Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
INFRARED STUDIES OF PULSARS

Permalink
https://escholarship.org/uc/item/8gv5i609

Author
Pennypacker, Carlton R.

Publication Date
1980-10-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/8qv5j609
https://escholarship.org
http://www.cdlib.org/

TWO-WEEK LOAN COPY

This is a Library Circulating Copy

which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 6782.




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



INFRARED STUDIES OF PULSARS

Carlton R. Pennypacker

Harvard-Smithsonian Center for Astrophysics

Received 1980 May 23;

Lawrence Berkeley Laboratory
University of Californis
Berkeley, CA 94720

This manuscript was printed from originals provided by the author.






ABSTRACT

The light curve of the Crab Nebula Pulsar has been studied in
the near infrared (.9um - 2.4um) and found to be similar to the
optical light curve except for a shoulder after the main peak. A
search for infrared pulsations from other promising candidates was
negative, with typical upper limits 3 - 5 magnitudes fainter than
the Crab.

I. INTRODUCTION

The recent availability of low nolse infrared detectors has
prompted the following research, as part of a continuing program of
pulsar observations. Although the number of detected radio pulsars
is well past 200, there are still only four detected optical pul-
sars (Crab, Vela, HZ Herculis, and 4U01626-67). This disparity may
be caused by synchrotron self-gbsorption (see Section IV), inter-
stellar obscuration by dust, or some other emission mechanism with
little 0pti¢a1 output. The former two of these mechanisms allow
radiation at near-infrared wavelengths to reach earth with much
less attenuation than radiation at optical wavelengths. As a guide
to the relative effects of interstellar absorption and scattering,
we calculate that it would take approximately the same amount of
time to detect a Crab-like pulsar in the optical part of the spec-
trum as it would in the infrared, if it was 3 kpc from the earth.
However, because of the preferential absorption and scattering of
the optical light by the interstellar grains (2 mag/kpc for visual
and .34 mag/kpc for 1.6u wavelengths), a Crab-like pulsar at 10 kpc
would be detected in 3 x 10" sec in the optical, but would be de-

tected in only ~1 x 10° sec in the infrared.
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Hovowitz, el searched for pulsations from three

vadio pulsars in the 5 - 2

]

[

hum range; Neugebauer, et al. studied

the Crab pulsar in the near-infrared in 1969, and the Palomar

o

%

group remeasured it in 1973 and found the pulsed 2.2y magnitude
17.8 mag. (Becklin, et gg;},

In this experiment, the light curve and infrared magnitude of
the Crab pulsar w&%e measured, and a search for infrared pulsations
from a number of interesting radio pulsars, supernovae remnants,

and X-ray stars was conducted.

II. TECHNIQUES

The infrared detector is similar to that used at other obser-
vatories (e.g., see Hall, et. al., 1975), but optimized for faster
time response, and lower noise at high frequencies. It is a liquid

nitrogen cooled InSb photodiode preceded by a cooled filter®

‘Manufactured by Quantum Detector Technology, Burlington, MA

passing .9 um to 2.4 ym light. The preamplifier, a current-to-
voltage converter, has a cooled field-effect transister (FET) front

end, a cooled feedback resistor?, and an ambient temperature mono-

zﬁanufa@tgr@d by Eltec Imstruments, Inc., Daytona Beach, FL

lithic operational amplifier. The FET selected for low voltage

noise? is used in the "common-source” mode (voltage gain = 25). .

PIN6550, Manufactured by Crystalonies, Inc., Cambridge, MA




The noise at high frequencies (V250 Hz) is due to the FET, so par-
ticular care was tak@n‘in its implementation.

The amplified electrical signal from the detector modulates
a Vglt&ggwCQ%@ZQll@d@@SCill&ﬁ@fg which acts as the analog-to-digital
converter. The output of the oscillator is then recorded in a man-
ner similar to that used by Horowitz et. al. (1971); i.e., recor-
ding the signal pulses on one channel of a sterec tape recorder si-
multaneously with clock signals (typically 5 KHz) on the other chan-
nel. These tapes are later digitized in the laboratory, and Fourier
analyzed in sections of 512 x 1024 point transforms. .erqu@ncy.
domain results of successive transforms on the same object are
stacked to increase the signal/noise ratio and maintain a high
Nyquist frequenecy (250 Hz). For the Crab pulsar, the signal pul-
ses are fed into a,l@Zéwchannei,signalwaveragers that sweeps syn-
chronously with the pulsaxr period,

Allrgbservatisns were conducted at the 61" reflector at Agas-

siz Station, Harvard, Massachusetts.
II1I. RESULTS

a) Crab Nebula Pulsar Light Curve

A light curve observed (.9 ym - 2.4 um wavelength) from the
Crab pulsar is shown in Fig. la. Evident is the faster fall than
rise in the main peak, and the converse in the interpulse obser-
ved in the @ptical light curve. We note, however, that there is a
shoulder following the falling edge of the main infrared peak, that
is not present in the optical light curve (Fig. 1b). ¥Fig. le shows

both the infrared light curve, and the optical light curve smoothed



.

¥

to mateh the infrared detector time constant and normalized to

fd

‘he areas under the main peak. The shoulder is well above
the noise, and is observed on every run. This shoulder contains
about 207 * 3% of the light of the main peak. Although the apparent
size of the shoulder might have been reduced by normalizing the
peaks differently,. the disagreements between the other parts of

the optical and infrared main peak and interpulge would have been
even more striking. We present the shoulder interpretation as the
most natural.

Careful testing of the equipment with a Crab-like electrical
pulse driving an infrared light-emitting-diode, at Crab-pulsar
signal levels, duﬁy cycle, and repetition rate, always yielded a
faithful reproduction of the test infrared light pulse, thus ruling
out the shoulder as a systematic error,

b) Luminosity of the Crab Pulsar

The near-infrared energy per pulse of the Crab-pulsar was deter-

mined to be (8:1.5) x 107! joules/M?/Hz (average fluxs.24%.,05 mJ,).

This value is an average over the thre@ infrared bands (I, J,

nd ¥), with the shoulder not includ@de It is corrected for inter-

81

e) Upper Limits on Other Objects

A number of other interesting objects were examined including
supernovae remnants, radio pulsars, and X-ray stars. Upper limits
are presented in Table 1, and comments on individual objects are

made in the discussion that follows,
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@@%feeti@ﬁs to Table ig_bécausa of variable noise, or partial
harmonic summing for the objects of unknown period are listed in
Table 2, Sections of a Fourier trvansform (plotted raster-like)
of the Crab pulsayr (near 3@_32) are shown in Fig. 2a, and its
gummed harmonics in Figg 2b. Because of line frequency induced
microphonics in the front-end, the limits on unknown frequencies
do not apply to 60, 120, and 240 Hz, * .1 Hz. |
| The supernovae were searched using a 1 arc-minute aperture
pointing at the best-defined (by the radio emission) center of the
remmant, If a pulsar were borxn at the center of the remmant during
the supernova explosion, and if it had typical puisaf'prayer m@ti@ﬁss
it would have moved less than half the aperture diameter from the

center of the remnant since its birth.

IV. DISCUSSION

a) Infrared Crab Light Curve

The shoulder that f@ilsws the falling ecge of the main peak
is the most interesting feature of the light curve. The earlier
work on the Crab pulsar in the infrared (Becklin, et. al., 1973)
did not show a shoulder, although their noise was almost large
enough to hide it. Note, however, that this experiment differs
from Palomar's in the spectral coverage. Palomar looked at radi-
ation from 2 to 2.4 um--whereas this experiment looks at radiation
from .9 to 2.4 um wavelength.

b) Luminosity of the Crab

Our measurement of the energy per pulse from the Crab Nebula

pulsar confirms, as observed by Palomar (Oke, 1969; Becklin, 1973),



the departure from the high@rwén@rgy strict power law behavior.
One of the most satisfactory explanations of this turnover is the
phenomenon of synchrotron self-absorption, first applied to the
Crab pulsar by Shklovsky (1970). For synchrotron radiation from a

relativistic plasma of electrons of differential energy spectrum

dan
dE,

frequency v;, where

o E%YQ the peak of the emission will occur (Pacholczyk, 1975) at

(y-1)/2

2 2 6y @ sin ) EYY

Fy is the flux at some frequency y at a higher frequeﬁcy than the
peak, H is the magnetic field and © the angle between it and the
particles velocity, and C,,(y) = 7.22 x 10°%° for v = 3.4. With
typical neutron star and Crab flux parameters, the peak of the
emission from the Crab is derived from this equation (Vv10'%Hz),
consistent with the measured peak. This evidence for synchrotron
self-absorption causing the turnover in thé higher energy portion
of the spectrum allows some hope for detection fo infrared pulsa-
tions from radio pulsars.

c) Upper Limits for Pulsed Infrared Light from Radio Pulsars

One expects the higher energy emission from radio pulsars to
peak in the infrared for several reasons. Ter Haar‘(1972)9 e.g.,
predicted, on the basis of fairly general thermodynamic assumptions,
that the emission from slower pulsars will peak in the infrared. .
He elaims that the higher energy emission from PSR OQSGgwauld peak

at L.5 um, PSR 0329 at 2 um, etc.



Aﬁéther reason for p@ssibie infrared peaking is synchrotron
self«abs@rpti@ng In this model, since the‘@mergent,radiaticn is
less for slower pulsars, and for light-cylinder type theories,
the magnetic field smaller and the solid-angle of emission larger,
then the peak of the emission for slower pulsars will be in the
infrared. The exact wavelength peak, using Pacholeczyk's (Eqn.6.38)
formula depends on where the emission originates (i.e., near the
neutron star surface or further out) but in any case, it is in the
infrared.

Paecini (1971) also argues that the emission peak, due to
conventional synchrotron peaking, should occur in the‘infrared for
slower pulsars.

For these reasons, it was considered worthwhile to investigate
the radio pulsars for infrared pulses. No such pulses were seen,
and the observed limits are shown in Table 1. This means that even

in the near infrared, strict synchrotron self-absorption or syn-

chrotron formulae are not of much use in predicting the intensity
of radiation, based on results from the Crab (see Kristian, 1970).
The Crab is still very much a unique pulsar.

d) Upper Limits on Supernovae Remmants

These results on the supernovae remnants rule out interstellar
obscuration as the only reason for lack of detection of pulsars.
The lack of a detected pulsar in 3C58, a Crab-like remmant, sug-

gests that we are not in the pulsar beam pattern.



V. CONCLUSIONS

The Crab pulsar infrared light curve has been observed in the
.9 ym to 2.4 um window. A shoulder that does not exist in the op-
tical data follows the main peak, and the infrared magnitude measure-
ment of the pulsar by Becklin, et. al. (1973) is confirmed.

No other infrared pulsars were seen.
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Table I

Objects Searched and Upper Limits

Magnitudes Fainter than

Supernovae Remnants® the Crab Nebula Pulsar
3C58 4.3
Kepler's 3.2
Tycho's 3.7
Cas A 3.5

Radio Pulsars

PSR

0239 3.9
0611 ' 3.6
0950 5.2
1749-28 3.4
1813+16 | - 4.7
2002 4.9

X-ray Stars

Hz-Herculis 4.1
Cyyg X-3% 3.7

*Limits for 30 Hz given for SNR and Cyg X-3; for
other frequencies, subtract column 3 of Table II.



Table II

Corrections to Table I

Freguency Dependence of Noise

Frequency (Hz) Noise/ (Noise @ 30 Hz)
.2 2.8
1 2.1
2 2
5 1.4
10 1.2
30 1
50 1
1060 1.1
15¢ 1.2
200 1.3
250 1.4

*No harmonic summing at these freguencies.

Subtract this Magnitude

from Stated Limit

1.1
0.8
0.75
0.37
0.2
0

0
0.1
1.4%
1.5%

1.6%

m‘[‘tm
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FIGURE CAPTIONS

The infrared light curve of the Crab Nebula pulsar. The time

axis dig binned in wnits of 30usecs.

Figure 1b: The optical light curve of the Crab pulsar, from Horowitz, et al.,

1971, The horizontal scale is the same as in Figure la.

Comparison of the infrared and optical light curve of the Crab

pulsar. In the subtraction of the optical curve from the infrared curve,
shown at the bottom, the negative spike coincident with the peak of the main
pulse is an artifact of the aligoment of the two curves. The main posgitive
broad shoulder following the main peak 1s always present irrespective of

minor changes in aligonment and normalizatdion.

Figure 2a: Portion of the power spectrum of the Crab pulsar near 30 Hz. The
peak in the fourth line is the fundamental mode of the pulsar. The frequency

bing are Vv.002 Hz wide, and are plotted raster like.

Figure 2b: Sum of the power in the fundamental and the power in the succeeding
five harmonics of the fundamental frequency of the Crab pulsar, showing
power vs. frequency. The rows are .4 Hz wide, are plotted raster like, and

the plot begins at 29.2 Hz.
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Figure 2b

Summed Harmonics from Power
Spectrum of Crab

(plotted raster-like, .4Hz/line,
starting at 29.2 Hz)
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