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ABSTRACT
We report the discovery and follow-up timing observations of two young energetic radio pulsars. PSRE14120
has a period® = 68 ms and period derivative= 83 x 10** , implying a characteristie agel3 kyr and a

surface dipole magnetic field strength= 2.4 x 10> G. PSR J18304 hasP = 96 ms an®® = 45 x

107, implying 7, = 34 kyr andB = 2.1 x 10" G. The two objects have large spin-down luminosities, and, on
the basis of an empirical comparison of their properties with those of other young radio pulsars, they are expected
to be observable as pulsgeray sources. In fact, they lie within the error circlesyefay sources detected by the
EGRET instrument on th&amma Ray Observatory. We show that the pulsars are plausibly associated with the
EGRET sources.

Subject headings: pulsars: general — pulsars: individual (PSR J148048, PSR J18370604) —
stars: neutron

1. INTRODUCTION There is a very strong correlation of high-energy detectability
with the spin-down energy flugd 2 , whete = 473PP 3 s
Ythe rate of rotational energy lodsjs the neutron star moment
of inertia, P is the pulsar period? is its first time derivative,

; : . . andd is the pulsar distance. In a list of rotation-powered pul-
64 m radio telescope at the relatively high radio frequency of sars ordered bfd 2 , all of the top 10 pulsars have been de-

;'n4dGstgt’tg:ﬁ]regyn:jeg?%g?;giecegf:é:lisr%fu'gée:zgﬁgﬁgﬂ'sﬁeg:?gtected at optical or higher frequencies. All but one of these

much higher %ensitivity than any pre%ious similar sufvey and (PSR ‘]043?4715)- are young, With periods of between 16 and

hence is finding large numbers of previously unknown pulsars 150 ms and relatively large spin-down rates. Only two other
young pulsars, PSRs B06564 and B1055-52, have been de-

many of which are relatively young and distant (e.g., Lyne et tected at hi . i
) ; o ) gh energies (Ramanamurthy et al. 1996; Thompson
al. 2000; Camilo et al. 2000; D’Amico et al. 2000; Manchester et al. 1999). and these lie at 20th and 39th place inEitie?

et al. 2000). _ _ _ _ list

Be_cause of their rapid evolut|on3 young pulsars are relatively In this Letter we report the discovery of two young pulsars,
rare in the known pulsar population. However, they are par- pop 314566048 and PSR J18370604, by the Parkes mul-
ticularly interesting objects for many reasons: they are likely tibeam pulsar survey. Both of these pulsars are coincident
to be associated with supernova remnants (€.g., Kaspi 2000)within the uncertainties with-ray sources listed in the Third

they generally exhibit rotational instabilities including glitches EGRET C
: : atalog (Hartman et al. 1999), 3EG 148038 and
(e.g., Arzoumanian et al. 1994, Wang et ‘."II' 2000), _and they 3EG 18370606, respectively. Roberts & Romani (1998) have
sometimes emit detectable pulsed radiation at optical (e'g"identified several hard X-ray sources within theay error box
g'qr?!.erg'tc?’ fge9n7nypanck(?;, & Burns %%82 X—rr?y (te'%" E’ggger for 3EG 14206-6038 and suggest that one of these is a pulsar-
fre uenc?'gs Yo )n a dléa?g ég'ge" bee?ﬁ pr‘zo os?—z daés ote)nt' q[ir?wered wind nebula associated with theay source. Radio
quencies. roung pu v prop P : ages of the region obtained with the Australia Telescope

counterparts of the unidentified high-energyray sources C ;
i i . ompact Array (Roberts et al. 1999) show evidence for several
(D’Amico 1983; Helfand 1994), but searches for associated potential birth sites for the pulsar.

pulsars in the direction of-ray sources have not been pro-
ductive (e.g., Manchester, D’Amico, & Tuohy 1985).

The Parkes multibeam pulsar survey is a large-scale surve
of a 10 wide strip along the Galactic plane between Galactic
longitudes of—10C¢° and +5C°. This survey uses the Parkes

2. OBSERVATIONS AND RESULTS

* Osservatorio Astronomico di Bologna, via Ranzani 1, 40127 Bologna, AN extensive survey of the Galactic plane for pulsars is being
Italy; damico@bo.astro.it. carried out using the multibeam receiver on the Parkes 64 m

? Istituto di Radioastronomia del CNR, via Gobetti 101, 40129 Bologna, Italy. radig telescope (Manchester et al. 2001). Observations are made
Unixfgt'y Lé?r';gtrsmEt?ggicz%epjging%Rg;hnig(;rd Physics Building, 3600 qing dual-polarization receivers in a bandwidth of 288 MHz

* Center for Space Research, Massachusetts Institute of Technology, CamCentered on 1374 MHz. A large filter-bank system gives 96
bridge, MA 02139. 3 MHz channels for each polarization of each of the 13 beams.

® Australia Telescope National Facility, Commonwealth Scientific and In- Signals from individual frequency channels are detected, added

dustrial Research Organization, P.O. Box 76, Epping, NSW 1710, Australia. ; o Ati ; i : ; o
¢ Columbia Astrophysics Laboratory, Columbia University, 550 West 120th in polarization pairs, high-pass filtered, integrated, and 1 bit

Street. New York. NY 10027, digitized every 25Qus. The excellent system noise temperature
7 University of Manchester, Jodrell Bank Observatory, Macclesfield, Chesh- (~21 K), large bandwidth, and relatively long integration time
ire, SK11 9DL, UK. of 35 minutes per pointing give a sensitivity limit for long-period

® National Radio Astronomy Observatory, P.O. Box 2, Green Bank, WV pulsars of about 0.2 mJy. Each confirmed pulsar is Subjected to

24944, : g ; :
9 Lockheed Martin Management and Data Systems, P.O. Box 8048, Phil- a Serles of timing observations using the (.:ent.er beam of the same
adelphia, PA 19101. receiver system for pulsars south of declinatio®5° and using
10 Department of Physics, Haverford College, Haverford, PA 19041. a similar system at Jodrell Bank Observatory for most pulsars
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TABLE 1
MEASURED AND DERIVED PARAMETERS FOR PSRs J1420-6048 aND J1837-0604

Parameter

PSR J142®048

PSR J18370604

Right ascension (J2000)...............
Declination (J2000).............ccovuunn
Pulse period (S).......coviviiiiiiiia.
Period derivative € 10°%) .............
Pulse frequency (8) .....oovvvvvvvnnnn

Frequency derivative (9) ..............

14 2©8.237(16)
—60 48 16.43(15)
0.06817995472(1)
0.06817987659(2)

82.8523(10)
83.167(3)
14.667067529(3)
14.667084334(8)
—1.78234(2)x 101

18 37 43.55(1)
06 04 49(1)
0.096293185140(2)
45.2013(2)
10.3849509032(2)

—4.87483(2)x 10

—1.78911(7)x 107

Parameter\g ...t 1.0 0.1
Epoch (MID)......ccovvvviiiiiiiine. 51,600.0 51,487.0
Number of TOAS .....coovvvviiiiinnnnn. 24 39
9°

Data span (MID).........oovvvvvvnennn. 51,100-51,523 51,153-51,820

51,677-51,900
rms residual (red/white) (ms)......... 2.1/0.48 10.3/1.6
Dispersion measure (cfipc) .......... 360.0(2) 462(1)
Pulse width at 50% of peak (ms).... 9.3 13
Pulse width at 10% of peak (ms).... 16 30
Flux density at 1400 MHz (mJy)..... 0.9(1) 0.4(1)
Galactic longitude (deg)............... 313.54 25.96
Galactic latitude (deg)................. +0.23 +0.26
Surface dipole magnetic field (G).... 2.4x 10% 2.1 x 10
Characteristic age (Kyr)................ 13.0 33.7
Spin-down luminosity (ergs) ....... 1.0x 10% 2.0 x 10%°
Distance (KPC)....vvvvveveiiinennnnnnn. 7.7 6.2

Note.—Units of right ascension are hours, minutes, and seconds, and units of declination
are degrees, arcminutes, and arcseconds.

® Position obtained from ATCA interferometric observations (see text).

® Preglitch solution.

¢ Preliminary postglitch solution.

north of this limit. In the timing observations, the data are de- nificant period irregularities for both pulsars, with significant
dispersed and synchronously folded at the predicted topocentriocvalues for the second and higher derivatives of the pulse fre-
pulsar period for1 minute, to form subintegrations, with a to- quency. In Table 1, two values for the postfit rms timing residual
tal integration time per observation ranging between 2 and are given; the first is for the fit of frequency and frequency
30 minutes, depending on the pulsar flux density. Integrated pulsederivative only, whereas the second is after fitting higher fre-
profiles of each observation are convolved with a high signal- quency derivatives. The high values of the ratio of these “red”
to-noise template to give a topocentric time of arrival (TOA). and “white” residuals reflect the large amount of timing noise.
The program TEMP® is used to convert these to solar system For PSR J18370604, the position was obtained from the fit
barycentric TOAs at infinite frequency and to perform a mul- including higher order frequency derivatives. We can estimate
tiparameter fit for the pulsar parameters. Barycentric correctionsthe cumulative phase contribution over titrdie to timing noise
are obtained using the Jet Propulsion Laboratory DE200 solarusing the parametey(t) = log (|»|t%/6») introduced by Arzou-
system ephemeris (Standish 1982). manian et al. (1994). Calculating this parametertfer 10° S,
The discovery of both pulsars was confirmed during 1998 Arzoumanian et al. (1994) found that most pulsars in their sample
October, and, since then, timing observations have been carriedonform approximately to the relation, = 6.6 + 0.6 logP
out at Parkes for PSR J1426048 and at Jodrell Bank for The values of theA parameter for PSR J142®048 and
PSR J18370604. Observed and derived parameters from PSR J18370604 scaled ta = 10® s are reported in Table 1.
these timing observations are listed in Table 1. UncertaintiesThese values are somewhat larger than, but not incompatible
given in parentheses are in the last quoted digit and arewith, those predicted. It should be noted thatihe values in our
1 0. The position for PSR J14206048 was obtained from an case are measured over a data span considerably shorter than
11.5 hr synthesis observation using the 6 km Australia Tele- 1¢° s.
scope Compact Array at 1384 and 2496 MHz on 1999 August PSR J1426-6048 suffered a glitch of amplitudaP/P ~
20. The array was in the 6D configuration, and pulsar gating —1.2 x 10°® around MJD 51,600. In Table 1, preglitch and
mode was used. Calibrators used were PKS 1385 and postglitch parameters are given. For both pulsars, the dispersion
PKS 1934-638 for phase and flux density calibration, respec- measure was estimated using observations from Parkes by split-
tively. Flux densities for PSR J142®048 measured from the  ting the observed bandwidth into four subbands and obtaining
on-pulse—off-pulse image were 1.09(8) and 0.61(17) mJy at TOAs for each subband of each observation. These TOAs were
1384 and 2496 MHz, respectively. These flux densities imply then analyzed using TEMPO, holding the astrometric and pe-
a spectral index of-1.0 + 0.6. riod parameters fixed at the values obtained in the white so-
For PSR J14266048, the position was held at the interfer- |ution and fitting for dispersion measure. The distances quoted
ometric value for all timing analyses. There is evidence for sig- in the table are calculated from the dispersion measure using
the Taylor & Cordes (1993) model. The uncertainty on these

11 See http://pulsar.princeton.edu/tempo. distances can be up t825%.
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The surface dipole magnetic field in Table 1 was comput- | ; ;
ed usingB = 3.2 x 10" (PP)¥? G; the characteristic age is | PSR 11420-6048 R PSR 118370604
given by 7, = P/(2P); and, for the spin-down luminositg, |, Al oo I\ oo
the neutron star moment of inertias taken to be 10 g cnt. A [

The distance is derived from the dispersion measure assuming o [
the Taylor & Cordes (1993) distance model.

Mean pulse profiles for the two pulsars at 1374 MHz are

/ / \
given in Figure 1. For PSR J142®048, the profile has two prjel \‘“‘"v"*“'v’w”"‘*\vf"Jwv“‘v ‘w\p’w"‘"’”‘ﬂ"” ! \ \
broad and relatively widely spaced peaks; the pulse width at o o= o1 o5  o0s 1 0 o0: o4 oo  os 1
half-maximum is about 50of longitude and, at the 10% level,
about 85. Gil, Kijak, & Seiradakis (1993) and Kramer et al. Fic. 1.—Mean pulse profiles for PSR J1426048 and PSR J18370604

(1994) derived a beam radius® x P2 for two- and three- at 1400 MHz recorde_d at Parkes and Jodr(_ell Bank, respectively. In each case,
. . o, the whole pulsar period is shown. The horizontal bar under the pulsar period
_compqnent pulsars, valid for a p_ulse W'd_th _measun_ad at 1_O/°indicates the profile smearing due to dispersion across the filter-bank channels.
intensity level. Gould (1994) derived a similar relation valid
for a pulse width measured at 5% intensity level. These rela-
tions predict, in the case of an orthogonal rotator, a pulse width source and the beaming fractibnUsing the distance inferred
at the 10% level of about 40or PSR J1426-6048. This is from the dispersion measure (see Table 1) and assuming isotropic
significantly less than the observed value, suggesting that theemission { = 1), the implied-ray luminosity is~23% of the
inclination angle (the angle between the beam axis and thespin-down luminosity in the case of PSR J14BD48 and-85%
rotation axis) is~3C. for PSR J18370604. Similar results have been derived for all
The observed profile for PSR J1830604 is also wide, but  the knowry-ray pulsars (Rudak & Dyks 1998). Since such high
in this case the asymmetric form of the pulse shape suggestdevels of efficiency in the conversion & inta,  are unlikely,
that interstellar scattering is the dominant effect. An exponential a beaming factdr = (4=)™* is usually adopted. For this beaming
fit to the trailing edge of the profile in Figure 1 indicates a factor, corresponding to radiation into 1 sr, the luminosity of
characteristic scattering time @0+ 2 ms at 1.4 GHz, cor- 3EG J1426-6038 is (1.9 + 0.5) x 10*® ergs s (atd =
responding ta40 = 8 ms (2 uncertainty) at 1 GHz. Thisis 7.7 kpc), implying an efficiency of~2%, and for 3EG
substantially larger than the value of 5 ms predicted by the J1837-0606 we havel, = (1.4+ 0.4) x 10* ergs™S (at
Taylor & Cordes (1993) model. d = 6.2kpc) and efficiency of7%. These efficiencies lie within
the range of 0.1%—-20% found for other knowsray pulsars.
They are somewhat higher than those calculated by Thompson
et al. (1999) for the Vela pulsar and PSR B17@&! (0.3% and
The two pulsars, PSR J1426048 and PSR J18370604, 2%), which, respectively, have similar characteristic ages to PSR
are young, with characteristic ages of 13 and 34 kyr, respectively,J1420-6048 and PSR J1830604. However, they are well
and have high values of the spin-down flE& 2 1.7 x 10%® within the scatter of the., obtained for other pulsars when
and5.2 x 10°* ergs ' kpc?, respectively. PSR J142@048 plotted against, for example, the Goldreich-Julian curiért
is the 11th-ranked pulsar in a list of known rotation-powered E? (cf. Fig. 5 of Thompson et al. 1999). Theray luminosity
pulsars (including Geminga) ordered bigd? , whereas and efficiency of PSR J1423048 and Vela could be reconciled
PSR J18370604 lies at 22d place. All pulsars in the list above by adopting a distance for PSR J1428048 smaller than that
PSR J14266048 have been detected at optical or higher obtained from the dispersion measure. In fact, a much closer
frequencies, and PSR J1830604 lies just two places below distance d ~2 kpc) is suggested by the X-ray observations
PSR B0656-14. (M. S. E. Roberts, R. W. Romani, S. Johnston, V. M. Kaspi, &
Both pulsars lie within the error contours of previously un- F. Camilo 2001, in preparation).
identifiedy-ray sources in the Third EGRET Catalog (Hartman  For 3EG J18370606, we note that the EGRET location
et al. 1999). PSR J142(6048 is located~10' away from the map is probably inconsistent with a single point source, show-
most probable position of 3EG J1426038; the 95% confidence  ing an extension on the side opposite to the radio position of
area for this source has a radius~df9'. PSR J18370604 is PSR J18370604. In this case, thg-ray luminosity of the
also about 10from the nominal position of 3EG J1831606, pulsar counterpart would be smaller, so the needed efficiency
close to the border of the 95%ray confidence region of radius  of conversion of rotationdE inth., would also be smaller.
11'4. Such young and energetic pulsars are rare in the known Using a longASCA pointing and the radio ephemeris for
pulsar population, so these positional coincidences are suggestiv®SR J1426-6048, M. S. E. Roberts et al. (2001, in preparation)
of physical connections. found marginally significant X-ray pulsations from an unre-
The spectral properties of 3EG J1426038 and of solved source at the pulsar position. This supports the hypoth-
3EG J18370606 support the identifications. In the range esis that the observegray source 3EG J14206038 is the
100 MeV to 10 GeV, the spectra of the two sources can be pulsar itself, that is, pulsed emission originating in the mag-
fitted with power laws of photon spectral indgx= 2.02 + netosphere of the young neutron star. Folding analysis of the
0.14andy = 1.82+ 0.14, respectively, whedN/dE ~E™ . archival EGRETy-ray data at the nominal spin period is not
These values are well inside the spectral index range ofstraightforward, because of the uncertainty in the (backward)
1.66—2.19 observed in the sample of the knowray pulsars extrapolation of the ephemeris resulting from the presence of
(Thompson et al. 1999). Integrating the observed spectrumtiming noise and the possibility of glitches during the extrap-
(summed over the four cycles of the EGRET observations), olation period. With a contemporaneous radio ephemeris, this
one derives energy fluxes ¢8.3 + 0.9) x 10°*° arRl7+ task could easily be accomplished with future missions such
0.9 x 10 *° ergs s* cm™2 for the two sources. asAGILE and GLAST.
Conversion of these flux densities into high-energy luminosity ~ Another possibility is that the high-energy luminosity of
L, suffers from two major uncertainties: the distance of the 3EG J1426-6038 is produced in a pulsar wind nebula (PWN),

3. DISCUSSION
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as suggested by Roberts & Romani (1998) and Roberts et alignate G26.6-0.1. Comparison of our 1.4 and 4.8 GHz images
(1999). However, at the distance dfi~2  kpc proposed by demonstrates that the brightest parts of this shell have an ap-
M. S. E. Roberts et al. (2001, in preparation), the 2—10 keV proximately flat spectral indexa(=0 S, oc »* ), whilERAS
flux from the region surrounding the pulsar appears much and Midcourse Space Experiment data on the region show a
fainter than that predicted by Kawai, Tamura, & Saito (1998). bright infrared shell with a similar morphology to that seen in
Also, Becker et al. (1999) and Pivovaroff, Kaspi, & Gotthelf the radio (Roberts et al. 2000). Furthermore, the brightest parts
(2000) do not find any evidence for extended emission aroundof G26.0+0.1 have been detected in various hydrogen recom-
other young pulsars. bination lines (e.g., Wink, Wilson, & Bieging 1983). All these
Finally, we discuss possible birth sites for these two young results strongly suggest that G26.0.1 is an Hi region. The
pulsars. Although no known supernova remnant (SNR) is con- systemic velocity of G26-80.1 of ~110 km s* corresponds
tained in the error ellipse of 3EG J1426038, radio interfer-  to possible kinematic distances of 6 or 9 kpc. The former is
ometric observations of this region (Roberts et al. 1999, here-consistent with the distance estimated for the pulsar, and it is
after R99) show a rather complex structure (designated by R99possible that both sources are associated with the same group
as the “Kookaburra”) including two nonthermal sources whose of massive stars. The absence of an SNR associated with
radio emission is consistent with that from a PWN. An extended PSR J18370604 is not surprising. SNRs in or near bright
region (designated by R99 as “K3") is compatible with the PSR H 11 regions are difficult to identify (Sarma et al. 1997). Even
J1420-6048 position. A plerion candidate G313.681 (des- in unconfused regions, many relatively young pulsars have no
ignated by R99 as the “Rabbit”) is located just outside the detectable associated SNR (e.g., Pivovaroff et al. 2000). A
border of the 95% confidence contour for 3EG J148038 supernova blast wave expanding into a low-density environ-
and could be a birth site for PSR J1426048 as well. At a ment (Kafatos et al. 1980; Gaensler & Johnston 1995) or an
distance ofl ~ 2 kpc proposed by M. S. E. Roberts et al. (2001, early fading of the SNR could be an explanation. We have also
in preparation), the required transverse veloejty would be examined the region immediately surrounding the pulsar to
v, ~ 620(d,,./2)(7./13 kyr)™* km s*. The only known SNR in search for any evidence of an associated PWN. We find no
proximity to PSR J14266048, the shell G312:40.4, is lo- evidence for such a nebula at either 1.4 or 4.8 GHz. Compared
cated~75' southwest of the pulsar position and partially over- with the deep searches for PWNs carried out toward other
laps another EGRET softray source, 3EG J1416147; such pulsars (Gaensler et al. 2000), our limiting sensitivity is how-
an association would imply an extremely high transverse ve- ever unconstraining because of confusion from G2®.1.
locity v, ~ 3200km s™*. Very high velocities also are implied
by association with the shell G313:0.1 (at~40" from the
current position of PSR J142(%048) and the structure des- N. D’A. and A. P. are supported by the Ministero
ignated by R99 as the “wings of the Kookaburra,” probably dell'Universitae della Ricerca Scientifica e Tecnologica and by
part of an old large shell. the Agenzia Spaziale Italiana. V. M. K. is supported by a National
For PSR J18370604, there is no known SNR in a circle Science Foundation CAREER award (AST 98-7775897) and by
of 1°5 around the pulsar position. The field surrounding this an Alfred P. Sloan Research Fellowship and by NSERC. F.
pulsar was observed with the Very Large Array in 2000 June Camilo is supported by NASA grant NAG5-9095. I. H. S. re-
and July using the DnC configuration. On-source integration ceived support from NSERC and Jansky postdoctoral fellow-
times were 3 hr at a center frequency of 1.4 GHz and 2 hr atships. The Parkes radio telescope is part of the Australia Tele-
4.8 GHz. These observations show the pulsar to be located orscope, which is funded by the Commonwealth of Australia for

the edge of a large3Q’ x 15 ) extended shell, which we des- operation as a National Facility managed by CSIRO.
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