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@ The solar wind is a stream of charged particles released from
the upper atmosphere of the Sun, called the corona.
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@ The space between the Sun and its planets is filled by the
solar wind, a tenuous magnetized plasma, which is a mixture
of ions and electrons flowing away from the Sun.

@ The solar wind exerts outward pressure; together with its
magnetic field, it carves out a bubble called the heliosphere
(extending out to the heliopause, around 30 times Pluto’s
orbit)

@ The solar wind and the Interplanetary magnetic field (IMF)
carried with it are a key link between the solar atmosphere
and the Earth system.

@ Our Earth’s magnetosphere protect us from solar wind.
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@ A flare is defined as a sudden, rapid, and intense variation in brightness.
A solar flare occurs when magnetic energy that has built up in the solar atmosphere is suddenly released.

Radiation is emitted across virtually the entire electromagnetic spectrum, from radio waves to gamma
rays.

@ The energy released in solar flare can be equivalent to 100 hydrogen bombs together.
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Solar flares

@ A flare is defined as a sudden, rapid, and intense variation in brightness.

@ A solar flare occurs when magnetic energy that has built up in the solar atmosphere is suddenly released.

@ Radiation is emitted across virtually the entire electromagnetic spectrum, from radio waves to gamma
rays.

@ The energy released in solar flare can be equivalent to 100 hydrogen bombs together.

@ They can produce streams of highly energetic particles in the solar wind, known as a solar proton event.
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@ Coronal Mass Ejections (CMEs) are large blobs of (solar) coronal plasma

@ CMEs are expelled (together with magnetic fields) and propagate through the interplanetary medium.
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@ Coronal Mass Ejections (CMEs) are large blobs of (solar) coronal plasma

@ CMEs are expelled (together with magnetic fields) and propagate through the interplanetary medium.
@ Sometimes CMEs are directed towards Earth and cause geomagnetic storms.
Qo

We investigate the structure and effects of CMEs using Galactic cosmic rays (GCRs) as a probe
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Coronal Mass Ejections (CMEs) are large blobs of (solar) coronal plasma
CMEs are expelled (together with magnetic fields) and propagate through the interplanetary medium.
Sometimes CMEs are directed towards Earth and cause geomagnetic storms.

We investigate the structure and effects of CMEs using Galactic cosmic rays (GCRs) as a probe
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The term space weather refers to conditions on the Sun and in the solar wind, magnetosphere, ionosphere, and
thermosphere that can influence the performance and reliability of space-borne and ground-based technological
systems and that can affect human life and health. (definition used by the U.S. National Space Weather Plan).
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Interplanetary Magnetlc fields

@ By, is the magnetic field in the Sun-Earth line in the ecliptic plane and pointing towards Sun
@ B, is the magnetic field parallel to the ecliptic north pole
@ By, is the magnetic field in the ecliptic plane pointing towards dusk.
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@ These transients are characterised by anomalous disturbances in all plasma parameters and changes in the
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Space weather transients caused

@ These transients are characterised by anomalous disturbances in all plasma parameters and changes in the
magnetospheric field configuration

@ They cause a variety of disruptions in technologies (both space-based as well as ground-based) that we
use (routinely/often)
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Space weather transients caused

@ These transients are characterised by anomalous disturbances in all plasma parameters and changes in the
magnetospheric field configuration

@ They cause a variety of disruptions in technologies (both space-based as well as ground-based) that we
use (routinely/often)

@ generally because of charged particle/current excess outside the magnetosphere
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@ At least 40 Starlink Satellites launched by SpaceX have been destroyed (February 2022)
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At least 40 Starlink Satellites launched by SpaceX have been destroyed (February 2022)
Airline flight diversion: Jan 2005

GPS outage: several events (Halloween Events) in Oct/Nov 2003

Mars Probe (Nozomi) hit by SEP Apr 21 2002

Two Canadian satellites disabled: Jan 1994

Power grid blackout in Quebec, Northern Europe and US: March 1989

Historical - Carrington event Aug/Sept 1859, Nov 1882, May 1921, Aug 1972
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Cosmic Rays

@ Cosmic rays are high-energy particles that originate from outer space and travel through the universe at
nearly the speed of light.

@ They mainly consist of protons (about 90%), with the remainder being heavier nuclei (such as helium)
and electrons.

@ Cosmic rays are believed to come from a variety of sources, including the Sun, distant stars, supernovae,
and possibly even black holes or other exotic cosmic phenomena.

@ Primary cosmic rays originate from space, while secondary cosmic rays are produced when primary rays
interact with Earth's atmosphere, creating particle showers.

@ Cosmic rays cover a wide energy range, starting at about ~ 107 eV and reaching 1020 eV for the most
energetic cosmic ray ever detected.
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Cosmic rays are believed to come from a variety of sources, including the Sun, distant stars, supernovae,
and possibly even black holes or other exotic cosmic phenomena.

Primary cosmic rays originate from space, while secondary cosmic rays are produced when primary rays
interact with Earth's atmosphere, creating particle showers.
020

Cosmic rays cover a wide energy range, starting at about ~ 107 eV and reaching 1 eV for the most

energetic cosmic ray ever detected.

When cosmic rays hit Earth’s atmosphere, they interact with atmospheric atoms, producing showers of
secondary particles that can sometimes reach the Earth’s surface.
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Cosmic rays are high-energy particles that originate from outer space and travel through the universe at
nearly the speed of light.

They mainly consist of protons (about 90%), with the remainder being heavier nuclei (such as helium)
and electrons.

Cosmic rays are believed to come from a variety of sources, including the Sun, distant stars, supernovae,
and possibly even black holes or other exotic cosmic phenomena.

Primary cosmic rays originate from space, while secondary cosmic rays are produced when primary rays
interact with Earth's atmosphere, creating particle showers.

020

Cosmic rays cover a wide energy range, starting at about ~ 107 eV and reaching 1 eV for the most

energetic cosmic ray ever detected.

When cosmic rays hit Earth’s atmosphere, they interact with atmospheric atoms, producing showers of
secondary particles that can sometimes reach the Earth’s surface.

Studying cosmic rays helps scientists understand high-energy processes in the universe and can also
provide insights into the composition and behavior of interstellar matter.
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Cosmlc Rays and Space Weather

@ Being a charged particles, GCRs are profoundly affected by the magnetic fields carried by the solar wind,
specially by CME-shock-sheath system.
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@ Being a charged particles, GCRs are profoundly affected by the magnetic fields carried by the solar wind,
specially by CME-shock-sheath system.

@ Galactic cosmic rays (GCRs) are a good probe to study the Solar Transient Events.
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Cosmic Rays and Space Weather

@ Being a charged particles, GCRs are profoundly affected by the magnetic fields carried by the solar wind,
specially by CME-shock-sheath system.

@ Galactic cosmic rays (GCRs) are a good probe to study the Solar Transient Events.

Solar Modulations of Cosmic Rays

@ 11 year periodic variations
@ Variations due to Sun’s Rotation.
@ Forbush decreases

@ Solar diurnal anisotropy

@ Associated with solar cycle.

@ Anti-correlated with the sunspot numbers.
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Cosmic Rays and Space Weather

@ Being a charged particles, GCRs are profoundly affected by the magnetic fields carried by the solar wind,
specially by CME-shock-sheath system.

@ Galactic cosmic rays (GCRs) are a good probe to study the Solar Transient Events.

Solar Modulations of Cosmic Rays

- @ Differential rotation of Sun causes different

periodicities in different latitudes.

@ Variations due to Sun’s Rotation. . —
@ Depending up on position of sunspots the

° periodicity observed in cosmic rays may change.
o
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Cosmic Rays and Space Weather

@ Being a charged particles, GCRs are profoundly affected by the magnetic fields carried by the solar wind,
specially by CME-shock-sheath system.

@ Galactic cosmic rays (GCRs) are a good probe to study the Solar Transient Events.

Solar Modulations of Cosmic Rays &

o
o
@ Forbush decreases
o

@ Forbush decrease is a transient decrease in the
observed galactic cosmic ray intensity.

@ It is generally associated with a CME engulfing
Earth.
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Cosmlc Rays and Space Weather

@ Being a charged particles, GCRs are profoundly affected by the magnetic fields carried by the solar wind,
specially by CME-shock-sheath system.

@ Galactic cosmic rays (GCRs) are a good probe to study the Solar Transient Events.

Solar Modulations of Cosmic Rays IHI-.II-
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o
° .

@ Solar diurnal anisotropy
@ Solar diurnal anisotrophy have periodicity ~1 day

@ |Its second, third and fourth harmonics have been
identified in GRAPES-3 muon data.
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Cosmic Rays

Cosmic Rays and Space Weather

@ Being a charged particles, GCRs are profoundly affected by the magnetic fields carried by the solar wind,
specially by CME-shock-sheath system.

@ Galactic cosmic rays (GCRs) are a good probe to study the Solar Transient Events.

Solar Modulations of Cosmic Rays

@ 11 year periodic variations
@ Variations due to Sun’s Rotation.
@ Forbush decreases

@ Solar diurnal anisotropy

Atmospheric Modulations on Secondaries

@ Pressure

@ Temperature
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@ Located on a plateau between Sierra Negra & Pico de Orizaba, in Mexico
@ 18959741"N, 97918/30"W, at an altitude of 4100 m.
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@ Located on a plateau between Sierra Negra & Pico de Orizaba, in Mexico
@ 18959741"N, 97918’30"W, at an altitude of 4100 m.
@ Span over 22000 m? area.
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GCR guiding
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Located on a plateau between Sierra Negra & Pico de Orizaba, in Mexico
18959’41" N, 97918/30" W, at an altitude of 4100 m.

Span over 22000 m? area.

300 Water Cherenkov detectors, Each of them 7.3 m diamter and 5 m deep.

© 0 0 ¢
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Located on a plateau between Sierra Negra & Pico de Orizaba, in Mexico
18959’41" N, 97918/30" W, at an altitude of 4100 m.

Span over 22000 m? area.

300 Water Cherenkov detectors, Each of them 7.3 m diamter and 5 m deep.
4 PMTs, 10" PMT at center and 8" at equilateral triangle of side 3.2 m.
Single PMT rate and multiplicity M2, M3, M4 are recorded.
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Located on a plateau between Sierra Negra & Pico de Orizaba, in Mexico
18959’41" N, 97918/30" W, at an altitude of 4100 m.

Span over 22000 m? area.

300 Water Cherenkov detectors, Each of them 7.3 m diamter and 5 m deep.
4 PMTs, 10" PMT at center and 8" at equilateral triangle of side 3.2 m.
Single PMT rate and multiplicity M2, M3, M4 are recorded.

Cut-off rigidity 8GV and median rigidity 40-46 GV.
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Located on a plateau between Sierra Negra & Pico de Orizaba, in Mexico
18959/41" N, 97918/30" W, at an altitude of 4100 m.

Span over 22000 m? area.

300 Water Cherenkov detectors, Each of them 7.3 m diamter and 5 m deep.
4 PMTs, 10" PMT at center and 8" at equilateral triangle of side 3.2 m.
Single PMT rate and multiplicity M2, M3, M4 are recorded.

Cut-off rigidity 8GV and median rigidity 40-46 GV.

Can measure GCR intensity with accuracy < 0.01% for every minute.

© 0606066060660 6F6¢
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HAWC observation

MFR observed by HAWC EEARE;Z."S:‘DPE Space Weather Studies

MFR observation by HAWC

Identification of a magnetic flux-rope, first time using a ground based observatory

®

Ini frpduassetary Shapmetic Flus Rigse @earved af Gersand Lavol by BEAWY
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HAWC observation

Cor man e Space Weather Studies

Transient Weak Magne here

Solar modulations

Parker’s Transport equation

on 1 on
— Vsw.Vn—V.(k.Vn) — =(V.V.
ot + Vsw.Vn (k.Vn) 3( SW)alnP

@ The GCR intensity can be considered to be in quasi-equilibrium, hence the source term S and rate of
n

change of the GCR density % can be ignored.
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Solar modulations

Transport equation

1 on
— (V.V.
3(VVsw)gp

aF V5W4Vn - V(an)

@ The GCR intensity can be considered to be in quasi-equilibrium, hence the source term S and rate of
change of the GCR density % can be ignored.

@ By numerically solving the Fokker-Planck equation, it was shown that effect of the adiabatic cooling

becomes very small at rigidities > 10 GV . Thus, the adiabatic term %(V'sz)aﬁvnP can also be ignored.
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The GCR intensity can be considered to be in quasi-equilibrium, hence the source term S and rate of
change of the GCR density % can be ignored.

By numerically solving the Fokker-Planck equation, it was shown that effect of the adiabatic cooling

becomes very small at rigidities > 10 GV . Thus, the adiabatic term %(V'sz)aﬁvnP can also be ignored.

The lowest-order approximation of the transport equation is the diffusion-convection framework.
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Transient

Intro i HAWC observation

ning ere

Solar modulations

©

s Transport equation

aF VSWTn—V(HVn) - =

The GCR intensity can be considered to be in quasi-equilibrium, hence the source term S and rate of
change of the GCR density % can be ignored.

By numerically solving the Fokker-Planck equation, it was shown that effect of the adiabatic cooling

becomes very small at rigidities > 10 GV . Thus, the adiabatic term %(V'sz)aﬁvnP can also be ignored.

The lowest-order approximation of the transport equation is the diffusion-convection framework.

This inward diffusive flux is countered by an outward convective flux,

where « depends on magnetic field B, turbulence level and rigidity of particle.
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Transient

~ Intro i HAWC observation
Sun-Earth C

ning ere

Solar modulations
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s Transport equation

aF VSWTn—V(HVn) - =

The GCR intensity can be considered to be in quasi-equilibrium, hence the source term S and rate of

change of the GCR density % can be ignored.

By numerically solving the Fokker-Planck equation, it was shown that effect of the adiabatic cooling

becomes very small at rigidities > 10 GV . Thus, the adiabatic term %(V'sz)aﬁvnP can also be ignored.

The lowest-order approximation of the transport equation is the diffusion-convection framework.

This inward diffusive flux is countered by an outward convective flux,
where « depends on magnetic field B, turbulence level and rigidity of particle.

Our observations will have modulation effects, due to variation in velocity V and magnetic field B
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HAWC observation

MFR observed by HAWC EEARE;Z."S:‘DPE Space Weather Studies

TDC Scaler Rate (sep 25 - Dec 31, 2016)
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IR observed b mawe (U e Space Weather Studies

GCR guiding

TDC Scaler Rate (12-17 oct, 2016)
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Event in HAWC observation

Dedvks i al siysisd desabon of HAWD TOC-pcaber s
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Sun-Earth C ,nmer:ti«;rn .
CME & Flux
MFR observed by HAWC — ccp o7 SpaC Weather Studies

a
|- S S S T—— T L
g ' '.‘H ko) W
S W o g oo
Timsa |LIT| | Skt imia . Sapierstasr 1, 3316 OO0 LIT
TDC-Scaler o Magnitude of Peak 1 Magnitude of Peak 2
(%) (%) in terms of o (%) in terms of o
Ry 0.18 x 10~ | 0.7122 77.6 0.7761 84.6
My 1.46 x 1092 | 0.7562 51.8 0.7843 53.7
M3 1.60 x 10~92 | 0.7235 45.2 0.7940 49.7
M, 2.72 x 10792 | 0.6690 24.6 0.7570 27.8
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HAWC observation

MFR observed by HAWC g'&ﬂgi}g.‘lsgmpe Space Weather Studies

CME transport

Using a 2D hydrodynamic code we are able to reproduce the speed and density SW profiles observed at 1AU
before, during and after the passage of the ICME

In this particular event the CME/magnetic-cloud/flux-rope was not perturbed by other SW structures in the
interplanetary medium
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Effects on magnetosphere

Bow Shock Nose
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HAWC observation

MFR observed by HAWC g?g:l‘”;'::ope Space Weather Studies

Effects on magnetosphere

Bow Shock Nose GOES data
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MFR observed b HAWC GCR guiding

Tra nt nir sphere

What can be the cause? — Flux-rope
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FR observed by HAWC GCR guiding
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What can be the cause? — Flux-rope

Tore pdas Do 301

@ We fitted the fluxrope model in circular cylindrical coordinate system (Nieves-Chinchilla et al. 2019)
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Tore pdas Do 301

@ We fitted the fluxrope model in circular cylindrical coordinate system (Nieves-Chinchilla et al. 2019)

@ MFR was having an axis orientation of longitude ¢ = 999 and latitude 6 = —21°.
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I”_ : HAWC observation

Sun-Earth C n .
MFR F)bser:/ecl( by HAWC gle/IREz::.‘z.‘I:;rope Space Weather Studies

Tore pdas Do 301

@ We fitted the fluxrope model in circular cylindrical coordinate system (Nieves-Chinchilla et al. 2019)
@ MFR was having an axis orientation of longitude ¢ = 999 and latitude 6 = —21°.
@ Radius of fluxrope were 0.146 AU.
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Intr HAWC observation

IR observed by HANC G & Furore Space Weather Studies

GCR guidi
Tra nt nir etosphere guicing

Varlidating GCR guiding
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Introductio HAWC observation

R obsered by HAWC G & Fluvrope Space Weather Studies

MFR observed by HAWC GCR guiding

Tra nir

VaIidatirng GCR guiding
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@ Low turbulene level make it feasible for Lorentz acceleration.
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Arun Babu K.P.



Sun-Eartt I'z_hodl ’ HAWC observation
Sun-karth Connection . -
MFR observed by HAWC (C;E/IRE;:iZiIs;rope Space Weather Studies

Tra nir

VaIidatirng GCR guiding
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@ Low turbulene level make it feasible for Lorentz acceleration.

@ Larmor radius and diffusion length are << than size of MFR
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Transient W sphere

Simulation of Particle Trajectory

@ We used Cordinate system with origin at MFR center, which can be obtained from GSE by rotation Rz by
6 and Ry by ¢.
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Transient W sphere

Simulation of Particle Trajectory

@ We used Cordinate system with origin at MFR center, which can be obtained from GSE by rotation Rz by
6 and Ry by ¢.

@ Then assumed the MFR have cylindrical crosssection, and the field inside MFR were modelled using
observations at 1 AU.
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6 and Ry by ¢.

@ Then assumed the MFR have cylindrical crosssection, and the field inside MFR were modelled using
observations at 1 AU.

@ Accelerations (relativistic) were estimated using Lorentz force .
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@ We used Cordinate system with origin at MFR center, which can be obtained from GSE by rotation Rz by
6 and Ry by ¢.

@ Then assumed the MFR have cylindrical crosssection, and the field inside MFR were modelled using
observations at 1 AU.

@ Accelerations (relativistic) were estimated using Lorentz force .

@ Inside MFR its position and velocity were estimated in every 100 m travel.
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phere

@ We used Cordinate system with origin at MFR center, which can be obtained from GSE by rotation Rz by
6 and Ry by ¢.

@ Then assumed the MFR have cylindrical crosssection, and the field inside MFR were modelled using
observations at 1 AU.

@ Accelerations (relativistic) were estimated using Lorentz force .

Inside MFR its position and velocity were estimated in every 100 m travel.

@ We chose only particle that travel significant distance along axial direction

Arun Babu K.P. 8 October 2024 Plasma Physics & Space Science 23 /34



HAWC observation

GCR giding T Space Weather Studies

@ We used Cordinate system with origin at MFR center, which can be obtained from GSE by rotation Rz by
6 and Ry by ¢.

@ Then assumed the MFR have cylindrical crosssection, and the field inside MFR were modelled using
observations at 1 AU.

@ Accelerations (relativistic) were estimated using Lorentz force .

Inside MFR its position and velocity were estimated in every 100 m travel.

@ We chose only particle that travel significant distance along axial direction
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GCR guiding- Crossection view
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GCR guiding

Assymtotic dlrectlon of HAWC, Estimated using IGRF12, and backtracing method.

Spacecraft paths on Oct 13 2016

e
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HAWC observation

Sun-Earth Conn n ) -
MFT? oI?ser:/ed by HAWC CME & Fluxrope Space Weather StUdleS

GCR guiding

phere

Assymtotic dlrectlon of HAWC, Estimated using IGRF12, and backtracing method.

Spacecraft paths on Oct 13 2016

e

Rigily [GV] for ACOA-HAWC

- _TL])

10w 100w sow o s0€ 1006 150€ iq

N-B

cos(A) —_—
|B]

N is the angle between assymtotic direction and the interplanetary magnetic field.
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ient en of

Results

@ The CME was associated with a very weak shock, which does not shield away the GCRs from getting into
the fluxrope.
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Results
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@ The MFR was with perfect magnetic topology and low density cavity, because of which the ram-pressure
was lower than ambient solar wind.
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@ The CME was associated with a very weak shock, which does not shield away the GCRs from getting into
the fluxrope.

@ The MFR was with perfect magnetic topology and low density cavity, because of which the ram-pressure
was lower than ambient solar wind.

@ The GCRs of low GeV energy were trapped inside the MFR and guided through the axis.
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@ The CME was associated with a very weak shock, which does not shield away the GCRs from getting into
the fluxrope.

@ The MFR was with perfect magnetic topology and low density cavity, because of which the ram-pressure
was lower than ambient solar wind.

@ The GCRs of low GeV energy were trapped inside the MFR and guided through the axis.

@ These particle were allowed to enter in to Earth's atmosphere while it was passing through MFR.
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Transien here

Results

@ The CME was associated with a very weak shock, which does not shield away the GCRs from getting into
the fluxrope.

@ The MFR was with perfect magnetic topology and low density cavity, because of which the ram-pressure
was lower than ambient solar wind.

@ The GCRs of low GeV energy were trapped inside the MFR and guided through the axis.
@ These particle were allowed to enter in to Earth's atmosphere while it was passing through MFR.

@ The first enhancement observed in HAWC was dues to 14-30 GeV protons, where as second peak was due
to 8-12 GeV protons.
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HAWC observation

FR observed by HAWC Gk & flunrope Space Weather Studies

Transie ning osphere

Results

@ The CME was associated with a very weak shock, which does not shield away the GCRs from getting into
the fluxrope.

@ The MFR was with perfect magnetic topology and low density cavity, because of which the ram-pressure
was lower than ambient solar wind.

@ The GCRs of low GeV energy were trapped inside the MFR and guided through the axis.
@ These particle were allowed to enter in to Earth's atmosphere while it was passing through MFR.

@ The first enhancement observed in HAWC was dues to 14-30 GeV protons, where as second peak was due
to 8-12 GeV protons.

@ First evidence of particle guiding inside a fluxrope.

“Interplanetary Flux-rope observed at ground level by HAWC", S.Akiyama et al., 2020, The Astrophysical
Journal, 905, 73.
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Transient Weakening of Magnetosphere

First ever observation
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High Attention Score compared to outputs of the same age (99th percentile)
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Transient Weakening of Magnetosphere

GRAPES-3
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GRAPES-3 Observation

A Space Weather Studies

Transient Weakening of Magnetosphere

GRAPES-3

PRC (10 cm x 10 cm x 600 cm) is basic element

3712 proportional counters

4 muon stations each contain 4 modules

Total area 560 m?

Energy Threshold sec® x 1 GeV

FOV is 2.3 Sr in 169 directions.
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Simulations Space Weather Studies

Trajectory

- M|
b e uh...—"‘n-.-_..:
___._.._."‘-‘*" @ 3 CMEs reached Earth (21 June 2015 16:45, 22
.;:. : i I June 2015 05:45 and 18:40)
: i}
;i . : @ 3@ CME was faster and magnetically stronger.
% i . @ B, component of the sheath region of this CME
o e Wabic ] was peaked to ~ - 40 nT.
L3 N
= I.' | @ Start of Forbush decrease was observed in
£ jE it fl # "l GRAPES-3 ~ 4.5 hours after the arrival of first
§ = ; CME.
W = VIO : @ In the midst of this FD, a 2 h muon burst
T i P71 - Hi (19:00-21:00 UT) correlated with B z is clearly
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GRAPES-3 Observation

Simulations Space Weather Studies

Trajectory

Transient Weakening of Magnetosphere

Correlations with B,

@ Another FFT based filter was used and the muon
data now contain only frequencies > 3.5 cpd.

_ @ The muon rate, and —B;, data which was
= delayed by 32 mins to maximized its correlation
with the muon data to -0.94%.

@ Every 4 min, ~ 10% muons are detected in each
of the nine directions, resulting in a statistical
error of ~ 0.1%.

@ An excess of 9.2 x 10° on a background of
i 2.9 x 10% muons during this 2 h interval implies a
significance in excess of 500.

Ao ride Vil
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Observations and Simulation

@ We recalculate the R. for a GMF perturbed by
IMF.
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Observations and Simulation

@ We recalculate the R. for a GMF perturbed by
IMF.

f . ¥ A8 4 M sl @ To simulate the proton trajectory in GMF we
- shoot out an antiproton from the detetor in a
F y | eiw, Al . GMF.
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@ We recalculate the R. for a GMF perturbed by
IMF.

f . ¥ A8 4 M sl @ To simulate the proton trajectory in GMF we
L shoot out an antiproton from the detetor in a
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Observations and Simulation

@ We recalculate the R. for a GMF perturbed by
IMF.

f : 4 T M @ To simulate the proton trajectory in GMF we
L shoot out an antiproton from the detetor in a
I GMF.

@ The difference between muon rates before and
after adding the IMF perturbations were
G N - calculated.

(1 o T Pys
b ]

] @ Simulations were repeated by enhancing IMF by
o) PR ] e 5 RATE T g factor of 2 < f < 20 and a simultanous x2
minimisations for 9 directions of observed and
simulated profiles yield the factor f = 17.

e L P Lk e @ f = 17 implies that the B, get enhanced to a
value of - 680 nT.
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Trajectory

@ GCRs near cutoff rigidity experiences large deflections in GMF.

@ Asymptotic directions were calculated for 5 x 10* protons of rigidities from R. to R. + dR. for
every direction.

@ JR. were the changes in the respective cutoff rigidities ( 0.5 - 0.7 GV).

@ These trajectories are bending 195° — 230°; thus, the asymptotic directions lie in the opposite
hemisphere.
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Discussions

(]
(]
o
Qo
Qo

The frozen-in IMF could be enhanced by the compression of CME-sheath region.

During the event the bow-shock nose was compressed from 11.4 to 4.6 Rg.

The implied reduction in area suggest that the B, would have enhance by a factor of 6.14.

Assuming the CME shock to be quasiperpendicular, it could further enhance B, to a maximum of factor 4.

Thus the reduction of 680 nT possibly induce by reconnection with GMF was ~ 70% of its maximum
possible value.

@ The event was observed by the detectors in the night side, where as no significant increase was observed
in detector in day side.

@ The near simultaneity of the burst in all nine directions indicates its origin close to Earth.

@ This burst allowed observation of the annihilation of the magnetic field arising from reconnection in a
large volume surrounding Earth by the novel probe of GCRs.
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