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CR count(%)

What are Forbush decreases?

—TIXIE BAY
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—AVE RAGE DAY Dumbovic PhD thesis,2015
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First observed by Forbush, 1937 and Hess & Demmelmair, 1937

Short term decreases in galactic cosmic ray count
Typical duration several days
Typical amplitudes several %
(depends on the detector)



Modulation of Galactic Cosmic
Rays (GCRs) in Heliosphere
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What causes Forbush decreases?
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Forbush decreases caused by Interplanetary Coronal Mass Ejections (ICMEs)

REMOTE OBSERVATION VISUALISATION IN SITU MEASUREMENTS
Adapted from Richardson & Cane, 2011, SolPhys
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Forbush decreases caused by Interplanetary Coronal Mass Ejections (ICMEs)

REMOTE OBSERVATION VISUALISATION IN SITU MEASUREMENTS
Adapted from Richardson & Cane (2011)
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Forbush decreases caused by Interplanetary Coronal Mass Ejections (ICMEs)

REMOTE OBSERVATION VISUALISATION

Elocyon Meat Flux

- no magnetic
connectivity

Adapted from Richardson & Cane (2011)
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Forbush decreases caused by Interplanetary Coronal Mass Ejections (ICMEs)

REMOTE OBSERVATION

CME in SOHO/LASCO C3
2000 September 16 06:18 UT
First C2 detection at 05:18

ForbMod
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ForbMod = analytical diffusion-expansion model for Forbush decreases caused by flux ropes

- aclosed magnetic structure

- Initially empty of GCR
- Locally of cylindrical form

- Moves with constant velocity

First proposed by Morrison, 1956, PhysRev
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ForbMod = analytical diffusion-expansion model for Forbush decreases caused by flux ropes

- aclosed magnetic structure

- particles enter by
- Initially empty of GCR perpendicular diffusion
and slowly fill the
structure

- Locally of cylindrical form

- Moves with constant velocity

Similar to e.g. Cane+, 1995, ICRCproc;
First proposed by Morrison, 1956, PhysRev Quenby+, 2008, JGR
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ForbMod = analytical diffusion-expansion model for Forbush decreases caused by flux ropes

- aclosed magnetic structure

- Initially empty of GCR
- Locally of cylindrical form

- Moves with constant velocity

First proposed by Morrison, 1956, PhysRev

- particles enter by
perpendicular diffusion
and slowly fill the
structure

Similar to e.g. Cane+, 1995, ICRCproc;

Quenby+, 2008, JGR

- expands self-similarly

Similar to e.g. Munakata+, 2006, AdvGeophys;
Arunbabu+, 2013, A&A
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ForbMod = analytical diffusion-expansion model for Forbush decreases caused by flux ropes

- aclosed magnetic structure

N - particles enter by - expands self-similarly
- Initially empty of GCR perpendicular diffusion
- Locally of cylindrical form and slowly fill the
structure
- Moves with constant velocity
Similar to e.g. Cane+, 1995, ICRCproc; Similar to e.g. Munakata+, 2006, AdvGeophys;
First proposed by Morrison, 1956, PhysRev Quenby+, 2008, JGR Arunbabu+, 2013, A&A
\ J

U(T, t) = UO 1 — Jo(OélT)e_a%f(t)
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ForbMod = analytical diffusion-expansion model for Forbush decreases caused by flux ropes
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ForbMod = analytical diffusion-expansion model for Forbush decreases caused by flux ropes

U(T, t) = UO 1 — J()(Oél?“)e_a%f(t)
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ForbMod = analytical diffusion-expansion model for Forbush decreases caused by flux ropes
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ForbMod = analytical diffusion-expansion model for Forbush decreases caused by flux ropes

f(t) = [ D(t)/a(t)*dt
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ForbMod = analytical diffusion-expansion model for Forbush decreases caused by flux ropes

e.g. Demoulin, 2008, SolPhys
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ForbMod = analytical diffusion-expansion model for Forbush decreases caused by flux ropes

O _ (Rm)\™
B(t) = By (RLO)> a(t) = ag (R—())

e.g. Demoulin, 2008, SolPhys e.g. Demoulin, 2008, SolPhys
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ForbMod = analytical diffusion-expansion model for Forbush decreases caused by flux ropes

B(t)_30<@> || I A 2;-(” )x-/twdt — a(t)_a()(@)

e.g. Demoulin, 2008, SolPhys e.g. Demoulin, 2008, SolPhys

T =ng—2n,
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BETWEEN CHANGE IN THE MAGNETIC FIELD

AND THE CHANGE IN THE SIZE
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ForbMod = analytical diffusion-expansion model for Forbush decreases caused by flux ropes

—np
R(t) _ Dq ( v )w / - R(t)
B(t) = By (—RO ) f(t) 2 & a(t) = ag o
e.g. Demoulin, 2008, SolPhys xT=ng— 2na e.g. Demoulin, 2008, SolPhys
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ForbMod = analytical diffusion-expansion model for Forbush decreases caused by flux ropes

-

‘ ' g Hd~R(t)* MAGNETIC FLUX

/ , T =npg— 2N,
X=0

(magnetic flux conserved)

O

Increase in A
(Pl = (]52 countered by the
decrease in B
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ForbMod = analytical diffusion-expansion model for Forbush decreases caused by flux ropes

‘ ' MAGNETIC FLUX
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A&A)
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ForbMod = analytical diffusion-expansion model for Forbush decreases caused by flux ropes

MAGNETIC FLUX
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(magnetic flux increased)
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ForbMod = analytical diffusion-expansion model for Forbush decreases caused by flux ropes

Radial profile
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ForbMod = analytical diffusion-expansion model for Forbush decreases caused by flux ropes

Radial profile
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ForbMod = analytical diffusion-expansion model for Forbush decreases caused by flux ropes

Radial profile
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ForbMod = analytical diffusion-expansion model for Forbush decreases caused by flux ropes

Radial profile Time evolution
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THE CASE STUDY — TEST EVENT
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CONCLUSIONS & FUTURE WORK

» ForbMod is analytical diffusion-expansion model for ejecta-only FDs
» FD amplitude depends on the interplay of diffusion and expansion
» Qualitatively agrees with observation

» Case study indicates quantitative agreement

» NEXT STEPS: testing and constraints using statistics, FR forward modeling
and multispacecraft measurements
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