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Abstract. Two glitches have been detected in the pulsar PSR This paper presents the timing observations for the pul-
B1822-09. The first glitch occurred around MJD 49615 and waar PSR B1822-09, which suffered two glitches, the second of
characterized by a fractional increase in rotational frequencywlfiich had an unusual signature, and was not observed earlier in
2x1071%, The second glitch occurred 325 days after the firany pulsar. The second discrete glitch wasimmediately followed
one and caused a fractional change in frequenéydf)—°. Of by a continuous spin-up of the pulsar which lastegR0 days.
interest was the post-glitch behaviour. The rotational frequenidgtice that this slow glitch was accompanied by the decrease in
immediately after the second glitch began slowly, gradually ithe frequency derivative, which having reached minimum mag-
creasing which lasted620 days. As aresult of the slow increaseitude ~0.4% less than the original value, then relaxed back
a fractional change in rotation frequency for this period of timeward to its former value.

made uly x 10—, This event was accompanied by a decrease in The pulsar PSR B1822-09 was discovered in Jodrell Bank
the frequency derivative, which having reached minimum magearch in 1972 ( Davies et &I, 1972). It has a period of 0.769 s,
nitude~0.4% less than the original value, returned to its initiafather a large spindown rae.3x 10~ s/s and a characteristic
value. age of P/2P~2.5x10° years.
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09 — stars: rotation 2. Observations and data analysis

Timing observations of the pulsar PSR B1822-09 present part
) of the continuing program of pulsar timing measurements at
1. Introduction Pushchino Observatory using the radiotelescope BSA, which is

Glitches are rare phenomena and they have been observel'gdinearly polarized transit antenna array, operating at 102.5
far in only 21 pulsars from more than 700 known ones (LyrdHz (3 MHz of band). The d;mensmns of dipole array are
1996). Pulsar glitches and post-glitch relaxation of the rotatigf®<400m that yield 30000m” of BSA effective area and
frequency is the main source of information on the structure -5kcos(9)) min of transit time fo_r observation. Observations
neutron stars. Glitches are associated with the irregular tran§EPSR B1822-09 were start_ed in 1991 March apd have been
of angular momentum between the rigid crust and a more rapifi§rformed regularly, 2 or 3 times per month, using 32 chan-
rotating superfluid neutron interior (Baym et[al. 1969: Alpar &el bank of 20 kHz f|lter receiver. The receiver tw_ne constant
al. [1993; Lyne 1996). The glitches are usually characteriz8@S 3 Ms, and the signal was sampled at 2.5 ms intervals. The
by short rise times, which are less than a day, and long pogy_lse pr_oflle in each channel was derived Wlth synch.ron_o_us ac-
glitch relaxation times with time scales from a few days to @mulation with the apparent pulsar's period of 285 individual
few years. The changes in the pulsar rotation rate vary in a wildSes: corresponding to 3.7 minutes of transit time at the dec-
range fromAv /v = 10~ for giant glitches taAv /v = 10~1° lination of PSR Bl822_-09. Then_ the signals from all chan_nels
for small glitches. Analysis of the observed glitches has shoWf¢® Summed to obtain the dedispersed mean pulse profile for
that the highest glitch activity has been exhibited by the puls&Single observation.

with characteristic ages betwegit and10° year (McKenna & The topocentric arrival pulse times were derived by cross-
Lyne[1990; Johnston et al. 1995). Very young and older puls&relating the mean pulse profile with a standard, low-noise
have low glitch activity. The post-glitch relaxation have beelgmplate. Template was formed by averaging 16 mean profiles
observed rather in the younger pulsars and may be describedMif @ high signal-to-noise ratio. The PSR B1822-09 was rela-

two exponential components for most pulsars (Shemar & Lyfgely weak at 102.5 MHz, having signal-to-noise ratio between
1996). 20 to 5, which determined measured pulse arrival time uncer-

tainties from 0.7 to 3 ms. The full data set for this pulsar in-
Send offprint requests t@.V. Shabanova cluded about 200 pulse times. These topocentric arrival times
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coordinates were in good agreement with those published by
Arzoumanian et al[ (1994).

1822-09 MEAN PROFILE
102.7 MHz
285 PULSES

3. Results and discussion

Fig. 2a shows the phase residuals, obtained after subtraction
of a second-order polynomial from timing data, collected over
a 6.8-year period between 1991 March and 1997 December.
The plotted points represent residuals from a least-squares fit
of frequency and the frequency derivative on the pre-glitch ar-
rival time data for 1991 March to 1994 September. Since 1994
September the curve goes sharply downwards and for the sub-
TEMPLATE PROFILE sequent 3 years reaches its greatest negative value of about 820
ms, which is more than one period of the pulsar.

The effects of the glitches are more clearly seen in Fig. 2b,
which shows in the greater scale the residuals, punctured on
the top plot. The pulsar suffered two small glitches and they
determined two changes in the slope of the residuals observed.
0 200 400 The precise time of each glitch was estimated as a crossing point

TIME (ms) of two straight lines, fitted to the intervals of about 100 days
of the pre-glitch and post-glitch phase residuals. The events
Fig._l.The mean pulse profile for a single observation and the templggcurred on 1994 September 20 (MJD 49615) and on 1995
profile for PSR B1822-09 August 11 (MJD 49940). These dates are marked in figures
by arrows. The first glitch was characterized by a fractional
were corrected to the barycenter of the Solar System using therease in rotational frequency dfv/v = 2x10~'°. The
JPL ephemeris DE200. second glitch occurred 325 days after the first one and caused

Arrival times were referred to the National time service ¢ fractional increase of frequency an order of magnitude larger
Russia using PRAO local frequency and time service, which waih Av /v = 5.2x1077.
accurate to better than 100 ns and provided the precision pul- The main distinguishing feature of these glitches is that
sar timing measurements in Pushchino Observatory (Shaban®¢a sudden increase in frequency occurred with a decrease
1995; Shitov & Pugachev 1997). in the frequency derivative. After the first glitch a fractional

Example of the mean pulse profile for PSR B1822-09 asiange in the frequency derivative has a negative value of
its template are plotted in Fig. 1. The pulse profile shows ore’/7 = —0.6x107?. Although this value has rather a large
component at 102.5 MHz and its shape is similar to the 40@certainty which i$3%, nevertheless it indicates a tendency
MHz profile (Fig. 2 of Arzoumanian et dl. 1994). Apparentlyto a decrease in the derivative (Fig. 3c). The second glitch oc-
the mode-changing component of the profile is not seen at lewrred with a fractional decrease in the frequency derivative of
frequencies. Interpulse is not visible in the mean profile forAv/r = —2.39x10~*. The frequency derivativé, obtained
single observation, being extremely weak at 102.5 MHz.  from each post-glitch data, is smaller than the pre-glitch value:

The data were analyzed using a standard timing technighe pulsar after the glitch began slowing more slowly than before
(Manchester & Taylor 1977). The parameters characterizinghg glitch.
secular spin-down of the pulsar PSR B1822-09 were obtained The pre-glitch parameters were obtained from timing data
from a least-squares fit of a second-order polynomial. The pubgfore the first glitch (fit interval 48333-49614) and had

phasep of the pulsar at the timewas calculated as the values: period® = 0.768979181777(19) s and the pe-
) riod derivative P = 52.3558(4)x 10715 s/s at epoch MJD
o(t) = 0o +v(t —t,) + ip(t —to)?, (1) 48333.1738 (respectively = 1.30042532190(3) s~ and

U = —88.5392(6)x 10715 s72). The rms timing residuals after
whereyp, is the phase at some reference timeandy, v are the the fit was 0.8 ms. There is a discrepancy between the present
rotation frequency and its first derivative at a given epich results and those of Arzoumanian etfal. (1994), where they quote
Timing residuals were obtained as the difference between thperiod derivative of = 52.3636(7)x 10~ s/s. The NRAO
calculated phase and the nearest intdget ¢ — N and were data span (from 1989 August to 1993 April) partly overlap with
used to compute differential corrections to the initial parametére Pushchino data span (beginning since 1991 March) and the
values. Final timing residuals were derived using improved paiscrepancy between the results may possibly indicate to the
rameters of frequency and the frequency derivative. The positiexistence of short-term variations in the period derivative. It
and the proper motion of the PSR B1822-09 were from Arzoshould be noted that the pulsar PSR B1822-09 is among the
manian et al.[(1994) and Fomalont et al. (1992) respectivelyoisyest’ pulsars. Arzoumanian et &l. (1994) determined for
The position was not improved from our timing data. Derivethis pulsar the value of the stability parameterof = —1.2.
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This value indicates a high level of timing noise. The post-fiito non-overlapping intervals of about 120 days and local fits
rms residuals for the deterministic timing solution containingere performed in each interval (Demianski & Proszyhski 1983;
only one timing derivative is 1.75 ms and 0.86 ms for a largghemar & Lyne 1996). Fig. 3 shows the variations of values
number of frequency derivatives fitted to the data (Table 1 of Av, v with time, all of which are referred to the first point
Arzoumanian et al. 1994). These values indicate that timind each interval. Fig. 3a illustrates a secular slow-down of the
noise significantly larger than the measurement uncertaintipalsar over 6.8 years of observations. The observed glitches are
The presence of timing noise limits the accuracy of measured small to be seen on the scale of this diagram. A plot of the
position and implies that the observed spin-down parametersfreguency variationg\r, remaining after subtracting the pre-
nonstationary. The second derivative of the frequency measugtitch values of frequency and the frequency derivative, is given
in Arzoumanian et al[ (1994) indicates that the value of the firist Fig. 3b. This diagram shows two discrete small frequency
derivative is function of time. This point of view provides a verglitches (marked by the arrows 1 and 2a), which are responsible
good explanation for a discrepancy between the NRAO and fioe two changes in the slope of the residuals observed around
Pushchino results. Phase residuals of the PSR B1822-09 dv¥db 49615 and MJD 49940. Fig. 3¢ shows variations of the
about a 10 year period are plotted in Fig. 3a of Lyine (1996}equency first derivative versus time. The straight line is the
which also shows that this pulsar has much timing noise.  pre-glitch frequency derivative = —88.5392x 1015 572,

The fitted pre-glitch parameters of rotation frequency and
the frequency derivative, glitch parameters and the post-glitch

mean parameters together with the epoch of each glitch, fit in- The lower two diagrams show that behaviour of rotation
P > 109 . poch of 9 ' " rate and the frequency derivative is unusual during the second
terval and rms arrival time residuals are given in Table 1. Quot

errors are twice the formal standard errors of the least-square htt? h. Rotational frequency immediately after the second dis-
and given in units of the last quoted digit. The pre-glitch valu? [€le change (arrow 2a) began continuously increasing which

of v, given in Table 1 were calculated at the indicated epoc¢ sted~620 days, from 1995 August to 1997 April. As a re-

. . It of the slow incr fractional change in the rotation fre-
for the first glitch and for the two components of the seconséJ ot the slowincrease a fractional change ¢ rotation fre

: . . duency for this period made W /v = 7x10~2. In 1997 April
glitch by using the same pre-glitch values.of at epoch MJD . . .
48333.1738. Notice, that the offset at the time of the seco%hcf increase in rotational frequency ceased. The epoch when

: . : . rotational frequency after the second discrete glitch reaches
glitch, left by the first glitch, is small enough to be neglected.the maximum amplitude is marked in Fig. 3b with the arrow

For a more detailed analysis of the variation of the spi2b and corresponds to MJD 50557 (1997 April 19). The re-
down parameternsg  with time, all the timing data were divided sulting amplitude of the full second glitch is rather large with
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Table 1.Glitch parameters for the pulsar PSR B1822-09
Glitch Pre-glitch Parameters ————  Glitch Parameters Post-glitch Parameters
Epoch v, Vo Av/v, AU/ve  vp Up Fit Interval rms
(MJD)  (s7h) (1071 572) (107°%) (107%) (s7h) (10715s72)  (MJD) (ms)

1 49615(8) 1.30041551627(3) -88.5392(6) 0.2(1) -0.6(2) 1.30041551656(18) -88.486(15) 49615-49925 0.6
2a 49940(2) 1.30041303013(3) -88.5392(6) 5.21(7) -2.39(4) 1.30041303690(9) -88.3275(36) 49951-50544 0.8
2b 50557(6) 1.30040831031(3) -88.5392(6) 12.6(2) 0.2(2)  1.30040832671(25) -88.562(24) 50564-50810 0.6

Av/v = 12.6x10~°. Parameters for the second glitch at epodts relaxation back to the initial derivative. As can be seen from
MJD 50557 are given in the third row of Table 1. Figs. 3b and 3c, the increase in the rotational frequency ceased,
The observed gradual change in rotational frequency refleétden the frequency derivative came back to the original value.
the change in the frequency derivative, which is distinctly seenfie last point in Fig. 3b lies below the maximum change in the
Fig. 3c. Else before the second glitch the magnitudilégan frequency and, possibly, it represents the end of the post-glitch
slowly decreasing to the new valueiof= —88.15x 1015 s—2  relaxation. It will be seen from further observations.
and fixed on it for about 240 days. Over such time span the The observed glitches in the pulsar PSR B1822-09 and the
frequency derivative was0.4% less than the initial value. Thenclassical glitch of the same magnitude are schematically given
the frequency derivative slowly came back to the initial value Fig. 4. The classical glitch is characterized by short time rise
during~250 days. Note the time interval of the gradual decreaared associated with a sudden increase in the rotation frequency
of the pulsar slow-down rate corresponds to the time intervalaff neutron star crust, usually followed by an exponential re-
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However, it seems more probably, that a gradual glitch behavior
2b is associated with changes observed in the frequency derivative.
The existence of the slow glitch, as a response of a neutron star
to a perturbation in its temperature, have been predicted by a
model in which a glitch was associated with a thermal instability
in a neutron star (Greenstéin 1979).

The reason of the change in the frequency derivative may be
attributed to some change in the magnetospheric structure and
perhaps in the electromagnetic torque. The observed decrease

of slowdown rate requires decreased tor- que on the pulsar. Pos-
L o sible changes in the magnetosheric structure (in case of thermal
a25days 617 days instability) could cause the changes in the shape of the mean
TIME — pulse profile. Comparison of the mean profiles obtained dur-
ing the full period of timing observations shows no significant
Fig. 4. The signature of the observed glitches and that of a classi@ep{ange in either the mean pulse intensity or the mean pulse
glitch with the same amplitude are shown schematically. Secular slayfgpe.

down effect was removed otherwise the glithes would be invisible if There were some other reports on glitches which did not

.they were plotted in scale. As can .be seen, the. observed second glé)%ﬁibit the characteristic signature of classical glitch. For ex-
is not an instantaneous event and its time rise is about 620 days. Seen

that this glitch consists of two parts: the discrete change (2a) in ﬂ%r_nple, a glitch with a gradual rise for 40 days was observed

qguency and the gradual change in frequency. The amplitude of gRrly in PSR B1907+00 (Gullahorn et_ al.'1976). For the case
glitth maximum (2b) isAv /v = 12.6x10°. of PSR B1508+55, the frequency derivative relaxed to a new

value~0.5% less than the original value (Manchester & Taylor
1974). A gradual increase frequency 680 days was observed
laxation to their pre-glitch frequency. The exponent behavitr the first glitch in PSR B0355+54 (Shabanéva 1990). An un-
following the glitch can be explained by the presence of a fluitbual signature of the glitch, which was detected in the pulsar
component in the interior of the neutron star (Baym et al. 1968SR B1822-09, provides a valuable tool for investigating the
Alpar et al[1993). As can be seen, the second glitch observegiigblems of the neutron star structure.
not an instantaneous event (compared to the observational res-
olution) and consists of two parts: the discrete increase in thesymmary

rotational frequency (2a) withv /v = 5.2x10~? and a grad- . _ .
ual increase in the frequency withv /v = 7.4x10~°. The size The main observational results of this paper are as follows.

of the resulting amplitude (2b) B/ = 12.6x107°. More 1 g glitches have been detected in the pulsar PSR B1822-
than one half of the final change in the rotational frequency g

are provided by gradual increase in the frequency duii®0 5 The first glitch was small, witt\v /v = 2x10-10. It
days. Such long time scale behavior differ significantly from all showed usual behavior an’d was associated with a sudden
other glitches observed so far. increase in rotation rate.

It should be noted that the observed glitches in PSR B1823- The second glitch was rather large, with the resulting am-
09 can actually be a result of one glitch event, similar to the plitude of Av /v = 12.6x 10~2. It shows complex behavior
glitch observed in the Crab pulsar in 1989 (Lyne et al. 1992). 5 consists of two parts: a discrete increase in rotational fre-
This glitch was characterized by a rapid increase and decreasequenCy withAr /v = 5.2x10~2 and continuous increase in
of the rotation frequency over a timescale of 2-3 weeks and fol- frequency which lastee-620 days. As a result of the grad-

lowed by a very slow increase in frequency with a timescale of 5 increase a fractional change in rotational frequency for
~300 days. Suppose, that observations of the first rapid event his time period made upv/v = 7.4x10~9, more than
in the pulsar PSR B1822-09 were missed due to low resolu- 56 nalf of the full amplitude of the glitch.

tion (Pushchino observations were conducted at time interva{s a gradual increase in rotation rate results from a decrease

of about 1 month). Then the slow increase in rotation frequency i, the frequency derivative, which having reached the min-
associated with the second glitch in PSR B1822-09 could sim- j,,um magnitude~0.4% less than the original value, re-

p:); t;le a delayed increase in frequency associated with the first,-ned to its initial value.
glitch.

It is now thought that the reason of glitches may be a star- Finally, note that the PSR B1822-09 is a very interesting
quake or catastrophic superfluid vortex unpinning (Baym et &Pject. It is the only pulsar known which possesses simulta-
1969; Alpar et al1993; Lyne_1996). A starquake model cafeously such rare properties of the pulsar emission as mode-
not account for a gradual glitch behavior, because a glitchGRanging behaviour, interpulse emission, drifting subpulses and
this model is an instantaneous event. In principle, accumulatigtcrostructure (Fowler et al. 1981; Gil et al. 1994). Detection
of several smaller frequency increases with a certain frequer@dyfwo glitches in rotation rate of star, the second of which has
derivative set could account for a slow increase in frequen@p Unusual signature, confirms such characteristic of the pulsar.

_)

OBSERVED
GLITCH

CLASSICAL
GLITCH

FREQUENCY
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