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Why are we interested in energetic particles and it
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S variation?

Because the
phenomena
exists!

Unique possiblility
to investigate

| astrophysical
plasma particle
Interaction,
particle
acceleration and

fajeeven 2iHSsitu”

Kunow et al.,
1991
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Impact on deep space travel

Relativistic Electrons: ~10

S121E05215

50 MeéV ' Protons: 30-80 Mi




'My God, space is radioactive!’

Ernie Ray, 1958

(member of Van Allen's Explorer | team)
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Sources inside and outside of the heliosphere

e Galactic cosmic rays

%  Planetary
magnetospheres
and shocks
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Pr'opaga’rlon in the Galaxy
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The solar wind extends into interstellar space
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The Atmosphere of

the Sun extends into O e
mters.tellar space .
Forming the Kosischl
— Strahlung
heliosphere | -

Termination shock (90
AU)

Heliopause (120 AU)
Bow shock (350 AU)
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Parker’s Transport model

f is the differential CR number density with respect to p:

i
or

N - (FL(‘S L Ny ) diffusion

V- -VF convection

Diffusion approximation

Force field

solution:

.V &'Iﬂ: 5 ad. energy change

Source term

(T)(T +2T;)
Ji(T, ) =Jus T + D) (T+®)T +®+2T;)°




Fis =1.54 BiSOJ R . -2.76
p/(cm? s sr GV)

—4#— Pamela proton July 2006
Protons Pamela proton February 2007
—ﬁmﬂvt—n& ;_, —4— Pamela proton August 2007

Pamela proton January 2008
1] #ﬁ% —+— Bess 87 prolons
— '—E—I-FM—H" —+— Bess 58 protons
—+— Bess 89 protens
—— Bess (2 protons

‘:{\"Zﬁ"l —4— Caprice 94 protans
; = —+— Caprice 58 protons
N Hellum W 7% —4— Bess TeV prolons
— % = —&— Pamela Helium
""‘ % —+— Caprice 38 He
—— *%* = = —— Amsp
—i— —— Ams He

mﬁg% hé.._.:,q;g —— Bess TeV He
G5
b

Spectral index

—
=
=

E’-E/

TED= e ey -

2 (L, E+ (1),
g

p/cm”~2 s sr (GeV/n)

—_
=
r

Solar Cycle Variaions 54w

Solar modulation

= T
- T Y
parameter @(GV) - Lo i T
JULO6: 5.81-01 + 2e-03 Ak ﬁﬂw o
DECO7: 5.00-01 # 2-03 10°F §um % £
DECO8: 4.82-01 # 3-03 ot i =
: HY
= 51355 Imadiance (¢ /annual) - Solar Flare Index g Y
. . L Sunspot Observations ~ 10.7 Radio Flux ':‘EI- _'_;u:
Different models by Alankrita 1975 1980 1985 1990 1995 2000 2005 i 2]
I L

104|1 | Lol T S B
10° 1
GeVin
VI. Casolino, INFN & UnIversity koma lor
Vergata




Christian-Albrechts-Universitat zu Kiel

Observations of galactic cosmic rays in the heliosphere:
Solar modulation at neutron monitor energies

e Variations with
the 11-year solar

magnetic cycle
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The heliospheric magnetic field
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Electron Flux

Sunspot number
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Forbush Decrease
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Forbush decreases

Schematic of an interplanetary
coronal mass ejection driving a
shock ahead of it and the associated
variations in the galactic cosmic r
Intensity along trajectories that do
(A) or do not (B) encounter the

ICME (from Richardson and Cane,

2011)
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Forbush decreases

From the top: IMF intensity,
polar and azimuthal angles,
solar wind proton temperature,
density and speed, GCR guard
(G; counts s—1) Thule neutror
monitor (counts/hr), 47 — 65
keV ion intensity, solar wind
suprathermal (272 e\electron
distribution function~ parallel
(black), anti-parallel (green)
and perpendicular (red) to the
IMF direction, solar wind
O7/06 ratio and mean Fe
charge state
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g Forbush decreases

Magnetic cloud event (Reames,
Kahler, and Tylka, 2009) .The
lower panel of each pair shows
the IMP 8 guard counting
rate.(Richardson and Can

| 2011). No sheath effect with
T aas] 1 ¥ confined FD for the time of the
3 § MC passage.
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Can we understand Forbush decreases
caused by magnetic structures with basic
physics?
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Idea of the project

Follow the idea from
Krittinathamé& Ruffolo
(2009): Search Forbush
events without sheath
iInfluence but with clos
= magnetic structure. Set
. up a flux rope model.

. Perform a particle

. transport code and

- compare to real data.

) L Cl ]
148 149 150 151
Time of ICME: 27. 5. 1996
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Test of idea

Use an infinitelong cylinder
with an uniform magnetic field
B insidethe cylinder and no
field outside. Particlesthat are
not making it into the cylinder
arethosethat stay in the
cylinder when injected inside.
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Cosmic rays in uniform magnetic fields
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Particle trajectory is a helix
around the guiding center
magnetic field line.

The radius depends on the
velocity and the pitch
angle:
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Test of idea

Use an infinitelong cylinder
with an uniform magnetic field
B insidethe cylinder and no
field outside.

Particles are confined if
r<rg+d
otherwise the escape.

Needsr; asfunction of pitch
angle cosine p and energy.



Christian-Albrechts-Universitat zu Kiel

Test of idea

Assume an uniform pitch angle
(n-) distribution.

For fixed energies E, cylinder
radius, and magnetic field
strength the number of confined
particles depend only on p.

Case study B=20 nT and
reme=0.1 AU



Pitch angle / degree

Flux / arb. units
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Test of idea

E, = 30 MeV E, = 100 MeV E, = 1000 MeV
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FD amplitude / Percent
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E, = 100 MeV
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FD Amplitude varies from:
24% @ 30 MeV to 3.5% @ 1000MeV
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E, = 1000 MeV
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Test of idea / Force field solution
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FD amplitude / Percent
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Test of ideas / Result
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FD in a magnetic
structure with

* Reve =0.1 AU

e B =20nT

e Isotropic pitch angle
distribution

» Force field solution
for ¢ =0.5GV

e Arp =3.8%

ltIJHVAR Astrophysical Colloquium 33



Christian-Albrechts-Universitat zu Kiel

Experimental check

1. Forbush effects are small amplitude variations
of the GCR flux =» high statistics and in space.
Very accurate instrumentation is needed.

2. CME should not drive a sheath region =»slow
CMEs (stealth CMEs are good candidates)

* Question does every magnetic ICME structure
drive a Forbush effect?
« What are the limits of detection?
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Instrumentation
r 4

/
4

:‘7 Figure 2: Position of SOHO and
- Chandraon June 21, 2010

/Jpow shock

Chandra
@ June 21, 2010
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; @ June 21, 2010
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Instrumentation
L Sketch of the EPHIN sensor.
" - The sensor consists of 6

semiconductor detectors
surrounded by an
anticoincidence cylinder (A).
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CR Varigtion

Mathematisch-Naturwissenschaftliche Fakultat

1pfte

1.04
1.03
1.02

1.01
1 g

0.99
0.98

0.97
0.96

095 - .
302

10/1/2014

\\‘\\\\L’

Christian-Albrechts-Universitat zu Kiel

(C
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Single counter: F ~ 15000 counts/minute

G ~ 24000 counts/minute
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count rate / arlunits
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... not only ... but also being out
of the Earth magnetosphere
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Experimental check

1. Forbush effects are small amplitude variations
of the GCR flux =» high statistics. Very accurate
Instrumentation is needed.

2. CME should not drive a sheath region =»slow
CMEs (stealth CMEs are good candidates)

* Question does every magnetic ICME structure
drive a Forbush effect?
« What are the limits of detection?
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It is not “stealth” if | can see it!

CMEs have low corona signatures: flares, filament
eruption, coronal waves and dimmings associated
with CMEs.

“Stealth” CMEs do not have these attributes: harder
to detect on the disk?

But unambiguous signature in coronagraphs
“Stealth” CMEs originate from areas of weak
magnetic field.

Thus they are ideal candidates for our study
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List of events by Mierla et al. (2013)

ICME start (dd-mm-

¥yyy/hb:mm)
02-01-2009/06:05

25-01-2000/22 .24

04-02-2009/00-00
21-07-2009/02:00
05-08-2009/11:14

30-08-2009/03°38
10-09-2009/10:25

30-09-2009/06:34
29-10-2002/03.08

12-12-2009/22:05

21-08-2010/06:00

10/1/2014

ICME speed CME start (dd-mm-
{km?s% yryy/ hb:mm)
437 FA-12-2008/~04 30
333 21-01-2009/<22:00
385 30-01-2009-0%-00
335 15-07-2009~17.00
411 31-07-2009/09 00
4729 25-08-200%/10:30
310 03-09-2000/07-30
361 PE09- 20091700
3Tl 2310-2008~13.00
293 06-12-2009/~14:00
410 L6-06-2010/14-50

CME speed  Longitude (FM) Latitude (FM)
(ki) 5

360 (B)

3940 (B)

302 (B)
280 (A)
300 (B)

300 (A)

730 (B)

340 (B)

190 (B)

360 (B)

woa

Wig

Wog
w22

Wo2

Wiq

Wo3

E08

E30°
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MNOG

504

NO7
502
N4

NIl

N

No2

O3

CME morphology
S
3R e
CORD- faint flows

COR2: narrow. jet-like
COR2 fant, unstrctimed

CORZ-A-FR.CME
CORI-B: faint. diffuse CME

CORI-A' FR CME
CORI-B:FRCME

COR2: namow. jet-like

COR2-A: FR.CME
Diata gap

CORZ-A: FR. CME
CORZ-B: FE.CME

CORZ-A"FR CME
CORZI-B° FR CME
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CR Variation
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Pure sheath FDs
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Example of a stealth CME
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CR Variation
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CR Variation
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Example of a stealth CME

Mixture
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Example of a stealth CME
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. The EPHIN aboard SOHO/Chano

Summary

. Galactic cosmic ray are modulate

Christian-Albrechts-Universitat zu Kiel

d by several

processes and on different time scales.

iInvestigation of GCR variation of

ra allow
ess than

0.5% when no accelerated partic

es are there.

. Stealth CMEs are ideally suited to study short
term modulation (Forbush like effects) in

interplanetary space.

. A simple cylinder model has shown that the FD

amplitudes depends on B and R

ME"
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To do ...

Systematic investigation of the “toy model”
Correlation of measured and model
amplitudes for much as many CMEs we find.
Investigation of the FD amplitude rigidity
dependence

Implementation of a more sophisticated CME -
flux rope model.

Detailed comparison with plasma structures
Extension to the sheath region
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Example of a stealth CME
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11: Stealth CME at 21 062010 06:00
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Stealth CMEs and Coronal Holes

11: Stealth CME at 21.06.2010 06:00
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