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LIGO Detects Gravitational Waves for Third Time 
Results confirm new population of black holes 
 
LIGO oo?gutsiisaduumyatsix Abuduuxbiisii o?bigimskAAsts nuxgesstsii 
nidoguum agidugamuudanyuup manistsim_bya muustsk sigooxgiya 
 
 
The Laser Interferometer Gravitational-wave Observatory (LIGO) has made a third detection of gravitational waves, 
ripples in space and time, demonstrating that a new window in astronomy has been firmly opened. As was the case 
with the first two detections, the waves were generated when two black holes collided to form a larger black hole.  
 
anuum Laser Interferometer Gravitational-wave Observatory (LIGO) atu?guunimya 
nuugesstsii iyu?gutsiisaduubyuyiya miistsk Abuduuxbiisii o?bigimskAAsts, i_tudabii, 
Astamatstu?giya manixistsiiguumsdan mii_k axiibiisabesspsabii agegIyinniip. gii, 
aniistabii miistsk nadugIyiists oo?gutsiisaduumyatsiibuwatsix, amuustsk o?bigimskAAsts 
i_tu~dabisduduwIya udAbuutu?biiya muustsk nadugaya sigooxgiya, gyanimI i_tudabii 
miisdabuuma?xii sigooxga. 
 
 
The newfound black hole, formed by the merger, has a mass about 49 times that of our sun. This fills in a gap 
between the masses of the two merged black holes detected previously by LIGO, with solar masses of 62 (first 
detection) and 21 (second detection).  
 
gyamu?k manu?gunimya sigooxga, i_tsiiximsta muustsk nadugAsts iibuutu?biiya, 
stunatsisxga?binaduugi aganyuup nisibubi_xsooma?xi nah nadusiwa. gyamu?gI 
ido?dugimstuup iinaxigawestsii agAsatsimya anuu LIGO miistsk iwayagidusiists 
sigooxgiya nii_k (maduumu?t itu?gusiisaduutsimmya) nAAbuunadugA 
niitsisxga?binaduugi gii (nadugisstsii  itu?gusiisaduutsimmya) natsibuuniduxgA 
niitsisxga?binaduugi. 
 
 
"We have further confirmation of the existence of stellar-mass black holes that are larger than 20 solar masses—
these are objects we didn't know existed before LIGO detected them," says MIT's David Shoemaker, the newly 
elected spokesperson for the LIGO Scientific Collaboration (LSC), a body of more than 1,000 international 
scientists who perform LIGO research together with the European-based Virgo Collaboration. "It is remarkable that 
humans can put together a story, and test it, for such strange and extreme events that took place billions of years ago 
and billions of light-years distant from us. The entire LIGO and Virgo scientific collaborations worked to put all 
these pieces together." 
 
“nidotsxiniibinnan nitu?guniibinya itstsiiya muustsk sigooxgiyAsts aganyuup natsibui 
oma?gagadusi niitsisxga?binaduugi - nimatsxiiniibinnan itstsiiya bitsiistuui LIGO 
itu?gutsiisaduumya,” awanii David Shoemaker (abAstutsiim atsiigi) miim MIT, 
mananistapsii udAybuwaduumuuguwa anuu LIGO Scientific Collaboration (LSC), 



annixI uustume aganyuup niduuma?guuxdaxin uugyabi mugagyabiguwAx 
Abiisatsgasiiya LIGO agabo?gwissxniimya gii niixisk abaamsxa?gui nuu?giitsiidabuuyix 
- idobiiya Virgo Collaboration.  “iixibisadabii madabiix ebuutsduumya amuu Atsiniigi gii 
istu?tsixii, gyamuusts maastsiibumabiists no?gabii annuum xa?gui uutsiduumadabaabii 
gii idabanatsi stunnadAgamu iinidabstsii.  niduuma?guu anuu LIGO gii miixsk Virgo 
myanitsxiininatstu?xin essdudabodagiiya abudagiiya ma?gitu~siibiiya amuustsk 
sisiixiists ebuutsdubya.” 
 
 
The new detection occurred during LIGO's current observing run, which began November 30, 2016, and will 
continue through the summer. LIGO is an international collaboration with members around the globe. Its 
observations are carried out by twin detectors—one in Hanford, Washington, and the other in Livingston, 
Louisiana—operated by Caltech and MIT with funding from the National Science Foundation (NSF). 
 
amuu manitu?gutsiisaduubyayi itsiigyabii gyamuu LIGO anuu?k essxgayatsimya, 
idumadabii sisdagusi niiibu, 2016 gii stamanistA_stsii nibuusi. LIGO anistabii uugyabi 
uudabuudaxin muuxsk itsiiniidabiix uugyabiya anuum xa?gui. idabobo?gwistsists 
o?badatsimya nadugIya niistsimii itu?gutsiisaduubyuyix - anuu Hanford,Washington gii 
miim Livingston, Louisiana - odwitsigaduumya miix Caltech gii MIT gii 
udessbuumuguwa miix National Science Foundarion (NSF). 
 
 
LIGO made the first-ever direct observation of gravitational waves in September 2015 during its first observing run 
since undergoing major upgrades in a program called Advanced LIGO. The second detection was made in 
December 2015. The third detection, called GW170104 and made on January 4, 2017, is described in a new paper 
accepted for publication in the journal Physical Review Letters.  
 
LIGO aguuduumaaniistsii nessxgamya Abuduuxbiisii o?bigimskAAsts abitsisgitsii, 2015 
gyamu maduumu?t essxgatsimya ududamabii manistuutsiitsgagootsimya anistuup 
Advanced LIGO. amu?k nadugiistsii itu?gutsiisaduubyuyimya stuma?gaduyixistsgagu 
2015. gyamu?k nuxgesstsii itu?gutsiisaduubyuyimya, nitsinni_gaduup GW170104 
iduudu manstuyadusi nisui, 2017, agitsiinAp  itsiiniigaxin Physical Review Letters. 
 
 
In all three cases, each of the twin detectors of LIGO detected gravitational waves from the tremendously energetic 
mergers of black hole pairs. These are collisions that produce more power than is radiated as light by all the stars 
and galaxies in the universe at any given time. The recent detection appears to be the farthest yet, with the black 
holes located about 3 billion light-years away. (The black holes in the first and second detections are located 1.3 and 
1.4 billion light-years away, respectively.)  
 
gyamuusts nuuxsgAsts o?ganabiists, gyagiido niistsimii itu?gutsiisaduubyuyix muu?k 
LIGO no?gutsiisaduumya Abuduuxbiisii o?bigimskAAsts gyamuusts utsitsxugabi 
ibagitsapsiiya iibuutu?biiya miistsii - AbuutsbiiyAsts omatsgadaduumya 
uuma?guunadabiiya, idomudabesstsiiya annii anagimAAsts muustsk gagaduusiists gii 
spoo?ts aganiistsii.  muu?k mananistabii itu?gutsiisaduubyuyix i_ganabiistsii, amuu?k 
sigooxgiya itstsii nuuxgeixsiigaasi idabanatsi  (gyamu?k sigooxgiya maduumu?tstsii 
itu?gabi niduxgeixsiigaasi nuxgoma?niduuma?guuxdaxin idabanatsi gii gyamu?k 



nadugisstsii itu?gabi niduuxgeixsiigaasi nisuma?guuxniduuma?guuxdaxin idabanatsi 
aganyuup.) 
 
 
The newest observation also provides clues about the directions in which the black holes are spinning. As pairs of 
black holes spiral around each other, they also spin on their own axes—like a pair of ice skaters spinning 
individually while also circling around each other. Sometimes black holes spin in the same overall orbital direction 
as the pair is moving—what astronomers refer to as aligned spins—and sometimes they spin in the opposite 
direction of the orbital motion. What's more, black holes can also be tilted away from the orbital plane. Essentially, 
black holes can spin in any direction.   
 
gyamuu?k mananistabii essxgamaa no?guutsiiya udabessaatsimuwa tsanidab~stsii 
muustsk sigooxgiya a?gidoda?k~biiya.  anistsii nadugIyii sigooxgiya idodaguuyatsiiya, 
nuu?k gadoda~kuu?biiya uutsiidatsigi buugwi - iganistsii emugiigAx oda~kuu?bii 
agiitsidabessbiya gii idodaguuyatsiiya. ixistsxiiya sigooxgiya, oda~kuu?bii 
nuu?gidanistsii. 
 
The new LIGO data cannot determine if the recently observed black holes were tilted but they imply that at least one 
of the black holes may have been non-aligned compared to the overall orbital motion. More observations with LIGO 
are needed to say anything definitive about the spins of binary black holes, but these early data offer clues about 
how these pairs may form. 
 

gyamuu?k manutsimya agooxtsiiman, mmuxisk LIGO matsxinimAxa muustsk sigooxgiya 
igamuu? idabstsii gii a?gamanistsii anii sigooxga a?sa~wu axtsiinAdumaniistsii ayessatsiida 
agidoda~ku*bii.  axtsiinAsxgadagi muux LIGO agitu_ganiiya amustsI oda~kuubiiya naduge 
sigooxgiya gii gyamuusts manooxtsiimaan i_dudessxiniip tsa idumanistsduup miistsk 
nitsabanistsuu 
 
 
"This is the first time that we have evidence that the black holes may not be aligned, giving us just a tiny hint that 
binary black holes may form in dense stellar clusters," says Bangalore Sathyaprakash of Penn State and Cardiff 
University, one of the editors of the new paper, which is authored by the entire LSC and Virgo Collaborations.  
 
“gyanuu?k amuustsk niitu?gunimaabinya nidAsxiniipinnaan miistsk sigooxgiya 
madaxtsiinAdumaniistsiiya gii ipstsiiganisabiiya naduge sigooxgiya idabAstutsiibya ixsbigii 
igagayim gagadusiists,” awanii Bangalore Sathyaprakash miim Penn State gii Cardiff University, 
essxgatsim muu?k mansinaaxin,gyumuutsiisinagiiyaxin niixi LSC gii Virgo Collabotations. 
 
 
 
There are two primary models to explain how binary pairs of black holes can be formed. The first model proposes 
that the black holes are born together: they form when each star in a pair of stars explodes, and then, because the 
original stars were spinning in alignment, the black holes likely remain aligned.  
 
itstsiiya naduge uududamabii manitsinimitu?bugabistutsii Astamaatsugiya 
tsanidababessduutsiip nadugIyi sigooxgiya.  maduumu?t anistinimitu?bugabistutsii 
aganyuup amuxk sigooxgiya manibugaya ebuutstsiiya: idanidesstsii amuu gagadusi gii 



matstsiigi gagadusi ebuutstsiiya niduxgIya agitsAxga gii ibanisdabi muuxsk gagadusiix 
oda~kuu?biiya Adumaniistsiiya, giniixii sigooxgiya axtsiinAdumaniistsiiya. 
 
 
In the other model, the black holes come together later in life within crowded stellar clusters. The black holes pair 
up after they sink to the center of a star cluster. In this scenario, the black holes can spin in any direction relative to 
their orbital motion. Because LIGO sees some evidence that the GW170104 black holes are non-aligned, the data 
slightly favor this dense stellar cluster theory. 
 
gyamu?k namatstsix manistinimitu?bugabistutsin sigooxgiya akuganuuya edabisamuus 
itsbiyobiya gagadusi omuu*duupiists.  amuxk sigooxgiya nitsabanistsuuya Apstsiixisamuus 
idessdanistsiiya i_datsiiki muuxk gagadusi omuu*duupiists. gyamu?k iitsinixin, amuxk 
sigooxgiya Astamanistabo?biya gii nidab~stsii iduutstsii.  ibanisdabii LIGO Animya 
iitu?gunimaaya amuu?k GW170104 sigooxgiya madaxtsiinAdumaniistsiiya, agooxtsiimaaniists 
isxgadaxin odamimya mi_k ixsbigii gagadusi omuu*duupiists. 
 
 
"We're starting to gather real statistics on binary black hole systems," says Keita Kawabe of Caltech, also an editor 
of the paper, who is based at the LIGO Hanford Observatory. "That's interesting because some models of black hole 
binary formation are somewhat favored over the others even now and, in the future, we can further narrow this 
down." 
 
“nigomadap*siigutsiibinaan nadap*Asabaduumya amuustk naduge sigooxgiya 
Abuduumanitsduup,” awanii Keita Kawabe i_dudu Caltech, gyaniistabsii suuyibitsii 
mu?k sinaaxin, idaabodagi anuum LIGO Hanford Observatory. “ixibisatsiitsii ibanisdabii 
itstsiiya manistinimitu?bugabistutsii sigooxgiya naduge idAstuwasii inagodamimya 
anuu?k gii issuu?tsik, agitsdapsuxxiniip.” 
 
 
The study also once again puts Albert Einstein's theories to the test. For example, the researchers looked for an 
effect called dispersion, which occurs when light waves in a physical medium such as glass travel at different speeds 
depending on their wavelength; this is how a prism creates a rainbow. Einstein's general theory of relativity forbids 
dispersion from happening in gravitational waves as they propagate from their source to Earth. LIGO did not find 
evidence for this effect. 
 
gyamuu?k abo?gwisxiniip atu_istu?tsiixii nam Albert Einstein’s myanistsiixim_da. essaganistsii, 
abo?gwisxiniimya essatsimya nidoguum anistuup asuyigaa, gyaniinidu?gabi miistsk anatsii 
o?bigimskAAsts i_tudoma?gaya, imadanisdAtsii xistsiiguum gii utsitsgigumu?gii 
i_tudegamuuya essdagaduup o?bigimskAAsts manistsiinnu~i_p; miistsk Abisatsin~ganasii 
i_tudAniip nabiodogatsis. Einstein’s bisaatsinsiimaan binadanisduusimaan asuyigaa 
mado?gyabii miistsk Abuduuxbiisiiya o?bigimskAAsts uduumu?duduya itu~doma?gaya anuum 
xa?gui.  LIGO matu?gunimIya ma?ganiistsiisI. 
 
 
"It looks like Einstein was right—even for this new event, which is about two times farther away than our first 
detection," says Laura Cadonati of Georgia Tech and the Deputy Spokesperson of the LSC. "We can see no 
deviation from the predictions of general relativity, and this greater distance helps us to make that statement with 
more confidence." 
 



“iganiistsiinatsii nam Einstein imanii - gyamu?k manu?gabii, i_ganAbistsii amuustsk 
oo?gutsiisaduumyatsix,” awanii Laura Cadonati i_dudu Georgia Tech gii anistapsii 
i~tudAbuwaduumuuguwa miim LSC.  “nimadAniimA uu?gitsiisi miistsk igigIyisxinim 
bisaatsinsiimaan, gii muu?k stunatsiibistsii i_dessbumuugii nidagani_binaan isdagatu?sii.” 
 
 
“The LIGO instruments have reached impressive sensitivities,” notes Jo van den Brand, the Virgo Collaboration 
spokesperson, a physicist at the Dutch National Institute for Subatomic Physics (Nikhef) and professor at VU 
University in Amsterdam. "We expect that by this summer Virgo, the European interferometer, will expand the 
network of detectors, helping us to better localize the signals.” 
 
LIGO abuudaxiniists anuu?k stunatiitsuwabiiya” awanii Jo van den 
Brand,udAbuwaduumuuguwa miim Virgo Collaboration, anistapsii 
myanitsxiininatstu?xinii miim Dutch National Institute for Subatomic Physics (Nikhef) 
gii esspsinimatstu?gii miim VU University miim Amsterdam.  “nidoxisdaanabiitsiniip 
nu?k nibuusi miixsk Virgo, abaamsxagui nuu?giitsiidabuuyix anatsiwayagidu gii 
idumuya issxgwibiists, a~kuidawaguugwisxinimmya udaabsduudaxin 
itu?gutsiisaduubyuyix, agitsbumi_daaya axsuganisdatsimya uutuu?duunisuuwa amuusts 
i_daiinapsgutsimanisda.”  
 
 
The LIGO-Virgo team is continuing to search the latest LIGO data for signs of space-time ripples from the far 
reaches of the cosmos. They are also working on technical upgrades for LIGO's next run, scheduled to begin in late 
2018, during which the detectors' sensitivity will be improved.  
 
amuuxsk LIGO essbuumAx agumessatsimya muustsk LIGO agooxtsiimaanissts issinotsiibiists 
imaku~saanitsibyuu spuu?ts.  gyanu?k idaabodagiya uutsiitsgagooyiists ada~kuganabii anuum 
LIGO agitu?gabii  Asamuus 2018, amuux itu?gutsiisaduubyuyix igawatsimabiiya 
agida~busugabi. 
 
 
"With the third confirmed detection of gravitational waves from the collision of two black holes, LIGO is 
establishing itself as a powerful observatory for revealing the dark side of the universe," says David Reitze of 
Caltech, executive director of the LIGO Laboratory. "While LIGO is uniquely suited to observing these types of 
events, we hope to see other types of astrophysical events soon, such as the violent collision of two neutron stars." 
 
“gyamu?k nuxgesstsii agidugamuudanyuup oo?gutsiisaduumya miistsk Abuduuxbiisii 
o?bigisskAAsts i_tudabii o?batsuutsii nadugIya sigooxgiya, LIGO abAstuduu?siya 
Adabuxgunadabii idabobo?gwisxiniip i_tudessxiniip sixinatsiiya spuu?ts,” awanii David 
Reitze i_dudu Caltech, gii oxgasatduum anuum LIGO Laboratory.  “ LIGO niitsidastsii 
ma?gidessxgamaatsiisa amuustsk o?ganabiists, nidodoitsii_dabinya 
na?gatsiinisinniibinaan matstsiigi gagadusiists bitsiiyo?ganabiists, gyamuustsk 
abuwabiixiip naduge i_dadAbiyuup gagadusiix.”  
 
 
 



* This is a translation into the Siksika (Blackfoot) language by Sharon Yellowfly 
(Siksika Nation) who has a Bachelor’s of Arts in Anthropology, a background in 
linguistics, & who is fluent in the Siksika language. This translation was made 
from a Blackfoot Dictionary Yellowfly has written.  Words are spelled 
phoenetically with the English alphabet, but here are notes on vowels & other 
symbols used to make sounds unique to the Siksika language: 

 

Vowels & Other Sounds 
	
	
                            SIKSIKA                     ENGLISH 

           a                        father 
           i                        eat 
           u             book 
           e                        let 
           o             go	

	
	

	
	
            x  -  six                                      ?     -  glottal stop 

A  -  acorn                                            _     -  as in ‘he’ but held a little longer   
I  -   ice                                      *     -  who 

                                     ~     - (not quite a full glottal stop ) as in ‘cotton’  
        

 

 
 
 
 
 
LIGO is funded by the National Science Foundation (NSF), and operated by MIT and Caltech, which conceived and 
built the project. Financial support for the Advanced LIGO project was led by NSF with Germany (Max Planck 
Society), the U.K. (Science and Technology Facilities Council) and Australia (Australian Research Council) making 
significant commitments and contributions to the project. More than 1,000 scientists from around the world 
participate in the effort through the LIGO Scientific Collaboration, which includes the GEO Collaboration. LIGO 
partners with the Virgo Collaboration, a consortium including 280 additional scientists throughout Europe 
supported by the Centre National de la Recherche Scientifique (CNRS), the Istituto Nazionale di Fisica 
Nucleare (INFN), and Nikhef, as well as Virgo’s host institution, the European Gravitational Observatory. 
Additional partners are listed at: http://ligo.org/partners.php. 
Written by Whitney Clavin/Caltech 
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