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PART 1. GRAVITATIONAL WAVE ASTRONOMY & COSMOLOGY



GRAVITATIONAL WAVES (GWS): A VAST DISCOVERY SPACE

THE SPECTRUM OF GRAVITATIONAL WAVES
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1MAGE CREDIT: ESA 2021.



GRAVITATIONAL WAVES (GWS): FROM QCD PHASE TRANSITION
» QCD PHASE TRANSITION: CONDENSATION OF QUARKS INTO HADRONS. :

» OCCURRED AT T ~ 100MeV ~ 10'%K, t ~ 1075, z ~ 10'3.
» THE ONLY (DIRECT) OBSERVABLE ARE THE RELIC GWS AROUND = Ff
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"PART 2. RADIO TELESCOPES AS GW DETECTORS



PULSAR TIMING ARRAYS (PTAS)

. » STABLE MILLISECOND PULSARS (MSPS) AS CLOCKS.
» RADIO TELESCOPES MEASURE THE TIME OF ARRIVALS OF MSP SIGNALS.
» CAMPAIGN DURATION OF ~ 10 YRS = SENSITIVE TO GWS wITH ~ 10~° Hz.
» NANOGRAV!, EPTA, PPTA, IPTA.... SKA!
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INORTH AMERICAN NANOHERTZ OBSERVATORY FOR GRAVITATIONAL WAVES.
3IMAGE CREDIT: MARK GARLICK 2017.




CONSTRAINING. MODIFIED GRAVITY WITH SKA?2

. » GWSs FROM THE TIME OF QCD PHASE TRANSITION:
o SPECTRAL SLOPES NEAR THE PEAK DEPEND ON MODIFIED GRAVITY PARAMETERS.
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RADIO TELESCOPES AS DETECTORS OF HIGH-FREQUENCY GWS
_ » HIGH-FREQUENCY GWS MAY COME FROM PRIMORDIAL BLACK HOLES (PBHS).
» GWS CONVERT TO ELECTROMAGNETIC (EM) WAVES IN THE PRESENCE OF
EXTERNAL MAGNETIC FIELDS, SUCH THAT fow & fi\.
» ALL EM DETECTORS CAN BE (INDIRECT) GW DETECTORS!
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4IMAGE CREDIT (LEFT): DOMCKE AND GARCIA-CELY 2021.
4IMAGE CREDIT (RIGHT): THE STEPHEN HAWKING CENTRE FOR THEORETICAL COSMOLOGY 2019.



SUMMARY

» RADIO TELESCOPES COULD DETECT GWS AROUND THE NANO-HERTZ RANGE VIA
PTAS AND IN THE HIGH-FREQUENCY REGIME VIA GW-EM CONVERSION.

» FroM QCD TURBULENCE AND PBHS TO MODIFIED GRAVITY, EXCITING PHYSICS
AWAITS DISCOVERY IN BOTH THE LOW- AND HIGH-FREQUENCY GWSs.

» SKA WILL SIGNIFICANTLY IMPROVE THE DETECTION CAPABILITIES OF EXISTING
PTAS, AND CAN, WITH OTHER RADIO TELESCOPES, POTENTIALLY ALLOW US TO
STUDY HFGWs.



THANK YOU FOR YOUR ATTENTION!@®



BACKUP SLIDE: PTA PARTICIPATING OBSERVATORIES
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o UPGRADED GIANT METERWAVE RADIO TELESCOPE .
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UPCOMING: SKA!
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