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Stray light  issues

� what?

The "unwanted" radiation on focal plane

� which?

Sky background, moon, bright stars in/out field of view, self-radiation ( for 
the infared system)

� why?

a)The reflection or scattering from the surfaces of non-optical components

b)Contamination or roughness of optical elements

c)The reflection or scattering from the surfaces of lens

d)Self-radiation( only for infared system)
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The model of AST3-3

The optical system of AST3 Near-infared telescope

The model of the whole system  in the software  Tracepro



The ghost analysis

• DBFL – Delta Back Focal Length - the distance from the primary image plane (not the paraxial focal plane) to the 

reflected image. 

• EFL – Effective Focal Length - the focal length of the system including the two extraneous reflections

• DISC – the semi-diameter of the reflected beam (from an on-axis object point) at the primary image plane

• PUPIL RATIO – the maximum ratio of the first order reflected ray heights at the stop surface to the stop semi-

diameter

• MAGNIFICATION – the size of the reflected image at the image plane indicated by DBFL relative to the size of the 

primary image

The ghost analysis in Code V software



The ghost analysis

non-sequential ray-trace
spot diagram
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The ghost analysis

The ratio of ghost intensity to scene image intensity is
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mT: the magnitude of target star

mg: the magnitude of the bright star



The ghost analysis

The semi_diameter of the ghost is 0.3mm

The semi_diameter of the target star on focus plane is 18 um (1 pixel)
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Suppressing the external sorce: Moon

� For the infared system,Two parts from the moon: 1) the self-radiation of the 

moon;2) reflected solar energy

� At daytime ,the temperatur of the lunar surface is 127 degrees 

centigrade ,but at nighttime that is minus-183 degrees centigrade 

� The self-radiation of the moon

Plank's formula：

λ

λ

λ
ε

λ

λ

d

T

c

c
M

m

m

1exp

1

2

5

1

2

1 −







××= ∫ W/m2

c
1
=2*pi*h*c^2;    c

2
=hc/k

2









=
−

−

m

em

m

em

R

D

M
EThe illuminance on the earth'surface:



� Reflected solar energy by the moon surface

the reflectance of the moon surface：0.12（infared-band）

λ

λ

λ

λ

λ

d

T

c

c
M

sun

sun

1exp

1

2

5

1

2

1 −







•= ∫

2









=
−

−

sun

msun

sun

msun

R

R

M
E

2









×=
−

−

−−

m

em

msun

msune

R

R

E
E ρ

Suppressing the external sorce: Moon



At K
dark

-Band，E
moon

=  3.78e-06W/m^2；E
sun

=2.78e-05W/m^2;

E 
total

=3.16e-05W/m^2

Suppressing the external sorce: Moon

sunmoontotal
EEE +=

The illuminance on the earth 

from the lunar self-radiation 
The illuminance on the earth from 

the reflected solar-radiation by the moon 



Point Source Transmission(PST)

Defining the system stray light performance as a function of off-axis angle. It 

is a standard for the stray light rejection .
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E ： the energy of the radiation entering the entrance of the telescope

： the energy of the radiation on focal plane
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• According to the brightness of the sky background at K
dark

-band at South 

Pole(9.1×10-7w/m2/sr) ,the illuminance on the focus plane of the 

telecope is 3.4e-8w/m^2 (if the efficiency of the system is 0.7)

• If the requirement of suppressing the moon is that the illuminance of 

lunar light on the focus plane is supposed to be about 5 times  lower  

than that of the sky background,then the requirement of the PST for the 

moon is 

PST≤2.2e-4

Suppressing the external sorce: Moon



The surface property

Lens

Mirror

Black 

paint



PST  of  the  AST3-3

off-axis 

angle(+Y)
PST

5 1.5e-3

10 1.0e-4

15 5.8e-5

20 4.8e-5

30 1.1e-5

40 1.3e-5

50 1.8e-5

60 3.6e-5

70 3.7E-5

80 1.8E-5

The telescope can suppress the moon 

above 10 degree.
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Self-radiation of the infared system

The emissivity is a important parameter in self-radiation analysis

Kirchhoff's law: the emissivity is equal to the absorptance

ITO 'contrivable transmittance curve

Surfaces
Emissivity

(k-band)

ITO 0.138

Anti Reflect 0.002

Aluminium 0.03

Nextel 0.95



Self-radiation of the infared system

• The condition：the ambient 
temperature is -50 ℃ ，the 
tempreture in the dewar is -100℃。

the wavelength range of Kdark-band 
is 2.27~2.45µm

• The illuminance of the self-radiation 
of the whole system on the imaging 
plane is 4.08e-8w/m^2 。

Objects Temperature

Window -47℃

Dewar -100℃

Others -50℃

If the telescope  will work at minus 50 degrees centigrade ,the self-

radiation dominates over the sky background,according to the 

illuminance of the sky background on the imaging plane ( 3.4e-8w/m^2)

Lens in dewar



Self-radiation of the infared system

• The condition：the ambient 
temperature is minus 60 degrees 
centigrade，the tempreture in the 
dewar is -100℃。the wavelength 
range of Kdark-band is 2.27~2.45µm

• The illuminance of the self-radiation of 
the whole system on the imaging plane 
is 1.2e-8w/m^2。it is three times lower 
than the background

Objects Temperature

Window -57℃

Dewar -100℃

Others -60℃

The Near-infared camera can play the best performance when the 

ambient tempreture is below minus 60 degrees centigrade 



The next steps

• Verify some parameters( the brightness of sky background at dome 

A , the temperature in dewar , the actual optical property ,Etc )

• Design the structure of the baffles in dewar

• Compute PST in the other direction 

• Analysis the self-radiation in detail

• Analysis the limit of magnitude of the AST3-3 Near-infared camera

• Design the relay-lens,compare the stray-light suppressing ability of 

the telescope with cold stop and that of the system without the cold 

stop



The end

Thank you 

for your attention and advice!


