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Long Period Radio Transients

Published LPRTs with Distances, Periods, Flux Density, Luminosities, Linear Polarization Degrees (in the Radio Band), Possible Optical Counterparts and High-

energy (HE) Counterparts

Source D P S, I, Optical Counterparts HE Counterparts References
(kpo) (minutes) Jy) (%)
GCRT J1745-3009 <0.07 1 / No detection / (1, 2)
GLEAM-X J1627-52 1.3 & 05 5-40 88 £ 1 No detection / (3, 4)
GPM J1839-10 57 £29 0.1-10 10-100 KD or MD? / (5, 6)
ASKAPJ1935+2148 4.85 0.119 =90 near-IR source ? / (7)
ILT JI10145521 0.504 0.041-0.256 51 £ 6 / (8)
GLEAM-X J0704-37 1.5 £ 05 0.04 20-50 RD / 9)
DART/ASKAP J1832-0911 4.5 0.5-2 75-100 NS? X-ray (10, 11)
AR Scorpii 0.116 = 0.016 0.003-0.012 ~1 WD+RD X-ray (12, 13, 14)
J191213.72-441045.1 0.237 = 0.005 ~10 4-12 X-ray (15)
ASKAP J1839-0756 40 &+ 1.2 0.022-1.8 90 No detection / (16)

Qu & Zhang. 2025, ApJ




Polarization properties of brightest pulse

GPM J1839-10 with Complex Features
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GPM J1839-10 with Complex Features

Dynamic spectra of three pulses Down-drifting sub-structure and their Stokes spectra
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GLEAM-X J1627-52 as Slow Magnetar
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ASKAP J1832-0911 with X-ray Emission
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ASKAP J1935+2148 with Distinct States

Light curves Pulse profiles and dynamic spectra
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ASKAP J1839-0756 with Longest Period

Pulse profiles
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Photometry and radial velocities
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ILT J1101+5521 in WD-MD Binary
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GLEAM-X J0704-37 in WD-MD Binary

Optical spectrum

RV curve and trailed spectra

200

RV (km/s)

Light curve of one pulse

—37°06'05"

10”

15/[

Declination (ICRS)

20"

25//

0 1 2

T—To (h
s My

5 6

y

05 1.0

1.5

Orbital Phase

2.0

[

[ v
815081908230
Wavelength (4)

125 7 (a) ! '
—— MeerKAT correlator (ts =25s)
2100 -
E
> 754
I
@ 50
©
x
3 25 J
; L
0 T Ll 1 T 1
0 100 200 300 400 500
= Time (s) =
DECam r-band image Binary mass
r 102
101_
i=
20 — 70°
— s
= —— 40°
— 30°
10—1 20°
15°
10°
5
10_2 2 y '0
hnam s s S s 10- 1071 10 10!
7°04™14.0°13.5 13.0 12.5 Meompanion / Mo

Right Ascension (ICRS)

4+ —— Avg. Spectrum (Data)
Full Model:
3+ ~ White Dwarf (WD) + M Dwarf (MD)
[7] Synthetic Photometry
2t Gaia Photometry
1k
<
~ OF
g : i
° 4r Data — WD Model
n Ha
—— MD Model
§) ode
o2r
~
T
() [ W
\>_<, 4+ Data — MD Model
W | =—— WD Model
2+
_ Or
< T
§ Mbedcy —— ‘,.A.J-\/\ b Sy Avn i e A
S — 1 1 1 1 1
o~
3500 4500 5500 6500 8500 9500

Wavelength (A)

Possible scenarios of Ha generation

Emission from higher
orbital separation

Kemission = 330 km/s
Aemission — 1.7 amp

P=174 min

Kwp= 190 km/s

Emission from material
falling into M dwarf

ion =330 km/s
(traveling into page)

Kup= 190 km/s

Hurley-Walker et al., 2024, ApJL
Rodriguez et al. 2025, A&A



Two Possible Physical Origins

Rotating NS / WD E WD — MD Binary
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lod Distribution of LPTs
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Evolutionary Stages

(a) Accretion Phase (b) Unipolar—Inductor Phase

(1) Accretion Stream

(c) Magnetosphere —Interaction Phase

-S4

(2) Accretion Disk

Yang, 2025, arXiv: 2509.09224




Accretion Evolution

(1) fossil field at birth or dynamo action during common-envelope evolution e L L L
.
s A -
: Stage 1 Stage 2
CEE (non-magnetic PCEB) (non-magnetic CV)
@

-------------------------------------------------

.
Mc:

Critical Accretion Rate Stage 3 Stage 4

(magnetic field generation) (AR Sco)

>

&>

(2) crystallization- and rotation-driven dynamo during pre-mCV phase

‘= A
Non-magnetic CV Stage 5 Stage 6
/ (pre-polar) (polar)
Pre-mC PCEB
DN e AR S R IR
CriticallAccretion Rate
> Schreiber et al. 2021, Nature Astronomy
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Two Dissipation Mechanisms

Unipolar Inductor Magnetosphere Interaction

Small separation: Large separation:
1/3
a < ayp = (%) ~ 4.6 x 10! cm a2 ayy ~ 4.6 X 10'° cm
c ) ) 1/3 B. —-1/3
% ( Hs )1/3 Bc t/3 X ( 34/:; 3) ( 5 G)
103 G cm? 102 G | 102 G em 10

Yang, 2025, arXiv: 2509.09224



Two Dissipation Mechanisms

Unipolar Inductor Magnetosphere Interaction

Current Direction

Hc

Energy dissipation rate: Energy dissipation rate:
2 2
7~ 28 -1 Hs P _Ee B = NpaQ ~ LebSPAL g 10 -1
E ~3.9x 10°° erg s (1034 G cm3) (1010 cm) B G(M, + M,) X erg s
PN "M+ TP AQN s e P\’
x (100 min) ( M, ) (W) unsaturated 8 (1034 G cm3> (1033 G cm3> (100 min)
. (MS +Mc)_1 (AQ)
2 R .
N~ 31 —1 Fs 2 R Mg Q
E=18x107 ergs (1034 G cm3) (1010 cm)
P ~13/3 0 oM 3 7 AQ LPT luminosity strongly depend on P!
X , - . — | saturated
100 min Mg Q

Yang, 2025, arXiv: 2509.09224



Radiation Mechanism: LCDM

(a) Magnetic mirror in magnetosphere
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L« electrons
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ac:;r:r(:t?on electrons
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planetary nightside magnetic
olanet in flux tube magnetosphere reconnection
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(b) Formation of loss-cone particle distribution
Typical frequency:
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(c) LCDM process

Predict brightness temperature:
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Yang, 2025, arXiv: 2509.09224



Propagation Effect: Faraday Conversion

Men et al. 2025, Science Advances
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Beat Period:

1
1/P, —1/P

Pbeat —

Synchronizing torque:
Np ~ E/AQ.

Synchronizing timescale:

Tsyn ™ ISAQ/NB




Predicted Statistical Properties

Period evolution: Period distribution:

, dr  d|P/P |
N . fp(P) x — P/ P x P%,
. AT\ M O\ . . ass dP dP
P = 67 M VI M Jorb X ']()l‘])P~ e . . .
! Mslhle Luminosity function:
\ P (llllP i _a+5+1
Note: LPT luminosity strongly depend on Period fo(L) = 7 ((1 lnL) fp(P) o< L 5,
Magnetic Braking Gravitational Radiation
Period Distribution p—233 p—1.67
Unipolar-inductor (Unsaturated) L2720 L%
Luminosity Function Unipolar-inductor (Saturated) L2 L—180
Magnetosphere-interaction L~2%07 L2533

LPT source number density:

(0.15 —1.6) x 1077 pc=3(0©,/0.1)~1, J0704-37
(1.6 —17) x 1077 pc™3(0©,/0.1)~t,  J0630+25

Ny €

Yang, 2025, arXiv: 2509.09224



Cooling issue of Magnetic WDs

(1) fossil field at birth or dynamo action during common-envelope evolution

ILT J1101+5521: T4 = (4500-7500) K = a

GLEAM-X J0704-37: T.g = 7300 K w CEE

Isolated WD cooling:

M. 5/12 / =7/20
Teﬁ(t):7200K( ) ( ) g f----eeee-e- | et EERS

08]\4@ 1 GyI‘ Critical Accretion Rate

WD cooling after compressional heating:

>
—7/20 P
, t
Teff (t) = Teff ,0 ImIn 17 t_ y (2) crystallization- and rotation-driven dynamo during pre-mCV phase
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Yang, 2025, arXiv: 2509.09224



Summary
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