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Introduction:  The Genesis sample return mission 

collected samples of solar wind (SW) from November, 

2001 to April, 2004 and returned them to Earth for 

isotopic and elemental analyses, with the purpose of 

precisely determining the solar photospheric composi-

tion and thereby obtaining the average composition of 

the solar nebula [1].   The composition of the SW is by 

no means identical to that of the solar photosphere, 

with many species undergoing significant elemental 

and even isotopic fractionation. In addition, although 

the composition of the solar photosphere is presumed 

to be essentially static on astrophysical timescales, the 

composition of the corona, and hence the SW, is not.   

Thus it is important to understand the processes which 

fractionate the SW.  

Part of this puzzle is addressed by investigating 

how typical is the physical state of the SW for the Ge-

nesis collection period, as compared to the state of the 

SW averaged over a solar cycle or over many solar 

cycles.   By “physical state” we mean the values of 

bulk plasma parameters, such as density, temperature, 

flow speed, and magnetic field strength, to name a few.  

Although we are ultimately interested in the composi-

tion, the energy of the SW is carried by the protons, 

alpha particles and magnetic field; thus the mechanisms 

which fractionate the SW are controlled by the state of 

these three entities.  Here we present an analysis of the 

average plasma state of the SW during the Genesis 

mission and compare it to SW observations collected 

over the past forty years.  Significant differences in 

these parameters, if present, may point to differences in 

composition and the mechanisms which drive these 

differences. 

Genesis Collection in the Context of the Solar 

Cycle:  The Sun is a dynamic body.  The best known 

changes are associated with the 11-year solar magnetic 

field reversal cycle, however, even that cycle is known 

to be variable over longer time scales.  Some of the 

questions at issue here are: 

 Genesis collected SW over 2.33 years starting short-

ly after solar maximum.  Is this sample representa-

tive of the SW averaged over a whole cycle?   

 More specifically, are each of the regime-specific 

samples representative of that regime averaged over 

a whole solar cycle? 

 Is the Genesis sample representative of SW over 

longer periods of time? 

 If the answer to any of the above is “no”, what cor-

rections should be considered when applying the 

Genesis results to long-term solar-wind implantation 

in planetary bodies, or when applying the results to 

the actual solar composition? 

 

Table 1.  Statistical properties of the bulk SW, 

comparing Genesis to OMNI data. 

* Magnetic field data taken from OMNI, as the Genesis space 

craft did not carry a magnetometer. 

 

In Table 1 we compare statistical properties of the 

bulk SW collected by Genesis to the period 1966-2006.  

We do not use data past 2006 because after this time, 

the SW definitely did exhibit atypical properties, as we 

are now just recovering from the deepest and longest 

period of solar inactivity observed over the last couple 

centuries.  We have two sources for data from the Ge-

nesis collection period: the Genesis ion and electron 

monitors [2], which were aboard the Genesis space-

craft, and the OMNI SW dataset [3], which is collected 

from various SW monitors and maintained by 

NASA/Goddard Space Flight Center.  The OMNI data-

set is also our source for data extending back to 1966.   

The value in parenthesis next to each number 

represents the 1-σ spread about the mean value.  This 

represents the variability in the given parameter, not 

measurement error.  Generally, measurement error is 

dominated by systematic uncertainties, as the counting 

statistics are quite large.  The only parameters which 

carry significant uncertainty are the density (n) and 

parameters which depend on density, such as flux (nV), 

Alfven speed ( 4/BVAlfven
), and the ion beta 

( 8// 2BnkT ), as density depends on the absolute 

counting efficiency.  For space plasma analyzers, this 

uncertainty is typically 10% or less. 

Parameter Genesis 

OMNI data 

(Genesis 

period) 

OMNI data 

(1966-

2006) 

V (km s-1) 470 (119) 491 (116) 446 (105) 

n (cm-3) 5.9 (5.3) 5.9 (5.5) 7.0 (5.7) 

Tp (  105 K) 1.3 (0.9) 1.4 (1.2) 1.1 (1.0) 

nV (108/cm2s1) 2.6 (2.1) 2.7 (2.3) 2.9 (2.2) 

B (nT) 7.6 (3.3)* 7.6 (3.3) 6.6 (3.2) 

VAlfven (km s-1) 71 (37) 72 (42) 64 (36) 

Ion  0.53 (0.60) 0.59 (0.83) 0.75 (0.99) 
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As can be seen from Table I, the bulk SW was 

slightly faster, slightly less dense, and slightly warmer 

than the 40-year average.  The magnetic field was 

about 15% stronger, and hence the ion beta was about 

25% lower, meaning that the magnetic energy density 

was higher during the Genesis period than average.  

From this we can conclude that the composition of the 

SW during the Genesis period is possibly different than 

the 40-year average.   

Comparison of Solar Wind Regimes:  SW condi-

tions broadly fall into three categories:  fast SW ( > 

500 km/s) originating in coronal holes (CH), slow SW 

(< 500 km/s) originating near the boundaries of mag-

netically closed regions on the sun, also know as Inter-

stream (IS) flow, and transient flow associated with 

coronal mass ejections (CMEs).  The Genesis SW col-

lectors included samples which were only exposed dur-

ing one of these flow types, as they are known to be 

compositionally distinct.  Table 2 compares the statis-

tical properties of the SW for each of these regime 

types to each other and to the averages for the 11-year 

period including the Genesis mission. Again, we com-

pare Genesis monitor data to the OMNI data set.  In 

addition to the parameters in Table 1, Table 2 includes 

the alpha particle/proton ratio.  Only one solar cycle is 

considered here because only for this period do we 

have a comprehensive list of CME events [4] to use for 

sorting the different SW types.   We note that bulk SW 

parameters for this period are nearly identical to the 

OMNI parameters listed in Table 1. 

 

Table 2.  Statistical properties of solar wind re-

gimes, comparing Genesis collection period to OMNI 

data from a complete solar cycle (1996-2006).  (Units 

are the same as in Table 1.) 

 Coronal Hole Interstream CME 

Parame-

ter 
GNS Omni GNS Omni GNS Omni 

V  577 569 391 386 447 471 

n  3.9 3.9 7.6 7.8 6.0 6.6 

Tp  1.9 2.0 0.92 0.75 0.96 0.63 

nV  2.2 2.2 2.9 2.9 2.6 3.0 

N /Np 3.2% 3.0% 3.1% 3.7% 4.2% 5.4% 

B 6.9 6.6 7.5 6.1 8.7 9.6 

VAlfven 73 71 63 49 80 95 

Ion  0.65 0.80 0.53 0.77 0.35 0.24 

 

Comparing across regimes, Genesis parameters 

bear greater similarity to regime-specific average solar 

cycle values than do the Table 1 Genesis bulk SW pa-

rameters have with the 40-year average. This is be-

cause the amount time Genesis spent in each regime, 

was not representative of the average SW, which is 

because Genesis collected SW during and just follow-

ing solar maximum [5].  

Nevertheless, significant statistical differences are 

present in Table 2, particularly in the temperature, al-

pha/proton ratio, and magnetic field strength of the IS 

and CME regimes.   The Genesis CH regime bears the 

strongest resemblance to the average CH properties for 

the full solar cycle.  This is encouraging because it is 

also expected that the CH sample has a composition 

most similar to the solar photosphere, and thus the 

greatest significance is placed on CH sample analysis 

results.  Thus the stability of the CH plasma state pro-

vides further confidence that CH flow contains the 

most pristine representation of solar composition.  

Discussion:  Analysis of variations in the physical 

state of the SW plasma does not necessarily serve as a 

proxy for analysis of variations in SW composition.  

The variability of composition may be greater or less 

than any variability seen in the SW state.  Analysis of 

the composition of the SW as observed by the SWICS 

instrument aboard the ACE spacecraft [6] is ongoing, 

and we will present these results at the meeting.  Pre-

liminary findings indicate that the composition is quite 

steady within a regime type, particularly the CH re-

gime, throughout the solar cycle.  However, variability 

does exist. Thus analysis of changes in the physical 

state of the SW may help us understand how the com-

position varies.  For example, a recent study by Kasper 

et al. [7] shows a strong correlation between the alpha 

abundance ratio and the SW speed, with the intriguing 

finding that as the SW speed drops to 250 km/s, alphas 

all but disappear from the SW.  Thus it appears that a 

minimum SW speed is necessary to entrain alpha par-

ticles into the SW.  This or similar mechanism may 

govern the abundances of heavier species in the SW. 
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