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1. Intro

The Semi-Automatic Variability Search Pipeline (SAVS.PL) is the easy-to-use software
which was created for semi-automatic reduction and analysis of a big amount of sky CCD images and
detecting new variable stars. It is utilized in the SAVS' sky survey operating at the Torun Centre for
Astronomy” of the Nicholas Copernicus University’.

The package

The package consists of two programs — DAPhot and JAMP — and two catalog files — the
Tycho-2 Catalogue and the General Catalogue of Variable Stars.

The DAPhot program’s task is reduction of raw CCD frames, detection of stars, measuring
stars’ brightness with the differential aperture photometry against comparison stars and transforming
instrumental coordinates into equatorial ones.

The JAMP application is used for managing and analyzing the collected data. In an automatic
way it joins data from single observations into databases which are separately created for every
observed field. In this process the cross-identification of objects is done. The program is also used as a
viewer for databases’ content. Candidates for variable stars are selected by the analysis of variance
method.

For astrometric calibration of images the data from the Tycho Catalogue are taken. The
included file tycho2.cat is written in binary format and bases on the original Tycho-2 Catalogue.
The known variable stars are extracted from the gcvs.cat file which is the converted version of the
original General Catalogue of Variable Stars.

Installation

Just unpack savs-plxxx.exe to any directory. Besides of execute files the directory
CATALOGS will be extracted, in which there are necessary catalog files. During the programs’ run
some other directories will be automatically created.

About..

The SAVS.PL package is provided as a freeware and "as-is". No warranty of any kind is expressed or
implied. In case of bugs and any problems don’t hesitate to send e-mail to me:
Gracjan Maciejewski
gm(@astri.uni.torun.pl
For the newest version and updates visit:
http:/ /www.astri.uni.torun.pl/~gm/SAVS/

! For further information on SAVS see http://www.astri.uni.torun.pl/~gm/SAVS/
2http://www.astri.uni.torun.pl/
3http://www.uni.torun.pl/
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2. Tutorial

In the package 11 exemplary CCD images of the neighborhood of the W Geminorum variable

and 2 calibration frames are included. They are located in OBS_DATA catalog. The observation were
made at the Piwnice Observatory of the Nicholas Copernicus University during test run of SAVS sky
survey. In this section we will reduce them step-by-step.

Pre-analysis of frames

Open file OBS_DATA\WGemO01.FIT with any fits viewer (e.g. F-View"). At the center of the
frame there is a bright star - W Geminorum. Now we need some important information about the
instrument the observations were made. All included images are flipped in x and y axis so north is
down and west at the left. The scale of the image is 13.8 arcsec/pixel. Learning the size of the image
we notice that the exposure is 3 x 2 degree wide.

1.

Designate coordinates (for epoch ]J2000.0) of the center of the frame. Any program like
SkyMap or Guide would be helpful. We know that all images are centered in the neighborhood
of the variable, so we can take its coordinates: RA=06"34"58° and Dec=15°19’50"".

Find stars which could be used as comparisons. I suggest HD 46900 and HD 46222 (marked
in the figure below) - they look pretty good.

., N

Data Reduction with DAPhot

1.
2.

e

Open DAPhot. The settings are optimized for our data, so we don’t need to change them.
Prepare catalog file for astrometric and photometric calibration of frames. This activity must
be performed only once for a new field. Go to the APC Edit tab sheet. In the Field/Object
name box enter a name of the observed field. For program’s automatic run and proper
identification it must be the same as a name written under the keyword OBJECT in a header of
the FITS. In case of our field, as we can check in images’ headers, it is WGem.

Set central coordinates with spin edits.

Enter the size of observed field (it should be about 1.5 wider than a real field) - 4 x 3 degrees.
Set limiting magnitude for 9.0. Only stars brighter then 9 mag will be extracted from the main
catalog.

4 F-View can be downloaded from http://www.astri.uni.torun.pl/~gm/index down.html

2



6. Press Create APC button. 70 common stars from the Tycho-2 Catalogue and 13 know
variables from the GCVS will be extracted. After the operation is ended the window will look
like below:

#| DAPhot 0.93 SE ||
Setlingsl Results Log APC Edit |
Creator
Field/Object name: Central Fia; Box size [deal:
[tw/Gem [t =ln[ 2] 0 2]m [4 X3
! i Cleate.t’-‘n.F'El
Central Diec: t agnitude limit [mag]:
’15 3, 0320 5, : IS,D
0 & 39 57.015 15 & zg.222 -lZ.3 -125.7 g.726 s89.5 - *
0 6 3z 31.897 16 32 3.950 -25.0 9.4 8.336 99.3 - T
380118 6 34 23.917 16 4 30.307 -2.9 -G6.5 8.826 99.3 - _—
o 6 34 46290 16 ZZ E4.198 -4.7  -1.0 a.088 9.3 - Saveds.
0 & 37 54.296 15 59 14.853 -13.1 -1Zz.8 .03z  99.3 -
0 & 35 55.859 15 12 24.591 -Z1.8 -45.3 7.853 99.9 - o
0 & 34 56.727 16 45 49.742 -5.3 -9.6 7.217 99.9 - __'”__;
0 & 36 £3.841 15 45 0.209 -10.8 -4%.1 7.336  99.3 ¢
0 & 34 53.680 16 12 20.829 ~-1.7 ~-5.9 £.602 99.9 -
0 & 35 26.327 15 42 39.217 0.9 -g.4 8.745 99.3 -
380008 & 34 57.453 15 19 43.892 -1.7 -z.7 7.158 99.3 - L Mark H t
0 & 35 51.786 18 26 47.071 1.4 -7.8 7.z36 99.9 - —>H0326§35npad:-|0614$63?2
0 & 36 44.587 16 19 z1.111 -0.5 -5.4 g.351 99.3 - an
0 & 37 37.558 15 11 43.927 11.7 -1l.5 Z.980  GS4.0 -
0 6 3z 7.635 15 7 1l.840 -6.9 3.7 8.303 99.3 -
0 & 3z 39.682z 15 1 15.454 1.9 -11.8 7.z40  99.3 ¢
0 & 37 46.549 15 2 24.891 -l85.2 -4.7 Z.608 99.9 -
0 & 34 46.271 15 4 33.850 -3Z.1 -46.6 2.370 99.3 -
0 & 47 51.489 18 & 25.377 0.6 -12.0 8.zzz  99.9 -
0 & 41 £1.942z 16 23 51.544 -5.3 -3.8 £.z70  99.3 -
0 & 47 26662 16 47 47.227 0.5 -15.5 8.776 99.9 -
_I [l A odn [ =2-ar] 1€ 4= BN A89 4 7 -7 N a2 oaTd a9 9 __j;!
4 *
Open Image(s] | Beduce ! About ; Enit i
I
|

7.

10.

11.

Mark comparison stars. Find them by coordinates: HD 46900 (RA=06"36"29° Dec=15°45’01")
and HD 46222 (RA=06"32"40° Dec=15°01"15"). Button Find can be helpful. For marking
replace sigh “-” in the last column with “c”. Now these two stars will be recognized by
program as comparisons.

Save modified APC file as wgem. apc. This file already exists because it has been created
during the extraction process. Now we ate prepared for reduction ©.

Back to Settings tab sheet. In the box Calibration frames mark Bias/Dark and open bias
frame BIAS16.FIT from directory OBS DATA. Analogically do with a flat-field frame.

Open images which are to be reduced by pressing Open Image(s) button. In a dialog window
select all 11 files WGemxx . FIT. The button Reduce will be activated.

Press Reduce button. In the Results Log tab sheet massages will appear. All images should
be processed successfully. The output files *.pht will be created in the OBS_DATA
directory. For details about these files see section 2.

Managing data with JAMP

1.

2.

Open JAMP program. Now we will join all single output files into a database. From menu
Data choose Add Observations and in a dialog window select output files (they are in the
same directory as reduced images).

The database WGemRed . dbe will be created in directory DBEs. Load it by Load Database
from menu File. Its content is visualized in three ways: data grid, field’s map and variability
diagram.

From menu Data choose Options and in a option window enter 11 in Display stars having
at least .. data points box. Now only stars being detected in all images are displayed.



4. Search among them variables with analysis of variance method. From menu Data choose AoV
(ANOVA) and in an appeared window set Min period on 1 day and Power threshold on 0.9.
Press Go! button. The light curves of potential variables fulfilling defined criteria will be
extracted to VARIABLES\WGemRed directory. Detected variables are marked in
“Variability” column. In our case only one variable star will be found — W Geminorum.

5. In the data grid search for W Geminorum (star 063457+151949, in line 55) and select it by
clicking in any ceil of variable’s row. The light curve will appear on the bottom graph.

#| JAMP - WGemRBed - D:\PRACAAsavs plI\DBE s\WGemRed.dbe H=1E
File Data About..
Data Grid | Field Map | Yariabilty Diagram |
Star Name MeanMag  |SigmaMag  |veriebity  [1)2350325 212351204 [3)2351 408 [9)2ms0273 |siossesss [myoss]
417 DB3352+143857 22417 00461 21918 2,2671 2,3034 2,2045 2,2200 2196
47) DE3352+150326 2,5294 00524 2,5420 2,5470 2,5077 2,4695 2,5022 2,569
43) DB3402+145445 2,220 00504 2,164 2,2920 21702 21945 2,2056 2,204
447 DB3406+145706 2,3402 0,0730 2,5353 28922 2,8703 2,7897 28393 2,753
457 DE3415+142515 20782 01947 1,3280 1,8787 15247 1 G908 19142 1,987
46 DE3421+144509 0,3724 00163 0,3647 0,401 3 0,3740 0,3524 0,3673 0,363
4771 DB3422+154210 1 3563 00564 18797 18543 1,8679 1 8736 1 8036 1,806
45) DB3425+150503 1,5024 00278 1,512 1 5760 1,479 1 4774 15159 1472
43) DE3435+152200 25230 00451 25887 25475 2 6675 26014 26027 2537_|
507 DE3440+143910 2,3983 01695 2,9196 287149 2,9075 2,9012 2,8643 2,746
517 DB3444+145715 2,2614 00465 2,2810 23126 2,2660 2,2622 2,296 2,223
52 0B 3446+150435 0,370 00394 0,3855 1 0462 0,3957 0,3545 0,960 0,966
£3) DE3452+1521 56 2,7939 04110 23901 28961 2,5413 2,3169 2,757 2617
547 DE3453+143107 2,5324 00610 2,5149 2,4809 2,5108 2,4856 24964 2,503
55 DE3457+1515349 -0,5087 02267 " ARIABLE _n 7789 02754 -0,8028 0E%
56 063453+142730 2,339 0,0302 3 2,2581 22775 2,307
579 035204153256 31557 0,0458 ] 31539 3,2387 3149

Bemoyve cell

55 DB3520+145549 3,0893 00647 2 3,0749 311749 3113
55 DB3524-+150311 31959 01105 Bl 2 31846 32218 3159,
4 *
0634574151949 * Data points: 13 * Time coverad: 31,9334 daps * Max amplitude: 0.5343 mag

R 1

|CoM: 101

[15: 102

[TOT: 1082

|NCELLS: B421

6. 'The exported light curve of W Geminornm can be analyzed with any software, e.g. PerSea’. The
phased light curve should look like that:

W Gem
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5> PetSea is available from http://www.astri.uni.torun.pl/~gm/index_down.html
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2. DAPhot

DAPhot works only with images written in FITS format. For automatic run it needs some
essential information which are usually saved in FITS headers. The variety of conventions used in
headers is totally incomprehensible and causes problems in writing automatic software. There is a FITS
specification clearly defining acceptable keywords. DAPhot is compatible with Definition of the
Flexible Image Transport System (FITS) given by the NASA/Science Office of Standards and
Technology (NOST) of the National Space Science Data Center (NSSDC) of the National Aeronautics
and Space Administration (NASA). The recognizable keywords (besides mandatory ones) are
presented in the table:

DATE (UT)
DATE-OBS | Date of observation: yyyy-mm-dd
OBS-DATE | Old standard of date of observation: dd/mm/yy. If yy<50 than year=20yy. If yy>50 than

year=19yy.
TIME (UT)
TIME-OBS | Time UT of the beginning of the exposure: hh:mm:ss
UT Time UT of the beginning of the exposure: hh:mm:ss
UT-START | Time UT of the beginning of the exposure: hh:mm:ss
OTHER
FILTER Name of filter, acceptable any string of characters. If there is no this keyword the name of

filter is set on “NONE”.

EXPTIME | Time of exposure in seconds, acceptable any integer or floating point number. If there is no
this keyword the exposure time is set on 0

EXPOSURE | As same as EXPTIME

OBJECT Name of observed object or field, acceptable any string of characters. If there is no this
keyword the name of object is set on “UNKNOWN”".

If DAPhot does not work properly with your keywords don’t hesitate to contact me for custom
version.

For astrometric and photometric calibration of the frame a catalog file (apc file) is necessary.
The description, how to create it, is described in the tutorial section. The apc files are stored in
directory APCs (the directory, if doesn’t exist, is automatically created). This directory is scanned for

these files and their content is saved in program’s registry. During reduction process program reads
keyword OBJECT in image’s header and looks for it in the registry. The successful finding means that
the object name is known and program knows which catalog file to utilize. The description of a catalog
file is given below:

Object/Filed's name Central RA and Dec Distance t?nn:?crf:é neighbour c " e
ommon '-' or comparison 'c
\!’ /ﬁ T flag.
Gem ch3fm 0s 1540w Os
380324 & 27 15778 14 53 EF1.Z215 -1.9 0.z .9
u} & 20 Z1.180 14 53 29773 -9.3 -Ez.8 .9
a & Z8 EZ9_3E& 1z E3 El.z87 z.& =-1lz.0 4
a & Z8 Z.9E53 14 & E0O.Z213 -5.9 5.0 .59
a & 30 5.114 14 30 3.366 17.9 -13.86 .9
g u} & 27 439392 14 31 Zz_EE4 8.8 -E.E =
G a & Z8 35.084 14 & 41.70Z 10.& -8.5 .5 -
8 a & 37 38_610 14 41 &.89%9 oo -3.Z .2 -
# a & 34 Z1.5639 14 45 &_2ZE5Z 14._3 3.7 .8 -
= u} & 34 Z1.L5g9 14 45 g _2ZE5Z 143 2.7 .8 -
S a & 33 36.1c64 14 5 18.600 -16.0 -85.4 .5 -
W a & 37 1.&6Z8 13 E4 E1.457 1z3.4 40_5 .2 -
o a & 33 3EZ.017 14 35 E5_9E53 1.7 2.3 .9 -
; u} & 33 LE_ 083 14 17 26779 -&0.9 -3&.6 =
— a & 4% Z9_957 14 £1 E0.Z21% 1.7 -Eo.z B -
a & 41 47_ 464 14 24 48.366 . -1&8.1 .2 -
a & 38 3%_1E0 14 36 39_E531 -8.8 -1lz.& .9 -
u} & 41 LO.&zZ3 14 12 0.053 6.7 -E4.1 =
& 323 47_570 14 £1 E0.571 5.7 3.3 .5 -
‘ /‘él & Z8 Z8_0EE 15 14 18.125 -35.7 -47.8 .2 -
;I m [ B N 1E hr - e g =] [ 11 & =] __bld
GCVS number RA Dec Proper motion

(0 if not variable) Tycho V magnitude

in mas/year



Optionally DAPhot can subtract bias or dark frame and divide by flat field. These calibration
frames must be prepared with other software (e.g. AIP4Win) and must be the same size as reduced
images. Flat field does not need to be normalized. The program before division normalize it.

As a result of successful reduction of an image the output file is created in the image’s
directory. The name of that file is defined by chosen convention, however the file extension is always
pht. The output file is saved in a text format and can be seen with any ASCII editor. The description
of its content is presented in the figure below:

Name of the field and filter Number of detected stars
. WwihemRed 23503247 pht i \
FIELD WiCeuRed / Date of the observation ﬂ
NSTARS = 595
D = 2452550, 32466435
EQUINDX = 2002, 20910391
FEi [(hours) =
DEC (deq) =

FIELD BROTATION (dedq) 0. 552777

PIXSCALE = 13. ?399?3.'// RMS error of tran
43T EFROR (pix) = 0.097771

fi. 58781
15.3 lﬁ?ﬁb- Real coordinates of the image sIentre

rmation

6. 5565753954567 14.370566779997  1.2736 0.0093 1.9041 270.9 7.9
E:"i 6. 570205031833 14.373319755310 3.6523 0.0277 Z.1171 325.:2 g.0
=L £. 568853191100 14.376215245427 4.4504 0.0406 1.5436 317.4 5.9
E 6.646451739328 14.385606650267 4.3180 0.0376 Z2.0207 6l11.8 g.8
E 6.673003434185 14.337547697330 4,504 0.0410 1.92891 71Z.5 g.9
= 6. 63448 LA05503507206  3.3911  0.g246 1.85294 Se6.4 14,3
5 6.6414 641058 3.2501 0.023530 1.54l7 L7143

6. 4969 YI65Z5504  F.F7T0 0.P3Z2 1.T7RTO g 1

&. 5550 L390EE5661452 345560 00265 1.9897 ]

6. 5e6E05368835 14. 404365037415 400017 0O 1.9%38

o. 4955 L3PEnlhe95417 4943 0f0405 l.of2a 40

“ 6. 634 Op0288 1.9F51 586
A RPHRIPATRANT ANAIRGTATRA 77

Calculated FWHM

Differential

magnitude Location in

Magnitude error the image [pixels]

Below there is the description of settings controlling DAPhot’s work.

Image

e  Output file name — sets the convention in which the output files will be named.

e Flip images — decides whether frames should be flipped before analysis and in what axe.

e  Star detection threshold — determines a boundary signal to noise ratio. Only stars with S/N
greater than an entered value will be detected.

®  Saturation level — stars with countings greater that entered quantity won’t be detected because
of saturation. This quantity depends on a detector.

e Pixel scale — scale of an image, number of arc seconds per one pixel. This value depends on
an instrument which the observation were made with.

¢ Rotation range — range of a maximal angle by which images will be rotated during finding the
transformation of instrumental coordinates (X,y) into equatorial (RA, Dec)

® Rotation step — step of rotation described above.

e Astrometry calibration box size — determines the size of a map created from apc file used at
the finding of the astrometric transformation. While not all images are centered exactly on the
given equatorial coordinates, program will move the image to determine real central
coordinates. Therefore a wider template map is needed.



Cross-identification radius — maximal acceptable distance between positions of calibration
stars from a catalog and an image.

Write XY stars’ positions to DAT file(s) — checked this option causes that for every image
separate file is created in which positions of the detected stars will be written. It can be helpful
at examining correct automatic detection.

Convert JD to HJD for central coordinates — if this option is checked the time of
observation written in an output file will be converted from Julian Days into Heliocentric
Julian Day. The heliocentric correction will be calculated for central coordinates of every
image.

# DAPhot 0.93 i
Settings | Results Log | APT Edit |
Image —Star charactenstics—— [ Transformation——————
Output file name: ¢+ objectfiter_MJD.pht Min PudHM: !1,2 Min cammon stars: |1 0
" image-name. pht Max FadHM: |4.U Min catalog stars: I'I 0
prraad = hu:un.zu:untal L jﬁHIS] Expected PHM: |2,D Maw error [pixel]: ID,4
W vertical [ asis)
PSF fit radius: !E
Star detection threshold: !5.0
e 2000 hAperture photomety 7 T APC Regist
aturation levek
Aperture size: wihem

Pirel scale [arcsec/pisel): I13,8 o
Fatation range +/- [deg]: I2D,U i3.U % sigma

Rotaticn step [deg]: !Dj " fized
!3.0 inels
Astrometry calibration box size; !1 o 2

Cross-identification radius; !2.0 Background:
[~ white =Y stars' positions to DAT file(z) Iner radivs: IE‘EI

[~ ConvertJD to HID for central coordinates Outer radivs: I'ID,D ﬂl

—Calibration frane

v Bias/Dark ID:\PHAD&\savs.pI\DES_DﬁT.&\E 1516.FIT = |

v Flat Field ID:\F'Fi.t’-‘-.E.t’-‘-.'\savs.pI\DBS_D.-’-‘«T.-’-‘«\FL.l’-‘-.TH B.FIT = |

Open Image(z]

About | Exit |

Star characteristics

Min FWHM — determines in pixels the minimal acceptable full width at half maxim of star’s
profile. Narrower features like spikes won’t be detected.

Max FWHM — determines in pixels the maximal acceptable full width at half maxim of stat’s
profile. Object with wider FWHM than an entered value won’t be detected.

Expected FWHM — expected value of stellar profile’s width, the initial value for fitting with
the least square method.

PSF fit radius — number of pixels, counting from central peak, which are used for finding
star’s full width at half maxim.

Aperture photometry

Aperture size — determines the way in which the aperture radius is set. If auto option is
selected the aperture radius varies and depends on a width of star’s profile which is defined by
Gaussian sigma. If fixed option is chosen the aperture radius is fixed for every star in an image.

Inner radius — determines inner radius of the background ring.
Outer radius — determines outer radius of the background ring.
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Transformation
® Min common stars — determines minimal number of common stars successfully identified
during the transformation search.

e Min catalog stars — determines minimal number of stars recorded in a catalog file necessary
for beginning of the transformation search.

® Max error— maximal acceptable rms error of the transformation.



3. JAMP

The JAMP program scans directory DBES, in which there are saved databases, and creates.the
registry of already observed fields At the adding of new observations program checks whether for the
observed field the adequate database already exists. If the database does exist new observations are just
added to it. It there is no database and the field is observed the first time, a new database is created.

JAMP can also be used as a viewer for databases. The user gets an access for every single
photometric measurement. Light curves can be extracted to separate txt files for further analysis. The
general description of program’s window is presented in the figure below:

Standard deviation of mean magnitude ;
List of stars Date of observation

Mean magnitude Variability flag Observations

#| JAMP - WGemRBed - D:A\PR/CAAsavs pAl BEsAWGemRed.dbe

File Data  About..
Data Grid [\Field Map | VariabiltyDiagram |
Star Mame @ Mear@ag  |Siomdag  [varianiit 132350325 |212351294  |mzasiane| |wz23s2273 |5) 23543649 ) 23Li|
1) DB3009+155757 2,2649 01115 2,2091 21359 2,2293 2,2304 2,2349 2,274
2] 0301 3+144435 2177 01104 21767 21962 21735 21275 21729 2,180
3) 06301 6+152735 2,5394 01117 29360 2,8522 2 5266 23165 2,3351 2,797
47 06301 G+150321 24113 0,0570 2,3495 24222 2,3763 2,3758 2,3614 2,377
51 063021 +145340 1,2799 01,0579 1,2564 1,2990 1,2693 1,222 1,2263 1,263
B) DB3036+151315 23502 10,0550 29354 2,3911 29282 2,9030 2,9001 2,583
71 0B3053+144835 31147 0,0572 3,0626 3,0731 3,0479 3,0974 31194 3,27
B) 0631 09+154537 2,5940 10,0357 26022 2,5533 2 6528 2,573 2,5957 2,596
97 06311 7+154414 0,710 10,0382 0,7462 06064 0,709 01,6972 0,7355 0,706
107 063 274151132 2,523 00,0464 25443 2 5677 24977 25057 25373 2,517
113 083131 +155112 0,5596 0,0407 0,5567 0,4631 05336 @ 05480 0,5638 0,558
129 0831 33+152520 0,6242 10,0265 10,6351 0,6322 0,6465 10,5905 10,6281 0,616
13) 0631 37+155412 -0,7606 0,0452 07617 _0,5666 07529 077 0,7108 0,76
14) 0631 37+145033 2,5905 10,0569 25255 25813 25238 25550 25947 2,610
157 0631 38+150237 1,3559 0,031 1 9601 2,0435 19344 1,9245 1,9331 1,946
16) 0831 43+1521 54 1,2926 10,0351 1,3064 1,3354 1,3092 1,2519 1,215 1,277
17) 0631 45+1 43348 2,3644 0,0945 2,3257 2367 - 23927 2,312 2,3695 2,266
18] 063 57+152318 2,0955 0,040 2,0961 21116 2,0540 2,053 2,0779 2107
1) 063200+1 50748 20382 10,0471 2,043 21197 20640 2,0690 2,0482 2,0f'l;|
4 k
——Di—iEBDDSH 55757 * Data points: 13 * Timefovered: 31,3934 days * Max amplitude: 0,443 mag
Light curve preview
Information about active light curve

AR O g [COM: 102 fIS: 102 & [TOT: 1082 | ID: 23643747 Mag 21727 [NCELEE: £421

Number of Number of Total number of Total number of Number of single records

variables common stars currently displayed stars objects recorded in database (measurement) in database
Options

e Display stars having at least .. data points — stars for which there is less data points than
entered value won’t be displayed and analyzed. They are treated as if they don’t exist.

e Cross-identification radius — used while adding new data to databases. The star from pht file
and star from database will be identified as the same object if the difference between their
coordinates does not exceed given value.

® Magnitude offset — determines the magnitude offset of all measurements recorded in a
database. While all magnitudes are differential it is an easy way to get catalog values if only the
mean brightness of comparisons is known.



e Convert JD to HJD — if checked the Julian Days in exported light curves are converted into
Heliocentric Julian Days.

— General

Dizplay starz having at least .. data points;
15

Crozz-identification radiuz [pixels]:

—

Magnitude offzet;
ID,D

[+ Conwert JO to HID

LCancel |

Remove sporadic...

Unfortunately during automatic detection some non-stellar objects can be detected. Because
their location on the frames is random they appear in database as stars observed only once. If a
database contains dozens of observations it is possible that there is a few record for such sporadic
objects. JAMP is equipped with a tool for removing the sporadic events. You are just asked for
entering integer value determining sporadic objects, as it is shown in the figure below:

Do pou really want to remove all stars [zporadic objects)
which were observed less than:

—

times? There is no undo function and the data will be lost.

Cancel |

AoV (ANOVA)

JAMP detects periodic variables with the analysis of variance algorithm performed for all stars
being displayed from a loaded database. For huge databases with a few hundred thousand records it
can take a few hours. However in this way the detection of any weak periodic signal is guaranteed. The
light cutves of the potential variables ate saved in the ditectory VARIABLES \<name of field>.

#| AoV Options | x] i
Aoy [ANOWVA]

Min period [daps]: (0.1

Max period [days]: |500.0

Mumber of harmaonics: |1
Pawer threshold: IU,B
Accuracy: IU.'I

LCancel |

® Min period— the beginning of the period range in which period will be searched.

10



® Max period— the end of the period range.

e  Number of harmonics — number of harmonics the data will be split into.

e Power threshold — stars, for which the maximal peak in calculated power spectrum is higher
than entered value (periodogram is always normalized to 1), are treated as variables.

® Accuracy — determines with time coverage the size of frequency bin. The smaller value the
more accurate periodogram.

The output files

JAMP can save light curves to separate files. The name of the file is created in the automatic
way and consists of coordinates of a star and an extension dat. The files are saved in the
automatically created directory VARIABLES (if they are extracted by the user). The description of the
file’s content is given below:

OE3457+151949 dat |

2452350, 325801 -0.414500 0.004300 :J
24525351, 294650 -0.233700 0.004400
2452351, 400025 -0.275%00 0.004300
2452352, 2744585 -0.275400 0.003z200
2452354, 364535 -0.802a00 0.00z500
2452381, 267627 -0.626300 0.00z700
2452364964941 -0.701%900 0.
2452364.314300 -0.7 0o 0.

2452397, 3468659 -0. 254500 0.

2452 L 325195 -0.339a00 0.

245 .31el54d -0.384700 0.

JD or HID Magnitudes Magnitude errors
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