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Before We Start ...

Photometry = measurement of brightness (or flux)

Astrometry = measurement of positions

Variable stars = changes brightness with various time­scale

Transients = objects suddenly appear, or become “bright”

Magnitude = logarithmic scale of flux

m=2.5   can see 10x’s fainter;  m=5   100x’s fainterΔ → Δ →

Angular units

1 arcminute = (1/60) degree.

1 arcsecond = (1/3600) degree. Typical limit due to “seeing”.



 

Science with Time­Domain Astronomy

Asteroids motions 
and rotations

Many types of 
variable stars and 
their activities

Explosive events 
such as novae and 
supernovae

Micro­lensing

Extra­Solar planets 
transit

Magnitude/flux/position varies with time



 



 

Focus on PTF and Kepler here 



 

The Palomar Transient Factory (PTF)

Dedicated time­domain survey for transients discoveries

Main survey telescope: 48­inch Schmidt Telescope or P48

Wide­field mosaic CCD

Single band observation, mainly in R­band (also in g or H­
alpha bands)

Fixed exposure time of 60 second (occasion with shorter 
exposure time)

Variable cadence from few minutes to few days

Follow up with P60 and P200, and other telescopes 

P48, P60 and P200   located at the Palomar Observatory →



 

PTF @ The Palomar Observatory

Courtesy: PTF Scientist



 

PTF, iPTF and ZTF

PTF = Palomar Transient Factory (2009 – 2012)

iPTF = Intermediate PTF (2013 – 2016)

ZTF = Zwicky Transient Facility (2017 ­ ~2020)  

P48: Survey Telescope

P60: Follow-
Up Telescope



 

In Honor of Fritz Zwicky 

● Dark Matter & 
gravitational lens

● Separate out 
supernova and nova 
(with W. Baade) 

● Systematic search 
of SN with wide-
field telescopes



 



 

Wide­Field Mosaic CCD at P48



 

Wide­Field Mosaic CCD at P48

LOT field of view



 

Accumulated Sky Coverage in R­Band 



 

Finding Transients with Image Subtraction



 

Finding Transients with Image Subtraction



 

Finding Fast Moving Asteroids with 
Image Subtraction

Fast moving asteroids leave “streaks” on images



 

PTF Discoveries on Transients (Before)



 

PTF Discoveries on Transients (After)

?



 

PTF Discoveries on Transients (Future)



 

Example: PTF Discovered SN in M101



 

Example: PTF Discovered SN in M101



 

P48 Survey Telescope

11 2k x 4k mosaic CCD (CFH12K)

1.01 ''/pix   ~7.26 deg→ 2 FOV

Mould R (main), g' & Hα filters

16 6k x 6k e2V CCD 

1 ''/pix   ~47 deg→ 2 FOV

Mould R & g'

PTF & iPTF ZTF



 

P60 Follow­Up Telescope

Fully robotic

Standard broadband filters 
(UBVRI + griz)

Low resolution (R~100) IFU 
using lenslet array

Simultaneous 4­band imager 
for flux calibration

Fast classification of SNe

“GRB”Cam SED Machine

PTF

“GRB”Cam

ZTFiPTF



 

Next Step: ZTF and Its Camera



 



 

http://www.ptf.caltech.edu/



 

PTF Public Released Data: DR1



 

Getting the PTF Public Data



 

Getting the PTF Public Data

Input target's coordinate (RA/DEC) here



 

Getting the PTF Public Data

Select data and download



 

Accessing PTF FITS Catalogs



 

Accessing PTF FITS Catalogs

Python packages installation



 

Accessing PTF FITS Catalogs

Py
th
on
!!



 

PTF/iPTF/ZTF and NCU

Our institution (IANCU) joined PTF in 2012 (last year of 
PTF) and fully participate in iPTF under the TANGO Project 
(PI: W.­H. Ip)

Science interest: asteroids and variable stars

We plan to join the ZTF under TANGO­II Project

Year 1 funded, Year 2 and beyond pending on funding

Participation to PTF/iPTF/ZTF under UST ( 台聯大 , both 
NCU and NTHU)



 

Latest News on Kepler's Discovery 



 

NASA's Kepler Space Telescope

NASA’s first mission 
to detect Earth-size 
planets orbiting in 
the habitable zone 
of Sun-like stars.



 

Kepler's Mission: An Overview

NASA mission launched in 
06 March 2009

105 square degrees (10o x 
10o) just above galactic 
plane in the constellation 
Cygnus (and Lyrae)

Single field for ~4 years, 
150,000 stars 30 minute 
sampling, 512 at 1 minute

→ BIG DATA!

Continuously and simultaneously monitoring same area of sky!



 

Kepler's Observations

 

To detect two or more 
orbits of each planet 
orbiting in the  habitable 
zone of sun-like stars.

The probability that a 
planet in the habitable 
zone is aligned properly 
to transit the star is about 
0.5%. 



 

Kepler's ST Main Goal: 
Detecting Exo­Planets Transits
Size of Jupiter: 

1% area of the Sun (1/100)
Size of Earth or Venus:

0.01% area of the Sun (1/10,000)

A transit occurs when a planet crosses the line of sight between an 
observer and a star and blocks a small amount of light from the star, 
causing the light from the star to dim slightly for a few hours.



 

Stars Are Very Far Away ...



 

Stars Are Very Far Away ...



 

Stars Are Very Far Away ...

Stars are very far away.
We cannot see the planet cross in front of the star. 



 

The Transit Technique



 

Orientation of the Planetary Systems

For which of these systems would Kepler be able to detect transiting planets?

A

B

C



 

Orientation of the Planetary Systems

For which of these systems would Kepler be able to detect transiting planets?

A

B

C

B.

The star’s planets must orbit the 
star edge-on from our viewpoint!

Not all planetary orbits are aligned 
this way . So we must watch 

thousands of stars to find several 
that are correctly oriented.



 

Example: Kepler 5­b Light Curve



 



 



 

Not Just Transit: Kepler's Flare Stars

Stellar flares: unpredicted eruption of corona's flares



 

Not Just Transit: Kepler's Flare Stars



 

Not Just Transit: Asteroseismology



 

Not Just Transit: Asteroseismology

“continuous” light 
curves data is key 
success



 

Not Just Transit: RR Lyrae



 

Not Just Transit: RR Lyrae



 

The Blazhko RR Lyrae



 

The Blazhko RR Lyrae



 

Not Just Transit: 
RR Lyrae with Blazhko Effect



 

Not Just Transit: 
RR Lyrae with Blazhko Effect



 

RR Lyrae's [Fe/H]­Light Curve Relation

RR Lyrae: Old population II 
periodic (P~0.3 to ~0.8 days) 
pulsating variables located in 
horizontal branch (HR diagram)

Constant absolute V­band 
magnitude   standard →
candle

M
V
 = a[Fe/H] + b

Measuring metallicity [Fe/H]:

Spectroscopy: expensive

Photometric: from LC shape



 

Science Case with PTF Public Data:
[Fe/H]­LC Relation for RR Lyrae in Kepler Field

JC relation only valid in V­band, yet PTF observed in R­band

RR Lyrae in Kepler fields have both spectroscopic [Fe/H] and 
PTF light curves data from public release of DR1

Nemec et al (2013)



 

Science Case with PTF Public Data:
[Fe/H]­LC Relation for RR Lyrae in Kepler Field

Using 16 non­blazhko ab­type RR Lyrae stars in Kepler fields

PTF's DR1 light curves data fitted with Fourier expansion

Found that need to split to two groups:

Group A: 8 RR­ab brighter than ~14 mag

Group B: 8 RR­ab fainter than ~14 mag

where ~14 mag is the saturation limit in PTF data



 

Science Case with PTF Public Data:
[Fe/H]­LC Relation for RR Lyrae in Kepler Field

Group A example LCs Group B example LCs



 

Science Case with PTF Public Data:
[Fe/H]­LC Relation for RR Lyrae in Kepler Field

Using RR­ab in Group B 
(and one RR­ab in Group A 
with acceptable LC), the 
[Fe/H]­LC relation in PTF 
R­band is found to be:



 

Conclusion

Kepler main 
goal: exo­planet 
using transit 
method

Continuous light 
curves good for 
variable stars



 

~ THANK YOU ~
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