I. Pracesove view—aster dd andshort-periodvariablestar lightaur veswith M POCanopusand
PhaoRed

A. Ovaview

1. Pracesingworkflowisove viewed in Chgpta 5 of Warner’s Lightaurvesbodk.
Thisworkflow outline parallelswar ne’ ssection numbersin Chapter 5.

2. InMPOCanopus, astrometry andinstrumentd magnitudedataar ecaptured
framonly targetfieldimages. |n PhaoRed, indrumentalmagnitudedatais
captured fram r efer encefields.

a) Then PhotoRed islaunched to perform photometry reduction and
to createa datafileof thetarget in standard magnitudes. Thisdatais
looped back into M po Canopusand which isused to plot thefinal
lightcurvefor theasteroid.

b) Alternativdy, onceraw instrumentd magnitudesareextractedin
Mpo Canopus, a*“quickpeek” plotting of the lightcurvefrom raw
instrumenta magnitudescan be done.

3. Phaometry reductionas an abdr act pr acessinvol vesfinding r ough andcol or
index tr ansfor mation codficients finding nichtly extindian codficients finding
specificcolor index codficientsfor comparison star sandthetargetin thetar ge fidd,
andapplyingall of theaboveto find thestandar dmagnitudesof thecomparin stars
andtargd inthetargd fidd. Specificabdract stgpsindude:

a) Measureimagesto extract observation data: Thebasic* high-low”
imaging sequence consistsof one high-color index referencefield within
2 degreesof thetarget field; alow extinctionreferencefield; that field
asit transitsisreimaged and then is called the* high extinction
referencefield”; and, a continuousseriesof target field images.

(2) In MPO Canopus/PhotoRed, the M PO Canopuslightcurve
wizardisused to extract datafrom thetarget fields. The
photometrywizard in PhotoRed isused to extract data from
referencefields.

b) Findrough coefficients to transforminstrumental to standard
magnitudeusing r eferencefields. Lightcurvesat Sec. 5.7; User Guide
v9.2 Lessons 18 (first half at pp. 60-62 —“ Transforms’ option).

¢) Findthe (hidden) color index coefficientsto transform instrumental to
standard magnitudesusing ar eferencefield. Lightcurvesat Sec. 5.8;
User Guidev9.2 Lesson 18 (first half at pp. 60-62 —“ Transforms”
option).



d) Findaninitial rough estimatefor first order extinction coefficients
and nightly set point— a predicatefor findingrefined first order
extinction usingthe Modified HardieM ethod from ther eferencefields
Lightcurvesat Secs. 5.9-10 and User Guidev9.2 Lesson 18 (last half at
pp. 62-63 —“Comps - All Sky” option).

e) Check thetransformerrorsin thereferencefields Lightcurvesat Sec.
58; User Guidev9.2 Lesson 19 (“Errors’ option).

f) For thetargetfield refinethefirst order coefficients readjust the
nightly extinctionand set the transformation equation nightly zero-point.
Now that you havean initial rough estimateof thetransform and
extinction coefficientsfrom thereferencefield, a morerefined estimate
for thetarget field can be obtained. Usethetarget field and Lightcurves
Sec.5.12 (continuoustar get field images—“ First-Order Comps’) and
User Guidev9.2 Lesson 20, and either:

(1) continuousV, R and C measurementsof thetarget field.

(&) Reduceonefilter only serialytosettheV,Ror C
extinction coefficient on the Reductions— Ext./Simp tab

(2) LessaccuratecontinuousC or continuousV measurements
of thetarget field.

() Reduceonefilter only on the Reductions— Ext./Simptab

g) Findthecolor index coefficients for comparison starsin thetarget
field Lightcurvesat Secs.5.13 and 5.14 and User Guidev9.2 Lesson 21
(option “ Color Index (Comps/Targd)”).

h) For PhotoRed, make special singlegroup *.obsfile of tar get
observations.

i) Findthestandard magnitudesof target field comparison starsand
target. Useoneof threealternativemethods—theolder “basic”

method, the newer “Binzel” method or the” Quick Mags’ method. The
Binzel method can be used wherethe color indicesof the comparison
starsin thetarget and referencefieldsaresimilar. The“Quick Mags’
method isused for AAV SO variablesstarsfieldsthat have

predeter mined with AAV SO standard star magnitudesand color
indices—:

(1) “Basic’ instrumental to standard magnitudes:



(@) Inthetarget field, convert the instrumental magnitudes
for the compari®on starsto standard magnitudes, using a
special single group *.obs file observationsfor the target
field. Lightcurvesat Secs. 5.15 and5.16 and User Guide
v9.2 Lesson 22 (option “ Comp Standard Mags”).

(b) Inthetarget field, convert the instrumental magnitudes
for the target to standard magnitudes using the raw multi-
group observationdatafor thetarget field Lightcurvesat
Secs. 5.17 and 5.18 and User Guidev9.2 Lesson 23 (option
“Target Standard Mags”).

(2) Binzel method for instrumentd to standard magnitudes,
typically used wheresinglefilter (usually V) refer ence images
and continuousC tar get imagesar e taken and wherethe color

indicesof the comparison starsin thetarget and referencefields
aresimilar:

(& Inanearby referencefield, reset theaverage offset
between the instrumental and comparisonstarsintheV filter
only. User GuideVv9.2 Lesson 24 (option “Binzel Ref.
Field” setsthe Ref. Offset field).

(b) Inthetarget field, reset the initial estimatefor
comparison star instrumental transformsusing User Guide
v9.2 Lesson 25 (option “Binzel Target Work” setsthe
“Target-comp” value).

(c) Inthetarget field, reset the coefficient to transformtarget
field C valuesto standard magnitudeV filter valuesusing
User GuideVv9.2 Lesson 26 (option “Binzel Target Std” sets
the “<Target-instrumental”, “ Target Anchor” and “ Standard
shift” values per Guideat 105).

(d) Inthetarget field, converttheinstrumental target
magnitudesto standard magnitudesusing User Guidev9.2
Lesson 27 (option “Binzel Std Magnitudes”).

(3) “Quick Mags’ —the AAV SO method — is meant to be used
with long-period variablesand for reportingtothe AAVSO.

(a) Obtainthe Henden sequencefilesfor the variableand
make auser catalogue. MPO CanopusVv9.2 Reference
Manual at 196-197.



(b) Measurethe field using the Quick mag method using
User Guidev9.2 Lesson 28 (option “ QuickMagsMethod”).

(c) Optionally, preparean AAV SO report using User Guide
v9.2 Lesson 29 (option “ QuickMagsReport™).

j) Plotthelightcurveof thetargetin standard magnitudes. Lightcurves
at Chapter 11; User Guidev9.2 at Lessons16-17.

II. Misellaneoustips

A. Alternativeimagingworkflows When reducingimageswith M POCanopus, the eare
twoalternativebut exdusvemethadsfor estimating extindion. Selectionbetween thechoices
didateswha imagesyou will make befor er eduangin M PO Canopus. Thechoicesare

1. Imageahigh color indexHendenor L andolt standar d r efer encefieldin V, R and
Cfilters. ImagealowL anddt extinadianfidd. Then continuouslyimageyour target
fiddinonly V or inonly C. Whenthelowextindion fidd transits,imageit inV, R
andC filters.

2. Imageahigh color index Hendenor L andolt standard r eferencefield. Then
continuouslyimagethetargetfieldin V, R andC filters, endingthe evening by
imaging onestandar dr eferencefidd near themeridian. Warner pr efe sthismethod
citingeffidency of movement.

a) Outlineauthor’scomment: Unlessyou have an automated filter
wheel, continuouslyimagingthetarget field with aV, R and C filter is
mor elabor intensivethan using the* high-low” method described fir st.

B. Reusingingrumentaltrangorms

1. Warner'sLichtaurve bodk recmmendswith reped tocodedcamerastha usea's
only settheirtrandorm codficientsever yfew months For cooled camer as, ther
ope atingpar ameta sdonotchange significantly ove time. Transfor mcoefficients
areused tomakeaninitid esimaeof standard maghitudestha areused by the

M odified HardieExtinction method. TheM odifiedHar dieExtindian method
requiresstandar d magnitudeestimateswithina certain error rangein or der to

retur naccurater esults. Theinstrumentd tr ansfor mcoefficientsar eset on onenight
fram imagesof standardL andolt or Hendonfields. Thetrandorm codficientsare
expor ted andstored toa*.ppr file. Thecoefficientscanber eloadedon subsequent
nights Author’ snote: Whehea theassumptiontha parameersar estableforair-
codedcamerasisunknown.

C. Planyouimagingsesian

1. Selectatarget



a) Select an asteroid target usingthe MPO Bulletin at
http://www.minor planetobser ver .com/mpb/

(1) Selectioncriteriamight includeV, Period < 8.0 hours,
Amplitude: > 0.2-0.3; Altitudeat desired local time: preferably
>40 degr ees.

(2) Wherethelight curveperiodisnot listed in the M PO
Bulletin,usetheHarvard lightcurvelist to find the period:

http://cfawww.harvard.edu/iau/listsi ightcurveDat.html

b) Using Asteroid browser featurein MPO Canopus ( Utilities|
Asteroid browser ), to generateephemerisdata for the planned night of
observation. Deter mineif thetarget ishigher than 40 degreesin
altitudewhen imaging will start.

c) Check whether theMoon isup and would interferewith making
images.

d) Plan enough session timesto collect imagesacr oss 2x the period of
theasteroid. Check whether thetarget can beimaged on multiple
nights.

e) Consider theportionsof phasethat will be captured when imaging
on morethan onenight. Thiscan be estimated using an Excel
spreadsheet by assuming that the phaseis0 hoursat the start of
imaging. Toalign lightcurvesfragmentstaken on different nights,

M PO Canopusneedsa sufficient over lap between thetwo curves.

f) Generateatarget field chart using your planetarium program or
the Lowell Observatory Aster oid Plotting page at:
http://asteroid.lowell.edu/cgi-bin/koehn/astplot

(1) Check the L owell or other planetarium plot to deter mineif
the asteroid will track over a nearby bright star duringyour
imaging session (potentially reducing the number of good
images.)

2. Selectreferencefidds - atotal of two
a) Prescan near thetarget field and select the closest Hendon or

Landolt stellar referencefields Thiswill bethe single“High color
index field”.



b) Referencefields, particularlythe* high color index referencefield”,
should havefour or five*“solar colored” comp starswith a color index
between 0.3— 0.7 for best accuracy. Lightcurvesat 5.21, p. 72.
Asteriodsreflect solar colored light.

c) Prescan near thecelestial equator and select a Hendon or Landolt
stellar referencefield at thelow 40 degree altitudethat will riseto 60
degreesand isnear thetarget field. Atitslow position, thisisthe*low
extinctionreferencefield.” At itshigh transit position, thisisthe*high
extinctionreferencefield.”

3. Planforrising-settingimaging sesians
a) Decidewhether theimaging session will involve: arisingtarget
path only, asetting path only, a bifurcated rising and setting path.
Plan to dividedata reduction into two sub-sessionsif thetarget path is
bifurcated intorising and setting.

b) Bothrisingand setting sessionsshould be bounded by 40-50 degr ees
in target altitude.

D. Resurcesfor phaometry dataforreferencefiddsandlightcurves
1. Lichtaurves

a) Harvardlightcurvelist http://cfa
www.har vard.edu/iau/listgdL ightcur veDat.html

b) MPO Bulletin http://www.minor planetobser ver .com/mpb/

c) NASA/ADS journal literature
http://adsabs.harvard.edwabstract savice.html

2. Platingasterad postiors

a) Lowell Observatory Asteroid Plotting http://asterad.lowell.edu/cqi-
bin/koehn/astplot

b) Harvard CFA asteroid elementsdatafile (for usewith planetarium
programs)

(2) http://www.cfa.harvard.edu/iau/Ephemeides/

(2) http://www.cfa.harvard.edu/iau/Epheme ides/Bright/2006/S
oft06Bright.txt+Soft06Unusual .txt



3. Phaometry data
a) Henden VAR Photometry

(1) ftp://ftp.aavso.org/public/calib/

(2) http://www.aavso.or g/obsea ving/chartgphot/?C=M:0=D

(3) Henden sequencesar e already imported into the M PO
Canopusdatabase

(4) Chartsof Henden sequencesar e on the M PO distribution
disk

b) AAVSO Sumner sequences

(1) ftp://ftp.aavso.ora/public/calib/sumner/

(2) http://www.aavso.or g/obsa ving/chartdphot/?C=M:0=D

E. Prescreenyour rawimagestowesd outbad data at theear liestpointin thepr ocess.
1. Randomly check your imegesfor eras.

a) Check darkframes, whiteflatsand target “C” imagesfor errorslike
the Venetian blind effect, extraneouslight spikes, drift off field, etc.
Discard suspect framesto a non-destr uctiveproject “trashcan”

directory.

2. Familiarizeyour sdf with themagnitudesof ther eference star sandyour target
andthetravelof thetar gd acrossthetargetfield.

a) You may besurprisedtofind that somestarsyou think aremag 10
or 11 areinfact mag 13 and 14. CCD camerasaremoresensitiveat
thered end of the spectrum and reach 1 to 1 %2 moremagnitudesthat
visual observing.

3. Optionally, makea gifanimated movietoidentify pr dolensin thepr ocessed
frames

a) (Not recommendedin MPO CanopusManual —author’s
preference.) If you haveother image processing softwarelike
AIP4AWIN, consider makingajpg or gif movieof the processed images.
Runningall the processed imagesas movie bringsout changesin the
background sky brightnessthat might other escapeunnoticed.



Prepared by: K. Fisher fisherka@csolutions.net 11/10/2006




