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FORBUSH

PHENOMENON AND THE
RAINS IN THE AMAZON

Fenomeno Forbush e as chuvas nha Amazonia

, Roseilson Souza do Vale?

Newton Silva de Limal

(1) Manaus Lutheran University Center (2) Federal University of Western Para

newtonulbra@gmail.com; roseilsondovale @gmail.com
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Phenomenon

FENOMENO
FORBUSH mgm oo
in the
aumento na intensity of
intensidade .
os raios solar cosmic
coésmicos solares é rays is often followed

frequentemente seguido por uma .
diminuigdo nos raios cdsmicos by a decrease in the

extra-solares. Este efeito é extra solar cosmic

conhecido como redugdo de . .

Forbush (Scott Ellsworth rays. This effect is

Forbush), que ocorre devido known as Forbush

vento solar que carrega ejeg: .

massa coronal — EMC, mas, @ redUCtlon (SCOtt

campo magnético terrestre, ¥.* ‘ Ellsworth Forbush),

protege a Terra da radiagdo | J .

- which occurs due to
the solar wind that
carries the Sun's

~ magnetic field, with

(coronal mass ejection

- CMJ:') and thus,

protetits the earth

from cosmic radiation.

*

ott ENsworth Forbush (1904-1984) Qailaiipedition MAGAZINE |13



Atmosphere (Atmosfera)

15 km ~ 20 km

COSMIC

CHUVEIRO

HOWER

cOSMICO

The cosmic bomber is more intense at the |poles and smaller in the equatorial
region, due to its alighnment with the Earth|s magnetic field.

Cosmic Rays

They are highly energetic
juclei that cross our universe
Composition

O bombardeiro cdsmico é mais intenso nos pdélos e menor na regido
equatorial, devido ao seu alinhamento com o campo magnético terrestre.

>

Raios cosmicos

Sdo nicleos altamente About 87% of the observed
energéticos que atravessam nosso cosmic rays are Hydrogen
woyerso nuclei, 12% are Helium nuclei
Composicao .

Cerca de 87% dos raios ahd the rest are heavier
césmicos observados sdo nucleos elements such as Carbon and
de hidrogénio, 12% sdo nucleos Irpn
de hélio e o restante sdo Velocity

elementos mais pesados, como

carbono e ferro.

Close to light in a vacuum
Energy of a tennis ball with

Velocidade
Perto da luz no vacuo v|= 57 m / s for a mass of
Energia de uma bola de ténis 0J00000000000001 < (smaller)
el than the tennis ball.
v = 57 m/s para uma. massa

0,00000000000001 menor que a
da bola de ténis.

Hadronic Component
Componente Hadronica

Muonic Component
Componente Mionica

Electron Photonics Component
Componente Eletron Fotonica

- T TSP M —m —m— = == Sea Level (Nivel doMar) == Y= == mm o= o o o o o o -
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O Chuveiro Atmosférico Extenso Expedition MAGAEL
The Extensive Atmospheric Shower

rimary cosmic radiation is
mainly composed of
protons, o particles and
heavy nuclei, upon
penetrating the Earth's
atmosphere, it begins a chain of
interactions with atmospheric nuclei. The
interactions that occur produce a variety of
highly energetic particles, mainly protons,
neutrons and charged mesons, which
spread in the atmosphere, initiating new
nuclear interactions, forming a small-
aperture beam, known as the Particle
Shower Nucleus.

radiacdo cdsmica primaria é
composta principalmente de
protons, particulas o e nucleos
pesados, ao penetrar na
atmosfera terrestre, inicia uma
cadeia de interagdes com os nucleos
atmosféricos. As interagdes ocorrentes
produzem uma variedade de particulas
altamente energéticas, principalmente prdétons,
néutrons e mésons carregados, que se espalham
na atmosfera, iniciando novas interagées
nucleares, formando um feixe de pequena
abertura, conhecido por Nucleo do Chuveiro de
particulas.

In a nuclear interaction, with a certain
fraction of energy, it can produce n%s
mesons that immediately decay into
photons. Such highly energetic photons
initiate an electromagnetic cascade giving
rise to large numbers of negative and
positive electrons (positrons). Giving rise to
the soft component of the extensive
terrestrial atmospheric shower.

Numa interagdo nuclear, com certa fracdo de
energia, pode produzir mésons s que decaem
imediatamente em fétons. Tais fétons
altamente energéticos, iniciam uma cascata
eletromagnética dando origem a um grande
numeros de elétrons negativos e positivos
(p6sitrons). Dando origem a componente mole
do chuveiro extenso atmosférico terrestre.

Chuveiro Cosmico e a cobertura de nuvens

MAGNETIC EQUATORIAL REGION

Regidio Equatorial f .
1
Mognética Latitude profile of zonal
10r . . T : . average values of the
[ — N\, : 1 correlation between the
! 1 _ .
D'B; ; ! 1 cosmic ray flux and the cloud
06 & . : 4 cover over the oceans. The
o« [ % %g | 1 zonal averages have been
- 5 R s ! i q .
He""ks"e"fsmaflk o4t cize ! g derived corresponding to
Division of Solar r & 1 ] H i
system Physics at 0zf i ] b ge.omagnt.etlc ' latitudes
the Danish National : - : 1 (dipole field with pole at
Space Institute 0.00— 7S s 0 78.5°N 291°E)
(DTU  Space) |
Copenhagen. Geomagnetic latitude, degrees

Source (Fonte): H. Svensmark, E. F. Christensen. Variation of cosmic ray flux and global cloud coverage — a missing link in
solar-climate relationships. Journal of Atmosferic and Solar-Terrestrial Physics, 59, 11 (1997) 1225.
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componente mole é
caracterizada por possuir
uma cascata

he soft component s c
haracterized by having an
electromagnetic cascade
eletromagnética e ser and being absorbed by
absorvida por materiais materials with a high

de alto nimero atdmico com o chumbo atomic number, such as lead, for

por exemplo. example.

The production by nuclear interaction of
charged m mesons decays into 1 mesons
and neutrinos. They have a weak
interaction with matter, so they are quite
penetrating, called hard components of

A producdo por interagdo nuclear de
mésons 1 carregados, decaem em
mésons L e neutrinos . Eles tem
interacdo fraca com a matéria, logo sao
bastante penetrantes, denominados
componentes duros do chuveiro
atmosférico, também sdo muito
utilizados em experimentos em minas
subterraneas.

Teoria (Theory)

Endler, 2010; Takeda, 2018 ’.
“Os raios cosmicos galacticos sdo as principais fontes de
ionizacdo na atmosfera mais baixa”.

Atmospheric Electricity in the Planetary Boundary Layer
William A. Hoppel, R. V. Anderson, and John C. Willett Naval Research Laboratory
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espalhamento multiplo das
particulas na

atmosfera terrestre

faz com que elas se
espalhem lateralmente e
como resultado do efeito acumulativo de
muitas deflexdes, as particulas do chuveiro
chegam ao nivel do mar distribuidas numa
grande area. Sua densidade é maior no
centro, local onde a particula primaria
deveria incidir caso ndo tivesse interagido na
atmosfera, e vai decrescendo com o
aumento da distancia ao centro do chuveiro.

As dimensdes dos chuveiros atmosféricos
extensos podem conter 30 x 10° particulas
espalhadas numa area de 4 km de diametro
e que correspondem a uma energia primaria
de 6 x 10%° eV. Estas energias sdo muito
maiores que as atuais atingidas por
aceleradores de particulas (cerca de 1012
eV). Entdo, pesquisa sobre este tema
necessita de grande drea para instalagdes de
detetores é o caso do Observatorio Pierre
Auger (Malarglie-Argentina), situado nos
pampas “amarillo”.

EDWARD P. NEY

amazon

Expedition MAGAZ

he multiple scattering of

particles in the Earth’s

atmosphere causes them

to spread laterally and as

a result of the cumulative
effect of many deflections, the shower
particles reach sea level distributed over a
large area. Its density is greatest in the
center, where the primary particle would
have impacted if it had not interacted in
the atmosphere and decreases with
increasing distance from the center of the
shower.

The dimensions of extensive atmospheric
showers can contain 30 x 10? particles
spread over an area of 4 km in diameter
and which correspond to a primary energy
of 6 x 10° eV. These energies are much
higher than those currently reached by
particle accelerators (about 1012 eV).
Therefore, research on this topic requires
a large area for detector installations, this
is the case of the Pierre Auger Observatory
(Malarglie-Argentina), located in the
“Amarillo” pampas.

L. “Raios Césmicos podem afetar o tempo e o clima”
4 "Cosmic rays can affect weather and climate" p. 451 — Nature 183 | 1959.

Cosmic Radiation and the Weather

Nature 183, 451-452(1959) | Cite this article
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the value of the ionization at sunspot minimum in 1954

Latitude Geomagnética
Redugdo percentual na ionizagio atmosférica durante o ultimo
ciclo solar. A variagdo percentual é calculada com em relagdo ac
valor da ienizagio no minimo das manchas solares em 1954

activity,

Resultados de Forbush.
e da atividade solar,

Forbush's results ref. (1) Showing the inverse correlation of cosmic-ray intensity and solar
Sunspot numbers;

------ cosmic-ray intensity.

Mostrando a correlagao inversa da intensidade dos raios cosmicos

No. de Manchas Solares; Intensidade de Raios-Césmicos.
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Radiacao de . ..
Teh erink ov Tcherenkov radiation
Standard Model
- f Elementar .
A ve!oudade de uma ot tle .e tary The speed of a particle can
Za:tlculg pgdetser ‘< d Particles be determined through the
eterminada através do .
efeito Tcherenkov que Standard Model of Elementary Particles Tcherenkov effeCt/ which
consiste na emisség de et e s consists of the emission of
o ) e e e e e\ radiation by charged
radiacdo por particulas DO P|O| 9| @ | @) _H particles that pass through
Carregadas que atravessam up_J chlrm_J mp_J antlw antlchw antmiJ gluon higgs a dielectric medium
um melo dielétrico indice. g | g | "% @ | "9 |"® [ @] | efractiveindexn>1)
elre'(rjagdao n> .) com & down || swange || botom || antdown | antswange| | anibottom) | photon 23 with a speed v greater than
;’e oct ta € V.ma.";r q,”fli el ® e | ®|® | that of light in this medium,
L;Z nPeS te mtelolfl Isto ?’ . electron muon tau positron || antimuon antitau Z® boson '.E.‘l_.l that is’ Vv > C/n_ Therefore’
c/n. Portanto, haverd ao 2 o i i e e e ) e e . .
longo da traietria a Sl @& Vi [0 om0 ® & % || @ @ there will be the formation
g ) G| gectm | men | m || cecron || men || || e oson | w-bosen of spherical waves along

formacdo de ondas
esféricas que se propagam
com velocidades c/n. A
normal a frente de onda
forma com a dire¢do da
trajetoria um angulo @ cujo
cosseno é dado por

c
cosf = (;).t/ﬁct :ﬁn

Atom (Atomo)

®

n = u+d+d =2/3-1/3-1/3=0
. Néutron (Neutrons)

|
|
p = utu+d =2/3+2/3-1/3 = +1 i
|
|
|
|

the trajectory that
propagate with speeds c/n.
The normal to the
wavefront forms an angle @
with the direction of the
trajectory whose cosine is
given by

cos 0 = (%).t/ﬁct =—

TCHERENKOV EFFECT TIMELINE - LINHA DO TEMPO DO EFEITO TCHERENKOV

| Marie Curie

B Pesquisas sobre de radiagio.
(Fisica e Quimica- Polonesae
Francesa).

Nobel de Fisica (1303},

Medalha Davy (1903) Inglaterra.
Medalha Matteucci (1904) talia
Medalha Elliott Cressoen (1909)EUA.

A descobenadoe elementos ridio
e pold
Nobel de Clulmu:a (1911)

1900

W Research on radiation. (Physics

and Chemistry - Polish and
French).
Nobel Prize in Physice (1903).

Davy Medal (1903} England
Matteucci Medal (1904) taly.
Eliott Cresson Medal (1909) USA.

m The discovery ofthe elements.
radium and polonium
Nobel Prize in Chemistry (1911)

P

Pavel
Alekseyevich
Tcherenkov

Ilia
Mikhailovitch
Frank

W Fisico russo. Foi Nobel de Fisica em
1958, pela descoberta e interpretacéo

W Fisico russoe
soviético. Foi Nobel de
Fizica em 1958, pela
descobertae
interpretacéo do efeito
Tcherenkov

1932

hysicist. He was

the discovery and

Tcherenkov effect

ierre Curie

(Fisico

Prix La

18 | SEPT 2024

= pgsquisas sobrede radiagéo.
Nobel de Fisica (1303)
Medalha Davy (1903} Inglaterra.

Medalha Matteucci (1904) talia.
Medalha Elliott Cresson (1909)EUA.

m Research on radiation. (French
Physicist).

m Russian and Soviet

swarded the Nobel Prize
for Physicsin 1958, for

interpratation of the

do efeito Teherenkow

W Russian physicist. He was awarded
the Nobel Prize for Physics in 1958,
forthediscovery and interpretation
of the Tcherenkov effect.

1958

NOBEL PRIZE
Igor
Yevgenyevich
Tamm

Francés).
) Nobel Priza in Physics (1903}

Prix La Caze (1901)
Davy Madal (1503) England
Matteucci Medal{1904) ltaly.

Caze (1901)

Elliott Cresson Medal (1909) USA.

W Fisico russe recebeu o Nobel de
Fisica em 1958, pela descobertae
interpretacdo do efeito Tcherenkoy

W Russian physicist received the Nobel in
Physicsin 1958, for the discovery and
intarpretation of the Teherenkav effect

Source (Fonte): Pierre Auger Observatory
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Como um chuveiro de Raios Cdsmicos interage com a Atmosfera?
How does a shower of Cosmic Rays interact with the Atmosphere?

Hajo Drescher, Frankfurt .

Hajo Drescher, Frankfurt U.

cosmic shower

Hajo Drescher, Frankfurt U.

Startinter
cosmi ow!

Hajo Drescher, Frankfurt U,

20 | SEPT 2024

time = -1000 ps Hajo Drescher, Frankfurt U,

time = -400 ps Hajo Drescher, Frankiurt U.

isotropic

properties
have
privileged
directions

time =-300us W Hajo Drescher, Frankfurt U.

Elétrons| Pésitrons Fétons
< Electrons| Positrons Photons

| et Y

Muons | Muons

l‘|‘+-0

time = -100 s

time = Ops

ty

versi

Halo Drescher | Frankfurt Uni

Image courtesy



Image: Space Weather Prediction Center (SWPC)

of I

* INTERACAO SOL-TERRA

O Sol em periodo de altas atividades no
Ciclo de 11 anos, com um “Solar Flare” e
' ejecdo de massa coronal (EMC) e emissdo
de ondas eletromagnéticas no espago
interplanetdrio e o Sistema Terra e sua
Magnetosfera.

fendmeno Forbush esta fortemente

ligado ao ciclo solar de 11 anos do Sol, ou
seja, durante aproximadamente 5,5 anos

ha fortes atividades magnéticas no Sol,

com grandes quantidades de ejecdo de
massa coronal principalmente de prétonse
elétrons, conhecido por vento solar, sendo também emitido para
0 espago interplanetdrio todo o espectro de ondas
eletromagnéticas. Sdo periodos chamados de turbulentos de
tempestades solares. E justamente neste periodo que o
fendmeno Forbush é evidenciado, quando a atividade solar
impede que outras radiagbes de origem cdsmica tenham o
mesmo trajeto na direcdo do Sistema Terra. A grande intensidade
de ventos solares neste periodo e a proximidade do Sol com a
Terra, possibilita a redugdo de radiagdo cdsmica extra solar. Os
outros 5,5 anos em média sdo periodos denominados calmos de
baixas atividades solares é quando o Sistema Terra experimenta
maior quantidade de radiagdo césmica extra solar.

O sistema Terra é magneticamente blindado por um campo que
impede a penetragdo direta de particulas carregadas, além de
tudo, ha uma necessidade de uma conexdo magnética entre o
vento solar e o campo magnético terrestre, quando isto ndo
ocorre as particulas carregadas, sdo repelidas para o espago
interplanetdrio, caso contrario tais particulas se conectam as
linhas de campo durante a noite e penetram no Sistema Terra
pelos podlos terrestres produzindo as Auroras (Boreal no pélo
Norte e Austral no pélo Sul). Logo, se observa que os
Laboratdrios de ObservagGes de Radiagdo Césmica tendem a se
localizar entre médias e altas latitudes. Exemplos, Haverah Park
Experiment (52,9°N; 1,6°W); Observatdrio Pierre Auger (35° 12’
24 “S; 69918’ 57 W), KCDC | Kascade Cosmic Ray Data Centre
(49,1°N; 8,4°E); IceCube Laboratory (89959’ 24” S; 63927’ 11” W).

SUN-EARTH INTERACTION

The Sun in a period of high activity in the 11-
year Cycle, with a Solar Flare and coronal mass
ejection (CME) and emission of electromagnetic
waves in interplanetary space and the Earth
System and its Magnetosphere.

he Forbush phenomenon is strongly

inked to the Sun's 11-year solar cycle,

that is, for approximately 5.5 years

there is strong magnetic activity on

the Sun, with large amounts of

coronal mass ejection mainly of protons
and electrons, known as solar wind, the entire spectrum of
electromagnetic wavesis also emitted into interplanetary
space. These are periods called turbulent solar storms. It is
precisely during this period that the Forbush phenomenon
is evident, when-solar activity prevents other radiation of
cosmic origin from following the same path towards the
Earth System. The great intensity of solar winds during this
period and the proximity of the Sun to the Earth makes it
possible to reduce extra-solar cosmic radiation. The other
5.5 years on average are so-called calm periods of low solar
activity, when the Earth System experiences a greater
amount of extra-solar cosmic radiation.

The Earth system is magnetically shielded by a field that
prevents the direct penetration of charged particles.
Furthermore, there is a need for a magnetic connection
between the solar wind and the Earth's magnetic field,
when this does not occur, the charged particles are
repelled towards interplanetary space, otherwise such
particles connect to field lines at night and penetrate the
Earth System through the Earth's poles, producing the
Auroras (Boreal at the North Pole and Austral at the South
Pole). Therefore, it is observed that Cosmic Radiation
Observation Laboratories tend to be located between
medium and high latitudes. Examples, Haverah Park
Experiment (52.9°N; 1.6°W); Pierre Auger Observatory (35°
12’ 24 “S; 69° 18’ 57 W), KCDC |Kascade Cosmic Ray Data
Center (49.1°N; 8.4°E); IceCube Laboratory (89959’ 24” S;
63927 11" W).
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CORONAL JECTION SIMULATION
: _

CAO DE EJECAO DE MASSA CORONAL | NASA

Significant coronal mass
ejection (CME) from the Sun to

Earth.

* The FORBUSH phenomenon is
the decrease in cosmic rays by
CME.

one particle per second in each
yz square centimeter.

P .
FENOMENO FORBUSH  © Fir orteraaass

significativa (E o Sol para
a Terra.

* O fenémeno FORBUSH é a
diminuigdo dos raios césmicos
pela EMC.

* O numero de particulas que
atingem o nivel do mar, em
média, é de uma particula por
segundo em cada centimetro

quadrado.

EARTH SYSTEM — SISTEMA TERRA N
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EARTH-SYSTEM

MOITE

Vento Solar (Plasma)
Radiacdo Cosmica

s

B
o
Hy

o ==_i
5 N3 i
= Zona de
Choque Magnetosfe
Terrestre

NIGHT
100 or more
earth rays

DAY
from3to 10
earth rays

Cosmic Radiation

Terrestrial
Magnetosphere

Source (Fonte): The Earths’s lonosphere | Plasma Physics and Electrodynamis — M. Kelley.

vento solar é constituido por
particulas ionizadas (plasma)
decorrente de tempestade
solar (Solar Flare), entdo o
campo magnético terrestre
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particulas. As particulas s6 penetram na
atmosfera terrestre caso haja acoplamento,
ou seja, conexao entre o plasma (vento
solar) e o campo magnético t re. O
chamado de stade
é oriun deste

blinda a entrada diretamente destas

he solar wind is made up of
ionized _particles (plasma)
resulting from a solar storm
(Solar Flare), so the Earth’s
magnetic field shields the
direct entry of these particles. Particles
only penetrate the Earth's atmosphere if
there is coupling, that is, a connection
between the plasma.(solar wind) and the
Earth's magnetic field.~The phenomenon
called Geomagnetic Storm comes from this

coupling .
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As Chuvas na Amazodnia

ciclo de chuvas na Amazonia Contudo, devemos observar que a
tem um algoritmo natural contribuicdo da nebulosidade da Zona de
muito bem estruturado e Convergéncia Intertropical (ZCIT) para
complexo. O papel da floresta regido amazonica trazendo ar equatorial
na manutencao do clima da bastante quente , Umido e instavel
Ameérica do Sul é fungdo do ciclo hidroldgico originado dos Alisios do Atlantico
da interagdo e regulacdo da umidade no Equatorial, variando em movimento
interior da bacia da floresta tropical que apds sazonal. A precipitacdo é associada a
as chuvas, ha uma producdo de evaporagao atividade convectiva, desencadeando
intensa e a reciclagem da umidade retorna a convergéncia em niveis baixos, com
floresta na forma novamente de chuva, que formacdao local de perturbagcdes em
para os pesquisadores (MOLION, 1975 e escala média e sindtica, e linhas de
SALATI,1987), uma porcentagem entre 30% a instabilidades geradas por ventos
50% das chuvas na Amazbnia sdo costeiros que avangam continente
decorrentes da reciclagem da evaporacao. adentro.
REGIAO EQUATORIAL
oasmvmémol ———————— |
PIERRE AUGER | |
ARG 3 ]
1.0 ___ I g Perfil de latitude dos valores médios zonais da
: : correlagdo (p) entre o fluxo de raios césmicos e a
08 _I _______ \ cobertura de nuvens sobre os oceanos. As médias
I 1 i zonais foram derivadas correspondendo as latitudes
0.6 . 1 ! ! geomagnéticas (campo dipolo com pélo em 78,5°N
X _: 1 1 | 291°E). Fonte: H. Svensmark, E. F. Christensen.
0.4 1 r T | Ponto Variation of cosmic ray flux and global cloud coverage
1 1 1 IMinimr.nI P . . . g 5
1 I l ! — a missing link in solar-climate relationships. Journal
0.2 : l i I of Atmosferic and Solar-Terrestrial Physics, 59, 11
1 1 T (1997) 1225.
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Latitudes Geomagnéticas, (em graus)
A radiacao cosmica na regido equatorial

entre as latitudes 20° N e 20° S, é
drasticamente reduzida a mais da
metade em relagdao as altas latitudes,
como ja descrito anteriormente é
devido a blindagem magnética terrestre
que impede a penetragdo de particulas
diretamente. Entdo, a correlagdo en '
radiagdo cosmica e formagdo o ;
neste intervalo de latitudes,
contraria em médio a

Na Bacia Amazonica Central (BAC), o clima de
floresta tropical pluvial é constantemente
guente e umido. Tempestades de origem
convectiva, desencadeadas pela convergéncia
de aquecimento local e dos ventos Alisios, tem
seu maximo de atividade diaria do meio da
tarde até o inicio da noite. A precipitacdo
acompanha a migragao da ZCIT que se
encontra presente o ano todo na BAC.

s

emporal sobre o Lago de Coari- Médio Solimdes | Amazonas -Brasil (Julho 2023. Amazon Expedition Magazine).
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The Rains in the Amazon

he rain cycle in the Amazon

has a very well structured

and complex natural

algorithm. The role of the

forest in maintaining the
climate of South America is a function of
the hydrological cycle of interaction and
regulation of humidity within the tropical
forest basin, which after the rains, there is
intense evaporation and the recycling of
moisture returns to the forest in the form
of rain again, which for researchers
(MOLION, 1975 and SALATI, 1987), a
percentage between 30% and 50% of
rainfall in the Amazon is due to the
recycling of evaporation.

In the Central Amazon Basin (CAB), the
tropical rain forest-climate is constantly
hot and humid. Storms of convective
origin, triggered by the convergence of
local heating and trade winds, have their
maximum daily activity from mid-
afternoon to early evening. Precipitation
accompanies the migration of the ITCZ,
which is present throughout the year in
the CAB.

e L

i
Photo: City of Tefé — Amazonas | Brazil, seen from

However, we must note that the
contribution of cloudiness from the
Intertropical Convergence Zone (ITCZ) to
the Amazon region brings very hot, humid
and unstable equatorial air originating
from the Equatorial Atlantic Trades, varying
in seasonal movement. Precipitation is
associated  with  convective activity,
triggering convergence at low levels, with
the local formation of disturbances on a
medium and synoptic scale, and instability
lines generated by coastal winds that
advance inland.

Cosmic radiation in the equatorial region
between latitudes 200 N and 200 S is
drastically reduced by more than half
compared to high latitudes, as previously
described, due to the terrestrial magnetic
shielding that prevents the penetration of
particles directly. Therefore, the correlation
between cosmic radiation and cloud
formation in this range of latitudes is
reduced, contrary to medium to high
latitudes. WK
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Order Date Decrease (%)

1 31/10/2003 119

13/06/1991 87
3 19/01/2005 83
4 13/09/2005 75
5 15/03/1989 70
6 16/07/2000 70
7 12/04/2001 64
8 29/10/1991 56
9 09/07/1991 54
10 29/11/1989 54
11 10/01/2004 53
12 26/09/2001 50
13 25/03/1991 48
14 17/07/2005 47
15 25/09/1998 45
16 27/07/2005 45
17 10/09/1992 44
18 31/05/2003 44
19 25/11/2001 39
20 15/05/2005 38
21 28/08/1998 37
22 27/08/1998 36
23 10/05/1992 35
24 27/02/1992 33
25 18/02/1999 33
26 02/05/1998 33

Twenty-Six Solar Events in the Period 1987-2007 are Here Ranked According to
Their Depression of lonization in the Earth's Lower Atmosphere, Gauged as a
Percentage of the Normal Overall Variation in lonization During the Course of a
Solar Cycle.

Vinte e seis eventos solares no periodo 1987-2007 sdo aqui classificados de
acordo com sua depressdo de ionizagdo na atmosfera inferior da Terra,
medida como uma porcentagem da variagdo geral normal na ionizagdo
durante o curso de um ciclo solar.

Source (Fonte): H. Svensmark, E. F. Christensen. Variation of cosmic ray flux and global
cloud coverage — a missing link in solar-climate relationships. Journal of Atmosferic and
Solar-Terrestrial Physics, 59, 11 (1997) 1225.

he interaction (ionization) of cosmic rays and
water on the Earth's surface exists and is
proven by the Tcherenkov effect. The speed of
the particle can be determined as a function of
the number of photons emitted. The speed of
light in the medium is the threshold speed,
above which any particle with this speed will induce the emission
of Cerenkov light, that is, when cos q, given cos q = 1/bn,
becomes smaller than 1. Being b = “boost” speed and n =v/c, v =
speed of the particle in the medium and c = speed of light in a
vacuum; n = refractive index.

Recent CERN work with Jasper Kirkby, CLOUD: A PARTICLE BEAM
FACILITY TO INVESTIGATE THE INFLUENCE OF COSMIC RAYS ON
Clouds, has contributed to the knowledge of the cosmic radiation
interaction in cloud formation. The so-called CLOUD1,
investigates microphysics of ion-aerosol clouds under laboratory
control conditions using a beam from a particle accelerator
experiment, which provides a precision-tunable and measurable
artificial source of cosmic rays. The heart of the experiment is a
precision cloud chamber that recreates cloud conditions
throughout the atmosphere. (CERN—EP/2002—-019 26 February
2002).
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COSMIC RAY MONITORING |
MONITORAMENTO DE RAIOS
CcOSMICOS

Relation to sea level
No nivel do mar

PHOTONS (63%)
ELECTRONS (29%)
MUONS (7%)

HADRONS (1%)

MUONS HADRONS

ELETRONS

= FOTONS

Source(Fonte): KIT- Karlsruhe Institute of Technology

interacdo (ionizagdo) de raios
cosmicos e a agua de
superficie terrestre existe e é
comprovada pelo efeito
Cerenkov. A velocidade da
particula pode ser
determinada em fungdo do numero de fétons
emitidos. A velocidade da luz no meio é a
velocidade limiar, acima da qual qualquer
particula com esta velocidade induzird a emissdo
de luz Tcherenkov, isto é, quando o cos 6, dado
cos @ = 1/fn, se trona menor que 1. Sendo S =
velocidade “boost” e n = v/c, v = velocidade da
particula no meio e ¢ = velocidade da luz no
vacuo; n = indice de refragdo.

Trabalho recente do CERN com Jasper Kirkby,
CLOUD: A PARTICLE BEAM FACILITY TO
INVESTIGATE THE INFLUENCE OF COSMIC RAYS
ON CLOUDS, tem contribuido para o
conhecimento da interagdo radiagdo cdésmica na
formagdo de nuvens. O experimento chamado
CLOUD1, investiga microfisica de nuvens de ions-
aerossois sob controle condigGes de laboratdrio
usando um feixe de um acelerador de particulas,
que fornece uma precisdo fonte artificial
ajustavel e mensuravel de raios césmicos. O
coracgdo do experimento é um camara de nuvens
de precisdao que recria condi¢gdes de nuvens em
toda a atmosfera.(CERN-EP/2002-019 26
February 2002).m



ainfall in the Amazon related to the
El Nifio Phenomenon, La Nifa, 11-
year Solar Cycle and the
Accumulated Rainfall Indices
(Central Amazon Basin) in Manaus,
show a strong correlation in the period 1980 - 2030.
According to data shown in the graphs. &

Accumulated rain — Amazon/Manaus
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s chuvas na Amazonia
relacionadas com os

Fenomeno El Nino, La Nifia,
Ciclo Solar de 11 anos e os
indices de Acumulados de
Chuvas (Bacia Amazonica Central) em Manaus,
mostram forte correlagdo no periodo de 1980 -
2030. Conforme dados mostrados nos graficos. m

Solar Cycle 1980 - 2030 ElNifio 1980 - 2030
300 4
250 m v =-42x +290 T y :1;20_,409;!; 1+g-’;,43
200 | 5 R2=0,9735 & —
150 5 > 2 e
100 g E
50 é ! 'é Year (Period): 1=1980; 2=2002; 3= 2010; 4=2020; 5=2030
Year (Period): 1=1980; 2=2002; 3= 2010; 4=2020; 5=2030 SST - Sea Surface Temperature
0 0
1 2 3 4 5 1 2 3 4 5
Regression Statistics Regression Statistics
R multiple 0,9913744 R multiple 0,898711725
R-Square 0,982823202 R-Square 0,807682765
R-square adjusted 0,977097602 R-square adjusted 0,74357702
Standard Error 10,18566944 Standard Error 0,433541283
Predicted Y Residue Predicted Y Residue
246,1153034 -6,11530335 2,906912164 0,093087836
209,4566858 0,543314217 2,484183519 -0,484183519
165,4663447  14,5336553 1,9769091468  0,523090854
117,8101419 -7,810141865 1,427361908  0,072638092
81,1515243 -1,151524298 1,004633263 -0,204633263
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