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Abstract

In the preented paperwe are investigating the color
indicesof tamgetsstuated athe geogationary orbits To
get the cobr indices we performed five nights of
obervations at the Astronomical and Geophysicd
Observatory FMPI CU, Modra duing the sunmer and
fall 2012 ad duing the winter 2013.The main targets
were stable pacecratfs and roclet bodiesIn three cass
we also observed fragnents of the Titan 3C rocket body
which fragmented on &O in 1993. Two types of
observations were used. During one station observations
the measrements were perforned ly the 0.6-neter
Zeiss telescpe with 3.29-meter focal lergth and with
Johrsor/Cousin BVRI filters. For two simultaneas
obervations the 0.6-neter Zeiss telescope am 0.28-
meter Celestron EdgHD telescope eqipped with
Johrsor/Cousn R filter were wed. We calclated
astrametric positions of selected targets by our own
packa@ Satep ard by ugngthe public cataloge.

1 Introducion

It is almost a decadeince he rew popuation of space
debrs with high areato-mass raio (HAMR) has been
discovered [1].This type of popuation is specffic by the
orbits with mean motions close to one revolution per
day and with high eccetricities Its origin, aswell the
mechanism of creaton werent suficiently desribed
until today. Our recen knowledge indicatesthat these
objectscodd be ceated inthe GEO belt ad under the
influence of perurbaions mostly by the solar radiation,
they migrate tothe more ecertric orbits with higher
inclinations [2].

Except dyamical ewlution, alo the physical properties
such ascolorsand cola indicescanhelp us undergand

this popuation in more desil. By comparing the optcal

propertes of HAMR targets with other known objects,

one can etrapolate leir surface phygical properties
For this pupos the laborabry [3] or the optcal

measirements canbe ugd [4] [5].

In ou preerted work we are digussng the color
indicesof objectswhich are claracteritic for the GEO
belt, tre HAMR objects most likely area oftheir orign.
We presen the single telesope observations as well

Proc. ‘6th European Conference on Space Debris’
Darmstadt, Germany, 22-25 April 2013 (ESA SP-723, August 2013)

two telescopessmultaneous observations performed at
the Astronomical and Geophysical Observatory FMPI
CU, Modra, $ovak Republic (AGO). During the
measuements we used ou 0.6-neter Zeiss telescope
with 3.29-neter focal length and with Johrsor/Cousin
BVRI filters (see Fyure 1, on the l&ft) ard smaller 0.28
meter Celestron EdgHD telescope eqipped with
Johrsor/Cousin R filter (see kgure 1, on the right).

Figure 1. Two telescopes situated at the Astronomical
and Geophysical Observatory FMPI CU, Modra which
were used for the observation campaign. The 0.6-m
Zeiss telescope with 3.29-m focal length and with
Johnson/Cousin BVRI filters (on the left) and the 0.28-m
Celestron EdgeHD telescope with 2.8-m focal length
and with Johnson/Cousin R (on the right).

2 One telescope observations

Several opticdly stable nights were usel for our
obeervation campaign. We perbrmed snge dation
obeentions in 19t of Auguwst 16h ard 19h of
October and 14t of November 2012. We obse obgpct
observable with 0.6-m telescqe in B filter. Usng the 5
secords expoare time this means approxmately
limiting magnitude o +14 in B filter. To obtain the
object’s eplemeris we used orbital elerants from the
public catalogie ard ou own package Satephthe tool
using the aralytical model S5P4 [6]. Sidereal tracikg
was turned off during the measrrements, 0 the stars
appearedas a dreals ard GEO olpects as points or a
very short dreeks. For ore ohect fom ten to twelve
imageswere teken for eachfilter B, V, Rard I. Due the



readut time of CCD camera, this correpords to abou
30 minutes of observations pe ore ohect

During the obgrvation night we aso obsrved sveral
stardard $ar fields for eachfilter. In that ca® the
sidereal trackg was on. We used tte Landolt sandard
stars to perform the conerson from instrumental into
the aparert magnitudes [7. After diservations, the
stardard image calibrationwas perormed by the Image
redwction ard Analysis Facility (IRAF). We subtracted
the master bias dark and flat field imagesfrom the raw
images For thet purpose the IRAF paclage dbphot was
used kindly provided to us ty Dr. Patrick Setzer from
the University of Michigan.

After the image rediction procedue, the indrumental
magnitudes for ewery filter of every object were
measred aml conerted ino to the apparen
magnitudes As the last step, the obrved apparen
magnitudes were corrected bythe prase ange. In that
cae we oot for every objectits ab®lute magnitudesin
different filters The measired megnitudes with their
calcdated errorsare plotted in Figure 2 ard Figure 3
for SL-12 RB ard debis fragnment from Titan 3C R/B
regectively.
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Figure 2. The magnitudes of the SL-12 R/B for B, V, R,
1 filter (y axis) as a function of time (x axis) obtained
during single telescope observations.
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Figure 3. The magnitudes of the Titan 3C R/B debris for
B, V, R, I filter (v axis) as a function of time (x axis)
obtained during single telescope observations.

In total, 14 GEO objecs ard ore object on more
eccettric orbit () were obgred duing four nights of
single telescope obenvtions. One obect SL-12 RB
38101 was obgrved twice, in 19t of August and ako
in 14t of November. There were three dfferent types
of Astra spcecréts diserved, five satellites in total.
Except the SL-12 RB 38104, ado two others SL-12
R/Bs were oberved, the 11567 ad 11684.The roclet
bodies Titan 3C R/Bs 7324 ad 10002 Titan 4C R/Bs

27712 ard Atlas were obgrved as well. Except the
intact tar@ts, we measrred the nagnitudesof fragnents
from Titan 3C R/B 198-081E, which fragmented in the
GEO ring in 1992 [8]. There were three fragments
observed in total.

For ewery of these obgctswe obtaired megnitudesin B,
V, R ard | filters. The exeptions were two debris
fragments from Titan 3C R/B which were too faint to be
observed in B filter. To calallate he cdor indices he
averaged value d magnitudesfor givenfilter wasused

3 Simultaneous observations

Also we performed test Smultareousobservation in 7th
of February 2013. The siapshots were taken every
minute by both telescqes atthe same time. The wsed
expoare time was five secords ard the $dereal
trackng was turned df. To acheve the synchronization
between both obweners, the rado cortrolling clocks
were wed. For the 0.6-m telescope we were tking
images u@ng filters R, B, V ard I. There were sx
imagestaken per eacHilter per opect. Duing the exact
time, we took images of the sane object with the srrall
0.29-m telescqe, but only in the Rfilter.

In final, we obtaired color idicesB-R, V-R, and I-R as
a function of time. We subtracted inlicesB-R and V-R
to obtainthe color irdex B-V. There are arexamples
plotted in Figure 4 ard Figure 5 for SL-12 RB (38104)
ard Ekran 13 (15219. The nmegnitudes obtained for R
filter by the 028-m telescge as afunction of time are
shown in the wpper pbt of Figure 4 ard Figure 5. On
the lower plot of Figure 4 ard Figure 5, the color
indicesare plotted aa function of time.
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Figure 4. T he color indices obtained during two
telescopes simultaneous observations (figures below)
and the light cur ve for R filter obtained by 0.28-m
telescope (above) of SL-12 R/B 38104. The x axis
represents the time since first image expos ure. The y
axis represents the indices V-R, B-R, I-R and the R
magnitudes obtained by 0.28-m telescope.
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Figure 5. T he color indices obtained during two
telescopes simultaneous observations (figures below)
and the light cur ve for R filter obtained by 0.28-m
telescope (above) of spacecraft Ekran 13(15219). The x
axis represents the time since first image exposure. The
y axis represents the indices V-R, B-R, I-R and the R
magnitudes obtained by 0.28-m telescope.

There were four objects in total simultaneously
obsrved by two telescopes the Astra 1M (33436),
Astra 2C (26853, Ekran 13 (15219) ad S.-12 RB
(38104).

4 Results

The color irdices obtaired by the sngle tdescope
observations ard by the smultaneous observations R-1
verss V-R ard B-V versus B-R, are pbtted in Figure 6
ard Figure 7. The valueshave awrag errorof 0.18 of
magnitude for B-V ard B-R indicesard error 0f0.13 of
magnitude for R-I and V-R indices Thes errors are
resdts d combination of the erra cawsedby signal to
noise ratio for given objed in given filter and the
ob<ervation corditionsduring the measurement night.
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Figure 6. The color indices B-V versus B-R o btained
during the single telescope observations (nights
2012/08/19, 2012/10/16, 2012/10/19, 2012/11/14) and
during  the  simultaneous  observations  (night
2013/02/07, on plots referred as FEB2 013). For
comparison the color indices for Sun are also plotted in

figures.
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Figure 7. The col or indices R-I versus V-R o btained
during the single telescope observations (nights
2012/08/19, 2012/10/16, 2012/10/19, 2012/11/14) and
and during the simultaneous observations (night
2013/02/07, on plots referred as FEB2 013). For
comparison the color indices for Sun are also plotted in

figures.

5 Discussion

There are everal groups clearly digtinguish in the
Figure 6 ard Figure 7. There are ABa spacecraffs, SL-
12 roclet bodies Titan 3C rocket bodiesand the debrs
(25000 ard 33510. Some object areseparaed from the
groups such as Astra 1M ard recently catalgued Titan
3C debrs fragment 38692. There are ab several
objectswhich are om oftheir kind such asTitan 4C R/B
(27712), Atlas R/B and Ekan 13 (1529). All
mentioned goups and targets are dscussed further in
following sectons.

The Astra 1M (33436) was obgrved twice, duing the

single telescope measuements in 16t of October 2012
ard ako duing the two smultaneous telescopes
measuements in 7th of February 2013. htained cobr

indicesduing both observations are \ery cloe to each
other. It is important to point out, that observed Astra

spacecrats have different manufactures The Astra 1M

was huilt and launched as he last me and unlike the

other four Astra gacecrafs (Astra 1H, Astra 2G Astra
1KR, ard Astra 1) its bus is cowred Ly copper
multilayer insulation (MLI). By using laboratay

measirements [3] we can seethat this type of material
has relatively high B-V and B-R indices comparing to

the Sunor to tke otler in space tsed materiak.

Another interesing targets are Titan 3C rocket balies
(7324 ard 10M2) ard fragments (25000, 3510 ard
386Q). The fragnents 33510 ard 3862 are potted
only in Figure 7, while there were tm faint to be
observed in B filter with the 0.6-m telescge. To get the
magnitudes in V filter we used the stackng images
procedue to inprove the sgnal to roise ratio br thee
targets. h Figure 7 the Titan 3C R/Bs 7324 ad 10005
ard the fragments 25000 ad 33510 arevery close ©
eachother. Interesting case is the fragnment 38692 viich
is having the smallest V-R index from observed targets.



Accading to laboratay measurements [3] this index is
cloe to tre materials like duminum and alumninized
Kapton.

The 9.-12 RB 38104was obsrved in three dfferent
nights, two times by the one telescope awl orce by the
two telescopessimultaneoudy. This rocket body is on
the geocentric Earh orbit since begnning of 2012,
which makes it the youngest olject we observed. From
ewvery observation we perfformed for this target, we got
very similar resits inits cdor indices.

The 9-12 RBs 11567 ad 11684 lve dightly
different color indices We expected tht resits,
becawse thes targets are the same type d objectsard
also spert the sane time on the abit, while they were
launched in same period oftime.

The nost extreme color indices were measired for the
Ekran 13 (15219. Thee vaues will be further
investigated and other simultaneous obervationswill be
performed for this target.

6 Conclusions

In the paperwe are preerting reslts from the
photometric measuremens of GEO type of objects
performed at the Astronomical and Geophysicd
Observatory FMPI CU, Modra. We peidrmed
observations during five nights in total. In first four
nights the 0.6-neter Zeiss telescopewas used b obtain
the targts krightnessin B, V, R ard | filters. In fifth
night, in the 7h of February 2013 we usd Wwo
telescopesfor simultaneous observations the 0.6-neter
Zeiss telescpe equipped with Johnsan/Cousin BVRI
filters and the smaller 0.28-meter Celestram EdgeHD
telescpe equipped with Johrsor/Cousin R filter.

During our dab procesing we performed several
calibration steps. First we applied image rediction
procedue on raw images. We calcdated tle
photometric equation coefficierts using standard sarsto
get the conerdon betwveen instrumental and apparen
magnitude. For eme objectswe al did correctios of
the apparenmagnitudesfor a plase ande.

For 17 obectsin total we measired aml calcuated tle

color indices (Figure 6 and Figure 7). They were

functional and non-functional spacecrafs, rocket bodies
ard fragmentation debrs. The SL:12 R/B 38104 was

obeerned three nights ard the Astra 1M (33436) vas

obsned two nights. The color irdiceswere calalated
from the mean valuesof measired nagnitudesfor given

fiter for given object. During the simultaneous

observations we obtaired directly the color irdices B-R,

V-R ard R-l asa furction of time.

The measred color imices help us better undergand
ard characterized he GEO regon. In the future
simultaneous observations we will continue to measure
the color ndices for anotker targets such as

fragmentation debrs from Titan 3C R/B 1968081E ai
from Ekran 2 1977092A ard ako HAMR type of
objectswhich are reachble byour system.
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