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Final Report: NAGW-1298

This investigation involved the analysis of electron plasma and heavy ion composition measurements made

by the COPERNIC (COmplete Positive ion, Electron, and Ram Negative Ion measurements near Comet Halley)

plasma experiment during the close fly-by of Halley by the European Space Agency’s Giotto spacecraft. The experi-

ment provided measurements of the full 3-dimensional distribution of 10 eV-30 keV electrons, and mass analysis of

cold cometary ions from 10-210 amu.

The COPERNIC experiment was a collaborative effort of the Centre d’Etude Spatiale des Rayonnements,

Toulouse, France; the Max Planck Institut fiir Aeronomie, Lindau, W. Germany; the University of California, Berke-

ley; and the University of California, San Diego. Professor Henri Reéme of CESR, Toulouse, France, was the Princi-

pal Investigator for the overall experiment. Dr. R. P. Lin was the P.I. for the U.S. participation.
The analysis of the COPERNIC data has yielded some remarkable results, including:

L]

The discovery of negatively charged ions in the inner coma.

The discovery of far heavier (mass >50 amu) ions than predicted, dominated by complex molecular
ions made up of C,H, O, and N.

The discovery of an adiabatic heating effect on electrons from the compression of the solar wind
plasma. '

The identification of several organic and sulfur bearing ions.

The discovery of a new “mystery region” where electrons are accelerated to high energies.

These discoveries were in addition to the detailed analysis of “expected” features at Comet Halley.

Although this grant has expired, analysis continues on the data at a low (unfunded) level, and it is expected that more

significant results will be obtained.

A bibliography of the papers resulting from this research is attached, and a copy of each paper is included.



»

Bibliography of Papers Resulting from Giotto Research Supported
by NASA Contract NASW-3575 and Grant NAGW-1298

R. P. Lin, Principal Investigator

1981

Réme, H., F. Cotin, C. d’Uston, J. A. Sauvaud, A. Korth, A. K. Richter, K. A. Anderson, C. W. Carlson, R. P. Lin, A. Wekhof, D. A.
Mendis and A. Johnstone, The COPERNIC experiment to measure three-dimensional electron distribution and the composition of ther-
mal positive jons including water clusters near Comet Halley, in Proc. Int'l. Meeting on the Giotto Mission, Noordwijkerhout, The
Netherlands, 27-28 April 1981, ESA SP-169, p. 29, European Space Agency, 1981,

1983

Réme, H., F. Cotin, A. Cros, C. d'Uston, J. Sauvaud, R. Bush, A. Korth, A. Loidl, A. Richter, K. Anderson, C. Carlson, D. Curtis, R. Lin, D.
Mendis, A. Wekhof and A. Johnstone, An experiment to study the solar wind—Comet Halley interaction and the cometary environment
with 3D electron distribution and thermal positive ion measurements on board the Giotto spacecraft, in Proc. Int’l. Conf. Cometary
Exploration, Nov. 15-19, 1982, Budapest, Hungary, ed. by T. Gombosi, p. 321, Central Research Institute for Physics, Hungarian
Academy of Sciences, 1983.

1986

Anderson, K., C. Carlson, D. Curtis, R. Lin, H. Réme, J. Ssuvaud, C. d'Uston, A. Korth, A. Richter and D. Mendis, The upstream region,
foreshock and bow shock wave at Halley’s Comet from plasma electron measurements, in 20th ESLAB Symp. on the Exploration of
Halley’s Comet: Proc., ESA SP-250, ed. by B. Battrick et al., vol. I, p. 259, European Space Agency, Paris, 1986.

d'Uston, C., H. Réme, J. Sauvaud, A. Cros, K. Anderson, C. Carlson, D. Curtis, R. Lin, A. Korth, A. Richter and D. Mendis, Description of
the main boundaries seen by the Giotto electron experiment inside the Comet Halley—solar wind interaction regions, in 20th ESLAB
Symp. on the Exploration of Halley's Comet: Proc., ESA SP-250, ed. by B. Batirick ef al,, vol. 1, p. 77, European Space Agency,
Paris, 1986.

Korth, A., A. Richter, D. Mendis, K. Anderson, C. Carlson, D. Curtis, R. Lin, D. Mitchell, H. R&me, J. Sauvaud and C. d'Uston, Radial vari-
stions of flow parameters and composition of cold heavy ions within 50,000 km of Halley’s nucleus, in 20th ESLAB Symp. on the
Exploration of Halley’s Comet: Proc., ESA SP-250, ed. by B. Battrick et al., vol. I, p. 199, European Space Agency, Paris, 1986.

Korth, A., A. Richter, A. Loidl, K. Anderson, C. Carlson, D. Curtis, R. Lin, H. Réme, J. Sauvaud, C. d’Uston, F. Cotin, A. Cros and D.
Mendis, Mass spectra of heavy ions near Comet Halley, Nature 321, 335, 1986.

Korth, A., A. K. Richter, K. A. Anderson, C. W. Curlson, D. W. Curtis, R. P. Lin, H. Réme, J. A. Sauvaud, C. d'Uston, F. Cotin, A. Cros
and D. A. Mendis, Cometary ion observations at and within the cometopause-region of Comet Halley, Adv. Space Res. 5, 221, 1986.

Mitchell, D., K. Anderson, C. Carlson, D. Curtis, R. Lin, A. Korth, A. Richter, H. Réme, J. Sauvaud, C. d'Uston and D. Mendis, Derivation
of heavy (10-210 amu) ion composition and flow parameters for the Giotto PICCA instrument, in 20th ESLAB Symp. on the Explora-
tion of Halley’s Comet: Proc., ESA SP-250, ed. by B. Battrick et al., vol. I, p. 203, European Space Agency, Paris, 1986.

Réme, H., F. Cotin, A. Cros, J. Médale, J. Sauvaud, C. d’Uston, A. Korth, A. Richter, A. Loidl, K. Anderson, C. Carlson, D. Curtis, R. Lin
and D. Mendis, The Giotto RPA-Copemic plasma experiment, in The Giotto Mission=Its Scientific Investigations, ESA SP-1077, ed.
by R. Reinhard and B. Battrick, p. 33, ESA Publications Div., Noordwijk, The Netherlands, 1986.

Réme, H., J. Sauvaud, C. d'Uston, F. Cotin, A. Cros, K. Anderson, C. Carlson, D. Curtis, R. Lin, D. Mendis, A. Korth and A. Richter,
Comet Halley—solar wind interaction from electron measurements onboard Giotto, Nature 321, 349, 1986.



Réme, H., J. Sauvaud, C. d'Uston, A. Cros, K. Anderson, C. Carlson, D. Curtis, R. Lin, A. Korth, A. Richter and D. Mendis, General
features of the Comet Halley—solar wind interaction from plasms measurements, in 20th ESLAB Symp. on the Exploration of Halley's
Comet: Proc., ESA SP-250, ed. by B. Battrick et al., vol. I, p. 29, European Space Agency, Paris, 1986.

1987

Anderson, K., C. Carlson, D. Curtis, R. Lin, H. Réme, J. Ssuvaud, C. d'Uston, A. Korth, A. Richter and D. Mendis, The upstreamn region,
foreshock and bow shock wave at comet P/Halley from plasma electron measurements, Astron. Astrophys. 187, 290, 1987.

Coates, A., R Lin, B. Wilken, E. Amats, K. Anderson, H. Borg, D. Bryant, C. Carlson, D. Curtis, V. Formisano, K. Jockers, A. Johnstone,
A. Korth, D. Mendis, H. Réme, A. Richter, H. Rosenbauer, J. Sauvaud, W. Studemann, M. Thomsen, C. d’Uston and J. Winningham,
Giotto measurements of cometary and solar wind plasma at the Comet Halley bow shock, Nature 327, 489, 1987.

d'Uston, C., H. Réme, J. Sauvand, A. Cros, K. Anderson, C. Carlson, D. Curtis, R. Lin, A. Korth, A. Richter and D. Mendis, Description of
the main boundaries seen by the Giotto electron experiment inside the comet P/Halley-solar wind interaction region, Astron. Astrophys.
187, 137, 1987.

Fuselier, S., K. Anderson, H. Balsiger, K. Glassmeier, B. Goldstein, M. Neugebauer, H. Rosenbauer and E. Shelley, The foreshock region
upstream from the Comet Halley bow shock, in Symp. on the Diversity and Similarity of Comets, 6-9 April 1987, Brussels, Belgium,
ESA SP-278, p. 77, European Space Agency, Paris, 1987.

Huebner, W. F., D. C. Boice, C. M. Sharp, A. Korth, R. P. Lin, D. L. Mitchell and H. Réme, Evidence for first polymer in Comet Halley:
Polyoxymethylene, in Symp. on the Diversity and Similarity of Comets, Brussels, Belgium, ESA SP-278, p. 163, European Space
Agency, Paris, 1987.

Korth, A., A. Richter, A. Loidl, K. Anderson, C. Carlson, D. Curtis, R. Lin, H. Réme, F. Cotin, A. Cros, J. Médale, J. Sauvaud and C.
d"Uston, The heavy ion analyser PICCA for the Comet Halley flyby with Giotto, J. Phys. E: Scientific Instruments 20, 787, 1987.

Korth, A., A. Richter, D. Mendis, K. Anderson, C. Carlson, D. Curtis, R. Lin, D. Mitchell, H. Réme, J. Sauvaud and C. d'Uston, The compo-
sition and radial dependence of cometary ions in the comsa of comet P/Halley, Astron. Astrophys. 187, 149, 1987.

Mitchell, D. L, R. P. Lin, K. A. Anderson, C. W. Carlson, D. W. Curtis, A. Korth, H. Réme, J. A. Sauvaud, C. d’Uston and D. A. Mendis,
Evidence for chain molecules enriched in carbon, hydrogen and oxygen in Comet Halley, Science 237, 626, 1987.

Réme, H., F. Cotin, A. Cros, J. Médale, J. Sauvaud, C. d’Uston, K. Anderson, C. Carlson, D. Curtis, R. Lin, A. Korth, A. Richter, A. Loidl
and D. Mendis, The Giotto electron plasma experiment, J. Phys. E: Scientific Instruments 20, 721, 1987.

Réme, H., J. Sauveud, C. d'Uston, A. Cros, K. Anderson, C. Carlson, D. Curtis, R. Lin, A, Korth, A. Richter and D. Mendis, General
features of comet P/Halley: Solar wind interaction from plasma measurements, Asiron. Astrophys. 187, 33, 1987,

1989

Curtis, D. W., C. W. Carlson, R. P. Lin, G. Paschmann, H. Réme and A. Cros, On-board data analysis techniques for space plasma particle
instruments, Rev. Sci. Instr. 60, 372, 1989.

d'Uston, C., H. Réme, J. Sauvaud, C. Carlson, K. Anderson, D. Curtis, R. Lin, A. Korth and D. Mendis, Properties of plasma electrons in the
magnetic pile-up region of Comet Halley, Annales Geophysicae 7, 91, 1989.

Korth, A., M. Marconi, D. Mendis, F. Krueger, A. Richter, R. Lin, D. Mitchell, K. Anderson, C. Carlson, H. Réme, J. Sauvaud and C.
d'Uston, Probable detection of organic dust-borne aromatic C,H 7 ions in the coma of comet Halley, Nature 337, 53, 1989.

Marconi, M. L., A. Korth, D. A. Mendis, R. P. Lin, D. L. Mitchell, H. Réme and C. d"Uston, On the possible detection of organic dust-borne
C3H* ions in the coma of Comet Halley, Ap. J. Lett. 343, L77, 1989.

Mazelle, C., H. Réme, J. Sauvaud, C. d’Uston, C. Carlson, K. Anderson, D. Curtis, R. Lin, A. Korth, D. Mendis, F. Neubauer, K. Glassmeier
and J. Raeder, Analysis of suprathermal electron properties at the magnetic pile-up boundary of comet P/Halley, Geophys. Res. Lett.
16, 1035, 1989.

Mendis, D., K. Flammer, H. Réme, J. Sauvaud, C. d'Uston, F. Cotin, A. Cros, K. Anderson, C. Carlson, D. Curtis, D. Larson, R. Lin, D.
Mitchell, A. Korth and A. Richter, On the global nature of the solar wind interaction with Comet Halley, Ann. Geophysicae 7, 99,
1989.

Mitchel], D., R. Lin, K. Anderson, C. Carlson, D. Curtis, A. Korth, H. Réme, J. Sauvaud, C. d’Uston and D. Mendis, Complex organic ions
in the atmosphere of Comet Halley, Adv. Space Res. 9, (2)35, 1985.



1990

Marconi, M. L., D. A. Mendis, A. Korth, R. P. Lin, D. L. Mitchell and H. Réme, The identification of H S * with the ion of mass per charge
(miq) 35 observed in the coms of Halley’s Comet, Ap. J. Lett. 352, L17, 1990.

1991

Chaizy, P., H. Réme, J. Sauvaud, C. d’Uston, R. Lin, D. Larson, D. Mitchell, K. Anderson, C. Carlson, A. Korth and D. Mendis, Negative
ions in the coma of comet Halley, Nature 349, 393, 1991.

Marconi, M. L., D. A. Mendis, D. L. Mitchell, R. P. Lin, A. Korth and H. Réme, Sulfur bearing ions in the ionosphere of Comet Halley,
Astrophys. J. 378, 756, 1991.

1992

Larson, D. E., K. A. Anderson, R. P. Lin, C. W. Carlson, H. Réme, K. H. Glassmeier and F. M. Neubauer, Electron distributions upstream of
the Comet Halley bow shock: Evidence for adiabatic heating, J. Geophys. Res. 97, 2907, 1992.

Submitted or In Press

Mitchell, D., R. Lin, C. Carlson, A. Korth, H. Reme and D. Mendis, The origin of complex organic ions in the coma of Comet Halley, sub-
mitted to Icarus, 1992.

18 March 1992



