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Outline

Gravitational Waves and Pulsar Timing Arrays
Pulsar Census

Completion of CPTA DR1: Polarimetry, Scintillation, Noise Analysis,
Single Source GWs...

New Dataset
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. . e 5Solar system ephemerides
PUISar T|m|ng * [nstruments
® Radiometer noise - white
e Jumps between and in backends - deterministic
® Clock errors
e (ravitational Wave
® |ndividual SMBHBSs, continuous GW sources

e Pulsars
® Position, parallax, spin-down, orbital motion, etc

® Pulse jitter - white
® Pulse profile changing and glitch
o |SM

® DM event - deterministic

® Mergers of SMBHB, passing-by massive objects
- bursts

e Cosmic strings, loops, cusps, kinks, bursts

® |nterstellar refraction, ditfraction, scintillation,
scattering

JISU-UTA e Continuous GW (Single Binary)

69.00 pis

Interstellar medium

J1857+0943
1.39 s

Aty et ishagal Ll T T ,‘ YO i1

JLPO-3T i o ik Stochastic background (GWB)
043 s PR BT,

J19394-2134
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Agazie et al., 2023 Zic et al., 2023



Pulsar Timing Arrays

NANOGrav
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Completion of DR1



Pulsar Census—Search More CPTA Pulsars

log(TOA uncertainty (us))

Periods (s

X
Lo
o
=
=y,
=

O O OOO OO
M~ O n < m N

sies|nd Jo Jaquinp

Fyzor-gszzl
r9ost1+sezel
FyTT9+6222(
FLeto-zzeedl
FGETS+sTZEl
FZros+sozel
FooLz+vozzl
Fervs+srtel
- esot+Lvoel
rovLz+eroz(
- 9vzo+evozl
- gvreT+9102(
F1soc+otozl
Fezrz+iroozl
FOTSZ+LS6T(
Fyive+osetl
F90TE+6Y6T[
F2S0Z+9v61(
FotzZ+eEveT(
® | yETZ+H6E6T(
FZroz+seestl
FBSOT+LE6T(
F GZOZ+SERTl
F9ZLT+GERTS
FOZLT+HEERT(
R ITAS 4|
rIvvZ+oc6Tl
FSvzr+azetl
F0zZLT+SZeT(
F6Z6T+1Z61(
- 9091+S16T(
FZOTT+ETRT(
FLT0t+etetl
r 8T90+€16T/(
F¥SP0+906 T/
- Z1vo+roet/
FGZT0-T06T(
Fosto+Ivstl
F Ev90-0t8T(
= ¥090-LE8TS
Fy1T0-SE81(
F LZ80-€€8T(
- ZS60-1e81(
r 6Z90+8Z81/
- 61E0-5281(
- GSTO+T1Z8Tl
FOTSE+918T/
RAZASN L
F 618Z+908T(
- GELO-vOBTI
r BSET+E08T/(
FZE00+HSLTI
FZS60-SrLTl
FTT80-LELTS
- 0SSE+0E9Tl
FG1E0-ZZ91l
- 8590-1SS1f
- 90ET+ZOvTl
FGSLO-LZETS
FLSTO-L1ET!
FIS00+ZIET(
- EEB0+TOET(
FOvZT+00ET(
Feg90-1ZZTf
FeLTIO+ZrLLl
F9Et0-StOTl
Froot+zzotl
F L090-ZS60(
FOTTv+evLol
r 8Sr0+60L0(
F 90L¥+E590(
Fr1sz+rezool
F0ETZ+6090(
F0SST+£5S0(
- T0BE+6050(
F6SST+ESHO(
- 9vpZ+Lvrol
FL09T+L0v00
FZEPO+8PTEOl
FSTLT+LEEOf
FosZr+8+zol
Fzzest+rieol
r GS8y+90T10(
- 6£8v+ZoTol

o Te} o Te}
m o N —

sles|nd jJo Jaquinp

Jale

idates for CPTA

(sr) Sy

der work

ble cand

., in prep.

e ~40 pulsars TOA uncertainty < 1us
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Wang Lin et al




Pulsar Census

e \ery high quality polarimetric
profiles

145-095

e Updated RM and DM

1 39 pulsars

PA. (deg
3

Number of pulsars
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Wang Lin et al., in prep.



Completion of DR1



CPTA DR1 Overview

o FAST: Tsys~20 K, Gain~16 K/Jy

e 19

e 5/ pulsars, 17 Isolated pulsars, 40 binary pulsars.

Beam receiver @1.25 GHz (500 MHz bandwidth).

e Data from Apr 2019 (for data releaset; to Sep 2022, * ea
data span >~3 years)

Galactic Latitude (°)

330

=75 Galactic Longitude (°)

Xu H., et al., in prep.

Year

2019.5 2020.0 2020.5 2021.0 2021.5 2022.0 2022.5

J00234-0923
J0030+0451
J0034—-0534
JO154+1833
J0218+4232
J0340+4130
J0406+3039
J0509+0856
J0605+3757
J0613-0200
J062141002
J0636+5129
J0645+5158
JO732+2314
JO751+1807
J0824+0028
J1012+45307
J1024-0719
J1327+3423
J1453+1902
J1630+3734
J1640+2224
J1643—-1224
J17104+4923
J171340747
J1738+0333
J1741+1351
J1744—1134
J1745+1017
J1832-0836
J1843—1113
J1853+1303
J1857+0943
J1903+0327
J1910+1256
J1911+1347
J1911-1114
J1918—-0642
J1923+42515
J1944+4-0907
J1946+3417
J1955+2908
J2010-1323
J2017+4+0603
J2019+2425
J2022+2534
J2033+41734
J2043+1711
J2145-0750
J2150-0326
J2214+3000
J2229+42643
J22344-0611
J2234+0944
J2302+4442
J2317+1439
J232242057




Polarimetry

o Extremely high quality profiles
e [itting Rotation Measures (RMs), and derive Galactic Magneti¢ field.
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Scintillation

e Scintillation is prevalent

e \We measured the scintillation bandwidth, timescale, arcs, and the correlation
with DM and timing

J0340+4130
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Modeling

1ISE

le Pulsar Nol
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e Detailed noise analysis using several pipelines

and comparisons between DM noise and

DMX
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Single Pulsar Noise Modeling
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Single Pulsar Bounds for Singe GWSs

e \We have set bounds on single source GWs in the
MmHz range using our best millisecond pulsar PSR
J1713+0747 (Caballero et al., submitted)

e \We are working on full-sky single source blind
search and targeted search.

- Averaged sky 95% 3 -~ PSR J1713+0747
-== Best sky 95% ] — Cassini

"

F 4

N. Caballero

Zihan Xue



New Dataset



New Data Set

e More pulsars (>10) for possible future
iInclusions

e Extended data set (ITmax>5 years vs
DR1 3.4 years)

e More complex timing noise.
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Distances & Post-Keplerian Parameters

e For DR

by ~15%

e New measurements of post-Keplerian parameters in JO/32+2314
(H3), JO751+1807(PBdot), J1643-1224(xdot), J2317+1439(5tig), with

1yr data, Significant parallax measurements for 40 pulsars,
6 more compared with DR1, on average, measurement errors reduced

significant improvements on lots of former measurements

Pulsar name

JO218+4232
JO613-0200
JO621+1002
JO751+1807
J1012+5307
J1630+3734
J1640+2224
J1713+0737
J1741+1351
J1853+1303
J1857+0943
J1903+0327
J1910+1256
J1918-0642
J1946+3417
J2017+0603
J2019+2425
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J2150-0326
J2145-0750
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J2302+4442
J2317+1439
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DR1 Results
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Noise Analysis

e (Overall, longer dataset

Red Noise

J0023+0923

J0030+0451

J0034-0534

J0154+1833

better constrain the low-frequency red and DM noise processes.
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Conclusions

e Fantastic timing data.
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® More pulsars, more data for CPTA.

e \Ve are working on the dat
noise analysis, GWB, sing
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a analysis of data set, including pulsar timing,
e source G\Ws and e

DR1 Timing



