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A comparison of co-temporal magnetograms
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the Spectro-Polarimeter on board Hinode
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We have compared a set of co-temporal magnetograms obtained with the Solar Magnetic Field Tele-
scope (SMFT) of the Huairou Solar Observing Station (HSOS) and with the Spectro-Polarimeter of the
Solar Optical Telescope (SP/SOT) on board Hinode to check the linear calibrations of SMFT vector mag-
netograms. The comparison shows that the currently used calibration coefficients of the SMFT have
under-estimated the flux density and that a center-to-limb variation of the calibration coefficients was
not taken into account by previous calibrations.

atmosphere, magnetic fields, magnetic fields

The Solar Magnetic Field Telescope (SMFT) of the
Huairou Solar Observing Station (HSOS) of the
National Astronomical Observatory (NAOC) is a
ground-based telescope used to observe the photo-
spheric and chromospheric magnetic fields[1]. It has
been working for more than 20 years since the year
1986. For photospheric observations, it uses the FeI
5324.19 Å spectral line. The Stokes (IQUV) polar-
ization images are obtained through a birefringent
filter which has a 125 mÅ bandpass. When the lon-
gitudinal magnetic field is measured, the passband
of the filter is tuned to −75 mÅ away from the
line center. When the transverse field is measured,
the passband of the filter is placed at the line cen-
ter for the best sensitivity and the least cross-talk.

Note that the magneto-optical effect may influence
the transverse field measurement[2−4]. However, we
will not consider this effect here, for this study fo-
cuses only on the strength of the transversal field,
rather than the angle of the transverse field that is
affected by the magneto-optical effect. The typical
field of view of the observation is 6′ × 4′.

Following Jefferies et al.[5] and the calibration
method of many other similar filter-type magne-
tographs, we use the following linear relationship
to calibrate our magnetograms:
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where I,Q,U, V are the measured Stokes parame-
ters, BL and BT longitudinal and transversal com-
ponents of the vector magnetic fields, and CL and
CT their corresponding calibration coefficients.

Several studies have been made on calibrating
the magnetograms obtained by SMFT. Ai, Li and
Zhang[6] gave the first, theoretical calibration of
the FeI 5324.19 Å line. Their calibration coeffi-
cients are 10000 for CL and 9730 for CT, respec-
tively. Wang et al.[7] have tried to use empirical
and observational methods to calibrate the longi-
tudinal magnetic field. The coefficients are 8900 for
the former and 9600 for the latter, respectively. Su
and Zhang[8] measured the magnetic fields over a
sunspot and obtained the calibration coefficients by
using an inversion technique and nonlinear least-
squares fitting. Based on these results, currently
the coefficients commonly used are 10000 for CL

and 6626 for CT, respectively.
Recently, another approach has been taken to

calibrate filter-based magnetographs, that is, to
compare the magnetograms obtained by filter-
based magnetographs with those obtained by
spectro-polarimeters. Berger and Lites[9,10] com-
pared co-temporal magnetograms obtained with
the Advanced Stokes Polarimeter (ASP) with the
full-disk magnetograms obtained with the Michel-
son Doppler Imager (MDI) on aboard SOHO and
found that the previous calibration of MDI magne-
tograms has underestimated the flux density by a
factor of about 1.6. Tran et al.[11] made a detailed
cross-correlational study between sets of magne-
tograms simultaneously obtained by the Mount
Wilson Observatory (WMO) and by MDI/SOHO.
They divided the solar disk into 10 regions and
found 10 different ratios of MWO FeI5250 Å mag-
netograms over the MDI magnetograms. Following
this approach, we used a set of co-temporal magne-
tograms obtained with SMFT/HSOS and SP/SOT
to check the calibration of SMFT.

1 Data and analysis

The Hinode satellite[12] was launched on 2006
September 22. The Solar Optical Telescope (SOT)
on board Hinode consists of the main 50 cm aper-
ture telescope (Optical Telescope Assembly, OTA)

and focal plane package (FPP). The combined SOT
system is optimized for accurate measurement of
the vector magnetic field in the photosphere and
dynamics of both the photosphere and chromo-
sphere associated with the magnetic fields. The
SP obtains line profiles of two magnetically sensi-
tive Fe lines at 630.15 and 630.25 nm and nearby
continuum. Spectra are exposed and read out con-
tinuously 16 times per rotation of the polariza-
tion modulator, and the raw spectra are added
and subtracted onboard in real time to demodu-
late, generating Stokes IQUV spectral images. The
SP magnetograms we use in this work have spa-
tial resolutions of either 0.16′′/pixel (normal maps)
or 0.32′′/pixel (fast maps), and their duration is
usually several tens minutes. To retrieve the vec-
tor magnetic fields, we use the non-linear least-
squares method based on the Miline-Eddington at-
mosphere model following Skumanich and Lites[13].

To create the sample used in this paper, we first
produce 17 SP magnetograms of 16 days which we
know SMFT also has the observations (see Table
1 also). Then we select SMFT magnetograms to
pair with each of these 17 SP magnetograms if the
observation time of the SMFT magnetogram lies
in the range of SP observations. Because the tem-
poral interval of SMFT magnetograms is only 3
minutes, much shorter than the scanning time of
SP magnetograms, we usually find more than one
SMFT magnetograms to pair with each SP mag-
netogram.

A pixel-to-pixel comparison of the SMFT image
to the SP maps requires a common alignment and
image scaling. We doubt the observing condition
in Huairou may have smeared the structures much
more than the instrument’s point spread function
does. Out of this consideration we have chosen
to smooth both SMFT and SP magnetograms to
a large spatial resolution, that is, 2′′ per pixel, so
that the magnetograms become comparable with-
out being over-sampled. That will also offer a bet-
ter signal-to-noise ratio for SMFT magnetograms.
The original spatial resolution of SMFT magne-
tograms is 0.352′′/pixel. When doing smoothing,
we have used the SMOOTH and CONGRID (with
/interp keywords) functions in IDL to reform the
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magnetograms to be of 2′′/pixel. For example, for
a SP magnetogram that has a size of 1000×512
pixels and resolution of 0.3′′/pixel, we convert it
into 2′′/pixel with a new size of 150×77 pixels
(1000×0.3/2=150, 512×0.3/2≈77).

Our next step is to co-align each pair of SMFT
and SP magnetograms and compare the SP longi-
tudinal and transversal magnetograms with those
of SMFT. By SP longitudinal (BSP

L ) and transver-
sal (BSP

T ) magnetograms, we mean the following
quantities that are calculated from the retrieved
SP vector magnetic fields:

BSP
L = (Bf cosψ)SP,

BSP
T = (B sinψ

√
f)SP,

(2)

where B is the retrieved SP field strength, ψ the
angle of the magnetic field vector to the line of sight
and f the filling factor. By taking into account the
filling factor, the BSP

L and BSP
T maps are actually

flux density maps, ready to be compared with those
obtained with filter-based magnetographs.

Figure 1 gives an example of such a cross com-
parison between one pair of SP and SMFT magne-
tograms which were observed on January 28, 2007.
In the left panel, the x-axis is the strength of the
longitudinal magnetic field (BSP

L ) from SP, and the
y-axis is the strength of the longitudinal magnetic
field (BHR

L ) from SMFT. In the right panel, the x-
axis is the strength of the transverse magnetic field
(BSP

T ) from SP, and the y-axis is the strength of the

transverse magnetic field (BHR
T ) from SMFT. Each

plus symbol in the plots represents a point in the
magnetograms and each diamond symbol in the
plots represents a median value in the bin of every
50 Guass of BSP

L or BSP
T . We have excluded those

points whose magnitude of BSP
L or BSP

T are larger
than 1000 Guass because these points may be in-
fluenced by the saturation effect in SMFT mag-
netograms. We have also excluded those points
whose BSP

L are smaller than 100 Guass or BHR
T

are smaller than 250 Guass because these points
are largely influenced by the noise level in SMFT
magnetograms. Then, using these diamond points
we find an average of the ratio RL = BSP

L /BHR
L or

RT = BSP
T /BHR

T . These numbers are listed in the
fifth (RL) and seventh (RT) columns of Table 1.
For the pair showed in Figure 1, RL = 2.14334 and
RT = 1.30671. The solid line in the left panel of
Figure 1 shows y = x/RL, and the solid line in the
right panel of Figure 1 gives y = x/RT.

Table 1 shows that these numbers are all larger
than 1. This means that compared to the SP/SOT
measurements, our previous calibrations have un-
derestimated the flux density. The new calibra-
tion coefficients, according to this work, should be
larger, as listed in the sixth (“New CL”) and ninth
(“New CT”) columns of Table 1.

As we have made an intentional choice, the mag-
netograms analyzed here are located at different

Figure 1 An example of the cross comparison between a pair of SP and SMFT magnetograms on January 28, 2007. (a) The

relationship between the longitudinal field strengths of SP and SMFT; (b) the relationship between the transversal field strengths of SP

and SMFT. See the text for details.
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positions on the solar disk. It is known that the
Sun has a differential rotation velocity. The lon-
gitudinal component of the velocity will vary with
the different positions on the solar disk. We sus-
pect that this will shift the actual filter position
relative to the line center and change the calibra-
tion coefficients. To verify this hypothesis, we have
plotted Figure 2, where the x-axis is the actual
wavelength shift (relative to the line center, in units
of mÅ) of each observed region and the y-axis is
the obtained new calibration coefficients as listed
in the sixth and ninth columns of Table 1. Each
observed region has a different position, so a differ-
ent doppler velocity is caused by the solar rotation
and hence a different wavelength shift. These data
are also listed in the first four columns of Table 1.

Since the calibration coefficients do show a disk-
position dependence we went further to fit these
coefficients with a fourth-order curve as C =
a0x

4 + a1x
2 + a2x + a3, where x is the wave-

length shift and C is either new CL or new CT.
Let A = [a0, a1, a2, a3], our fitting gives A =
[2.35005 × 10−5, 7.08605, 1059.09, 54522.7] for the
solid line in the top panel, and A = [8.03991 ×
10−6, 2.41208, 454.625, 30053.0] for the solid line in
the bottom panel.

For the sake of comparison, we have also plotted

the results from Su and Zhang[14]. They obtained
the observed Stokes profiles by tuning the filter
of a full-disk vector magnetograph in HSOS (note
this is not the SMFT). They also got a series of
calibration coefficients with different wavelength
shifts. We plotted their results in Figure 2 also.
The fitting of their results gives A = [1.20599 ×
10−7, 3.49598,−9.00109, 7497.22] and A =
[9.27416×10−6 ,−0.0365765,−6.41906, 6206.46] for
the dashed lines in the top and bottom panels re-
spectively. Here again our coefficients are system-
ically larger than theirs.

2 Results and discussion

The calibration coefficients of SMFT we obtained,
by comparing co-temporal SP and SMFT mag-
netograms, are systemically larger than currently
used numbers and those of Su et al.[14].

One possible reason is the spatial resolution. As
discussed in Berger and Lites[10], the spatial scale of
magnetic elements may be much smaller than the
spatial resolution and the flux contribution from
magnetic elements with different polarity may have
canceled each other. This may be particularly true
for the SMFT observations because of the seeing
conditions.

Figure 2 The dependence of calibration coefficients on the disk position. �–Coefficients obtained in this work. �–Coefficients obtained

by Su et al.[13]. See the text for details.
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Another reason may be the atmospheric thermal
model. Previous calibrations, particularly those
theoretical ones, usually use one or a few chosen
atmospheric models for all data points. Instead
of using any atmospheric model, this study uses
SP data to calibrate SMFT magnetograms. This
means for each pixel we have used a different atmo-
spheric model given by the SP observations. That
may make a difference.

As we mentioned before, shifting the spectral line
due to differential solar rotation may produce the
location-dependent coefficients among other fac-
tors. In addition to this reason, other reasons, such
as different line shapes in umbrae and penumbrae,

line profile and formation height being dependent
on the center-to-limb angle etc., could also influ-
ence SMFT’s observation. In that sense, Figure
2 only shows that the calibration coefficients are
disk-position dependent and in our fitting formula
the shift of the spectral line due to differential so-
lar rotation should only be regarded as a register
of the disk position.
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the solar magnetic field and the theoretical calibration of solar

magnetic field telescopes. Acta Astron Sin, 1986, 6: 11–20

7 Wang T J, Ai G X, Deng Y Y. Calibration of nine-channel solar

magnetic field telescope. II. The results of the observational

calibration. Astrophys Rep, 1996, 28: 41–48

8 Su J T, Zhang H Q. Calibration of vector magnetogram with

the nonlinear least-squares fitting technique. Chin Astron As-

trophys, 2004, 4: 365–376

9 Berger T E, Lites B W. Weak-field magnetogram calibration

using advanced stokes polarimeter flux-density maps - I. So-

lar optical universal polarimeter calibration. Sol Phys, 2002,

208(2): 181–210

10 Berger T E, Lites B W. Weak-field magnetogram calibra-

tion using advanced Stokes polarimeter flux density maps -

II. SOHO/MDI full-disk mode calibration. Sol Phys, 2003,

213(2): 213–229

11 Tran T, Bertello L, Ulrich R K, et al. Magnetic fields from

SOHO MDI converted to the Mount Wilson 150 foot solar

tower scale. Astrophys J Suppl Ser, 2005, 156(2): 295–310

12 Kosugi T, Matsuzaki K, Sakao T, et al. The Hinode (Solar-B)

mission: An overview. Sol Phys, 2007, 243(1): 3–17

13 Skumanich A, Lites B W. Stokes profile analysis and vector

magnetic fields. I - Inversion of photospheric lines. Astrophys

J, 1987, 322(1): 473–482

14 Su J T, Zhang H Q. The effects of polarization crosstalk and

solar rotation on measuring full-disk solar photospheric vector

magnetic fields. Astrophys J, 2007, 666(1): 559–575

1712 Wang D et al. Sci China Ser G-Phys Mech Astron | Nov. 2009 | vol. 52 | no. 11 | 1707-1712



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


