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ABSTRACT

We report on the discovery and follow-up timing observations of a 63 1ms
radio pulsar, PSROJTI05 6107, We show that the pulsar is yvoung, having a
characteristic age of only 63 kyr. We consider its possible association with the
nearby supernova remmnant. G290.1- 0.8 (MSH 11- 61 A4) but uncertainties in the
distances and ages preclude a firin conclusion. Proof of an association would be
provided if the pulsar’s velocity is measured to be ~650 ki s ' directed away
from the remmnant center, for a distance of 7 kpe and assuming the pulsar’s charac-
teristic age is the true age. The pulsar’s spin-down luminosity, 2.5 x 10% erg g™ !
is atong the highest 1% of all known pulsars, and together with its estimated
distance of 7 kpe, makes it a likely observable high energy souree. Tndeed, it is
coincident with the known CGRO/IGRET source 215G J1103- 6106; we consider

the possible association and conclude that it is likely.

Subject headings: stars: N(wtl’oil, pulsars: individual:(PSR J] 105- 6107’), super-

nova remnants, gamima rays: observa tions



1. Introduction

We have discovered a 63 mis radio pulsar during a recent scarch for pulsars nsing the
614 m radio telescope at Parkes, NSW o Australia. Most pulsars with similar rotation periods
[all into one of two categories: those that are young and encrgetic, the short spin period a
result of its relatively recent birth at a spin period comparable to that of the Crab pulsar,
or those that have been mildly recycled by a binary companion, like original binary pulsar,
PSR B19134 16, which has spin period 59 s, Thus, a 63 ms radio pulsar is an important

find, worthy of careful follow-up investigation.

Here we report on the discovery and follow-up timing observa jons of this new pulsar,
PSR J1105- 6107. We show that the pulsar is in fact a member of he first catepory above,
namely young and cnergetic. Pulsars are hypothesized to have been horn in supernova ex-
plosions; the existence of a voung pulsar requires the consideration of whether there is an
associated remnant of its birth supernova explosion. In the case of PSR J1105- 6107, the
known remnant G290.1- 0.8 (MSH 11- 61A4) lies nearby, and we consider here the possi-
ble association. In addition, the existence of an energetic pulsar requires consideration of
whether there should be associated high energy emission, since magnetospherie X-ray and
~y-ray emission, generally representing a significant fraction of the pulsar’s spin-down Tuinm-
nosity, very likely holds clhues to the yet-clusive pulsar ennssion mechanisim. We show that
PSR JHI05- 6107 should be detectable at high energies, and consider whether the known

vy-ray source 215G J1103- 6106 is associated with the pulsar.

2. Observations and Results

PSR J1105- 6107 was discovered at Parkes in July 1994 in a scarch at a central radio

frequency of 1420 Mz, The scarch targetted OB runaway stars in the hope of detecting



new pulsar/OB star binaries. PSR J1T105 6107 was discovered while pointing the Parkes
telescope at the B4V star 11D96264, however the follow up observations described below rule
out any association. 'The details of the scarch will be deseribed elsewhere (Kaspi, Manchester

& D Amico 1996).

Subscquent timing observations of PSR J 1105 6107 were done at Parkes. A total of 96
timing observations of PSR J]1 105- 6107 were obtained between 1993 July 8 and 1996 July
1. of" these, 91 were obtained at cent er radio frequencies ranging from 1390 to 2050 MH z.
The remaining 5 observations were obtained at 660 MHz in July 1995, All data t akenprior
10 1995 were obtained using filter- bank timing, systes (2% 64 x5 MHz at 1520 Mz and
2% 266 % 0.125 M1z at 660 M%) that hiave heen deseribed in detail elsewhere (e.g. Bailes
of (11, 199'1). Most dataflromalter199hwere obtaimed using the Caltech cor relator-based
pulsartiming machine (Navarro 100 4), whichhas 2128 lags across 128 Mz incach of two
separate frequency  bandslypically, correlator observations were made at center frequencies
ol 1120 and 1650 Mz simultancously. lts narrower frequency (11211111015 ascomparedto the
filter-hank syster i resulted v less channel dispersion simearing and hence finer time resolu-
tion. INlter- bank data were recorded on tape and folded oflline, while corrclator data were
folded online. Average profiles were convol ved with high sign al-to noise ratio templates to
vield pulse arrival times. The average profile at 1650 MHz shown in Iigure 1 was obtained
by aligning and sumining numerous individual correla tor profiles. T'he profile at 1420 M1z
is similar. The two components obvious inligure | caunot be resolved in the 660 M1z
databocause of dispersion s caring. Resulting arrival times were analyzed using the stan-
dard TEMPO pulsar timing software package (Taylor & Weisberg 1989) toget her with the
JPL 1)1)200” ephemeris (Standish1982). T'ypical arrival time uncertainties were ~250 ps,
for ~10 min integrations having signal-to noise ratio ~20 at frequencies above 1390 M1z,

Arrival times at 660 M1z had uncertaintics approximately twice as laree.
) £




[ the thming analysis, the pulsar dispersion measure (D) was first determined using
Ih arvival times measured in July 1995, including all 5 measured at 660 MHz. This was
to cnsure good frequency coverage, and no contamination from long term timing noise s o
common 1o voung pulsars. Themeasured DM is (271,01 1 (0.(22] peem™ *and during the
subsequent timing analysis, it was held fixed at this value. To minimize contamination
ol the tiiming, position from long- ter i timing noise, we “pre-whitened” the data, fitting out
sulliciently many frequency derivatives (four) to render the residuals approximately Gaussian
distiibuted, determined by eye. The timing position, determined while fitting out these
derivatives, is givenin Table | and was subscquently held fixed. IFinally, we ncasured the
best period and period derivative, also given in Table 1. The uncertainties in all parameters
arc the nominal TEMPO-reported 1o statistical uncertainties. obtained assuming, cqual
weighting forall arrival times. They include no contribution for pos sible conta mination from
timing noise. The pulsar’s st nface magnetic field 13 = 3.2 10" G (PP)? - 1 % 10" (3, and
its spin down luminosity /22 4719/7771°3 2.5x10% crg s ', where theneutron star inoment

of inertia [ is taken to be 10" ¢ em?. The pulsar’s characteristic age 7.3 /20 = 63 kyr.

Post -fit residuals, after removal of the timing nodel given in the Table, are shown in
Figure 2. In the plot, uncertainties are typically much smaller th an the size of the symbol
anid the timing noise, interpreted as irregularitios in the neutron star’s rotation, is obvious.
We can quantify the amount of timing noise, as prescribed by Arzoumanianet al. (1994),
by mcasuring Ag = log(|0|t?/61), where v = 1/ and for { = 10% s. 1*011'S1{ ,11105- G107
we o find Ay = 0.8, which is consistent within the scatter with Ag paramet ers for other
yourig pulsars.  The small 7., as well as the large amount of timing noise, suggest that
PSRJIT05- 6107 is an cexcellent candidate for glitches. Ind ced we canniot rule out some
contamination of the timing parameters by a slowly-relaxing gliteh that occur red prior to
July 1993 ((7f. Manchester el @l 1991, Lyne el ol 1996a). Timing noisc and glitches will

most likely preclude ameasurement of i 1c pulsar’s proper motion via timing,.




That the timing observations for PSROJTI05- 6107 reported here extend back a full year
prior to the pulsar’s discovery requives some explanation. In general, raw, dispersed, and un-
folded filter-bank timing data are recorded and archived on tape. By chance, PSR JT105- 6107
ies within hall a Parkes 1420 Mz primary bheam-width of the pulsar PSR OJ1103- 6101,
which was discovered in July 1992, as part of a major scarch for pulsars near supcernova
remnants (Naspi of al. 1996). The DM toward PSR JHT03- 6101 is only 75 pe e ?, in-
dicating 1t is a much closer object. Once the discovery of PSR J1105- 6107 was made and
its proximity to PSR JT1103- 6101 realized, the archived raw data for the latter could be
retrieved, dedispersed, and folded at the former’s parameters. PSR J1105- 6107 was not
detected as part of the Kaspi et al. (1996) scarch because it was outside the Parkes scarch
beam. Only after a year of timing was the correct thming position for PSR J1103- 610]
determined. Observations made after that date had the telescope pointing at its refined
position, which then included that of PSR J1105- 6107, Thus, data for PSR JI105- 6107
extend back to July 1993, the epoch when the correct timing position for PSROJIT103- 6103

was determined.

3. Discussion
3.1. Possible Association]] with(290.1- (.8

PSR JIT105- 6107 is located near the Galactic supernova remnant G290.1- (). S, also
knownas MSI111-61 A (Sha\Nl, & Coss1970). 'The proximity of a young pulsar to  a
supernova remnant suggests they may have been formed in the same explosion. Alternately
they may be coincidentally superposed on the sky; indeed the Galactic plane is veplete with
pulsars and supernova remnants and the possibility of chance alignment is non neg ligible.
Here we consider whether there is a genuine association between PSR J1105- 6107 and

G 290.1- 0.8,




The Tavlor & Cordes (1993) DM-distance model places PSR JT105- 6107 at a distance
of 7 kpe, given its DM and location in the Galaxy. The uncertainty on this distance is
estimated 10 be ~25%. T hus, the range consistent with the DN -distance model is H 9 kpe.
Regions of enhanced free clectrondensity (like [T 11 vegions) along the lineof sight can
result in an overest iimate of the pulsar’s distance from its DM c.g. see Kaspi, Manchester

& D Amico 1996).

The distance to G290.1- 0.8 has been estimated in the literature m two ways. First,
IT T absorption measurements made by Dickel (1973) suggest the remnant is probably at
3.4 4 kpe. The Y- 1) relation, which is known to be very uncertain, suggests a distance of
5.8 kpe (Clark & Caswell 1976). Other authors have suggested the remmnant is considerably
more distant than either of these estimates. on the basis of its optical morpholoey and Ha
to |S 1] ratio, which are more typical of older (hence larger) remnants like the Monoceros

Ring (IHiott & Malin 1979, Kirshner & Winkler 1979).

Age estimates for GG290.1- 0.8 depend strongly on the assumed distance. Milne et
al. (1989) estimated the remmnant is only 2200 yr old, assuming the smallest distance estimate.
By contrast, the resemblance of the optical emission to that of the Monoceros Ring, whose

age s ~ b0 kyr (Leahy, Naranan, & Singh 1986), suggests a much larger age for G290.1- (.8,

The age 1 of a radio pulsar is given by

RN o
(n- 1)1 I ’

where 7 is its current spin period, Iy is its spin period at birth, and n is its braking index.
The characteristic age is usually defined as 7,: 1)721), which assumes that 2 = 3 aud
Io<<P.For 17s1{ JI105-6107,7.: 63 kyr. However, the short ¢ u rrent spin period for
PSR JITI0H- 6107 compared with other, younger pulsars (c.g. PSR BIN09- 58, 7. = 1.5 kyr,
v 1 b0 ms) suggests Iy << I” does not necessarily holdin this case, and thetrueage may

be smaller. Alternatively, if the braking index n < 3, as has been measured for all p ulsars




for which it is casurable, 1en 1 s an underestima . Notable is the recent measuret 1on|

by yne et al (1996) of 1= 1.6:4 0.4 for the Vela pulsar. Figure 3 shows how the truce age of

SRCTH0S- 6107 depends on Py for four values of 1. For small oy he pulsar’s age may ¢
anywhere betweer 63 kyr and 250 kyr - or £y ~ I, the pulsar’s age must e smaller £ an
3 kyr, independent of n. f we assume e pulsar was horn with spin period ~ 20 ms, as for
he Crab pulsar, then 63 <7 < 110 kyr. " hus, for an association to e real, he pulsar age

most likely requires the remnan age to be significantly older than the Milne of a 198¢

estimate, n line with the aypothesis that it is olc and distant.

Figure 4 shows the location of the pulsar with respect to the remmant. 1t les Just over two
remmant radii from the approximate remmnant geometric center.  ts location well outside the
remnant boundaries argues against i association Gacnsler & Johnston 1995). lowever. for
a distance of 7 kpe, and assuming the age of the system to be 63 kyr, the transverse velocity
of the pulsar must be ~ 650 ki s™ ', Targer than the iean pulsar transverse velocity (Byne &

Lorimer 1994), but much less than has heen implied for pulsars in other proposed associations

(c.p- Mrai & Kulkarni 1991, Manchester ef al. 1991, Caraveo 1993), and certainly well within

he range of measured pulsar velocitie yne & orimer 994). Thus, that the pulsar ics
well outside the remmant does not necessarily rule out an association: it would require the
pulsar transverse velocity o exceed the mean renmant expansion velocity by over a factor of

two, not unrcasonable if the remmant is expanding into a dense cnviromment, as is sugeested
by its axisymmetric morphology. Radio maps of the region closer to the pulsar show no

cvidence for any other supernova remmant (Whitcoak & Green 1996).  ntriguingly, the

pulsar’s inferred trajectory appears to bisect the remmant along its line of symmetry.

Seward (990) published an X-ray mage of (G290, - 0.8 that shows thatl the emission

is centrally peaked. This is in contrast to the radio morphology which is shell-like. '1'hi

suggests G290.1- 0.8 is like the supernova remmant W44 (Rho el al. 1994), which, like W28



arid 3C:100.2 (Long ¢l al. 1991), has centrally peaked X ray emission but shell-like radio
morphology. The central X- ray emissionin these remnants is thermal, Tt is interpreted as
heing due to the evaporation ot dense cloudlets that survived the imtial blast wave, rather
than a central 11¢ "a@7o11 stilr, as is the caseforremmantswitheentrally p eakednon-thermal
X-ray cmission and cenit rally peaked radio emission 1ike the Crab. Since its morphology
suppest s thisis true of G290.1- 0.8 as well, the re is no evidence for a central point sou ree
that would argue against an association” withPPSRJII0H-6107. We note also that W44,
W23, and 30:400.2 arc relati vely old remmants, all having estinnated ages great er thanl0 kyr.
Futur ¢ X-1-ay studies of (G290.1- 0.8 may shed light on its association with PSR J1105- 6107,
by demonstrating that the X-ray emission is thermal, as well as by measuring the neutral

hydrogen absorption toward the source, which may help constrain the distance.

A mecasurement of the proper motionfor PSR J1105- 610% is highly desirable for de-
termining whether it is associated with G290.1- (). s, Sadly, a timing, proper motion will not
he forthcoming, given the large amount o[ timing noise exhibited by the pulsar (INigure 2).
Also, its low flux density (sce Table 1) will inake interferometric observationsusing currently
available telescopes difficult,. A measurement of the pulsar’s seintillation speed through ob-
servations of its radio dynamicspectruimmay provide soine evidence against an association)”
if asmallspeed is found, although this will be diffi cult again bocause of the pulsar’s low
flux density. This technique wa's recently used by Nicastro, Johust on & Koribalski (1996)
to argue ag ainst an associatl ion between t he radio pulsar PSR B1706-4 4 and the super-
nova  remnant G343.1- 2.3, 1f the association is real, the pulsar proper motion should be
22 (63 kyr/7) mas yr™!

, iIndependent of the distance.
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3.2.  Possible association With y-ray source 216G 11103 6106

At a distance of 7 kpe, given its large spin-down laminosity (‘Table 1), PSR J1105- 6107
ranks twenticeth ina list of rotation powered pulsars ordered by I.o'/(/?. The top six spots are
held by kiowny-ray pulsars, whilemostof thetopthirty arcknownX-ray sot11¢¢s. *1'11118, a
large value for this paraimeter suggests thatapulsaris likely to be observable at high energies.
011 thishst, PSRJIT05 - 6107 is higher than the thirticth-ranked known X-ray and 4-ray
pulsar PSR B1055  52(Cheng &1Telfand 1983, Fierro ¢ al1993). Thus. PSR .11105 - 6rov

is a pood candidate for detection of high energy magnetospherie emisston.

In fact, the radio timing position of PSR JT105- G107 (Table 1) lies well inside the 95%
confidence 49" x 32" crror ellipse OF the second BGRIVT catalog source 215 G J110 3- 6106
(Thompson el al. 1995). This y-ray source was refer red to in the first FOIRET catalog, as
GRO 111 10 GO (IFichtelet al.1991), and is near. but outside the error box of the Sccond
(108 B catalogsource2CG 288- 0o (Swan cuburg, ( tal 1981 ) Reported 1o > |(K) MeV
fl uxes of 215G 3 1103- 6106 show no evidence of significant variability, consistent with its
miterpretation as a rotation-powered pulsar (Thompson el al. 1995, Ramanam urthy et al.
[ 995). If" the sowr ces ane associated, T heestimatedmeanflux of 215GJ11 0361 o6 sug gesls
PSR 11056107 ¢ onverts approximately 3% of its spin- down luminosity to high-cnergy -
rays for a beaming angle of 1.() sr, comparable with the cefficiencies of the Vela pulsar and

PSR 11 1706 - 44 ('Thompson ¢t al. 1992, Grenier, Hermsen, & Cloar 1988).

Although only the detection of 5 ray pulsations at the radio period can provide unam-
biguous proof of the association of PSR J 1105 6107 with 2lG 3 1103 6106 (an analysis
which is tnprogiess), the evidence for the association, based only onthe positional coinci -
dence and large pulsar I.o'/(lz, is strong. T'here are 17 radio pulsars within 109 of the Galactic
planc that have higher 12/d? than PSR B1055- 52 for which pulsations have not yet beende

tected by EGRIST Four of these, including PSR J1 105- 6107, lie within the 99% confidence




contours of unidentified I GRIET sources. By contrast, of 26 8 known radio pulsars within
1 0°of the (alactic plane whose encergetics should he below the BGRIVT threshold for detec-
tion, only two lie within the 99% confidence contours ot unidentificd FGRIST sources (IMierro
1995). Assuiming, (nis control group is spatially distributed like the young pul sars, and cven
accepting thelarge uncertainticsin ) M-di sta nee determinations, this strongly suggcests that
the young pul sar coincidences, including that for PSR 31 105 6107 and 215G J1103- 6106,

arerceal,

a1 Araysource 215G J1103- 6106, as well as GRO J1T 10- 60and2CG2388- 00, have
1) (11 argued by severalauthorsas being associ ated with the Carina complex, whi ¢h in-
(111(1(Sthe poculiarstaryCar, open (111 sieas 11 16, 11 14, andseveral OB associations, with
the 4 ravs heing produced by cosmic ray illtCliltlipls intheinterduster ga s, or by 4C ar
itsell (Morlill, Forman, & Bignami 1984, Borgwald & Fried Tancler 199 3, Manchanda el (1.
1996).  The identification of 215G J1103 6106 with PSR JI1105 6107 does not necessar-
ily preclude these interpretations, since 281G 31 103- 6106 may be a composite O f several
sources. Indeed there is marginal evidence that its emission is extended (Swanenburg ¢ al.
1981, Thompson of al. 1995). Neverthel ess; the discovery of a luminous young pulsar near
the y-ray source casts some doubts on alternative interpretations. Sturner & Dormer (1995)
sugpgested GRO J] 1 11)- 60 is associated with the supernova remnant MSH 11- 62, with the
emission a result of cosmic ray interactions with the remmant. With the revisions nade in
thesccond KGRI catalog, the source istow closer tothe position of PS){ J1105- 6107 and
(290 1- 0.8; this and the discovery of PSR JLI0 H- 6107 suggest their proposed model is 1ot

relevant to this particular y-ray source.

Kaaret & Cottam (1996) suggested  that 215G J1103- 61006 is a young pulsar assoc -
ated with t he OB association Car 2. T'he mcasured distance to the association is 2.16 kpc

(Mel'nik & 1sfremov 1995), which is inconsistent with the D M-derived distance of 7 koe for



S JTT05- 6107 sugecesting the tation lies in the foreground 1 he pulsar ac ually is

3>

n the cluster, 1 s association with (G290, 0.8 is doubtful because the remmant dimensions

would s it 18 uch younger thar the pulsar and i would be hard to understand the

posi ion so far outside the remmant since e Jatter would have had less e 1o

pulsar
decelerate, his case, the pulsar should e a bright X-ray source, having X-ray luminosity
~ 2100 erg st em? Seward &\ Tang 1988) and should he casily detected Hy the ASCA

Xoray satellite. An analysis of a deep ASCA observatio of the source is progress.

4 Conclusions

Wc have reported on timing observations of PSR J1105- 6107, and shown it 1o he young,
and cnergetics. We have considered its proximity to the supcrnova remnant G290.1- 0.8 and
show that an associa jon Hetween the two is possible, Hul we can come o no firn conclusion

on the distances and ages of Hoth objects. We have

given that there are large uncertainties
also considered a possible association of SR J1105- 6107 wi I the EGR YT source 915G
JI103 - 6106 and concluded it is likely. X-ray observations of the remmant and pulsar wil
be useful for constraining the distances to both sources, and should provide evidence for or

against the associations.

s remarkasle that this interesting >ulsar was found screndipitously in a search unre-
lated to cither BGRIYT sources or supernova remmnants, while recent targeted scarches of both
have been done but have met very limited success. (c.g. Kaspi ef al. 1996, Gorham ol al.
1996, Nice & Sayer 1996). That PSR J1105- 6107 was missed by a survey of (G290.1- 0.8 is
not surprising given the pulsar’s low flux and arge angular displacement from the remmant.
Nevertheless the question naturally arises as to whether, in scarching for pulsars in supernova

remnants, one should take care to scarch a arge arca around the remmant. not just inside.

Statistica studies arguing that in nost true associations, he pulsar is found within the rem-
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nant houndaries, suggest other wise (Gaensler & Johnston 1995).11 the association Heawe(n
PSR 11105 - 6107 and(290.1-0.8 is one day proven, the impact on strategies for future
pulsarscarches will be large. Fither way, the discovery of PSR J1105- 6107 suggests deeper

sea ve hes of the error boxes of unidentified G RIVE sources for radio pulsars are war ranted.

We thank Joseph IMierro for helpful discussions regarding 15GIRIYT source coincidences
with radio pulsars, aund Brya n Gaensler aud  Aune Green for help with the remmant non-
age.The fitter-1yaitk systems used in the observations were constructed at the University
of Mauc hester, Jodrell Bank . Part of thisrescarch was carried out at the Jet Propulsion
Laboratory, California Institute of Technology, under contract with the National Acronautics
and Space Administration. VMK received support from NRAQO, and from Hubble Fellowship
grantnumber HIF-1061.01-91A from the Space Telescope Science Institute, whichis operated
by the Association of Universities for Rescarch in Astronomy, I |(’ ., under NASA cowra

NASH 265H5H5.
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Table1,  Astrometric, Spin, andRadio Parametersfor PSR J1105- 6 107

Paramectel Value
Right Ascension,a (.12000) Ihonm 268, 07(7)
Declination, é (J2000) 61e07'52"7.1 (4)
Period, 1 0.0 631912527 92(3) S

Period Derivative, 1 15.80465(12) x lo" '*
Dispersion Measure, DM 27101(2) peem”?

Ipoch Of cried MJID 19515.0000
R.MUS. timing residual .2 1115
Surface Magnetic Iield Strengt h, 13 1.0 X 102 G5
Characteristic Age, 7, 63,350 yr
Spin- Down Luminosity, I 2.5 x 107 crg 57t
I'lux Density at 660 M1z 4.1(7) mdy
I"lux Density at 1420 M1,2 184(14) mly
Ilux Density at 1650 M123 1.58(6) mJy
Spectral |||(|(’X -1.36(1)

Note. - Timing parameter uncertainties are nominal 1o statistical uncertaintics as re

ported by TEMPO and include no contribution for possible contamination by timing noisc.
(1) reported flux is the mean of those measured at 3 epochs
(2) reported flux is the mean of that measured at 24 epochs

(3) reported flux is the mean of that measured at 16 epochs




Fig. I, Pulse profile for PSR 11105 - 6107 at 1650 M2 The profile ISsimilar at 1420 M1l

The apparent off-pulse structure 1S a result of interference.
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Fig. 2.

Residuals at 660 MHz are shown asopen circles. Uncertaintios on arrival times are typically

sialleithanthe size Of th e points.
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Post- fit residuals for PSR J] 105- 6107 after fitting out the model given in‘Fable]
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g, 3. The age 7 of PSR J1105- 6107 as a function of initial spin period 1% for four
values of the braking index n. The filled circle represents the characteristic age 7. = r/2r,

{ypically assumed for a pulsar’s age.
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Fig. 4. MOST radio image of G290.1 - 0.8 al 843 MIlz (after Whitcoak & Green 1996).
The position of the pulsar is indicated by a cross. [ANNE GREEN WILL GIT US A
BIYT'TER IMAGE)



