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Observation of a Rapidly Pulsating Radio Source

by
A. HEWISH
S. J. BELL Unusual signals from pulsating radio sources have been recorded at
J. D. H. PILKINGTON the Mullard Radio Astronomy Observatory. The radiation seems to
P. F. SCOTT come from local objects within the galac<y, and may be associated
R. A. COLLINS with oscillations of white dwarf or neutron stars.
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ULTRASHORT-PERIOD STELLAR OSCILLATIONS. I. RESULTS FROM
WHITE DWARFS, OLD NOVAE, CENTRAL STARS OF PLANE-
TARY NEBULAE, 3C 273, AND SCORPIUS XR-1

ABSTRACT

Power spectra which are most reliable for Fourier components in the 2- to approximately 300-sec
range have been measured for a number of stellar objects. I\ft)x‘l)l results are presented for six white dwarfs
and a magnetic star. Nova T Corona Borealis was found to have periodic fluctuations in the 100-second
range. Preliminary results for 3C 273 and Scorpius XR-1 are briefly discussed.

The study of the light variations that might be expected from the eclipses or pulsa-
tions of very dense stars has been hampered in the past by the difficulties encountered
in measuring very short-period fluctuations in stellar luminosity, particularly if the
oscillations are of low amplitude. For the relatively faint objects of greatest interest
it is usually difficult to distinguish between intrinsic fluctuations in the source and the
inescapable fluctuations in the observed signal due to the Poisson distribution of the
counted photons.
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imum Fourier amplitude observed in these candidates was < 0.6 per cent of the mean
count level (0.006 mag) for EG 96 and EG 5, whereas the lowest limit of < 0.002 mag
was set on EG 71. The empirical discovery that the power spectra of white dwarfs
are flat at a power level corresponding to intrinsic statistical variations has made it
possible to check instrumental behavior and seeing conditions on nights for which we
have positive results on other classes of objects.

A null result was also found for the magnetic star HD 108662 (cf. Ledoux and Renson
1966) for which the maximum amplitude was found to be < 0.002 mag.

The third class of objects which have been observed to date are the nuclei of two
planetary nebulae, NGC 1514 and 2392. Both of these stars show complex power
spectra which are quite similar, in rough analysis, to the power spectra of old novae
and dissimilar to white dwarfs. It will take a number of further observations and ex-
tensive analysis to decide which, if any, of the peaks observed in the power spectra of
NGC 1514 and 2392 correspond to physically periodic phenomena. However, we are
able to state that the central stars of these nebulae can “flicker” like some old novae
with individual Fourier amplitudes of ~ 0.015 mag over periods of a few minutes;
superimposed on these fluctuations there is evidence suggesting periodic oscillations
855 and 198 sec in NGC 1514, Tt i itek (1967) has rece

We have recently undemaken a proffram of d@bservations designed to mffdsure the wort® npting that Kohe
i is B ¢ N agnitudgeoa ject  JFoph QN Y leusIMT - an inary | P IS
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5—4b min (dePending on the length ol the observing run). Our preliminary results con- pearing in the photometer diaphragm could introduce spurious fluctuations in the

céfn white dwarfs, old novae, central stars of planetary nebulae, 3C 273, and Scorpius

XR-1.
We hal ug ‘dy2.tzmdurd single channel 1P21 UBV photometer and digtal recqrding
teNhniques tp obtain observations with the Princeton 36-inch Cassegfain telesfpe
oelectrons are counted for 1-sec intervals and the counted value
; a buffer memory eliminates deadtime in the counting procefs.
i Pukey 1958); the

analfzed by modern auto-correlat, techéidues (Blackman and )
finalfresult of an observgthh\ga) ru ich mgy el @5 to gvera] Rouisedtt—
computer-printed power spectrum. 108 i émeaina kLY Xevery shhall compared

ata taken on successive nights have also been combined to provide a coNposite power@
spectrum which is low in noise and which emphasizes those Fourier components which
recur from night to night without regard to phase.

We have tested our equipment by observing Nova DQ Herculis (1934), for which
Walker (1956, 1961) has found a 71-sec period by a very convincing application of
standard techniques. Our observations, made on October 10, 1966, have confirmed
this period in DQ Her. Other old novae have also been observed; in particular, exten-
sive observations of T Corona Borealis (1866, 1946) have confirmed the ultrashort-
period fluctuations found by Walker (1957). The situation here seems to be quite com-
plex, but several periods repeat on a number of nights in October, 1966, and January,
February, and April, 1967; the most prominent, consistently repeating periods are
98.2, 105.2, and 112.4 sec.

Twelve white dwarfs from the list of Eggen and Greenstein (1965) have been ob-
served and of those twelve, EG numbers 5, 9, 71, 96, 148, and 158 were unambiguously
found to have flat power spectra for periods, P, in the range 2 < P < 300 sec. The max-
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power spectra.

The quasi-steffar raflignyurce 3C 273 was observed in integrated light on January

and Apr, 11 J, 147 and, fop2 < P < 400 sec, had a sgasgnum amplitude of
<¥Y.008 mag.

(Qpservations of the optical soffrce identified with the X-raff ejnission in Scorpius
XR-}, were made in September, §966, and on April 4 and 12t May 1, 1967; obser-
vatidhs on the last three dates siffficed to confirm the variability observed by Sandage,

Osm@r, Giacconi, Gorenstein, Guiiky, WXTETS, BIadt, GArmiire, STceRantan, uas, usawa,

and fugaku (1966), but extensivll furthep«bservations wouldg be ugd!l to convinc-
demonstrate periodic fluctuions. 8
paper in preparation describ{s bothAhe cx;X{-mul 4hd ytical l@i*lcl l
i er-detail.

ingl
d in this work and discusses th&\aboVe observations in Significafitly great
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We wish to extend our gratitude to Mr. Joe Born for his numerous contributions to
the experimental program and to Mr. Bruce Langdon, who generously made available
programs used in the statistical analysis, including one which incorporates the new
and extremely efficient Cooley-Tukey algorithm for computing discrete Fourier trans-
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Pulsating Radio Sources
near the Crab Nebula

Abstract. Two new pulsating radio
sources, designated NP 0527 and NP
0532, were found near the Crab Nebula
and could be coincident with it. Both_’
sources are sporadic, and no periodici-
ties are evident. The pulse dispersions
indicate that 1.58 = 0.03 and 1.74 *
0.02 x 10%° electrons per square centi-
meter lie in the direction of NP 0527
and NP 0532, respectively.

DaviD H. STAELIN*
EDWARD C. REIFENSTEIN III
National Radio Astronomy
Observatory, Edgemont Road,
Charlottesville, Virginia
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LETTERS TO THE EDITOR

PHYSICAL SCIENCES
Crab Nebula Pulsar NP 0532

J. M. CoMELLA

H. D. CraFT, jun.
R. V. E. LovELACE
J. M SuTToN
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P-Pdot diagram and pulsar death line
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Radio-loud p;ulsars
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Or white dwarf pulsars?
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White dwarf pulsars as CR e = factories

Kashiyama, Ioka, Kawanaka 10
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Spin periods of magnetized WDs
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ZTF J190132.9+145808.7

Caiazzo et al. 21

Bt B ) | n
UV ]
HHH #{{ﬁ HHH H’ ’H‘ H| |H]
Y L H[ ‘H] I 1D
i T I
. 1“lHﬁhﬂﬂmmhﬂh“w e [’”HWHHW} {}{Hﬂ{ fwﬂ{ CAIR ()
P=6.97 min B=6-9x10%G

M=1.327-1.365 M, T = 46,000 K



SDSS J221141.80+113604.5

Killic et al. 21
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Fast spinning WDs on the HR diagram
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magnetic field strength B, [G]

NS pulsars or WD pulsars?

v
1016_
101 - Y
. . . A
. - W
1012_ O 66'3"\'(\
3
: Q
10 :
10 5 @0
A ©
108 - ®
A *
106_
104 LELELLLA) | LA | LA | LA | LA | LI LR | LI LR | LA
1072 107! 100 10! 102 103 10* 10° 109

rotation period P, [s]

> > * 0

4 4 <4 <«

MWD
/TFJ190132.9+145808.7
SDSS J2211+1146

AE Aqr

AR Sco

ATNF PSR

PSR J2144-3933

PSR J0250+5854

PSR J0901-4046

GLEAM-X J162759.5-523504.3



More and more fast spinning (single) WDs
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Frequency (MHz)

A repeating FRB source in a globular cluster
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IRAS 00500+6713

Gvaramadze et al.19
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IRAS 00500+6713

+40,000
log(Lyaq/Le) = 4.60 £ 0.14
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Super-Chandrasekhar mass WD
eventually collapse into a NS?

Gvaramadze et al.19

Or Sub-Chandrasekhar mass WD
with a fast spin and a strong B field?

Kashiyama et al.19
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X-ray observations of IRAS 00500+6713

X-ray EPIC image:
red: 0.2-0.7 keV,
green: 0.7—-1.2 keV,
blue: 1.2-7.0 keV

»

c.f., PSF, 6 arcsec FWHM

“Both the central star and the nebula

are detected in X-rays, heralding

the WD merger products as

a new distinct type of strong X-ray sources.”
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Oskinova et al. 20

28:00.0

40.0 20.0 0:53:00.0 40.0

Central star Nebula

_"'llllllllllllIlLlL'"l'_l_lll"I"lIIIII|I_ I_lllllllllllIllllllllllllllllllllllllllllll_
) [ Zx R O%x%¥EXR ES 10025 F 28 3
woms bz e THITT ST F % :
“ - 1 0.020 | |{ 7
- - . " ]
2 5 ] - ]
S 0.010 N -] 0.015 | ]
o . §
Q - . - -
= : - " .
S [ { 0010 | -
E 0.005 |- -] ¥ 1
Z f i : ]
1 0.005 |- -

~IllllllIIllIIIIIlllllllllllllllllll Ll - T IIIIIIIlIIlIlIIlIIIIIIlIIIIl N

4 6 8 10 12 14 16 18 20 22 4 6 8 10 12 14 16 18 20 22

Wavelength [A] Wavelength [A]

Large neon, magnesium, silicon, and sulfur enrichment of the central star and the nebula



Long slit observations with OSIRIS

on board the 10-m GranTeCan (GTC) telescope
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SN 1181 - IRAS 00500+6713?

the youngest Galactic supernova Ritter et al. 21
without a firmly confirmed remnant

The magnitude of SN 1181 is not known
it was compared to Saturn

my ~ —0.5 to +1.0?

My ~ —14 to —12.5?

sub-luminous supernovae!?

DN NI N NN

v' remained visible for 185 days
v’ 4.5 - 6 mag of fading over this period?
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A dynamical model for IRAS 00500+6713

circumstellar medium

In order to consistently explain forward shock
v’ the nebula morphology, contact surface
v’ the emission measure, and

v" the wind properties,

reverse shock extended nebula

dust ring

we need to consider
* a merger of a massive WD binary system
with a total mass of > .4 Msun

unshocked ejecta central star

 accompanied by an SN lax like event, and Oin
* the strong wind starts to blow ~ kyr after \ 6a
the merger (need fine tuning?) wind termination shock T
wind bubble Oout
< >

Ko et al. in prep



magnetic field strength B, [G]

How merged WDs spin down &
collapsed into NSs?
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Summary and discussion

* Slowly rotating coherent radio emitters are being detected,
and even more so in the coming era.

* Are they slowly rotating magnetars or fast spinning WDs?

* Fast spinning strongly magnetized WDs are being detected,
and even more so in the coming era

* A good fraction of them are merger product of WDs

* How they evolves with time, in particular, how they spins down is likely
important in the context of FRBs, SNe la, and so on.



