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Cosmic ray studies around the “knee” of the primary spectrum from

EAS-TOP

G. Navarra® *

2Dipartimento di Fisica Generale dell’Universita - INFN - CNR

Via P. Giuria 1, 10125 Torino, Italy

The experimental information on primary cosmic rays in the energy range 10" — 10'¢ eV is discussed following
the present data from the EAS-TOP array (Campo Imperatore, 2000 m a.s.l., INFN National Gran Sasso Labo-

ratories).

The data on the “knee”, as observed in the electromagnetic and muon components (E, > GeV) are presented.
They are consistent both concerning the intensity and the primary energy of the break, and the slopes of the
spectra below and above the steepening. From the e.m. size spectrum: the shape of the break, the dependence
of its size on the atmospheric depth and the primary energy spectrum are derived.

The data on the sidereal anisotropy at E, = 2.- 10'* eV are discussed. The anisotropy is measured with good
statistical accuracy: its amplitude is significantly smaller than expected from the diffusion models constructed at
10° — 10" eV, showing that such models cannot be naively extrapolated to the 10'% eV energy range.

1. INTRODUCTION

The main feature of the cosmic ray data in the
energy range 10'* — 10'7 eV is represented by
the break in the shower size (Ne) spectrum at
Ne = 10° particles, first observed by the MSU
group (1] and then by different experiments [2-
9]. This has lead, as the most natural interpre-
tation, to the hypothesis of a steepening of the
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primary cosmic ray spectrum at primary energy
E, = (2 = 3) - 10'® eV (the so called “knee”).
Reasons for such steepening can be found either
in propagation processes (decrease of contain-
ment in the galaxy with increasing particle en-
ergy, leading to a primary composition becoming
reacher in heavy elements [10,11}), or in source
effects, such as: energy limitations of the accel-
eration processes (upper limit to the maximum
reachable energy as at the shock front in SNRs
[12]) or nuclear fragmentation at the acceleration
region (leading to lighter composition at higher
energies [13]). Stimulating models incorporat-
ing in a single scenario the cosmic ray accelera-
tion processes over the whole quoted energy range
have recently been proposed [14] and have to be
checked experimentally. Alternative interpreta-
tions of the break, as connected to a change in the
hadronic interaction properties, have been pro-
posed [15], also grounded on some inconsistencies
in the Extensive Air Shower (EAS) data. Un-
derstanding the nature of the break requires ac-
curate measurements of the different EAS com-
ponents both to verify the main features of the
hadronic physics. and to measure the variations
with energy of the primary spectrum and compo-
sition (as interesting reviews on the subject see



e.g. refs. [16,17], that contain full references.)
Moreover, the internal consistency of the obser-
vations has to be checked, and indeed it has been
questioned whether its lack could cast doubts on
the existence itself of the break [17].

On another side the astrophysical interpreta-
tion of the knee, besides the knowledge of the
composition variations, that can of course be of
different origins, requires further experimental in-
formation. Among them, of main significance
are the anisotropy data, that could discriminate
propagation models, or at least help in checking
the models themselves.

In this note we will discuss the general features
of the break as observed in the electron and muon
components by the EAS-TOP array at the Gran
Sasso laboratories and the anisotropy data ob-
tained at E, = 2-10'% eV, and their implications
in connection with the interpretations of the knee
in the primary spectrum.

2. THE ARRAY AND THE DATA
TREATMENT

The EAS-TOP array (18] is located at Campo
Imperatore (2000 m a.s.l., 810 g/cm? atmospheric
depth, National Gran Sasso Laboratories). Its
aims are to perform multi-informative and multi-
component observations of Extensive Air Show-
ers in the range between 10'* and 10'® eV, i.e.
around the observed “knee”. It includes detec-
tors of the electromagnetic (e.m.), muon, hadron,
atmospheric Cherenkov light components. More-
over it can run in coincidence with the muon de-
tectors operating in the deep underground Gran
Sasso laboratories (MACRO. LVD at muon en-
ergy threshold E{* ~ 1.4 TeV) (see figs. 1.2).

We are essentially interested here in the elec-
tromagnetic and muon detector data.

2.1. The e.m. component: detector. recon-
struction and simulations

The e.m. detector [19,20] is made of 35 scin-
tillator modules (10 m? each. 4 cm thick, divided
into 16 individual units), organized in circles of
radii r= 50-80 m, interconnected with each other,
for trigger and data taking organization. The
events used in the following discussion are charac-
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Figure 1. The EAS-TOP array. The shaded area
shows the core location region used for the shower
size spectrum measurement.

terized by at least 6-7 detectors fired (one located
at the center and 5-6 on the quoted circle), and
the maximum particle density recorded by a mod-
ule internal to the edges of the array (for the mea-
surement of the shower size spectrum, only events
internal to the reduced area of fig. 1 are used).
The EAS arrival direction is obtained through the
times of flight among the different detectors, the
accuracy being o, = 0.5° for Ne > 10°. The core
location, the slope (s) of the lateral distribution
function (I/df) and the shower size (N,) are deter-
mined by means of a \* fit in which the densities
recorded by each module are compared with the
theoretical NKG {df [21,22] expression:

o\ -2 r s-4.5 ,
p(r) = g—s—)& (-1—-) (1+ ;—0') m~-(1)

.2 N
s rg

with rg = 100 m.

The validity of the NKG formula to describe
the experimental data has been checked in every
size interval, and it results to be accurate up to
<10% in every range of core distances relevant to
our measurements (r < 200 m).

The accuracy in the measurement of the size
Ne has been obtained by analyzing showers
simulated including all experimental dispersions:
for Ne > 10° we obtain ANe/Ne < 15%
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Figure 2. The EAS-TOP array location with re-
spect to the underground Gran Sasso laborato-
ries.

(ANe/Ne < 10% for Ne > 10°2). The recon-
struction procedures and accuracies are fully dis-
cussed in ref. [20].

The shower size expressed in units of m.i.p.
(Ne™P) is converted to total number of charged
particles (Ne, defined as the number of charged
particles with energy E > 0 at the depth of the
detector following the Greisen formula [22]) by
taking into account the transition effect in the
scintillators. This has been studied by means of
a simulation of the shower development in the at-
mosphere and in the detectors and their housing,
based on the GEANT code [23]. We obtain that,
up to 40°, the relation between Ne™F and Ne is
independent from the zenithal angle and is given
by expression (a):

Nemip

Ne

The full response of the detector to e.m. cas-
cades has been verified by means of a test per-
formed, with the same scintillators and electron-
ics operating on the field, at a CERN positron
beam up to et energies E,+ = 50 GeV. A car-
bon target of thickness up to 15 r.l., increased by

=1.18 (2)
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Figure 3. Integral size spectra measured at dif-
ferent zenith angles.

steps of 1.3 r.l. each, has been used. The cal-
culated response, for age parameter s > 0.6, is
verified within 3%.

The systematic distortions of the spectrum in-
troduced by the experimental uncertainties have
been studied by means of complete simulations.
This results in a systematic correction to be
applied to each bin content C (b): AC/C =
0.94(Ne/10%)27,with Ay = 0.08 for Ne < 10°
and Ay = 0.01 for Ne > 10°.

All comparisons with expectations are per-
formed by using the Corsika code [24], with DPM
model and Gheisha option for E; < 80 GeV.

The resulting mean conversion from shower size
to primary energy for vertical incidence can be
expressed as in the following:

Ne = m(A)E;jY (3)
with
m(4) = 17T7.8479%%  n(4) = 1.1074°95.  (4)

Before converting from shower size to primary
energy the further effect of fluctuations of the
EAS development has to be taken into account



(c). Such fluctuations, as a function of primary
energy, for primary protons, and following the
Corsika code, are:

o(Ne) _ Eo(TeV)
o = 044015

2.2. The muon detector

The muon detector [25] is composed of 9 active
planes interleaved by 13 cm thick iron absorbers.
The surface of the detector is 140 m?® and its
height 2.8 m. Each plane is made of two layers of
streamer tubes for muon tracking and one layer of
proportional tubes for hadron calorimetry. Every
tube has 3 x 3 cm? section and 12 m length. The
tracks X coordinates are obtained by the signals
of the anode wires, the Y ones by the induced sig-
nals on strips (3 cm width) placed orthogonally to
the wires. The muon energy threshold is E, = 1
GeV for vertical incidence, the resolution (i.e. the
difference between the numbers of visible and re-
constructed muons with at least 6 wires and strips
fired) is AN p?t /N pdt < 4.3% up to Ni* = 30,
and, concerning the angles, A8, =~ 0.6°.

(5)

3. THE E.M. DETECTOR DATA

3.1. The N, spectrum and the all particle
primary energy spectrum

The shower size spectrum is studied following
the usual “constant intensity cut™ technique [2]
as shown in figs. 3.4.

The obtained EAS absorbtion length is A = 220
+ 6 g cm™>. Each individual shower size Ne(f)
recorded at zenith angle 8 is therefore converted
to vertical incidence (Ne(0)) with expression:

Ne(0) = Ne(f)efelrect®)-1/y (6)

The spectra of fig. 3 are thus displayed in fig.
5, showing that the detection efficiency is 100%
at all zenith angles for Ne(0) > 10 ? (corrections
(a) and (b) of sect. 2.1 being included). A similar
result has been obtained by means of a simulation
performed by using the experimental ldf.

The obtained shower size spectra for vertical
incidence, and for the zenith angles correspond-
ing to the Akeno [2] and MSU [26] atmospheric
depths are shown in fig. 6. Also the Akeno and
MSU fits are shown for comparison, the Akeno
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Figure 4. Size values vs. atmospheric depth for
different values of primary intensity (see fig. 3).

data being corrected following the transition ef-
fect of our array. The data qualitatively agree,
the main difference between the present and pre-
vious ones consisting in a higher (= 30 %) inten-
sity at N, = 10%°, and a slightly steeper slope
for large shower sizes (at least with respect to the
Akeno data). The break of the spectrum is ob-
served at Ne = 10°.

To convert the size spectrum to energy spec-
trum, the quoted expressions (3) and (4) are used.
An effective c.r. primary mass has also to be used:

Zi:‘hd),-(./\"e)
5. @i (Ne)

where ®; = b; - E; 7. b; and +; are obtained from
the extrapolations of the direct measurements up
to Ex(d) = Z3-10% eV, and vi = ¥ + 0.5
for E, > Ex(A4) and all nuclear mass groups.
The validity of the extrapolation of the lower
energy composition data up to the knee is sup-
ported by the Ne — Nyu data both for £, > 1.4
TeV [27] and E, > 1 GeV [28] (see also fig 15).
The assumption of the Peters-Zatsepin model at
higher energies is compatible with the present

Aess(Ne) = (7)



Table 1

Parameters of the differential primary spectra of the different mass groups.

Mass group b; (m” s st GeV —")~!

n(E < Ex(A))

P 5.57- 10° 286
He 9.15-103 2.68
CNO 1.18- 103 2.56
Mg-Si 1.35-103 2.63
Fe 1.46 - 10° 2.63
-10
o~ 7 o
5 [n, ¥ 1.00<sec8<1.025 2 V EAS-TOPx=810g cm’
T, | Tl 0 1.025<secO<1.05 T B EAS-TOP x=920g cm”
RS '.. = :'g;qece;i'luza 2107 * EAS-TOP x=1020 g cm™
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Figure 5. Same as fig. 3, with shower size con-
verted to vertical incidence.

data and mostly supported by the MSU mea-
surements [29,30]. The primary spectra of the
different mass groups are reported in tab 1. In
the energy range of our interest, around the knee,
Aess(Ne) changes from 9 at Ne = 3.-10% to 10.5
at Ne = 10° and 14 at Ne = 3.- 10°.

Assuming constant composition above the knee
(i.e. the composition obtained from tab. 1 at
E, = 3-10'% eV) would imply a change of 10%
intensity at 10'% eV.

The resulting intensity (shown in fig. 7) below the
knee is =~ 20% higher than the MSU and Akeno
data, and in good agreement with the recent Ti-
bet ASy measurements [7], while is = 10% lower
at &~ 10'® eV. The main feature of the present
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Figure 6. Differential size spectra measured at
EAS-TOP at different zenith angles, compared
with Akeno and MSU data. ’

data is given by the shape of the steepening, that
looks rather sharp as compared e.g. to the ASy
data (see also sect. 3.2).

Due to such sharpness, for representing the all
particle spectrum in the energy range 10'° —10!%
eV, we use the following approximate expression:

I(Eo) = Ik - (Eo/ Eo )72 (8)
with (1,2)=(below,above) the knee
where:

I = (4.3£08) x 1073 m~? s~ g1 ev-!
E,, = (4.7 0.3) x 107V’

4 = 2.76 % 0.02

42 = 3.2T % 0.08.



= EAS-TOP
< TIBET

s
-
QD‘G’@
&
o<
>4
% >

dJ/dE E*"* (m'z sTsr! Gev!'™)
dl /dNe » Ne

o e at® *
L © 2% 4o %6
o GRIGOROV
o JACEE
1 5 1 " " a2l A Y 1 5
10 10 "iZ(GeV)

Figure 7. Differential primary energy spectrum
measured at EAS-TOP. Direct measurements
and EAS data from other experiments are also
shown.

3.2. The characteristics of the knee in the
e.m. component.

In order to evidence the structure of the knee,
the size spectrum is shown in fig 8, the ordinate
being multiplied by Ne*®. No structure is seen,
at a level of < 10% accuracy in intensity at the
break, and 12.5% in size. Even assuming the first
point above the break to be dominated by fluc-
tuations, the next point provides evidence for a
decreasing of the intensity with respect to the ex-
trapolation of the Ne < 10° power law index:
(Teztr-Tmeas.)= 4 s.d. (i.e. = 8%) for a change
ANe/Ne = 25%. Due to the lack of visible struc-
tures, the size spectrum around the break is also
fitted with an expression (38):

I(Ne) = L, - (Ne/Neg)™ 7 e (9)

where:

To, = (144 0.3) x 10783 m~2s~ lsp~t Ne~!
Neg = (1.41 £0.03) x 10°

Ye, = 2.61£0.01

Ye. = 3.01 £ 0.06

the integral intensity above Ve, being:

2 2. .
2.6 (m LI 1 s 1 Nel.h)

Ne

Figure 8. Differential size spectrum, at zo = 810
g cm™?2 measured at EAS-TOP.

Se.(Neg) = (9.8£2.1)-1078m~2s" sy,

It has been argued whether a sharp break could
be compatible with a steepening of the primary
spectrum, in view of the cascade fluctuations, and
the detectors experimental uncertainties. Such ef-
fects have been included in a simulation of a break
of Ay = —0.3 over a proton primary spectrum.
The reconstructed size spectrum 1is displayed in
fig. 9, and can be directly compared to the ex-
perimental one of fig. 8. This shows that a change
in the power law index of the energy spectrum of
the lighter component, that dominates the shape
of the size spectrum, of Ay = —0.5 would still
be compatible with the observed sharpness of the
break.

A further controversial problem in establishing
the knee has been risen by the difficulties of ob-
serving the expected dependence of the size cor-
responding to the change of the spectral slope
(Neg) on the observation angle. In fact from
ohservations performed at different atmospheric
depths (X,,;) a decreasing of Ner vs. X,
was qualitatively inferred [31], with large uncer-
tainties mainly due to the difficulties of inter-
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Figure 9. Simulation results: unfluctuated spec-
trum (i.e. as resulting from the average E, to Ne
conversion) and spectrum obtained including the
shower development and the instrumental fluctu-
ations. To be compared to the experimental data
of fig. 8.

calibrating different detectors. On other side,
with angular measurements performed by a sin-
gle array, such intercalibration problems are over-
come, but the observation range is reduced. The
present data are shown in fig. 10, where the size
spectra measured in different intervals of zenith
angles are displayed without including conversion
(6). Fits performed by using expression (9) are
also shown, and the results are reported in tab. 2:
the shift of the value of Ve, towards lower sizes
with increasing zenith angles is clearly visible.
The dependance of Neg vs X,y is shown in fig.
11. The hypothesis of constancy of Neg vs Xoq, is
rejected with a \®> = 6/d.f.. while the hypothesis
of the constancy of [ provides a \* = 2/d.f..
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Figure 10. Differential size spectra measured at
different zenith angles (i.e. atmospheric depths).

4. THE MUON DETECTOR DATA

The average muon lateral distribution is shown
in fig. 12 for the shower size interval 10°3 <
Ne < 10°% and 8 < 17.7° (sec# < 1.05). The re-
sults are compared with the expectations from a
simulation based on the Corsika code, and dif-
ferent primaries, including the mixed composi-
tion model reported in tab. 1. The very good
agreement between the simulated and expected
muon lateral distributions (concerning the shape
and the absolute values) for the mixed primary
composition, allows to use the recorded number
of muons to derive the total muon number (immuon
size, Nu, E, > 1 GeV). The used Ld.f. is of
Greisen type [32]:

pulr) = C(1/ro)" *> Nur=" (1 +r/ro)7* % (10)

with r, = 400 m in agreement with the experi-
mental and simulated data.

4.1. The muon size (\Vu) spectrum

The muon size distributions obtained for two
intervals of core distances (100 < r < 130 m
and 130 < r < 180 m) are shown in fig. 13.



Table 2
Size values and differential fluxes at the knee measured in different zenith angle intervals
sec 6 Li(m=7s Tsr-TNe 1) Log(Ney)
1.00 - 1.05 (1.5+£0.2) x 1071 6.13+0.02
1.05- 1.10 (2.0+£0.3) x 10713 6.04 £0.02
1.10-1.15 (1.3+£0.2) x 10713 6.06 £+ 0.03
1.15- 1.20 (1.5+£0.3) x 10713 5.99+0.03
1.20- 1.25 (1.2+£0.3) x 10713 5.97+0.04
1.25 - 1.30 (1.5+04) x 10-13 5.87 £+ 0.04
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Figure 11. Shower size of the knee as measured
at different atmospheric depths.

Both of them show a break in the spectrum at
Np = 10*°. This shows that the observed break
does not depend on the muon density on the de-
tector, but on the absolute muon number Ny,
thus excluding possible effects of instrumental ori-
gin. The break is much smoother than observed
in Ne, mainly due to the poissonian fluctuations
(the typical number of detected muons at the
break being =~ 15, for 130 < r < 180 m). An
expression (9) is also used to fit the data at the
break:

Iu(Np) = Ly - (Np/N ) 00w (11)

10
R(m)
Figure 12. Measured and simulated average muon
lateral distributions.

A\’ fit is then performed by introducing the in-
strumental and poissonian fluctuations, providing
as best values of the parameters:
I, =(35+08)x 107m s tsr~INp~!
Npy = (5.89£0.06) - 10%
Yy, =3.12+£0.03
Yu, = 3.67£0.07
(4, 1s in good agreement with data reported by
the Akeno array [2]).

The integral intensity above Ny is:
Sue (> Npx) = (7.7 1.8)1078m =257 Lsr™!
The comparison between the experimental and
the simulated spectra (for 130 < R < 180m) sam-
pled with such parameters, and introducing the
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poissonian fluctuations is shown in fig. 14.

5. THE E.M. AND MUON DATA

As a first comparison between the e.m. and
muon data at the knee we notice the good
agreement between the absolute intensities above
Ne, and Npg: Se, and S,,, consistent with
~10-"m 35" lsr1,

In fig. 15 the experimental relation Ny — Ne,
and the expectations from the Corsika code and
different primaries, including the mixed primary
composition of tab.1, are shown. The experimen-
tal data cover all the range, while the simulated
ones cover the region below the knee, and a single
size bin 4. - 10° < Ne < 5. - 10° above the knee.
The data are well superimposed over the expecta-
tions from the mixed composition of tab. 1. Also
shown are the expectations from a mixed compo-
sition with the knee occurring at fixed primary
energy (3.-10'® eV) for all components. In the
bin above the knee the slightly heavier composi-
tion, as predicted by the Peters-Zatsepin hypoth-
esis seems favoured (although due to the statistics
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Figure 14. Muon number spectra: experimental
and simulated (see text).

and the model dependence we do not discuss the
primary composition problem at this stage of the
analysis).

Also shown in fig.15 is the error box around
the Nep and Ny, values. 3 s.d. boundaries are
used in order to take into account systematic ef-
fects connected with the binning and the selection
procedure. It results that the Nex — Ny, data
cross very well over the Ne— Ny experimental re-
lation, thus showing that they identify the same
primary energy.

Further information is obtained from the rela-
tion between the v., and v,, (and 7., and 7,,)
values, i.e. the slopes of the spectra, below and
above the break. They are shown in fig. 16 to-
gether with the expectations from the general re-
lation Nu =~ Ne* and different values of a. A
value of a = 0.75 is compatible with the experi-
mental data both below and above the break.

The main features of the breaks of the Ne and
N spectra are thus compatible in intensity, iden-
tification of the primary energy and change of
slope inside experimental uncertainties =~ 15%.
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6. THE ANISOTROPY

The study of the anisotropy and its possible
variations 1s, as mentioned, a fundamental tool
for discriminating possible astrophysical origins
of the knee. In this field also, it is of first in-
terest to check the validity of the methods used
for the interpretation of the information on c.r.
propagation at high energies.

The c.r. anisotropy is studied with good statis-
tical significance in the energy range 10! — 104
eV ([33-40], see the reviews [41,42]).

A few of such data are summarized in fig.
17. At the highest energies (above 10' eV)
significant results have been recently reported
by the EAS-TOP array [39,40]. The ampli-
tude and phase of the first harmonic of the side-
real anisotropy are respectively (at the equatorial
plane):

Asiga = (373 + 0.57) -10-1

Psiqg = 1.82+0.49 h Ist

with significance 6.5 s.d.

This result is supported by different consis-
tency checks:

the electrons and muons power law size spectra
(%e.vu) below and above the knee.

a) the observation of the solar anisotropy:

Asot = (4.06 £ 0.55) - 1071

Qeot =4.92+0.53 h

with significance 7.3 s.d.,

compatible, within 2 s.d., with the Compton-
Getting effect due to the revolution of the Earth
around the Sun:

"‘sco?‘ =4.7-10"?

6¢¢ =6.0h;

b) the observation of the expected dependence
of the amplitude of the anisotropy over the decli-
nation (d):

A x cos(d);

c) the consistent time shifts of the effect for
observations in the East and West directions;

d) the small antisidereal wave (of amplitude
A<22sd);

e) the correct rotation of the monthly solar vec-
tor. as resulting from the combination of the solar
and sidereal vectors.

Different experiments [29,30], mostly based on
the Ve~ Vyu relation and muon fluctuation data,
support an increase of the average mass number
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Figure 17. Amplitudes and phases (h, l.s.t.) of
the c.r. anisotropy reported in the energy range
10'? — 10 eV, including the EAS-TOP data.

of the primaries around the “knee”. as would be
expected from the diffusion hypothesis [10,11].
A diffusion model has been developed at lower
energies to explain the p Aux, the et to e” and
the secondary to primary ratios and their en-
ergy dependence (see e.g. [43.44]). The gen-
eral parameters of the modet (diffusion coefficient
D(R) =~ 10*®. R°3 cm® 5!, R in GV) can be ex-
trapolated and used to predict the anisotropy at
E, > 10'? eV.

It results that, while the amplitude of the
anisotropy measured at 10!? eV could be compat-
ible with the expectations, the experimental data
around 10'* eV are lower than the expectations
(in the case of EAS-TOP of a factor = 10). This
implies that the diffusion model as constructed at

10° — 10!! eV cannot be extrapolated to 10!* eV
(see e.g. [45,46]).

On the other side it is confirmed that the am-
plitude and the phase of the anisotropy are rather
constant over the whole quoted energy range
102 - 104 eV.

7. CONCLUSIONS

The first studies of the “knee” region of the
cosmic ray primary spectrum from the EAS-TOP
array lead to the following results:

e The break at E, = (3 — 5) - 10!® eV is con-
firmed both from the electron and muon
EAS components.

e The data from Ne and Ny agree both con-
cerning the primary energy and intensity at
the knee (/; = 10" cm~2s7'sr™!), and the
variations of the spectral indexes.

e The ~.,v, data below and above the knee
do not show indications of change of the
Ne =~ Nu® relation (a is constant within
= 5%).

o The knee is sharp, but compatible with a
change in the spectral index (of Ay = —0.5)
of a single component, the lighter one, dom-
inating the shape of the size spectrum.

o The steepening in Ne is observed at de-
creasing shower size with increasing zenith
angles (observation level in the atmo-
sphere).

o The Ne — Ny relation (both for GeV and
TeV' muons) does not evidence dramatic
changes in primary composition around the
knee. For more quantitative analysis in
terms of primary composition, the com-
bined study of different EAS components
is being exploited.

e Different experiments (also compatibile
with the present data) report a primary
composition becoming heavier above the
knee, as predicted by the diffusion mod-
els. But the anisotropy data contradict the
naive extrapolation of the diffusion model
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derived from the low energy measurements,
and no evidence can be derived up to =
2. - 10'* eV of any increase of the ampli-
tude of the anisotropy itself, as it would be
expected from models based on such prop-
agation principles.
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