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Abstract: If any double star discoverer is in urgent need of photometry then it is Jonckheere.
There are over 3000 Jonckheere objects listed in the WDS catalog and a good part of them
with magnitudes obviously far too bright. This report covers the Jonckheere objects in the
constellations Pup, Pyx and partly Mon. One image per object was taken with V-filter to al-
low for visual magnitude measurement by differential photometry. All objects were addition-
ally checked for potential gravitational relationship.

Preamble: This report in no way intends to belittle the work of Jonckheere — on the contrary:
He was obviously a very dedicated and able double star observer fighting with a lot of obsta-
cles up to equipment destroyed in war. It seems that the basic double star parameters, RA/Dec
coordinates and separation as well as position angle were his main concern and the estimation
of magnitudes was rather a side aspect to him. The often crass over estimation of magnitudes
may also be a side effect of his obviously extraordinary eyesight.

1. Introduction

As follow up to the reports on J-objects photometry
beginning with Knapp/Nanson 2016 this report covers
the J-objects in the constellations Pup, Pyx and to some
degree in Mon. The plan to cover the rest of J-objects in
Mon after the Mon I report in JDSO 14/4 failed due to
repeated weather conditions unsuitable for imaging.
Imaging sessions were rescheduled several times and
images from seemingly successful sessions had to be
dismissed due to poor quality. Usually even low quality
images provide still useful differential photometry re-
sults but in this case I got the impression that the exist-
ing material provides mostly Vmag measurements of
little value — so only a fraction of the existing Mon im-
age material was used for this report restricted to ob-
jects with current WDS Vmag values obviously in very
great need of improvement.

The prospect to wait for another year to get a
chance to complete the necessary imaging sessions in
Mon led to the decision to quit the plan of covering all J
-objects by constellations. For this reason this is my last
report on Jonckheere objects photometry covering so
far in total about 30% of all J-objects - but I intend to

continue with photometry reports for WDS objects in
need of precise Vmag photometry regardless of discov-
erer.

2. Results of Photometry and Catalog Checking

For all selected J-objects one single image was tak-
en with iTelescope iT24 or iT27 with V-filter and 3s
exposure time. Astrometry results based on one single
image have to be taken with caution beyond the given
error range but this aspect seems less significant for the
V-filter measured magnitudes as a magnitude error of
~0.1 or even a bit larger seems negligible in compari-
son with those of many Jonckheere objects, which often
have given magnitude errors in the range of up to 2 or
more magnitudes.

The images were plate solved with Astrometrica
using the URAT1 or UCAC4 catalog with reference
stars in the Vmag range of 8.5 to 14.5 giving not only
RA/Dec coordinates but also photometry results for all
reference stars used including an average dVmag error.
The J-objects were then located in the center of the im-
age and astrometry/photometry was then done by the
rather comfortable Astrometrica procedure with point
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and click at the components delivering RA/Dec coordi-
nates and Vmag measurements based on all reference
stars used for plate solving.
The photometry measurement results are given in
Table 1 below with the following structure:
. J#: number of J-object
o C: components
o RA/Dec: positions for primary and secondary in
HH MM SS.SSS/DD MM SS.SS format
o dRA/dDec: plate solving errors for RA and Dec
in arcseconds

o Sep: calculated separation in arcseconds using
the given positions

. e Sep: separation error

) PA: calculated position angle in degrees using
the given positions

) e PA: position angle error

) Mag: Vmags for both components measured by
differential photometry

o e Mag: magnitude error

) SNR: signal to noise ratio of the image used for
plate solving

. dVmag: plate solving error in Vmag

) Date: Julian observation epoch

) Notes: telescope used with exposure time or ref-
erence to additional comments listed below Table
1

All listed objects were additionally checked for be-
ing potential physical by cross-matching with GAIA
DR2 using proper motion and parallax data if available.
The results are listed in table 2 below with the follow-
ing structure:

o J#: number of J-object
. C: components (AB if blank)
o PA: calculated epoch 2015.5 position angle in

degrees

. e PA: position angle error

o Sep: calculated epoch 2015.5 separation in
arcseconds

o e Sep: separation error

. Vestl/2: estimated Vmags from GAIA G/R/B-
mags (see Appendix)

. e Vestl/2: estimated Vmag error

. pmRA/DE/1/2: GAIA DR2 proper motion values

. CPMS: Common proper motion score (estimated

likelihood for common proper motion)

o PIx1/2: GAIA DR2 parallax values

. e PIx1/2: GAIA DR2 parallax error values

o PGRS: potential gravitational relationship score
(estimated likelihood for potential gravitational

relationship (see Appendix)

Summary

Most of the listed J-objects in Pup, Mon and Pyx
show the expected magnitude difference larger than 0.5
compared with the WDS catalog data. Only 4 of these
objects qualify as solid or at least good CPM candidates
based on a rating scheme using GAIA DR2 proper mo-
tion data if available for both components with the ca-
veat of rather small proper motion values for most of
them. Finally only J 2638BC has parallax and angular
separation values allowing for a 100% likelihood for a
distance between the components of less than 200,000
AU suggesting potential gravitational relationship be-
tween the components which means WDS notes code
“T”. While several of the other listed objects have very
similar parallax values for both components these paral-
lax values are far too small to allow for a noticeable
likelihood for being physical as the possible distances
between the components increases in such cases expo-
nentially even within a small parallax error range
(Knapp 2019). So all of the listed objects with excep-
tion of J 2638BC are most likely optical pairs.

A comparison of estimated Vmags calculated from
GAIA DR2 G/R/B-mags with the results from differen-
tial photometry shows a mean difference of -0.090 and
a standard deviation of 0.236 — this indicates a small
bias for Vmag estimations slightly fainter compared to
differential photometry measurement results with a
standard deviation mostly caused by the average plate
solving dVmag errors. The correlation coefficient be-
tween measured and estimated Vmags with 0.986 al-
lows for the conclusion that the estimated Vmags are a
useful substitute in cases of lacking Vmag measure-
ments.
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Appendix
Description of the CPM rating procedure (according Knapp and Nanson 2017 and Knapp 2018)
. Four rating factors are used: Proper motion vector direction, proper motion vector length, size of position er-
ror in relation to proper motion vector length and relation separation to proper motion speed
. Proper motion vector direction ratings: “A” for within the error range of identical direction, “B” for similar
direction within the double error range, “C” for direction within the triple error range and "D" for outside
. Proper motion vector length ratings: “A” for identical length within the error range, “B” for similar length
within the double error range, "C" for length within the triple error range and "D" for outside
. Error size ratings: “A” for error size of less than 5% of the proper motion vector length, “B” for less than
10%, “C” for less than 15% and "D" for a larger error size
. Relation separation to proper motion speed: "A" for less than 100 years, "B" for less than 1000 years, "C" or

less than 10000 years and "D" for above

To compensate for the extremely small proper motion GAIA DR2 errors resulting in a worse than “A” rating de-
spite only very small deviations an absolute lower limit is applied regardless of calculated error size:

. Proper motion vector direction: Max. 1° difference for an “A”

. Proper motion vector length: Max. 1% difference for an “A"

The letter based scoring is then transformed into an estimated probability and a verbal assessment for being
CPM

Description of the PGR assessment procedure (according to Knapp 2019)

. - GAIA DR2 data for RA/Dec and Plx are used for a Monte Carlo simulation assuming a normal distribution
for these parameters with the given error range as standard deviation. The distance between the components
is calculated from the inverted simulated parallax data and the simulated angular separation using the law of
cosine

\/a2 +b? —2abcosy

with a and b = distance vectors for the stars A and B in lightyears calculated as (1000/P1x)*3.261631 and y =
angular separation in degrees calculated as

y= arccos[sin(DEl) sin(DE2) + cos(DEl) cos(DEZ) cos(abs (RAI - RA2))]



Vol. 15No. 4 October 1, 2019 Journal of Double Star Observations Page 553

Jonckheere Double Star Photometry — Part XIV

o The potential gravitational relationship score (PGRS) is the percentage of simulation results <200,000 AU
(~1 parsec) out of the simulation sample with a size of 120,000 corresponding with the likelihood that the
real distance is smaller than 200,000 AU

o The smallest, median and largest distance is the smallest, median and largest result of the simulation sample

. The smallest/median/largest distance is also used as estimation for the minimum value for the semi-major
axis of a potential orbit allowing for the calculation of a smallest/median/largest possible orbit period as-
suming zero inclination and in total double Sun mass

Estimation of visual magnitudes (according Knapp and Nanson 2018):
The estimation of the visual magnitudes is based on GAIA DR2 G/B/R-mags using the formula

V.., =3.9379083526304 + 0.269235360436179 * Gmag'-3701081887491 _( 123879978164097 *[Gmag — Rmag] - 0.943379695375539 *[Gmag — Bmag]

with a regression coefficient of 0.999 and a standard deviation of 0.064 derived by statistical analysis using nonlin-
ear regression with the UBVRI catalogs of Landolt&Clem (VizieR 1I/183A, J/AJ/146/88 and J/AJ/152/91) after
eliminating a few outliers due to questionable cross-match results with GAIA DR2. This estimation formula shares
the photometry caveats of GAIA DR2 for very bright (<10Gmag) and very faint (>18Gmag) objects according to
Evans et al. 2018 and Riello et al. 2018. In case of missing GAIA DR2 Bmag and Rmag data, the visual magnitude
was estimated with an average delta of +0.318 to Gmag.




