Chapter 4
Preparing Spacecraft or
Ground-Based Data for Fitting

This chapter describes the s ground-based data and the method-

ology for preparing and selecti g e fitting program.

There are spa

on the ground that were

give details about the ﬁst A ?ﬁgetic particles in time.
Sometimes, there are gapipl the data, or t e data can not immediately be used
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uncertainty, but spacecraft data typically give th&data of time, @x and counts,
e o A ST T AN QIR R e o
selected da?ta are: |

1. What is the particle? If we know the t};pe of the particle, we will know

its mass. The mass of the particle is an input value for the simulation program.
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2. What is the kinetic energy of the selected particles? We fit the space-
craft or ground-based data with the results from simulations for the same energy.
The fitting results report the best mean free path for each energy range.

3. The data are not suitable for analysis if there is a strong, time-
dependent influence from the interplanetary medium such as the effect from a
shock wave. A shock wave can affepl e ldata by freshly accelerating particles
(which is not currently considere i @ns) or causing a sudden varia-
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tions in the data.

4. The profile of increases and decays in time

7. We cut somé data in whicl _‘isotropyxintensity is

equal to zero, where themntenity is the average flux of 'mrticle detected from all
directions. “IsotFT y l‘ﬁl? ?T%{ is in every direction;
an “anisotropic” @M on is mﬂt opic. ﬁeﬁ;}jﬁﬁﬁfor solar enérgetic
particlesqlwwilaa i ?gﬁWﬁ i g] ﬁsﬁ{ term in a
Legendre expansion in ﬂle irectloln outward fromm Stun along the magnetic
field, and the anisotropy is this quantity divided by the intensity.

The data are compared with the results of the simulation program. The

selected spacecraft or ground-based data and the results from the simulation
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program must be for the same element, energy interval, and time period. The
spacecraft or ground-based data we use are in the form of three columns: time,
intensity or intensity xanisotropy of particles, and the uncertainty. We use the
spacecraft or ground-based data that correspond to our conditions to be the data

for fitting in comparison with our simulation results.

4.2 Additional Inf

w bout Events of In-
terest

7
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craft or ground-based dét al information such as:

1. The solar wind craft is used in the sim-
ulation program. We can om the Solar Wind Ion
Composition Spectrometer d Ion Mass Spectrometer
(SWIMS) on the Advanced Cgmpo: spacecraft. If the solar
wind speed was not measured atj ‘ | of interest, we have to input a

ﬂerest by examining the

i

@ ;
2. We can check for shock effects on the event of
¢

magnetic field dﬂﬂ El :‘ﬁeﬂaﬁm fﬂtWﬁsuddenly change,
we have to watch @ut for the influence of a shock. This is an important condition
¢ o

for decidi PRI TEL IV &) r]séjgsl the X-ray

3. If we find more information about the solar event,

time periods.

intensity, the duration of the event, the start time, the CME data at, before,
and after the solar event of interest occurred, this will be useful in preparing the

simulations and understanding more details of the fitting results.
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All of these points are very helpful for the initial value preparation for
simulations which correspond to the selected solar event. Every time we select a
solar event for fitting, we should consider this information, most of which can be

found by means of the World Wide Web.

4.3 Uncertainty of Spacecraft Data: Taking In-
terplanetary Fluei W/)s into Account

w1th uncertainties, which

are statistical errors. The isti€aluncerta wa tived from the flux data,

certainty does not correspg e actaléfluctuations. As an example, we
show the spacecraft data for0xygen 15.6-21. cleon on Nov. 6, 1997,

with statistical uncertainties s shown in Figure 41. These data come from

the peak, the data ha,ﬁ sta.tlstlca.l ung tair il smuch lower than that

the level of fluctuations. We believe th cause' the fluctuating con-

nection of the turbulene:gnterplanetary magnetic field Qtween the Sun and the
Earth affects th ﬁ tic field proﬁle of
the selected da ﬁom the :;:jn}I EJ\W iﬁm on the Advanced
Composibanﬁ ﬁ(ﬁ) .] Taking
account of the uncertajﬁjﬂ the data due to mterplanegb!y“luctua ions should

give more accurate fitting results. This idea was developed in discussions with

Professor Dr. Glenn Mason, Dr. Joseph Dwyer, Dr. Mihir Desai, and my advisor.
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Figure 4.1: An exampl

tainties. — \\\
We have develop tec i

spacecraft data, taking nonfs '_“, A (ati * r account. The idea of in-

the statistical uncer-
the uncertainty of the

terplanetary fluctuations is that sé drivein: 1agne 1x tubes contain many particles,

:..W .'.'4

but some may have only a few. We canuot €o: he uncertainty in the inter-
planetary fluctuations) y ) we calculated the ': certainties from the
standard deviation of selected data from a trendline (axﬂxample for calculating

the total uncertainties is i Appendix A). The new total uncertainty of the data

combines statlst\ﬂ uﬂ glmtﬂm ﬁ mﬂk’lnfgwe the notation:
Q the }i:é qﬁaﬁy mqlﬁ nsit ’(_i]ufjoﬁtlgitla_iilsfaﬂéljncertmnty
Osat  the statistical error of each intensity (flux) or counting statistics,

oips  the standard derivation of intensity due to the interplanetary

fluctuations,
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The procedure of finding the total uncertainty is:

1. We identify the maximum point of the data and a reference time
period. The number of the reference points depends on the user and the event
or data set. In this work we choose six points including and after the maximum

point of the data as the reference points, because the trend line of these 6 points

can be taken to be a straight line.
y time for the reference time

period to find the formula fo i rence data points.
' E——

3. We find the st : i o referencesinterval (0gt0t0) from

(4.1)
where N is the number o
4. We find the stafid 4 I; ) frendline in the reference
interval (otot,0) from
(4.2)
where N is the number of data points “ ;{ i sity of particles at each time,

I(t;) is the intensity offparticles corresponding to the-tre "'3 ne equation.
- A
5. If oot < amm, . Ji0t, €qual to the statis-

tical uncertainty, osa:-

s oS IRHRINEAN S

Utot wstat g o-zpfan (4 3)

e AR I THAINENE e, v

the reference data points, this gives

’.

2 2 2
Tipf0 = Ototo ~ Istat0 (4.4)

|
Uz'zpf,O = —_Z[I I(t N UZtat,i' (45)
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310 ! ' , 3135 314

(4.6)

where [ is the particle 1nten81ty 1, is the mean particle intensity

in the reference interv

From Figure 4.2,41 s%ffect of interplanetary

fluctuations, not only smistical uncerta as in Fi@re 4.1, giving what is

) ?:Iﬁ%‘ LT A
e QEARBINNINY 1Y

In this work, the spacecraft or ground-based data of interest come from

3 instruments.

1. A worldwide neutron monitor network is operated by institutions in
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various nations. These neutrons are secondary particles generated by the colli-
sions of ions (mainly protons) at the top of the atmosphere. Thus each neutron
monitor measures the number of energetic particles coming from an asymptotic
direction, which is determined by the geomagnetic field. We use data from var-
ious neutron monitor stations, including McMurdo DM, South Pole, Mawson,

Sanae, and Terre Adelie in Antarctica; le in Greenland; Inuvik in Canada;

u
# interest were sent to us by
&areh Institute, University

tropy as a function of

and Tixie Bay and Apatity in
John W. Bieber and his col
of Delaware. These data
time.

2. The Wind space e Jaunc n November 1, 1994 by a
Delta rocket from Cape“Ca .Florid: . as built for studying the space
environment around the l
Field Instrument (MFI), t: (e ‘ Aceeleration, Composition and
Transport (EPACT) experiment 2 o e Salat ind Experiment (SWE). The

._.J.-"‘::.J_ .f!"

data of interest were ‘ﬂt to us ‘Ey"'W Bartol Research Institute,

as a function of time.

3. The @ r Isotﬁ;ﬂu ectrometeﬂ.-('SIS which is one instrument in

the Advanced C ;utﬂ'lgx n ﬂcﬁa’a nlgwas built by the
Californi ﬁ/gaj ace Flight' Center, and
NASA J :tir ?joaﬁofjl ﬂﬁiﬁiﬁdﬁp ﬁ ents of the
isotropic composition of nuclei from He to Ni over the energy range from ~10 to

~100 MeV /nucleon (http://www.srl.caltech.edu/ACE/CRIS_SIS/sis.html). We

can download the data of interest by choosing an element, energy band, and
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time period. These data combine the intensity (flux) as a function of time and
their counts (IN), from which we can calculate the statistical uncertainties using
(lux)/v/N.

In this work, we also consider other instruments on ACE for studying
other effects on the event of interest, such as the details of the solar wind from

the Solar Wind Electron, Proton and Alpha Monitor, SWEPAM, or the magnetic

profile during a solar event from. tk ‘
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