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ABSTRACT

A preliminary measurement of the total yields of ejected ions and electrons
from H,0 ices has been carried out using the He I 584A resonance line as the
incident photon beam. The H,0 ices were prepared at 77K in an ultrahigh vacuum
system. The total yield of the ejected ion species and electrons was determined

to be 8.8x107° and 4.2x107%, respectively.

INTRODUCTION

Sputtering of atoms and molecules from surfaces of cosmic materials is an
important process for mass transfer and evolution in a number of astronomical
environments, e.g., comets, asteroids, planetary satellites and rings. The
excitation sources for sputtering are primarily solar photons, the solar wind,

and magnetospheric particles. Experiments on sputtering by energetic ions have

been carried out in several laboratories!™® and the results have been applied to

7 However, this is not the case for solar photon

8

astrophysical problems.
sputtering. In fact, there exists very limited data in the VUV-EUV region.
Current theories and model calculations assume that the solar photon energies
are directly converted into heat which controls the vaporization of the cosmic
material.®® Mass loss due to photon sputtering has not been included since the
required data are not available.

We have initiated an experimental program to study solar photon sputtering
of molecular ices, such as H,0 ice, NH; ice, SO, ice, CO, ice, etc., from the VUV Pre
through the EUV region. The temperature for the ices will be chosen to simulate -
realistic planetary conditions. We plan to measure the total photon sputtering
yield which includes yields for producing ions and neutrals from molecular ices.
However, in the initial study we have only measured the total yield of ejected

ions and electrons from water ices at the He I 584A line.
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EXPERIMENTAL SETUP AND EXPERIMENTAL PROCEDURES

A schematic diagram of the experimental setup is depicted in Fig.l.
Detailed diagrams of the photon flux monitor and the photon-water ice interaction
region are shown in Fig.2. The vacuum system consists of an isolation chamber
which is pumped by an 80£/s turbomolecular pump and an interaction chamber which
is pumped by a 25£/s Vaclon pump. The base pressure of the vacuum system is
2x10°8Torr. A liquid nitrogen dewar system provides a cold finger at 77K which
is used for the preparation of water ices. The light source used in this
preliminary study was a DC glow discharge which was operated at the optimal
conditions for the He I 584A line.

The photon flux monitor is made of a nickel mesh with 90% optical
transmission. The calibrated nickel mesh signal corresponds to 11.7 (£0.4)% of
the total photon flux. The photon flux can be constantly monitored in this way
since the mesh was permanently installed in the path of the incident photon beam.
The ion detector in the interaction region consists of an ion collector wire
maintained at a negative potential with respect to the cylindrical cell which
surrounds it. The detector has a unity collection efficiency when an appropriate
voltage has been applied and has previously been used in our laboratory.!! This
ion detector can be used to detect electrons by simply reversing the voltage
polarity of the cylinder and the collector wire. The ion collector was mounted
on a bakable linear motion feedthrough. When the water ices were being prepared,
the ion detector was retracted to avoid water condensation on the detector
surfaces.

The high purity water was provided by Stohler Isotope Chemicals Company.
The deposition rate of water vapor onto a quartz substrate was kept constant by
immersing the water sample reservoir in an isopropanol-dry ice bath. A thick

(several um) water ice sample was used in the present study.

RESULTS AND DISCUSSION

The electron current from the nickel mesh due to 584A photons is shown in
Fig.3a as a function of collector bias voltage. In the present work a bias
voltage of 80 volts in the plateau region was selected for the incident flux
measurements, giving an absolute value of 7.89x10° photons/sec.

The ion and electron currents produced by 5844 photon sputtering of water

ice at 77K are shown in Fig.3b. Similar to the case of nickel mesh, the measured
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Fig. 1. Schematic diagram of the experimental setup.
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Fig.2. Detailed diagrams for (a) the photon flux monitor and
(b) the photon-water ice interaction region.
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Fig.3. The ion/electron current as a function of the applied
repeller voltage.
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ion and electron currents approach a plateau at an applied voltage of ~ 70V.
The measured quantities at V=80 volts were used to determine the total yields
of ejected ions and electrons. As can be seen from Fig.3b, the ion and electron
currents are 1.2x107!% and 6.46x107!® ampere, respectively. Knowing the absolute
incident photon flux, the total yields of ejected ions and electrons from photon
sputtering of H,0 ice at 77K, at a photon wavelength of 584A, are found to be
8.8(+1.1)x107 and 4.2(#0.2)x10™%, respectively. The yield of ejected electrons
is about a factor of five larger than that of ejected ions. Thus, upon absorbing
a 584A photon the water ice is preferentially left with an excess "ion" after
ejection of an electron. The excited ro-vibronic energy of those "ions" may,
however, convert into nuclear motion such that the surface binding energy can
be overcome resulting in the ejection of ionms. In the present case, this
probability only amounts to 20%.

The absorption cross section!? of H,0 vapor at 584A is 2.18x10 Ycm?. If
we assume the absorption cross section of water ices is the same as that of
water vapor, then the ion sputtering cross section of water ices will be

1.9x107%1cm? at 584A.

CONCLUDING REMARKS

In this preliminary report we have demonstrated the feasibility of
measuring the total yield of ejected ions and electrons from photon sputtering
of water ice at the He I 584A line. Similar measurements using the Nel 736/743A
lines and others are currently in progress in our laboratory. However, the most
difficult measurement will be the total yield of ejected neutral species which
can be many orders of magnitude higher® than that of the ejected ion species
reported here. We have plans to carry out such measurements from water ices
and other molecular ices at temperatures to be chosen to simulate realistic

planetary conditions.
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