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SKA FLAGS

SKA1

SKA2

The Cradle of Life & Astrobiology

Proto-planetary disks, imaging inside the
snowlice line (@ < 100pc), Searches for
amino acids,

Protlo-planetary disks, sub-All imaging (@ <
150 pc), Studies of amno acds.

Targeted SETI. arpon radar 10°4 nearby
stars.

Ultra-sensitive SETI: airport radar 105 nearby
star, TV ~10 stars.

Strong-field Tests of Gravity with

Pulsars and Black Holes

18t cetection of nHz-stochastic gravitational
wave background.

Discover and use NS-NS and PSR-BH
binaries to provide the best tasts of gravity
theories and General Relativity.

Magnetism

The Origin and Evolution of Cosmic

The role of magnetism from sub-galactic to
Cosmic Web scales, the RM-grid @ 300/deg2.

Faraday tomography of extended sources,
100pc resolution at 14Mpc, 1 kpe @ z=0.04,

Gravitational wave astronomy of discrete
sources: constraining galaxy evolution,
cosmological GWs and cosmic strings

Find all ~40,000 visible pulsars in the Galaxy,
use the most relativistic systems to test
cosmic censorship and the no-hair theorem.

The origin and ampilification of cosmic
magnetic fields, the RM-grid @ 5000/deg2.

Faraday tomography of extended sources,
100pc resolution at 50Mpc, 1 kpc @ 2=0.13.

1P SCIENCE

Use
v _ Gas properties of 10°9 galaxies, <z> = 1,
. . Gas properties of 10*7 galaxies, <z> =03, :
The Transient Radio Sky evolulig'n toz=1,8BA0 ogfmlement to Euciig,|  ®voluion 102 =5, world-class precision
S | Galaxy Evolution probed by Neutral cosmology.
sI
“3 Hydrogen Detailed interstellar medium of nearby Detailed interstellar medium of nearby
galaxies (3 Mpc) at 50pc resolution, diffuse | galaxies (10 Mpc) at 50pc resolution, diffuse
IGM down 1o N_H < 1077 at 1 kpe. IGM down 1o N_H < 10M7 at 1 kpe.
Stal
Galaxy Evolution probed in the Radio
Continuum ) ] ] ]
Resolved star formation astrophysics (sub-kpc| Resolved star formation astrophysics (sub-
active regions at z ~ 1). kpc active regions at z ~ 6).
Constraints on DE, modified gravity, the Constraints on DE, modified gravity, the
distribution & evolution of matter on super- distribution & evolution of matter on super-
horizon scales: competitive to Euclid. horizon scales: redefines state-of-art.
Cosmology & Dark Energy

Primordial non-Gaussianity and the matter
dipole: 2x Euclid.

Primordial non-Gaussianity and the matter
dipole: 10x Euclid.

Cosmic Dawn and the Epoch of
Reionization

Direct imaging of EoR structures (z =6 - 12).

Direct imaging of Cosmic Dawn structures
(z=12-30).

Power spectra of Cosmic Dawn down to
arcmin scales, possible imaging at 10 arcmin.

First glimpse of the Dark Ages (z > 30).

© R. Braun 2015
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TESTING GR WITH PULSARS

The current best laboratory - PSR J0/37-3039A/B



TESTING GR WITH PULSARS

Discovered in 2003 [Burgay et al '03; Lyne et al. '04]
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System showing the largest number of relativistic effects
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e P re C i S i O n h ig h e r t h a- n eve r! Strong-Field Gravity Tests with the Double Pulsar
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B.W. Stappers®,” and G. Theurcau'"'***



GR WITH THE DOUBLE PULSAR

e Kramer et a,l 202 I: I mi”ion TOAS PHYSICAL REVIEW X 11, 041050 (2021)

e P re C i S i O n h ig h e r t h a n eve r! Strong-Field Gravity Tests with the Double Pulsar

M. Kramer®,"”" I H. Stairs®," R. N. Manchester®,’ N. Wex®," A.T. Deller®,"® W. A. Coles®,” M. Ali®,"*
M. Burgay J E Camilo®," 1. ngna:d ST Damour®,” G. Desvignes 4T R.D. Ferdman,"” P.C.C. Freire ."
S. Grondin®,”"® L. Guillemot®,""'* G, B. Hobbs," G. Janssen®,'™"* R. Karuppusamy ‘.' D. R. Lorimer ’.,., A.G. Lyne,”

O/ J. W. McKee®,"*” M. McLaughlin®,"” L. E. Miinch®," B. B. P. Perera®,”’ N. Pol®,”* A. Possenti®,”® J. Sarkissian,*
|. GR tested at 99.99% L E Mincho. ... P, N, o

_I I T I T T T T I T I T I T I_

_(: - No GW damping i

:
= °r -
R 7
o - ]
£ SC ~
c 6 .
I B
8 8f .
2 o p
S 10 ~
E 11+ -
< u _
@ 125 7
2 -8 -
T 4l .
32 o N
e -15_— -
S -16[ ]

-17_— -

“ob | Current test at 0.013% | X 1

20 ’

IR NI NN NN AN T N N SRR B N
2004 2006 2008 2010 2012 2014 2016 2018 2020

Year




GRWITH T

e Kramer et al 2021: | million ToAs

* Precision higher than ever!

|. GR tested at 99.99%

Orbit shrinks by 7 mm/day

Precision so high that we need to take
into account relativistic mass loss

8.4 Million tons/s — 3.2 x 10-21 Ma/s

DOUBLE PULSAR
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3. Higher-order light-propagation effects
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Precision higher than ever!
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2. Need to go beyond first order

3. Higher-order light-propagation effects

4. Measuring new PK parameters
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Precision higher than ever!
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DETECTING GW WITH PULSARS

Basic idea: use the Earth-pulsar path as a Galaxy-sized arm of a cosmic
detector on nHZ GWs from SMBHRBs

ATNF - John Rowe Animations

Perturbations Iin space-time can be
detected In pulse times of arrival over a surtable long observation time span



DETECTING GW WITH PULSARS

Basic idea: use the Earth-pulsar path as a Galaxy-sized arm of a cosmic
detector on nHZ GWs from SMBHRBs

ATNF - John Rowe Animations

Perturbations Iin space-time can be
detected In pulse times of arrival over a surtable long observation time span

A single pulsar is not enough -> Pulsar Timing Array



RECTING GW WITH PULSARS

co nmon signal affecting, in a spatially correlated, quadrupolar way
| all the pulsars in-the array




DERECTING GW WITH P

Verbiest+2016

Correlation
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PTA COLLABORATIONS
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PTA COLLABORATIONS

Indian Pulsar Timing Array




PTA COLLABORATIONS

NANOGrav

< InPTA

Indian Pulsar Timing Array




PTA COLLABORATIONS

MeerTime

C—
NANOGrav

< InPTA

Indian Pulsar Timing Array




P A RESULTS



Correlation Coefficient

P A RESULTS

— EPTA data — GW Signature
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Antoniadis et al 2023



PULSARS WITH MEERKAT

TRAPUIM
Transients and Pulsars
with MeerKAI

Timing Searching
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PULSARS WIT

Timing

Relativistic and Binary Pulsars
PTA for GW detection
Globular Cluster Pulsars

The 1000 Pulsar Array

MEERKAT

TRAPUIM
Transients and Pulsars
with MeerKAI
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PULSARS WITH MEERKAT

THAPUM
Transients and Pulsars
with MeerKAI

Timing Searching

|. Relativistic and Binary Pulsars |. SNRs,PWNe, TeV

PTA for GW detection
Globular Cluster Pulsars

The 1000 Pulsar Array

Fermi un-1D sources

Globular Clusters

g ) O

Nearby Galaxies

S S o

Transients (fly’s eye+repeaters)



PULSARS WIT

TRAPUM

TOTAL DISCOVERIES: 220
EXGAL: 14 FERMI: 36 GC: 87

LAST UPDATED: 2023-11-13 12:34

MMGPS-L: 78

ME

—RKAT

MMGPS-S: 3 TEV/SNR

/PWNE: 2
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TRAPUM

TOTAL DISCOVERIES: 220

EXGAL: 14 FERMI: 36 GC: 87 MMGPS-L: 78 MMGPS-S: 3 TEV/SNR
/PWNE: 2

LAST UPDATED: 2023-11-13 12:34

GGCs
FRAREIM e MIsEr ] e
discovered a pulsar with
a companion in the NS-BH
mass gap (Dutta et al.
Science, In press)



PULSARS WIT

TRAPUM
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PULSARS WIT

TRAPUM

TOTAL DISCOVERIES: 220
EXGAL: 14 FERMI: 36 GC: 87

LAST UPDATED: 2023-11-13 12:34

Double Pulsar
3 years of MeerKat rival
| 6 years results in NLO
signal propagation effects
(piereral 2022)

MMGPS-L: 78

ME
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PULSARS WIT

TRAPUM

TOTAL DISCOVERIES: 220
EXGAL: 14 FERMI: 36 GC: 87

LAST UPDATED: 2023-11-13 12:34

Double Pulsar
3 years of MeerKat rival
| 6 years results in NLO
signal propagation effects
(piereral 2022)

ME

—RKAT

MMGPS-L: 78 MMGPS-S: 3 TEV/SNR
/PWNE: 2

MeerKAT PTA

3.8 years of MeerKat

already giving compelling
results. In 2025 MK should
account for 50% of IPTA

sensitivity to GWs



| ONG PERIOD PULSARS AT MWA

GLEAM-X]J162759.5-523504 | | GPM J1839-10

s St min « P2| min

« Highly linearly polarised  Highly linearly polarised

+ L_radio > spindown energy  L_radio > spindown energy
 Active 2 months in 2018 « Active for at least 35 years
- Above the death-line  Below the death-line

Hurley-Walker et al 2022; 2023, Nature



| ONG PERIOD PULSARS AT MWA

GLEAM-XJ162759.5-523504 | | GPM }1839-10

s St min « P2| min

« Highly linearly polarised  Highly linearly polarised
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Hurley-Walker et al 2022; 2023, Nature

POSSIBILITY 2
" White Dwarf




| ONG PERIOD PULSARS AT MWA

GLEAM-XJ162759.5-523504 | | GPM }1839-10

s St min « P2| min

« Highly linearly polarised  Highly linearly polarised

+ L_radio > spindown energy  L_radio > spindown energy
 Active 2 months in 2018 - Active for at least 35 years
- Above the death-line  Below the death-line

Hurley-Walker et al 2022; 2023, Nature

POSSIBILITY 2

probe a previously unexplored transient-timescale parameter space “White Dwart




THE ROLE OF THE SKA

SKA can increase the scientific potential of pulsars by:

|) Increasing the number of test objects

2) Increasing the precision of the timing measurements



THE ROLE OF THE SKA

Search speed = (Acii/Tsys)2 O 3000 PSRs / 350 MSPs
2000 PSRs / 1500 MSPs

20-30 relativistic PSRs

SKA1: Multiplying a factor = 3-4 the known population
SKA2: Multiplying a factor = 10-12 the known population

|00-200 rel PSRs

Timing quality oToa = Tsys/Aeti
40 MSPs; few < 100 ns

SKA1: Timing most of the targets a factor 5-10 better than now
SKA2: Timing the targets a factor 10-100 better than now > [ 00 MSPs: all == i@E8=



THE ROLE OF THE SKA

Better constraint GR and alternative theories

FInd new exotic systems (MSP-MSE MSP-BH; MSP-IMBH; PSR-
SerA*, triple systems...) to test extreme physics

PTA studies of the GWB characteristics and detection of single
sources with SKA-1, and full nHz GWV astronomy of single
sources and implied fundamental physics with SKA-2



SUMMARY & CONCLUSIONS

Pulsars are amazing laboratories
PSRs studies will greatly advance thanks to the SKA

SKA precursors and pathfinders are already giving great and
unexpected results

[taly 1s deeply involved in PSR projects within the SKA
framework

We are looking forward to the SKA!
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