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OUTLINE

» New Pulsars in NGC 6517 discovered with FAST

» Galactic Globular Cluster pulsar population simulation

» Newly binary pulsars from M13 and M92 using segmented search




NGC 6517

75°

e GCs
@ FAST GC Pulsar Survey

NGC 6517

-75°

Ra: 18:01:50.52, Dec: -08:57:31.6;

R sun: 10.6 kpc; Mass: 2.16 £ 0.24 * 10° M, ; T=12 Gyr
(Baumgardt et al. 2023) ; Image Credit: PanSTARRS DR1, PS1 Science Consortium
The densest cluster in FAST sky, p, = 10°2° L, pc3 (13 in all GCs,

Harris. 2010).




The first pulsars in NGC 6517

NGC 6517A 7.18 ms NGC 6517B 28.96 ms 1. Dispersion Measures (DM) range:
20 pdy 9 ply
H u J1801-0857A to C (NGC 6517A to C): ~182.4 cm-3 pc
W NGC 6517D: ~174.7 cm-3 pc.
NGC 6517C 3.74 ms NGC 6517D 4.23 ms S
7 uly 11 puly 2. Only NGC 6517B is in binary system (~59.9 days PB).

H H

3. By analyzing the luminosity function of the pulsars in NGC

T e M e e 6517, NGC 6517 was predicted to harbor roughly 12-17

Pulse Phase Pulse Phase

: : pulsars (Lynch et al. 2011).
Average pulse profiles of the newly discovered pulsars in NGC 6517

with Green Bank Telescope (Lynch et al. 2011).
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More pulsars in NGC 6517 with FAST

New Pulsars:

1. NGC 6517E to I, K and L are isolated.

Period (max sigma): 7.601 ms
FILE: NGC6517 _long DM183.00 ACCEL_100 | CAND#: 10

!
£
|
i 2. These new pulsars are faint with DM range of
|
1)
N 177.8 to 185.6 c¢m™ pe.
‘z1j5;0,5_()c L ,: |

Phase Redused 3 DM (pe/em®) B T R

PRI

4% A \
Period (ms)

The discovery plot of NGC6517E. Left panel is the PRESTO folding Why?

result and right panel is the DM to SNR plot from JinglePulsar code . o
(Pan et al. 2021). 1. The high sensitivity of FAST.

. 2. lgorith to check 1ti
8 new pusars NGC 6517F. F. G, H, I, 4, K, L with FAST New algorithm used to check and sifting

(Pan et al. 2021a,b) possible candidates.
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FAST observation data of NGC 6517

Table 1. The information of 19 FAST archival data of NGC 6517 processed in this paper.

Epoch of observation o ) Observation Length Number of polns Sample time
YYYY/MM/DD (MJD) J2000 J2000 (seconds) (us)
2019/06/25 (58659) 18:01:50.52 -08:57:31.6 1800 2 49.152
2019/07/24 (58688) 18:01:50.52 -08:57:31.6 2513 2 49.152
2019/07/25 (58689) 18:01:50.52 -08:57:31.6 3600 2 49.152
2019/07/26 (58690) 18:01:50.52 -08:57:31.6 1417 2 49.152
2019/10/17 (58773) 18:01:50.52 -08:57:31.6 1800 2 49.152
2020/01/08 (58856) 18:01:50.52 -08:57:31.6 3368 2 49.152
2020/01/19 (58867) 18:01:50.52 -08:57:31.6 7200 2 19.152
2020/01/20 (58868) 18:01:50.52 -08:57:31.6 7200 2 49.152
2020/01/21 (58869) 18:01:50.52 -08:57:31.6 7200 2 49.152
2020/01/22 (58870) 18:01:50.52 -08:57:31.6 4800 2 49.152
2020/01/23 (58871) 18:01:50.52 -08:57:31.6 9000 2 49.152
2020/03/22 (58929) 18:01:50.52 -08:57:31.6 3720 2 98.304
2020/03/23 (58930) 18:01:50.52 -08:57:31.6 3720 2 98.304
2020/04/26 (58964)  18:01:50.52 -08:57:31.6 1365 2 98.304
2020/04/27 (58965) 18:01:50.52 -08:57:31.6 2340 2 98.304
2020/09/13 (59105) 18:01:50.52 -08:57:31.6 7200 4 49.152
2022/04/30 (59698) 18:01:50.52 -08:57:31.6 7200 2 49.152
2022/12/28 (59941) 18:01:50.52 -08:57:31.6 8400 4 49.152
2022/12/31 (59944) 18:01:50.52 -08:57:31.6 8400 4 49.152

1. Observation span:
2019/06/25 - 2022/12/31

2. The longest observation :
9000 s




The plan of data processing
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1. The time delay between two frequencies :

Ve \ 2 P \ 2 DM
s w2 .
e [ GHz CII;{-) ] . (cm_" p(:)

i
DM /nu dl.

o ()

2. For NGC 6517:
(181.3) £ 16 cm3pc (165 -198 cm3 pc)
DM step: DDplan.py routine of PRESTO (0.05 cm™3 pc)

3. Candidates sifting and diagnose

DM (cm~3 pc) of each globular cluster
ADM = DM, ,,—DM,;, in each GC (Yin et al. 2023).

M 53 (5 psr, Lian et al. 2023); NGC 6624 (12 psr,
Abbate et al. 2022). The upper bound:

le(ADM) =1.52x1g(DM ) —1.93

3.1. ACCEL. sift.py routine in PRESTO
3.2. JinglePulsar code
3.3. New pipeline
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Pulsar Candidate Sifting and Synthesis Pipeline

NGC 6517B, PB ~ 60 days M13E, PB ~ 0.11 days

2 Pulses of Best Profile Search Information 2 Pulses of Best Profile Search Information
Candidate: ACCEL_Cand_1 RA 5000 = 12:34:56.7890 DEC 5000 = —12:34:56.7890 Candidate: ACCEL_Caond_284 RAjpopo = 12:34:56.7890 DEC 090 = —12:34:56.7890
Telescope: FAST Folding Parameters Telescope: FAST Folding Parometers
Epochy,,, = 58867.09722222222  DOF,; = 59.88 x’.4 = 7.388 P(Noise) < 9.76e—60 (16.30) Epochy,,, = 60256.17847222222 DOF = 36.18 ), = 4.192 P(Noise) < 4.34e~16 (8.00)
Epochyg, = N/A Dispersion Measure (DM) = N/A Epochy,, = N/A Dispersion Measure (DM) = N/A
p— = 4.9152¢-05 Propo (M) = 28.95910739;) Poary (Ms) Tacmpis = 4.9152e-05 Piope (Ms) = 2.486926799(12) =P, (ms) = N/A
Data Folded 52690944 P'iopo (5/5),= 0.0(1.6)x10° 7 Pyor (s/5), Data Folded = 369491968 Pliope (8/8) = 2.6611(51)x107'2 P\ (s/s) = N/A
Data Avg 2.587e+05 P"iopo (8/5%) = 0.0(4.0)x10 Pluary (8/5%) = N/A Data Avg = 2.395e-09 Pipe (5/87) = 0.0(1.8)x107"® Py (s/s%) = N/A
Data StdDev 2332 Binary Parameters Data StdDev 5.232¢-05 Binary Parameters
Profile Bins 64 Pory (8) = N/A e = N/A Profile Bins = 64 Py (8) = N/A e = N/A
Profile Avg = 2.13e+11 a;sin(i)/c (s) = N/A © (rad) = N/A Profile Avg = 0.01383 a,sin(i)/c (s) = N/A w (rad) = N/A
| Profile StdDev = 2.116e+06 Tpen. = N/A 1 Profile StdDev = 0.1257 Tnﬂri = N/A
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(Yin et al. in prep)




More new pulsars

Time (s)

Time (s)

The raw data folding plots of NGC 6517M to R from PRESTO
NGC 6517M (p~5.36 ms NGC 6517N (p~4.99 ms NGC 65170 (p~4.29 ms)

2 Pulses of Best Profile Search Information " y i i
ote: ’ - 2 Pulses of Best Profile Search Information 2 Pulses of Best Profile Search Information
Candidate: PSR_1801-0857M RAjz000 = 12:34:56.7890 DEC,p090 = —12:34:56.7890 Candidate: PSR_1801-0857N RApo00 = 12:34:56.789! DEC,p009 = —12:34:56.7890 Cundidu(e: PSR_1801-08570 RAjpgoo = 12:34:56.7890 DEC, 000 = —12:34:56.7890
Telescope: FAST Folding Parameters Telescope: FAST Folding Parameters FAST Fol \ding Parameters
Epoich,;,, = 58044.13055555556  DOFy = S0I55 = 0.165 f(ﬁ"““) <1 (0.00) Epoch,,,,, = 58868.08333333334  DOFq = 0.640 P(Noise) < 0.977 (0.00) Epnch 59941.13888888889  DOF, = 47.08 ), = 0.252 P(Nmse) Al (0.00)
Epach,,,, N Dispersion Measurre (DM; pe/cm?) 79 Epochyy = N/A Dlﬁpersmn Measure {DM; pc/cm®) = 182.642 Epachwy Dispersion Measure (DM; pc/cm’) = 182.485
Tomis D 4S152e 05 ;,m 5 (3]5367254?5'_9 Paw ('“S) /A amile = 4.9152e-05 w” (ms) = 499434595(A3) Prory (ms) = N/A = 4sise0s b, po (M3) = 4.2870697(11) Pm (ms) N/A
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Timing solutions of new pulsars
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1. 17 pulsars in NGC 6517, Only NGC 6517B 1s in binary system.

2. Their are almost 1solated, consistent with the expectation of core-collapse clusters

(e.g., Verbunt & Freire 2014).
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The positions
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Globular Cluster pulsar population simulation

Method empirical Baye3|an from Turk & Lorlmer 2013
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Outside FAST sky: Liller 1, NGC 6441(9 psrs), M54 (NGC 6715), and w-Cen (NGC 5139, 18 psrs), etc..
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Other discoveries in M13 and M92

PID: PT2023 0185 PI: Yin Dejiang (Pan, Wang and Yan)
Project Title: Long-term monitoring for spider pulsars in Globular Clusters within FAST sky
M92B, P~3.511 ms, DM~35.35 pc cm™3, PB ~ 2.3 days (Pan et al.)

2 Pulses of Best Profile Search Information
Candidate: ACCEL_Cand_23 RA 5000 = 12:34:56.7890 DEC 5000 = —12:34:56.7890 2 Pulses of Best Profile Search Information
Telescope: FAST Folding Parameters ) Candidate: PSR_1717+4308B RA 2000 = 12:3}4:56.7890 DEC 5000 = —12:34:56.7890
Epochmpo = 60310.03402777778  DOF 4 = 43.41 ered = 8.431 P(Noise) < 1.26e—52 (15.20) Telescope: FAST Best Fit Parameters
Epochygy = N/A Dispersion Measure (DM; pc/cm®) = 35.350 Epochy,o, = 58351.44097222222  DOF = 43.41 ered = 14.227_ P(Noise) < 1.27e—147 (25.80)
Tesiriols = 4.9152e-05 Piopo (MS) = 3.511()93060(791 Ppary (Ms) = N/A Epochygy = N/A Dispersion Measure (DM; pc/cm®) = 35.300
Data Folded = 156499968 Pliopo (5/5) = 1.816(80)x107'% P, (s/s) = N/A sample = 4.9152e—05 Piopo (Ms) = 3.511606088(19) Pyqy, (ms) = N/A
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Other discoveries in M13 and M92

PID: PT2023 0185 PI: Yin Dejiang (Pan, Wang and Yan)
Project Title: Long-term monitoring for spider pulsars in Globular Clusters within FAST sky
M13G, P~4.323 ms, DM~30.75 pc cm3, PB ~ 0.12 days M13H, P~11.2 ms, DM~30.75 pc cm=3, binary ?

2 Pulses of Best Profile Search Information
2 Pulses of Best Profile Search Information Candidate: ACCEL_Cand_206 RA 5000 = 1?:34:56.7890 DEC 5000 = —12:34:56.7890
Candidate: PSR_1641+3627G RAjp000 = 12:34:56.7890 DEC 5000 = —12:34:56.7890 Telescope: FAST _Felding: Rarameterd
Telescope: FAST Folding Parameters . Epoch,,,, = 59488.34583333333  DOF 4 = 57.35 xzred = 0.254 P(Nolse) <1 (0.00)
Epochy,,, = 60256.17847222222  DOFyq = 47.23 X4 = 2.988 P(Noise) < 2.75e—11 (6.60) . Epochyy, = N/A Dlsperswon Measure (DM; pc/cm®) = 30.750
Epochbu = N/A Dlsperslon Measure (DM; pc/cm®) = 30.750 [ sample = 4.9152e-05 topo (ms) = 11. 208447(31? Pbary (ms) = N/A
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Data Avg = 1.729e+05 P opo (8/87) = 0.0(6.0)x10™ P (s/s ) = N/A ° Data StdDev = 2457 Binary Parameters
Dutu. Stdpev = 2234 Binary Parameters : Profile Bins = 64 Pos () = N/A e = N/A
Profils Bing; = 64 Pory (.s) = N/A e = N/A . Profile Avg = 1.312e+11 a,sin(i)/c (s) = N/A w (rad) = N/A
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Binary model: BT
Mass function (M) = 0.000000318469 +0.000000000389 Detection rate: 2/ 71
Companion mass (M,,): 0.008376 < 0.0097 < 0.0193
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Conclusion

» Six new pulsars were discovered, a total of 17 (+3) pulsars in NGC 6517 now (13 from FAST!); With
these discoveries, NGC 6517 is currently the GC with the most known pulsars in the FAST sky (3t in
all GCs).

» The phase-connected timing solutions of NGC 6517K to O were obtained. The fraction of isolated
pulsars in this GC (16 of 17, 94%) 1s consistent with previous studies indicating an overabundance of

isolated pulsars in the densest GCs.

» Using empirical Bayesian method approach with the recent counts, we find that the expected number of
potential pulsars in GCs seems to be correlated with the central escape velocity; hence, the GCs Liller 1,
NGC 6441, M54 (NGC 6715), and ow-Cen (NGC 5139) are expected to host the largest numbers of
pulsars.

» New discoveries in M13 and M92 (M13G,H and M92B).
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