A Photometry Comparison of 41 Henden M67 Comp

Star Differences With Five Other Surveys

8/31/2017
APASS Ave | APASS | BSM AVE BSM CMC Ave cmC Pan- Pan- SDSS SDSS
Difference | STDEV | Difference | STDEV | Difference | STDEV | STARRS | STARRS | Ave Diff | STDEV
Ave Diff | STDEV
U .059 .079
B .029 .033 .018 .021 .087 .104 .097 .030 .039 .063
V .027 .028 .022 .018 .020 .024 .056 .026 .029 .032
R 113 .072 .017 .017 .030 .039 022 .026 .023 .031
| 197 127 .023 .022 .040 .064 .059 .062
Table 1

Table 1 methodology: The differences in all case are an average for the surveys

included stars (see Table 2) against the corresponding Henden stars and filters.

No one survey included an equal number of Henden Comps because of their

differing ranges of saturation and uncertainties (see notes).

Survey | UMag | #U BMag | #B VMag |#V RMag | #R I Mag #1
Range Comps | Range Comps | Range Comps | Range Comps | Range Comps
Henden | 16.053- 13 | 9.978- 41 | 10.040- 41 | 10.059- 41 10.086- 41
19.068 19.511 18.791 18.460 18.197
APASS 10.026- 33 | 10.058- 33 | 10.164- 33 10.252- 33
16.617 15.663 15.139 14.650
BSM 9.980- 14 | 10.043- 14 | 10.062- 13 10.095- 13
12.928 12.387 11.624 11.158
cMmC 10.072- 25 | 10.048- 25 | 9.996- 25
14.746 14.047 13.652
Pan- 14.800- 14 | 14.271- 16 | 13.949- 16 16.637- 16
STARRS 18.333 19.729 18.383 18.048
SDSS 16.054- 12 | 15.728- 12 | 14.987- 12 | 14.563- 12 14.152- 12
19.391 18.333 18.732 18.388 18.008
Table 2

Survey Notes:




BSM: One comp had no Rc or Ic data.

Pan-STARRS: Because the two faintest B filter comps had unacceptable differences (19.132
& 19.319) they were removed for B filter purposes and ending that sequence with a B = 18.333.
Please see the separate section: Efficacy of Pan-STARRS as a BVRI source.

Survey Source Information

Henden: The first 33 comp stars (through V = 15.629) were sourced from the AAVSO’s VSP’s
Special Chart Option for the Standard Field option centered on the coordinates of M67
(08:51:20+11:47:00):

https://www.aavso.org/apps/vsp/

As that sequence stopped with V = 15.629 the remaining 8 fainter comps were sourced from
SeqgPlot [NOFS (10)]:

https://www.aavso.org/Seqgplot

APASS: These 33 comps were sourced directly from SeqPlot by selecting those comps that
matched the Henden coordinates and had reasonable uncertainties. It should be
acknowledged that the APASS Rc & Ic data was converted from APASS Sloan filters prior to its
inclusion into SeqPlot [Suspect that the conversion was according to Jester et al. (2005)]

BSM: These 14 comps were sourced directly from SeqPlot By selecting those comps that
matched the Henden coordinates and had reasonable uncertainties.

CMC: These 25 comps were sourced from VizieR, For this catalog, in their native format of r’, J
& K, by selecting those comps that matched the Henden coordinates and had an expectation of
reasonable uncertainties:

http://vizier.cfa.harvard.edu/viz-bin/VizieR

The conversion to V was accomplished using the formula provided in the paper: A Method for
determining the V magnitude of asteroids from CCD Images, by Roger Dymock & Richard Miles:

http://www.britastro.org/asteroids/JBAA%20119%20149-156%20Dymock1.pdf
When (10<V<14.2)

V = 0.6278*(J-K)+0.9947*r'



The conversion to B originated from Brian Skiff (no current source for this, except for an old
email from a fellow observer).

Rc = V-0.508*(B-V)-0.040
B-V = (V-Rc-0.04)/.508

The conversion to Rc was accomplished using the formula provided in the paper: Red
Magnitudes, by John Greaves:

http://www.aerith.net/astro/color_conversion/JG/redmags.pdf

Rc =0.984r
Pan-STARRS:

These 16 comp stars were sourced directly from a Pan-STARRS catalog search url, centered on
the M67 coordinates:

http://archive.stsci.edu/panstarrs/search.php
using the mean aperture magnitudes for the g,r & I filters (i.e, gMeanAPMag)

The conversions to BVRI were accomplished with the use of transformations suggested by
Jester et al. (2005) as sourced through SDSS:

http://www.sdss3.org/dr8/algorithms/sdssUBVRITransform.php
When Rc-lc < 1.15

B-V = 0.98*(g-r)+0.22
V-R = 1.09%(r-i)+0.22
Rc-Ic = 1.00*(r-i)+0.21
B = g+0.39*(g-r)+0.21
V =g-0.59*(g-r)-0.01

SDSS
These 12 comps were sourced directly from a SDSS url, using the inserted search language, as

provided below between the lines (see below
instructions):

http://skyserver.sdss.org/dr12/en/tools/search/sql.aspx

1. (a) Delete the existing copy from the SQL Search Box(white area).



2. Copy & Paste in the following query(between lines) into the SQL Search Box (white area).
Replace "W" with the RA (decimal degrees), "X" with declination, "Y" with the radius (5" line
from bottom-radius is in arcmin; suggest “6” as a starting point) and "Z" with the magnitude of
the variable we are making a sequence for (last line).

select
s.objid,
s.ra,
dbo.fHMS(s.ra) as HMSra,
s.dec,
dbo.fDMS(s.dec) as DMSdec,
(s.u-0.0316*(s.u-s.g)-0.7487) as U,
(s.u-0.8116*(s.u-s.g) +0.1313) as B,
(s.g-0.5784*(s.g - s.r) - 0.0038) as V,
(s.r-0.1837*(s.g - s.r) - 0.0971) as R,
(s.r-1.2444*(s.r - s.i) - 0.3820) as |,
((s.g - 0.5784*(s.g - s.r) - 0.0038) - 16) as VmagDifference
from star s, dbo.fGetNearbyObjEq(W,X,Y) f
where s.objid = f.objid
and (0.1884*s.u + 0.39*s.g - 0.5784*s.r + 0.1351) between 0.3 and 1
and (s.g - 0.5784*(s.g - s.r) - 0.0038) < 19
order by ((s.g - 0.5784*(s.g - s.r) - 0.0038) - Z)

The results will be in the form of a nice HTML table with RA and Dec in both sexigesimal and
decimal degrees and UBVRI. The photometry equations are from: The U band comes from
Jester and the BVRI from Lupton. Arne Henden chose the specific equations to use (which can
be seen in the SQL query), in 2007.

The stars listed are those with 0.3 < B-V < 1.0 and cutoff at 19th magnitude (change the 19 in
the equation for a different cutoff).



Efficacy of Pan-STARRS as a BVRI source

A goal of this survey was to also see if it were possible to demonstrate the efficacy of Pan-
STARRS as a BVRI source using the best magnitude option and best conversion algorithm. The
other surveys, herein covered, are all already being used as an AAVSO sequence source.

After examining the V filter data (V = g-0.59*(g-r)-0.01)using both the Mean aperture column
data (l,e, gMeanApMag) and the maximum PSF magnitude column (i.e., gMeanPSFMagMax) |
concluded that the Mean aperture column provided the best results; then it was just a question
of whether the Jester conversion formulas or the Lupton conversion formulas would be the
best choice; table 3 shows the differences with both sources against Henden data.

Lupton Ave | Lupton Jester Ave Jester
Difference | STDEV Difference STDEV
B |.117 .037 .097 .030
VvV | .044 .025 .056 .026
R |.024 .026 .022 .026
I |.039 .054 .040 .064
Table 3

The differences are relatively comparative, IMO, and | elected to use Jester for this purpose. In
either event, the data shows that Pan-STARRS is an acceptable source for fainter data for use in
AAVSO Sequences.

Note To Sequence Team Members Regarding Uncertainty values for CMC, Pan-
STARRS and SDSS Surveys.

CMC Uncertainties: Historically, we have Inserted .05 for V, NA for B and .139 for R. Based
upon this data | would be comfortable in leaving the V uncertainty as is; changing the B
uncertainty from NA to .2 and the R uncertainty from .139 to .09.

Pan-STARRS Uncertainties: Add the appropriate Sloan filter error values in quadrature.

SDSS Uncertainties: Historically we have inserted .05 uncertainty for each filter, BVRI and this
data suggests that is a reasonable option.

Closing Remarks

It is to be recognized that the number of comps involved are a very small sample. Other fov’s
with differing number of observations and seeing will probably produce different data.



While this has been a very time consuming project (10 spread sheets) and | have endeavored to
be accurate, there always remains the potential for errors. Please feel free to point out any
errors or omissions

At the end of this | have also included the BVRI Magnitudes for all the comps, extracted from
the original spread sheets used, with the coordinates being from Henden (NOFS) data.

Tim R Crawford, CTX
AAVSO Sequence Team
tcarchcape@yahoo.com
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