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Fenômeno FORBUSH e as chuvas na Amazônia
Forbush phenomenon and the rains in the Amazon

NEWTON SILVA DE LIMA
ULBRA/SEDUC-AM



• Summary

• Phenomenon FORBUSH

• Cosmic Shower

• Cherenkov Light Timeline

• Standard Model of Elementary Particles

• Theory

• Detectors

• Simulation

• Observation Station (1-2-3-4)

• Interaction at sea level

• Investigation
Observations with operational research on the connection of the 11-year Solar
Cycle and the El Niño and La Niña phenomena and rainfall in the Amazon (1980-
2030).



Scott Ellsworth Forbush (1904-1984)

• Phenomenon FORBUSH

Source: https://science.nasa.gov. Published: Oct 7, 2005

The increase in the intensity of solar
cosmic rays is often followed by a
decrease in the extra solar cosmic
rays. This effect is known as Forbush
reduction (Scott Ellsworth Forbush),
which occurs due to the solar wind
that carries the Sun's magnetic field,
with (coronal mass ejection - CME)
and thus, protects the earth from
cosmic radiation.



• Cosmic Rays
They are highly energetic nuclei that cross our universe

• Composition
About 87% of the observed cosmic rays are Hydrogen

nuclei, 12% are Helium nuclei and the rest are heavier
elements such as Carbon and Iron
• Velocity

Close to light in a vacuum
• Energy
• of a tennis ball with v = 57 m / s for a mass of

0.00000000000001 < than the tennis ball.

Phenomenon FORBUSH



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

Chuveiro Cósmico
“cosmic shower”

Aerosol of 10 -100 mm
2.000 x increased



Source: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.

Chuveiro Cósmico e a cobertura de nuvens
“cosmic shower and the cloud cover”

Henrik Svensmark
Division of Solar System Physics at
the Danish National Space Institute
(DTU Space) | Copenhagen.



Source: Pierre Auger Obserratory

Cherenkov Light Timeline



p = u+u+d =2/3+2/3-1/3 = +1
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Curiosity Breath
alphabet soup = 1 atom 2,6 mL O2 = 1,2x10-4 mol
(2u + 1d + 1e + 3g)                                                                                         3,2x10 21 u + 3,2x1021d +1,0x1019e  + 3,2x1021 g
Hydrogen 1H                       (320.000.000.000.000.000.000.000 [320 Zeta(1021)] u = d  = g +10.000.000.000.000.000.000 [10 Exa (1018)] e)

Standard Model of 
Elementary 
Particles



“Os raios cósmicos galácticos são as principais fontes de ionização na atmosfera mais baixa”.
Atmospheric Electricity in the Planetary Boundary Layer
William A. Hoppel, R. V. Anderson, and John C. Willett Naval Research Laboratory



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

Source: Frank B. McDonald, 2012, Feb.6.



• Significant coronal mass ejection (CME) from 
the Sun to Earth.

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

• The number of particles that reach sea level, 
on average, is one particle per second in each 
square centimeter.

Phenomenon Forbush



• Detectors (Embedded)
• ACE – Advanced Composition Explorer
• CGRO - Compton Gamma Ray Observatory (Colapso)

• ISS – AMS (Alpha Magnetic Spectrometer)

• Detectors (Observation Station)
• Haverah Park
• Kascade
• Pierre Auger
• IceCube

• Simulation and Research

Phenomenon FORBUSH



Embedded in Satellite



Embedded in Satellite
CGRO - Compton Gamma Ray Observatory

The CGRO Mission(1991 - 2000) - The Imaging Compton Telescope (COMPTEL)



Embedded in ISS
International Spatial Station – ISS / AMS (Alpha Magnetic Spectrometer)



SIMULAÇÃO

Simulation
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Como um chuveiro de Raios Cósmicos interage com a  Atmosfera?
How does a shower of Cosmic Rays interact with the Atmosphere?
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Start intense 
cosmic shower

ionization by cosmic rays
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isotropic environment
the speed of light and
optical properties have
no privileged directions

Start intense 
cosmic shower
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Start intense 
cosmic shower
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Start intense 
cosmic shower
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Haverah Park
Was operated by the Physics Department of the University of Leeds 

(1970-1993) north Yorkshire Moors in the United Kingdom
Situated on 12 square kilometers of farmland
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Kascade
KIT- Karlsruhe Institute of Technology (since 1825)

Campus North - National Large-scale Laboratory - Helmholtz Association  
250 estações de superfície – 30 antenas de RF (40 – 80 MHz)
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Cascade in 
relation to sea 

level



PIERRE AUGER OBSERVATORY | Malargüe – Argentina (Mendoza)1899-1993
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Pierre Auger (http://www.auger.org/)

1.600 tanks (3000 km2 area)

Cheronkov Effect



Surface Station - devices



Isotropic medium

continues and
directional



PIERRE AUGER OBSERVATORY | Malargüe – Argentina (Mendoza)



Alignment of tanks









Cherenkov Light
Physics



O IceCube Neutrino Observatory na Estação Polar Amundsen – Scott na Antártica. 
São milhares de sensores localizados sob o gelo antártico, distribuídos por um quilômetro cúbico.

Roald Engelbregt Gravning Amundsen (1872-1928)
Robert Falcon Scott (1868-1912)
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Source: https://icecube.wis.edu/  
IceCube Neutrino Observatory



Source: https://icecube.wis.edu/  
IceCube Neutrino Observatory



IceCube drilling tower and hose reel in December 2009 |  2013

Source: https://icecube.wis.edu/  
IceCube Neutrino Observatory



Image of the ice cube diagram.

Alert IC170922A was a muon neutrino with an estimated energy of ~300 TeV. Blazar 
TXS0506+06, a massive black hole shooting with powerful jets of high-energy 
particles pointing to Earth, is located within less 0.1 degrees from this neutrino and 
at a distance somewhere between 1.3 and 4.3 billion light years (redshift between 
0.1 and 0.4).

Source: https://icecube.wis.edu/  
IceCube Neutrino Observatory



"Taklampa," one of the Digital Optical 
Modules of IceCube's hole #85
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Source: https://icecube.wis.edu/  
IceCube Neutrino Observatory



Source: https://icecube.wis.edu/  
IceCube Neutrino Observatory



Interaction at sea level
hn (photon)

• Shock and / or absorption section (photons)

1 - Photoelectric Effect- Absorption (hn < 5 x 104 eV)

2 - Spreading – Shock (Thomson or Compton)

(5 x 104 eV< hn < 5 x 107 eV)

3 – Production of pairs – Shock hn > 5 x 107 eV
(bremsstrahlug process)



Bremsstrahlug Process



Cosmic Ray Spectrum

knee

knee

ankle



Cosmic Ray Monitoring

Source: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.



Cosmic Ray Monitoring

Source: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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Equator in the vertical direction

Cosmic Ray and the Weather
(NATURE,183)p. 451-452. 1959

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

Low influence of Cosmic Rays 
on the equatorial region







Cosmic Ray Monitoring

Image Credit - Crédito da imagem: Jornal Acrítica – Manaus, BRAZIL 2010.



2010 Drought
Benjamin Constant – AM/Brazil

Image Credit - Crédito da imagem: Jornal Acrítica – Manaus, BRAZIL 2010.



2010 Drought– Manaus – AM/Brazil

Image Credit - Crédito da imagem: Jornal Acrítica – Manaus, BRAZIL 2010.



Thank you !

Image Credit - Crédito da imagem: Jornal Acrítica – Manaus, BRAZIL 2010.
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