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SUMMARY: The T-T plots of the North Polar Spur, the Spur in Aquarius,
Pegasus and Taurus, using data at 38, 408 and 1420 MHz of the same resolution of
7°.25><8°.25, reduced to the case of scaled areas, are presented. The T-T graphs
for all spurs have shown clear splitting of branches supporting the reality of quasi-
‘hysteresis effect. An investigation on the influence of quoted errors on splitting was

- done. It was shown that the splitting may have astronomical causes. In an attempt
to explain this effect the earlier introduced 4V (four vector) model was applied.

1. INTRODUCTION

Regions of increased sky brightness, having

spur-like shape, starting almost vertically from the
Galactic plane are unique radio objects. Spurs have
not been found in any other part of electromagnetic
spectrum. - The largest of them - the North Polar
Spur (NPS) has left its trace already on the very
first measurements of radio sky. It was found that
many spurs can be joined into loops: e.g. the North
Polar Spur 1s part of Loop I, the Spur in Aquarius
1s a part of Loop II. Four major loops are generally
‘recognized. In addition, several further radio loop
structures were proposed (Milogradov-Turin, 1970,

1972). Their nature has not been well understood

yet, partly because their spectra have not been well

determined and interpreted.

The plots of brightness temperature at one fre-
quency against brightness temperature at the other

frequency (T-T plots) can provide information about

the spectrum of a spur (Turtle et al., 1962). Early
T-T graphs were plotted for constant declinations,
but later it was done at constant galactic latitudes
(e.g. Berkhuijsen, 1971) as a more useful way to in-

vestigate Galactic objects. It was already noticed by
Berkhuijsen (1971) that the latitudinal T-T graphs

of the NPS region at 240 and 820 MHz were divided

into two branches: one outside the main ridge of the

NPS and the other inside it. Such a fork - like struc-
ture 1s called also ”quasihysteresis”. She has found

that the gap between them was real. According to
the interpretation of Berkhuijsen (1971) the gap may
be due to the presence of a smooth extra component,
which has a low spectral index and is related to an
extended HII region in these lines of sight. The split-
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ting of T-T graphs for frequencies between 10 and
408 MHz for the NPS and several other loops was

found by Milogradov-Turin (1982) and shown not to
be caused by an HII region (Milogradov-Turin, 1982,
1987). She interpreted 1t as a presence of four com-
‘ponents of radiation (Milogradov-Turin, 1982, 1985,
1987).

2. DATA -

" The data at 38 MHz were those from the 38 M Hz
survey of Milogradov-Turin and Smith (1973). The
408 MHz data were got from Haslam and Salter
- (1983), while the 1420 MHz data were received from

Reich (1990), both convolved to the resolution of

the 38 MHz survey of 7°.25 x 8°.25 by the authors.

Observational errors were estimated for each sur-
vey by their authors. Namely, for the survey at

38 MHz Milogradov-Turin (1982) gave value of ap-
proximately 10 percent, the same as i1t is for the
408 MHz survey. At the 1420 MHz the radio-sky ap-
pears very smooth, so observational error was at
least only 5 percent (Reich, 1994). Since the spur
in Aquarius was laying in the region where com-
paratively high ionospheric absorption was present,
correction for it was applied (Milogradov-Turin and

Smith, 1973).
3. T-T PLOTS

| In this work T-T graphs were plotted along
constant  latitudes, every 4°, in regions of four ob-
served -spurs: The North Polar Spur (NPS) cover-
ing the region of galactic longitudes between 0° and
'48°, and galactic latitudes between 22° and 70°; the
spur in Aquarius is lying in [ € (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°), for all combinations
of frequencies. Four radio spurs were analyzed. An

the NPS for galactic latitude of 38° are given.

~ The splitting of a T-T graph means that for a
given brightness temperature at a higher frequency
inside the spur we get higher temperature at a lower
frequency outside the main ridge of a spur. ”Inside”
for the main part of the NPS means a range of lon-
gitudes smaller than 30°, and ” outside” 1s the region

with greater lon_gitudes.

- In the majority of graphs the sphitting was

clearly found (Nikolié, 1994; Milogradov-Turin and
Nikoli¢, 1995). In those cases when it was less clear,
_ convincing explanation could be found (e.g. uncer-

tain amount of ionospheric absorption, lower quality
data etc.). For example, for the NPS splitting van-
ishes while going to the North Galactic Pole. But
if we change range of galactic coordinates, especially
galactic longitude toward values less than 0°, follow-
ing the natural curvature of the NP5, a splitting in
T-T graphs emerges again.
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Fig. 1 - T-T plots for the NPS at b = 38°,

for all three combinations of frequencies.
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One possible explanation of quasyhisteresis as
non-astronomical phenomenon, was an inaccuracy in
position of the main ridge of a spur. As it was shown

by Milogradov-Turin (1982) this effect could give a

fork - like T-T graph. Nevertheless, no clear depen-
dence of the position of the main ridge of the NPS on

frequency in surveys at 38 MHz (Williams et al. 1966)

and 408 MHz (Haslam et al. 1974) exists. These
surveys were of high resolution: HPBW on 38 MHz

was 45 x 45, while on 408 MHz HPBW was 37 .
The investigation was later extended to 1420 MHz.

- In the survey at 1420 MHz (Reich and Reich, 1986,

1988), with HPBW of 35 , no difference in position
was found either. In Table 1. are given the equatorial

coordinates of the main ridge of NPS as read from

the listed surveys (Milogradov-Turin, 1982; Nikoli¢,
1994). Another suspected non-astronomical reason

- for splitting of branches on T-T plots was the effect
of side lobes. It has been, after detailed investiga-

tion, shown that it could not produce this feature

(Nikolié, 1994).

Table 1. ~ The equatorial coordinates of the main

ridge of the NPS

This work has shown that the quasihysteresis

1s a real astronomical effect since it appears in all -
combinations of three used frequencies, in the data

~corresponding to scaled aerials measurements. Ob-
servational errors could not affect the clear quasihys-
teresis seen on almost all T-T plots. In Figure 2. on
each plot in the middle is the T-T graph represented
in Figure 1, and on the left and the right-hand side
are the extreme values. Left-hand T-T plot is drawn

for T;+AT; and Ty- AT,, while the right-hand one ‘

is for T;-AT,; and T,+AT,.

_ It 1s clear that even the worst combination of
errors does not change two main characteristics of a

T-T graph for a radio spur: the sides remain parallel
and splitted. Only the slope changes. |

22000
X
. 7
I 20000 /.f’
/s o
& - "
m 'l 7 r; ..r/:j
@ R s
S 18000 S 7w
0 A7 %
5 Of 7 e /f //";f
d ~ y, 4 V4 g
£ 16000 yd o | /’/ u /o/ O
8_ o Vs /l e - /
g /./ ¢ I/" .,/ ad 0/
14000 o 2 7 o e
g d //'f 7
5 " o A
& 7
12000 O
5 g
10000
25 30 35 40 46 50 85
brightness temperature on 408 MHz [K]
o 6§85
X
raa 1__,0,0
- 4
- 50 7 J
© - /! a®
o _.9 ! s 7
< /SR o
45 i
c 4 7 O
o / | 0
2 VA S 70
3 4 L/ s -~
£ / ¢ s n A o
a f_.r"'/' f'l ff! /f w4 g
. , /
E 3 L /" - wd O
3 O/ 7 /’D
8 4 Ve 7 0
® ’ 7
S . ¢
y- L
‘? 25 ©
8

3.4 3.5 3.6 .7 3.8 3.9 4.0 4.1 4.2 4.3
brightness temperature on 1420 MHz [K}

:

- L0
X ]
et V4 ,,
u 20000 /
L o / !f.'
! y *f / /
® 18000 -/ "
g 4 6 _.-"'.f .e/ OO
o /}' Vs ¢ i _
E /:" / / '/ /f/ ;
5 16000 g ¢ 7 . o P
E ’ "- / e 4
8, jﬂ O /7 -/ /..-" df"
E s
g 14000 0 o B} S0 s
/ ye
g e p o
« 412000 P O
10000

34 35 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3
brightness temperature on 1420 MHz (K]

Fig. 2 — Extreme T-T plots for the NPS at b = 38°,

for all three frequencies.
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Fig. 3 — The construction of the T-T plots for a spur according to the 4V model.

4. DISCUSSION

A possible explanation of the quasihysteresis
effect was proposed by Milogradov-Turin (1982,
1985, 1987) by the 4V model. Its basic idea 1s that

the radiation from a spur can be represented by a
sum of four vectors. The first component 1s extra-
galactic by origin. It has a high spectral index. This
component consists of the relict radiation and of the

integrated emission from external galaxies (labeled €

in Figure 3). The second component, d, 1s originating
within the Galactic disk and therefore 1t 1s assumed
to be constant for a given galactic latitude, within a
region containing a spur. The spectral index of the
disk radiation is less than the spectral index of the
extragalactic component. The third component, s,
is related to the spur itself. It has a lower spectral
index than the Galactic disc. The fourth component,

h, is originating in the region outside the main ridge
of a spur and it has a high spectral index. It 1s almost
isotropic in a layer next to a spur, decreasing sharply
toward the main ridge. Such a behaviour could be
expected from a component originating in a shell of
the SNR. An example how the sum of four vectors
léeproduces a quasihysteresis effect is given 1n Figure
The fact that the points on the convex side of
all spurs lie in the upper part of a standard T-T dia-
gram was named a ”curvature rule” by Milogradov-

Turin (1982, 1985, 1987).
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EQEKAT KBASUXVICTEPESVNICA HA T-T I'PASUIIVIMA
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OpuguHaaHu HAyuHu pao

| Kopuctehu nocmatpama Ha 38, 408 u 1420 MHz
HcTe pa3aBojHe MohH ol 7°.25x 8°.25, ceelicHa Ha ClIy-
9a) cpasMepHUX aHTeHa, T-T rpaduum 3a CeBepHH
[lomapuu Jlyk, JIyk y Bomonuju, Ilerasy m Buky cy
- HauptaHu. T-T rpaduuy 3a cBe JIyKkoBe IIOKa3yjy
JACHO pa3dBajame Ha IBe I'paHe mnoaynupyhm peal-

HOCT KBasMXHcTepe3ucHor efekta. HcTpaxupame

yTHLaja HaBeleHUX rpemaka je cripopeneHo. Iloka-
3aHO Je Ha pasdBajale Ha I'paHe MOXEC HMMaTH ac-
TpoHOMCKe y3poke. Ilokymasajyhu ga ce 06 jacHU 0Ba |
ecKaT IPUMCHCH je paHHje yBedeHU 4V (4eTBOpOBEK-

TOPHU) MOZEJL.



