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 Hot flow anomalies were identified “by eye” from 

THEMIS data collected in 2008. 

 HFAs were classified as “mature” or “young.” 

 The ion and electron distribution for both mature and 

young HFAs in both fast and slow solar wind flow 

were analyzed. 

 The position of each HFA is plotted relative to the 

bow shock. 

Methodology 

 Hot flow anomalies (HFAs) are events observed near 

the bow shock that are characterized by greatly heated 

solar wind plasmas and solar wind deflection [e.g. 

Schwartz, 1995]. HFA ion temperatures are typically 

about an order of magnitude above the electron 

temperature (Ti ~ 107 K, Te ~ 106 K) and the plasma 

flow speed in HFAs typically ranges from about 20% to 

50% of the solar wind speed [Onsager et. al., 1990]. 

 It has been suggested that HFAs are formed from the 

interaction of upstream discontinuities with the bow 

shock [Thomas et. al., 1991].  

 HFAs are important to understand because it is 

thought that they could drive magnetopause motion, 

boundary waves, and flux transfer events. They may 

also excite ULF waves in the magnetosphere, drive 

magnetic impulse events in the ionosphere, or trigger 

aurora brightening or dimming. 

 Zhang et. al. [2010] classified HFAs as “mature” if 

there were strong shocks at the edges and a single hot 

ion population. HFAs were classified as “young” if 

there were density and magnetic 

strength depletions, plasma 

heating, and no shocks at the edges.  

Introduction 

Hot flow anomalies were identified in THEMIS C 

satellite data for June 2008 to November 2008 

upstream from the bow shock. The 163 events were 

classified as “young” or “mature” and have a wide 

range of MLTs. Young HFAs have two distinct ion 

populations whereas mature HFAs have a single hot ion 

population. One-dimensional cut plots of the electron 

distributions show differences between young and 

mature HFAs.  
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Figure 6. The spatial location 

of each HFA identified from 

THEMIS C June 2008 to 

November 2008 data is plotted. 

The furthest HFA from the 

Earth is 19.51 RE. 

Figure 7. The spatial location 

of all THEMIS C intervals in 

the interplanetary medium for 

2008. 

HFAs have been found over a 

wide range of MLTs.  

Comparing Figures 6 and 7, it is 

not immediately apparent if 

mature and young HFA 

formation favors the quasi-

parallel or quasi-perpendicular 

bow shock. 
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Figure 2a-d. Top 4 panels: Parameters of HFAs showing: magnetic field components, 

total magnetic field, density, and particle velocity from THEMIS C on-board moment 

data. 

Bottom 2 panels: 2a,c. Ion pressure and electron pressure tensor components.  

       2b,d. Average ion temperature and average electron temperature. 

Figure 3a-d. Ion distribution measured by THEMIS C in the middle of the HFA.* 

Figure 4a-d. Electron distribution measured by THEMIS C in the middle of the HFA.* 

Figure 5a-d. Satellite position of THEMIS C during the HFA. 
* The thick black line from the center points toward the sun. The thick red line points towards the distribution maximum. 
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 Look for HFAs in the data from satellites with other 

orbits. 

 Ho do HFAs evolve over time? 

 How are particles heated inside HFAs? 

 What is the role of HFAs in solar wind-

magnetosphere-ionosphere coupling? 

Future Work 
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Figure 8. One dimensional cut plot of the electron distribution inside an HFA and in the 

solar wind for a. Mature HFA (fast flow solar wind) b. Young HFA (slow flow solar wind) 

8a 8b  

 163 HFAs have been identified from THEMIS C data 

in June 2008 to November 2008. They span a wide 

range of MLTs. 

 In this study, HFAs were identified up to 19.51 RE 

upstream from Earth. 

 In young HFAs, two distinct ion populations are seen, 

whereas mature HFAs have a single ion population. 

 There are marked differences between the one 

dimensional cut plots of mature and young HFAs.  

 Although it has been reported high solar wind speeds 

favor the formation of HFAs [Facsko et al., 2008, 

2009a], we found some HFAs were observed when 

the solar wind is extremely slow (<325 km/s).  

Conclusions 

Electron Distribution Cut Plots 

Figure 1. Representation of a hot flow anomaly (in red) 

extending from the bow shock. Courtesy H. Zhang. 
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