T . . : 3 ‘e
+ 4

. Searching.for pulsars in Nearby Galaxies with MeerKAT

++

o s . PhD supervis'}ad gbnyIfoff Ben Stappers amd Dr. Lina Levin Preston f
i + Je Timing and Imaging of compact sources with SKA pathfinders and precursors

ot

+

+
+
+ . + - ++
+ : J +
+. + omes L L Kerastard,'G - e -
. e XA 4 e 00 L Kerastari,‘Greece: - 4t .
+ %+ + + : ¥ g + + + : +
* PR + . 3 +e +
+ i + 3 + i + +o . s e FE
+ + L4 4 . ++ e, S SR K +
L + + + + b + /N S .. 4+ & -+t R by g Wit Wi 4+ 32 * +
i B + % gk A A A e * t 4 + ++ + i + + R
4 + + + & tik F 8 P Y + &+ ¥4 4 i ++ t iy v
+ + + - + +he 43+ - 1*} . + + .
+ + 44 g + + & Yy + =% 17 + + < +
4 3 ++ it ++ K :*»—fm\— +# ++ :tii’z ++h+1”;$t ++#+ 4 Itﬁ" +wf*++++& 4+ +F el :* = +t Ll + s
+ o + . + ¥ +
+ + + R S A e Y . % f* £ St o + 5 a = %
.3 + AR + £ ¥ 4§ M %*f‘&+ i + oy e e SRtk S 14
- + TR e £ o ks + + F
++ + oy +*++‘?E + g m_** *-F"+*+‘ * ++1+++ 3 f ++*=H'++ "'_\G&'*‘-ﬁ.** f _!F_t++# N +++E"4F" * i A + + A
3 + ++ + iy +4 Jg » I s +$Qt ++:¢‘+ P L +¢++ +¢++#+* T '::; + ah ey S b g ++;+i$5¢ iﬂﬁ*ﬁ it + +
S ¢ . + + by +
o FIY S *‘hf*' A R e R Crmi e A . + 4 ++ + ¥ + i * +
+ 5 H + + + ¥ .
: e FR R +H &L + 4 + B + et e # % s + * BT 1 O + + +
Fae Gt 3 ++ ' x o + + * + H y + + + S o + + +
+ T+ i o + + H + 4+ “ + +
i e s R + R ", 7S S o 4 + R S q + + + N o e
+T AN e T i * + - ot + " ¥ + +4 b F Yo o« » bt + +. L .
B4 ke Ea s ++ +. & 0 +T4 + + + > R i S
+ 2 + + + .
4 Sty +i o4+ + % . + . 4 + + + & + o+ - i
+ 4 + + + ++ + o 2 + + 4 + . “
5 + elr oo ta T ey + Sk T
- T R - 4 + + 4 i iy + ¥ ;f
b + RS i @ == + & i
+ + + + e + * + Ead
+ + * + + .
+ ¥ + + L 4 + 2 +
+ + +
-+ +
+ : + ? + + +
+ . + + +
+ + -
* +
A . +*
+
+
+
+ +
& T + + +
5 ++
™ + + . 1 i1d
+ + AT
D :
+ + ¥ +
.+ * smal| Mai lof, - * > -
+ +le++ ¥+ o+
+ +
. +
+ .
+
" + +
+

" i \
UK Research A P U | MANCHESTER

and Innovation 1824
Transients and Pulsars with MeerKAT

The University of Manchester



TRAPUM: a MeerKAT Large Survey Project

Pls: Michael Kramer and Ben Stappers
Project Scientist: Ewan Barr

Builders: W. Chen, Y.P. Men, P. Voraganti Padmanabh, L.
Kuenkel, V, Ventakraman Krishnan, J. Behrend, D. Horn and
more...

Pulsar and transient searches:
* Fermi gamma-ray sources (Chair: Rene Breton)
* Galacticplane (Chair: Ewan Barr)

e Supernova Remnants, Pulsar Wind Nebulae,
TeV sources (Chair: Ben Stappers)

* Globularclusters (Chair: Alessandro Ridolfi)
TOTAL DISCOVERIES: 191

EXGAL: 13 FERMI: 27 GC: 72 MGPS-L: 78 TEV/SNR/PWNE: 1 ' e '
LAST UPDATED: 20230531 00:02 * Nearby Galaxies (Chair: Lina Levin Preston)

b TRAPUM.ORG/DISCOVERIES/

Follow-up (Chair: Marta Burgay)

Emma Carli - Pulsarsin Nearby Galaxies with TRAPUM/MeerKAT



TOTAL DISCOVERIES: 191

EXGAL: 13
LAST UPDATED: 2023-05-31 00:02

FERMI: 27

GC: 72

TRAPUM: a MeerKAT Large Survey Project

MGPS-L: 78 TEV/SNR/PWNE: 1

b TRAPUM.ORG/DISCOVERIES/

Pls: Michael Kramer and Ben Stappers
Project Scientist: Ewan Barr

Pulsar and transient searches:

* Fermi gamma-ray sources: talk by Marta
Tuesday

e Galacticplane: talk by Miquel Wednesday,
Prajwal Thursday

e Supernova Remnants, Pulsar Wind Nebulae, TeV
sources (James Turner)

* Globularclusters: talk by Arunima Wednesday

Nearby Galaxies: this talk

Follow-up (Marta Burgay)



The MeerKAT telescope

PP 90 s ey % ¢ (XX 2

SKA South Africa

Enrico Sacchetti

* Precursor of the mid-frequency component of the Square Kilometer Array
* MeerKAT: interferometer in the Karoo desert in South Africa

e 64 dishes of ¥14m diameter, 8km longest baseline

* L-band, S-band, UHF receivers =
T
A —N)
e Pulsar timing and searching backends SARAO

Danielle Futselaar

Emma Carli - Pulsars in Nearby Galaxies with TRAPUM/MeerKAT



Why extragalactic pulsars?

Rare: Of 3k pulsars discovered, 31 are extragalactic

" MC
v e Allin the MagellanicClouds, radio discoveries with Murriyang
1983-2022

SMC #
* New observatory with higher sensitivity : more pulsars to find!

Jacques C Astrophotography

» Different galaxies: properties impact pathwaysto Neutron Stars
and population

Compare with extragalactic NS merger rates from GW

FRBs are linked to NS, one repeater in a similar galaxyto the MCs

CSIRO

Emma Carli - Pulsars in Nearby Galaxies with TRAPUM/MeerKAT



MAX PLANCK INSTITUTE
FOR RADIO ASTRONOMY

Beamforming
Wlth CoL e . © ASKAP EMU radio image of the Small Magellanlc Cloud

FBFUSE o

(MOSAIC, Chenetal.2021) _ a ey
X 9.
o
f d Magnetar

Known pulsars

PWNe

- Recent star formation: many Supernova Remnants, Pulsar Wind Nebulae

Emma Carli - Pulsars in Nearby Galaxies with TRAPUM/MeerKAT



MAX PLANCK INSTITUTE
FOR RADIO ASTRONOMY 7%

- Beamforming -
. with
FBFUSE .

(MOSAIC, Chen etal.2021)

. 4”800' beams per obs (<1' width), placed
freely around pointingdirection.

.. Murriyang"l\/lulti Beam has 13 beams
(14' width): we cover 5x less area
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: *» ‘More freedom of placementand easier
, localisation than Murriyang

Emma Carli - Pulsars in Nearby Galaxies with TRAPUM/MeerkKAT . .
ASKAPEMU radioimage—Joseph et al. 2019



MAX PLANCK INSTITUTE
FOR RADIO ASTRONOMY % Sea rChing on APSUSE

« On-site processing in computing cluster
undergound

« Periodicity search, segment acceleration
search, transient search

SN\

« About a month of processing before
see candidates, then raw data deleted

SKA South Africa

- Data kept in reduced resolution for potential
future reprocessing e.qg. FFA

Ewan Barr

Emma Carli - Pulsars in Nearby Galaxies with TRAPUM/MeerKAT



I | . Irregular dwarf galaxy 60 kpc away

Previously known

n : =]
in the SMC A .
praBHCtar - « 7 radio pulsars; median DM 115 pc cm®
nj" - SR :
P * Prediction to find 10 additional radio
f e pulsars with MeerKAT if scan whole
' i - galaxy (Titus et al. 2020 ~
2 : Young X-ray 2 Vil l.JS e. .a )
f ; pulsarin PWN
7 known apo T, L, : -
radio pulsars : ' s ~ ¢
v}
’
. PWN

ASKAP EMU radio jmage - Josephetal. 2019 - Emma Carli - Pulsars in Nearby Galaxies with TRAPUM/MeerKAT



‘Discoverie's
in the SMC

ASKAP EMU ra dio.ImagefJoseph etal. 2019

* 7 rotation powered radio
pulsar discoveries, 3 of which are <100kyr

old
o
= ~» Highlights: Two young Big Glitchers, one in

PWN, one young antiglitcher?

T a # : : . :

/v" - / * Alllocalisedto a few arcseconds upon
| - .
o B sy ' discovery: SeeKAT
. ; ' p (Bezuidenhoutet.al., 2022 RASTI submitted)
o : Young X-ray pulsar in PWN

Radio upper limit (Carti et al.2022)

.\\ﬂ

/ PWN pulsar
J found ! Too
faint in X-rays

* .All have timing solutlons (MeerkAT and Murriyang
timing campaigns)

Emma Carli - Pulsarsin Nearby Galaxies with TRAPUM/MeerKAT



Discoveriés in the SMC
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Glitch monitoring of pulsars @ Murriyang
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ASKAP EMU radio image — Pen}iock etal. 2022 N }

o . S Ons,
: S _ : &~ ZM.CS/;O
Previously known pulsars in the LMC ‘ 2 wn;
e i Venu . - : LS
?
o ¥ 0 7 Work"ied by Venu Prayag and Marisa Geye
(UCT) T . '
= * Irregular dwa rf'gz;Iaxy 50kpc away
. - ~
| : * 25 radio pulsars known, mean DM 107 pc cm=
Known o .
radio pulsars . e 5 Pulsar Wind Nebulae, 2 with pulsars
< _ = ' e e LMCCrab bulsar twin: seen in X-rays,
4 d o e : ~ gamma-rays, optical & giant pulses
: ' . Emma Carli - Pulsars in Nearby Galaxies with TR_APUM/IVIeerKAT : ‘ i



ASKAP EMU radio image — Pennock et al. 2022 : . "'}

",‘ ' . a P . B e : .-..“. | On/yDa,-tof
. . - : - : - Ly,
Discoveries in the LMC ; Vil 8 “Show,,,
g of £ G ; Venu | _ ) : - : (}/'\

New puls'airs ! }

(‘" o
. & A {1 A RS 4/26! 6bservationscomp|ete
/ « 7.pulsardiscoveries: 300ms to 1.6s
e N
g : r'-*f;‘-/ e One ~20ky puIs§r
P Y AR X ks
y ® - . % | o associationsyet ° -
' ; ; : * No detectionin SN 19.87A yet

~* Allhave solutions except for one
;.Q : : Emma Carli - Pulsars in Nearby Galaxies with TRAPUM/MeerKAT . faint pulsar :



’.' JOL09—-8845
Discoveries
in the LMC
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Emma Carli - Pulsarsin Nearby Ga,fa%es with MeerKAT



ASKAP EMU radioimage—Pennock e'tal.2022
. .
Dlscoverles

in the.LI\/IC'

ibpulsar

* Incoherent beam discovery |||
; : 3 . S . 'I SR T I |“| ll '\l “ I\' | | ||(‘
* Incoherent beam ~ Murriyang sensitivity a' ‘| || T ||,u-1 ) | ,\ |l|||||"||||l”
: . . : | l-,‘l \I' 1 ‘ || III |I ;' | | | J i
| i

Not found in Murriyang.archival data of
previous LMC surveys |

o Emma Carli - Pulsars in Nearby Galaxies with TRAPUM/MeerKAT



Other galaxies

Heinrich

. - ¥ T\
. ; =Y
» *‘5& SRl
« Sextans A and B: serendipitous * Sculptor Galaxy : upper limits

(Heinrich Hurter & Christo
Venter, NWU, South Africa)

background FRB discovery.
Localisationin progress

Emma Carli - Pulsarsin Nearby Galaxies with TRAPUM/MeerKAT

Lucia

A. Tsuboi/Kavli IPMU
Nature Astronomy- Crockeretal. 2022

#2755

Sun

Fermi Bubbles

Sagittarius Dwarf

e Sagittarius dSph gamma-ray galaxy

search for millisecond pulsars under
way (Francesca Calore and Lucia
Gebauer, CNRS Annecy, France)



e | s Summary

« TRAPUM Nearby Galaxies has so far doubled the
Small Magellanic Cloud galaxy pulsar population

 SMC survey nearly finished, now searching a Globular Cluster

of the SMC

4 « Large Magellanic Cloud Survey has 4/26 observations
complete and has already discovered 7 pulsars

Gilbert Vancell Nature Photography

» Currently searching for Millisecond Pulsars in the Gamma-
Ray emitting nearby Sagittarius dSph galaxy

« Set deep limits on other galaxies + serendipitous FRB

. discovery
UK Research MANCHESTER * Anyquestions? @A P U |\4
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