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Pulsars in Globular Clusters

Globular Clusters (GCs) are spherical,
gravitationally bound groups of 104 - 106
stars.

Currently ~150 known orbiting the
Milky way.

https://www.physics.mcmaster.ca/~harris/mwgc.dat

Star densities at the GC cores
over |03 per cubic parsec.

|deal environments for formation and
disruption of binaries, for the spin-up of
pulsars through accretion processes, and
the formation of exotic systems through
repeated exchange interactions.



http://www.physics.mcmaster.ca/Globular.html

Exciting pulsars can be found in Globular Clusters!
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Pulsars as probes of GC dynamics

Pulsars in GCs can also be used to
study the gravitational potential of
the host cluster (e.g. Phinney 1993). . -

And possibly address questions
such as:

Is there an IMBH at the
center of some clusters?

See e.g. some recent papers:

* Freire et al. (2017)

* Perera et al. (2017) Mt Sl e TGS
* Prager et al. (2017) ~ .. Z '  : 4 Ol.)\své/r;/er |
e Abbate et al. (2018, 20193, 2019b)

Adapted from HST image - -

e and others...



The estimated GC pulsar population

150 pulsars in 28
globular clusters
in 2018

However, Turk &
Lorimer (2013)
estimated a population
between 600-3000
potentially observable
Galactic GC pulsars.

Where are all the
others!?

Adapted from HST image
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The MeerTime and TRAPUM Large Survey Projects
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A first GC census with MeerKAT

We observed the central regions 9 of different GCs from March 2019 to August 2020

NGC NGC NGC NGC
47 Tuc M30 6752 6397 6624 M62 M28 6522 Terzan 5

8 new pulsars

Name PO (ms) Type NGC 6624G
47 Tuc AC 2,74 Binary 6.091928 -
47 Tuc AD 3,74 Binary B
M62 G 4,61 Binary g 6.091489 -
Ter 5 AN 4,80 Binary E
NGC 6522 D 5,53 Isolated £ 6.091051 -
NGC 6624 G 6,09 Binary 2 Q
NGC 6624 H 5,13 Isolated > 6.090613 - - 03
NGC 6752 F 8,48 Isolated % c
6.090175 1 | | |
2 Found in 6 different clusters e M o

2 All of them MSPs (P < 10 ms)

P 5 binary, 3 isolated QUi (6 —— ) 0 ._ , '



The TRAPUM GC survey
Targeting 28 different GCs

NGC 104 (47 Tuc) NGC 5139 (w Cen) NGC 6342 Terzan 5 NGC 6522
NGC 362 NGC 5946 Liller 1 NGC 6440 NGC 6544
NGC 1851 NGC 6093 (M80) NGC 6388 NGC 6441 NGC 6541
NGC 2808 NGC 6266 (M62) NGC 6397 NGC 6517 2MS-GCO01

Mercer 5 NGC 6656 (M22)

NGC 6624 NGC 6717
NGC 6626 (M28) NGC 6752

NGC 6652 NGC 7099 (M30)

51 discoveries (in < 10% of data) as of today

http://www.trapum.org/discoveries.html

Spin periods Peculiar objects

44 millisecond pulsars 3 highly eccentric binaries

5 mildly recycled
| long-period (~250 ms)
| very long-period (2.5 s)

Several eclipsing spiders



New pulsars in NGC 851

NGC 1851

| pulsar known -
discovered by GMRT

by Freire et al. (2004)

Credits: NASA

Discoveries: Timing:

[ Rdon e ar 00y |

Dutta et al. (in prep.)

13 new pulsars by MeerKAT

Name
NGC 1851B
NGC 1851C
NGC 1851D
NGC 1851E
NGC 1851F
NGC 1851G
NGC 1851H
NGC 1851I
NGC 1851J
NGC 1851K
NGC 1851L
NGC 1851M
NGC 1851N

P (ms)
2,8162
5,5648
4,5543
5,5952
4,3294
3,8028
5,5061
32,6538
6,6329
4,6920
2,9586
4,7977
5,5679

DM (pc cm-3)

52,07
52,05
52,17
51,95
51,63
51,01
52,26
52,42
52,06
51,93
51,23
51,66
51,11

Type

Isolated
Isolated
Isolated

Binary
Binary
Binary
Binary
Binary

Isolated
Isolated

Binary

Isolated
Isolated

744 d
0.71

65.4°
278 s

Mc > 1.5 Mgun
(for Mp=1.4 Mun)



http://trapum.org/images/discoveries/NGC1851C_discovery_plot.png
http://trapum.org/images/discoveries/NGC1851J_discovery_plot.png
http://trapum.org/images/discoveries/NGC1851K_discovery_plot.png
http://trapum.org/images/discoveries/NGC1851L_discovery_plot.png
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Not only new pulsars...



2 Pulses of Best Profile

=

Monthly Notices
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A super-long observation of 47 Tuc

| 6-hour observation of 47 Tuc with the UHF receivers

Longest observation of a GC of all time

Scientific goals:

29 pulsars known * Measure polarization profile with much better precision than Parkes

in the cluster * Try and detect the Shapiro delay of several pulsar-VWD binaries

* Discover many additional pulsars

JO024—7204L JOD24—-7204L_total.RM
Freq: 815.934 MHz BW: 544 Length: 82813.898 S/N: 232.020

Most precise DM and RM measurements to date

Evidence of turbulence in the intracluster medium
Likely driven by the motion of wind-shedding stars

Pulse Phase



The relativistic binary NGC 6752A

| 1 | I | | |
P=3.26ms °r 02 o | Timing with
45 - ot | LB - +
Pb = 0.84 days .l / o DE ......... o | Parkes + MeerKAT
He WD companion 151 A TR *
[0 A D.B .................................... -
74 rcore from center 15 F T - » Shapiro delay
: 3t C - * Orbital decay
Does it really s | ] - Proper motion
blelotng ,to the 6L i * Mp=1.55 Msun
ciuster! ! | 1 i ! | | . —
6 4 2 0 -2 -2 -6 Mc=0.202 Msun
3D velocity < GC escape velocity - Yes, it belongs to NGC 6752!
Parameter Symbol
Mass (Mg) Mc
Distance (kpc) D
Seddening (mag) BBV Test of M-R relations
—band magnitude (mag my
B-band magnitude (mag) m; OfWD mOdels

V-band magnitude (mag) my
Surface temperature (K) Ters
Surface gravity (c.g.s.) log,, &
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TRAPUM
MeerKAT GC survey
o =11 ) haoi 1
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Today

MeerKAT
(64 dishes)

(S-band in 2023) !

300 GC pulsars!?

Outlook

2024

MeerKAT+
(76 dishes)

400 GC pulsars??
MSP-MSP binary??

In any case....

~2028

SKAI-mid
(197 dishes)

1000 GC pulsars???
Pulsar-BH binary???

These are very exciting times for GC pulsar astrophysics!



Summary

¢ MeerKAT is a game changer for GC pulsar astrophysics
e Enables observations of southern GCs with unprecedented sensitivity
e Up to 2x more sensitive than GBT, > 4x more sensitivity than Parkes
e Paves the way for SKAI-mid

MeerKAT GC |
publications:

¢ Exciting results from the first 2.5 years of data

* 59 new GC pulsars discovered
* |3 new pulsars in NGC 1851

* 13 new pulsars in QQ Centauri

Abbate et al. (2020b)
Ridolfi et al. (2021)
Vleeschower et al. (2022)

Douglas et al. (2022)
Ridolfi et al. (2022)
Abbate et al. (2022)

Corongiu et al. (submitted)

Abbate et al. (submitted)
Barr et al. (in prep.)
Chen et al (in prep.)
Dutta et al. (in prep.)

Balakrishnan et al. (in prep.)

o At least three very eccentric MSPs
* NGC I851E is a massive binary
* Most detailed study of giant pulses from an MSP to date

e Characterization of M30B after two decades

THANK YOU!



