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INTRODUCTION

Tonga is a country located in the Southern hemi-
sphere at the Pacific Ocean. It comprises 169 is-
lands, which are mainly made of magmatic rocks.
Some of the islands lie along a submarine oro-
graphic feature that includes nearly a dozen of ac-
tive volcanoes. It is an underwater ridge of about
500 km length and lies on the boundary between
the Australian and the Pacific tectonic plates. In
the southern section of this ridge is the Hunga
Tonga-Hunga Ha’apai volcano, whose vent is be-
low the sea level but it is about 2 km above the
sea floor. This and the other volcanoes in the sub-
marine ridge seem to be of relatively recent for-
mation, and some of them have underwent erup-
tions with periods of 20-50 years Bryan et al. 1972.

THE HUNGA-TONGA VOLCANO

From December 2021 to January 2022 the Hunga-
Tonga presented high activity with various erup-
tions. On January 15, 2022 at 04:14:45 UTC,
it experienced an intense eruption, which gen-
erated a fumarole that reached a height of 58
km in 30 minutes and about 600 km in diam-
eter. The coordinates of the Hunga-Tonga vol-
cano are 20.546 S 175.390 W Dourado et al., 2022.
The Hunga-Tonga eruption generated a pressure
wave that traveled around the Earth during three
days and, as below mentioned, the wave pressure
was recorded in many different sites at several
distances from the volcano, also a traveling iono-

spheric disturbances were observed during four
days Zhang et al. 2022.
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Figure 2: The Hunga Tonga-Hunga Ha’apai eruption.
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Figure 3: Corrected cosmic ray intensity rate observed by Mexico
neutron monitor as a function of time from January 15, 2022.

STATION: KERG , VALUES FROM: 2022-01-15 5:30:00 UTC TO: 2022-01-15 6:58:00 UTC

THE EFFECT OF ATMOSPHERIC PRESSURE ON COSMIC RAYS —
0.035 - — = —0.005227x+ (0.010302) — = —0.005962x + (0.006168) “
CR . . . . 0.070
e Since cosmic rays interact with atoms
. . . . 0.030 .
100 present in the ditferent atmospheric layers, it 0.065 | < c-
is also expected that their intensity presents o 060 0 D
80 . . . 0.020 0 o o o
variations related to atmospheric phenom- 3 - . ° o
T 80 ena at the ground level. L 0015 < — =2 o ’
= : : . : = 010 £ 0.050 | _ 0 —_
E, e Simply, we can describe the barometric ef- ' 0 0 0 .
‘s 40 . . 0.045 a o o o
= fect through an absorption process of cosmic 0.005 ) 0 :
201! rays by the atmosphere. As a cosmic particle 0.000 ° o 0.040 o T o
moves towards the ground, the greater the 0,005 5 ° 0 035 ° -
0 atmospheric pressure acting on it. -15  -1.0 0.5 0.0 0.5 78 1.7 —{L.ﬁ ) ]—?.5 74 -1.3
| | | | | {P_PD:I - Py
O 200 400 600 800 1000
SICUIE ST Atmospheric Pressure (hPa)
dl Figure 5: Correlation diagram of the cosmic ray intensity and the Figure 6: Correlation diagram of the cosmic ray intensity and the
Ficure 1: The effect of atmosbheric pressure on cosmic ravs = 5 - d P (1) pressure variation for synchronous measurements during the passage pressure variation for synchronous measurements during the passage
g . P p ys. 1l of the first pressure wave from the Hunga explosion as recorded by the of the first pressure wave from the Hunga explosion as recorded by the

Mexico neutron monitor. Kerguelen neutron monitor.

REFERENCES

SURFACE PRESSURE DATA SHOW EVIDENCE OF MULTIPLE SUBSEQUENT EXPLOSIONS C()NCLUSI()N

Tonga Pressure January 15, 2022

T Longitude {degrees)
—— Pressure [hPa]

r wr
1010 4 == . o= i
£ - e —— - - = .-‘i-"-.‘-“':r-—-_‘"."-e-
T e —_————y AT - e ] .
¥ e ‘*' el e e R Ty, e,
b= . - T i} P e Ao = o 5 -
- e aiai Sy 3, T o
B, el e P - " S
g m B Ve
1005 - Y . : R
} - o FA :.;‘: . _ r 4 -
L 3 S H
g T o 3 s -"'::_ s
x \ PR e - ; -k
. =y -..\ ' -.\.' £
. o A - .5:' | = § -
\ / TR =
i = "
1 &
.
"
*

(degrees)

o
= 1000 A
@

Latitude

]
& 995

990 -

985 1

04:00 05:00 06:00 07:00 08:00
Time [UTC]

Figure 4: Left panel: Real time pressure as a function of time of the
first four main pressure features. Right panel: The blue circles represent
two locations of the pressure wave produced during the eruption. The
red cross at Africa represents the antipodal point of the volcano location.

e In strong explosive eruptions, shock waves
may be produced at the atmosphere. They
travel at velocities larger than the sound
speed Morrissey and Chouet, 1997. How-
ever, shock waves are not common Mor-
rissey and Mastin, 2000 and after traveling
large distances from the volcanic vent, they
loss energy, decaying to a sonic wave and
further traveling at the sound speed.

It has been seen that cosmic ray (CR) flux variations, observed at the
Earth, are well correlated to trend variations (of the order of a month)
of local meteorological parameters, in particular of the pressure. This
allows one making corrections to the observed flux of CR due to this
influence, leaving variations due to other causes (as interplanetary or
galactic origin). In addition, the mitigation of the influence of the lo-
cal meteorological trend, on the CR flux, makes the corrected values
more sensitive to variations of transient character. On the other hand,
even though the local meteorological conditions (at the Earth surface)
are important to determine the flux, also the conditions at the different
altitudes of the atmosphere play a role in the resulting flux. It means
the integrated effect of the atmosphere on the CR paths results in the
observed flux at the surface. In the present work, we explore the viabil-
ity of using CR flux to identify the pass of the pressure wave thought
different locations at the Earth.
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