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Abstract

lon’s Energy Spectra at Earth’s Bow Shock
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lons are accelerated to very high, cosmic ray energies in space, solar, and
astrophysical plasma environments. While the so-called diffusive shock acceleration
has been the standard model of ion acceleration, it still remains unclear how ions are
accelerated from thermal to non-thermal energies and how an ion energy spectrum
looks like. Here we show, based on the state-of-the-art observation by NASA’'s MMS
mission, that the ion energy spectrum exhibits a power-law form that extends

For this research project | utilized Python to
retrieve data from the Magnetospheric
Multiscale Mission (MMS) spacecraft.
Furthermore, the instruments | used to
retrieved data were from the Fast Plasma
Investigation (FPI), The Fly’s Energetic Particle
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smoothly from the thermal component up to > 100 keV at the Earth’s bow shock. The Spectrometer(FEEPS) and Energetic lon v e — \/\
intensity of this non-thermal component depends on the shock angle. However, the Spectrometer (EIS). > 0 b %
energy spectrum is often confounded by the presence of high energy ions from a S 5w
different source possibly the magnetosphere. We envision that more detailed and * I developed a code in where | gathered data 10 3 | == ypcatobe spectrum 1
careful analysis of ion spectra would lead to a better understanding of how ions are and created plots from a list of shock crossing 04:58.00 Time ' 04:58:30 B R R R
accelerated from thermal to non-thermal energies at not only Earth’s bow shock but events. Therefore, with the created plots, |
also in other space and astrophysical shocks. separatgd thgm from their respective shock Event date: 2015-10-25 / 08:37:45 - 08:39:30 Interval: 08:38:25 - 08:38:45
angles, in which were <=45° and > 45°. Shock angle at 55.1 o
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- * Moreover, | also plotted a particular shock 500-1 v Yot ") S R - o
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* High energy, ion collisions on the Ion Foreshock 4t 2015, that showed high energy ions in a % ' .:'I' lI.I '.:' ') I'I" | 'I'lr ol W '”II" | ll g 'I' Xy a
perpendicular shock angle. ~ | Ll MLy B i s 3wy

Earth’s bow shock can vary depending
on the shock angle of the shock
crossing event.

* |tis unclear how ions are accelerated

Electron Foreshock

Downstream

| have analyzed and compared the events of
November 4t" 2015 to other dates with a
lower shock angle; and results for this
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from thermal to non-thermal Torbulonce comparison showed that ions crossing the 102 ST e il :‘fu I — astoaon
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energIES. One Source that Cause these ShOCk front gave a mUCh hlgher energy OUtpUt 083,830 083|900 10_5101 yp 1(,)': be sp 163 (EIS) 164 165 1
accelerated ions may be connected to * Bow Shock when the shock angle was lower. Time N

the magnetosphere.

Shock b _ Jicul o of Shock angle at 29.1 10°
* However, the primary focus of this '8 gnergy lons at a perpen icutar z.;mg €0 Mach number 8.0
research is the shock front of Earth’s __Tangential 83.9, it was unsual that high energy ions were 500- ! x o '
- Field Line present at the perpendicular shock because 300- I

bow shock.

shock angles.

Figure 1. This figure shows a representation of upstream ions from the upstream are not known to > | t N | .l | | |
ions colliding with the Earth’s bow shock at different shock collide the shock front at such a hieh shock Y, vl | C y = 1 I
. . . . . . I | |1 > 103-
» The main goal of this research project  angles. With the perpendicular shock not encountering any 5 1001 1y il 1 Ll | ETIOT  T ' E
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ain. We hope to see a clear nower- Image credit: ’Burgess et al. 2012. _ . 107 TR WA - l 100 _
Igaw within tIFIe ots from varIOous  The plots and analysis of the day of and prior 5 o ‘
P to November 4", 2015 showed similar high > ) 105 2
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Since the November 4t 2015 event showed

energy ion activity. This led us to ultimately
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N MHD waves believe that it was caused by the il At b | -~ wpicattobe spectrum (exs)
*n ad(I|t|on, we also want to connect AAEAL Wi e magnetosphere, not the bow shock itself. And e e Daes Draron S e e T e
the Diffuse Shock Acceleration Theory we decided to look in detail other shock e
(DSA) into the Earth’s bow shock. In crossing events at different angles. The spectrograms above shows in how the shock angle can alter the lon energy spectrums intervals
which would mostly apply to lower accelerations of ions which can determine the ion’s acceleration. above clearly shows the power-law.
shock angles. DSA explains in how ('J'pstrean'l Vi Downsltre\;zm

cosmic rays are generated in
astrophysical objects; however, there
has not been any direct connections

Figure 2. This schematic illustration of Difftuse Shock
Acceleration (DSA) shows how ion energy spectrum

Future Work and

For our conclusions, we have reassured that the shock angle of the Earth’s bow shock can determine the acceleration for
lon particles. Ultimately, ion acceleration can cause high energy ions in where they gyrate back and forth through the

’ behaves in a shock front. - Earth’s bow shock. Furthermore, future work will consist of analyzing other shock crossing events and further investigate
of DSA to Earth’s bow shock. CO“C'USIO“S how ions behave in order to understand and hopefully fill the gap of thermal and non-thermal components.
References Acknowledgements

3Kivelson, Margaret Galland, and
2Burgess, D., Mobius, E. & Scholer, M.  Christopher T. Russell. Introduction to
lon Acceleration at the Earth’s Bow Space Physics. Cambridge University
Shock. Space Sci Rev 173, 5-47 (2012) Press, 1995.

'Oka, Mitsuo, 2019, ApJ 886:53; We would like to thank Matt Fillingim, Claire Gasque, Sam Badman, and Trevor Bowen for their support during this

research project. This material is based upon work supported by the National Science Foundation under Grant No.
2050736




