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D. SCIENCE INVESTIGATION
THEMIS [ÒTime History of Events and their

Macroscopic Interactions during SubstormsÓ] will
determine the onset of the macroscale substorm in-
stability. The primary quest of THEMIS, Òwhere
and how are substorms triggeredÓ, has been identi-
fied by the National Research Council (NRC) as
one of the main strategic questions in space
physics1. Five identical microspacecraft (probes)
with carefully designed orbits near the equatorial
magnetotail provide prolonged tail-aligned, cross-
tail and cross-sheet conjunctions. In each of those
ideal conjunctions THEMIS has the opportunity to
study 50-100 substorms. Comprehensive in-situ
particles and fields measurements in space together
with simultaneous, ground-based, global measure-
ments of auroral onset will establish macroscale
plasma interactions over scales ranging from 0.3 to
20 RE. The primary focus of THEMIS is the region
of 8-10RE (where onset auroras likely map). Al-
though THEMIS does not visit the tail reconnection
region (which will be studied in situ by MMS) be-
cause it is not concerned with the reconnection pro-
cess itself, it remotely senses reconnection onset to
place substorm onset in the context of global circu-
lation. Thus, in terms of the processes studied, the
scale-size of those processes and the region visited
THEMIS is complementary to MMS. UC Berkeley
has managed two recent Explorer missions and has
a 30 year long history of on-time, on-budget devel-
opment and successful flight of instruments on SEC
missions. THEMIS addresses unique science ob-
jectives and is a technological pathfinder to future
NASA STP missions.
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a. Goals and objectives of investigation
A substorm is an avalanche of small-scale mag-

netotail energy surges2 feeding from solar wind en-
ergy previously stored in the magnetotail lobes.
During its course auroral arcs intensify, move pole-
ward and break up in smaller formations3. A sub-
storm has well demarcated global evolutionary
phases corresponding to unique stages of an insta-
bility of the coupled solar wind-magnetospheric
circulation of energy and magnetic flux. These
unique stages are: energy storage (growth phase),
explosive release (onset) and eventual ionospheric
dissipation (late expansion and recovery phases).
Thus a substorm represents a fundamental mode of
global circulation of energy and magnetic ßux
transport throughout Geospace. This global, macro-
scopic instability is as central to space physics and
space weather as the extratropical cyclone is to me-
teorology and weather. Despite the elemental na-

ture of the substorm process lack of appropriate
spacecraft conjunctions from previous missions re-
sulted in a contentious set of theories for its descrip-
tion. At question is not simply which is the operant
plasma micro-instability at onset. Rather, even the
location, onset time, extent and motion of the mag-
netotail energization process leading to the macro-
scopic substorm phenomenon are still unknown4.

Table D-1. THEMISÕs goals and objectives

Resolving the substorm problem requires accu-
rate timing of three disparate but well defined pro-
cesses: ground auroral onset, current disruption
onset at 8-10RE and reconnection onset at 20-30RE.
Since these processes expand rapidly with time,
knowledge of the onset location is as important as
timing. THEMIS is the first mission specifically de-
signed to determine the onset and evolution of the
substorm instability. Towards this primary objec-
tive, THEMIS utilizes conjunctions between 5
identical probes on multiple period, near-equatorial
orbits. Three inner probes (~1day periods) monitor
current disruption and two outer probes (~2day and
~4 day periods) monitor lobe flux dissipation. The
conjunctions occur near-midnight (i.e., near the
substorm meridian) when a dense network of
ground observatories monitors ground onset. The
objectives and goals are summarized in Table D-1.
The primary mission requirements and mission ca-
pabilities are tabulated in Figure D-1/AI, while
THEMISÕs orbits are depicted in Figure D-1/B.

b. Significance of science objectives.
Substorms are ubiquitous at all solar phases and

appear within all types of magnetospheric respons-
es to solar wind input: Embedded within large
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Time history of auroral breakup, current dis-
ruption, and lobe ßux dissipation at the sub-
storm meridian by timing:
• Onset time of auroral breakup, current

disruption and reconnection within <10s.
• Ground onset location within 0.5o in lon-

gitude and in space within 1RE.
Macroscale interaction between current dis-
ruption and near-Earth reconnection.
Coupling between the substorm current and
the auroral ionosphere.
Cross-scale energy coupling between the
macroscale substorm instability and local
processes at the current disruption site.
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