A&A 408, 1057—1063 (2003) Astronomy
DOI: 10.10510004-6361:20031028

& .
© ESO 2003 Astrophysics

Diagnostics of the plasma of pulsar magnetospheres based
on polarization profiles of radio pulses

S. A. Petrova

Institute of Radio Astronomy, 4, Chervonopraporna St., Kharkov 61002, Ukraine
Received 30 April 2003 Accepted 3 June 2003

Abstract. Propagation of natural waves through the ultrarelativistic highly magnetized plasma in the rotating magnetosphere
of a pulsar is considered. Based on the quantitative description of the polarization-linfiéog e develop a technique of

density diagnostics of pulsar plasma according to the observed polarization profiles of radio pulses. For the first time, it appears
possible to obtain the profiles of the plasma density distribution across the open field line tube. The density profiles found for
PSR B035554 and PSR B0628-28 show a perfect exponential decrease towards the tube edge. The multiplicity factors derived
are compatible with those predicted by modern theories of pair cascade in pulsars. The results of the plasma density diagnostics
may have numerous implications for the physics of the pulsar magnetosphere. Further application of the suggested technique
to single-pulse polarization data seems to be promising.
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1. Introduction vector reflecting the orientation of the ambient magnetic field.

) ) However, the representation of the observed superposed OPMs
Pulsar magnetospheres are believed to contain an uItrareIatlggsThe natural waves of pulsar plasma faces two majbci

tic secondary plasma which streams along the open magngiic rirstly, the observed modes are elliptically polarized, with

lines. Narrowness of the observed pulses implies that the ragi@ yeqree of circular polarization varying stochastically from
emission originates deep inside the magnetosphere. Furthe'r}ﬂn

) se to pulse (McKinnon 2002). Secondly, at a fixed pulse lon-
the waves propagate through the plasma flow and their chatgiqe for each of the orthogonal states there is a substantial

teristics can be considerably changed by the ambient mediyff)se _to-pulse spread in position angle (PA) of linear polariza-
Thus, the outgoing radiation can bear valuable mformatl%n (McKinnon & Stinebring 1998), and moreover, the aver-

about the physical properties of pulsar plasma. In the presg@b PAs of the two states mayffér by not exactly 99 (e.g.
paper we suggest a way of finding the distribution of the nurgs;; ot 21 1991 1992).

ber density (_)f pulsar plasma based on the observed polarizationg o m the theoretical point of view, if one consistently con-
characteristics of radio pulses. siders propagation of natural waves in the open field line tube
The diverse and complicated behaviour of the single pulgea pulsar, one cannot overlook the region where the waves
polarization is mainly caused by the presence of orthogorglcouple from the magnetospheric plasma and become com-
polarization modes (OPMs), which are fundamental featugyn vacuum electromagnetic waves. This happens as soon as

perposed OPMs has strong observational support (McKinngryeometrical optics to be broken, i.e. on condition that
& Stinebring 1998, 2000) and it is undoubtedly favoured by

theoretical considerations, since direct generation and furtfﬂ‘é.rAn(N, v,6,w) ~ 1, (1)
propagation of the partially polarized disjoint modes are queS-

tionable. The superposed modes can be recognized aswhere An is the diference in the refractive indices of the
independently propagating natural waves of pulsar plasmagdesN andy are the number density and Lorentz-factor of
which either are generated byflirent emission mechanismghe plasmag is the angle between the wavevector and the am-
(McKinnon 1997) or originate as a result of partial convebient magnetic field. Before the natural waves escape from pul-
sion of a single emission mode (Petrova 2001). As the magar plasma, their polarization can be substantially altered. In the
netic field of a pulsar is extremely strong and ray propagatioegion defined by the above equation the waves acquire some
is typically quasi-transverse, the natural waves of the magmé-cular polarization and a shift in PA with respect to the orien-
tospheric plasma should be linearly polarized, with the electiition of the ambient magnetic field. Thifexct, usually called

the “polarization-limiting &ect” (PLE), has been qualitatively
e-mail:rai@ira.kharkov.ua considered by Cheng & Ruderman (1979), Stinebring (1982)
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and Barnard (1986) and later on quantitatively described B = 2R(by+1,)(b, — 1) + RI(b, — 19)? — (by +1,)2]u
Lyubarskii & Petrova (1999) and Petrova & Lyubarskii (2000)dz o Y Y

For fixed parameters of the plasma, both natural waves have 50 3 P 122 e
the same PA shift and the same degree of circular polari%hereR_ 2wy 1wCy[(Betly)*+ (B, ~1)7] }’.wp " 4"N?2/m
|s|the plasma frequencly, andb, are the direction cosines of

tion (of opposite senses), becoming purely orthogonal ellipti : A . .
waves (Petrova 2001). It is important to note that the values(,‘%fe ambient magnetic field in the Cartesian coordinate system

PA shift and mode ellipticity resulting from PLE are related t(\ﬂV'th thez axis along the_ wavevectdr,_ b x (R xr)/cis the
) g : ... vector allowing for rotational aberratio® is the angular ve-

each other, both being determined by the physical conditions; ; 5o 7
) e . ocity of pulsar rotation. Note thaf + u? + v* = 1, since the
in the polarization-limiting region. Then the observed pulse-to- - .
ré%tural waves are by definition completely polarized.

pulse variations of these quantities can naturally be attribut The Stokes parameters evolve along the wave trajectory be-
to fluctuations in pulsar plasma. On the one hand, PLE allows . 3
L cause of the plasma density decreds$ex z°, and also be-

one to correctly account for the mode ellipticity and PA sprea - ; : : .
imoroving the theory of formation of bulsar polarization C)céluse of variation of the orientation of the ambient magnetic

P 9 eory ot p P ton. Yeld as a result of ray propagation and pulsar rotation. For the
the other hand, it provides the possibility of plasma diagnostics . o .

T Wave propagation far enough from the emission region, to the

based on polarization data.

In th ¢ devel techni that first order inz/r_ (wherer_ = ¢/Q is the light cylinder radius)
n the present paper, we develop a technique tha Ffr[ geometrical terms can be presented as (for more details see
lows us to separate the observational consequences of PL

A ; e.g. Petrova & Lyubarskii 2000):
from the polarization data and to obtain the plasma num- y )

ber density profiles. The technique is applied to the avebr-+I 0 z Osifa
X Y

age polarization profiles of PSR B03854 (at 4.85 GHz) T2 2. 6
and PSR B0628-28 (at 0.408 and 0.61 GHz), where the con- Z é-a .
tribution of pulse-to-pulse orthogonal transitions is believed — Ix = 6 Sina, 3

to be negligible, so that the average polarization character-

istics can be regarded as those of a “typical” single pu|§@hereeisthe wavevector’s tilt to the magnetic axdsthe pulse
Although our results are rather illustrative, they do encouraBase®?sin’a = 62 - (¢ - a)?, a is the angle between the ro-
further application of the suggested technique to real singfional and magnetic axesthe angle between the rotational
pulses of a variety of pulsars, in which case the orthogor@fis and the sight linds — |6, |®| < 1. In the chosen coor-
transitions and other pulse-to-pulse polarization fluctuatiof§ate systemb initially lies in the xzplane, so that the initial
can be properly taken into account. Our present reseaf@pditions readgo = £1,Up = vo = O, where the sign+"
has made use of the database of published pulse proffigfrs to the ordinary waves and the sig#t to the extraordi-
maintained by the European Pulsar Network, available Zfry Ones.

http://www.mpifr-bonn.mpg.de/pulsar/data. Substituting Eq. (3) into Eq. (2), we find finally:
d
) = ~20G(w -~ pGDA,

2. General equations du

— = [(w-pG1)? - (0G2)?] Av, 4
Let us consider radio wave propagation through an ultrareldw [(w=pGa)" = (Go] “)

tivistic highly magnetized plasma in the rotating pulsar mag-
netosphere. The plasma particles are known to stream alohy _ _ A 2 _(_ 21
the magnetic lines with a large spread in Lorentz-factprs, dw 20Ga(w = pGAG+ [(pG2)” — (w = pGa) AL

10-100. However, the dispersive properties of the plasma [gye,, - 2,/2, 7, is the polarization-limiting radius defined by
mainly determined by the particles with momenta close {ge following relation (cf. Eq. (1)):

some characteristic value (e.g. Lyubarskii 1996), so that the

cold plasma approximation is still appropriate for our problerR(z,)z[(bx + 1,)? + (b, — IX)Z]Zp =1, (5)
Deep inside the magnetosphere, pulsar plasma allows two non-
damping natural waves, the ordinary and extraordinary ones,

311 _ 2 2 ;
which are linearly polarized. The electric vector of the ordiA = = [ gGlz) i (2622)2], - % She
nary wave lies in the same plane as the wavevector and the am- [(w = pG1)* + (0G2)’] Lle—al
bient magnetic field, while the extraordinary wave is polarized _ SN Gy n _ sign¢ —a)

perpendicularly to this plane. The evolution of the electric field ~ é—a 1+2 ° 1+n?
amplitudes of the waves is described by Egs. (2.8) in Lyubars g
& Petrova (1999) (or Egs. (13) in Petrova & Lyubarskii 2000

In terms of the Stokes parameters of the wave, those equatig

are reduced to the form:

can be seen from Eq. (4), polarization evolution of the nat-
ral waves is completely determined by the two paramegers,
Har]. The first contains the polarization-limiting radius and,
consequently, is related to the plasma number denshy(aee

d Eq. (5)). As for the second parameter,~ —tanyg, where

9 2Ry +1,)(b, - | : y :
d4z ~ (bx +1,)(b, = Lo, Yo can be recognized as the position angle in the customary
d rotating-vector model (RVM) (e.g. Manchester & Taylor 1977).

u 2 2 .
& = ROct1)" = (b, - 1)7Te. (2) As usual,yo corresponds to the PA of the natural wave in
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the emission region, i.e. in our case represents the angle
tween thexzplane and th&k x Q-plane. The minus sign in
the above relation allows for the so-callegtonvention prob-
lem” (e.g. Everett & Weisberg 2001), since throughout tl
paper we follow the usual astronomical convention that |
increases counter-clockwise on the sky.

The solution of the set of Eq. (4) a > z yields the
final polarization of the natural waves. Below we are inte” °
ested in the final degree of circular polarization, and the
final PA shift from the initial plane of magnetic linedy., =
% arctan(l./q.). Figure 1 shows the numerically calculated f ~
nal polarization characteristics of the ordinary waves as fur
tions of the parametersandp. According to Fig. 1c, the pairs
(n, p) and ¢, Ay,) €Xhibit a unique correspondence.

Both polarization characteristics of the natural waves,
andAy., can be derived from observations. Given that the ¢
served radiation is an incoherent mixture of the orthogonal
liptical modes with intensitie$; andl,, the observed Stokes
parametersl( Q, U, V) are written as

0.8

0.7

I
\%

|1+|2, L=|m(|1—|2), 0.6

um(l1 = 12), 05
8 0.4

whereL = +/Q? + UZ? is the observed linear polarizatiol, 3
and vy, correspond to the degree of linear and circular polz

ization of the moded2, + vZ, = 1. For the dominant mode we °** \\
have: 01 \ 1
SR
Y y=lacany/Q © SR
Um = — = — . - \\
On the other hand, if the observed superposed OPMs are it 04 e o
tified with the natural waves which undergo PLE, -
o BT h
Um = U, ¥ = Ao, — arctam. 7 n

Because of the unique correspondence between the p:
(veo» AY ) @nd @, p), the pair of the observed valuag.(y) is -0 1
unambiguously related toy(p). With the values of; derived
from (vm, ) at different pulse longitudes, one can reconstruc %/
a perfect RVM swing of PA and fit the geometrical paramete
j‘_ig. Further on, substituting andn into Eq. (5) yields the

plasma number density af. With the polarization data across , .|
the profile, one can find the plasma density dfedent dis-
tances to the magnetic axis. It appears possible to reconstr _ .|
the plasma density distribution over a substantial part of tt
tube. -06f E

-0.3r b

3. Results o7l 1

In the previous section, we have outlined the basic ideas u ‘ ‘ ‘ ‘ ‘ ‘ ‘
derlying the suggested technique of density diagnosticsof pi ~ °© 01 02 03 A°-w4 05 06 07 08
sar plasma. An example of its application to the observational N

data is demonstrated below. We use the average polarizaffigh 1. The final ellipticitya) and PA shiftb) of the ordinary waves as
profile of PSR B035554 at 4.85 GHz first published by vonfunctions of parameterg andp; c) v., VersusAy., at diferent p, ),
Hoensbroech & Xilouris (1997). Strictly speaking, our tecHach of the closed lines corresponds te const.

nigue should be applied to the single-pulse data. Since the val-

ues ofvy, andy can undergo marked pulse-to-pulse fluctuations

— first of all, as a result of orthogonal transitions — the averagbsence of orthogonal transitions and generally weak pulse-to-
polarization profiles are typically inappropriate. However, fquulse polarization changes (e.g. Xilouris et al. 1995), with the
the leading part of the profile considered one can expect theeragen, andy still resembling the single-pulse values.
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Fig.2. Polarization profile of PSR B035%4 at 4.85 GHz Fig.4.Parametep as function of pulse longitude (asterisks) for PSR

(von Hoensbroech & Xilouris 1997): solid line — total intensity, dashe0355+54 at 4.85 GHz. The normalized plasma densityaesti-

line — linear polarization, dotted line — circular polarization, asteriskgated following Eq. (8) is shown by diamondsgs = 3“% e 3.
. . .. g X

— reliable values of mode ellipticity. The emission altitudez,, found from the relations = wp(zo) 7 is

shown by circles. For more details see text.

0.3

0.2r-

PLE-equations (4) at varioysandz, for each pair of the ob-
served valuesufy, ) one can find a unique paif,(0) which
provides such values ef, and Ay, that satisfy both equali-
ties (7) simultaneously. Figures 3 and 4 show the resuljant
andp versus pulse longitude. The functien(®) (asterisks in
Fig. 3) indeed exhibits a monotonic behaviour and can be well
fitted by a straight line. Obtained purely from the observed val-
ues ¢m(®), ¥(P)), this dependence appears compatible with the
definition,n = cDjj“", and presents a perfect RVM-swing of the

0.1

tan (@ -Ag)), tan @

-0.1r

e

-0.2r

-

«| initial PA, n = —tanyy, reflecting the magnetic field geometry
in the emission region. This strongly supports joint interpreta-
s ‘ ‘ ‘ ‘ ‘ tion of PA shift and the mode ellipticity in terms of PLE.

- N ’2 o(de0) : ! ¢ It should be mentioned that fitting the RVM-curve di-
rectly to the observed PA usually facedhidulties, even in
the absence of prominent orthogonal transitions (e.g. Everett &
Wiesberg 2001). Moreover, in those rare cases when the fitting
procedure yields satisfactory results, the geometrical parame-
ters of a pulsar derived from the fitted curves dfatient fre-

The profile of PSR B035854 is plotted in Fig. 2. The re- duencies appear toftier drastically. Probably, these discrepan-
liable values of mode ellipticityym, calculated in accordanceCies can be attributed to PLE. Further on it would be reasonable
with Eq. (6) are shown by asterisks. The errorsiinare as- (0 allow for this éfect and fit the RVM-curve tg rather than

sumed to be normally distributed; hence, the standard erf8#- Althoughin the case consideregandy differ slightly,
V@B Ao (P02 in general one can expect that taking into account PLE can im-

readsio,, = (QPUZ VP2 - Wwhereoquy are the  hrove the technique of RVM-fits, especially in application to
rms-deviations of the Stokes parameters in tfigoalse region. e single-pulse data.

Our consideration involves the points with the relative errors : : .
Neman According to the theory of PLE, the linearly polarized nat-

0y,/lvml < 0.3. The standard errors in Pk, = Uy ural wave originating with the RVM position anglégy =

and the corresponding relative errors are typically much less- arctan;, acquires both the observedand v, at a certain
For the pulse longitudes considered, the tangent of the alalue of p, which characterizes the physical properties of the

served PA is presented in Fig. 3 (triangles). According to tlenbient plasma. The quantityis related to the polarization-

sign of the PA derivatives — @ > 0. Then, as can be seen fromimiting radius,p = Cz/r., with C = sina/Ié — a| = In/¢l.

Eq. (4) and Fig. 1, the negative sign®f testifies to the dom- In our caseC = 2.3, corresponding to the slope of a straight

inance of the ordinary waves. Using the numerical solution bfie in Fig. 3. Therg,/r. < 0.1 (cf. Fig. 4).

Fig. 3. Parametern (= tany = tan(y — Ay..)) versus pulse longitude
(asterisks) according to the polarization data on PSR B83&5sat
4.85 GHz; the observed values, tarare shown by triangles.
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Proceeding from Eg. (5), one can find the plasma numb **
density atz,:

Np = 15x 10°P1vgy3(¢ — a)’Cp (L + nP) 1 1
X[(1 = pG1)? + (0G2)?] cm™3, (8)
whereP is the pulsar period; the radio frequencyi = 17r;, osf 1

vy = %. For the case considered the numerical values i~
Np are shown in Fig. 4 (diamonds). Here it is taken the®
& — a = 7.2°, which is the average over the values obtaine  °f
from RVM-fits at the frequencies 1.71, 4.85 and 10.55 GH
(von Hoensbroech & Xilouris 1997 = 0.156 s;y, = 1.

Using N, andz,, one can estimate the emission altituges- 05
suming thatw = wp(20) vy = wp(Z)(20/20) 3 Vr:

3N\ 1/3,,1/3, -2/3 _ . . . . . . . . .
zp/r. =6.83x10° Np/ ')’2/ Vg / p/C. b2 03 04 05 06 07 08 08 1 11 12

The results are shown in Fig. 4 by circles. One can see that

‘o : : i . : Fig.5. Plasma density profiles of PSR B035®! (squares) and
)
thg em|§3|on altitude lies Wlthmz. 4% of th? light cylinder. PSR B0628-28 (triangles and circles for the polarization data at 0.408
This is in a good agreement with the estimatezgffound

. . . - and 0.61 GHz, respectively).
by von Hoensbroech & Xilouris (1997) in an alternative way. P V)

Based on polarization profile of PSR BO38% at 4.85 GHz
of these authors obtainelg = 214+ 120 km, which can be
reduced to the fornzg/r. = (2.74 + 1.54) x 10°2. Whether
OPMs are generated by independent emission mechanism

the extr_aordinary wave arises as a resul_t of partial _cqnversio Al possible to probe the plasma density over a substantial part
the ordinary one, the two modes are believed to originate at Qig-ye 1 pe The point is that the polarization-limiting radius

tances-2. AS can be seen fr°”_"' Fig. 4, ourimplicit assumptiog, vary considerably across the pulse profile (e.g., as in case
thatz <5Hls roughly_appropnate. " of PSR B035554, see Fig. 4); then, because of the magneto-
! In_wew of the«_ 00”“””“}’ of thg plasma flow W'th'_n t,h? oloer?sphere rotation, for dierent raysy, can difer markedly (cf.
field line tube, itis convenl_enttollntrqduce the multiplicity fac—Eq_ (10)) and, in addition, for distinct values nfeven close
tor of the plasma along a fixed field line, values ofy, may correspond to distant field lines (cf. Eq. (11)).
NPce Strictly speaking, the rays observed afelient pulse lon-
kK=—g" gitudes pass through the polarization-limiting region &ted
ent azimuths, so that the plasma is probed only along the line
. . J}p = xplgp). However, if the azimuthal density gradient is in-
is estimated as significant, one can suppose thég/y;) completely describes
z,\° the plasma density distribution, i.e. yields the density in any
K= 1-875(7) P*B,1,Np. (9) cross-section of the tube.

- Substituting the calculated values of and p into
whereB, is the magnetic field strength at the neutron star suEgs. (8)—(11), we find the plasma density profile of
face,B,,, = w‘?—;e, and the stellar radius is taken to bé . PSR B035554 (squares in Fig. 5). Here it is taken that

The polar angle of the ray trajectory in the open field linlbg B,,, = —0.08. The dependencéy/y:) exhibits a perfect
tube, y, can be expressed in terms of pulse phase of the eyponential behaviour, with the exponent being well fitted by
along with parameters of observational geometry. One can palynomial of the second order. The values of the multiplicity
tice that far from the emission region the radius-vector of tHactor appear to be compatible with those given by modern
ray trajectory makes approximately the same angle with ttreeories of pair cascade,~ 1-100 (e.g. Hibschman & Arons
magnetic axis as does the wavevector 0,, where cog, = 2001a,b; Arendt & Eilek 2002). At the same time, strong
cosa cosé+Sina sing cos+2z/r ). Hence, at the polarization-nonuniformity of the plasma distribution across the tube is an

The dependencdy /) presents the plasma density profile
in the open field line tube. Although far from the emission re-
ih, atz ~ Zp, the tube is much wider than the radio beam, it is

In terms of the quantities at the polarization-limiting radius,

limiting radius,z,, the polar angle reads: essentially new result awaiting theoretical explanation.
The suggested technique of plasma diagnostics has also
Xp = € - al 1+ (n+ p)2. (10) been applied to the polarization profiles of PSR B0628-28 at

0.408 and 0.61 GHz first published by Gould & Lyne (1998).
For a given field line of the dipolar magnetic figld= y; \/ﬁ The absence of orthogonal transitions over a broad frequency
This can be conveniently normalized to the polar angle of th@nge (Suleymanova & Pugachev 2002) allows one to suppose
last open field lineys, to exclude the altitudz that the average profiles of PSR B0628-28 are appropriate for

our treatment. The resultant density profile is shown in Fig. 5
x/xt = xpClp. (11) bytriangles (0.408 GHz) and circles (0.61 GHz) (it is taken that
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& —a = 3.7° (Lyne & Manchester 1988}, = 1; P = 1.244 s, The technique of plasma diagnostics has been applied to the
logB,,, = 0.48). One can see that the polarization data at ddiverage polarization profiles of PSR B0358 at 4.85 GHz
ferent frequencies lead to such multiplicity factors which liand PSR B0628-28 at 0.408 and 0.61 GHz. The resultant multi-
on the same curve, testifying to the validity of the suggesteticity factors are compatible with those predicted by the mod-
technique. At the same time, this demonstrates that the muétin theories of electron-positron cascade. In addition, we have
frequency polarization studies can extend the region suitabdeind that the density distribution across the tube is essentially
for plasma probing, since the polarization-limiting radius isonuniform, exhibiting a perfect exponential decrease towards
frequency-dependent. Indeed, as the rays regeh the mag- the tube edge.

netosphere turns at an anglé‘}(L—v), so that the rays of fierent Since we have used the average polarization profiles in
frequencies observed at the same pulse longitudes probeRf#se of the singe-pulse ones, the results are expected to be
plasma at dferent field lines. rough. At the same time, they demonstrate the possibilities of
In the case of PSR B0628-28, the plasma multiplicity faét_‘e technique sugge;ted and urge its further applicatipn to the
tor also shows an exponential decrease, however, in contrastiigle-pulse data. With the present level of observational fa-
the density profile of PSR B03554, the second derivative ofcilities, it seems realistic to obtain the instanteneous plasma
the exponent is<0, hinting at a flat maximum at smaller polafd€nsity profiles for a number of pulsars. o
angles. Note that in both density profiles, the main uncertainty 1he plasma multiplicities and their variability, which is be-
comes from the assumed valuestof a. As has already been liéved to underlie polarization fluctuations in single pulses, can
mentioned above, the customary RVM-fits usually yield quelPOS€ constraints on the models of pair cascade and stimu-
tionable results. Therefore the density profiles obtained perh&§ more detailed theoretical studies of the physics of the polar
appear considerably shifted as a whole along both axes, tho@gR- Furthermore, explicit knowledge of the structure of the
the characteristic exponential form fy/ys) should remain S€condary plasma flow may provide new insights into emission
unaltered. The multiplicity factors derived are also dependditysics of pulsars. Atfirst, it would be interesting to compare
on the assumed value of the characteristic Lorentz-factorB§ Profiles of total intensity and plasma density as well as their
the plasma particles (cf. Eqgs. (8) and (9))fiBient models temporal variations. In particular, the plasma diagnostics can
of the pair cascade certainly yield distinct distribution fund1€lP to find out whether the drifting and nulling phenomena
tions of the secondary plasma and therefore the characterigfg indeed associated with the spatial and temporal changes in
Lorentz-factor should somewhat vary. Howeveis believed the plasma density. A rigorous description of the density
to be merely a scaling factor constant throughout the pulse pféstribution of pulsar plasma can also provide a basis for

file for a pulsar, so that the shape of the density profile and fi§antitative studies of the propagatiofieets. For example,
pulse-to-pulse variations are ndtected. observational evidence for a non-uniformity of the plasma dis-

tribution across the tube confirms that refraction should be

mainly determined by a transverse rather than radial density
4. Discussion and conclusions gradient, since the transverse scale length of the tube is much

less. This strongly supports our model of refraction (see e.g.
We have developed a technique of density diagnostics of pulpastrova & Lyubarskii 2000), where the transverse density gra-
plasma based on polarization data. The natural waves whifibnt was merely postulated. At the same time, the results of the
propagate through the plasma of the rotating magnetosphgi€sent paper testify against the alternative model of refraction
should stfer PLE. As a result, the original linearly polarizede.g. McKinnon 1997) based on 'ducted’ propagation of sublu-
waves acquire some circular polarizatiog, and a shift in minal waves along the magnetic lines, since in the presence of
the PA of linear polarizatiomyy. Separating the consequences significant transverse density gradient this regime should be
of PLE from the observed polarization data makes it possiliiéoken (Barnard & Arons 1986).
to reconstruct the plasma number density in the polarization- On the whole, the technique of plasma diagnostics sug-
limiting region and, making use of the continuity of the plasmgested in the present paper can become a useful tool for study-
flow, to describe the plasma density distribution in a substantiay the physics of the pulsar magnetosphere.
part of the open field line tube.
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