Le BaraTo Takux NOJil, Lo
3MOXYTb NPOAUTY CBITNO Ha Te, AK BAaLUTOBaHO BcecsiT.
®akTN4YHO, BaliHWTalH NOBiAOMMB, WO A0 KiHUA AHS
6yae ony6nikoBaHO LWe 12 0AaTKOBUX AOKYMEHTIB,
nos'a3zaHux 3 LIGO.

LUe pobuTb LIGO «HOBUM iHCTpyMeHTOM A/1S
CrocTepexeHHs 3a HOBOK GOPMOLO BUMPOMIHIOBAHHS,
L0 HaAXoAuTb 3 Hebec», - cka3as binn Bebep, ¢i3uk 3
YHiBepcuTeTy TpeHTO i UneH cnisnpaui LISA Pathfinder.

«MepLue BUSBAEHHS fy>Xe BaXNMBO 3 TOUKM 30pY
dyHAaAMeHTanbHOI i3nKKM, OCKiNbKN BOHO rOBOPUTL MNPO
rpaBiTauito; a e BOHO AA€ MOX/INBICTb MOBAYNTN, AKUM
TeMHUIA BececBiT 6yB paHille, - cka3as EliBepi bpogepik,
bisnK IHCTUTYTY TeopeTUUHOT Gi3nKK 11 YHiBepcuTeTy
Batepnoo B KaHagi. - «[1pOoTArom CTonitTe acCTPOHOMU
AVBASATLCA HA HiYHe HebOo 1 pO3MiPKOBYHOTL NPO CBITAY
CTOpPOHY BcecBiTy. A 3apa3 My BnepLue 361paemMoch
PO3rNIAHYTK I0ro TeMHy CTOPOHY. € BCi MiACTaBn
BBaXaTW, LLIO BOHa ByAie HaCTiNbKW X HEBUYEPMHOH) i
3axonanBoro.»

MoAMBITECA Ha MOTeHLian NepeBoOpPoTY 3 TAKOT TOUKN
30pY: KOXeH pas, KO/ acTPOHOMU AOCAiKyBanu Ha
Hall BcecBiT, BUKOPUCTOBYOUW Pi3HI JOBXUHWN XBU/b
CBIiT/1a — 38 JOMOMOI Ot PEHTIeHIBCbKUX,




x-rays, infrared, radio, or gamma rays—they have
uncovered aspects that we would not have
otherwise seen. Gravitational waves should be
no different, only with something more akin to
sound than light. Now, in addition to looking at
our universe, we can listen to it as well. As Jorge
Cham of PhD Comics so eloquently put it in his
illustrated explainer, “Imagine your whole life you
had been deaf until one day your hearing was
restored.”

The key difference is that while sound requires a
medium through which to travel, gravitational
waves move the medium—in this case,
spacetime itself. “They literally squash and
stretch the fabric of spacetime,” Chiara
Mingarelli, a gravitational wave astrophysicist at
Caltech, told Gizmodo. To our ears, the waves
detected by LIGO would sound like a chirp (“woo-
OOP").

Exactly how is this revolution going to happen?
Well, LIGO currently has two detectors, acting as
“ears” for scientists, with more detectors slated
to come online in the future. And while LIGO may
have gotten there first in terms of direct
detection—frankly, it was always expected to do
so—it's not the only game in town. There's more
than one kind of gravitational wave. In fact,
there's an entire spectrum, much like there are
many different kinds of light, of varying
wavelengths, in the electromagnetic spectrum.
So there are other collaborations tailored to hunt
waves at frequencies beyond what LIGO is
designed to detect.

Mingarelli works with the NanoGRAV (North
American Nanohertz Observatory for
Gravitational Waves) collaboration, part of a
larger international consortium that also includes
the European Pulsar Timing Array and the Parkes
Pulsar Timing Array in Australia. As the name
implies, NanoGRAV scientists are hunting very
low frequency gravitational waves in the 1 to 10
nanohertz regime; LIGO's sensitivity is in the
kilohertz (audible) portion of the spectrum. That
makes for very long wavelengths; in fact, it would
take ten years to complete a single cycle.

The collaboration relies on pulsar data collected
by the Arecibo Observatory in Puerto Rico and
the Green Bank Telescope in West Virginia.
Pulsars are basically rapidly rotating neutron
stars, formed when stars more massive than the
Sun explode and collapse inward. They spin
faster and faster as they shrink, just like a heavy

iHPpayepBOHMX, pasio abo raMma-npoOMeHiB - BOHU
BUABNSANIN aCcNekTy, AKUX MW 6 He nobaunnu.
FpaBiTaLiHi XBUi HE MOBUHHI BYTU Pi3HUMU, TiNbKN
YMMOCh BiNbLL CXOXi Ha 3BYK, HiX CBiTN0. Tenep, y Hac €
MOXX/MBICTb HE TiNbKWN ANBUTWNCS Ha BcecBiT, ane i1
cnyxatu rioro. OcCb K ACKPaBO ONKUCaB Lie Xopxe Yam 3
«PhD Comics» y CBOiX intocTpauisax: «YsBiTb, L0 BCe CBOE
XUTTS BU BYNN FIYXUM, | O4HOTO AHS BaLl CITyX
BiAHOBWBCA.»

KntovoBa BiAMIHHICTb NOAATraEe B TOMY, LLO B TOM Yac K
3BYK PYXa€ETbCA B CepefoBuLL|, rpaBiTaLinHi XBui
nepeMiLlyoTb cepesioBuLLEe - Y LIbOMY BUMAaAKY - caM
NpocTip-4ac. «BoHW 6yKBanbHO PO3MIHOLLYHOTH i
PO3TAryOTb MaTepito NPOCTopy-4acy,» - NoBijoMMIa
ans Gizmodo K'apa MiHrapenni, actpodisuik 3
KanidpopHiNCbKOro TeXHONOMYHOro iIHCTUTYTY, AKa
3aiMaETbCA BUBYEHHAM rpasiTalinHMX XxBUAb. Ha cyx
MUK 6 cnpuiimanu xBuni, BusieneHi LIGO, sik nnck.

To Ak came BifbyaeTbCA Leli nepeBopoT? Lo X, 3apa3y
LIGO 2 petektopw, fIKi CNyrytoTb AJIl BYEHVX B AKOCTI
BYX; Y MalibyTHbOMY LiX AeTekTopiB byae binbLue. | xou,
K i ovikyBanocb, LIGO 6yna nepLuot, XTo 34iACHMB
NPAMI CNOCTePeXeHHS MarHiTHUX XBW/1b, BOHa He €MHA
y Uilh cnpaBi. ICHYE BinbLue HiXX OAMH TUM rpaBiTaliiHUNX
XBWUMb. HacnpaBsgai, ix Linnii cnekTp, Tak caMo, 5K B
efleKTPoMarHiTHOMy CnekTpi € 6arato pi3HUX BUAIB
CBITNa 3 PI3HNMUN JOBXMHAMU XBUb. TOX iCHYHOTb i1
iHLWIi opraHisauii, 3aBAaHHSA AKUX - PO3MNi3HaBaTV XBUJI
Ha YacToTax, oKpiM TuX, AKi po3nisHae LIGO.

MiHrapenni cnisnpavtoe 3 NanoGRAV
(MiBHIYHOAMEpPNKAHCLKOK HaHOrepL,OBOKD
0bcepBaTOpIErD rpaBiTaLiiHUX XBUAb), L0 € YaCTUHOK
6iNbLLOro MXXKHaPOAHOrO KOHCOPLLYMY, A0 AKOrO TakoX
BxoanTb European Pulsar Timing Array i Parkes Pulsar
Timing Array B ABCTpanii. K BUNAVBAaE 3 Ha3BW, BUEHi
NanoGRAV noBnsaTe rpasiTaLiliHi XBUAI gy>e HN3bKUX
yacToT B pexuMi Big 1 go 10 HI'y. YyTamsicTb LIGO
3HaXOAUTLCS B KiOrepuoBili YacTWHI cnekTpa, To6TO i
MOXHa CNPUAHATK Ha ciyX. Le gae MoxnmBicTb
po3ni3HaTy Ay>e AOBri XBWUAi; Hacnpaeai, 4N
3aBepLUeHHS 04HOrO LMKy 3Haj061Nock 6 AecaTb
pOKiB.

OpraHizauia NokNajaEeTbCa Ha AaHi Nynbcapis, Ui AaHi
oTprMaHo 3aBaskm ObcepaaTtopii Apecibo B NyepTo-
Piko Ta pagioteneckony I'piH-beHk B 3axigHi BipaxuHii.
Mynbcapw - Le no cyTi HENTPOHHI 30pi, AKi LWBMAKO
0b6epTatoTbCs Ta YTBOPHOKOTLCSA, KoK 6inbLui 3a CoHLe
3ipKM BUBYXatoTb i CTATYOTLCA 40 CepeiuHU.
CTrcKarumcb, BOHM 06epTatoThCs BCe LWBMALLe
LBMALLE; TaK CaMO, IK BAHTaX Ha KiHLji Tpoca
roifaTMmMeTbCs LWBMALLe, AKLLO Leid TpOoC cTaBaTume
KOPOTLUMM.




weight on the end of a tether will swing faster
and faster the shorter the rope becomes.

They also give off powerful blasts of radiation as
they rotate, just like the beam of a lighthouse,
that are detected as pulses of light back on Earth.
And those periodic rotations are remarkably
precise—until quite recently as accurate as an
atomic clock. This makes them an ideal cosmic
detector of gravitational waves. In fact, the first
indirect evidence came from studying pulsars in
1974, when Joseph Taylor, Jr. and Russell Hulse
found that a pulsar orbiting a neutron star was
slowly shrinking over time—an effect one would
expect to see if it was converting part of its mass
to energy in the form of gravitational waves.

In the case of NanoGRAYV, the smoking gun would
be a kind of shimmering effect. The pulses
should arrive at the same time, but if they're hit
by a gravitational wave, they will arrive slightly
earlier or later, because spacetime will shrink or
stretch as the wave passes through.

Pulsar timing arrays (PTAs) are especially
sensitive to the gravitational waves produced by
merging supermassive black holes a billion or ten
billion times the mass of our Sun, like those
believed to lurk at the center of the most massive
galaxies. Should two such galaxies merge, so
would the black holes at their centers, emitting
gravitational waves. “LIGO sees the very end of
the merger when the binaries are very close
together,” said Mingarelli. “With PTAs, we would
see them earlier in the spiral phase, when they're
just starting to orbit each other.”

Then there is the space-based mission known as
LISA (Laser Interferometer Space Antenna).
Earth-bound LIGO is great for detecting
gravitational waves equivalent to the human
audio portion of the spectrum — the kind
produced by that newly discovered binary black
hole merger. But many interesting sources of
these waves are at lower frequencies. So
physicists have to go into space to detect them.
The primary objective of the current LISA
Pathfinder mission (launched in December) is to
validate the detector technology. “With LIGO, you
can shut down the instrument, crack open the
vacuum, and fix things,” said MIT's Scott Hughes.
“If you screw up in space, you're dead. You've got
to get it all right from the get-go.” As Gizmodo's
Maddie Stone wrote back in December:

Mig Yyac obepTaHHA BOHU TakoX BUMYCKarOTb MOTYXHi
cnanaxv BUNPOMiHIOBaHHS, NOAIBHO MPOMEeHI0 Masika,
AKi Ha 3eM/i BUTIS4at0Tb AK iMMybCy csiTna. | Ui
nepioan4Hi 06epTaHHA HaA3BNYANHO TOUHI - 40
HeJaBHbOrO Yacy BOHW BigbyBannCh i3 TOUHICTIO
aTOMHOTO roAgnHHKKa. Lle pobuTs iX ifeanbHUM
KOCMIYHVM [leTeKTOPOM rpasiTalinHNX XBUb.
®PaKTUYHO, NnepLUe HerpsMe CBifYeHHS NPUALLIO Bif
BUBYeEHHS nNynbcapie y 1974 poui, konu Axo3ed Tennop
MonoAWNiA | Paccen Xync BuaBMAK, LLO NMynbcap, SKUit
06epTaETbCA HAaBKOMO HEMTPOHHOI 30pi, MOBIZIBHO
CTUCKAETbCSA 3 MINHOM Yacy - edekT, K1 MOXHa
OYiKyBaTW, SKLLO BiH Byje nepeTBOpOBaTY YacTUHY
CBOEI MaC/ Ha eHeprito y BUrNaAi rpasiTaliiHUX XBUb.

Y sBunagky 3 NanoGRAYV, He3arnepeyH1M JOKa3oM Moxe
6yTV edekT MepexTiHHA. IMAYbC MOBUHHI HAAXOANTU
B OAMH | TOW e Yac, ane KO Ha HMX BNIMBaE
rpasiTaLiiHa XBUAS, BOHW 3'ABAATLCSA TPOXM paHille abo
ni3HiLe, TOMy WO NPOCTip-4ac byae cTnckaTnUcb abo
PO3TAryBaTUCA NPV NPOXOXKEHHI XBUI.

Po3paxyHku BUNPOMiHIOBaHHA nynbcapis (PTA)
0COBANBO YYTAMBI A0 rpaBiTaLiiHNX XBUJTb, CTBOPEHNX
3NTTAM HaAMACUBHUX YOPHUX Aip, Maca SKNX Y
MinbApA abo fecaTb MiNbapAiB pasiB nepeBuLLYE Macy
Haworo CoHug, NoAibHO A0 TUX, AKi, K BBaXatoTb,
XOBaKTbCA B LEHTPi HaMbinbLIMX ranakTuk. Y pasi
3/NTTA ABOX TaKUX FanakTUK YOPHI Aipw, Wo
3HaX0AATbCS B IX LEeHTpax, BUMYCKaTb rpaBiTaLiliHi
xBuni. «LIGO BNOB/OE CaM KiHelb 3INTTS, KON
NOABIMHI 30pi po3TallOBaHi AyxXe 6A13bKOo 04Ha A0

O/ HOI», - ckazas MiHrapenni. «3 PTA M1 nobaunmo ix Lie
B CNipanbHin dasi, Koam BOHW TiNbKN NOUYNHAKOTL
obepTaTncs 0A4Ha HaBKOIO OfHOI».

LLle ogHa KoCMiyHa micia - LISA (KocmivHa aHTeHa
nasepHoro iHTepdpepomeTpa). Po3TawoBaHa Ha 3emni,
LIGO BiaAMIHHO MigXxoAnTb AN BUSIBNEHHS
rpaBiTaLiiHNX XBUb, €KBIBaNE€HTHUX NHOACHKIl
3BYKOBIli YaCTUHI cnekTpa - TUX, WO BUHNKAW B
pe3ynbTaTi LbOro He4aBHO BUSIBNEHOrO NOABINHOIO
3UTTA YOPHUX Aip. Ane 6araTto LikaBuX gxepen Lmx
XBW/b 3HAXOAATLCSA HUXYMX YacToTax. ToX, LLO6
BUSIBUTU iX, Qi3VKIN NOBUHHI BiANPaBUTUCA B KOCMOC.
OCHOBHUM 3aBAaHHAM MOTO4YHOI Micii LISA Pathfinder
(3anyLLeHol B rpyAHi) € nepeBipka TeXHONOTrIT JeTeKkTopa.
«3 LIGO BV 3MOXeTe BUMKHYTU NpUnag, BiAKpUTA
BaKyyiM i BAMPaBUTU CUTYaLLitO», - cka3aB CKOTT XbH3 3
MIT. «AKLLO BWM AOMYCTUTE MOMUIKM B KOCMOCI, BaM
KiHeLb. B MOBMHHI pobuTin BCe NpaBu/IbHO 3 CAMOro
nouyatky. Sk nucana y cBoili ctatTi Meaai CTOyH y rpyAHi:




[LISA's] goal is simple: using laser
interferometers, the spacecraft will attempt to
precisely measure the relative positions of two
1.8 inch gold-platinum cubes in free fall. Housed
in separate electrode boxes a mere 15 inches
apart, the test objects will be shielded from the
solar wind and all other external forces, such that
the tiny motions caused by gravitational waves
can (hopefully) be detected.

Finally, there are two experiments designed to
target the imprints left by primordial
gravitational waves in the cosmic microwave
background radiation (the afterglow of the Big
Bang): BICEP2 (Background Imaging of Cosmic
Extragalactic Polarization 2) and the Planck
satellite mission. BICEP2 famously declared that
it had found such evidence in 2014, only to have
its hopes deflated when those signals turned out
to be due to cosmic dust.

But both collaborations are continuing the hunt,
in hopes of shedding light on the early history of
our universe—and hopefully providing
confirmation of a key prediction of inflationary
theory. This theory predicts that shortly after its
birth, the universe underwent a rapid growth
spurt that should have produced powerful
gravitational waves, leaving an imprint in the
CMB in the form of a special orientation of the
light waves (polarization).

Each of these four gravitational wave regimes will
give astronomers four new windows into the
universe.

But we know what you're all really thinking—
surely now it's time to fire up the warp drives,
baby! Does the LIGO discovery mean we should
all sign up for Star Fleet next week? “| think the
answer to that is unequivocally ‘'no’,” Broderick
said. “But the better we understand gravity, the
better we can imagine trying to design such a
thing. That's what scientists do. We figure out
how the universe works, so we can optimize our
ability to bend it to our will within that set of

rules.”

So.... you're saying there's chance. Make it so.

MeTa LISA € npocToro: 33 #ONOMOTOK /la3epPHUX
iHTepdepomeTpiB KOCMIYHWI anapaT Cnpobye TOUHO
BUMIPATA BiJHOCHE NON0XEHHSA ABOX 1,8-A0MMOBUX
30/10TO-NNATUHOBUX KYOIiB Yy BiIbHOMY MagiHHi.
Po3MilLieHi B okpeMuXx ALLmMKax 3 eleKTpoAaMin Ha
BiACTaHi BCbOro 15 Atolimis, 06'ekTn ByayThb 3aXULLEH]
Bif, COHAYHOIO BiTPY i BCiX iHLMNX 30BHILUHIX YNHHWKIB,
TaK LLO, CMOZAiBalOCs, BAACTLCA BUABUTI KPUXITHI pyxu,
BUKANKAHI rpaBiTaliiHMKN XBUASMNA.

HapeLuTi, € We ABa eKCNepnuMeHTH, MeTa AKX —
HaLNUTUCb Ha BiAOUTKM, 3aAULIEHI MePBUHHUMM
rpasiTaulinHUMK XBUAAMUN B KOCMiYHOMY
MiKPOXBU1bOBOMY GOHOBOMY BUNPOMiHIOBAHHI
(3anvwKkn BMNpoMiHtoBaHHA Bennkoro Bnbyxy): BICEP2
(PoHOBe 306paXkeHHs KOCMIYHOT Mo3arafakTUYHoI
nongpwusadii 2) i micia cynytHuka lNnanka. BICEP2
3asBUAW, LLLO 3HANLWAW Taki Big6uTkn B 2014 pouy, Ta ix
Hagil He BUNpaBAanncs, KoJv BUSBUIOCh, LLO L
CUTHaNW 6y BUKINKaHI 3BUYAHVM KOCMIYHUM
nuaoM.

Ane obunagi opraHisawii NpoA0BXYHOTb MOLLYKN 3 HaAi€0
NPOANTI CBITNO Ha pPaHHIO iCTOpito Haworo BeecsiTty i
HaAaTV MNigTBEPAXEHHS MPOrHo3y Teopil KOCMIYHOT
iHpnAuil. g Teopia nepeabavae, Wwo Hesabapom nicnas
CBOro BMHWKHEHHS, BcecsiT nigaanacs WwWseniaKkomy
3POCTaHHH0, Ke MOBMHHe 6Y/1I0 CYyNMPOBOAXYBaTUCh
NOTY>XXHUMU rpaBiTaLiiHUMM XBWAI, @ Ti B CBOIO Yepry
3anmMwnnn 6 BiJBUTOK y PenikTOMY BUMPOMIHIOBAHHI Yy
BUMA4I 0CO6IMBOIo CNpAMYBaHHS CBIT/IOBUX XBUJTb
(nonapwusauis).

KoXeH 3 LMX YOTMPBLOX PeXMMIB rpasiTaLiiHUX XBUNb
HaJacTb aCTPOHOMaM MOX/INBICTb NO-Pi3HOMY BUBUYUTU
Bcecsir.

Afle M/ 3HAEMO, MPO O BM HaCnpaesi JyMaeTe - 3apas
came 4ac 3anyctnTu asuryH gedopmadii npoctopy,
KpuxiTko! Ym o3Hauvae BiakputTa LIGO Te, o
HaCTYMHOro TUXHA MW BCi MOBUHHI NpUEAHaTMCA o Star
Fleet (3opsaHoro ¢dnoTy)? «f gymato, Lo BiAMOBIAb Ha Le
NMMUTaHHA OAHO3HAYHO «Hi», —CKa3as bpogepik. «Ane
UMM KpaLle MY PO3yMiTUMEMO rpaBiTaLito, TUM KpalLe
MU 3MOXEMO YABUTU, IK 3MOZeNoBaTK Taky pivy. Came
LM 3aiMaroTbCa HayKoBLji. M BUBYAEMO, AK NPaLLtOE
BcecsiT, 60 Tak M/ 3MOXeMO Kpalle nignawTyBaT Noro
niZ cBOI baXkaHHA B MeXax Lboro Habopy nNpasun ».

OTxe... Bu cTBepgyeTe, WO WaHc €7 ToAi BMKopucTaniTe
noro.




