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A Few References

SDSS ~9000 MacLeod et al. 2010

CRTS ~200,000 Graham et al. 2014

PTF & iPTF ~28,000 Caplar et al 2017

OGLE ~1,000 Kozlowski et al. 2010, 2013

MACHO - Pichara et al. 2012

Pan-

STARRS

- Simm et al. 2016



Kozlowski 2016 



SDSS Cadence

Credit: Tina Peters
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Kelly et al. 2014  



MA 
Coeffs.



𝐹𝑖 = 𝑒𝜌|𝑡𝑖 −𝑡𝑖−1|𝐹𝑖−1 + kick        
+I

𝜌 =
−1

𝑡𝑖𝑚𝑒𝑠𝑐𝑎𝑙𝑒

Kick from a Gaussian (𝜎 =
1, 𝜇 = 0)

I = Stochastic Ito Integral



𝐹𝑖 = σ𝑗=1
𝑝=2

𝑒𝜌𝑗|𝑡𝑖 −𝑡𝑖−1|𝐹𝑖−1+ kick

+I

𝜌 = ቊ
2 𝑟𝑒𝑎𝑙, 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒

𝑐𝑜𝑚𝑝𝑙𝑒𝑥 𝑐𝑜𝑛𝑗𝑢𝑔𝑎𝑡𝑒 𝑝𝑎𝑖𝑟

Kick from a Gaussian 
(𝜎 = 1, 𝜇 = 0)



−𝐴 + 𝑖𝐵

−𝐴 − 𝑖𝐵



𝐹𝑡 = σ𝑗=1
𝑝=2

𝑒𝜌𝑗|𝑡𝑖 −𝑡𝑖−𝑗|𝐹𝑖−𝑗+ kick     

+ I

𝜌 = ቊ
2 𝑟𝑒𝑎𝑙, 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒

𝑐𝑜𝑚𝑝𝑙𝑒𝑥 𝑐𝑜𝑛𝑗𝑢𝑔𝑎𝑡𝑒 𝑝𝑎𝑖𝑟

Kick from a Gaussian 
(𝜎 = 1, 𝜇 = 0)



CAR(3)

𝜌 = ቐ

3 𝑟𝑒𝑎𝑙, 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒
1 𝑟𝑒𝑎𝑙 + 𝑐𝑜𝑚𝑝𝑙𝑒𝑥
𝑐𝑜𝑛𝑗𝑢𝑔𝑎𝑡𝑒 𝑝𝑎𝑖𝑟

CAR(4)

𝜌 = ቐ

4 𝑟𝑒𝑎𝑙, 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒
2 𝑐𝑜𝑚𝑝𝑙𝑒𝑥

𝑐𝑜𝑛𝑗𝑢𝑔𝑎𝑡𝑒 𝑝𝑎𝑖𝑟𝑠
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𝑃𝑆𝐷 =
𝜎2 σ𝑗=0

𝑞
𝐵𝑗 2𝜋𝑖𝜈 𝑗

2

| σ𝑘=0
𝑝

𝛼𝑘 2𝜋𝑖𝜈 𝑘|2

MA terms stochastically drive 

the system at different 

frequencies!

+ slopes drive

- slopes 

decay

Kick from Gaussian 
Slope   = 0

Kick from higher 
frequency noise process
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