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ABSTRACT

We have statistically analyzed the dispersion measures of a sample of 149
pulsars in the tnner Galaxy (l2| € 50°) to deduce the large-scale distribution
of free thermal electrons {n this region. The dispersion measure distribution
of these pulsars shows significant evidence for a decrease in the electron
scale height from a local value greater than the pulsar scale height to a
value less cthan the pulsar scale hefht at galactocentric radii instde of ~ 7
kpe. An {ncrease {n the electron density (to a value around .13 cn'3 at 4-5
kpr) must accompany such a decrease in scale height. There {a also evidence
for a large-scale warp in the electron disetribution below the b = 0° plane
{nstde the Sclar clircle. We propose s model for the electron distribution
which (nco-porates these features and present Monte Carlo generated disperafon
measure distributions for parameters which best reproduce the observed pulsar

dtatributtions.
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1. INTRODUCTION

Pulsar radio signals are dispersed by free electrons in the interstellar
medium which lie along the line of sight. Pulsar dispersion measures are
therefore good probes of the interstellar electron density and its galactic
distribution. Unfortunately, few rulsars have reliasble independent distance
determinations and, since the dispersion depends both on distance and clectron
density, the mean electron densities along lines of sight to individual
pulsars cannot be determined in most cases. However, statistical
distributions of pulsar dispersion measures can be used to study the electron
distribution, provided something is known or assumed about the distribution of
pulsars in the Galaxy.

Traditionally, the opposite approach has been taken. The pulsar galactic
distribution {e determined by assunming a simple model for the free electron
distribution which is in agreement with other observations (Davies, Lyne and
Setradakis 1977, Taylor and Manchester 1977, Lyne 1981). These other
observations are free-free absorption of the non-thermal radio continuum,
interstellar scattering of extragalactic sources, HI absorption of pulsar
eignals, and radio recombination lines. Both free-free absorption of
galactic radic . ~ectra at low frequencies and interscellar scattering indicate
a Z scale height for the absorbing clectrons of 505-1000 pc. (Bridle and
Venugopal 1969, Readhead and Duffett-Smith 1975). The best estimates of mean
electron donsities on kiloparsec scales come from the distance determinations
to pulsars usiug HI absorption (Ables and Manchester 1976; ngaberg, Rankin
and Boriakoff 1980). From the distances and dispersion measures for a sample

of low latitude pulsars, Weisberg =t al. (1980) conclude that the mean



clectron density {n the plane {a <n,> ~ .023-.03 ca™d tu directtons avay from
the galactic centers. Therefore, the “"standard” model has been an exponenti.l
or Gaussian Z dependence with scale height ~ 1000 pc and central density, n, ~
.03 cn'3. However, che HI absorption weasurements also give wean densities
that aro somewhat higher toward the inner Galaxy, withia a longftude range
330° < L < 300, suggesting that n, (s dependent on galactle vedfus. Radio
recombination line observations (Lockman 1976) also indiate, from the radial
dtutritatton of {onirzed gas, that electron densities increase in tta {nner
Galaxy. There {a evidence then, that more complex models may be needed to
descrtbe the galactic disteibution of electrons.

In this paper, we analyze the pulsar dispersion measure di’stribut{ons {n
the funer Galaxy to atudy the variatlon of the denasity and scale helight of the
electrons with galaciocentric radius. We use results of pravious analyves to
make assunptions ahout the pulsar galactic distribution. Models for the
eloctron distribation can thsr bha tested hy gencrating Monte Carlo dispecsion
measure distributions and comparing these to the ohserved distributions. We
show that a partlcular density and scale height variation with R and 7 will
reproduce the observed pulsar dispersion measure distributions, and discuss
the conatstency of this type of model with rther observations of frec

{nteratellar aelectring.
Il. PULSAR DISPERSION MEASURES

The dlapersion measure (DM) is defined as the (ntegral of the electron

density along the line of sight to a pulsar:

- rd
DM . ne(a) ds (1)
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It is determined from the intervals between pulse arrival times at different
frequencies and {s therefore a direct observational parameter. Information on
the Z distribution of electrons and pulsars can be obtained by plotting the
number of pulsars in intervals of 4 = DM sindb, the Z component of dispersion
measure. The observed distributisn can be compared to the expected
distribution of N(A) versus A derived by assuming that the pulsars and
electrons are functlions of 2 only. 1II for axample both have exponential

distributions i(n Z,

n (2) =n_ exp (-lzllhe) (2)

np(z) = N exp (-Izl/hp).

then the expected form of N(A) {is:

h
£ -1
No A E;
= -5y & <nh, (3)
N(A) = '} o e
0

, A >nh
oe

(Taylor and Manchester 1977). This N(A) distribution will have three distinct
shapes, depending on t's relative sizes of the electron and pulsar scale
heights, h, and hp. If (1) h, > hp, then N(|Al) {s monotonically decreasing
out to |al = njhy (2) 1f hy = h,, then N (1Al) ts constant out to |4l = nghg
(3) if hy < hy,, then N(1al) 1s monotonically increasing out to (Al = n h,
where it abruptly drops off. The general dependence of the shape of N(A) on
the ratio he/hp was noted previously by Gould (1971) and by Terzian and

Davidson (1976) and does not change with different functional forms for the



alectron and pulaar distributions, as long as they are both monotonically
decrearing functions of Z.
A histogram of N(lAl) versus |A| for all the known pulsars turns out to

3, indicating

be a decreastng functfon of lAl, with A = a hy ~ 23-30 pe. cm
that h, > hP throughout most of the Calaxy (Taylor and Manchester 1977,
Harding '981). FEquation (5) can be fit to the observed distribution to
detarmine one of the quantitiea “o' hp or n,, assuning values for the other
two. This approach has been used for the Molonglo survey (Manche ter 1979) to
alve hp « 350 pc. for assumed values of h, = 1000 pc. and n, = .03 ca™3,
Gatlly st al. (1978), u jng distributlons for electrons and pulsars which were
{utermediate between Gat :stan and exponential, obtained <|Zp|> = 380 pc. for

7450 ¢ \|2’.0|\ <1500 pe. and ng = L025 cm""-

o
Thers 12 cvidence, however, that the electron Z distribution {s not so
atmple. Komesarctf et al. (1973) noted an asymmetry in a plot of IM versus b,
tn which pulsars at southern latftudes had higher dispersion measures. They
auggested that a wodel of ne(Z) consisting of a high density electron disk
with n, = .12 em™) with a small thickness of ~ 124 pc. would explain the
effect {f the Sun ls displaced 22 pc north of the center of the disk. Harding
(1981) found a stoilar asymmetry in a plot of N(A) versus A and proposed a two
component model congtsating of a thin disk of electrons with n, " .10 cmbs of
half thickness AZ = 40 pe. and a large scale height exponential component with

n. = .03 em™3 and h, = 1000 pc. If the Sun were displaced 20 pc. to the north

[}]
of this distribucion, then equal pulsar scale haights of 340 pc. were obtalned
for bhoth +2 and ~Z pulsars .rom fits to the N(A) versusa A histogram. It was
also noted his asymmetry in the N(A) versus A distribution was most

pronounced toward the galactic center, e.g., for a sample of pulsars

restricted to a longttude range |t] < 50° (310° ¢ ¢ < 500)- This suggested a



possible radial dependence of the electron disk density {f the disk is
responsible for wost of the asymmetry.

We now consider the dispersion measure distribution of this sample of
pulsars vith [2] < 50° in more detail. Pigure 1 shows a scatter plot of DM
sindb ( = A) (vertical DM) versus DM cocd (horizontal DM) for this sawple of
149 pulsars. This plot reveals that essen*{ally all of the asymmetry {n the
N(A) versus A distribution i{s due to pulsars with DM cosb 2 100 pe. c-'s.
f.e., more distant pulsars. The DM sinb disctribution of nearby pulsars is
actually quite symmetric. The mean value of DM sinb appears to decrease with
DM cosb and reach a minimum at DM cosb ~ 200 pc. cn's. The distribution aleo
rarrows with increasing DM cosb.

In Figure 2, the sample i{s divided into groups having DM cosd > 100
(distant pulears) and DM coeb < 100 (nearby pulsars) and plotted in the
histogram form N(A) versus A, for the entire inner Galaxy, |t| < 50°, and for
the central inner CGalaxy, |t| < 30°. To make a uniform sample, only pulsars
detected by Zhe second Molonglo survey (Manchester et a2l. 1978) have heen
plotted in Figure 2. The more sensitive Arecibo survey (Hulse and Taylor
1974) covered a small longitude range, 42° < ¢ < 60°, and the pulsars detected
only by thie survey have been removed from the sample.

In spite of the atatistics, a significant difference in shape, width and
mean is apparent for distributions of nearby andi distant pulsars. The [2| <
50° histogram for nearby pulsars is similar in shape, width and mean to the
distribution of pulsars in the outer Galaxy (|t| > 50°). Within statistical
errors, it is symmetric and centrally peaked with Spax E nohe ~ 25 pc. cn'a.
According to the model of equation (2), <he> > <Lp> for this sample of
pulsars. If <h,> = 800 pc., then <n°> ~ Annx/<he> ~ .03 cn’3. which {is

consistent with models which have been derf{ved from the entire sample of known



pulsars. The |2| < 50° histogram for distant pulsars is decidedly asymset:ric
with a mean b, ~ - 4 pe. cn'3, and a shape move suggestive of the case <h¢) ~
<hp), where N(A) is constant or increasing out to Anax' The histograms for
1t] < 30° are less centrally peaked than the |t| < 50° histugrams. FEspecially
striking i{s the doubly peaked distribution for the sampla having DM cosb > 100
with a mean also around -4 pec. c-"3. The distribution 1is fairly aymmetric
about this mean and the zhape suggests that <hy?> < <hp> for this sample of
pulsars, with 'Amnx - Aol ~ 15 pe. cm™ 7, If <hg> ~ 200 pc., significantly
less than a pulsar scale height of 340 pc., then <n,> ~ .08 cn'3. Therefore,
to account for the shapes and widthe of the observed distributions, the
electron scale height must decrease significantly and the density nust
fncrease toward the galactic center.

The displacement of ~ -4 pc. cn'3 {n the distant pulsar distributions may
be caused by a displacement in the electron or pulsar distributions with
respect to the plane of the Sun or, most likely, both. Since the asymmetry
does not appear strongly for tha nearby pulsara, the displacement must be much
greater in the inner Galaxy than it {s locally. This explanation is
consistent with a warping of the galactic plane toward negative 7, an effect
which has been seen In CO (Cohen and Thaddeus 1977, Solomon, Sanders and
Scoville 1979), HII (Lockman 1977, 1979) and HI (Quiroga 1974) data. From
thesge observations, the maximum displacement south of the plane seems to occur
between galactic radti of 6 and 7 kpe and fe about 40 pe. in magnitude. Thig
gseems roughly consistent with the displacement needed to account for a DMsinb
difference nf 4 pc cm-3, since {f <ne3 ~ .08 cm-3 then AZ ~ A°/<ne> ~ 50 pec.

From the simple arguments outlined above, a free electron distribution

that 18 conaisteut with the observed di{stributions of oulsar Jdispersion

measures in the inner Galaxy should have the following properties:



1) An effective scale height which s a function of R, increasing from o
value less than the pulsar scale height to a local value greater than the

pulsar scale height

2) A deneity which is a decreasing function of R, at ledst between 6 and

10 kpe.

A

3) A Z distribution whose mean is negative for R X 8 kpec.

IIT. MODEL FOR THE ELECTRON DISTE.TBUTION

We have tested vpecific models for the electron distribution i{in the inner
Galaxy by means of a Monte Carlo progr~a which calculates dispersion measures
to randomly chosen points and generates N(4) versus A histograms to compare
with the data. The points are chosen from ar assumed pulisar distribution in
the Galaxy and ubservational selection effects are taken into account. A
particular functional form was chor~n for the electron 2 distribution and :ne
parameters were varied to obtain dispersion measure distributions which wvere
consistent with the observed dist.ributions.

a) The Pulsar Distribution

The program populates the Galaxy wi.th pulsars using a Monte Carlo
method. In galactocentric, cylindrical coordinates the radius R, Z distance,
and angle, 8, for each pulsar are chosen according to specific probability
functions. These functions are chosen to be consistent with determinations of
the pulsar galactic distribution (Lyne 1981, Harding 1981). The probability
of choosing a pulsar as a function of 0 is taken to be canstant, fi.e.,

darp
332 = constant. Because we assume azimuthal symmetry about the galactic



center for both the pulsar and electron distridbutions and hecauss almost all
pulsars on the opposite side of the Galaxy from “he solar systea are
unobservable, we need to populate only one quadrant of the Galaxy with
pulsars. Hence, 8 {e alloved to vary only between O and w/2.

The probability of choosing a pulsar as a function of R is taken to be

dPR
—— = R exp (-lko-kllw) . (4)

dR

W and R, are chosen to be 3 kpc and 5.5 kpc, respectively, such that the peak
pulsar surface density projected onto the plane occurr at a radius equal to
5.5 kpc and {s 4 times the surface density at the location of the solar
system, which {s assumed to be at R = 10 kpe. This probability Ffunction {s
integrated from R = 0 to R = 10 kpe and a correspondence table {s set up
corrvelating ra’ues of the integrated probability with values of radius.

The probability of choosing a pulsar as a function of Z is taken to be

sz 1
Ei— - - F— exp ("Zl/hp) (5)
p

where hp ts the pulsar scale height. A constant pulsar scalc height of 340
pc. has been chosen for nearly every mudzl tesced.
The probability of choosing a pulsar as a function of radio luminosity {is

dPL Lo
T "2 (6)
L

where L 1s the lower luminosity limit. This chofce of probability
distributfon corresponds to recent, calculated pulsar luminosit,; functious

(Manchester 1979, Lyne 1981). The derived lower luminosity limit is around .3
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sly kpcz. however, & larger valus of L, = 1 aly kpcz ves used vhen testing
wmodels. This greatly speeds up program execution, and pulsars with
luminosities le#s than 1 wly kpcz have only beon detected at distances less
than - 300 pc. in the Molonglo survey. The reason for choosing a luminosity
for each pulsar i{s to check within the prograa for detectability by the
Molonglo survey. Pulsars not observable by this survey are discarded by the
progras.

b) The Electron Distribution

The model ve consider for the electron distribution consiste primarily of
two components: the disk electrons and the extended elcctrons. It {s

described by the following functional form:

nf(a). 12-2_(R)| <2
ne(l.z) - (7)
n, (R) cxp('lZ-zo(R)llh.(R)) , lz-zo(n) I>a2

Tk > disk component consists of a relatively thin layer of density n:(n) lying
in the plane defined by ZO(R). The thickness of the disk component, AZ, was
taken to be independent of radius. Both the thickness of the disk and the
disk electron density, which was taken to be a function of radius, were varied
from one trial to the next to search for a viable model. The electron density
within the disk was held constant with 2.

The extended component consists of free electrons extending above and
below the Jisk component. The density of the extended component was taken to
fall off exponentially with distance from the galactic plaus. Thus, the

extended component is characterized by a central density, no(R). and a scale
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height, h, (R), at each galactocentric radius. Different functional forms for
both the scele height and the central density were tested by the prograa.

Both components have an R dependent mesn, zo(l). which defines a varp in
the plane of the electron distribution, and which is chos:n to have the

functional form:
2 (R) = -2___exp[~(R-R_)2/aR?) (8)
o ‘max o
We have adopted the valuen Ro w 6.5 kpc. and AR = 1.7 kpc., to be consistent

with the warp seen in HII regions in the inner Galaxy (Lockman 1979).

c) Testing Procedure

The cylindrical coordinates and luminosity of 4 sample pulsar are chosen
according to the probability distributions descrited in IIla. The longitude,
latitude and distance d of the sample pulsar to the Sun are then calculated.
With an assumed electron distribution, the dispersion measure is determined by
integrating along the line of sight from the pulsar to the Sun. The flux
density, S, is determined from the luminosity and distance by § = Ld2 and is
compared to the minimum detectable flux density at that L, b, and DM for the
Molonglo survey. The effects of a variable sky temperature from the radio
continuum background and the dispersion measure cutoff of the survey were
taken into account {n determining the minimum detectable flux density (eae
Taylor and Manchester 1977). The latitude, longitude and dispersion measure
of each detectable pulsar are accumulated in a file in order to build up a
ctatistical sample which reflects the modei being tested.

We can then plot various distributions of N(A) from the Monte Carlo
generated sample and compare them In shape, width and mean with the observed

distributions. Different variations of nZ(R), no(R). he(R) and ZO(R) in
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Bquation (7) weve tested until a mwodel was found which gave ssitisfactory

agreement with the data.

IV. RESULIS

A model was found which reproduces the data in Figure 2 reasonadly
vell. The N(A) distrilutions produced by this model are shown in Figure 3.
The functional forms for the variation of electron density and electron scale
height with pralactic radius are shown 1. Table 1 and plotted in Figure 4.

It i{s evident that the main feature of the model {s the dramatically
decreasing electron scale height toward the galactic center. In order that
the model produce dispersion measure distributions having the characteristics
of the observed distribucions with DM cosb > 100, {1t is essential that the
electron scale height be less than the pulsar scale height at galactic radii
less than about 7 kpc. The radius at which thae transition h, > hp to h, < hp
occurs 18 = 7,5 kpec and is a critical param. ¢ of the model. It may also be
important for the central density of the extended component to increase
rapidly with decreasing R in the vicinity of this transition region. 1In the
model described in Table 1, this central density then levels off and remains
relatively constant with decreasing R ingide about R = 7 kpc. It may be that
this sudden increszse in electron density corresponds to the location of a
spiral ava, or to the beginning of a "galactic ridge” of electrons (Seacord
and Cottesman 1977, Lockman 1976, Gordan and Cottesman 1971) seen in radio
recombination line surveys. Models without this rapid increase in electron
density (e.g., a linear increase from R = 10 kpc to 4 kpc) required & linear
decrease in electron scale height from 1000 pc. to ~ 200 pc. over radii of 10

kpe to 7.5 kpe. These models produced : ‘rer fits to the N(A) histograms for



mmantaked

nearby pulsars because the average scale height bstwaen 10 and 8 kpe was too
small.

The warping of the electron distributions produces the horigontal offsets
{n the N(A) histograms for DM cosdb > 100. In the model which produced the
histograms in Figure 3, the maximum displacement, z‘.x. below the plane at 6.9%
kpc [cf. Bquation (8)] was 12¢ ~c. A Z.,. of 60 pc. can produce the same
offoet of v -4 pe en”d (e the Sun is displaced 20 pc. above the 2 = 0 plane of
the electron distribution. This distortion is more in agreement with the
{nner Galaxy warp seen ln other gaseous tracars. Furthermore, & maximum dia-
placement as large as 120 pc. at 6.5 kpc. may be incompatible with recom-
binatton line dats in the fnner Galaxy (Lockman, private communication).

There {8 no assurance that the model {n Table 1 {8 untique. Other models
with somowhat different combinitfions of ha(’J add NO(R) nmight also reproduce
the data. The fit to the Jata was very sensitive to certain of the parameters
while for other parameters the values chosen made relatively little
difference. It is felt that the cholce of parameters for galactocentric radit
less than 4 kpe. i not particularly {mportant as relatively few pulsars in
the data or detectable points in the model sample this reglon of the Galaxy.
An a result, electron densftien and ncale heighta are poorly determined by the
model for this region. The model (8 also relatively {nsensitive to the
wiectron digk deasity funside about 6 or 7 kpc. The lines of sight to only a
few sample pulsars pass through this portion of the disk, and hence ounly a
small percantage of diapersion wmeasures are affected by the {nner disk. The
two component {orm adopted for the electron Z<dlatribaution [cf. Fquation (7)]
was one of mathematical convenfence and computational efficiency. Any other
net of funrtfons glving a similar profile in Z, for example a Gaussafan disk

plus an exponential extended component, would have worked an well.
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Mcdels connlating of an extended component which {s lndoqandant of R were
definitely unsuccessful {n reproduciug ilie« data, even with R dependent disk
components. By way of illustration, we show the N(A) distributions resulting

from the following electron wcdel:

n (Z,R) = .025 exp(-1ZI/h ) + nf (R) (9)

vhere

b +01[1+1.5(10~-R)] , Z<AZ
n (R) =
0 , 2>82

and AZ = 60 pc., he @ 1000 pc. The dlsk density in this model has a linear R
varfation which is very similar to that {n Figure 4, but the extended
exponential component has a central density and scale height which {s constant
with R. This model is also sim{lar to one recently adopted by Lyne (1981) to
deternine the pulsar galactic distribution. Figure 5 shows the resulting N(A)
distributions, which clearly have different shapes and wiiths from the
observed distributions. We have not {ncluded a warping of the electrons in
this model, so that the negative offset in the data has, of course, not been
reproduced.

| As an approximate test of the relative "gocdness of fit" of the
distributions generated by different electron modele with the data, we have
determined the xz values and probabilities for each computed histogram. These
are listed in Table 2 for the best fit model, the constant scale height model,
and the simple exponential model. By the xz test criterion, the best fit

model provides a significantly hetter fit than the simpler models, especially
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for the |t} < 30%, DMcosb > 100 sample of pulsars. Beceuse it {s difficult to
evaluate the number of {ndupendent parameters {n a model as complex as ours,
the number of degrees of freedom are somevhat uncertain eo this type of test
cannot be considered definitive. We therefore have not attempted to use
statistical tests to put uncertaintics or any of the model parameters.
However, vwe have shown here that the observed distributions, despite the small
numbers of pulsars, differ significantly from those derived from the aimpler
modela (f.0., the probability that the true parent distributions could be
those poenerated by the simpler models {s quite small).

Another obrorvational constraint by which electron models can he tested
for conststency with the data {s the d{strihution of number of pulears versus
DM cosb. The obsoerved distributiun 14 a decreasing functlion of DM cosb,
reflecring the nenaftivity limit on datection of distant pulsars. Provided
that one csan adequately account for sslection effects, a viable electron model
should give a ratio of detectable pulsars with DM cosb < 100 to those with DM
cosb > 100 that {s i{n agreement with the data. Since the Molonglo Survey was
senaltivity limited rather than dispersion measure limited (the maximum
detectable DM was 780 pc cm'3 in the plane) and thera are only a few pulsars

3, a viable model shonld also not

tn the observed sample with DM > 400 pc cm
produce too many very hiph dispersion pulsars. Our best fit mcdel givea
ratios of N(DM cosh < 100)/N(DM cosb > 100) which are {n good agreement with
the data for both |2] < 30° and |t] < 50°. The model also produces a sample
with ~ 5.5 percent having DM > 400, {n comparison to the observed sample with
~ 3 percent having DM > 400, By contrast, the model of Equation (9) giving
the distributlicns shown in Filgure 5 produced about twice the ratio N(DM coabd
< 100)/N(DM cosb > 100) as {s seen in the data. Since the pulsar luminosfity

2

cutoff, L,, {a probably less than the value of 1 mly kpc” we have assumed, aud
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a lover L, would give an even larger ratio of nearby to distant pulsars, thie
mcdel seems to be quite inconsistent with the data.

Since the focus of this work was to use the pulsar dispersion measure
data to i{nvestipate the electron density distribution, we have held the pulsar
parameters in the model constant. Our buat fit model is relatively
ineenyvitive to changes in the ratio of pulsar surface densities at 5 and 10
kpe, at least with the exponential form we have assumed. The low luminosity

cutoff {n the pulsar luminosity function, L_, does not affect the distant

0
pulsar distributions at all, since pulsars with low luminosities are only
detectable within a kpc or so (depending, of course, on the value of Lo). It
does affect the distributions of nearby pulsars, in that low luminosity
pulsars tend to fill {n the central part of the N(4) distribution since they
are not fully sampled in Z. For this reason, we have concentrated primarily
on fitting the distributions for DM cosb > 100, and only the general outer
shapes and widths of the distributions for DM cosb < 100.

One could probably contrive a model where drastic changes in the pulsar 7
distribution {n the inner Galaxy would entirely account for the observed
changes in the dispersion measure distributions, without fnvoking any radial
dependence in the electron distribution. This model would require that
pulsars be somehow excluded from the central galactic plane and peak in
density both above and below the plane inside of ~ 8 kpc. We consider this
solution to be physically unrealistic, as no Population I objects have been
observed to exhibit this structure.

It {s possible, though, that the pulsar scale height {s a function of
galactocentric radius. However, the pulsar scale height cannot decrease very

much toward the galactic center. As we have geen, the electron scale height

must be less than the pulsar scale height over part of the inner Galaxy. As
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the electron scale height decreases, the electron deneity must increase to
produce the observed amount of DM einb. But DM cosdb would become too large
for a significant fraction of pulsars (those in the inner Galaxy lying close

to the plane) if the electron density ware increased too much.

V. DISCUSSION

We have shown evidence thac the disperuion meaaure distribution of
distant pulsars in the {nner Galaxy differs significantly from that of nearby
pulsars, i(ndfcating that the electron Z distribution undergoas wajor
qualitative changes between the Sun and the galactic center. We have
presented a model for the radfal dependence of the electron distribution which
ia consistent with the pulsar data. 1t should be stressed that the particular
model presented here Ls not meant to be the only consistent model nor is {t
meant to be correct in every detzil. Rather, it is fntended to {llustrate the
general characteriastics of a class of models which are consistent with pulsar
diaspersior measures.

The model we have proposed {n this paper {ncorporates several new
foatures not previously considered in electron density models. One of these
{s an eleoctron wcale hefight which increases with galactic radfus inside the
Solar cf{rcle, from a value which 1{s smaller than the pulsar scale heflght.
Previous models have assumed a constant electron scale height throughout the
Galaxy. This model also includes a radial dependence of the electron lensity,
which {s a necessary consequence of the scale helght dependence. If the
electron scale helght decreases toward the inner Galaxy, then the density must
increase to compensate for a loss of vertical dispersion measure which would

not be conaistent with the data. Flnally, our model {ncludes a radially
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dependent displacesent of the electron plane towards negative 2, a feature
which {s necessary to explain the considersble amount of asymmetry in the
vertical dispersion measure distribution of pulsars in the {nner Galaxy. It
is possible that the pulsar distribution has a similar feature, but it could
not, by ttself, account for the observed vertical disparsion measure
asymmetry.

Several of the properties of this electron distribution have, in fact,
been suggested by other types of observation or analysis. Cane (1977) found
that a two component Z distribution of electrons, a thin disk plus an extended
component, was needed to account for the free-free absorption of the low
frequency radio background. The longitude distribution of mean electron
density along the lines of sight to pulsars with HI absorption distances has
{ndicated higher mean densities in the longitude range 30° ¢ ¢ < 330°. (Ables
and Manchester 1976). The radial dependence of the electron density in our
model can account for this and gives mean densities in these directions which
are consistent with those observed. In analyzing the dispersion measure
distribution of the pulsars with independent distances, Hall (1980) derived a
mean density, <n,> = .048 cu'a. and an electron scale height, h, = 264 pe.
The disparity of these results with previous electron models can perhaps be
understood as {ndicating that the electron scale height and density, as we
have found, vary in different parts of the Galaxy. The Z asymmetry in the
pulsar dispersion measure distribution has turned up in several previous
analyses (Komesaroff et. al. 1973; Davies, Lyne and Seiradakis 1977). The
existence of the asymmetry in the inner Galaxy and its absence in the outer
Galaxy (Harding 1981) was a preliminary indication of a radially dependent

displacement of the electron disk.
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Having used assumptions about the galactic distribution of pulsars to
derive properties of the electron distribution, we should ask how the pulsar
galactic distribution derived from this electron model would differ from
previous results. As discussed earlier, the results of the Monte Carlo
calculation are not very sensitive to the form of the pulsar distribution. We
have not assumed anything about absolute pulsar densities, since only deneity
ratlon entered :ato the calculatfon. Therefore, unlesa the rederived pulaar
distributions change drastically with this electron model, the results we have
obtained will be valid.

The major effect of this model would be to shrink the distance scale for
pulsars in the {nner Galaxy. There would be little or no effect on pulsars
within 1 kpc, since the local form of our electron distribution is the sanme as
fn previous models, but distant pulsars would be somewhat closer then
previously thoupht. Since pulsar densities are almost entirely determined by
the low luminosity pulsaes lying within the nearest 500 pc. or so, only the
form of the radfal distribution would be expected to change, not the ahsolute
densit{es. Distances to the very nearby pulsars, which determine densities
and, ultimately, the pulasar birthrate {n the Galaxy, depend critically on the
local fluctuations {n the electron density and the presence of HII reglons.
The lonized gas s probably clumped on scales of 1 - 100 pc. (McKee and
Ostriker 1977, Dickey at al. 1981), hut this “"fine structure’ has bheen
averaged over i{n our large-scale model. Local HIT reglons affect somewhat the
dispersion measure distributions of nearby pulsars, but make negligible
contributions to the dispersion measures of more distant pulsars.

I'n summary, pulsar dispersfon measure) can provide a great deal of
fnforpation on the large-scale galactic distribution of fonized gas. It {s

uncompllcated by a lack of knowledge of the temperature, fractional ionization



and swall-scale structure of the gas, as are other prodbes of the electron
density. The only present observational determinations of <n.> come from
pulsar dispersion measures; other observations measure (nf) from emission
measures. Combining these two quantities can determine a very important
parameter describing the structure of the ionized gas: the filling

factor, f = <n.>2/<n'2>. Higher electron densitlies in the inner Galaxy, as
suggested by the pulsar data, {mply that either the densities of the ionized
regions are higher or the filling factor of {onized gas is larger than
locally. Combining this information on <n,> from pulsars with that

on <n:> from the other observations which probe the interstellar electron

density should give a more complete and detailed picture of the structure and

sources of ilonized gas .n the Galaxy.
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26
PIGURE CAPTIONS

Vertical dispersion measure (DM sind) plotted against horiszontal
disperaion msasure (DM cosd) for a sample of 149 pulsars in the

inner Calaxy (310° ¢ £ ¢ 50°). The data is from Manchester et.
al. 1978, Newton et. al. 1981 and Ashworth and Lyne 1981.

Distribucions of DM sinb for Molonglo survey pulsars with DM cosd
< 100 pe. cn~3 and M cosb > 100 pc. ca™3 tor longitude ranges
310° ¢ 2 < 50° and 330° ¢ & < 30°.

Monte Carlo generated distributions of DM sind for the best

fitting electron model [cf. Eqn. (7) and Tabla 1).

Radial dependence of the disk electron density, ng (R), and of
the central density, no(R), and scale height, h.(R), of the

extended electron component for the best fitting model.

Monte Carlo generated distributions of DM sinb for an electron

model with no radial dependence of the extended component [cf.

Eqn. (9)].
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