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A two component model of the Crab pulsar enussion based on the

BeppoSAX pulse profiles.
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We propose a twn anmponent moded for the cmission of PSR BO531421 {Crab pulsar) foodeseribe the energy
dependence of the pulse profile and, in particnlar, of the relative peak (and inferpeak) inlensitics. We show thal
the enerpy change of the X-ray pnlae profils can be well reproduced by adding to the optical prefile a anique
Lroad pulze component whose intensity svales with the energy,

1. INTRODUCTION

The cncrey dependence of the pulse prolile
af the Crah Pulsar (PSK BO331+21) iz known
since carly observations: in parlicular, Lhe rela-
Live inlensity of the two main peaks {the P2/F1
ratia) inereases o the soft Xoray band and
roaches the maximum wvalue al about 1 Mey
{see Lhe Databose of Massaro, Feroci amd Mall
[1]1. BeppoSAX observed the Crab Pulsar dur-
ing the Science Verification Phase {1996 August
31-Scptomber 7} and provided a series o caeel
lomit, pulse praliles over the wide energy range (1.5

300 ka'¥ [2], particularly wseful to study the be-
haviours of the P2/ and 1p/P1 {Interpeak ro-
sion intensity wo PL) ratios

Ohservations af energied grealer than 30 Mo
1) show Lhat P2 hos about the same intensity like
in the optical [4]. A& comparison between an opri-
cil and a s-ray polee profiles is shown o Flgure 1.
Wotice the very similar heiphts of the peaks sven
if wome dillerences i che shape of the T2 leading
Sice are present.

[n this contribution we trv to explain (e
rhanges of che pulse shape by means of a owo
compenent model.  We assume that the X-ray
cmission of the Crak Prlsar s produced by the
sum ol o slgnal with the pulse profile observed
ab optical frequencies, and of another one, par-
tieularly strong in the X s low voergy v rays,
whose pliose distribution of the intensity 15 derer-
mined frnn (e comparison with the data. We
shemr thar it is possible w reproduce the Crab
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Figure 1. Oplical and ~vay (30 MeV) pulse
prafiles of the Crak,

pualse profiles veer aoquile lacge energy olerval
by scaling with energy the tobal fnkensity of the
second component with only very small changes
af the shege.

2. THE MODEL

The two components congidered in our madel
are tlwe oplical prolile, which we derived from the
Smith's observations |5] (the same shown in Fig-
ure 1], ond another one whose intensity is increas-
ing, Llroueh the interpeals and reaches a mazd
mum ab Che phase 0.4 We describe Lhe phiase
digtribution of the latter component. (herealter
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Figore 2. The wadeled and the vhserved Crab
pulse profiles (344 keV) (upper panel]. The "
crTnponent i shown in the lower panel.

I by means al some simple mathemanical ex-
prossioms employing a combination ol two power
laws:
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The IPC iulensity is zero oulside the tnverval
i fo.fuh, while fo is the phase at which the Lwo
cxpressipu have the same value, The mazximn
value Vi, rorpesponding to f = fi, 18 n=el o gen-
pral scaling preuamencr [or the sotire cormponent
and. therefore, s dependence an encrgy 5 rep-
resentative of the spectral distribmtion. A fur-
<her linear descending branch is also included o
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Figure 3. The same as Figure 2 but for the aver
ape photon energy of 728 keV,

ponnect fi Lo the zerc loval of the off-pulse at
the phase (.43, 'Lhe fillowing parameters’ val-
ues f, = -0.13, f, =040, fu = 2 ey = A,
ey = A0 were found Lo give proliles in g sails
factory aprestnent with he data and were kepl
faceds we loft free vuly ¥, wo adapt the commbined
signals to the ohserved pulse proliles.

We used also a different mathematical muodel wilh
an expaonensial function:

Jr L I|~ x|
w1 = Vieexp {300 — fidt (K—f_)
tor _iF-'I = .IF = frj:. are]

y(f) = Ymexp {80 = S} (3]

for fg <= [ = [y, with the above values for fa. fi
f, ol g
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3. RESULTS

Two cxomples of the pulse profiles computed
mging Lhe meodel given by Bgae (1) awd [2) are
shown in Figures 2 and 3 the former correspond-
ing lo the mean photon cnerey of 3,44 (MECS
data) and the lacter 4o 72,8 ke {PDS data), The
upper panel of each fzure shows the normalized
profile compuled wich ohe fwo compenenl model
superposed o the observed dala while the lower
one shows the 1P sipnal only,

The agrecment with the data is satistactory for
all the wide snerpy interval covered by BeppoSAXN
abservations. Of course, the chosen model is very
simyle and one cannot reasonably cxpect o per-
fert agresment with the data. AL snergies greater
than ~ 40 kel the measured counts in Ip region
lig absorve Lhie predicted curve. 16 15, however, sui-
ficient to change the value of fi from 00,22 te 0,26
toobtain oomuch better apreement withour a sio-
nilicant diffcrence in the ¥, vilues.

The expomential modsl s able Lo reproduce che
data with a similar apresment and gives practi-
cally Lhe same values of Yo, In this case, however,
w fonnd aomore evidenl dependency of the ITPC
shape on energy: we need, in facs, 1o change the
Hvolues from 10, at the lowest enerpgies, 4o 7.5 for
Lhe highesi snerey prolile,

In Tipure 4 we platted ¥, ssche photon energy:
asingle power low gives o good representation of
thie bremd: the resulliog exponenl 15 0.32, coloci-
dent with that found hy Wineo ef al. 1807 2] for
the Ip/P1 ratio.

On the basts of these results we can also puesy
some peneral indications ahout the speetral distri-
buticn of the IPC component, From the spectral
fits of the BeppoSAX observalions (Cusunane el
al., these proceedings), which give a wvalue of -
1.8 for spoctral index of 'l in the MECS band,
wiz eslimate thal the TPC spectewn slould Tollos
a power law with a photon spectral index guite
close to -1.5. U'he spectrum remains harder than
Lhat of P1 up Lo about 1 MeV, as indicated Ly Lhe
high walues of the P21 ratio measursd inthe
lonw enerpy & rays by TTGARO [6] and COWMT-
T'EL [7] and must have a gquite abrupt cutoll be-
eanse Lhe TPO does not appear i vhe (= 30
Mel hands,
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Figure 4. Double logarichmic plot of Y, vs en-
crpy; Lle beal L line 14 alao shown,

4. HSCLSSI0ON

We have shown thar the pulse shape change
of Crab Pulsar in the X and low-cnorgy v rays
can b explained by means of 4 bwo component
model.  These two components must have sub-
stantially different enerey spectra and phase Jdis-
tributions. This suppesls hal he emission e
piems, i which these components are originated,
could have different locations in the neulron star
wagnelosphers,

Several theoretical maodels to explain the spoc-
trum and the shape of the Cral Pulsar sanis-
dion bave been propossd, buc none of them has
reached a full suceess, Tor example, one the most
recent papers on this subject (Eastlund, Miller
awd Michel 1997 |8 ), in which the emitting par-
teles are assumed to he trapped in the closed
magnetosphere, is successtul in producing a Jdow-
ble peal pulse shape, wilh the right phase sop-
aralion, bub Fails just in explaining the increase
of T2 and Ip in the X roy band. We remark,
howewer, that this model predicls o skable prulss
shape [rom the aptical to high eneegy ~ rays, in
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agreoment with ome of our basic assumption.
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