'EARLY SIGNATURES OF A GRAVITATIONAL
" WAVE BACKGROUND SEEN IN PULSAR
‘TIMING ARRAY DATASETS!

An international team of As’rronomers with the European Pulsar Timing Array and the
Indian Pulsar Timing Array see an _erflerging signal of gravitationad wavesgrom merding
e = black holes, several.million ta billion times heavier than the sun. *

We usé&d pulsars; rapidly rotating Yemains of dead stars as clocksgo detect gravitational
- waves which perturb space and time using radio Telescopes for our observations.

These results were reported togéther wﬂrlio’rher IPTA members such as NANOGrav and the

Parkes Pulsar timing Array, which seg a similar signall.
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Moré observations are needed to determine the exact nature of the signal, eventually Théy

~ will let us probe the some of the aldest supermassive black holes in the uniwetse and

perhaps even shed light on some possible exotic physics such as cosmic strings and phase

transitions in the early universe ;A lot of new science awaits. .
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WHERE DO-THESE GRAVITATIONAL WAVES COME FROM? .

Alv:roét alt galaxies are expected to have K g
sune*rr_nas'él“ve black holes, wiich  weigh I
's‘e*véralimillion to many billion times the 4
*mass of fhe sun, at their centers. - .’
e " 3 Metging “black heles emit gravitational
o ‘. ; waves, which stretch and squgeze space

and time as they propagate!

Galaxies merge with each .

other, and the black holes
at their centers aresalso
expected to merge after a
long spiral dance.
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T’be’?‘ée waves stretch along for many.light “e_ <
syears, and cannot be detected by
. experiments such as LIGO, VIRGO or KAGRA, .9

whichs _have .been detecting gravitational .

waves from fnergiv]g-black holes.only 10s of .

_ times the mass'lof E—hersun' g :

‘J.

As black holes merge all across the universe, in every direction
in the sky, these waves overlap and form a background hum of
gravitational waves. This thrumming hum is called as the
stochastic gravitational wave background, and it has been the
ongoing goal of PTA experiments to detect it.
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Pulsars arfe rapidly rotating * - e ‘Radio telescopes, such as the
compact dead stars, which = = . . % *upgraded Giant Meterwave Radio
emit bright beams of radio ] Telescope (UGMRT) used by InPTA
light from their polgs : . pick up these radio beams as timely

pulses as they sweep the earth!
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g : Due to the regularity of theSe ‘pulses,
swe can use them as @&tremely accurate .
clocks, correct up to a nanosecond! "

Some pulsars rot;te ~ 100 times a This ability to keep tim&® preciéely lS
what, PTAs  exploit te  detéct

second without missing, a beat, hence e
called millisecond pulsars, and are Glslibiciagares :
the ones observed by PTAs
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. WHAT ARE PULSAR TIMING ARRAYS?

o >« We observe an array of millisecond
/ pulsars, distributed all over the sky to
. keep atcurate time, hence the expeirment
s called a "Pulsar Timing Array"
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The Gravitational waves interact with the pulsars, stretching and squeezing space-time, = g
. which causes chahges in the time of arrival of the pulses to earth; and as we very 3
accurately have been keeping time, this change can be noted over many years of .

observation, hence detecting the presence of the Gravitvational Waves!
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The same pulse at various radio frequencies o

Low frequency
[ L

3 : * Mlow Frequency .

. InPTA observes guj,sars at both a higher frequerfcy alnlnd a

~-lower frequency simultaneously due to a unique feature of
the uGMRT which Let; us split the telescope dishes into

uter sp Jsnf truly v,
There are free electrons protons

. -

and other matérial between us and | 5?" two sets, this lets us study the medium between us ang

the pulsars we observe. Lower | a4 the.pulsar exquisitely and also helps us correct our pulsar
., frequency radio lights interacts : ‘clockg'petter, thus helping PTAs improve their precision.

differently with this medium than . . .

&
light at higher frequencies.
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DETECTING GRAVITATIONAL WAVES USING PULSARS " Ass the Gravitational Wave Background

should affect all the pulsars we observe in

\T\ + % & similar way; we should see common
’* effects in pairs*of them, this gives rise to a
oL - unique signature:
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@ [nPTA teamed up W|th thwe European Putsar

.o 2 Timing Array (EPTA) and we combined dur data,
Yt » P . ¥ togénerate a more sgnsitive dataset.
2 ¥ = Us, along with other PTAs such as NANOGrav and
» |+ L# / PPTAendw see tantalizing hints of this unigue

~signature.
4
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A global effort deemed,the International Pulsag
Timing Array (IPTA) is afoot to chase these

elusive waves & .
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A truly global venture, someof whose constituents haye been operatiopal for d'ecades,
the IPTA ®xemplifies the international spirit of stience, bginging scientists from all
walks of life together for a cosmic goal with more PTAs such as the African PTA and
Chinese PTA joining in every year. P




WHAT COMES NEXT?. . '~ "~ -

- . -
OBTAIN A STRONGER SIGNAL AND UNDERSTAND THE GIWB

- -
PTAs get more sensitive, the langer tH&y observe a larger number of pulsars,
over the next few years we'll probe the nature of the current signal much deeper.
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SHOOT FOR INDIVIDUAL BINARIES, WORK WITH VLBENETWORKS ~=* -

The.et.chasuc background is a mish- mash of grawta’uonal wave agnals frpm all over the
sky#1As expect to detect individal merglng bigaries at the cores of ghlactic nuclei; finding ol
andh s"fudylng candldates with VLBI expenments sUch as the EHT, EVN VLBA will be crucial.

I\/IULTIIVIESSENGER ASTRONQMY AND COSMOLOGICAL DISTAN@ES

With the detection &F mglllwldu.al blnarles we will be able distances to tHese mergers, and .
predict the expansmn.rate'bf the universe at an early.éboch. Merging bIacR hole's circumbinary
tisks are also potential candldates for neutriae detections. - v

PULSAR TIMING ARRAYS ARE STRONGER TOGETHER! i -

With PTAs such as the chinese pulsar timing array and the afrlcan pulsar timing array joining thes
ipternationd! effort and with tel@scopes such as the SKA and the extended GMRT on the horizon, 4 *

poolingin data and searching for all of the above together shall be a fruitful effort! . J

A NEW WINDOW IN GRAVTITIONAL WAVE AS'[RE)NGMY IS NOW OPEN!
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