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Flux and Luminosity

Luminosity of a star is the amount of energy 
it emits into space per unit time

Power per unit area received from the 
object is the flux. At distance d:

L = 4⇡R2�T 4
eff J/s

F “ L

4⇡d2
W m-2

Figure: New Jersey Institute of Technology

https://physics.weber.edu/palen/phsx1040/lectures/ltempmotion.html#q2



Flux and Luminosity

Power per unit area received from the 
object is the flux. At distance d:

F “ L

4⇡d2
W m-2

m1 ´ m2 “ ´2.5 log10
F1

F2

But archives give magnitudes not flux!

Set m1 to zero, and F1 to zeropoint



Filter profiles: common ground based

Davenport et al 2012 ApJ 748 58



Filters

Optical
SDSS, APASS,
DES, Panstarrs,
USNO, UCAC, 
VST

NIR
2MASS, Denis,
UKIDSS, VISTA,

MIR
WISE, Spitzer, 
JWST



Filter profiles: SVO!



Zeropoint – flux of a zero mag star

Check mags!!
Vega or AB



Photometry compared to spectrum

Farihi et al., 2016
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Passbands – caution! Gaia G

Gaia filters are HUGE
Not best option for SEDs
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Passbands – caution! Gaia G

Gaia filters are HUGE
Not best option for SEDs



Case study: Photometric vs Spectroscopic effective temperature



Case study: Photometric vs Spectroscopic effective temperature



Time-series photometry

Casewell et al., 2015
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• WD+L6-L8
• 0.4Msun+ 53 MJup
• P=116 Min
• WD Teff= 16500 K
• Halpha emission
• Metal emission
• Day-night diff ~500K



K2 vs Ultracam

30 min cadence, ”white light” 5 sec cadence, ugr



Kepler/K2
Observes in “white light”
Short (1 min) and long (30 min) cadence
115 sq deg FOV
Can observe relatively faint stars V~18 etc



Kepler/K2
PDS pre-data conditioning or Simple Aperture Photometry (SAP)
Lots of artifacts, big pixel issues

Van Cleve et al (2016)



Kepler/K2
Lots of custom pipelines available that take into account the pixels

Kepler-452b (Jenkins et al., 2015)



Wide-field infrared survey explorer
Observes in mid-IR
W1-4 (3.5, 4.5, 8, 22 microns)
Confusion can be large, blended



Wise: Multi epoch table



Wise: IRSA time series tool



Wise

Transit!

Light curve – poorly sampled
Useful to confirm variability or odd colours
Can play with the period/periodogram 



Wise



Transiting Exoplanet Survey Satellite  
Observes in the I(ish) band (Tmag)
Each sector observed for ~30 days but, 
some areas are in overlapping sectors or continual viewing zone

Call for proposals ~once a year: submit targets to the input catalogue (TIC)
Long cadence (30 min) and short candence (2 min/20 s)
Handy website for checking targets: https://eta-earth.org/tess_play.html
MAST access

https://eta-earth.org/tess_play.html


Transiting Exoplanet Survey Satellite  
2 types of lightcurves - FFI go to quick look, 
2 min/20s go to SPOC pipeline

SAP

PDCSAP



TESS: 
Handy website for checking targets:
https://eta-earth.org/tess_play.html

TIC ID, fits file of SPOC lightcurve, curl script
Plots binned to 10 mins

https://eta-earth.org/tess_play.html


Transiting Exoplanet Survey Satellite  
Issues!
2 types of lightcurve – use the best for your science
Big pixels – crowded fields may be blended
Noisy for faint (I>15) objects
Multiple extraction tools available
Data gap for download/spacecraft housekeeping



Next Generation Transit Survey
Similar passband to TESS ~I band
Southern hemisphere
All stars in a field down to I~15.5
13s cadence
Typical field observed for 60 days, but many for longer



Next Generation Transit Survey

Images: Mark Garlick

NGTS-1b
M dwarf star
Half mass and size of sun
Orbit is 2.3 days
0.8 Jupiter masses
1.33 Jupiter radii

NGTS-4b
K dwarf star
3/4 size of sun
Orbit is 1.33 days
0.06 Jupiter masses
20 Earth masses



Next Generation Transit Survey:Caveats

Image: Mark Garlick

Ground based – so 8-14 hrs observing a night 
Weather dependent
Big pixels (but smaller than TESS
Affected by the moon
Affected by VLT laser!!!!



NGTS



Zwicky Transient Facility
Located at Palomar so Northern
Low cadence: Whole sky every 2 days
g,r,i
Access via IRSA

van Roestel et al., 2022



Zwicky Transient Facility: Alert brokers

Create your own watchlist
List of known objects or “things that do X”
Will email when an object does something

tar file of all 5 sigma events
Need to filter for your science
Some brokers (Lasair) get live access
Jupyter notebooks available



Vera C. Rubin Telescope (LSST)  

8.4m mirror near La Serena
Surveys whole sky in 3 nights
6 colours, ugrizy
Alert brokers being tested on ZTF
Plans for drop outs as well as brightening events

Science Collaborations – join them!
Galaxies
Stars, Milky Way and Local Volume
Solar System
Dark Energy
Active Galactic Nuclei
Transients/Variable stars
Strong Lensing
Informatics and Statistics
https://www.lsstcorporation.org/science-
collaborations



Vera C. Rubin Telescope (LSST)  



Catalina Sky Survey  

24 days observing (not during full moon)
Searching for Near Earth Object Candidates
Data released through Caltech
Interface is a bit clunky
Search on object name etc



Catalina Sky Survey  



SuperWASP

Northern and Southern
Bright objects only
Cadence can be very scattered
Over 100 planets discovered
Binaries catalogued in TEPCat
https://www.astro.keele.ac.uk/~jkt/tepcat/
Data at NASA Exoplanet archive

Wasp-91b: Anderson et al., 2017

https://www.astro.keele.ac.uk/~jkt/tepcat/


• Search all catalogues possible 

• Don’t forget high energy or radio

• Low cadence data may help confirm conclusions even if its not “science quality”

• Instruments capable of fast cadence (Ultracam, Hipercam, Hawk-I are available)

• Getting an SED using SVO (see workshop later in the week) is useful

• Some knowledge of SQL can be really useful!

Advice:



Galex:https://archive.stsci.edu/missions-and-data/galex
XMM Serendipitous Source Cat:https://xmmssc.aip.de/cms/catalogues/4xmm-dr12s/
SDSS: https://dr17.sdss.org
Superwasp: https://exoplanetarchive.ipac.caltech.edu/docs/SuperWASPMission.html
Panstarrs: https://catalogs.mast.stsci.edu/panstarrs/
CSS: http://nesssi.cacr.caltech.edu/DataRelease/
2MASS:  https://irsa.ipac.caltech.edu/Missions/2mass.html
UKIDSS:   http://wsa.roe.ac.uk/index.html
VISTA:      http://horus.roe.ac.uk/vsa/index.html
WISE: https://irsa.ipac.caltech.edu/Missions/wise.html
IRSA finder: https://irsa.ipac.caltech.edu/applications/finderchart/
Filter profiles: http://svo2.cab.inta-csic.es/theory/fps/index.php?id=GAIA/GAIA2.G
Unit conversion: https://www.stsci.edu/~strolger/docs/UNITS.txt

Useful links:

https://catalogs.mast.stsci.edu/panstarrs/
http://wsa.roe.ac.uk/index.html
http://horus.roe.ac.uk/vsa/index.html
https://irsa.ipac.caltech.edu/Missions/wise.html
https://irsa.ipac.caltech.edu/applications/finderchart/
http://svo2.cab.inta-csic.es/theory/fps/index.php?id=GAIA/GAIA2.G
https://www.stsci.edu/~strolger/docs/UNITS.txt

