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ABSTRACT
For more than a year now spectrum data has been taken from a neighboring G5 class star.  The observation team noticed a small shift of an absorption line in the solar atmosphere that seemed to indicate a wobble in the stars orbit.  This wobble could be caused by the orbit of a large planet orbiting close to the star.  After modeling the absorption line in the data sets a set of good measurements can be made of the center of the absorption line.  By using the Doppler shift formula the velocities in these shifts can be measured.  The velocities of this movement give an apparent velocity of the star in its orbital motion.    An inspection of the velocities defines a sinusoidal wave that has a period of approximately 275 days and has amplitude on the order of 3563 cm s-1.  The orbital radius of the star to the center of mass of the system is calculated to be 1.35e10 cm.  Kepler’s equations yield the radius of the planet to center of mass as 1.2e13 cm, which is approximately 0.81 AU.  The velocity of the planet can be measured in much the same way as the stars velocity, giving a velocity of 3.2e6 cm s-1.The ratio of the radius of the star to the radius of the planet yields is proportional to the mass of the star to the mass of the planet.  Knowing that the G5 star’s mass is approximately 0.92 solar masses, it can be calculated that the mass of the planet is 2.1e30 g, which in more terrestrial terms is 342.8 Earth masses or 1.1 Jupiter masses.  Thus, the planet found from these observations is approximately the size of Jupiter orbiting at about the distance of Venus.
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1. Introduction

Astronomers today have recognized that it is possible with the scientific tools available today to detect extra solar planets by measuring extremely small shifts in a star’s position.  With the use of computers models can be made of a star’s spectrum and compared against the actual data taken.  The model can be fine tuned using chi square statistic functions, giving quite accurate measurements of artifacts such as the position of an absorption line.  The measurement of the small shifts in an absorption line in a star’s atmosphere will give away the motion of the star about the star system’s center of mass.  It can be assumed that the wobble in the star’s motion is caused by another orbiting mass.  Using Newton’s and Kepler’s equations the properties of this extra solar planet that makes up this other, unseen mass can be determined.  This is the method by which the planet in this paper was discovered.

2. Experiment

Observational data of this G5 star has been taken every 20 days for 380 days, giving a total of 20 measurements of the solar atmosphere to look at.  The absorption line that most clearly moves in the star’s spectrum has been analyzed in each of the data sets.  A model of an absorption line can be made using the equation:




Where M is the model, i is the continuum intensity, dl is the position of the shifted line, L0 is the position of the original line, w is the FWHM of the absorption line, and b is the background intensity.  After modeling the data a few times it became clear that the continuum intensity, the FWHM of the absorption line, and the background intensity remained constant in all data sets.
	To determine the position of each line the model had to be compared to the data using a chi square function written for the computer program.  The standard chi square equation is:




Where the data and model data sets are composed of the intensity at each measured wavelength.
	After checking each data set to find the absorption line center, as determined by the lowest value output from the chi square function, all that remains is to determine the error on each line center.  Since the chi square value for each line center is known, it is an exercise to determine in what range of values will 99.5% of the data fall.  This can be determined by adding 2.97 to each chi square value and finding the upper and lower limit that most closely approximates it.  These upper and lower limits will act as the error bars for the line center shift in each data set.
	Knowing the center lines and error bars of each of the data sets the Doppler shift formula can be used to calculate the velocity of the line.  It is known that all the shifts in the spectrum being analyzed are above 6520 Å.  This gives a basis for the Doppler shift equation, which is as follows:




Where c is the speed of light.  A similar equation can be used to determine the upper and lower limits for the error on the velocity using the line center error bars.  This equation is very similar and looks like:




Plotting the velocities and corresponding error bars will reveal a sine wave.  A model of the sine wave can be made using the period, as derived from the plot, the amplitude, or average of the maximum and minimum velocities, and a shift value.  The period and amplitude will give away the velocity and radius of the star orbit.  The radius of the planets orbit can be determined from this using Kepler’s formula:




The radius of the planet’s orbit will give away the velocity of the planet.  Knowing that a ratio of the radii is proportional to the ratio of the masses an equation can be used to determine the mass of the planet:




This should be all the data needed to give an accurate description of the approximate size and velocity of the new planet.

3. Results

From the model of the spectrum data the continuum intensity, the FWHM of the absorption line, and the background intensity were found to be constant.  The continuum intensity had a value of 28.23 photons per bin.  The FWHM of the absorption line was found to be 0.000815 Å.  The background intensity was found to be 9.75 photons per bin.  These values helped to define the lowest chi square average for the all the data sets at 210.659.  An example of the data set with a model over plot can be seen below:

[image: INVdata]

From the data sets the following data was obtained for the center lines and the corresponding chi square value:

	Data Set
	Center
	+ Upper
	- Lower
	Chi Sq

	1
	0.02448
	0.00008
	0.00020
	194.937

	2
	0.02472
	0.00009
	0.00018
	194.496

	3
	0.02488
	0.00008
	0.00020
	199.238

	4
	0.02529
	0.00012
	0.00012
	216.525

	5
	0.02561
	0.00013
	0.00013
	197.218

	6
	0.02572
	0.00012
	0.00012
	231.417

	7
	0.02579
	0.00013
	0.00011
	219.610

	8
	0.02556
	0.00013
	0.00013
	204.124

	9
	0.02534
	0.00014
	0.00013
	236.737

	10
	0.02515
	0.00013
	0.00013
	206.637

	11
	0.02463
	0.00013
	0.00014
	197.816

	12
	0.02446
	0.00015
	0.00015
	210.286

	13
	0.02424
	0.00014
	0.00011
	183.656

	14
	0.02433
	0.00014
	0.00013
	227.259

	15
	0.02450
	0.00013
	0.00013
	209.185

	16
	0.02466
	0.00013
	0.00013
	210.897

	17
	0.02506
	0.00014
	0.00011
	215.705

	18
	0.02541
	0.00014
	0.00014
	247.203

	19
	0.02550
	0.00012
	0.00011
	203.826

	20
	0.02577
	0.00013
	0.00013
	216.413



The center lines are in angstroms and are in reference to the distance above 6520 Å.  The upper and lower limits are in angstroms for that particular line center.  The chi square value given is the lowest approximation using the numbers given.  A plot of the line centers is below:

[image: INVL0array]

	The plot gives the line center plotted against the day the data set was taken.  By inspection a period of 275 days is determined.  The dashed line in the plot shows the sine wave function that models the change in the center line.
	Now that the data for the center line has been collected all the values must be changed to velocities in cm s-1.  Using the Doppler shift formula the following was obtained:

	Data Set
	Center
	+ Upper
	- Lower

	1
	0.0
	367.842
	919.605

	2
	1103.53
	413.822
	827.645

	3
	1839.21
	367.842
	919.605

	4
	3724.40
	551.763
	551.763

	5
	5195.77
	597.743
	597.743

	6
	5701.55
	551.763
	551.763

	7
	6023.42
	597.743
	505.783

	8
	4965.87
	597.743
	597.743

	9
	3954.30
	643.724
	597.743

	10
	3080.67
	597.743
	597.743

	11
	689.707
	597.743
	643.724

	12
	-91.9570
	689.704
	689.704

	13
	-1103.53
	643.724
	505.783

	14
	-689.707
	643.724
	597.743

	15
	91.9570
	597.743
	597.743

	16
	827.647
	597.743
	597.743

	17
	2666.85
	643.724
	505.783

	18
	4276.17
	643.724
	643.724

	19
	4689.98
	551.763
	505.783

	20
	5931.45
	597.743
	597.743



The data was plotted again, similar to the line center plot, against the days of the observations.  Using the same period, P, and knowing that the amplitude, A, of the star’s motion is approximately 3563.47 cm s-1, a model of the star’s velocity can be plotted over the graph using a dashed line.  The plot looks like this:

[image: INVvelarray]

	The equation for the sinusoidal model is as follows:




Where the value t is in days.  By inspection it can be seen that the model falls within nearly all the error bars and matches several measurements nearly exactly.
	From the period and the amplitude the orbital radius of the star to the center of mass of the system is found to be 1.348e10 cm.  Kepler’s equations yield the orbital radius of the planet to the center of mass of the system to be 1.20e13 cm, or approximately 0.8049 AU.  This is approximately the distance that Venus is from the Sun.  The orbital radius yields the velocity of the planet to be approximately 3.18e6 cm s-1.
Knowing that the mass of the star is 0.92 Solar masses and the orbital radius of both the G5 star and the planet, the mass of the planet is found to be approximately 2.05e30 g.  This is approximately 342.8 Earth masses or 1.08 Jupiter masses.

4. Conclusions

	The data from these observations clearly describes a Jupiter mass planet orbiting a G5 star at a position approximately the same as that of Venus.  This is a very promising calculation, considering that most of the extra solar planets found to date have had similar properties.  The large planet orbiting close to a star is very consistent with other planets and the limit of observational capability today.
	Finally, each new planet deserves a name.  This planet will now be called ‘Bob’.
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