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Master-flat
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Filter and LED spectra

Flat-field illuminator 
(32 pulsed LEDs per colour)



Master-flat construction
Day 1

Day N

.

.

.

Daily-flat 1

Monthly-flat 

Daily-flat N

.

.

.

Year master-flat 

Each daily-flat normalized to its median 
before addition for monthly-flat construction

Each monthly-flat normalized to its median 
before addiCon for yearly-flat construcCon
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January 2019 (LED09) : daily-flat / monthly-flat
Before removing “bad” daily-flat
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January 2019 (LED09) : daily-flat / monthly-flat
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January 2019 (LED09) : master-flat
After removing “bad” daily-flat
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January 2019 (LED09) : master-flat residual
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LED13 : master-flat residual from normed coun8ng
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LED13 : master-flat residual from raw counting
𝑁 = pixel counts𝜎#
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2019 (LED09) : monthly-flat / yearly-flat
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LED weighting
https://www.oir.caltech.edu/twiki_ptf/pub/ZTF/Calibration/ZTFnote_SED-LED.pdf

https://www.oir.caltech.edu/twiki_ptf/pub/ZTF/Calibration/ZTFnote_SED-LED.pdf


LED weighting : methodology
• Based on star SEDs through ZTF filters with QE

𝑆 𝜆 = SED 𝜆 × 𝑇$%&'()
*+ (𝜆)

• Build LED combination associated to each filter (3 or 4 LEDs) with CCD QE

𝐿 𝜆 = 8
!"#

$%&

𝑘! × LED! 𝜆 × QE(𝜆) with ALED! 𝜆 𝑑𝜆 = 1

• Minimize chi-2 function: 𝑘, are free parameters with ∑, 𝑘, = 1
o Based on SED amplitude 
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𝑆(𝜆) − 𝐿(𝜆) *

o Based on SED amplitude and first moment 𝜆- = ∫ - / / 0/
∫ - / 0/

𝜒-./0|2345|* =8
+

,!

𝑆(𝜆) − 𝐿(𝜆) * + 𝑁+ × 𝜆6 − 𝜆7

𝜒-./08∗|:;<=|* =8
+
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𝑆(𝜆) − 𝐿(𝜆) * + 𝑙 × 𝜆6 − 𝜆7
Lagrange multiplier
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Filter & LEDs
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Set of SED’s
SDSS-BOSS stellar templates

• 322 spectra
• All star type

SN factory
• 172 SNe Ia time series
• More than 2000 spectra
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g-filter
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r-filter
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i-filter
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g-filter LED weights

SDSS-BOSS SNFactory
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k1 = LED02
k2 = LED03
k3 = LED04
k4 = LED05



r-filter LED weights

SDSS-BOSS SNFactory
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k1 = LED07
k2 = LED08
k3 = LED09
k4 = LED10



i-filter LED weights

SDSS-BOSS SNFactory
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k1 = LED11
k2 = LED12
k3 = LED13



LED weights

22



23

Conclusions and perspectives

Master-flat

• Stability over one month ∼ 0.1%
• Require day-by-day inspection to remove ”bad” daily-flat
• Next step:

o Master-flat over one year (2019)
o Check CCD steps in flats versus sky-noise in the coming night

LED weighting

• Preliminary study based on SED fitting
• Two set of weights: 

o SED shape fitting
o SED + 1st moment fitting

• What next…


