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Translated Into Siksika (Blackfoot)
Straight to the source: the LIGO-Virgo global network of interferometers opens a new
era for gravitational wave science

“Straight to the source”: muuxisk LIGO-Virgo nuum xa?gui
udaabsduudaxinimI anatsiwayagidu gii idumuya issxwibiists AgIyinnimya
manumadabstsii amuustsk Abuduuxbiisii o?bigimskAAsts
myanitsxiinimatstu?xin
The Virgo collaboration and the LIGO Scientific Collaboration report the three-detector observation of
gravitational waves. This result highlights the scientific potential of a global network of gravitational wave
detectors, by delivering a better localization of the source and access to polarizations of gravitational waves.

miixisk Virgo Collabotation gii miixisk LIGO Scientific Collaboration Atsinigaduumya
amuustsk nuuxge-itu?gutsiisaduubyuyix essxgamiya Abuduuxbiisii o?bigimskAAsts. amuuk
agAxisdanisdutsiip Astamatstu?giiya myanitsxiinimatstu?xin issu?tsiik xa?gui
udaabsduudaxinimI Abuduuxbiisii o?bigimskAAsts itu?gutsiisaduubyuyix, stunatsugabi
itu?do?gunimmya tsiimya uutsidesstsiibya miistsk Abuduuxbiisii o?bigimskAAsts.
The two Laser Interferometer Gravitational-Wave Observatory (LIGO) detectors, located in Livingston,
Louisiana, and Hanford, Washington, USA and the Virgo detector, located at the European Gravitational
Observatory (EGO) in Cascina, near Pisa, Italy, detected a transient gravitational-wave signal produced by the
coalescence of two stellar mass black holes.

niistsk nadugaya Laser Interferometer Gravitational-Wave Observatory (LIGO)
itu?gutsiisaduubyuyix, itstsiiya Livingston, Louisiana, gii Hanford, Washington, USA gii
Virgo itu?gutsiisaduubyuyis itstsiiw mu?k European Gravitational Observatory (EGO) miim
Cascina, iduutstsiw Pisa, Italy, oo?gutsiisaduumyatsix iximagabii
Abuduuxbiisii-o?bigimskAAsts Iyiinapsgagii i_tu~dabitsiip axibutstsiiya nadugaya gagadusi
sigooxgiya.
The three-detector observation was made on August 14, 2017 at 10:30:43 UTC. The detected gravitational waves
– ripples in space and time – were emitted during the final moments of the merger of two black holes with
masses about 31 and 25 times the mass of the Sun and located about 1.8 billion light-years away. The newly
produced spinning black hole has about 53 times the mass of our Sun. This means that about 3 solar masses were
converted into gravitational-wave energy during the coalescence.

amuustsk nuuxge-itu?gutsiisaduubyuyis essxgamiya itu?gabii August 14, 2017 udAdudu?s
10:30:43 UTC. gyamu?k oo?gutsiisaduumyaduum Abuduuxbiisii o?bigimskAAsts idapsgibya
bitsiibuutu?biiya amuustsk nadugaya sigooxgiya, stunaduma?guya gii stunatsiibi_tsiiya.
This is the fourth detection of a binary black hole system. While this new event is of astrophysical relevance, its
detection comes with an additional asset: this is the first significant gravitational wave signal recorded by the
Virgo detector, which has recently completed its upgrade to Advanced Virgo.

gyamu?kgI anistabii nisui oo?gutsiisaduumyatsix miistsk nadugiistsii sigooxgiyAAsts.
gyamu?k maani o?ganabii byayu?gitsitsiw, udoo?gutsiisaduumyatsim i_tu?tsugabi amuuyI
niixisk Virgo itu?gutsiisaduubyuyuxtsimya aguduumaaniistsii ma?gitsinigaduumya

Abuduuxbiisii o?bigimskAAsts Iyiinapsgagii, gimanu_sugabistuutsimya miistsk Advanced
Virgo.
“It is wonderful to see a first gravitational-wave signal in our brand new Advanced Virgo detector only two
weeks after it officially started taking data,” says Jo van den Brand of Nikhef and VU University Amsterdam,
spokesperson of the Virgo collaboration. That’s a great reward after all the work done in the Advanced Virgo
project to upgrade the instrument over the past six years.”

“ixugabii na?kgidAniip aguduumaaniistsii Abuduuxbiisii-o?gimskAAsts Iyiinapsgagii
gimanu_sugabistuutsimmaduup Advanced Virgo itu?gutsiisaduubyuyix bitsiiyumabodagii
naduge madagasgoos manu?dobitsiip agooxtsiimaanists,” awanii Jo van den Brand
i_tu?dudu Nikhef gii VU University Amsterdam, uudadumaguwaa udAbuwaduumuuguwa
miim Virgo essdudabodagiiya. “ikudAsugimu?suup agitsiidabodagyup amuustsk Advanced
Virgo nigatsisxugabiisiduubyumma amuu?k noi agessduuyiists.”
“This is just the beginning of observations with the network enabled by Virgo and LIGO working together,” says
MIT’s David Shoemaker, spokesperson of the LIGO Scientific Collaboration. “With the next observing run
planned for Fall 2018 we can expect such detections weekly or even more often.”

“gyamu?gI manumatstsii essxgamaasts amuustsk udaabsduudaxin essbumuuya Virgo gii
LIGO ma?gitu?dabodagiiya,” awanii MIT’s David Shoemaker, uudadumaguwaa
udAbuwaduumuuguwa miim LIGO Scientific Collaboration. “adumatessxgamaasatsis
mugusi suyubuxuis 2018 naniisdAytsiima?binaan oo?gutsiisaduumyatsix
agiidIiinapsgugagiiya madagasgoos gyaI o?ganIyiinapsgagii.”
The discovery, accepted for publication in the journal Physical Review Letters (the journal article draft is
available for download at these links: https://dcc.ligo.org/P170814 and https://tds.virgo-gw.eu/GW170814; it
will appear tomorrow on arXiv) was made by the Virgo collaboration and the LIGO Scientific Collaboration,
which includes the GEO Collaboration and OzGrav.

mu?k o?guuniip agitsiinAp inapsxgasin sinaaxin Physical Review Letters (mu?k sinaaxin
ak?ugutsiduutsiip miim: https//dcc.ligo.org/P170814 gii https://tds.virgo-gw.eu/GW170814: it
will appear tomorrow on arXiv) abiistutsimya mixiisk Virgo Collaboration gii mixiisk LIGO
Scientific Collaboration, annuyi mixiisk GEO Collaboration gii OzGrav.
The global network for gravitational wave science
The Virgo detector joined the Network Observing Run 2 (O2) on August 1, 2017 at 10:00 UTC, after the
multi-year Advanced Virgo upgrade program, and months of intense commissioning to improve its sensitivity.
The real-time detection was triggered with data from all three LIGO and Virgo instruments. Even though
Virgo is at present less sensitive than LIGO, two independent search algorithms based on all the information
available from the three detectors demonstrated the evidence of a signal in the Virgo data as well.

mu?k xa?gui udaabsduudaxin Abuduuxbiisii o?gimskAAsts myanitsxiinimatstu?xin
miixsk Virgo itu?gutsiisaduubyuyix itsibuutstsiiya mu?k udaabsduudaxin essxgamaasiniists
naduge nu?k idepu*gyagyup niduxge, 2017 Adudu gibui xisganodunii UTC, Axisdabiiw
Advanced Virgo manistsii_pya gii sapu?tsistsiigu abistudumugiit
agutsisxugabiio?gutsiisaduup. Adapu?gutsiisaduumyatsixiists o?k*dumadaboop muustsk
agooxtsiimaaniists muuxsk nuuxgeya LIGO gii Virgo abuudaxiniists. niixi Virgo
innago?gutsiisaduumya gyaniixisk LIGO, itstsiiya nadugaya abessatsimya oxtsimaaya
Iiinapsxgasiniists muuxisk nuuxge itu?gutsiissduubyuyix Astamatsugiiya
nu?kgadIyiinapsgagii mixii Virgo agooxtsiimaan.
The collaboration of LIGO and Virgo has matured over the last decade. Joint collaboration meetings and
common data analyses have brought the community together. The coordinated scheduling of observing runs,
with all detectors operational, is important to extract the maximum amount of science, and especially the vastly

improved source localization holds great promise for the future of multimessenger astronomy. Additional results,
based on data from the three-detector network, will be announced in the near future by the LIGO-Virgo
collaboration; the analysis of the data is currently being finalized.

mu?k essdudabodagiiya LIGO gii Virgo agAstawasiiya gibwisdui. Abudessdudabodagiiya
odatsiimya oo?ganuuya gii agooxtsiimaaniists notsipu*duumya miixisk mugagyabiguwAx.
mu?k o?ganstsiya agaku?duup niistsii essxgamAsts, abodagisa itu?gutsiisaduubyuyix,
igododomsii a?gitsotsiip manistsuu oxtsimaaya myanitsxiinimatstu?xin, gii
suutuu?guunisuuwatsix issu?tsiigi aganistsii ammustsk axiibiisabesspsabii. gii
ugumana?duubiists agooxtsimaaniists miixsk nuuxge-itu?gutsiisaduubyuyix udaabsduudaxin,
agidAsesduup uutsaduu?ts aganistsduupya miixisk LIGO-Virgo essdudabodagiiya; ani_k
idessxgatsimya agooxtsiimaan anuu?k axisdutsiimya.
The Virgo collaboration
It consists of more than 280 physicists and engineers belonging to 20 different European research groups: six
from Centre National de la Recherche Scientifique (CNRS) in France; eight from the Istituto Nazionale di Fisica
Nucleare (INFN) in Italy; two in The Netherlands with Nikhef; the MTA Wigner RCP in Hungary; the
POLGRAW group in Poland; Spain with the University of Valencia; and EGO, the laboratory hosting the Virgo
detector near Pisa in Italy.

mii_k Virgo essdudabosagiiya
itsiinAbyaa nadugibibibuu mugagyabiguwAx i_tududuya naatsibui abamuuyiists
agabo?gwisxinimya: noi miim Centre National de la Recherche Scientifique (CNRS) miim
France; nanisui Istituto Nazionale di Fisica Nucleare (INFN) miim Italy; dadugumya The
Netherlands miim Nikhef; miix MTA Wigner RCP miim Hungary; miix POLGRAW
oo?ganuuya miim Poland; Spain miixisk University of Valencia; gii EGO, amu?k igayiguu
madaagabuudaxin aku?ganuuya nii?k Virgo itu?gutsiisaduubyuyix iduutstsii Pisa miim Italy.
LIGO
It is funded by the NSF, and operated by Caltech and MIT, 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 1,200 scientists from around the world participate in
the effort through the LIGO Scientific Collaboration, which includes the GEO Collaboration. Additional partners
are listed at http://ligo.org/partners.php

LIGO
udessbummuuguya miix NSF, gii odwitsigaduumyaa miix Caltech gii MIT, i_tsiiximstaaya
gii abiistutsimya uudabuudaxix. uutsbuumuguwa mi?k Advanced LIGO uudabuudaxix
Asinniginstsiimigu miix NSF miim Germany (Max Planck Society), miim UK (Science and
Technology Facilities Council)gii Australia (Australian Research Council) igagawuu
manidutsibuwa gii itsbuum_daya mu?k uudabuudaxix. stunadagAdabiya mugagyabiguwAx
anuum xa?gui itsinsiiya mu?k abodaxinya mu?k LIGO Scientific Collaboration, itsiinAbyaa
mmix GEO Collaboration. matstsiixiya agitu?gunuya http://ligo.org/partners.php
Localization
Overall, the Universe volume which is likely to contain the source shrinks by more than a factor 20 when
moving from a two-detector network to a three-detector network. The sky region for GW170814 has a size of
only 60 square degrees, more than 10 times better than for the two LIGO interferometers alone; in addition, the
accuracy with which the source distance is measured benefits from the addition of Virgo. Being able to point to a
smaller volume is important as many compact object mergers – for example when neutron stars are involved –
are expected to produce broadband electromagnetic emission in addition to gravitational waves. The precision
pointing information enabled 25 facilities to perform follow-up observations based on the LIGO-Virgo detection
but no counterpart was identified – as expected for black holes.

Localization
sabanistsimmaan, mu?k a?k*dumadaboop i_tudAsuxxiniibya igutsitsxugabi muux
nuuxge-itu?gutsiisadubyuyix. mu?k idubobiss GW170814 utu?gwiniibuwa niidabuunimya
utsitstsiip, niixisk naduge LIGO anatsiwayagidu gii idumuya issxgwibiists
madu?xidabuuma?gabiiya, issxgwiibiists annu?k Asugabiiya ayessbommi_daagiya miix
Virgo. amuux nuuxge itu?gutsiisaduubyuyix o?butsiisadumya tsima spuu?ts ammu?k
nAbuutsbiiya itu?gabii. i_tudodudamabii amuustsk nAbuutsbiiyAsts i_dessxiniip
iesstuumskuutsp gii Abuduuxbiisii o?bigimskAAsts tsima agitu?gunibya.
Polarization
Virgo doesn’t respond in the exactly same way to passing gravitational waves as the LIGO detectors because of
its orientation on Earth, meaning that one can test another prediction of general relativity, which is concerned
with polarizations of gravitational waves. Polarization describes how space-time is distorted in the three different
spatial directions as a gravitational wave propagates. Initial tests based on the transient GW170814 event
compare extreme cases: on the one hand, pure general relativity-allowed polarizations; on the other hand, pure
polarizations forbidden by Einstein’s theory. The analysis of the data shows that Einstein’s prediction is strongly
favored. “The Virgo collaboration and the LIGO Scientific Collaboration have been working together for many
years to analyze the data and extract precious information from the observed signals. A three-detector network
opens up a new potential, allowing further fundamental tests of theoretical predictions,” says Frédérique Marion,
senior scientist at LAPP, Annecy. In addition to this new result, other tests of general relativity already
performed for the previous detections show an overall agreement between observations and general relativity.

Polarization
[Section Not Translated]
Advanced Virgo
It is the second generation instrument built and operated by the Virgo collaboration to search for gravitational
waves. Giovanni Losurdo of the INFN, who led the Advanced Virgo project to completion: “This detection is a
milestone for all the people who have dedicated their time to conceive, realize and operate Virgo and Advanced
Virgo, first among them Alain Brillet, and Adalberto Giazotto. The whole enterprise was based, since its start,
on a visionary goal: the creation of a network capable of localizing the sources in the sky and start the era of the
multi-messenger investigation of the universe. And finally, after decades, we are there.” Advanced Virgo’s initial
design was completed 10 years ago while the initial Virgo detector was taking its first data. The founder funding
agencies of the Virgo project, CNRS and INFN, approved the project in December 2009, and significant
contributions were made by Nikhef. With the end of observations with the initial Virgo detector in October 2011,
the realization of the Advanced Virgo detector began.

Advanced Virgo
gyamu?k niduisibugi_buwa abuudaxin nAbuutsduum gii odwitsigaduumya miixsk Virgo
collaboration abessgimya Abuduuxbiisii o?bigimskAAsts. Giovanni Losurdo i_dudu INFN,
abiistudatsim Advanced Virgo uudabuudaxix itu?sabanistsim: “amu?k
oo?gutsiisadduumyatsix nodudamabii amuxk madabiix ayagagimaya i_tsiiximstaaya,
odwitsigaduumya Virgo gii Advanced Virgo, maduumstii Alain Brillet gii Adalberto Giazotto.
noduumstsii i_tsiiximstaasin: agabistuutsiip udaabsduudaxin uutuu?guunisuuwa
uutsu?guunimanuwa spuu?ts gii omadabiistsiiya Asesduuyiists abessxiniip spuu?ts. gyan,
agAdoduup.” Advanced Virgo bitsisdui i_tsiiximstaaya gibwisdui gyanimI bitsisdui Virgo
itu?gutsiisaduubyuyix manutsimya agooxtsiimaan. aku?gudAtsiip uutsbuumuguya miix Virgo
uudabuudaxix, CNRS gii INFN, odatsimya mu?k uudabuudaxix ni_k stuma?gaduyixistsigagu
2009, gii nidabuuma?gabii itsbuum_daya miixk Nikhef. udAxidabii essxgamaabiists
bitsisdui Virgo itu?gutsiisaduubyuyix mugadus 2011, gyanimI Advanced Virgo
itu?gutsiisaduubyuyix idumadabii
The new facility was dedicated in February 2017 while its commissioning was ongoing. In April, the control of
the detector at its nominal working point was achieved for the first time. During the following months, the
instrument’s sensitivity underwent dramatic improvements, thanks to an extensive noise hunting campaign. Once

the sensitivity reached by Advanced Virgo allowed to probe a volume of the Universe more than 10 times larger
than for the initial Virgo detector, on August 1st, Advanced Virgo joined the two LIGO detectors for the final
four weeks of the O2 data taking period. “The Virgo upgrade to Advanced Virgo had an ambitious objective: to
significantly improve the sensitivity of our detector, in order to maximize the probability to detect gravitational
wave signals,” says Federico Ferrini, director of the European Gravitational Observatory. “Reaching a level of
performance to realize a three-detector network for a common data taking period took many years of intense and
innovative work. As Virgo has observed its first event, I wish to recognize the dedication of the members of the
Virgo collaboration, of the EGO staff and of the participating laboratories.”

amu?k manabiistutsimya ixistsii bidegiisu 2017 stamu?dabistudumugiiya. gyanimI
matsigabisegisu idapsgiiwa itu?gutsiisaduubyuyix Agyugumabodagi aguduumaaniistsii.
madagexistsigui gagAsamiiya, ayabiiya mustsk abuudaxin o?gutsiisaduup ayigidak?gii
agutsisxugabii, agapsgimya isstsabiisibiists. idamu?sugabodagiiya Virgo
itu?gutsiisaduubyuyix, idepu*gyagyup 1, miix Advanced Virgo itsibuutstbiiya miix naduge
LIGO itu?gutsiisaduubyuyix madumAxisdabii otsimya agooxtsiimaaniists. “mu?k Virgo
manistsii_p idapstsii Advanced Virgo axigagimaduup awogumaduup agitsugabistutsiip
ido?guuniisaa amuuxk itu?gutsiisaduubyuyix, manistsii_p aganistsiibiya Abuduuxbiisii
o?bigimskAAsts Iyiinapsgagii,” awanii Federico Ferrini, idAnaawasii miim European
Gravitational Observatory. “axigogimaduup agobaduumya otsisdabitsiip muuxsk
nuuxge-itu?gutsiisaduubyuyix udaabsduudaxin ixisamuu sapu?tsistsiigu gii manubaduup
abodagiisiwa. gyamu?k manabii essxgamaa o?ganabii, nidayanop ayigagimaya miixsk
Virgo collaboration, gii miix EGO abodagiix gii nAtsinsuupya igayiguu madaagabuudaxin.”
Advanced LIGO
It is a second generation gravitational-wave detector consisting of two identical interferometers located in
Hanford, WA and Livingston, LA. It uses precision laser interferometry similar to Advanced Virgo to detect
gravitational waves. Beginning operating in September 2015, Advanced LIGO has conducted two observing
runs. The second ‘O2’ observing run began on Nov. 30, 2016 and ended on Aug. 25, 2017. David Reitze of
Caltech, the executive director of the LIGO Laboratory that built and operates the LIGO observatories, adds
“With this first joint detection by the Advanced LIGO and Virgo detectors, we have taken one step further into
the gravitational-wave cosmos. Virgo brings a powerful new capability to detect and better locate
gravitational-wave sources, one that will undoubtedly lead to exciting and unanticipated results in the future.”

Advanced LIGO
anistabii niduisibugi_buwa Abuduuxbiisii o?bigimskAAsts itu?gutsiisaduubyuyix
niiduyaanistsii naduge anatsiwayagidu gii idumuya issxgwibiists itstsiiya Hanford, WA gii
Livingston, LA. itu?daganistsii napstsanatsi anatsiwayagidu gii idumuya issxgwibiistsiiya
iduutstsii miix Advanced Virgo oo?gutsiisaduumyatsix Abuduuxbiisii o?bigimskAAsts.
idumadababiiya abitsisgitsii 2015, Advanced LIGO oxgasuduumya nadugayiists. mu?k
naduge idumadapu*bii sisdagusi niiyiibu, 2016 gii itsiixisdabii idep*gyagyup
natsiibuinaatsigusidui, 2017. David Reitze, itu?dudu Caltech, idAnaawasiimiim LIGO
igayiguu madaagabuudaxin abiistuutsim gii odwitsiggaduum miim LIGO idabobo?gwis,
awanii “gyamu?k manii itsibuutstsii oo?gutsiisaduumyatsix anuum Advanced LIGO gii Virgo
itu?gutsiisaduubyuyix, Adabuutstsii muustsk Abuduuxbiisii o?bigimskAAsts spuu?ts. Virgo
ixgunadbiiya gii igagAsuxbumugiya. madasayitsiima Adamidagii Asagumanisduup
idessxgatsimya issu?tsiigi aganistsii.”

* 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

ice

*

-

who

~

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

I

-

LIGO is funded by the NSF, and operated by Caltech and MIT, 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 1,200 scientists
from around the world participate in the effort through the LIGO Scientific Collaboration, which
includes the GEO Collaboration. Additional partners are listed at http://ligo.org/partners.php. The
Virgo collaboration consists of more than 280 physicists and engineers belonging to 20 different
European research groups: six from Centre National de la Recherche Scientifique (CNRS) in France;
eight from the Istituto Nazionale di Fisica Nucleare (INFN) in Italy; two in The Netherlands with

Nikhef; the MTA Wigner RCP in Hungary; the POLGRAW group in Poland; Spain with the
University of Valencia; and EGO, the laboratory hosting the Virgo detector near Pisa in Italy.

