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CME Shocks & Energetic Particles
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Shock Acceleration Mechanisms
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ESP Time Profiles
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(A

Why study ESPS? e

- Yield crucial information on energetic particle acceleration in propagating shocks,
magnetic connectivity, and interplanetary transport during individual SEP events.

- Understanding ESP drivers provides understanding of shomideration and ultimately
SEP forecasting

saturation

A Enhancements exceed l o Hydrogen 0.196.18 MeV
several order of magnitude at A R N L R RN LR
time, creating saturation in : “ e '
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A Forecasting these events is °°1§’° ;

thus critical in the big picture 24
of SWx forecasting. 199*’8
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Forecasting ESPsS

Hints from previous studies:

A Posner et al. 2004: Signatures in the
suprathermal anisotropy and energy A
distribution can indicate the arrival of an IP | %

shock up to ~24rsahead of time R

A Vandegriffet al. 2005Suprathermalons N 5\
. Coronal Mass N/ &)

escaping from the foreshocks ahead of the Fiection (CME) T Do

IP shocks can be used to predict the arrive P

times of the peak intensity of ESP events ™

A Dayeh (2007): Trapping time of le& Success rate ~500%. No reliable method
particles at shocks is directly related to thépr forecasting ESP events exists, partly
peak intensities of of the ESP componenyye tg the lack of relevant observations.
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Forecasting ESPs
Ongoing effort:

- Exploiting the spectral
evolution starting at SEP
onsets to continuously

forecast ESP peak fluxes.
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R ShockESP relations
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Problem: Event selection and a broad range of correlations.
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Objective s
Use shock properties inferred by PUNCH (speed, number denS|ty O
speed jump) to forecastnergeticparticle enhancements at
Interplanetary shocks (CMEand CIRdriven)

CIR Shocks Fast CME Shocks
A B

slow solar wind

fast solar wind
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Fast Forward shocks from ... @
Helsinki IP database. wind ESP Peak flux determination:
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CIR peak flux determination

Wind CIR eventBroileset al. 2012
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3 A
Fast CME Shocks CIR Shocks = oo
Wind/STEP; ESP event ~ Wind/STEP; CIR event
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Fast CME Shocks
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Wind/$TEP; ESP event
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Wind/STEP; CIR event
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PUNCH enables estimates of she&gsociated
particle properties as an evolving forecast

¢

Radius [px]

(b)

(a) x; P TRCU
l

600

500 - '|( + '\ "
i i LY

o
o
-

2014-04-14T704:01:00 - Frame #15

240 250 260 270 280
Azimuth [deg.]

2014-04-14T04:36:00 - Frame #22

240 250 260 270 280
Azimuth [deg.]

2014-04-14T07:46:00 - Frame #60

|
500 j?" ‘09.’“
g
i [
W
300 4 # f"|' t |
200 - M" f’ ' * .‘.r’

100

0

TV
600 1." l 1‘;’.‘
| t '1%1 |

V7 I Y, ‘;ll"‘
|
l‘l

.. w,l‘. -

/
1 1
240 250 260 270 280
Azimuth [deg.]

4.0

3.5

3.0

25

2.0

- 1.5

= 0

= 0.9

-— 0.0

Normalized brightness [units of std.]

- 3501 —— Mean radial velocity per bin [km/s] ‘
€ T CME radial velocity [km/s]
< 300 1 —
> <V,> =218 km/s
b | r
£* F—\/\’WW
q) )
= |
©
€ 200+ |
©
o
150 g T v v T v
0 50 100 150 200 250 300 350 .
Azimuth [deg.] -E SCIENCE
swri.org
SOUTHWEST RESEARCH INSTITUTE

14



Architecture of a Potential Forecasting Algorithfi?)

|dentify CME Track CME to
pr—— - - <
emergence a given time £,
1 | 1
Estimate Speed of Estimate speed of the
CME leading edge background solar wind
att, V. (1) ahead of CME att, V,_ (t)
i i

correct for CME low-

Calculated speed jump Increment i to next

corona accelaration AV=V, (t)-V, (1) time step and repeat
as needed )
l the entire process
A
Determine energetic particle event size
J(E) ~ f(AV)
f is the statistical relationship determined
by fittitng J vs AV for a large set of events
A 4

Estimate arrival time using location

of CME relative to Earth at ti and - Issue NOAA forecast
the measured shock speed V

hack i
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Summary ?

A Problem:Properties of energetic particles accelerated by shocks are
difficult to predict and pose serious SWx risks that require mitigation.

A Solution; Utilize PUNCH data to estimate shock quantities near the Su
continuously forecast ESPs in the inner heliosphere and beyond.

A Caveat:Smallscale shock structure and fielithe connectivity likely plays
an important role. Models describing shock structure, evolution, and
propagation will enable more reliable and accurate forecasts.

A Paper is published in the PUNCH collection special issue:

Dayeh, M.A., Starkey, M.J., Elliott, H.A. et al. Forecasting Shock - Associated Energetic Particle Intensities in the Inner
Heliosphere: A Proof - of - Concept Capability for the PUNCH Mission. Sol Phys300 , 1 (2025).
https:// doi.org /10.1007/s11207 - 024 - 02409 -5
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Deducing short -scale temporal
variations in IBEX ENA maps

(a PUNCHYy thing though)
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IBEX annual ENA sky maps combined over 5 time periods representing a full solar cycle
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