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With a new high-resolution spectrum from the Chandra x-ray telescope we investigated the properties of the wind of the hot main sequence star Sco.  We were able to fit line profiles to many of the lines between 4 and 26 Å, and thus to measure their widths.  The majority of lines were wider than can be explained by thermal broadening.  However the implied velocities were significantly less then those observed for the wind itself from the UV spectrum.  A qualitative comparison to similar spectra taken from several stars supported this quantitative analysis.  In general we saw that the lines were broader than those of stars like Capella, a coronal source that can fully be explained by thermal broadening.  However they were not as broad as those observed in  Pup, a wind source. These small widths suggest an origin near the base of the wind.  Looking at line centers we found that in aggregate they are shifted towards the red from their predicted laboratory values. The redshifts indicate they are moving away from us, perhaps being emitted from clumps of material falling back towards the star’s surface.

Introduction


With the proliferation of x-ray technology over the last several decades, it has been discovered that hot stars are strong x-ray sources.  New models are being created to explain these data.  Our sun produces x-rays through a magnetic dynamo created by the interaction of convection and rotation. It was theorized that hot stars did not have this convective envelope.  However, some recent observations support the existence of magnetic fields and possibly magnetic activity as well in massive stars.  Currently there are two prominent theories as to the source of the X-ray production in hot stars; the first being a magnetic coronal mechanism and the second, shock heating of the winds.  


The wind shock model theorizes that a small amount of the wind material is shock heated to x-ray temperatures.  The source of these shocks is thought to be self-excited instabilities or clumps of material moving at different speeds running into each other (Owocki, Castor, Rybicki 1988).  In this model the winds are driven by radiation pressure from the photosphere.  If the opacity of the wind is sufficient near the star’s maximum emitted wavelength then the momentum in the light can be transferred to the material in the wind. (Our sun’s wind is not driven by radiation pressure because it is not significantly opaque in the visible part of the spectrum where most of its photospheric radiation is.)  With the acceleration the spectral line profiles are Doppler broadened, further increasing their opacity.  This process is called line-driving and it is inherently unstable.  Clumps of material moving quickly gain added momentum and those moving slowly accrete additional material and decelerate. The shocks are produced when the fast moving material collides with the slower moving material.  When these collisions heat the wind above half a million degrees Kelvin it emits x-rays.  


Coronal models were applied to hot stars in the 70’s (Hearn, A.G., 1972).  However, it was hypothesized that hot stars lacked convection zones and magnetic fields. The current models of early-type stars do not contain a process that would generate sustainable X-ray emitting coronae (Cohen et al., 1993).  Yet, as wind shock falls short of explaining the newer data, the assumption that hot stars do not have magnetic coronal emission is re-examined (Schmitt et al., 1993).


With recent technological developments in our telescopes we have better observations with higher spectral resolution then ever before.  Spectra taken from Chandra make available not only the identification of individual spectral lines but ratios and profiles as well.  Before Chandra, spectral resolution was not sufficient to measure individual emission lines.  Now, we can not only measure the strengths of individual lines, but also measure the Doppler broadening of individual emission lines.


The sources of the line widths are instrumental, Doppler broadening from thermal motions, and Doppler shifts from bulk wind motion.  The data were corrected for instrumental broadening.  We can attempt to account for the thermal broadening by calculating the expected broadening for the predicted wind temperatures, leaving us with the Doppler shifts.  They contain information about the bulk motion of the wind: The speed at which it is moving towards or away from us.

Observations:
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 Sco is a BOV star with Teff = 32,000 K.  At a distance of 131 pc it is one of the closest hot stars.  We have two observations from the Chandra telescope High Energy Transmission Grating (HETG) instrument.  The first observation was a 62.76 ksec exposure taken on 2000-09-17 and the second was 15.61 ksec, from 2000-09-18.   For comparisons we also used other Chandra observations, namely those of  Capella (G8III) and Zeta Pup (O4f).
Figure 1: Chandra MEG Spectrum of Sco.
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[image: image3.wmf]Centroid vs wavelength

-.005

.000

.005

.010

0

5

10

15

20

25

30

wavelength (A)

Shift from laboratory 

wavelengths (A) 

[image: image4.wmf]Non-thermal Velocities

-200

0

200

400

600

800

0

5

10

15

20

25

30

Position of spectral line (A)

Velocity km/s 

(after  

subtraction of expected 

thermal velocities)


Figure 2: Ne X line in  Sco compared to Pup and Capella. ( Sco is located on the far right.)
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Data reduction and Analysis:

Figure 3: Line widths and central positions versus wavelength.

We used CIAO (Chandra Interactive Analysis of Observations) version 2.1, the software developed specifically for analysis of Chandra data.  For modeling and fitting we used the CIAO tool Sherpa.  We used a normalized Gaussian plus polynomial (for the continuum) in our fit. Best fit model values were determined by the Cash C statistic, accounting for Poisson errors in the data.
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Figure 4: A normalized Gaussian plus polynomial fit to the data.  The dotted vertical lines are the calculated centers for the emission lines.

Discussion:

It is apparent that the lines from  Sco are not as broad as those from other hot stars, such as  Pup.  However, the line width is not entirely consistent with thermal broadening such as is found in cool stars like Capella. The width of the lines can come many sources: instrumental broadening, and Doppler broadening both from thermal motions and from winds flowing outward from the star.  For our spectrum of  Sco, we attempted to account for the thermal broadening.  Using laboratory temperatures at which these lines are produced we calculated an expected width for the lines. To calculate expected thermal full-width-half-maxima for various temperatures we used the following equation:
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We then accounted for these calculated line widths in those measured from our data.  We find that the broadening is beyond that of thermal broadening in many of the lines.  The speed of sound in stellar winds is on the order of 20km/s and the terminal velocity of the wind for  Sco is on the order of 2400 km/s (Cohen, Cassinelli, Waldron,1997).  The supersonic nature of these winds is relevant because many kinds of disturbances in supersonic flows can result in shock waves, which [image: image8.wmf]dissipate their energy as heat. 

Figure 5: After accounting for expected widths due to thermal motions, the line widths indicate the bulk motion of the winds.


Central positions, when compared to laboratory wavelengths, are shifted slightly towards the red, as illustrated in figure 3b.  These shifts come from X-ray emitting plasma  moving away from us. This plasma is in front of the star, yet moving towards it.  This suggests the source of the x-rays is falling back down onto the star.  As these clumps of wind meet the wind moving outward they are shock heated to x-ray producing temperatures.  Models of infall trajectories of these clumps show that they are likely to exist on stars with conditions like  Sco (Howk, Cassinelli,Bjorkman, Lamers; 1999). This means that  Sco may be one of the few stars with the right set of conditions for the “blob-infall” model.

Conclusion:

New data allow us to fit better models to hot stars.  Sco is a well studied star and thus a prime target for these new models.  Its line broadening is not consistent with  thermal broadening, but it is far less than that found in hotter stars such as  Pup.  Thus the line broadening data is not consistent with standard models of entire winds emitting X-rays.  In  Sco, X-rays appear to be emitted from plasma falling back onto the star.  This supports the idea of a blob-infall model.  The slight Doppler broadenings of lines support some form of a hybrid model combining wind shock and coronal heating. 
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Sheet1

		wavelength		element		pos		error		fwhm		error		ampl		error		atomic weight		Velocity (Km/s)		uncertainty		Temp		uncertainty		predicted fwhm 10^7 (t = 10 million)		uncertainty		Data sets used

																																9, 10

		6.2		Si XIV		6.182		0.0007		0.0121		0.0021		0.000019		0.000002		28.09		294		50		2099390		357011		0.026		0.0000		3, 4, 9,10

		6.65		Si XIII		6.650		0.0005		0.0099		0.0016		0.000032		0.000002		28.09		223		35		1212251		191441		0.028		0.0000		3,4,9,10

		6.69		Si XIII		6.689		0.0011		0.0104		0.0036		0.000010		0.000001		28.09		234		81		1333083		459970		0.029		0.0000		3, 4, 9,10

		6.74		Si XIII		6.740		0.0005		0.0065		0.0032		0.000021		0.000002		28.09		144		71		507497		250330		0.029		0.0000		3,4,9,10

		8.4		Mg XII		8.423		0.0006		0.0114		0.0024		0.000028		0.000002		24.31		203		43		866414		182614		0.039		0.0000		3, 4, 9,10,109,110

		9.17		MgXI		9.173		0.0009		0.0172		0.0025		0.000041		0.000003		24.31		282		41		1674870		245054		0.042		0.0000		9, 10

		9.23		MgXI		9.233		0.0011		0.0122		0.0048		0.000022		0.000002		24.31		198		78		823400		324813		0.042		0.0000		9, 10

		10.2		Ne X		10.239		0.0016		0.0180		0.0047		0.000020		0.000002		20.97		264		69		1264794		330197		0.051		0.0000		9, 10

		12.1		Ne X		12.134		0.0005		0.0218		0.0013		0.000183		0.000007		20.97		270		16		1324574		76175		0.060		0.0000		3, 4, 9,10,109,110

		12.28		FVII		12.275		0.0013		0.0293		0.0030		0.000076		0.000006		19.00		358		36		2109364		214769		0.064		0.0000		9, 10

		12.8		Fe XX		12.834		0.0020		0.0350		0.0044		0.000061		0.000006		19.00		409		52		2757966		348169		0.067		0.0000		9, 10

		15		Fe XVII		15.016		na		0.0001		0.0299		0.000258		0.000014		55.85		1		na		51		na		0.045		na		3, 4, 9, 10,109,110

		16.05		OVIII		16.005		0.0002		0.0007		0.0012		0.000118		0.000010		16.00		6		11		538		949		0.091		0.0000		9, 10, 109

		16.07		FeXVIII		16.075		na		0.0008		0.0411		0.000072		0.000008		16.00		7		na		732		na		0.091		na		9, 10, 109

		16.8		Fe XVII		16.776		0.0041		0.0012		0.0012		0.000221		0.000013		55.85		11		11		5446		5510		0.051		0.0000		9, 10, 109, 110

		17.1		Fe XVII		17.054		0.0008		0.0241		0.0021		0.000293		0.000015		55.85		212		18		2178085		185172		0.052		0.0000		9, 10, 109

		17.1		Fe XVII		17.099		0.0006		0.0145		0.0022		0.000266		0.000015		55.85		127		19		781062		118684		0.052		0.0000		9, 10, 109

		19		OVIII		18.970		0.0010		0.0381		0.0023		0.000516		0.000026		16.00		301		18		1257964		76394		0.107		0.0000		9, 10, 109, 110

		21.6		O VII		21.603		0.0026		0.0374		0.0062		0.000200		0.000027		16.00		259		43		933964		155893		0.122		0.0000		9, 10

		21.8		O VII		21.809		0.0017		0.0236		0.0048		0.000265		0.000031		16.00		163		33		366937		74849		0.123		0.0000		9, 10

		24.8		N VII		24.783		0.0033		0.0438		0.0074		0.000202		0.000042		14.01		265		45		854498		145198		0.150		0.0000		9
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Sheet2

		atomic weight		Velocity (Km/s)		Temp		predicted fwhm 10^7 (for a temperature of 10 million deg)		calc fwhm		Data sets used

		28.09		0		0		0.000		0.000		9, 10

		28.09		0		0		0.000		0.000		3, 4, 9, 10

		28.09		0		0		0.000		0.000

		28.09		0		0		0.000		0.000

		28.09		0		0		0.000		0.000

		24.31		0		0		0.000		0.000		3, 4, 9,10, 109, 110

		24.31		0		0		0.000		0.000		9, 10

		24.31		0		0		0.000		0.000		9, 10

		20.97		0		0		0.000		0.000		9, 10

		20.97		0		0		0.000		0.000		3, 4, 9,10, 109, 110

		19.00		0		0		0.000		0.000		9, 10

		19.00		0		0		0.000		0.000		9, 10

		55.85		0		0		0.000		0.000		3, 4, 9, 10, 109, 110

		16.00		0		0		0.000		0.000		9, 10, 109

		16.00		0		0		0.000		0.000		9, 10, 109

		55.85		0		0		0.000		0.000		9, 10, 109, 110

		55.85		0		0		0.000		0.000		9, 10, 109

		55.85		0		0		0.000		0.000		9, 10, 109

		16.00		0		0		0.000		0.000		9, 10, 109, 110

		16.00		0		0		0.000		0.000		9, 10

		16.00		0		0		0.000		0.000		9, 10

		14.01		0		0		0.000		0.000		9
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		wavelength		element		pos		lb pos		ub pos		fwhm		lb fwhm		ub fwhm		ampl		lb ampl		ub ampl		atomic weight		Velocity (Km/s)		Temp		predicted fwhm 10^7 (for a temperature of 10 million deg)		Velocity (Km/s) For predicted fwhm		best fit fwhm		Data sets used

		5.1		S XV		5.068		-0.0060		0.0059		0.0680		-0.0094		0.0116		0.0000233		-3.81E-06		4.15E-06		32.06		2013		112639694		0.020				0.068		9, 10

		6.2		Si XIV		6.182		-0.0007		0.0007		0.0121		-0.0020		0.0021		0.0000191		-1.51E-06		1.58E-06		28.09		294		2099390		0.026				0.012		3, 4, 9, 10

		6.65		Si XIII		6.650		-0.0005		0.0005		0.0099		-0.0016		0.0016		0.0000315		-1.91E-06		1.98E-06		28.09		223		1212251		0.028				0.010

		6.69		Si XIII		6.689		-0.0011		0.0011		0.0104		-0.0035		0.0036		0.0000100		-1.18E-06		1.26E-06		28.09		234		1333083		0.029				0.010

		6.74		Si XIII		6.740		-0.0005		0.0005		0.0065		-0.0032		0.0026		0.0000212		-1.48E-06		1.55E-06		28.09		144		507497		0.029				0.006

		8.4		Mg XII		8.423		-0.0006		0.0006		0.0114		-0.0024		0.0023		0.0000279		-1.83E-06		1.90E-06		24.31		203		866414		0.039				0.011		3, 4, 9,10, 109, 110

		9.17		MgXI		9.173		-0.0009		0.0009		0.0172		-0.0025		0.0025		0.0000407		-2.69E-06		2.79E-06		24.31		282		1674870		0.042				0.017		9, 10

		9.23		MgXI		9.233		-0.0011		0.0011		0.0122		-0.0048		0.0042		0.0000217		-2.08E-06		2.20E-06		24.31		198		823400		0.042				0.012		9, 10

		10.2		Ne X		10.239		-0.0016		0.0016		0.0180		-0.0047		0.0046		0.0000196		-2.22E-06		2.35E-06		20.97		264		1264794		0.051				0.018		9, 10

		12.1		Ne X		12.134		-0.0005		0.0005		0.0218		-0.0012		0.0013		0.0001829		-6.76E-06		6.97E-06		20.97		270		1324574		0.060				0.022		3, 4, 9,10, 109, 110

		12.28		FVII		12.275		-0.0013		0.0013		0.0293		-0.0028		0.0030		0.0000760		-5.73E-06		5.99E-06		19.00		358		2109364		0.064				0.029		9, 10

		12.8		Fe XX		12.834		-0.0020		0.0020		0.0350		-0.0040		0.0044		0.0000614		-5.85E-06		6.13E-06		19.00		409		2757966		0.067				0.035		9, 10

		15		Fe XVII		15.016		-3.4028E+38		3.4028E+38		0.0001		-0.0001		0.0299		0.0002585		-1.34E-05		1.38E-05		55.85		1		51		0.045				0.000		3, 4, 9, 10, 109, 110

		16.05		OVIII		16.005		0.0000		0.0002		0.0007		-0.0003		0.0012		0.0001178		-9.32E-06		9.78E-06		16.00		6		538		0.091				0.001		9, 10, 109

		16.07				16.075		-3.4028E+38		0.0002		0.0008		-0.0008		0.0411		0.0000718		-7.59E-06		8.07E-06		16.00		7		732		0.091				0.001		9, 10, 109

		16.8		Fe XVII		16.776		-0.0003		0.0041		0.0012		-0.0012		0.0006		0.0002207		-1.29E-05		1.34E-05		55.85		11		5446		0.051				0.001		9, 10, 109, 110

		17.1		Fe XVII		17.054		-0.0008		0.0008		0.0241		-0.0020		0.0021		0.0002927		-1.50E-05		1.54E-05		55.85		212		2178085		0.052				0.024		9, 10, 109

		17.1		Fe XVII		17.099		-0.0006		0.0006		0.0145		-0.0022		0.0021		0.0002658		-1.41E-05		1.46E-05		55.85		127		781062		0.052				0.014		9, 10, 109

		19		OVIII		18.970		-0.0010		0.0010		0.0381		-0.0022		0.0023		0.0005156		-2.55E-05		2.64E-05		16.00		301		1257964		0.107				0.038		9, 10, 109, 110

		21.6		O VII		21.603		-0.0026		0.0026		0.0374		-0.0056		0.0062		0.0001999		-2.46E-05		2.66E-05		16.00		259		933964		0.122				0.037		9, 10

		21.8		O VII		21.809		-0.0017		0.0017		0.0236		-0.0046		0.0048		0.0002653		-2.88E-05		3.09E-05		16.00		163		366937		0.123				0.024		9, 10

		24.8		N VII		24.783		-0.0032		0.0033		0.0438		-0.0067		0.0074		0.0002015		-3.60E-05		4.18E-05		14.01		265		854498		0.150				0.044		9
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		6.18247		342.6424737036		342.6424737036

		6.64963		49.9339382924		49.9339382924

		6.68854		35.237077731		35.237077731

		6.74037		80.7351174734		80.7351174734

		8.42317		71.2127088112		71.2127088112

		9.1731		42.7392564678		42.7392564678

		9.23316		41.2501309424		41.2501309424
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		12.1338		68.857082126		68.857082126

		12.2752		15.5224288832		15.5224288832

		12.8338		36.437145398		36.437145398

		15.0164		51.6587439256		51.6587439256

		16.0053		0		0
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		16.7758		0		0
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		18.97		19.2998262935		19.2998262935

		21.6031		18.2883832767		18.2883832767

		21.8091		43.3124756268		43.3124756268

		24.7834		33.1771623188		33.1771623188
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		element		pos		error		fwhm		error		atomic weight		Temp (K) from gas		Velocity (cm/s)		uncertainty		temperature velocity (cm/s)		uncertainty		Difference		diff uncert		diff in km		err diff in km

		S XV		5.068		0.0060		0.0680		0.0116		28.09		12589254		201310493		34264247		2837444		3347		198473049		34264247				342.6424737036

		Si XIV		6.182		0.0007		0.0121		0.0021		28.09		15848932		29363507		4993394		2609933		309		29247287		4993394		292.4728676363		49.9339382924

		Si XIII		6.650		0.0005		0.0099		0.0016		28.09		10000000		22312986		3523708		1927498		151		22229577		3523708		222.2957690512		35.237077731

		Si XIII		6.689		0.0011		0.0104		0.0036		28.09		10000000		23398604		8073512		1916285		317		23320003		8073512		233.200027997		80.7351174734

		Si XIII		6.740		0.0005		0.0065		0.0032		28.09		10000000		14437041		7121271		1901549		148		14311264		7121271		143.112637796		71.2127088112

		Mg XII		8.423		0.0006		0.0114		0.0024		24.31		10000000		20277639		4273926		1635720		123		20211558		4273926		202.1155758349		42.7392564678

		MgXI		9.173		0.0009		0.0172		0.0025		24.31		6309573		28193250		4125013		1193077		111		28167994		4125013		281.6799430217		41.2501309424

		MgXI		9.233		0.0011		0.0122		0.0048		24.31		6309573		19767880		7797981		1185316		144		19732311		7797981		197.3231130997		77.9798069511

		Ne X		10.239		0.0016		0.0180		0.0047		20.97		6309573		26375188		6885708		1150734		176		26350073		6885708		263.5007312029		68.857082126

		Ne X		12.134		0.0005		0.0218		0.0013		20.97		6309573		26991297		1552243		970999		40		26973826		1552243		269.7382577097		15.5224288832

		FVII		12.275		0.0013		0.0293		0.0030		19.00		6309573		35786912		3643715		1008440		108		35772701		3643715		357.7270058606		36.437145398

		Fe XX		12.834		0.0020		0.0350		0.0044		19.00		10000000		40920694		5165874		1214292		186		40902673		5165874		409.0267319867		51.6587439256

		Fe XVII		15.016		na		0.0001		0.0299		55.85		5011872		102539		na		428516		na				na		0		na

		OVIII		16.005		0.0002		0.0007		0.0012		16.00		3162278		622616		1099295		596646		7		177945		1099295		1.7794520718		10.9929523351

		FeXVIII		16.075		na		0.0008		0.0411		16.00		6309573		726620		na		839125		na				na		0		na

		Fe XVII		16.776		0.0041		0.0012		0.0012		55.85		5011872		1060563		1072974		383574		94		988770		1072974		9.8876979214		10.7297420057

		Fe XVII		17.054		0.0008		0.0241		0.0021		55.85		5011872		21209966		1803181		377312		17		21206610		1803181		212.0660952756		18.0318069617

		Fe XVII		17.099		0.0006		0.0145		0.0022		55.85		5011872		12701215		1929983		376333		14		12695639		1929983		126.9563877479		19.2998262935

		OVIII		18.970		0.0010		0.0381		0.0023		16.00		3162278		30115129		1828838		503400		27		30110921		1828838		301.1092147685		18.2883832767

		O VII		21.603		0.0026		0.0374		0.0062		16.00		1995262		25948706		4331248		351127		42		25946331		4331248		259.4633067219		43.3124756268

		O VII		21.809		0.0017		0.0236		0.0048		16.00		1995262		16264701		3317716		347811		27		16260982		3317716		162.609821487		33.1771623188

		N VII		24.783		0.0033		0.0438		0.0074		14.01		1995262		26527111		4507549		327117		44		26525094		4507549		265.2509389832		45.0754877474

																(fwhm*c)/(2*pos)				2*sqrt(ln2)*1.29*10^4*sqrt(T/A*lambda) cm/s

																								30980230		5565569
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		5.06832		0		0

		6.18247		342.6424737036		342.6424737036

		6.64963		49.9339382924		49.9339382924

		6.68854		35.237077731		35.237077731

		6.74037		80.7351174734		80.7351174734

		8.42317		71.2127088112		71.2127088112

		9.1731		42.7392564678		42.7392564678

		9.23316		41.2501309424		41.2501309424

		10.2386		77.9798069511		77.9798069511

		12.1338		68.857082126		68.857082126

		12.2752		15.5224288832		15.5224288832

		12.8338		36.437145398		36.437145398

		15.0164		51.6587439256		51.6587439256

		16.0053		0		0
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		16.7758		0		0

		17.0542		10.7297420057		10.7297420057
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		element		pos		error		fwhm		error		atomic weight		Temp (K) from gas		Velocity (km/s)		uncertainty		temperature velocity (km/s)		uncertainty		Difference (km/s)

		S XV		5.068		0.0060		0.0680		0.0116		28.09		12589254		2013		343		28		0.033		1985

		Si XIV		6.182		0.0007		0.0121		0.0021		28.09		15848932		294		50		26		0.003		268

		Si XIII		6.650		0.0005		0.0099		0.0016		28.09		10000000		223		35		19		0.002		204

		Si XIII		6.689		0.0011		0.0104		0.0036		28.09		10000000		234		81		19		0.003		215

		Si XIII		6.740		0.0005		0.0065		0.0032		28.09		10000000		144		71		19		0.001		125

		Mg XII		8.423		0.0006		0.0114		0.0024		24.31		10000000		203		43		16		0.001		186

		MgXI		9.173		0.0009		0.0172		0.0025		24.31		6309573		282		41		12		0.001		270

		MgXI		9.233		0.0011		0.0122		0.0048		24.31		6309573		198		78		12		0.001		186

		Ne X		10.239		0.0016		0.0180		0.0047		20.97		6309573		264		69		12		0.002		252

		Ne X		12.134		0.0005		0.0218		0.0013		20.97		6309573		270		16		10		0.000		260

		FVII		12.275		0.0013		0.0293		0.0030		19.00		6309573		358		36		10		0.001		348

		Fe XX		12.834		0.0020		0.0350		0.0044		19.00		10000000		409		52		12		0.002		397

		Fe XVII		15.016		na		0.0001		0.0299		55.85		5011872		1		na		4		na		-3

		OVIII		16.005		0.0002		0.0007		0.0012		16.00		3162278		6		11		6		0.000		0

		FeXVIII		16.075		na		0.0008		0.0411		16.00		6309573		7		na		8		na		-1

		Fe XVII		16.776		0.0041		0.0012		0.0012		55.85		5011872		11		11		4		0.001		7

		Fe XVII		17.054		0.0008		0.0241		0.0021		55.85		5011872		212		18		4		0.000		208

		Fe XVII		17.099		0.0006		0.0145		0.0022		55.85		5011872		127		19		4		0.000		123

		OVIII		18.970		0.0010		0.0381		0.0023		16.00		3162278		301		18		5		0.000		296

		O VII		21.603		0.0026		0.0374		0.0062		16.00		1995262		259		43		4		0.000		256

		O VII		21.809		0.0017		0.0236		0.0048		16.00		1995262		163		33		3		0.000		159

		N VII		24.783		0.0033		0.0438		0.0074		14.01		1995262		265		45		3		0.000		262
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		wavelength		element		pos		error		Laboratory		wave		lengths		weighted average		shift		v		atomic weight

		5.1		S XV		5.068		0.0060														28.09

		6.2		Si XIV		6.182		0.0007		6.1804		6.1858				6.182		0.000		16		28.09				605

		6.65		Si XIII		6.650		0.0005		6.6479						6.648		0.002		78		28.09				1434

		6.69		Si XIII		6.689		0.0011		6.685		6.6882				6.687		0.001		54		28.09				185

		6.74		Si XIII		6.740		0.0005		6.7403						6.740		0.000		3		28.09				1373

		8.4		Mg XII		8.423		0.0006		8.4192		8.4246				8.421		0.002		79		24.31				1509

		9.17		MgXI		9.173		0.0009		9.1687						9.169		0.004		144		24.31				10759

		9.23		MgXI		9.233		0.0011		9.2312		9.22282				9.230		0.003		106		24.31				4316

		10.2		Ne X		10.239		0.0016		10.2385		10.2396				10.239		-0.000		-8		20.97				2274

		12.1		Ne X		12.134		0.0005		12.1321		12.1375				12.134		-0.000		-2		20.97				1803

		12.28		FVII		12.275		0.0013		12.266		12.284				12.279		-0.004		-92		19.00				17516

		12.8		Fe XX		12.834		0.0020		12.827						12.827		0.007		159		19.00				14109

		15		Fe XVII		15.016		na		15.014						15.014		0.002		48		55.85				60

		16.05		OVIII		16.005		0.0002		16.004		16.0055		16.0067		16.005		0.000		0		16.00				1612

		16.07		FeXVIII		16.075		na		16.071						16.071		0.004		77		16.00				1321

		16.8		Fe XVII		16.776		0.0041		16.78						16.780		-0.004		-75		55.85				13290

		17.1		Fe XVII		17.054		0.0008		17.051						17.051		0.003		56		55.85				260

		17.1		Fe XVII		17.099		0.0006		17.096						17.096		0.003		46		55.85				30

		19		OVIII		18.970		0.0010		18.9671		18.9725				18.969		0.001		18		16.00				489

		21.6		O VII		21.603		0.0026		21.6015						21.602		0.002		22		16.00				322

		21.8		O VII		21.809		0.0017		21.8036						21.804		0.006		76		16.00				1259

		24.8		N VII		24.783		0.0033		24.7792		24.7846				24.781		0.002		29		14.01				117

																Average		0.002		40.175						74644

																										59.6192921186
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