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Abstract
We present an analysis of the amospheric efects influencing the munting rate of a NM-64 reutron monitor
and bere neutron courters utilized during the latitude survey performed in 19961997 from Italy to
Antarctica and bad. We determine the influence of Bernoulli effect onthe evaluation d atmospheric mass
and the effect of seastate on the neutron courting rate, by using the data recorded during the time spent in

Antarctic region (cut-off rigidity Rep<1 GV); then, accurate values of atmospheric pressure oefficients are
computed. The survey data ae corrected for the above dfects; atmospheric presaure coefficients changing
with cut-off rigidity are computed by combining previous findings together with ou determinations at
Reps1 GV. It isestimated the temperature efect onthe NM counting rate; the survey data ae corrected by
using the sealevel temperature during the expedition and the data of atmospheric temperature vertical
distribution measured by NOOA-9 and NOOA-10 satellites.

1 Introduction:

In SH.3.6.24we presented the cosmic ray (CR) datarecorded by aNM and 2 bare neutron counters (BC)
during the latitude survey to Antarctica on in the period December 1996March 1997. For an accurate
determination of latitude eff ect and coupling function d the CR nuclea active componrent, as measured by
aNM, it is necessary to apply corredions due to meteorologicd variations. We use the 3-houly intensity
data corrected for time variationsin the flux of primary CR. We analyze the foll owing effeds:

-variations in the air massover the detedor (atmospheric absorption eff ect); this massis derived from the
atmospheric pressure by using the actual value of gravitationa field g, and applying the @rrection for the
relative vel ocity between the barometric sensor linked to the ship and the atmosphere (Bernoulli effect);
-inclination d the neutron detedor relative to the horizontal plane produced by sea waves (seastate dfect);
-changes in the temperature of atmospheric layers as afunction of time and geographic | atitude.

2 Bernoulli Effect on M easurements of Atmospheric Mass:

The influence on atmospheric pressure measurements of Bernoulli effect caused by wind flows in the
atmosphere (seereview in Dorman 1963, 192, 194) leads to estimate smaller values in the vertical mass
M of air, as determined by measurements of the dynamic air pressure P. Thereation between M andP is:

M(g,A)= _P% 0332 (gem?), (2.1

Pog(d’,}\)

where ¢ is the geographic latitude and A the geographic longitude; Py =1013 hPascal the normal air
pressure, go=980.6 cnV/s’ the standard Earth's gravitational acceleration and, acarding to Uotila (1957),

o($,1) = 97805161 + 0.005291Gin% - 0.000005%in*2p +0,0000106802pco2r +6°)). (22)
We used 5-min data of wind speed W with resped to the ship and determined for ead 3-houly interval the
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average value <W2> = (1/36) zlez . The arrection for Bernoulli effea can be written as:
J:

fW2)o(w?)

CglA)
where p = pPTy/PyT, oy is the density of air near sealevel at normal conditions Po=760mmHy, T=290 K,
and P, T are the arerage presaure and temperature for ead 3-houly interval. In (2.3) the mefficient f<1
acounts for the fact that in low atmosphere the wind action is mainly limited to some fraction (up to 3-4

AMbeDMbZ , (23)

km) of total atmospheric layer. <W2> data are available until February 13, 1997 when the wind sensor was
damaged. After February 13 <W2> (in m? Et‘z) has been evaluated by means of the seastate index Fg,

being <w2> =122F2 - 412F¢ + 732 (correlation coefficient R = 0.852+ 0.016), as determined in the
previous period of survey (Decamber 20, 1996-February 13, 199).

3 Natureand Evaluation of Sea-State Effect on the NM Counting Rate:
The sea-state effed, experimentally investigated by Bieber et a. (199%), is analyzed with regards to its
physicd nature. Let uscal 2F(6)d9 the flux of nuclear active CR particles approadching sealevel at zenith

angle between 8 and 6 +df6 andintegrated over azimuth angle. The flux integrated over al zenith angles
onan horizontal NM with effective surface S will be 2S[F(9)d6 andthetotal courting rate will be:
/2 /2
lp=2S IF(@)cos(B)p(B)dB =2S J’F(e)w(e)de . (31)
0 0

¢(8) being the average probability to detedt a neutron approaching at zenith angle 6. F(6),¢(8), w(6) are
even functions, and F(B) goes rapidly to zero for 8 = /2. If the NM isinclined by an angle 6, assuming
that almost horizontal CR are fully absorbed by the inclined ship and for sufficiently small 8, values,

/2 /2
1(6,)-1, 082S IF(B)W"(B)dB -S IF(H)W(H +6,)d6 = Aly +Al,. (32)
0 mm/2-64

For the most likely condtion of ¢(p) slowly changing with @ , i.e. for ¢ (6)00 and W'(6) O-w(6),
the deaease in counting rate due to the geometrical effect of rotation of the NM by the angle 6, will be:

A/t =(16)- 1) /1o O-62/2. (33

In case of harmonic rolling motion d the ship, 8, =6, coswrT, <0§> =9r%/2 , the average dfect will be:

(A1,1)0-62/4. (34)

The second integral Al, in (3.2), representing the decrease in counting rate produced by half CR flux
approaching the monitor with zenith angle 6 > 17/2 -6, (absorption effect through the inclined ship), is
negligible and, for 6, < 0.2, i.e. for a =71/2-6 < 6, < 0.2 we can approximate F(8) and W(p) as:

F(B) 0 cos = sin‘a OaX ,with k=2,
lP(@) O cos(e +90) = sin(a —60) = sina [0, — cosx [5in6, U (sina - sineo) Oa -6,,
and, as a mnsequence, being y a wnstant of some units:
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(B1o/1) D—%Iakﬂda = —éagoT < —%g% D—%E&);‘]. (35)
0

By taking into accourt the relations (3.2), (3.4) and (3.5) we obtain for 8,, < 0.2
(AI/I)z(AI1/|>+(AI2/I>D(AIZ/I>D—H%/4. (3.6)
We wuld not do continuous measurements of 6,,, on the ship, hut it was possible to do some
determinations of 6,, [0.20+ 0.21 for seastate strength Fg (18 and to derive the empirical relationship:

Fs 075082/4 (3.7),

andto olktain for NM, according to (3.6) and (3.7):
(1(Fs) = 10)/1o = Knm [Fs 0-1300°F5. (38)

4 Determination of Atmospheric Absorption, Bernoulli and Sea-State Effects
in Antarctic Region (R, <1 GV ).

In Antarctic region (Rgp<1 GV) the high variability of M, V\/2 and Fgallowed to estimate 3 (atmospheric
absorption coefficient), f, and K for NM, in spite of the fact that W and Fg are well correlated and wsually
they are more effective during low-M regime. By multiple aorrelation analysis among Inl, M, Fg and
1/2pV\/2, we founda wide region in the wordinate system (3, f, K) in which the corrélation coefficients are
very high and nd statistically different. For this reason it was necessary to determine the total contribution
of Bernodli and seastate dfects by comparing data having similar (M > and great variations in \/\/2 and Fs
For NM the asssament of the two separate effeds has been dae by: (i) determining K by (3.8) and (ii)
computing f (by simple difference procedure). For BC, being already determined the coefficient f by the
analysis of NM data, it was possble to evaluate the seastate dfect through the estimate of global (sea-state

plus Bernoulli) effect. For both detectors we computed the value of 3 by correlation between the rrected
M and In| data. Table 1 showsthe resultsof our anaysis.

Table 1. Summary of the evaluation of Bernoulli, seastate and barometric effectsfor NM and BC
detectorsin Antarctic region (R, <1GV) in the period January 27+February 18, 1997

Neutron Detedor NM-64 BC
Bernoulli (Bern.) effect f=0.3 f=0.3
Seastate ( Fs) effect A/l = KyyFs = -1.300 3 Fg | Al/I = KpeFs = 250072 [Fg
Barometric eff ect B (Y%lg/cnt) R B (Y%lglcn?) R
Original Data -0.722:0.007 | -0.992:0.006 | -0.726:0.013 | -0.985:0.012
Data corrected for Bern. -0.737%0.006 | -0.994:0.005 | -0.74(£0.012 | -0.987%0.007
Data corrected for Bern. & Fg | -0.7510.005 | -0.995:0.005 | -0.766:0.011 | -0.99%0.009

5 Correction of Survey Data for All Meteorological Effects:
In Figure 1 we show a summary of all corredions applied onsurvey dataon 3houly basis.
- The vertical atmospheric massM+fMy, has been computed according to (2.1), (2.2), (2.3), with f=0.3.
- The correction for seastate effect was applied by the results of Table 1, by assuming that the seastate
effed, evaluated in Antarctic region, isthe same & different latitudes.



- The correction for amospheric
absorption effed has been applied by
utilizing  the  dependence  of
atmospheric absorption coefficient on
cut-off rigidity obtained for the period
of minimum solar activity by
Carmichad & Bercovitch (1969) and
Badelet et al. (1972), by taking into
acount our determination in Antarctic
region. This dependence was
approximated by the Dorman (1969)
function:

B= Bo(l— exp(— aRgF',‘)) , (6.1)
where B, = —0.751%/g/cm2 :
a =exp(.74399 =5.69+ 0.03,
k =0.411+ 0.002
NM data have also been corrected for
temperature variations in dfferent
atmospheric layers by using the
Dorman (1957, 192), Dorman €t d.
(1990) model. Temperature data
measured by satellites NOOA-9 and
10 duing 198588 have been used,
together  with  temperature data
recrded on the ship, to have
continuaus information on the time
variations of atmospheric temperature
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distribution and to account for the
effed of meteorologicd perturbations
in the lower atmospheric layers.

Figure 1: Meteorological effectson| and M, together with the
changesin g and Rep, and the effect of CR primary variations
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