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ABSTRACT
Qubject headings: quasars: absorption lines

1. INTRODUCTION broadening mechanisms: the natural linewidth, which tesul

In Evans et al. (2013) (hereafter, Paper 1) we introduced from Heisenberg uncertainty, and Doppler broadening, tvhic
our high resolution, high signal-to-noise Mgabsorber sam- is a result of the thermal and/or turbulent motions of the gas

ple and presented our results for equivalent widths, kiriema 1 he natural linewidth is characterized by a Lorentzian dred t
extents, kinematic systems, and flux decrements as a functio POPPIer, or thermal, broadening by a Gaussian. Their con-
of velocity, as well as the evolution of these properties. volution results in the \Voigt _prof|_Ie. .C.omplex .absorp.tlorssy.

In this paper we discuss and analyze the results of our Voigt!MS can be decomposed into individual Voigt profiles, with
profile (VP) decomposition models, which were plotted with ©a¢h model componentyielding column density, temperature
our Mgl absorption profile data in Paper I. As in the previous @nd velocity information. Further details of the Voigt fuion
work, we here adopt the terms “weak” and “strong” to refer 2re discussed in the Appendix. .
to absorbers having.02 A <W < 0.3 A andW > 0.3 A, The VP fitting philosophy and modeling process are ex-

. . . ; lained in the following sections; an example of the results
respectively, wher&\; is the rest frame equivalent width of P L : X
the Mgil 2796 transition. for an Mgil system is listed in Table 1. Column (1) lists the

velocity of the cloud and (2)—(11) list the column densities
2. DATA N and Doppler parametelsof the five analyzed ions, Mg,

We have analyzed 252 high resolution, high signal-to-noise Fell, Mgi, Mnii, and Cai. Column densities listed as being
High Resolution Echelle Spectrometer (HIRES) and Ultravi- l€ss than or equal to some value represent upper limits (see §
olet and Visual Echelle Spectrograph (UVES) quasar spectra3-2)- Example fits are shown plotted over the data in Figures
obtained from the Keck and Very Large Telescope (VLT) ob- 1.1 and 1.2. Systems that are present in both our sample and
servatories, respectively. The Mg\2796 redshift coverage  €ither Churchill (1997) or Churchill et al. (2003) have been
of the survey is 0L < z < 2.6. Details of the reduction proce- efit for uniformity.
dure as well as the coverage, sensitivity, characterjstiod
possible sources of bias of the spectra can be found in Paper | 3.1. Fitting Philosophy
which also contains an in-depth discussion of the searah alg ¢ jonization potentials of the five ions included in the fit
rithm and criteria for identifying Mg doublets; however, we 5.0 5y close to the Hpotential of 13.59 eV. Their absorption
review the information here. The2796 feature is required 10 g herefore all assumed, for the purpose of VP fitting, teari
have a significance level of at leastband the corresponding i, the same spatial extent of gas, and to contain the same ve-
2803 feature at least 3. In total, 469 Mgl AA\27962803 |4ty structure. The Mgand Car potentials are both below
systems were identified, but after making a quality cut basedy, ¢ of 1y at 7.65 eV and 11.87 eV, respectively, while those
on signal-to-noise (Paper 1), 422 systems remained 0 CoOM-ut \0y "Feir, and Mnil are all slightly above at 15.04 eV,
prise our sample. Our Mg A2796 rest equivalent width sam- 16 19 e\, and 15.63 eV, respectively. This spread does mean,
ple ranges from 06 A to 623 A. The absorbing redshifts  however, that the ionization structure of a given parcelas g
span the range.09 < z < 2.55, with a mean of 1.18. might be different for different ions. Inasmuch as this dif-

For each Mai AA2796 2803 system in our final sample, ference affects velocity structure, our assumption of lpelra
absorption features were measured and VP models were fijjnematics across ions may not always be completely correct
for 13 transitions derived from five different elements: Mg Another consideration in VP decomposition is how to fit the
A2796 and\2803; Mg \2853; Fel A\2344,)2374,A2383,  Dpopplerb parameter across ions. For our study, we have cho-
A2587, and\2600; Cal A3935 and\3970; and Mni A2577,  sen to let the user input whether to constrain this parameter
A2594, andA2606. Each system’s absorption profiles for a5 1009% turbulent or 100% thermal. In the former case, the
all the transitions for which VP components were modeled , harameter will be fit such that the result is identical for all
are shown in the online version of Paper I; six examples arejons within a given velocity component; in the latter case, i
shown in order of increasing equivalent width in Figures 1.1 || vary as the ratio of the square root of the atomic masses.
and 1.2. The default condition used was turbulent; departures fiuen t

3. VOIGT PROFILE FITTING are noted in the descriptions of individual systems in the-Su
plement. The systems were fit under the thermal condition
if a satisfactory fit could not be achieved using the turbulen
condition.

The overarching VP fitting philosophy used for this study
was to fit the Mgl systems using as few components as pos-
1 New Mexico State University, Las Cruces, NM 88003 sible while still achieving a robust fit in which all comporign

2 Centre for Astrophysics and Supercomputing, Swinburne &hsity of were Stati.Stica”y Signiﬁcan.t- In ad_dition, VP modeling y-
Technology, Hawthorn, Melbourne, VIC 3122, Australia ture requires the assumption of isothermal components that

In order to extract as much information as possible from
the Mgl systems in our sample, we utilized VP fitting in
addition to the directly measured quantities discussedain P
per |. The Voigt profile takes into account two absorptiorlin



2 EVANS ET AL.

TABLE 1
VOIGT PROFILE FITTING RESULTS
Mgl Fell Mgl Mni Caul
\Y N b N b N b N b N b
(km sy (cm?) (kmsT) (cm?) (km s (cmi?) (kmsT) (cmi?) (kmsT) (cm?)  (kms?
J012417-374423 s = 1.173635
-0.91 11644+0.027 692+0.672 < 10.62 <1055 <1061
J101447+430032,,s = 2.042606
-98.07 1211+0.018 373+0.334 <1075 <1083
1134 1191+0.030 576+0.674 <1084 11.29+0.249  576+0.674
29.01 1135+0.105  45242.287 <10.78 <1087
4526 11334+0.107 487+2.386 < 10.78 <1096
J123200-022404,,s = 0.756903
-9.28 1275+0.070  624+0.513 11584+0.171  624+0.513 < 10.72
242 13334+0.023  673+£0.230 1230+0.034  673+0.230 10874+0.084 673+0.230
3047 117740.039  908+1.177 1123+0.339  908+1.177 <1078
J110325-26451%,,s = 1.202831
-79.98 12344+0.001  584+0.000 11804+0.020  584+0.000 < 1156 <1047 <1015
-65.77 1221+0.008  5124+0.000 11584+0.037 512+0.000 <1163 <1047 <1010
-3323 12194+0.007  585+0.000 1149+0.030  585+0.000 < 1167 <1047 <1007
-2233 1202+0.076  308+0.411 11504+0.056  308+0.411 <1161 <1037 <9.97
-9.16 1284+0.005  733+0.013 12144+0.012  733+0.013 <1049 <1054 <1015
580 1506+0.017 267+0.013 1255+0.005  267+0.013 1129+---2 2.67+0.013 <10.37 <10.00
5208 12574+0.004  402+0.013 1170+0.026  402+0.013 <1162 <1043 <10.07
6125 1113+0.067 6724+0.779 <1050 <1173 <1051 <1015
8615 11704+0.018  736+0.448 1107+0.122  736+0.448 <1158 <1054 <1017
J110325-26451%,,s = 1.838689
-12613 1186+0.009  910+0.275 10924+0.103  910+0.275 <1044 11.48+0.025  910+0.275
-10314 1241+0.002  612+0.058 11544+0.022  612+0.058 < 10.38 10.99+0.061  612+0.058
-50.66 1261+0.005  769+0.096 11874+0.013  769+0.096 1054+0.055 769+0.096 1056+0.179  7694-0.096
-3804 12264+0.009  404+0.113 11644+0.019  404+0.113 <1045 <1029
-1510 1350+0.005 662+0.034 12894+0.002  662+0.034 1133+0.011 662+0.034 1075+0.108 6624+-0.034
-350 1269+0.052 161+0.072 11804+0.021  1614+0.072 1061+£0.045 161+0.072 1101+0.049  16140.072
458 1295+0.003 5664+0.070 1255+0.004 5664+0.070 1075+£0.036 5664+0.070 1107+0.053  56640.070
2246 13824+0.009  521+0.021 1319+0.002  521+0.021 11504+0.007 5214+0.021 1123+0.034  521+0.021
38,69 1195+0.011  1504+0.095 1142+0.029  1504+0.095 1023+0.094 150+0.095 1053+0.143  150+0.095
4782 1253+0.004  3164+0.067 12484+0.003  316+0.067 1074+0.034 3164+0.067 10574+0.140  316+0.067
5856 12574+0.005  287+£0.063 1241+0.004  287+0.063 10654+0.040 2874+0.063 < 10.25
69.13 1241+0.004  4414+0.085 1192+0.011  4414+0.085 1030+0.086 441+0.085 < 10.30
J035405-27242%,,s = 1.405188
-16039 1255+0.017 1091+0.560 12334+0.029 1091+0.560 <1104
-14133 1264+0.016  563+0.278 1250+0.019 563+0.278 1099+0.319  563+0.278
-11389 1335+0.037  636+0.163 13374+0.011  636+0.163 10.83+0.488  636+0.163
-99.75 1338+0.229  278+0.215 13214+0.024  2784+0.215 10.98+0.300  278+0.215
-9197 1252+0.261  233+1.009 12514+0.082  233+1.009 1052+0.902  233+1.009
-80.97 1374+0.077 2595+3.388 13324+0.077 2595+3.388 11.64+0.190 2595+3.388
-56.41 137140.232 1132+3.223 13464+0.232 1132+3.223 <1095
-4525 1359+0.205  676+0.447 13544+0.097  67640.447 1153+0.118  676+0.447
-21.63 1319+0.072  587+0.528 1289+0.066  587+0.528 10.67+£0.643  587+0.528
-1.43 14534+0.045 1013+£0.721 14304+0.045 1013+0.721 119240.072 1013+0.721
2438 15094+0.051 1306+1.612 1486+0.051 1306+1.612 1257+£0.051 1306+1.612
38.83 1465+0.105  4564+0.928 1442+0.105  4564-0.928 11944+0.160  456+0.928
5157 15604+0.398  183+£0.241 1538+0.398  1834+0.241 1197+£0.037  183+0.241
6515 15104+0.051  702+£0.091 1421+0.009  702+0.091 1213+0.026  702+0.091
94.62 1298+0.010 647+0.163 1253+0.014  647+0.163 <1095
12571 1223+0.040 1433+£1.809 1179+0.099 1433+1.809 11.24+0.251 1433+1.809
14804 1364+0.060  44440.134 1325+0.012  44440.134 <1096
15968 1333+0.037  897+0.426 1268+0.034  897+0.426 <1095

Notes. Results for the systems shown in Figures 1.1 and 1.2. Tatsig@ablished in its entirety in the electronic edition of tleeichal. A portion is shown here for guidance regarding itsfand content.
a Quantity was not well constrained.
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J012417-374423, z,, = 1.173634 J101447+430031, z, = 2.042606 J123200—-022404, z,, = 0.756903
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FiG. 1.1.— System absorption profiles. The VP models are supegeathaicks indicate the component centroids.
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J110325-264515, z,,_ = 1.202831 J110325-264515, z,,_ = 1.838688 J035405-272421, z_,_ = 1.405187
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FIG. 1.2.— Same as Figure 1.1.
occupy distinct points in velocity space. all ions, as discussed in § 3.1.
Over Mg fitting regions that were saturated but for which
3.2. Fitting Procedure the Fal ion retained good column density constraints, a spe-

Using the graphical interactive program IVPFIT, which is cial feature of MINFIT was employed. The user can specify

an improved version of PROFIT (Churchill 1997), an initial velocity ranges in which the code enforces aNgdgli) to
model of an absorption system's VP components is created?9N(F€!l) relationship determined empirically by Churchill
and adjusted to fit the data as closely as possible. The Wgloci etal. (2003), logl(Mgu1) = 1.37x logN(Fet) =0.41, instead

Doppler parameter, and column density of each componentOf allowing the column densities of the two ions to be fit in-

are input by the user. dependently. This prevents unphysical Mtp Fell column

The least squares fitter MINFIT (Churchill 1997), using this density ratios. . b

initial model, iteratively eliminates all statisticallpgignifi- . " rgany systems, PO "a"‘s'“onbs may ebcg{‘t"?‘m'
cant components and adjusts the remaining components unti'lnlate over _po:tlons of the ve ?C'ty extenh >]’c elth_err] ha pix
the least squares fit is achieved. This process is discussed b ©'>» OISy PiXels, or spurious features, all of which have no
low and illustrated in Figure 2. The velocities, column dens corroborating absorption n other transitions. In thes'_saesa
ties, Doppler parameters, and temperatures are calciftated INFIT allows the user to interactively mask out regions or
each VP component. MINFIT utilizes the spectral informa- Individual pixels from the fit. Once this has been done, the
tion from all available transitions to constrain these peza  Cod€ Will consider any masked regions of a transition to con-
ters. The velocity of a given component is constrained to be tain No data and thus to contribute no information to the fit. .
the same across all transitions. The column density is con-thMIN::IT f'tz three frtehe pgramleters for ea;ch VPdc?r:nporée?]t_ﬁ
strained to be the same across all transitions of a given ion. e column density, the Doppler parameter, and the redshi

Finally, the Doppler parameter can be set by the user to ei_of the component center. The fitting process and uncertainty

ther vary thermally across ions or to remain constant aCrosscalculations are described in detail in Churchill (1997).aith
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create initial
model

using the default values. These exceptions are noted in the
descriptions of individual systems in (REFER TO ONLINE
VERSION SUPP MATERIAL OF PAPER I).

oy el rodel] When all regiqns_ have been modeled, cqlur_nn density com-
e masking, saturated ponent upper limits are computed. This is done when-
regions, confidence
level, and/or badness ever Mgl was modeled but the component was deemed not
present in another ion, i.e. the data was consistent with the
continuum.
4, RESULTS

check - was
ftaoed? 4.1. Number of VP Components

The left panel of Figure 3 shows the distribution of the num-
ber of VP components in each system. The dotted line shows
the weak subsampl&\{(2796)< 0.3 A), the dashed line the

strong subsampl&\{ (2796)> 0.3 A), and the shaded area the
full sample. The weak systems were modeled with an average
of 2.7 components, the strong systems 10.3 components, and
the full sample 7.1 components.

Churchill et al. (2003), in modeling simulated complex
Mgl absorption systems, found that30% of VP compo-
Rieriudonal nents were not recovered. If this holds true in our sample, it

line) would mean that the actual mean numbers of components are

~ 43% higher than what was modeled, implying an actual av-
FIG. 2.— The Voigt profile modeling process. erage number of components for the full sample~010.2,
and for the weak and strong subsampie8.9 and~ 14.7,

there are multiple kinematic subsystems, the redshiforegi  "€SPectively. _ ,

for each is fit separately. All available transitions withdn The Mgil 2796 system equivalent widths are plotted as

redshift region are fit simultaneously. a function of the number of VP components in the system
As illustrated in Figure 2, MINFIT is started after the jmiti 1" the right panel of Figure 3. Gray circles indicate weak

model is created and any saturated or masked regions haveYStems and black circles |nd_|cate strong systems. A linear

been defined. The program performs the figdtminimiza-  fit to the full sample resulted in a slope 0fla6-+ 0.003 A

tion of the first redshift region and then begins the procdss o cloud™. The slope found by Churchill (1997) for a sample

determining which components to reject from the model of Of 36 Mgl systems at the same spectral resolution as this

that region. The badness, or fractional error, of eachiMg study was 076+ 0.004 A cloud?. A lower resolution & 30

rank bad
lines

drop highes|
ba?dngss
line

N
LSF test drop next
model bad line from,
ranked list

F-test original
model vs. tes

adopt ne!
model
without
bad line

component is calculated, km s1) study by Petitjean & Bergeron (1990) for a sample of
12 10 Mg systems yielded a steeper slope of 0.35 A cféud

dN\? /db\? [/dz\? TheW - Nyp relationship is strongly affected by the resolu-
badness <> + <b> + <z> @) tion as well as by the signal-to-noise ratio (SN), since &igh

SN (Churchill 1997) as well as higher resolution allow more

whereN is the column densityb is the Doppler parameter, Components to be recovered in the VP decomposition.
andzis the absorption redshift. All components exceeding the e
user input badness (“bad” components or lines) are ranked. 4.2. Column Density Distribution
The component with the highest badness is removed from the The column density distribution of Mg VP components
model and this new "test” model is least squares fit (LSF). can be studied in a manner similar to that of the equivalent
Next anF-test is performed comparing the LSFs of the two Widths and modeled using a power law fit. This quantity can
models; the original model (i.e. containing the bad compo- sometimes be more revealing because, though more difficult
nent) is retained if the resulting confidence level equals or to obtain because of the need to VP fit, it can somewhat ac-
exceeds the user input confidence level. Then the next highcount for saturation and therefore the differing sizes «f-sy
est badness component is dropped from the model and théems that lie on the flat part of the curve of growth.
x2 minimization process is repeated for this new test model. VP analysis of our full sample of Mg systems yields the
Otherwise, if the required confidence level was not met, the component column density distribution shown in Figure 4.
test model (i.e. with the bad component removed) replacesThe 422 Mg systems of our sample yielded 2,989 VP com-
the original model and thg? minimization process is begun ponents. The shaded area indicates the region of partial com
from the beginning (i.e. a new list of bad components, if any, pleteness determined by the simulations of Churchill et al.
is created). This process is continued until either theeenar ~ (2003). That study found that the 90% completeness levels
bad components or any bad components deemed significarfior unblended and blended lines were IbgMgi1) = 11.6
to the fit are retained afté¥-testing. cm and 12.4 cri?, respectively, for spectra having acs
Once the model has converged for a redshift region, theequivalent width sensitivity of\; = 0.02 A. “Completeness
program moves on to the next region and the LSF processlevel” refers to the percentage of simulated components of a
is started again until all regions have been modeled. The cod given column density recovered during VP analysis. Our dis-
employs a badness of 1.5 and a confidence level of 0.97; ortribution peaks in the bin centered at 11.25énmowever, the
a case-by-case basis, however, these parameters may be alirnover at lower column densities is believed to be cauged b
tered if it is determined that the final model was unsatisfigct  incompleteness.



6 EVANS ET AL.

il T T ] T T
- — o
L | 6 |- W (27968) < 0.3 A -
L | o W (2796) 2 0.3 A
| o
80 full sample —
1 R W (2796) < 0.3 A i
T -~ W/(2796) = 0.3 4 - o o A
60 1 i A e 4 ° 7
L | - ° -
2 L 1 © o 1
= | P | g L oo 7 ]
= b o RO
40 H TS - = T i
" 1= g ° °
r | 1 4 2 8 —
LE i i
b, ! |
20 = ] —
I L -
|- : ll_l .
[ 1___I ] 4
LE i . i
0 ] LS N el 0 -
L L ‘ L L ‘ L L L L ‘ L L ‘ L L L ‘ L L ‘ L
0 10 20 30 40 30 40
N

VP

Fic. 3.— At left, the distribution of the number of VP componeNg for W (2796)< 0.3 A, W(2796)> 0.3 A, and the full sample. At right, the system
equivalent width versuslyp for weak and strong Mg systems. The dotted line indicates a linear fit to the full samiple slope is 1164 0.003 A cloud™.

(1990) obtained a significantly shallower slopedof 1.0+

0.1, although their spectral resolution was lower. In a study
with comparable resolution to ours, Churchill et al. (2003)
obtaineds = 1.594 0.05 by fitting their sample of 175 VP
components in 23 Mg systems. This result agrees closely
with our column density distribution fit.

4.3. Doppler Parameter Distribution

The Mgii Dopplerb parameter distribution of VP compo-
nents is shown in Figure 5. The median Doppler parameters

log frequency

full sample

1 n n n 1 n n n 1
12 14 16

log N(MgIl), cm™2

FIG. 4.— The logarithmic VP column density distribution. The sbddrea
indicates the region of partial completeness (see text).sblid sloped line
plots the power law maximum likelihood fit, which was performedatl VP
column densities of logl(Mg 1) > 12.4 cn2 and which resulted in a slope
of 6 = 1.45+ 0.01. The dashed sloped line shows the fit extended to lower
column densities for comparison with the data.

The column density distribution can be fit by a power law,
which takes the form

f(N)=CN™, (@)

where f(N) is the number of clouds with column density
per unit column densityC is a normalization constant ardd
is the power law slope. The maximum likelihood method was

300

100

FIG. 5.— The Doppler parameter distribution of VP components for

bo oo o M
1

G

Ww,(2796) < 0.3 &

——— W(2796) 2 0.3 &

b, km st

used to obtain the power law fit to the unbinned data. The fit W (2796)< 0.3 A, W (2796)> 0.3 A, and the full sample.

was performed only on column densities above the region of

partial completeness (Iog(Mg11) > 124 cni?) so as notto  and standard deviations aré4-3.5 km s, 6.0+ 4.5 km s?,
skew it to an artificially shallower slope. Our result for the and 57 +4.4 km s* for the weak, strong, and full samples,
power law slope was = 1.45+ 0.01. In a study of 14 Mg respectively. Churchill (1997) found a median Doppler pa-
systems containing 33 VP components, Petitiean & Bergeronrameter of~ 3.5 km s in a study of 48 Mgl systems and
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Churchill et al. (2003) found .8 +4.3 in a study of 23 Mg
systems; in both cases the data were of comparable quality.
Petitiean & Bergeron (1990) found in their study of 14 Mg

6. CONCLUSION

We searched 252 HIRES and UVES quasar spectra and
identified 469 Mgi A\2796 2803 doublets in the rangeld<

systems that thé distribution peaked between 10 and 15 , _ >4 having (z) = 1.18, of which 422 were included in

km s; however, they were limited by an inferior spectral res-
olution of 30 km s* and noted that this significantly distorted
the observed distribution. The authors’ high Doppler param
eter results led them to conclude that a significant turtiulen
component was broadening the lines, since a purely thdsmal
would correspond to temperatures too high for M exist.

Based on simulations (Churchill et al. 2003), our observed
distribution peak, the bin centered at 4.5 kih ®r the full
sample, is likely~1-2 km s? too high relative to the true dis-
tribution. In addition, the distribution tail at highvalues has
been shown in these simulations to be an artifact of compo-
nent blending. As mentioned in 8§ 4.4, 30% of simulated
components are not recovered in the VP decomposition for
our spectral quality. As a result, sonbeparameters in the
observed distribution are too broad compared to the true dis
tribution due to compensation for loss of some components,
e.g. in saturated profiles where VP component parameters are
not well constrained.

If the Doppler broadening is assumed to be purely ther-
mal, then the observeaparameter distribution medians cor-
respond to gas temperatures ©f30,000 K, ~ 53 000 K,
and~ 47,000 K for the weak, strong, and full samples, re-
spectively. However, applying the 1-2 kiitscorrection to
the b parameter would produce, in the case of the full sam-
ple, a median temperature of 20,000- 32,000 K; in the
weak sample; 9,000-18,000 K; and in the strong sample,

the final sample. We classified 180 systems as weak (hav-

ingW < 0.3 A) and 242 as strong (having > 0.3 A). We
analyzed each system'’s absorption and kinematic propertie
and modeled Voigt profiles.

1. We decomposed our absorber sample using Voigt pro-

file modeling. The VP decomposition yielded a total
of 2,989 components, with an average of 2.7 and 10.3
components being recovered for the weak and strong
Mg samples, respectively. Simulations of Mgpro-

files indicate that due to a systematic loss of compo-
nents in the modeling process, the average actual num-
bers of components was 3.9 and~ 14.7 for the weak

and strong Mg samples, respectively. A linear fit to
the equivalent width as a function of the number of
clouds resulted in a slope off16+0.003 A cloud?.

. Fitting our VP component column density distribution

over the range 12 < log N(Mg11) < 17.0 cmi? re-
sulted in a power law slope éf= 1.454+0.01.

. Under the assumption of thermal VP component broad-

ening, our Doppleb parameter results, corrected to ac-
count for modeling artifacts, correspond to gas temper-
atures of~ 9,000-18,000 K for the weak Mg sample

~ 23,000- 37,000 K. Figure 5 reveals that the hightail of
the distribution is heavily dominated by strong systemeacglie
ing to the higher temperature prediction for this subsample
when components havirtg> 10 are excluded, and using the
simulation correction to the median, the median tempegatur \We thank Wallace Sargent, Michael Rauch, Jason Prochaska,
of the strong sample becomes18 000—-26,000 K. Thus,  and Charles Steidel for their contribution of spectra. We ar
there is no evidence of a significant difference in tempeeatu grateful for NSF grant AST 0708210, the primary funding for
conditions between the weak and strong IMgystem popu-  this work; JLE was also supported by a three-year Aerospace
lations. In addition, contrary to the conclusion of Petiie  Cluster Fellowship administered by the Vice Provost of Re-
& Bergeron (1990), we do not believe there is a significant search at New Mexico State University and by a two-year
turbulent component to the Doppler parameter. New Mexico Space Grant Graduate Research Fellowship.
MTM thanks the Australian Research Council for a QEIl Re-
search Fellowship (DP0877998).

and~ 18 000-26,000 K for the strong sample.

5. DISCUSSION
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APPENDIX

The Voigt Function
The Voigt function is the real pati(x,y) of the complex probability function

; X
w(x) = e* [1+ 2 / e“zdt} = e‘xzerfc(—iz) = u(x, y) +iv(x,y). (1)
VT Jo
The Voigt profile is represented by the optical depth as atfan®f wavelength,
Ve NfA2
meC2 A)p

T(A) = u(x,y), ()

wheree is the electron chargex is the electron mass,is the speed of light\ is the line of sight integrated column density,
f is the atomic oscillator strength, is the transition wavelength, anl\p is the Doppler broadening for an ion of massat
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temperaturd’':

The quantityx represents the distance from the line center as a functisraeélength:
A=A
X = °
A)p

(4)

andy the natural width of the transition:
A1
=, 5)
47c A)p

whereT is the damping constant and represents the inverse of theprazable length of time the electron will remain in the
excited level.

The Doppler broadening can also be expressed in terms of dp@lBrb parameter, so thakA\p = [Ao/c]b. Assuming pure
thermal broadening, the Dopplbiparameter i® = biperm = 1/ 2KT /m, wherek is Boltzmann'’s constant, is the temperature of
the absorbing gas, amdis the mass of the absorbing species. Under this assumgii®moppler parameters extracted through
Voigt profile analysis are parameterizations of the temipeeeconditions under which Mgabsorption occurs. When a Gaussian

turbulent component to the gas motion is assumedy therameter becoméds= /b3 ., + b2 ...



