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We present some resulls of un RXTE observation on PSIUB1937421, the fastest. known millisscond polsar
{1'=1.56 ma). The pulse profile, detected up to =20 eV, shows o doable peak, with the main component moach
stronger than the ather. The peaak phase separation s 052650002 and the pulsed spectrum over the coergy
riange 220 keV s well deseribed by a power law with g photon index equal to 1142007, Wa find that the X-ray
pulses are closely alipned in phase with the giant pulses observed o the radio baodd, This resull suggest Lhat gianl
radio pulses and X-ray pulses originate in the same region of the magnetosphere due o a high and fluctuating
clectron density thot oecasionally emits cohierently in the radio band, The X-ray events, howover, do nol. show
any clustering in time indicating that no M-ray flares are produced

1. INTRODUCTION

PSR B1937+4+21 wus the first MSP discov-
ered [1] and, with a period of 1.56 ms, it re-
mains the most rapidly rotating neutren star
presently known. The distance sstimated from
the ohserved digpersion measure (DM) and from
a model for the Galactic free clectron distribu-
Lion [2,3] s 3.6 kpeo  Tts spin down luminos-
ity is B ~ 1.1 x 10% erg 5! and the dipo-
lar magnetic ficld component at the star swiace
is ~ 4.1x10% G. Like the Crab pulsar [4]. PSR
BOa40—6Y [5] and the other MSF PSE B1821 24
PSH B1937+421 exhibits sporadic emission of gi-
ant pulses in the radio band [6-8]. Such pulses
are extremely short events {+ < 0.3 ps) confined
to smnll phase windows trailing the main and in-
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terpilse.

X oray emission from this polsar was detectaed
by ASCA [4] abave 2 keV. with a pulse profile
characterized by a single sharp peak and a pulsed
Fractivn of 4%, Comparing the X-ray and radio
phase arrival times, these authors claimed that
the X-ray pulse is aligned with the rodio inter-
pulse,  Later, BeppoSAX detectad pulsed emis-
sion from PSRt B1937+21 [10,11] and the pulse
profile was found to show a double peak pat-
tern with a phase separation from PL to P2 of
0.532 £ 0.0 and a significance of the second peak
of ~3 ¢. The DepposAX date did oot allow to
study the relative alignment between Noray and
ratio pulses, hecause the timing did not maintain
the necessary accuracy to UTC.

In this letter we present the resnltz of the
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timing analysis of & RXTE observation o
PSR B1937421. We compare the absolute phases
of the Xe-ray and radio pulsed signals and show
that the X-ray peaks are phase aligned with the
radio giant pulses,

2. PULSE PROFILE AND PHASE
ANALYSIS

lhe RXTE observations were performes] he
tween Februory 22 and February 27, 2002. The
total exposure times were about 140.000 s for the
T'CA units 0, 2 and 3, and about 20,000 < for the
units | and 4, Standard selestion eriterin were
applied to the ohservation data. We nsed only
data obtained with the PCA 112] accumulated in
"Cond Xenon" telemetry mode for the timing and
spactral annlysis. Events nre time-tageed with o
Lus necuracy with respect to the spacecradl clock
aned with an absolute time aecuracy of 5-8 ps with
respect to UTC. The UTC arrival times of all se-
lected X-ray events were first converted to the
Solwr System Buryeentre using the (J2000) pul-
sar position given in Tuble 1 and the JPL2000
planctary ephemeris (DE200, [13]}).

The radio cphemeris of PSR B1937+21 were
ubtained from high preeision timing olservations
made with the 100-1n Effelsherg riidiotelescope in
Boun, Germany, and with the Westerbork Syn-
thesis Radio Telescope (WSRT) in Wasrerbork,
The Netherlands,

Bath sets of time of arrivals (TOAs) olstained
al Effelsberg and WSRT were first indepen-
dendly fit to a pulsar spin-down model with the
sollware package TEMPO',  The resultanr ra
dio ephemerides were then used for aligning the
LRXTE duta with the radic profiles, producing
tully compatible results. Finally, we produced a
best-fit tiniing model for PSR B1937+21 fram the
combined Fffelsberg and WSRT TOAs to align
the RXTE and radin data (see for more details
[14]).

RXTE data were searched for pulsed emjssion
by using the folding technique in a range ren-
lered at a value computed from the ephemeris
reported in Table 1. The plot of the 2 vs the
pulsar frequency showed a clear zingle maximum,
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Figwre 1. Top: The RXTE pulse profile of PSTt
BL937+21 in the 2-17 keV enerpy b, The bin
size corresponds to ~ 16 us. Middle: The 4-10
keV BeppoSAX ofile (10] with the 1 alipned
with the P1 phase in the tip panel,. Boltom:
Radio pulse profile at 1.6 GHz obtained from E[-
felsberg.  Vertical arrows fndicate the phasey of
ubserved radiv giant pulses,

very prominent ahove the noise level und the pul-
sar frequency, estimated by fitting the ¥ peak
with & gaussian profile, was ¢ — f11.028244R3(2)
Hz in agrecment within the errvors with that from
the radio timing model.

The highest significance of the pulsalion is
reached in the energy interval 2.5-17.0 ke an
the resulling X-ray pulse profile, obtained by fuld-
ing the data witl the radio [requency, is shown
in Fig. 1 (top panel). It is characlerized by
prominent narrow first peak (P1), and by o fesy
appurent second peak (P2) with a signiticance of
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only H7 above the off-pulse level. P2 is lagging
P1 by 0.526 = 0.002, determined by fitting hoth
mulees with synunetric Lorentzian shapes, While
the detection of P2 is weal, its presence is con-
firrned Ty Ahe BeppoSAX olseration |10 We
show the BeppoSAX result in the middle panel
of Ilg. 1: this profile hos been shifted to align
Pl with the phase of P1in the top panel. Pulse
widths are wider in the DeppoSAX data likely
because the events are affected by o less aceurale
Lirne tngging. The P1 widih (FWHM) mensured
in the WXTE profile g omly 249 L 2 je and the P2
width is 51 4 21 ps. Fig. 1 (battom pancl) shows
Lhe vadio profile Tromn one Elelsberg observation
Vertical arrows mark the phases of glant pulses
[4]. Lhe comparison in absolute phase betweon
Lhe Xeray wad mndio profiles shows that the T
lags the main radio pulse by 44 £ 1 L 5 & 8 us
and 12 lngs the secondory radio pealc by H1 434 +
0 £ 8 pem, where the quoted wneertainbios reflect,
firat, statistical error, second, source position in
ncculrnebes and third, the absolute thme aecuraey
tf RXTE, The Xerny pesks appenr closely aigned
with the phase of the radio giant pulses. In ad
dition, the phoase separation between the X-ray
pulses of 0526 = 0.002 s more consistent with
the phase separation hetween the positions of the
ginnt radio pulses (0.5264 £ 0.0006) than with
Ll Between the radio madn and secondary pulses
(052106 £ 0.00003), The latter makes a system
atle difference in the absolute X-rov and radio
Ly s explanation for the shifts oolikely

The seenrrence of the same phases for the X-
roy pulses and the radio giant ones suggests the
possibility thut high energy plhiotons are smitted
simultaneaus with the radio giant pulses. There
fore, we searched if there is some evidenee for a
bunehing of X-ray photons with a rate similar o
that of giant pulses and equal to ~1 pulees per
minute [7.8]. During the RXTE exposure we then
cxpected thal pulsed events oceur in aboot 3000
X-ray flares. To investigate this hvpothesis we
made an X-ray light curve selecting only events
within the plase interval centered in PL with a
phase width of Ag = 0.06 (90 ps) and studied
the frequency distribution of these events. Since
the dead thme of the PCA s about 10 ps the max-
imum content of a bin in the presence of a X ray

ot can ool exeeed 5-9 counls, We [oud e
following statistics: 2 hins with 4 counts, 11 hins
with 3 counts, 574 bins with 2 counts, 204060
bins with 1 count and 922058534 with O counls.
This distribution 18 not consistent with the Tois-
son statistics, where the expected number of bing
with a number equal or higher e 2 counls s
much lower chan measured, However, there is no
evidence for the cxistence of X-ray gianl pulsca
Devpnse Ll punnber of Bl wilh nocontent diller-
ent from the Poissan distribotion was anly 116,
much lower than the number forescen from Che
fregquency of sudio ginnt pulses, Another prossis
bility is that the rate of X-ray giant pulses could
be lower than that obacrved o the roclio ol
sned Uit Pl Bl energy eodssion could beoaomis
of statwonary vmission plus some moro rare giant
pulae episodes. We constructed other light eurves
selecting events in 1O dilfrent phise intorvals Tne
frosn T and T2 aned with elie same phase wadeh
waed In the selection of the 1 interval. We Foud
sl devintions from e expeated Poisaon dis-
teibmtion inall light eorves, T particular, the
number of bing deviating from o Polsson distrilu-
Lion wos found Lo be Debween 60 wod LA, T here
fare, we conchide that there (8 no evidence that
the X-ray emisslon of PSE D1OS74+21 is bunched
i relatively vove ovents of ligh Bnleosity,

3. DISCUSSION

'he RXTE observations of the millisecond pul-
suy PSR BL33T+21 provided for the Best Fmea n
detection of a pulsed emizsion up to an enersy
of 200 eV, Like in the radio, we [Hid o double
peiked pulse shape with a dominant first peak
and a much weaker second peals. Desplte being
only weakly detceted, its presence s conliried
b revent BeppoSAX data showing o second peak
af the exact same location. Our result is not in
agrecment with the single peale profile at {he sane
phiase of the radio interpulse, repoeted by [3] from
ASCA data. The major Anding of the present
analysis i that the X-ray and radio pulses e
not precizely aligned, bue the former lags the lar-
ter by a phase difference of 0.0420,01, not larse
but significant. The X-ray pulscs are then very
well aligned to the giang pulzes ohserved in the
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racio band [8]. 'Uhe X-roy pulsed cmission, how-
ever, 18 found to be stable. because we do not find
avidenee of any clustering in time, indicating that
no R-ray flares are produced.

REFERENCES

L1,

12,
13.
14,

Bocker, D.C. & Sallmen, S5°T., Nature 300
(1982) 615

Taylor, 1LH., & Cardes JM., ApJ 411 (1903)
1741

Cordes, LM., Lazio, T.1L.W. astro-
Pl O207 156 (2002)

Lundgren, 5.¢., Cordes, J.M., Ulmer, M., ot
ab, ApJ 4563 (1995) 433

Julington, 5., & Momani, LW, Apd, 500, Lu5
{2003)

Sollmen, 5., & Bacher, D.C., in ASP Conf.
Her, T2, Millisecond Tulsars: A decade of Sur-
prise, ed. A. S. Fruchter, M. Tavani, & D.C.
Baoeker (San Franciseo: AQP) (1995) 340
Cogniard, 1., Shrauner, LA, Taylor, J1L, &
Uhorsett S K., Apd 457 (1006) L8l
Kinkhabwaln, A., & Thorsett, 8.E., Apl 535
(2000) 365

Takahashi, M., Shibata, 5., Torii, K., et ul.,
Apd 504 (2001} 316

Nicastro, L., Cusumano, G., RKuiper, L.,
et &l,, Proceedings of the Seminar on Neu-
tron Stars, Pulsars wnd Supernova Remnants,
Physikzentrum Bad Honnef, eds W. Decker,
H. Lesch & J. Triimper (2002)

Nicastro, L., Cousummno, G, Minea, T, ot al.,
AL A submitted(2003)

K. Jahoda, et al.,, SPIE, 2808, 59 {1996)
Standish, EMM., ALA 114 {'_195‘2} 297
Cusumann, G., et al, AkA, in press, astro-
ph /UB0BER0 (2003}

TN

AGCOAZ493 NUPHBP B804




