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Jlopics

» First Results from RHESSI (really!) (12 papers)
Tthe devil Is/In the detalls - new puzzles

y Some topics never die
Particle Acceleration (38 papers)

Particle Transport (8 papers)

y TGEN (Thank goodness for modellers)
» Future prospects (14 papers) (21 papers)




VWhat do we want to know: albout

solar energetic particles?

y \Where they are accelerated
y What Is belng acceleratea
y IHow! they are accelerated

y IHow! they reach us
Tools

» Particles
Onsets, Composition, Charge States

» Photons
Images/IVlovies, \Wavelengths, Specira




Particle Measurements

’ Spacecrait

IMPS8, Wind, SOHO,
ACE, Cassini, GOES,
NOZOMI, SAMPEX,
\mIA

A ;
5 ‘> Neutron Monitors/SNT
E Tibet, Mt. Chacaltaya,
L i Ililﬂé.ritﬁ :'Z?léaplg,cg/flstﬁip

10° i 3 Earth,

12 ' > Muon Telescopes

pli]: |3+C, GRAPES,

107 10° 107 102 10° _10° _10° GRAND;, BUST,

Energy (MeV) Andyrehy, Carpet



Particle Measurements
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Two Main Acceleration Processes

Interplanetary Magnetic Field j/ Interplanetary Magnetic Field
" (IMF)

CME-driven Shock Elare-related
Ee/O ~ 0.1 Ee/O ~ 1
SHe/*He <0.01 SHe/*He ~ 0.1 - 1
Qe ~ 10-14 Qe ~ 20




Where?

» Timing Studies

I vs c/vi (Mewaldt et al., Tylka
etal.)

Particle Onset at 1 AU (minutes after 13 UT, 4/15/01)
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Where?

» Timing Studies

I vs c/v. (Mewaldt et al., Tylka
etal.)

Injection/transport models with
NIV data (Bieber et al.)

NM & electron velocity (Kahler
et al.)

paceship Earth - Easter 2001

13:00 14:00 15:00 16:00 17:00
2001/04/15, Universal Time




Where?

» Most big events point

to CME-shock accel.
After CME lift off
After type lll radio
After HXR emission
Association with DH' &

metric type |l radio (Cliver et al

10

Mewaldt et al.

Heavy lon Release Height (Rs)
(assumming acceleration by CME driven shock)

Tylka et al.
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Where? !

» RHESSI protons and 207100 kev Y
electron acceleration 300-500. kev
locations are different

(HurfOrd et aI) 22182228 keV
y Size ofi HXR region and

e

o

",

pre-eruption motion
related to SEP

Hurford et al

- - 6-Nov-1997 11:53:42 b) 14-Jul-2000 10:19:40
characteristics GHREL Y (b) 14-Ju

(Nitta et al.) ﬁﬂ /
a“

Nitta et al.




What?

C NO NeMgSIi § Ca

y Reames 1995

CME-shocks accelerate
Solar Wind

» Desai et al. 2003

composition at shocks
(1 AU) 1s net solar wind=

I i ke A Upstream Material (This work)

O Gradual SEPs (Reames, 19989)
‘ﬂ{ Impulsive SEPs (Reames, 1999)
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What?

y Elare Material

(remnant? concurrent?)

sHe/*He in SEPs larger
than solar windivalues
(Laivela et al.)
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SAMPEX /MAST Q—States

25 | La
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» Flare Material Z . o |
(remnant? concurrent?) 5 4 an T gl
SHe/*He in SEPs larger 7 Pl § ]
than solar wind values 54%@%@%%?0 o

(Laivola et aI.) 0.01 010  1.00  10.00
Q.. correlates with Fe/O

Fe/O

in SEPs (Lalbrador et al., 101 15 April 2001 GLE
Tylkaiet al.)
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VWhat?

" N 0/159
y Flare Material AN —— 1.0E6K

-——-00/159
(remnant? concurrent?) ——— 00/096

sHe/“He in SEPs larger
than solar windivalues
(Laivela et al.)

Q- correlates with Fe/O
in SEPs (LLalbrador et al.,
Tylka et all.)

Q.. distributions can have
high-Q tail (Popecki et al.)

Popecki et al.




VWhat?

y Elare Material

(remnant? concurrent?)

SHe/*He ini SEPs larger
than solar wina values
(Laivela et al.)

Q- correlates with Fe/O

in SEPs (LLalbrador et al.,
Tylka et all.)

Q.. distributions can have
high-Q tail (Popeckilet al.)
» But...

Viaybe not eneugh
material (Mewaldt et al.)

Shock events have Qs like solar
windl (Klecker et al.)

Mbobius et al.

Flare-related

Iron Charge States

0.2 0.4
Energy [MeV/Nuc]




IHow:?

» Modelling flares

Shocks in reconnection —
jet (Tanuma & Shlbata) Internal Shocks

Shocks in flares and
orientation (Naito)

Shocks in giant arcades
(Shiota et al.)

Tanuma & Shibata




HOW? Ml | -—--305¢-=EI.1D(-:¢=1.9E=:|§

. — - 505 41 =005 (a=1.84)

» Modelling flares

Shocks in reconnection
jet (Tanuma & Shibata)

Shocks in flares and L

- : . =20 -1.0 0.0
orientation (NaltO) Logly = 11= LoalEkr / m c"2]

Log[(y = 12F(y - 11]]

()
| ; I y

Shocks in giant arcades ! |
(Shiota et al.) of LI YRR

F=20 (a=229)
ek =15 (o= 3.03)]
— -r=12 («=458)

cos &1 =020

Log[iy - 13 Fiy - 12]




IHow:?

y Modelling flares

Shocks in reconnection
jet (Tanuma & Shibata)

Shocks in flares and
orientation (Naito)

Shocks in giant arcades
(Shiota et al.)

» Modelling CME shocks
(Kota et al.)

Evolution of Line—1 (Manchester)
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IHow:? =

» Extended Injection sl
NV (Bieberet al., KR

7/14/00

Thule

Duldig et al.

Duldig et al.) 12:
>100 MeV H* 0

(Struminsky et al.)
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» Iransport or
acceleration?
Delay: Is getting to
connected field line

2 acceleration
mechanisms
(Vashenyuk et al.)




Transport

y Fleld line connection

MeV nucleon

(Chuychai et al.)
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Transport

y Eield line connection
(Chuychai et al.)

y Particle diffusion
(Zhang et al.)

+ Bfield; — AntiBfield; @ Particle flow; == Diffusion calculation




The Future

». New SN

Mt. Sierra Negra - 19N
(Valdes-Galicia et al.)

Super SNT (Sakoi et al.)




The Future

y New SNT

Mt. Sierra Negra - 19N
(Valdes-Galicia et al.)

Super SNT (Sakoi et al.)
y Imprevements

Mit. Aragats (Muraki et al.),

ADAMO (Bonechi'et al.)

Mobile NV (Moraal et al.),
RECORD (Ksenotontov et
al.)
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The Future

100 Jenf PR

» New SNT . __ Q%

Mt. Sierra Negra - 19N 1 5%4
(Valdes-Galicia et al.) Y0 A I N S -

Super SNT (Sakoiet al.) YT mm——" ............ i
) |mpr0vements 0.001 )

Casolino et al.

500000ev/d

50000ev/d
— 5000ev/d
—500ev/d

Mit. Aragats (IVuraki et al, i
ADAMO (Bonechil et al.)

Viebile NI (IVieraal et al. ),
RECORD (Ksenotontov et
z1)

y Spacecraft Instruments

ResursDK1/PAMELA - 2905

(Casolino et al.)
SELENE/PS - 2004 3-400 MeV/n
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