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Stellar Velocimetry with a Novel High
Efficiency Interferometer

D.J. Erskine & Jian Ge
98-ERD-054

The search for extra-solar planets continues to réfinements of a mature instrument.  Figure B
be one of the most exciting fields in astronomy, with ~ demonstrates velocimetry on bright starlight at the
great interest shown by the public. The detection of plakiCk 1-meter telescope. This also demonstrates the
ets via the Doppler effect, measuring the gravitational ~Portability of the instrument, and its relative insensi-
tugging of the planet on the parent star, is the most popdivity to hostile wind and temperature swings in the
lar method. Jupiter and Saturn-like planets create 12 arRPServatory dome. Conventional instruments need
3 m/s signatures, respectively. Many institutions endeastringent environmental control to achieve the same
or to join the search. They are hampered by the lack of velocity resolution.
affordable instruments having sufficient velocity resolu- This was the final year of the LDRD fund-
tion. Conventional high spectral resolution grating specing- One of the authors (Erskine) was invited by the
trometers are extremely expensive and massive due to Univ. of Calif. Berkeley Space Sciences Laboratory
their large size (5 meters). Due to their extreme sensitii¢ continue the devoloping the instrument through a
ty to input beam path, the most accurate velocimeters Sabbatical leave. Jian Ge has moved to Penn. State.
must use the iodine vapor cell as a spectral reference, Univ. and plans to build a similar instrument at the
(which does not deviate the beam due to its absorptive Hobbly-Eberly Telescope.
nature.) However, this operates only with green light.
Hence, most of the photons from a star are wasted, par- A)

Detection of moon using Sun-Earth Velocity

ticularly from red stars. In spite of constituting more than 4o -
60% of stars near Earth, red stars are currently under-rep-

Geocentric, annual orbital motions subtracted
showing lunar tugging

resented on planet search surveys due to their relative i
weakness in the green. AV °

We have developed a new method for measurifgs) o
Doppler shifts of starlight having many practical benefits.

It is based on the combination of an interferometer with a
small, low resolution diffraction grating. Since the
Doppler effect is measured by fringe shifts, and not
directly by the grating, the required grating spectral reso- -4o -
lution can be reduced by a factor of 3 to 10 times.

Secondly, the tolerance to imperfections in the grating is B)
much higher. These properties allow the overall instru-
ment to be dramatically smaller (TV-sized vs. kitchen
sized), inexpensive and portable. Airborne and space-
borne platforms are now possible for the first time.
Furthermore, the interferometer is 1000 times less sensi<
tive to errors in the beam path. This enables use of an
emission lamp as a spectral reference, which would allow-104
the velocimeter to use all the colors emitted by the star

while maintaining high velocity precision. This can

increase the flux from red stars by an qrdgr of magmtuﬂ?Detection of the moon pulling the Earth using our proto-

~ We have conducted proof of principle tests of e on sunlight. This is the same amplitude as Jupiter
our instrument prototype on sunlight and bright starlighgyiiing the sun, demonstrating that long term stability is suf-
Figure A shows that we can dectect the 12 m/s amplitufi§ently good to make scientific measurements now. B)
signature of the moon tugging Earth. This is the sameReal-time velocity of a bright star (Arcturus) using prototype
amplitude as Jupiter tugging the sun and shows that o@t Lick 1-meter telescope, showing dynamics of star's photo-
velocity resolution and stability is already competitive Sphere. The grating resolution was 10 times coarser than in

with conventional instruments, in spite of the lack of conventional instruments, allowing huge savings in cost,
size, weight and expense.
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