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ABSTRACT 

It is suggested that higher harmonics of the galactic cosmic ray anlso-
tropy detected in the 1-100 TeV range nay be attributed to anisotropic pitch 
angle scattering. The quasi-linear theory of pitch angle diffusion is applied 
to obtain the ratio of various haraonics as function of the declination of 
pitch angle axis. It is found that, to match the observations, the axis 
should point toward moderate declination /20 - 40 / while the power spectrum 
of the interstellar magnetic field fluctuations should have a slope steeper 
than - 1.5. This latter finding is also consistent with the near constant 
amplitude of *nisotropy over two decades of energy. 

АННОТАЦИЯ 

Появление высших гармонях в анизотропии галактических космических лучей 
обнаруженной в районе энергии 1-100 ТэВ объясняется как результат анизотропи-
ческого питч-углового рассеяния. На осноае кваэи-линейной теории питч-углово
го рассеяния определены отношения различных гармоник. Наблюденные отношения 
гармоник указывают на то, что ось питч-углового распределения должна быть 
направлена в направлении со средней деклинацией /20° -40° / , и флуктуации 
межзвездного магнитного поля должны иметь круто подающий спектр мощности / с 
показателем круче чем - 1 . 5 / . Последний из этих выводов также утверждается 
слабой зависимости величины анизотропии от энергии. 

KIVONAT 

Az 1-100 TeV energiájú galaktikus kozmikus sugArzAs irány-eloszlásában 
talált magasabb bamonikusokat anizotrop irányszög szórás eredményeként ér
telmezzük. Az irányszög »zárás kvázi-lineáris elmélete alapján meghatározzuk 
- különböző harmonikusok várható arányát. A kísérletileg észlelt arányok ar
ra utalnak/ hogy az eloszlás tengelyének iránya közepes /20°- 40°/ dekliná
ció felé mutat, a csillagközi mágneses tér fluktuációinak teljesítményspekt
ruma pedig meredeken /-1.5 hatványkitevőnél meredekebben/ csökken. Az utóbbi 
eredményt az is alátámasztja, hogy az anizotrópia nagysága közel állandónak 
mutatkozik két nagyságrendet átfogó energiatartományon. 



1. INTRODUCTION 

The significant second harmonic of the anisotropy of 
- 10 TeV cosmic rays observed in the Musala /Gombosi et al, 
1975/ and Norikura /Nagashima et al. 1975/ experiments poses 
difficult problem in finding a reasonably simple and natural 
explanation. The difficulty lies not so much in- the existence, 
in itself, of the 2nd harmonic but rather in the discrepancy 
of the phases of the 1st and 2nd harmonics. Because of the 
relatively small gyroradius, one would expect, at these ener
gies, a pitch angle distribution /p.a.d./ around the direction 
of the local interstellar magnetic field if account has been 
taken of the Compton-Getting streaming due to the motion of 
the solar system. The motion of the Sun with respect to the 
local interstellar matter i.e. va/21 km/s toward declinationt 
6W- 15° and R.A. 0252° as determined by recent measurements 
/Adams a Frisch 1977, Ajello 1978/ gives virtually the same 
correction as does that w.r.t. the local standard of rest 
(var 20 km/s toward б«* 30° and R.A.ы 270°). in both cases, 
the corrected lev harmonic turns out in disagreement with the 
phase-requirements of the p.a.d. hypothesis /Kóta i Somogyi 
1977, Király et al 1979/. 

It has been pointed out /Kóta a Somogyi, 1977/ that high
er harmonics may rise in a natural way as a result of either 
anisotropic pitch angle scattering or adiabatic focusing in 
the galactic magnetic field. It seems, however, rather hard to 
find any mechanism producing appreciable higher harmonic other 
than p.a.d.; the extra component responsible for the deviation 
from p.a.d. is most likely a streaming i.e. vector-anisotropy 
perpendicular to the magnetic field. It is the purpose of this 
paper to investigate the hypothesis of anisotropic pith angle 
scattering and to draw some conclusion on the shape and orien-
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tation of the distribution. In doing this we shall use the 
simple quasi-linear theory of pitch angle diffusion. 

2. ANISOTROPIC PITCH ANGLE SCATTERIN6* 

Pitch angle diffusion is governed by the equation 

*F ̂  .... 3F 1 Í / n ЭР 5t + V M 3 7 " 7 S y ( Dpv 3y > (1) 

where F(z,y,t) stands for the particle distribution at time 
t, velocity v, and position z along the magnetic field line, 
у is the cosine of the pitch angle. The diffusion coefficient, 
D^u# is related to the power spectrum of the magnetic field 
fluctuations by the quasi-linear theory /Jokipii, 1966/. For 
relativiatic energies, E, 

D ^ o d - y 2 ) ^ ! 4 ' 1 and Duy 0^ 4" 2 <2> 

with q denoting the spectral exponent of the turbulent field. 
As a first approximation, (1) integrates to yield /Hasselmann 
• Wibberenz 1970, Earl 1974/ 

V 
dF / i 2 F « / F 0 - - ^ K^-dv (3) 

• yy 
О 

where F is the omnidirectional density averaged over pitch 
angles. From (2), the shape of the anisotropy is 

M ' 2-q m 

у ч for у > О f Ixl^dxa Í F-F 0 о ^ | x | * 4 d x o ^ (4) 
| y | 2 " q for у < О 

The resulting distributions I Fig.II contain higher harmonics 
unless q-1 which corresponds to isotropic scattering. 
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Fig.1. The ehape of p.a.d. 
ve. у for various valuee of 
q. The marked interval re
fers to the region eeen by 
an observer of geographical 
latitude 40 N aeeuming the 
intensity maximum to come 
from direction of declinat
ion - 30°. 
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Fig.2. Calculated let and 2nd harmonics to appear at declina
tion, h*>40° vs declination of the pitch angle axis, 6. The 
peak-to-peak free space anieotropy is normalized to 2. 
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Fig.3. Expected ratios of the second-to-first /solid line в I 
and third-to-firet /dashed line, q>2/ daily harmonics for ob

servation of A=40°. 

In Fig.2. depicted are the calculated 1st and 2nd daily 
harmonics expected to appear in a measurement at 40 °N repre
senting about the viewing direction of Musala and Norikura. 
Normalization is chosen so that the peak-to-peak anisotropy be 
2 (as drawn in Pig.l). Inspection of Fig.2. shows that app
reciable 2nd harmonic may emerge if the value of q is close to 
2 and the distribution axis (i.e. the the local interstellar 
magnetic field) points toward moderate declination, somewhere 
between 20° and 50°. The uncorrected Norikura harmonics (0.051 
±0.004% and 0.026 ±0.004%, respectively) give the 2nd-to-lst 
harmonic ratio to be around 0.5. When correction is made for 
the motion of the Sun w.r.t. the local interstellar matter, 
the 1st harmonic shifts to -0.069% thus reducing the 2nd-to-
-lst ratio to " 0.38. The Mueala results, with larger statis
tical uncertainties, lead to higher ratios: -0.75 without, 
and «0.60 with correction. Of course, it should be borne in 
mind that the corrected 1st harmonic still contains a com
ponent not originating in p.a.d. However, this extra compo
nent may be supposed to have no drastic effect, thus the 
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above ratios may tentatively be accepted. To match the relati
vely large 2nd harmonic observed i.e. to achieve a high ratio 
of the 2nd and 1st harmonic waves, one requires that q be close 
to 2, preferably with q>1.75. Allowing for experimental un
certainties, it is still concluded that q>1.5 should be met. 
Fig.3. displays the expected ratios of the 2nd-to-lst sidereal 
harmonics vs the declination of the pitch angle axis for the 
favourable cases (q«1.75 and q>2). 

3. DISCUSSION 

Pitch angle scattering, in the absence of considerable 
adiabatic focusing, should result in an anisotropy antisym
metric in terms of y. Thus the anisotropy will not contain 
even spherical harmonics. Of course, even harmonics may ap
pear in the sidereal intensity wave except for measurements 
of equatorial direction of scan. Odd harmonics of the sidereal 
variation should be the same on the conjugate Northern an 
Southern stations while even harmonics should be opposite. A 
fairly attractive feature of this result is that it accounts 
- without any further assumption on the direction of the ga-
lactiv magnetic field - for the nearly identical 1st harmo~ 
nics observed at Musala/Norikura and Poatina /Fenton et al, 
1977/, respectively. Anisotropic pitch angle scattering pre
dicts, at the same time, a 2nd harmonic opposite to that of 
Musala/Norikura to appear in the Poatina n.easurement, too. 
Owing to the statistical uncertainties involved, this pre
diction can be neither proved nor denied at present. 

The moderate declination inferred here for the axis of 
the p.a.d. is compatible with that determined from the data 
of the Holborn inclined telescope /Daviee et al, 1978/ at 
lower energies, around 0.5 TeV. There seems, however, a 
contradiction to emerge if the shape of the p.a.d. is com
pared. The Imperial College group deduced a smooth distri
bution containing virtually only first spherical harmonic. 
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When plotted vs y, their F(u) manifests itself in a straight 
line in sharp contrast With the q=1,75 and q>2 curves of Fig.l. 
In speculating upon the source of this discrepancy, one may 
think of the Coropton-Getting correction made.P.a.d. is most 
likely to hold in the reference frame of the local interstel
lar matter. Correcting for the motion w.r.t. the local stand
ard of rest imy have introduced a slight bias in determing 
the direction of the distribution axis in the Imperial College 
work. As far as only streaming is concerned with, this would 
not affect the resulting total anisotropy at all. It seems 
conceivable, however, that this bias may have resulted in supp
ressing the higher harmonics. This suggestion is rather vague 
at this stage, a more through work would be needed to decide 
whether such effects might be of importance. Another possi
bility to resolve the contradiction may be sought in the fact 
that the experiments in question refer to different energies 
spred in a range extending two orders of magnitude. 

Anisotropic pitch angle scattering predicts that, in ad
dition to the 1st and 2nd, 3rd and higher harmonics should al
so be present in the sidereal daily variation. The ratio of 
the 3rd and 1st harmonics as expected for q>2 and declination 
40° is shown in Pig.3. Because of purely geometrical causes, 
higher harmonics are poorly represented in earth-based meas
urements, the observable third harmonic may be seriously re
duced, it may - for instande - completely vanish at 5«30°. 
The third harmonic - if observed as significant - would deliver 
important information on the 3-dimensional structure of the 
anisotropy. 

Besides the shape of the anisotropy, also the energy de
pendence of its magnitude is predicted by the quasi-linear 
theory. From (2) it follows that 

anisotropy a D^ a E ч 

The near constant amplitude of the anisotropy observed, over 
two decades of energy gives further support in favour of q's 
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being close to 2. This is also near to the value of 5/3 pre
dicted by the Kolmogorov-spectrum. 

4. CONCLUSION 

We suggest that the higher harmonics of the galactic 
anisotropy in the l-lOO TeV range arise as a result of aniso
tropic pitch angle scattering. The relatively large 2nd har
monic observed sets q to be close to 2, as well as does the 
near constant amplitude of the anisotropy over two decades of 
energy. The local interstellar magnetic field should point 
toward moderate declination; its R.A. should either coincide 
with, or differ by 6 hrs from the phase of the 2nd harmonic 
of the sidereal daily wave. By combining this with the recent 
Holborn results (Davies et al, 1978), we conclude that a pitch 
angle distribution is formed around the local interstellar 
magnetic field with an intensity maximum from the direction: 
ón*-30°±10° and R.A. around 75° ( 5 hr). Super-imposed on this, 
p.a.d. there should be a Compton-Getting streaming due to the 
motion of the solar system w.r.t. the local interstellar mat
ter as well as an extra streaming perpendicular to the mag
netic field. The origin of the latter is rather obscure at 
present. Amongst the plausible interpretations is diffusion in 
perpendicular to both the magnetic field and density gradient. 
The difficulty with this type of streaming is its expected 
rise proportionally to energy which ought to manifest itself in 
a pronounced energy dependence of the anisotropy. 
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