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We present a study of the small-scale variatiorteenrmagneticfield in the near-by
molecular cloud L1457. The variations are studied by meansof the Autocorrelation
Function(ACF). Appliedto optical polarizationmeasuremenodf backgroundstar. The
datasetis rich enoughto allow us to resolvethe ACF into multiple angle sectorswith
respect to the direction between pairs of stars. Significant variation is found in the ACF as a
function of direction. This kind of study may be extended to sightiinérshigher opacity
by using mid-infrared (MIR) polarizationobservationsof emissionfrom aligned grains.

High resolution SOFIA maps of the MIR polarizationthus can be usedto study the
influence of magnetic fields deeper into the cloud, in regions of active star formation.

The magneticfield, B, playsa potentiallydominatingrole in the dynamicsof the
interstellar medium, with itability to control massflows andresistgravitationalcollapse.
Quantitativemeasurementsf the magneticfield are, however, notoriously difficult to
make, therefore limiting our detailed understanding of cloud evolution.

Observationallythe simplesttracerof B is the polarization,p, of the light from
backgroundstars,reliably delineatingthe projecteddirectionof B. However, due to the
large numberof unknownsenteringinto the coupling betweenfield strength,|B|, and
magnitudeof polarization,|B| cannotbe simply derived from polarimetric observations.
One possibility for extracting information about the |B| from such data lies in the
comparisonof small scale variations in the observed polarization with theoretical
predictionsbasede.g. on MHD simulations. For example,MHD modelsof a nearly
incompressiblemedium predict that the correlationlength in B, and thus in, p, the
observed polarization, shoulek significantly largeralongthe field lines thanacrossthem
(Goldreich & Sridhar, 1995). Here we presenta preliminary study of the small scale
structure of the polarization in L14%imedat evaluatingwhetherthis kind of information
can indeed be extracted from polarimetry observations.

We haveuseda well-sampledmap of R-bandpolarimetryto studythe small-scale
variation in the magneticfield of L1457 through a technique using Autocorrelation
Functions (ACF). Here we concentrate on the ACF of the direction of polariZ@jias a
function of inter-pairdistance(|r-r;|) andinter-pairdirection(¢). In orderto minimize the
effect of foregroundpolarizationwe only usethosesightlineswith |p,[=0.5%. While the
polarization map shows a generally ordered magnetic field, we here @gédibethe inter-
pair angle relative to the average angle of polarization of the pair, in order to compensate for
any large scalegradientsin the field. Performingthe analysiswith ¢ definedin terms of
angle East-of-North on the sky does not significantly change the result of the analysis.

We calculate the ACFs by averaging the pair-wise unbinned, discreet
autocorrelation functions into bins of inter-pair distance direttion, using the algorithms
of Edelson & Krolik (1988). For the present data set we selected 2khdistanceand 6
bins in direction.

To study thecorrelationlengthsin the data,we fitted the ACFs for eachanglebin
with a Gaussian function:

ACFy(<[r-1;[>im @®=A + B exp{_(<|ri._rj|>bin/0-ACF)2}
The resulting dispersions,.(¢) were then plotted and fit to an ellipse:
Oace(@)= {(a=cosp - @,))*+(b>sin(@- @)}
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where a and b are the major and miaxesof the ellipseand @, is the angleof the major
axis w.r.t. average field. (We note that due to the nature of the tA€Egrrelationlength
on the sky i©,./v2). In figure 1 we plot the dispersioaadresultingfit in a polar plot,
together with an indication of the average direction of the projected field in the cloud.
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Discussion and Conclusions

Figure 1. Thefit ACF
dispersionsd,~(¢)) for
the direction of
polarization (8) are
plotted as a function of
@, the direction between
the starsin each pair
(points with errorbars).
The best fit of these
dispersions to the radius
vector of an ellipse is
also shown (full line).
By measuring@ with
respectto the average
direction of polarization
for the pair ((6,+6,)/2),
we effectively measure
the ACF w.r.t. the
averagefield direction.
Performing theanalysis
with @ measuredw.r.t.
the north direction on
the sky does nathange
our conclusions. The
fit ellipse lies with it's
minor axis at 1288°.

We have used R-band polarimetry of 240 starsin the direction of the nearby
molecular cloud L1457 to study the small-scale structuBe diVe findthatthe correlation
length of the direction gb, and hence the direction Bf varieswith directionon the sky.
The correlation length has a distinct minimum and increases symmetrically awafisom
Assuming a distanceof 65pc to L1457 we find that the correlation length along the
minimum directionis approximately0.2pc, and about1.2pc at maximum, basedon the

minor and major axes of the fit ellipse.

The minimumdoesnot occur perpendiculato the averagemagneticfield direction
which is surprisingfrom a theoreticalperspective. Models of MHD turbulencein the
incompressibldimit (e.g. Goldreich and Sridhar 1995) and simulationsof compressible
MHD turbulence(e.g. Stone,Ostriker,and Gammiel1998) imply thatwheneverthe local
dynamicsare dominatedby the magneticfield, the magneticfield directionshould have a
parallel correlationlength which is significantly larger than its perpendicularcorrelation

length.
By analyzingour full data set, including gas tracers with
dispersions,and refining our interpretationof the ACF results,we

associatedvelocity
hopeto add further

constraints to the dynamics of magnetized interstellar clouds such as L1457.
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