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LONG-TERM GOAL

The Sun’s changing magnetic field irdets with the Earth’s magnetosphere causing geomagnetic
activity. Thefundamental questions we seek to understand are the origin ohctldlly seen at

the Sun’s sudce, how thephotospheric magnetic field is expressed in the corona and
interplanetary medium, and how, ultimately, the variations of the solar field affect the terrestrial
environment. Our goal is to develop tools for reliably et@sting, from photospheric
observations, the solar events and solar wind conditions that result in the geomagnetic
disturbances that inggt human activities on and near Earth.

SCIENTIFIC O BJECTIVES
To achieve these goals we are working on four specific scienticigs:

1. Measurement of the large-scale photospheric magnetic and velocity fields thedttehzs
the emergence, development, and distribution of magnetic fields during the solar cycle;

2. Evaluation of models of the solar corona and the solar wind throughout the heliosphere using
a variety of techniques to identify the photospheric sources of changes in the stable
component of the corona and solar wind;

3. Determination of the causes obronal mass eptions (CME) and other solar wind
disturbances and of how photospheric observations can be used to predict thetgrartmat
determine the geomagnetic activitypesse; and

4. Clarification of the interrelationship between tpleotospheric field gtterns, the emergence
and redistribution of magnetic flux, solactivity, and the solar cycle.

APPROACH

These objectives require that we extend the collection and analysis of the time serigmmf uni
high-quality solar magnetic field measurements made at WSO since 1976 and distribute both
preliminary and archivalata sets rapidly andoaveniently to other researchers. Toilfeate
predictions made by others, we are continuing to develop a system by which a variety of daily
dataproducts are made conveniently and quickly available via WSQO’s world wide web site at
http://quake.stanford.edu/~wso.



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302 Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display acurrently valid OMB control number

1. REPORT DATE 3. DATES COVERED
30 SEP 1997 2. REPORT TYPE 00-00-1997 to 00-00-1997
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Geomagnetic Disturbances 5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

Stanford University, HEPL Annex B 211,Stanford,CA,94305 REPORT NUMBER

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17.LIMITATION OF | 18 NUMBER | 19a NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b ABSTRACT c THISPAGE Same as 7
unclassified unclassified unclassified Report (SAR)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



Office of Naval Research Space and Remote Sensing

1997 Annual Report

These two tasks are the prime respalitgibof J.T. Hoeksema with assistanciom

P.H. Scherrer. They and Drs. Zhao and Bai at Stanford analyze WSO and otheatsolandi

work to develop methods for predicting paeders that determine geomagnetic activity. The
approach is to improve our models of the coronal field and compare results with solar wind
observations to validate the results.

WORK COMPLETED

WWW pages novwprovideimmedate access to daily magnetograms, daily and monthly updates
of synoptic charts of the photospheric and coronal field, harmonic coefficients of the solar field,
and a variety of other materials. Immediate FTP access ipm@smed for automatic retrieval

of preliminary éta. The data are typically reduced and released the day following observations.
We are working to decrease this delay further. During the first 10 months of 1997 there were
over 6000 remotaccesses to the WSO web pages. We continggawde solar mean field
values daily to the SEL forecast cenfarblish magnetograms and synoptic chageh month in

Solar Geophysical &ta, directly distribute data tdaut 10 groupgach monthprovide e-mail
access toyoptic data (400 requests/year), and fllifequestsfor special dtaproducts (~40
per/year).

We analyzed the solar sources of CMEs, Bz events, and other geoeffective features in the solar
wind and made progress toward predicting their att@ristics. We refinedur models of the
coronal field and investiged how changes in the solar field lead t@ndéiguration of the corona

and heliosphere. Model results have been compared with various solar and interplanetary
observations to improve accuracy. We found further evidence for periodicities atehef Isolar

flare occurrence and believe that these may be useful for making mid-rangeacoldy
forecasts.

An upgrade to the WSO computer control system is virtually completed. The new system
operated whout major problems during September and October 1997. The upgraaeeseah

aging PDP 11/24 running a unique operating system with a Pentium r@xMKga commercial
UNIX-like real time operating system.

RESULTS
The following provides a list adiccomplishments:

1. Solar Causes of Bz events:
Observational evidence has shown that CME cause all large geomagnetic storms and their
attendant effects. We araurcently working with J. Luhmann at Berkeley to develop a
predictive scheme for CMEs (Luhmann et al., 1997). When photospheric field lines open up,
the likelihood of a CME is much higher. We arett;ig up an automatedrocedure to
identify likely source regions of CME initiation, and therefore of geomagnetic storms.

Bz events are intervals of several hours with a large out-of-ecliptic intetptgnmagnetic

field (IMF) component. This component is a kector regulating the energy transfer from

the solar wind to the Earth’s magnetosphere. Nearly all such events are associated with CME
proxies, especially magnetic clouds and kidiional eleabn events. However, not all CME
proxies areaccompanied by -Bz events. Those magnetiandd assoated with disappearing
flaments at the Sun display a similar magnetic fkope structure, i.e., a cylindrical
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configuration with a strong axial field in the center and weaker and more azimuthal fields
away from the center. We find high correlations between the axial fieddttidins of
magnetic clouds and DBs and between the axial fielection in the DBs and tha@uration

and intensity of -Bz events. This suggests that the axial field direction in DBs remains
virtually unchanged while propagating through interptany space, and that it is the axial
field direction that determines whether a CMil Wwe geoeféctive (Zhao and Hoeksema,
1997a, b).

Figure 1 shows our mosecent préminary results (see pagés6). Using a new analysis of
several magnetic clouds provided by Marubashi geivcommunicatin), we are able to
determine the arrelation between the duration of the interval of southward IMF adsalci

with each abud and the axial diction of the field in the old. We can make anslar
association between the maximum southward field strength and the direction of the axial field
in the cloud. The correlations are quite good. The results shown at the top ignore the obvious
effects of the impact parametérow far the center of the cloud is from Earth) and the
overall size and orientation of theoad in space. The middle and lower panels show how the
correlation improves when first the it parameter and then thewd geometry are taken

into account. In principle these should eventually bganinablefrom a comptte oronal

and solar wind model.

2. Coronal and Kliospheric Field Modeling:
With significant improvements to the coronal field models, we can now compute both the
field structure and magnitude in the solar wind. To reproduce the time evolution of the
monthly averaged radial IMF component observed near the Earth’s orbit we developed the
current sket-ource surface model (Zhao and Hoeksed@95, 1996). This model also
reproduces the uniform IMF field strength seen at high latitude by Ulysses.

Determining the magnetic field harmonic coefficients in the global solution requires
knowledge of the photospheric field over the whole solarasetf The composite
photospheric field synoptic charts typically used in global field models are certainly not valid
for modeling events evolving on time scales of a day or less. To overconimitaison, we

can replace the central part of the standard chart with thefrdataa single magnetogram
observed just before or after an event (Zhao & Hoeksema, 1997a, b). Weekandyr
ported the computation to a more capable SGtkgation procured with funds from this
grant.

3. Solar Sources of éliospheric Structures at Mid-latitudes:
As Ulysses began moving toward the Sun’s southern pole in 1992-1993, atecisit
observed 26-day quasi-periodic modulations of solar wind speed, energetic particle fluxes,
and interplanetary magnetic fields.

Bai, Hoeksema, Webber, and Acton (1997) analyzed observed photospheric field strengths,
computed coronal fields, and the soft X-ray emissions observed by the YoldadTist.

We found that the mid-latitude photospheric magnetic fieddtepn in the southern
hemisphere was dominated by tim@ad unipolar regiongach of which extendedaut 180
degrees in longitude. The pattern remained stabi@ late 1991 until 1995. Its synodic
rotation period washkmut 28.4 days, corresponding to a sidereal period of 26.3 days. The
Yohkoh observations show that the southern polar coronal hole protruded to about 40 S when
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Ulysses observed the 26-day periodicity. The protrusion was stable anthitsnrgeriod
during 1992 was also about 28.4 days.

IMPACT/APPLICATION

The importance of space weather is becoming increasingly apparent. Reliable techniques for
predicting inputs to the terrestrial environment from solar observations are essential. It seems that
predicting certain background solar wind conditions from solar observations with some level of
confidence is nearly within our reach, though steps need to be taken txtehae the
uncertainties and make the routine aggtion of the techniques practical. There are intriguing
developments in predicting CME and in knowing ahead of time whitlhevmore geoetctive.

Much work needs to be done to verify and advance this fraiatiatieal and prieninary result

to something reliable and practical. On longer time scales, the solar cycle itself remains an
enigma. While intermediate predictions of flare wtence can be made, mechanisms for
physical understanding of these periodicities are a long way off. More e@kpbwledge of the
internal motions in the solar convection zone provided by helioseismology shoulddely gr

the next few years.

TRANSITIONS

WSO data are used regularly to make predictions of the solar wind velocity, magnetic field
direction, and magnitude several days in advance. N. Sheeley at NRL usesathesaath month

to make predictions of the solar field a month in advance and from thaatgEsspace weather
predictions. V. Pizzo and N. Arge (ONR funded at SEL, see http://solar.sec.noaa.gov/~narge/)
are currently developing a system to make predictions available doafiers in a much more
timely fashion. We are working with J. Luhmann at UC Berkeley to develop an aetm
prediction scheme for CME.

RELATED PROJECTS

Collaborations with other observers and modelers increase our understanding of the whole solar-
terrestrial system. Our group is also responsible for the MDI instrumer®@d@ &nd we benefit
greatlyfrom interactions with thaproject. One element of th@rogram is the Stanford SOLAR
Center, http://solar-center.stanford.edu, a web-based program tatiedal outreach.
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Figure 1. A Southward IMF Event.

Bs, is characterized by its duration (D_Bs) and intensity (I_Bs). The panels on the left
show how the duration of the Bs event (normalized to the maximum duration

determinedrom the model of the magnetic cloud) depends on the ecliptic latitude of

the axial field of the magnetic cloud. The panels on the right show the relationship
between the intensity of the Bs event (normalized to the maximum intensity in the
model of the cloud) and the ecliptic latitude of the cloud’s axial field.
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In each panel theocrelation coefficient is given by (c) and the multiple regression
expression is given at the top ehch panel. The solid dots are the results of the
expression and the open circles are the observed values.The top panels show the single
parameter linear least squares fit based on the latitude ofdhe’'<laxial field. The

middle panels show a fit based on both axial field latitude and impact parameter. The
impact parameter is the the closgspmach of a sce craft to the oud central axis.

The bottom panels show the multiple regression fit account for magnetic axial field
latitude and longitude as well as the impact parametppraximately 90% of the
variance is explained using these parameters, whichild be, at least in theory,
predictablefrom solar paraters.



