
400 300 200 100 0 100 200 300 400
xfocal (mm)

400

300

200

100

0

100

200

300

400
yf

oc
al

 (m
m

)
40 microns

x: = 0.00, = 0.16"
y: = 0.00, = 0.20"

Altitude:  41.5

dither20200306-63224-Z (clipped)



400 300 200 100 0 100 200 300 400
xfocal (mm)

400

300

200

100

0

100

200

300

400
yf

oc
al

 (m
m

)
40 microns

x: = 0.44, = 1.06"
y: = 1.13, = 0.63"

Altitude:  40.9

dither20200306-63224-Z (outliers)



0.415 0.420 0.425 0.430 0.435 0.440
MJD - 58915

0.15

0.10

0.05

0.00

0.05

0.10

0.15

0.20

of
fs

et
 ("

)

Mean offset: -0.29  0.17
ra
dec

0.7

0.8

0.9

1.0

1.1

1.2

1.3

FW
HM

, t
ra

ns
pa

re
nc

y

FWHM
transparency



0.6 0.4 0.2 0.0 0.2 0.4 0.6
mspec mphot

0

25

50

75

100

125

150

175 = 0.00, = 0.18



2 0 2

2

0

2

data

1.5 1.8 2.1 2.4
mag

2 0 2

model

1.6 2.0 2.4
mag

2 0 2

residuals

0.0250.000 0.025
mag

Fiber 3420, dchi2frac= 1.0



2 0 2

2

0

2

data

2 3 4
mag

2 0 2

model

2 3 4
mag

2 0 2

residuals

0.30 0.15 0.00
mag

Fiber 8, dchi2frac= 1.0



2 0 2

2

0

2

data

1.6 2.0 2.4
mag

2 0 2

model

1.2 1.6 2.0 2.4
mag

2 0 2

residuals

0.15 0.00 0.15
mag

Fiber 622, dchi2frac= 1.0



2 0 2

2

0

2

data

1.5 3.0 4.5
mag

2 0 2

model

2 3 4 5
mag

2 0 2

residuals

0.0 0.2 0.4
mag

Fiber 3791, dchi2frac= 1.0



2 0 2

2

0

2

data

1.2 1.8 2.4 3.0
mag

2 0 2

model

1.5 2.0 2.5
mag

2 0 2

residuals

0.00 0.15 0.30 0.45
mag

Fiber 3702, dchi2frac= 1.0



2 0 2

2

0

2

data

1.5 3.0 4.5 6.0
mag

2 0 2

model

1.5 3.0 4.5 6.0
mag

2 0 2

residuals

0.2 0.1 0.0
mag

Fiber 416, dchi2frac= 1.0



2 0 2

2

0

2

data

1.5 2.0 2.5
mag

2 0 2

model

1.5 2.0 2.5 3.0
mag

2 0 2

residuals

0.30 0.15 0.00
mag

Fiber 194, dchi2frac= 1.0



2 0 2

2

0

2

data

1.2 1.6 2.0 2.4
mag

2 0 2

model

1.6 2.0 2.4
mag

2 0 2

residuals

0.10 0.05 0.00 0.05
mag

Fiber 2809, dchi2frac= 1.0



2 0 2

2

0

2

data

1.6 2.4 3.2
mag

2 0 2

model

1.6 2.4 3.2
mag

2 0 2

residuals

0.00 0.15 0.30 0.45
mag

Fiber 3253, dchi2frac= 1.0



2 0 2

2

0

2

data

1.25 1.50 1.75 2.00
mag

2 0 2

model

1.2 1.6 2.0 2.4
mag

2 0 2

residuals

0.30 0.15 0.00
mag

Fiber 4783, dchi2frac= 1.0



2 0 2

2

0

2

data

1.8 2.4 3.0
mag

2 0 2

model

1.5 2.0 2.5 3.0
mag

2 0 2

residuals

0.15 0.00 0.15
mag

Fiber 2860, dchi2frac= 1.0



2 0 2

2

0

2

data

1.6 2.4 3.2
mag

2 0 2

model

2 3 4 5
mag

2 0 2

residuals

1.0 0.5 0.0
mag

Fiber 4995, dchi2frac= 1.0



2 0 2

2

0

2

data

1.6 2.4 3.2 4.0
mag

2 0 2

model

2 3 4
mag

2 0 2

residuals

0.50 0.25 0.00
mag

Fiber 4531, dchi2frac= 1.0



2 0 2

2

0

2

data

1.5 2.0 2.5 3.0
mag

2 0 2

model

1.5 2.0 2.5 3.0
mag

2 0 2

residuals

0.15 0.00 0.15
mag

Fiber 728, dchi2frac= 1.0



2 0 2

2

0

2

data

1.0 1.5 2.0
mag

2 0 2

model

1.0 1.5 2.0
mag

2 0 2

residuals

0.16 0.08 0.00 0.08
mag

Fiber 1626, dchi2frac= 1.0



2 0 2

2

0

2

data

1.6 2.4 3.2 4.0
mag

2 0 2

model

2.4 3.2 4.0
mag

2 0 2

residuals

0.00 0.15 0.30 0.45
mag

Fiber 3441, dchi2frac= 1.0



2 0 2

2

0

2

data

1.25 1.50 1.75
mag

2 0 2

model

1.25 1.50 1.75 2.00
mag

2 0 2

residuals

0.0500.0250.0000.025
mag

Fiber 467, dchi2frac= 1.0



2 0 2

2

0

2

data

1.2 1.6 2.0 2.4
mag

2 0 2

model

1.2 1.6 2.0 2.4
mag

2 0 2

residuals

0.05 0.00 0.05
mag

Fiber 2927, dchi2frac= 1.0



2 0 2

2

0

2

data

1.6 2.4 3.2
mag

2 0 2

model

1 2 3 4
mag

2 0 2

residuals

0.30 0.150.00 0.15
mag

Fiber 4818, dchi2frac= 1.0



2 0 2

2

0

2

data

2.4 3.2 4.0 4.8
mag

2 0 2

model

2.4 3.2 4.0 4.8
mag

2 0 2

residuals

0.16 0.08 0.00
mag

Fiber 3965, dchi2frac= 1.0



2 0 2

2

0

2

data

1.6 2.4 3.2
mag

2 0 2

model

1.6 2.4 3.2 4.0
mag

2 0 2

residuals

0.30 0.15 0.00
mag

Fiber 2785, dchi2frac= 1.0



2 0 2

2

0

2

data

2.5 5.0 7.5 10.0
mag

2 0 2

model

1.6 2.4 3.2 4.0
mag

2 0 2

residuals

0 2 4 6
mag

Fiber 553, dchi2frac= 1.0



2 0 2

2

0

2

data

1.0 1.5 2.0 2.5
mag

2 0 2

model

1.2 1.8 2.4
mag

2 0 2

residuals

0.08 0.00 0.08 0.16
mag

Fiber 74, dchi2frac= 1.0



2 0 2

2

0

2

data

1.5 2.0 2.5 3.0
mag

2 0 2

model

1.8 2.4 3.0
mag

2 0 2

residuals

0.10 0.05 0.00
mag

Fiber 4949, dchi2frac= 1.0



2 0 2

2

0

2

data

1.6 2.0 2.4
mag

2 0 2

model

1.5 1.8 2.1 2.4
mag

2 0 2

residuals

0.08 0.00 0.08 0.16
mag

Fiber 2910, dchi2frac= 1.0



2 0 2

2

0

2

data

1.5 3.0 4.5
mag

2 0 2

model

1.5 3.0 4.5 6.0
mag

2 0 2

residuals

1.5 1.0 0.5 0.0
mag

Fiber 2896, dchi2frac= 1.0



2 0 2

2

0

2

data

6.0 6.2 6.4 6.6
mag

2 0 2

model

6.0 6.4 6.8
mag

2 0 2

residuals

0.30 0.15 0.00
mag

Fiber 4459, dchi2frac= 1.0



2 0 2

2

0

2

data

1.6 2.4 3.2
mag

2 0 2

model

1.6 2.4 3.2
mag

2 0 2

residuals

0.050.00 0.05 0.10
mag

Fiber 1823, dchi2frac= 1.0



2 0 2

2

0

2

data

1.5 2.0 2.5
mag

2 0 2

model

1.6 2.0 2.4 2.8
mag

2 0 2

residuals

0.12 0.06 0.00 0.06
mag

Fiber 3571, dchi2frac= 1.0



2 0 2

2

0

2

data

4.00 4.25 4.50
mag

2 0 2

model

4.5 6.0 7.5
mag

2 0 2

residuals

3 2 1 0
mag

Fiber 4369, dchi2frac= 1.0



2 0 2

2

0

2

data

2 3 4 5
mag

2 0 2

model

1.6 2.4 3.2 4.0
mag

2 0 2

residuals

0.0 0.2 0.4
mag

Fiber 3001, dchi2frac= 1.0



2 0 2

2

0

2

data

1.6 2.0 2.4 2.8
mag

2 0 2

model

1.5 2.0 2.5 3.0
mag

2 0 2

residuals

0.30 0.15 0.00 0.15
mag

Fiber 3329, dchi2frac= 1.0



2 0 2

2

0

2

data

1.6 2.4 3.2 4.0
mag

2 0 2

model

2 3 4
mag

2 0 2

residuals

0.080.00 0.08 0.16
mag

Fiber 3348, dchi2frac= 1.0



2 0 2

2

0

2

data

1.5 2.0 2.5
mag

2 0 2

model

1.0 1.5 2.0 2.5
mag

2 0 2

residuals

0.2 0.1 0.0 0.1
mag

Fiber 97, dchi2frac= 1.0



2 0 2

2

0

2

data

1.6 2.4 3.2 4.0
mag

2 0 2

model

2 3 4
mag

2 0 2

residuals

0.2 0.1 0.0
mag

Fiber 524, dchi2frac= 1.0



2 0 2

2

0

2

data

1.5 2.0 2.5
mag

2 0 2

model

1.2 1.6 2.0 2.4
mag

2 0 2

residuals

0.06 0.00 0.06 0.12
mag

Fiber 3003, dchi2frac= 1.0



2 0 2

2

0

2

data

1.2 1.5 1.8 2.1
mag

2 0 2

model

1.2 1.6 2.0 2.4
mag

2 0 2

residuals

0.30 0.15 0.00 0.15
mag

Fiber 2870, dchi2frac= 1.0



2 0 2

2

0

2

data

2 3 4
mag

2 0 2

model

2 3 4
mag

2 0 2

residuals

0.00 0.04 0.08
mag

Fiber 3367, dchi2frac= 1.0



2 0 2

2

0

2

data

1.8 2.4 3.0
mag

2 0 2

model

1.5 2.0 2.5
mag

2 0 2

residuals

0.15 0.00 0.15
mag

Fiber 3362, dchi2frac= 1.0



2 0 2

2

0

2

data

1.5 2.0 2.5 3.0
mag

2 0 2

model

2.0 2.5 3.0
mag

2 0 2

residuals

0.08 0.00 0.08
mag

Fiber 3428, dchi2frac= 1.0



2 0 2

2

0

2

data

1.6 2.4 3.2
mag

2 0 2

model

2 3 4
mag

2 0 2

residuals

0.75 0.50 0.25 0.00
mag

Fiber 3053, dchi2frac= 1.0



2 0 2

2

0

2

data

1.2 1.6 2.0
mag

2 0 2

model

1.2 1.6 2.0
mag

2 0 2

residuals

0.12 0.06 0.00
mag

Fiber 1833, dchi2frac= 1.0



2 0 2

2

0

2

data

2.0 2.5 3.0
mag

2 0 2

model

2.0 2.5 3.0
mag

2 0 2

residuals

0.4 0.2 0.0
mag

Fiber 7, dchi2frac= 1.0



2 0 2

2

0

2

data

1.8 2.4 3.0
mag

2 0 2

model

1.8 2.4 3.0
mag

2 0 2

residuals

0.30 0.15 0.00
mag

Fiber 435, dchi2frac= 1.0



2 0 2

2

0

2

data

1.6 2.4 3.2
mag

2 0 2

model

1.6 2.4 3.2
mag

2 0 2

residuals

0.250.00 0.25 0.50
mag

Fiber 3614, dchi2frac= 1.0



2 0 2

2

0

2

data

1.2 1.6 2.0 2.4
mag

2 0 2

model

1.2 1.6 2.0 2.4
mag

2 0 2

residuals

0.08 0.00 0.08
mag

Fiber 307, dchi2frac= 1.0



2 0 2

2

0

2

data

1.5 2.0 2.5
mag

2 0 2

model

1.0 1.5 2.0 2.5
mag

2 0 2

residuals

0.1 0.0 0.1
mag

Fiber 4600, dchi2frac= 1.0



2 0 2

2

0

2

data

0.9 1.2 1.5 1.8
mag

2 0 2

model

0.9 1.2 1.5 1.8
mag

2 0 2

residuals

0.16 0.08 0.00 0.08
mag

Fiber 3604, dchi2frac= 1.0



2 0 2

2

0

2

data

1.5 1.8 2.1 2.4
mag

2 0 2

model

1.5 2.0 2.5
mag

2 0 2

residuals

0.4 0.2 0.0
mag

Fiber 4532, dchi2frac= 1.0



2 0 2

2

0

2

data

1.0 1.5 2.0 2.5
mag

2 0 2

model

1.2 1.6 2.0
mag

2 0 2

residuals

0.06 0.00 0.06 0.12
mag

Fiber 1662, dchi2frac= 1.0



2 0 2

2

0

2

data

1.5 2.0 2.5
mag

2 0 2

model

1.5 2.0 2.5 3.0
mag

2 0 2

residuals

0.30 0.15 0.00
mag

Fiber 664, dchi2frac= 1.0



2 0 2

2

0

2

data

1.2 1.8 2.4
mag

2 0 2

model

0.8 1.6 2.4 3.2
mag

2 0 2

residuals

0.75 0.50 0.25 0.00
mag

Fiber 4776, dchi2frac= 1.0



2 0 2

2

0

2

data

2 3 4
mag

2 0 2

model

2 3 4
mag

2 0 2

residuals

0.15 0.00
mag

Fiber 342, dchi2frac= 1.0



2 0 2

2

0

2

data

1.5 3.0 4.5
mag

2 0 2

model

1.5 3.0 4.5
mag

2 0 2

residuals

0.30 0.15 0.00
mag

Fiber 2621, dchi2frac= 1.0



2 0 2

2

0

2

data

1 2 3 4
mag

2 0 2

model

1 2 3 4
mag

2 0 2

residuals

0.0250.0000.0250.050
mag

Fiber 2573, dchi2frac= 1.0



2 0 2

2

0

2

data

1.5 2.0 2.5 3.0
mag

2 0 2

model

1.2 1.8 2.4 3.0
mag

2 0 2

residuals

0.16 0.080.00 0.08
mag

Fiber 4619, dchi2frac= 1.0



2 0 2

2

0

2

data

1.2 1.6 2.0
mag

2 0 2

model

1.2 1.5 1.8
mag

2 0 2

residuals

0.06 0.00 0.06
mag

Fiber 28, dchi2frac= 1.0



2 0 2

2

0

2

data

1.2 1.8 2.4
mag

2 0 2

model

1.2 1.8 2.4
mag

2 0 2

residuals

0.05 0.00 0.05
mag

Fiber 1630, dchi2frac= 1.0



2 0 2

2

0

2

data

1.6 2.4 3.2
mag

2 0 2

model

1.6 2.4 3.2
mag

2 0 2

residuals

0.6 0.4 0.2 0.0
mag

Fiber 689, dchi2frac= 1.0



2 0 2

2

0

2

data

2 3 4
mag

2 0 2

model

2 3 4
mag

2 0 2

residuals

0.08 0.00 0.08 0.16
mag

Fiber 3257, dchi2frac= 1.0



2 0 2

2

0

2

data

1.0 1.5 2.0 2.5
mag

2 0 2

model

1.2 1.8 2.4 3.0
mag

2 0 2

residuals

0.30 0.15 0.00
mag

Fiber 1735, dchi2frac= 1.0



2 0 2

2

0

2

data

1.2 1.6 2.0
mag

2 0 2

model

1.2 1.6 2.0
mag

2 0 2

residuals

0.04 0.00 0.04 0.08
mag

Fiber 2645, dchi2frac= 1.0



2 0 2

2

0

2

data

2 3 4
mag

2 0 2

model

1.5 3.0 4.5
mag

2 0 2

residuals

0.75 0.50 0.25 0.00
mag

Fiber 4890, dchi2frac= 1.0



2 0 2

2

0

2

data

1.5 2.0 2.5
mag

2 0 2

model

1.5 2.0 2.5
mag

2 0 2

residuals

0.00 0.15 0.30
mag

Fiber 2698, dchi2frac= 1.0



2 0 2

2

0

2

data

1.6 2.0 2.4 2.8
mag

2 0 2

model

2.0 2.5 3.0
mag

2 0 2

residuals

0.2 0.1 0.0
mag

Fiber 4571, dchi2frac= 1.0



2 0 2

2

0

2

data

0.8 1.6 2.4 3.2
mag

2 0 2

model

0.8 1.6 2.4 3.2
mag

2 0 2

residuals

0.15 0.10 0.050.00
mag

Fiber 4990, dchi2frac= 1.0



2 0 2

2

0

2

data

1.5 2.0 2.5
mag

2 0 2

model

1.5 2.0 2.5 3.0
mag

2 0 2

residuals

0.24 0.16 0.08 0.00
mag

Fiber 816, dchi2frac= 1.0



2 0 2

2

0

2

data

1.6 2.4 3.2
mag

2 0 2

model

1.6 2.4 3.2 4.0
mag

2 0 2

residuals

0.2 0.1 0.0
mag

Fiber 526, dchi2frac= 1.0



2 0 2

2

0

2

data

2 3 4 5
mag

2 0 2

model

2 3 4 5
mag

2 0 2

residuals

0.30 0.15 0.00
mag

Fiber 2620, dchi2frac= 1.0



2 0 2

2

0

2

data

2 3 4 5
mag

2 0 2

model

2 3 4
mag

2 0 2

residuals

0.2 0.0 0.2 0.4
mag

Fiber 3225, dchi2frac= 1.0



2 0 2

2

0

2

data

1.5 3.0 4.5
mag

2 0 2

model

1.6 2.4 3.2 4.0
mag

2 0 2

residuals

0.0 0.4 0.8 1.2
mag

Fiber 2680, dchi2frac= 1.0



2 0 2

2

0

2

data

1.2 1.8 2.4 3.0
mag

2 0 2

model

1.6 2.4 3.2
mag

2 0 2

residuals

0.12 0.06 0.00
mag

Fiber 1902, dchi2frac= 1.0



2 0 2

2

0

2

data

2.5 5.0 7.5
mag

2 0 2

model

2 3 4
mag

2 0 2

residuals

0.0 1.5 3.0 4.5
mag

Fiber 1504, dchi2frac= 1.0



2 0 2

2

0

2

data

1.6 2.4 3.2
mag

2 0 2

model

1.6 2.4 3.2 4.0
mag

2 0 2

residuals

0.15 0.00 0.15
mag

Fiber 1512, dchi2frac= 1.0



2 0 2

2

0

2

data

1.25 1.50 1.75
mag

2 0 2

model

1.2 1.4 1.6 1.8
mag

2 0 2

residuals

0.050.00 0.05 0.10
mag

Fiber 2553, dchi2frac= 1.0



2 0 2

2

0

2

data

1.2 1.6 2.0 2.4
mag

2 0 2

model

1.5 1.8 2.1 2.4
mag

2 0 2

residuals

0.06 0.00 0.06
mag

Fiber 765, dchi2frac= 1.0



2 0 2

2

0

2

data

2 3 4
mag

2 0 2

model

2 3 4
mag

2 0 2

residuals

0.030 0.015 0.000
mag

Fiber 3109, dchi2frac= 1.0



2 0 2

2

0

2

data

1.6 2.0 2.4
mag

2 0 2

model

1.6 2.0 2.4
mag

2 0 2

residuals

0.0250.000 0.025 0.050
mag

Fiber 799, dchi2frac= 1.0



2 0 2

2

0

2

data

1.2 1.8 2.4 3.0
mag

2 0 2

model

1.2 1.6 2.0 2.4
mag

2 0 2

residuals

0.00 0.15 0.30
mag

Fiber 3156, dchi2frac= 1.0



2 0 2

2

0

2

data

1.2 1.6 2.0
mag

2 0 2

model

1.5 2.0 2.5
mag

2 0 2

residuals

0.30 0.15 0.00
mag

Fiber 257, dchi2frac= 1.0



2 0 2

2

0

2

data

2 3 4
mag

2 0 2

model

1 2 3 4
mag

2 0 2

residuals

0.00 0.04 0.08 0.12
mag

Fiber 2931, dchi2frac= 1.0



2 0 2

2

0

2

data

1.5 2.0 2.5 3.0
mag

2 0 2

model

1.8 2.4 3.0
mag

2 0 2

residuals

0.30 0.15 0.00
mag

Fiber 3695, dchi2frac= 1.0



2 0 2

2

0

2

data

1.2 1.5 1.8 2.1
mag

2 0 2

model

1.25 1.50 1.75 2.00
mag

2 0 2

residuals

0.150.00 0.15 0.30
mag

Fiber 3387, dchi2frac= 1.0



2 0 2

2

0

2

data

1.5 2.0 2.5
mag

2 0 2

model

1.6 2.0 2.4
mag

2 0 2

residuals

0.00 0.15 0.30
mag

Fiber 3090, dchi2frac= 1.0



2 0 2

2

0

2

data

1.6 2.0 2.4
mag

2 0 2

model

1.6 2.0 2.4
mag

2 0 2

residuals

0.06 0.03 0.00 0.03
mag

Fiber 3200, dchi2frac= 1.0
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2
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2 3 4
mag

2 0 2

model

2 3 4
mag

2 0 2

residuals

0.0 0.2 0.4
mag

Fiber 3034, dchi2frac= 1.0
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data

1.4 1.6 1.8 2.0
mag

2 0 2

model

1.4 1.6 1.8
mag

2 0 2

residuals

0.18 0.12 0.060.00
mag

Fiber 111, dchi2frac= 1.0
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1.6 2.4 3.2
mag

2 0 2

model

1 2 3 4
mag

2 0 2

residuals

0.30 0.15 0.00 0.15
mag

Fiber 265, dchi2frac= 1.0
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mag

2 0 2
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0.9 1.2 1.5 1.8
mag

2 0 2

residuals

0.2 0.1 0.0 0.1
mag

Fiber 3600, dchi2frac= 1.0
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mag

2 0 2
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3.0 4.5
mag

2 0 2

residuals

1.5 1.0 0.5 0.0
mag

Fiber 4683, dchi2frac= 1.0



2 0 2

2

0

2

data
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2 0 2
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1.6 2.0 2.4 2.8
mag

2 0 2

residuals

0.4 0.2 0.0 0.2
mag

Fiber 658, dchi2frac= 1.0
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1.25 1.50 1.75 2.00
mag

2 0 2

model

1.25 1.50 1.75 2.00
mag

2 0 2

residuals

0.2 0.1 0.0 0.1
mag

Fiber 4540, dchi2frac= 1.0
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1.6 2.4 3.2 4.0
mag

2 0 2

model

1.6 2.4 3.2 4.0
mag

2 0 2

residuals

0.00 0.04 0.08
mag

Fiber 601, dchi2frac= 1.0
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mag
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residuals

0.08 0.00 0.08
mag

Fiber 2647, dchi2frac= 1.0
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2 0 2

model

1.5 1.8 2.1
mag
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residuals

0.1 0.0 0.1 0.2
mag

Fiber 2717, dchi2frac= 1.0
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1.2 1.6 2.0 2.4
mag

2 0 2

model

1.2 1.6 2.0 2.4
mag

2 0 2

residuals

0.10 0.05 0.00
mag

Fiber 3544, dchi2frac= 1.0
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1.2 1.6 2.0 2.4
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2 0 2
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1.2 1.6 2.0 2.4
mag

2 0 2

residuals

0.12 0.06 0.00 0.06
mag

Fiber 2676, dchi2frac= 1.0
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1.5 1.8 2.1 2.4
mag

2 0 2

residuals

0.00 0.15 0.30
mag

Fiber 3495, dchi2frac= 1.0
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model

2.0 2.4 2.8
mag

2 0 2

residuals

0.30 0.15 0.00
mag

Fiber 4563, dchi2frac= 1.0
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2 0 2

model

2.0 2.5 3.0
mag

2 0 2

residuals

0.1 0.0 0.1
mag

Fiber 3396, dchi2frac= 1.0


