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Parameter Value Unit

Wavelength 1.4e-6 meter

Aperture 0.3 meter
Telescope  Focal length meter %
Obscured ratio *

Pixel size 10.0e-6 meter

Window size 9x9 pixels
Camera Effective number of electrons 24,000 e- *
Gaussian noise e-2 *
Offset noise e- *

Table 1: Fixed and interested parameters
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Diffraction image

An obscured Airy diffraction pattern can be expressed in

2021/1/6 - 1/7

2
1(6) = Iy 2J1(R) _ 2€ J1(eR) (1)
(1 —€2)? R R
R="2¢
2
D, :
€=— obscured ratio
Telescope aperture 0.3 m

A Wavelength 1.4um [1.1:1.7] um
D, Secondary mirror diameter (FRLERDDDIES

28210 FENFSVRSIA (20206E)

is provited by JAXA.



Diffraction image and
gaussian distribution

Figure 1: Diffraction image and Gausssian distribution
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Diffraction limits

Figure 2: Obscured ratio and diffraction image size
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Effective number of photons

Figure 3: Diffraction image and Gausssian distribution (Log plot)
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Number of photons

Effective number of photons P = Nesy /e (2)
TN D2
0 4 /{prz 1-— 62) Neff — 27'[100'3?
Nesr 1(mD\’ 7% X 0.422
eff _ - 22X _ 22\ 42 : _22)2 _ 0 _ . 2)\2
N, 2<Af> (1—€°)of > (1—¢€7) 87.3% X (1 — €°)
On focal plane P = Ners /€ (3)
v 0.873(1 — €2)2
Telescope D
aperture D Area ratio = (1 — €%) € = 32
Secondary
Mirror D,
N N '
fp eff
P = = e (4
At aperture ap [ c?  0873(L— )3 / (I)
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Number of photons

Table 2: Number of photons at each telescope position

Nesr

At aperture Po =3 87301 — €773 /e = Py
N 2
On focal plane P = 0 873(ifi c2)? /e = (1-€*)" Pg
Effective number 3
P = Nesr /€ = 0.873(1-€*) Py,

of photons
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Shot noise Limits

Diffraction limit

Effective number of e-

Peak intensity

Shot noise limit

Parameter
Wavelength
Telescope aperture
Focal length
Obscured ratio
Effective # of photons

A
0'a~0.42 5

2
0, ~0.42 Hf

Value Unit

A 1.4e-6 meter
D 0.3 meter
f 3.8 meter
£ 0.0

N 24,000

2021/1/6 - 1/7 5£21E FEBRIFEIORIIA (20205FF)

404 mas
7.12e-6 m

32,000
36,500

36,500

9.12e+13

2.26 mas
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Shot noise Limits

Diffraction limit

Effective number of e-

Peak intensity

Shot noise limit

2021/1/6 - 1/7

Parameter
Wavelength
Telescope aperture
Focal length
Obscured ratio
Effective # of photons

A 2
0~042 51~ €

2
ax~o.423f\/1 — €2

Negr
N = Ners

P 7 0.873(1 — €2)2
N = Nesr

P~ 0873(1 — €2)3

Value Unit

A 1.4e-6 meter
D 0.3 meter
f 3.8 meter
£ 0.3

N 24,000

28210 FENFSVRSIA (20206E)

386 mas
7.12e-6 m

24,000
33,200
36,500

7.55e+13

2.49 mas
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Ox9 pixels simulation

JRIEERIBRFEN DN OIZDT,
CIHBIINATNSEBNBEBA X—>% simulation [CEDARKLT (K3 28)

EROETTOCACHIIBEEPLIRERBEIOVTGERZIRDD.

Parameter Value Unit

Wavelength 1.4e-6 meter

Aperture 0.3 meter
Telescope Focal length meter X
Obscured ratio *

Pixel size 10.0e-6 meter

Window size 9x9 pixels
Camera Effective number of electrons e- *
Gaussian noise e-2 *
Offset noise e- *

Table 1: Fixed and interested parameters
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Star Image on 9 x 9 pixels

Figure 4: Camera image of a star

star center = (0, 0) um
pixel size = 10 um

9 pixels =90 um
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Figure 3: Diffraction image (Log plot)
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Star Image on 9 x 9 pixels

EDVIVIC, I(x,y) DEFN
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Figure 4: Camera image of a star
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Figure 5: Rayleigh distribution and
star center estimation error
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Estimation method
of
star image center
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UHU. EHHROIBECEIA IR 20 + LA tail DhZziF Do, BilCE asked
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ERPETEEEIEE
Table 3: Star center estimation methods and their errors

JRIZHYPRST HvE  EELW

o, /sqrt(N) 2.26 mas 2.28 mas 2.99 mas

Airy Disk (¢=0.0)
o, /sqrt(N) 2.26 mas 5.13 mas

* ADZADTOIBE . BALCIDFEERRFYECIVERENMES NS,
* OIFEROBZE . EVETRRIFRBENMESNZVDT
AMAFT(E Lk SREELE ZRVZ,
* COFETE, RIBRIPRFAN 2.26 mas (CHUT 3.25 mas DEEUMESNZL.
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Ratio of image size and pixel size

(S, 2T 0 2RERCKRoIINE, B=E0 ELIERZRE UTEIILB/1X(C
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Image size / Pixel size

Table 4: Ratio of image size and pixel size (¢=0.3, A=1.4 um)

o, /sart(N) | o,/sqrt(N)
ocl enge iy

0.636 20.28
0.673 8.85
0.692 5.03
0.701 4.27
0.710 3.80
0.720 3.53
0.729 3.39
0.748 3.30
0.842 3.31
0.935 3.36
1.122 4.28

Neff=24,000 Nap=36,500
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Image size / Pixel size

Table 5: Ratio of image size and pixel size (¢=0.0, A=1.4 um)

focal length o, /10um CZ’;(/ fg_';tg“)) %a {;qal‘gN)
3.40 0.666 21.21 12.86
3.50 0.688 14.91 8.79
3.60 0.706 9.02 5.17
3.65 0.717 /.79 4.40
3.70 0.725 6.90 3.85
3.75 0.735 6.34 3.49
3.80 0.745 6.01 3.26
3.85 0.755 5.86 3.14
3.90 0.764 5.81 3.07
4.00 0.784 5.88 3.03
4.50 0.882 6.62 3.03
5.00 0.980 7.35 3.03
6.00 1.176 8.87 3.05

2021/1/6 - 1/7

58210 FHERIFIIRZUA (2020FE)

Neff=32,000 Nap=36,500
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Image size / Pixel size

Figure 6: Ratio of image size and pixel size
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B E=MF
Figure 7: Wavelength dependency via image size
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Telescope
obscured ratio
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Table 6: Obscured ratio dependency (focal length = 5.0 m)

N o, /sqrt(N) o, /sqrt(N)

ideal
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50

Obscured ratio

5.48
/.35
/.37
/.42
/.51
/.64
/.84
8.13
3.54
9.05
9.64
10.36

5£21E FEBRIFEIORIIA (20205FF)

2.26
3.03
3.04
3.06
3.10
3.15
3.24
3.35
3.52
3.73
3.98
4.27

dx=dy=10.0e-6
npx=npy=9
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Table 6: Obscured ratio dependency (focal length = 3.8 m)

N o, /sqrt(N) o, /sqrt(N)

ideal
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50

Obscured ratio

5.48
6.01
6.03
6.09
6.19
6.36
6.62
6.99
/.55
3.43
St
14.56

5£21E FEBRIFEIORIIA (20205FF)

2.26
3.26
3.27
3.30
3.36
3.45
3.59
3.80
4.10
4.57
5.37
7.90

dx=dy=10.0e-6
npx=npy=9
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Obscured ratio

Figure 7: Obscured ratio dependency
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Obscured ratio

simulation OF&R. ¢ >0.3 OMEETHREHRFCLDTFEIND
BEBCEDT BN RAND . COMBETFBRREIUIN T/ X THDIERE
EDEEEBER TIHRERBERIENELCEDLHERIEND,

(f=3.8 m ® simulation #&EH5)

ST FIEREAOERELT
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Camera Noises
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1. AT7yh#E (Camera Offset Noise)

BRI (CLDEEI U B THRAEFLRCAT Y M ET DR .

XIRFECDWVWTIE, £EV I LE TR BWVNCCTIIEEOEHIEE Uz,

S TIAREHTR VN TR D B I BN R B R BRI #1T 5.
2. HOAEMET (Camera Gaussian Noise)

BEIIVIILICHIZA D RIHEDIR D -
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Offset subtraction

Figure 8: Estimation of an offset noise
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Camera Gaussian noises
w/ offset subtraction

Table 8: Camera Gaussian noise dependency with offset subtraction

focal obscured c-noise c-offset o, /sqrt(N) o, /sqrt(N)
length ratio (e-n2) (e-) x108 m (mas)
f=5.0 €=0.3 0 430 8.61 3.55
f=5.0 €=0.3 100 430 8.82 3.64
f=5.0 €=0.3 200 430 9.04 3.73
f=5.0 €=0.3 500 430 9.63 3.97
f=5.0 €=0.3 700 430 10.02 4.13
f=5.0 €=0.3 1,000 430 10.58 4.36
f=5.0 €=0.3 1,500 430 11.45 4.72
f=5.0 €=0.3 2,000 430 12.26 5.06
f=5.0 €=0.3 3,000 430 13.79 5.69
f=5.0 €=0.3 4,000 430 15.19 6.27
f=5.0 €=0.3 5,000 430 16.50 6.81
f=5.0 €=0.3 7,000 430 18.93 7.81

2021/1/6 - 1/7 5£21E FEBRIFEIORIIA (20205FF) This document i provited by x40



Camera Gaussian noises
w/ offset subtraction

Figure 9: Camera Gaussian noise dependency with offset subtraction
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Camera offset w/ offset subtraction

Table 9: Camera offset noise dependency with offset subtraction

focal obscured c-noise c-offset o, /sqrt(N) G, /sqrt(N)
length ratio (e-2) (e-) x10® m (mas)
f=5.0 €=0.3 2,000 -1000 12.27 5.06
f=5.0 €=0.3 2,000 -700 12.27 5.06
f=5.0 €=0.3 2,000 -500 12.27 5.06
f=5.0 €=0.3 2,000 -200 12.27 5.06
f=5.0 €=0.3 2,000 -100 12.27 5.06
f=5.0 €=0.3 2,000 0 12.27 5.06
f=5.0 €=0.3 2,000 +100 12.27 5.06
f=5.0 €=0.3 2,000 +200 12.27 5.06
f=5.0 €=0.3 2,000 +500 12.27 5.06
f=5.0 €=0.3 2,000 +700 12.27 5.06
f=5.0 £=0.3 2,000 +1000 12.26 5.06
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Camera offset w/ offset
subtraction

Figure 10: Camera offset noise dependency with offset subtraction
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Teledyne H4RG-10 D4 EE

COFERLD. FHIRIE TOBEEEDHDITIRIME CMOS HX5
Teledyne H4RG-10 (I3 4 DERARYIZi@mIcUTWRZEN TN B,

2 _ L2 . . .
chn = €5 T (ldark t Ecamera pstray) Lexposure Camera gaussian noise

Peon = (ldgark + Ecamera istray) texposure camera offset noise
Table 10: Teledyne H4RG-10 HXSD4EREE

readout

: Lexposure | Ecamera | Gaussian
30.0 e- 900

noise €ro
dark .
noise Lgark 57.0 e-/sec 405 405 405
stra hotons
PZ,, e-2 1,330
Pcon e- 430
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Summary



E/RFPILVRTERE (mas)

Parameter o, /sqrt(N) N=N ¢ I£?1(g:1atlh Obf:tti';ed Cﬂ':ig;a
JRIBRIPRTT 2.26 e=0.0
JRIBRIPRTT 2.49 e=0.3
(aéﬁﬁﬁé?_é?f) 3.25 32,000 f=5.0 e=0.0
HHICE SR 3.55 f=5.0 2=0.5
7]@35?7\ 5.06 f=5.0 e=0.3 2,000 e-2
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Summary Table

Parameter Value Unit
Wavelength 1.4e-6 meter
Aperture 0.3 meter
Telescope Focal length >4.8 meter *
Obscured ratio <0.35 k
Pixel size 10.0e-6 meter
Window size 9x9 pixels
Camera Effective number of electrons >24,000 e-
Gaussian noise <2,000 e-2 *
Offset noise e- k

Table ?: Fixed and interested parameters with restrictions
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Wavelength dependency

S

SX a
[sart(N)  /sqrt(N)
x10%m (mas)

Wavelength focal obscured c-noise c-offset
(um) length ratio (e-r2) (e-)

1.1 f=5.0 e=0.3 2,000 430 8.52 3.52
1.2 f=5.0 e=0.3 2,000 430 9.54 3.93
1.3 f=5.0 e=0.3 2,000 430 10.85 4.48
1.4 f=5.0 e=0.3 2,000 430 12.27 5.06
1.5 f=5.0 e=0.3 2,000 430 13.72 5.66
1.6 f=5.0 e=0.3 2,000 430 15.03 6.20

1.7 : e=0.3 2,000 430 16.26 6.71

N,,=36,500  N=24,000
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Wavelength dependency

simulation

w/ offset subtraction
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camera gaussian noise 2,000 e-?
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