
CORRELATION BETWEEN G A L A C T I C N O N - T H E R M A L C O N T I N U U M E M I S S I O N A N D 

H I - C O L U M N DENSITY 

K . B E U E R M A N N and Y . G . K I M 

Institut für Astronomie und Astrophysik 

Technische Universität Berl in, P N 8-1 

Hardenbergstr . 36 

D-1000 Berlin 21 

The distribution of magnetic field strengths in the interstellar gas is an important datum 

which relates to the formation of dense cloud complexes as well as to the distribution 

and propagation of cosmic rays. Brown and Chang (1983) found the brightness 

temperature of the radio continuum emission to be corre la ted with the H I column 

density N H and deduced a field strength which increases with par t ic le density as 

<H> ~ < η > 0 · 4 4 . Troland and He i l e s (1986) critized their approach and pointed out 

that Zeeman measurements suggest no increase in field strength for par t ic le densities 

η £ 100 Η-a toms c m - 3 . 

W e have reinvestigated this question using an approach which differs from that of 

Brown and Chang. Beuermann, Kanbach, and Berkhuijsen (1985) noted that a fraction 

of the non-thermal continuum emission at 408 M H z (Has lam et al . , 1981) is, in 

fact, connected with the H I layer . This component can only be isolated, however , 

in regions which are sufficiently free of radiation from H I I regions and supernova 

remnants. Suitable regions with s ize ranging from 30 to 250 square degrees w e r e 

selected in the longitude and latitude ranges 1 = 62° to 70° , 1 = 145° to 250° , 

and b = - 4 ° to + 4 ° . For faint extended and point sources w e applied appropriate 

correct ions. Subsections affected by strong sources w e r e excluded. For these 

regions, our new findings can be summarized as fo l lows : 

(1) A corre la t ion of the Form T b (408 M H z ) = A + B N H I is found e v e r y w h e r e along 

the plane. The underlying (diffuse) component A is typical ly stronger than the 

contribution B N H I f rom the H I gas. The quantity A increases systemat ical ly along 

the galact ic plane. Β is in the range (1.0-2.0) Ι Ο 2 1 Κ H - a t o m s ^ c m 2 with a 

mean value of (1.4 ± 0.3) 1 0 2 1 (F ig . l ) . 

( 2 ) G iven the synchrotron emissivity of the near-solar e lec t ron spectrum at 

408 M H z , ε = (0.34 ± 0.09) H ^ 8 Κ kpc 1 and assuming the density of the 

relat ivist ic e lectrons to be constant, w e obtain for the mean l ine-of-s ight values 

of the cloud component 

< H A

1 8 > = (12.7 ± 4 .2) <n> 

with H x in and η in Η-a toms c m 3 . 
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( 3 ) This result demonstrates that H I clouds have field strengths which e x c e e d those 
of the surrounding intercloud medium. The field strength as a function of density 
in H I clouds cannot be extracted from this result and, hence, a comparison with 
H - n relations predicted for collapsing clouds is not possible. 

Our result indicates that there is a component of the galact ic non-thermal synchrotron 
emission which originates from H I clouds. Because of its small emissivity it is not 
easy, however , to sepatate it from the l a rge - sca l e diffuse background (and foreground) 
component which varies with longitude and latitude. The brightness temperature 
of the cloud component amounts on the average to only ^ 8 Κ towards the 
anticenter and 20 Κ towards the galact ic center . Its total contribution to the 
monochromatic power of the Ga lax i s at 408 M H z is only ~ 3% (Beuermann et a l . , 
1985). 
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Figure 1. Result o f the correla t ion study between brightness temperature T b at 
408 M H z and the integrated H I column density N H j . The coefficients of the linear 
fit T b = A + B N H I are given for individual se lected regions near the galac t ic plane. 
A is in Κ and Β in units of 1 0 ~ 2 1 K ( H - a t o m s c m - 2 ) " 1 . 
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