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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
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reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



AN UPPER LIMIT ON OPTICAL PULSATIONS fROM PSR 1913+16*

Gary Chanan, Johh'Middleditch, and Jerry Nelson

Lawrence Berkeley Laboratbry
University of California

BerkeleyL'California. 94720

. ABSTRACT
A region of the sky.covering the 2' by Q'Ierror boxvof PSR
l9l3+16; a radio pulsér”in a'binéry systém, was.seafched for |
"optical pulsations at the known puisér frequency and none were
observed. We_place;aﬁ‘upper'limit of 18.2 magnitudes on any;suéh
pulsations.‘ Within.the smaller error box which haé récently béen

suggested for this object, thé-limit.iSilg,Z magnitudes.

*This work was performed under the auspices of the United States
Energy ReSearch -and Development Administration. :
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I. INTRODUCTION

The recently discovered (Hulse and Tayior 1975) radio pulsar

h

PSR 1913+16 (a =19 13m13st4s, S =+16%00'24"+60") is an

1950.0 1950.0

extreﬂely interesting astrohomical object by virtue of its location
in élhighly~eccen£ric, short.period binary syétem_and'its high pul-
sation'frequency (16.9 Hz).  Any optical pﬁlsationé that‘ﬁight be
observed from the regiop défined by the above céérdihatesléduld.
help to establish the §ptical counterpart of this object, and could
_conceivably provide a valuable probe of.the binary system.as wel;
(as in the case of HZ Herculis - Hercules X-1 (Middleditch and .
Nelson 1973, Middleditch 1975)). Between October 18, 1974 and
November 10, 1974 we searched this region for opticai pulsationé
having the same time—dependent freqdéncy aé the radio puisar in a
series -of four photometfic runs at the 6l-cm telescopé of the Univer-

. sity of-California's Lidk'QbSérvatory.

II. EXPERIMENTAL PROCEDURE

Photoné’from‘an'afea of the sky defined by a 128" diaph£a§m"
were counted using‘an unfiltered EMI 9658R photomultiplier. Daté
cgnsistéd of tﬁe numbérs‘of.phdtons arriviné in contiguous 4-ms
‘or lo;ms timevﬂins and.were_stéred bﬁ magﬁeticﬂtape_for later anal-
ysis. ' Three rﬁns coﬁsiéted of 220 bins;-dﬁe run, Which used a 59"
_diaphragm, ¢dn§isted of only 218 pins. A total of 5.5 hours of
~data was collected. 'Coverage of the four‘runs is indicated‘iﬁv
figure 1. Uncertainties iq poéitioningvthe'diaphragm led to an

error of *5" in the diaphragﬁ center coordinates. -
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Since the signals from the radio pulsafyhaVe a significant

‘Doppler shift varying on a time. .scale of the same order as the dura-

tion of-our runs, the usual data analySis'byﬂmeans of discrete
Fourier transforms was inappropriate: any signal wouild have been

smeared over many frequency bins and its significance lost. In-—

stead, the data were signal averaged by a computer_program’that

changed the signal averaging period 1024 times per binary period

(or every 27.25 sec .of data)Ain'a manner dépendent'upon the elements
of the orbit iﬁ Qrderitb compensate for thefchanging.DopplerAshift.
The éccuracy and sensitivity‘of the'signal averaging progran Qere
éonfirmed using data.from the HZ‘Her.- Her.k—l system and also
ﬁsing simulated data corresponding to a system having orbiﬁal pafa—

metersbsimilar to those of PSR 1913+16. .The uncertainties in the

orbital parameters were shown to have a negligible effect on the

" accuracy of this program.

III. RESULTS
Because of the complex nature of the data analysis, only those

optical pulsations having the same time—dependent freqhency as the

radio_pulsar'Were considered in this-experimeﬂt. In each of the

four runs the measured pulsation amplitude was consistent with the

random noise level present in the run. 'Upper limits for these pul-

sations (assumed to be sinusoidal), together with details of each

of the four ruhs, are given in table 1. The uppér limits were estab-
lished at fhe 90% confidence level by calculating that signal ampli-

tude which would have been reduced by a noise fluctuation to less

than or equal to the obéerved'amplitude with a probability of 10%.
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Recent radio observations (van Someren Greve_gg. 1. 1975),

made since our experiment was performed, suggest a considerably

reduced error box for this objeCt:<11950.0

14

;19h13m125,6¢o,3s
61950.0=+160Q0'18?il8". Th%s-error box lies enti?gly ﬁithin ouf
regiqano. 1, for7which the upber limiﬁ oh'the pulsations in ques-
tiog is 19.2 magnitudes. We_plan a substahtially more sensitive

. A )
search of this region during the next observing season.

"We would like to thank Dr. J.H. Taylor for supplying detailed
parameters of the pulsar prioi to publication.
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TABLE 1

UPPER LIMITS ON OPTICAL PULSATIONS FROM PSR 1913+16

Region No. Coordinates of Diaphragm ‘Date " Initial mean .~ Bin Number Upder limit (90% confidence)
: center (1950.0) diameter (Startiof run) anomaly1 width  of bins on magnitude of pulsations
' o
3 h m. . .S s ' - ‘ o . o ' .20 ‘ . - Q
1 (SwW) a=l9ol3 12.37%0.3 128" 18 Oct., 1974 74.7 0.8 10 ms 2 19.2 magnitudes
0=16700'02"%5" - 2442338.6188 'JD : - » - i
2 (NE) fa=19213m14.4sio.3s 128" 9 Nov., 1974 117.9° +0.8° = 4 ms 220 : 18.2 magnitudes <
6=1600'51"*5" 2442360.6229 JD B _ ' A : o
. ) . ) : O . . N . .' N
3 (W) a=19213m07.7si0.35 128" 10 Nov., 1974 123.7° +0.8° 4 ms 220 18.5 magnitudes G
§=16"01"15"x5" . ' . 2442361.5972 JD- _ o o g ' '
h m _ s s ' | : ' o o’ o 18 S L e
4 (SE) _ - a=l9ol3 17.0 0.3 59" 10 Nov., 1974 191.8 +0.8. 4 ms 2 » 18.6 magnitudes ﬂ
8=15 59'38"+5" . 2442361.6583 JD : - " o o . | P
: ' . U1 g,
. . " (:J
. _ . s
(1) The uncertainty in the initial mean anomaly is due primarily to a *1 min uncertainty in the initial time of the run. 'Qﬁ
: 3

(2) The magnitude of pulsations refers to the time-averaged contribution of that light corresponding to the second term
in the assumed intensity, I = Io+ Il(lfcos(wt».



FIGURE_CAETION 
Figure 1. ‘An'enlargemen£ bf:the'rea print of'ﬁhe Palomar
Sky Sﬁrvey (copyright by The ﬁational Geographid Socigty)
vgorresponding:to the field of‘PSR l9i3+16; north is at.the
’top, east to'fhe leftgvlTﬁe fegions of_the‘skyJSearched
for'optical pulgatidns.are‘outlined by circles,vﬁumberéd»
. : . : b

=19713M13%+4%,

as in table 1. The four 901pt$(13l950.0

S =16000'24"t60", are indicafed by crosses. The'error_

1950.0

.box of van Someran Greve et. gl,‘is_not shown but lies en-
tirely within circle 1. (Reproduction permission granted

by the Hale Observatories.)
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
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.
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