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SUMMARY: The spectra of the North Polar Spur (NPS), the Spurs in Aquarius,
Pegasus and Taurus were derived from the spectral indices between 38, 408 and 1420
MHz. The data were reduced to the case of scaled aerials with HPBW of 7.° 25x%8.°
25. Using the second order polynomial approximation, mathematical spectra have
been computed. They appeared similar for all three spurs. Clear maximum of
relative flux for the NPS and for the Spur in Taurus is seen at about 14 MHz, for
the Spur in Pegasus maximum is at about 17 MHz while for the Spur in Aquarius
is near 19 MHz. The spectra are steeper at higher and flatter at lower frequencies.
The general shape does not strongly depend on the claimed observational errors
of the used surveys. The extreme cases were discussed. The curvature is greater

if highest frequency data are increased and lower frequency data decreased for the
quoted error. In the oposite case, if highest frequency data are decreased and lower

frequency data increased for the quoted error, the curvature of a spectrum is very
small, similar to one derived by Milogradov-Turin (1982). New observations at

frequencies lower than 20 MHz are needed.

1. INTRODUCTION , Low resolution of available antennas allowed them to
- - be used only for parts where the sky is rather smooth.

Although radio spurs were noticeable in the

- The shape of spectra of large scale radio back-  very first background surveys, their spectra have
ground features has not been studied extensively. been rather poorly studied. Even the spectrum of
The most investigated regions are those near the the NPS is not known in detail. One obtained by

North and South Galactic Poles (e.g. Cane, 1979 Milogradov-Turin (1982) is the only spectrum of the
and references therein) and the Regions I and I, as NPS covering the region from above 10 MHz up to

defined in early Cambridge papers (e.g. Bridle, 1967 almost 1000 MHz. It was derived from all spectral
and Sironi, 1974). The Region I lies between the so  indices available at that time (Bridle, 1967; Berkhui-

called North cold hole near the North Galactic Pole jsen, 1971; Wilson, 1971 Milogradov-Turin, 1982) by
(NGP) and the anticentre while the Region II lies - the same method as described further in this paper.

just outside the North Polar Spur and includes NGP. The spectrum of the NPS was found to be curved
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without the turnover in this frequency region. A
tentative explanation for such a shape was suggested

(Milogradov-Turin, 1982), while more detailed inves-
tigation was left to the time when better spectral

indices would be obtained. Those mentioned above
were taken from observations of different resolutions.
Some authors (Salter, 1983) were expecting to see a

turnover in the spectrum or a flattening at low fre-
quencies.

Since then, better spectral indices of the radio
background having resolution of about one degree

were obtained (Reich and Reich, 1988) between 403

and 1420 MHz. They derived spectral indices not by
a usual T-T method but by subtraction temperatures
of known Galactic and extragalactic components ac-
cording to assumed model. '

In order to study the shape of the spectrum a
larger span of frequences should be available. There-
fore, it seemed desirable to attempt to obtain the
spectra based on the data of the same resolution, as

much as possible similar to scaled antennas in a wider
frequency range 38 - 1420 MHz by the T-T method,
as this method 1s more suited to the available data.

2. DATA

Three radio continuum surveys were used: the
38 MHz (Milogradov-Turin and Smith, 1973) with
HPBW of 7.°25 x 8.°25, the 408 MHz (Haslam and
Salter, 1983) and the 1420 MHz (Reich and Reich,
- 1988). The last two were convolved to the resolution

of the 38 MHz survey by their authors. Therelore,
the data were reduced to the case of scaled aerials.
Since the spur in Aquarius was lying in the region
with high ionospheric absorption, correction for 1t on
38 MHz was applied. Four radio spurs were analyzed:
The North Polar Spur (NPS) covering the region of
galactic longitudes between 0° and 48°, and galactic
latitudes between 22° and 70°; the Spur in Aquarius

lyingin ! € (32°,60°) and b € (—34°, —54°), the Spur
in Taurus (I € (168°,196°) and b € (—18°,~30°))
and the Spur in Pegasus (I € (64°,92°) and b €
(—22°,-34°).

3. METHOD

Flux density for majority of sources in parts of
the radio region can be expressed as an exponential
function of frequency

S« fe, (1)

~ where o is called (flux density) spectral index.

Basic idea of the method used is the assump-

tion that the function of radio flux can be written as
. a second order logarithmic polinomical of frequency

(Milogradov-Turin, 1982):
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logS:a+b-logf+c-log2f. (2)

This is justified for the majority of simple cur-
ved spectra at least in a part of the radio frequency
region. The coefficient a can not be determined if

the values of flux are not absolute ones.
Spectral index « provides a means for deter-

mination of the coefficients b and ¢. Practicaly, mea-
suring at two different frequencies one obtaines only
a value a fairly close to a real a, in this frequency
range, but not a, itself. Between two other frequen-
cies the value of a is expected to be different. The
simplest case is a linear dependence of spectral 1ndex

a on log f
a=k- -logf+d (3)

Such a dependence was found in this work for
the radio spurs (e.g. Figure 1). After differentiation
of the equation (2) with respect to log f and combi-
nation with the equation (3) one gets

—a=b+2c-logf. - (4)

Thus ¢ = --% and b = —d, i.e. the cut-off and

the slope of the (o —log f) straight line give us b and
¢. Knowing them a mathematical shape of spectrum
can be calculated.

4. RESULTS

4.1 Spectral indices dependence on
frequency

In this work three values of a (for three com-

bination of frequencies) were calculated from corre-
sponding T-T graphs for constant latitudes. (Nikoli¢,
1994: Milogradov-Turin and Nikoli¢, 1995a). The

obtained values were plotted for corresponding ge-
ometrical means of frequency pairs. In Figure 1.
dependence of the spectral index on frequency for
the NPS is given (Nikoli¢, 1994). Dependence of
spectral index on frequency for spurs in Aquarius,
Pegasus and Taurus is similar, as shown. Prelimi-

nary results are already in press (Milogradov-Turin

and Nikoli¢, 1995b). The so called ” Upper value” of

a is found from two spectral indices, at lowest fre-
quency the quoted error is subtracted and at high-
est frequency the quoted error is added to already

obtained spectral index (Nikoli¢, 1994; Milogradov-

Turin and Nikolié¢, 1995a). Similarly, the so called

»Towest value” is found from two spectral indices,
at lowest frequency the quoted error is added and

~at highest frequency the quoted error is subtracted

from already obtained spectral index (Nikoli¢; 1994,
Milogradov-Turin and Nikoli¢, 1995a). All fits were
done by least square method.
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spectral index

frequency [MHz)

Fig.1 - Spectral index as a function of frequency for
the NPS, [(1, solid squares from Nikolié, 1994); (2,

open circles from Milogradov-Turin, 1982)].

‘The 1nfluence of errors in !:he case of weaker
spurs 1s greater. In extreme case it can lead even to

the change of sign of spectral index.
4.2 Spectra of radio spurs

The obtained mathematical spectra for all fo-
ur spurs are shown in Figures 2. and 3. In Fig. 2. are
given: the previously (Milogradov-Turin, 1982) de-
rived spectra for the NPS (2), the new one (Nikolié,

1994) (1), spectra for ”upper value” of the slope
marked with ”1a”, and spectra for the ”lower value”
of the slope marked with ”1b”. The shapes of the
previously derived spectra and spectra marked with

”1b™ are almost the same. The old one was derived
from spectral indices for the frequencies between 20

and 600 MHz, while the new one was derived from
spectral indices for the frequences between 100 and
800 MHz. This may indicate that new observation
on frequencies lower than 20 MHz are needed. Geo-
metrical means of pairs of frequencies are marked
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Fig. 2 - Spectra of the NPS.

with dashed vertical lines, and frequencies of used
surveys with dotted vertical lines.
In Figure 3. spectra for other three spurs are

shown (Nikoli¢, 1994). Spectra marked with ”a” and
”b” have the same meaning as the one in Figure 2.
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Fig. 3 - Spectra of the Spur in Aquarius, the Spur
in Pegasus and the Spur in Taurus.
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There is a clear maximum in the calculated
spectra for all radio spurs: for the NPS and the

Spur in Taurus near 14 MHz, for the Spur in Pe-
gasus near 17 MHz and the Spur in Aquarius near
19 MHz. The shape of spectra remains almost the
same when highest frequency data are increased and
lower frequency data decreased for the quoted error:
at lower frequencies it turns down having the neg-
ative spectral indices, and at the higher frequencies
it is very steep. Spectra obtained from this "upper
value” of the slope have clear maximum on higher
frequencies: the North Polar Spur on about 29 MHz,
the Spur in Aquarius at about 63 MHz, the Spur 1n
Pegasus at about 37 MHz and the Spur in Taurus
at about 34 MHz. On the other hand, all spectra
obtained from the ”lower value” of the slope have
no extreme values at frequencies higher than a few
megahertz, exactly as previously derived spectra for

the NPS (Milogradov-Turin, 1982).
5. DISCUSSION

Essentialy, the shape of the calculated spec-
tra is determined by the spectral indices at 38, 408
~ and 1420 MHz and the assumption introduced in the

method. The turnover is lying in the regions of ex-
trapolation. The new obtained shape might be due
to the method applied. The old compiled data spec-
trum of the NPS (Milogradov-Turin, 1982) does not
show a turnover up to 10 MHz, but this result should
" not be taken too seriosly since the data were obtained
from very different surveys, not from scaled aerials.
This position and a uniformity of data being scaled
“aerials type give a sense to this study. If the reality of
turnover is confirmed by observations below 38 MHz,
it would be an interesting result. The turnover is ex-
pected to be most likely caused by the shape of the
synchrotron spectra itself and the history of a spur
(injection of electrons, losses of energy etc.).
Comparison of the dependence of spectral 1n-
dices on frequency for spurs with similar graphs for

the region around the NGP (e.g. Yates and Wie-
‘lebinski, 1967; Cane, 1979) and the Regions I and
II (e.g. Bridle, 1967; Sironi, 1974) does not help to
clearify the situation. Spectral index of the NGP
follows a curved line, changing even the sign below

14

6 MHz. Therefore its spectrum has a maximum at
6 MHz. Regions I and II, down to 17.5 MHz do not

show a turnover. | |
Only new, scaled aerial type observations be-

low 38 MHz could show whether the implication ot
this work 1s real.
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OBbJIVIK PAIINO-CIIEKTPA JIYKOBA N3MEBY 38, 408 11 1420 M Hz
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Opueunaanu HayuHu pao

Cnextpu CepepHor Ilonapuor Jlyka, Jlykosa y
Bonomuju, Ilerazy u Buky mspadyHaTH cy u3 CIIeK-
TpaJIHUX MHIeKca u3Mehy 38, 408 1 1420 MHz. Iloc-
MaTpama Cy GMla CBelleHa Ha Cllydaj CpasMEpHUX aH-
T€Ha ca pasgBojHOoM Mohu 7.° 25x8.° 25. Kopucrehu
arpoKCUMAaINjy TIOJIMHOMOM JHpYror cTeleHa Mu3pa-
9yHaT Je MaTeMaTHUIKU CIieKTap. JloOMjeHU criek-
TpHU CBUX JIyKoBa Cy CIUIHU. 3a CeepHU IlomapHu
Jlyk u Jlyx y Buky Makcumym penaTuBHor ¢uykca
C€ HaJlasu Ha oko 14 MHz, mok je 3a Jlyk y Ilerasy
Ha oko 17 MHz, a JIyk y Bomonuju Ha oko 19 MHz.
Ha BummMM (QpekBeHIMjaMa CIeKTap je CTpM, HOK je
Ha HAKUM Onaxd. Omnuty oOJIMK CIIEKTpa He 3aB-

MCH MHOI'0 O ITOCMaTpadYKUX I'peliaka rperjena. Ex-
CTPEMHHU CJIy9ajeBU Cy OUCKYTOBAHU. 3aKPUBIJBCHOCT
Je Beha ako ce CnieKTpalHM MHOEKC Ha BULIMM (peKBe-
HIIMJaMa IoBeha, a CIeKTpaJIHM WHIOEKC Ha HUKUM
QpeKBEHIIMjaMa CMamM 3a HaBeOeHY Ipeuky. Y cy-
NIPOTHOM CJIy4ajy, ako ce¢ MoJalli Ha BHUCOKMM (§pe-
KBEHILU JaMa CMalbe, a NoJally Ha HUKUM (peKBEHIIU-
jaMa mosehajy 3a HaBeOEHY TIpeEIKY, 3aKPUBIHEHOCT
CIIEKTpa j¢ BeOMa Majla, CJIMYHO paHUje U3BEICHOM
crickTpy 3a CesepHu Ilosmapuu Jlyk (Mwutorpanos-

Typun, 1982). HeomxonmHa cy HoBa mocMaTpama Ha
dpekBeHILM jaMa HUAUM on 20 MHz.



