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ABSTRACT In order to fulfill the requirement for astronomical observation in the optical-

infrared band using large universal aperture optical telescopes, China is planning to construct

a 12-meter large aperture optical-infrared telescope (LOT). LOT is of particular significance to

Chinese astronomy and would be co-phased in the near-infrared waveband. The primary mirror

of LOT will be constructed from either hexagonal segments or petal-shaped segments. Analysis

of co-phasing errors using a segmented primary mirror tiled by petal-shaped segments for LOT

has been presented. The proposed primary mirror of LOT has 72 petal-shaped segments and

a 4.5-meter circular mirror in the center. Detailed theoretical derivation of co-phasing errors

and simulation about out-plane errors separately and comprehensively have been provided. SR

(Strehl Ratio) of LOT is greater than 0.8 when the RMS (Root Mean Square) value of normally

distributed tip-tilt errors is less than 0.016′′ or the RMS value of normally distributed piston

error is less than 42.5 nm at the co-phasing wavelength 1 µm. The simulation results are of

great importance for the segmented primary mirror with active optics in LOT.

Key words telescopes, methods: analytical, methods: data analysis, techniques: high angular

resolution
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1 Introduction

With the rapid development of astronomical

science and technology, and the urgent need for

large telescopes with higher light collecting capac-

ity and resolution, many large aperture optical-

infrared telescopes have been built or are under

construction both in China and abroad. The main

approaches for the design of large aperture tele-

scopes include: (1) the thin mirror active optics

approach used in the VLT (Very Large Telescope)

of the European Southern Observatory[1]; (2) the
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segmented mirror active optics approach used in

the KECK (Keck telescope) of the United States[2];

and (3) the combined thin mirror and segmented

mirror active optics approach pioneered by LAM-

OST (Large Sky Area Multi-Object Fiber Spec-

troscopic Telescope) of China[3–5]. However, due to

mirror size limitations, the current aperture limit

of a single mirror is 8.4 m, which was successfully

constructed by the Mirror Laboratory at Universi-

ty of Arizona. In order to construct larger or giant

aperture telescopes, segmented mirror active op-

tics has become the approach of choice taking into

consideration factors such as technical difficulty,

cost, and construction time.

To fulfill the requirements for astronomical

observation in the optical-infrared band with large

universal aperture optical telescopes, CFGT (Chi-

nese Future Giant Telescope) was proposed in

2000, using a 30-meter primary mirror design

with fan-shaped segments[6–11]. Japan subsequent-

ly proposed JELT (Japan Extremely Large Tele-

scope), the primary mirror of which would also

have been 30 m in size[12]. Japan has since built a

middle aperture telescope, namely the Seimei tele-

scope. The Seimei telescope is a 3.8-meter optical-

infrared telescope, the primary mirror of which

consists of 18 petal-shaped segments[13–14].

Chinese astronomers proposed LOT (12-

meter large aperture optical-infrared telescope) in

2016 and have considered the use of a segment-

ed primary mirror[15–17]. However, there are two

proposed segmentation schemes: one type is a seg-

mented primary mirror tiled into 84 hexagonal seg-

ments which is commonly used in segmented mir-

ror telescopes, and the other is an innovative de-

sign using a 4.5-meter circular center mirror and

72 petal-shaped segments. Fig. 1 depicts two types

of segmentation schemes.

Fig. 1 Two types of segmentation schemes

The segmented primary mirror tiled into

petal-shaped segments has numerous advantages

compared to the segmented primary mirror tiled

into hexagonal segments. For example, the prima-

ry mirror can have a circular profile, and the type

of segments are consistent in every ring, regardless

of physical size or profile. The number of petal-

shaped segments required is also fewer than would

be required using hexagonal segments for the same

size of primary mirror, even though the area of an

individual hexagonal segment and a petal-shaped

segment is almost the same[18–20]. This paper will

therefore focus on developing an innovative scheme

as described in Table 1, in which the size param-

eters and quantity of each segment are introduced

in detail. We can also consider adopting all fan-

shaped segments for LOT. However, changing the

inner 4.5-meter diameter to fan-shaped segments

will not affect the research described in this pa-

per from a practical point of view. Furthermore,

a perfect co-phasing wavefront in visible imaging

can be obtained by using this 4.5-meter mirror;

thin mirror active optics technology can also be

used in the central mirror to achieve a combina-

tion of thin mirror active optics and fan-shaped

segmented mirror active optics if necessary.

The development of LOT is of great signif-

icance to Chinese astronomy, and the segment-

ed mirror active optics approach is the preferred

choice for LOT taking into consideration co-focus
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in the visible band and co-phase in the infrared

band[21–23]. Theoretical derivation and simulation

of co-phasing errors are presented in this paper

when the primary mirror of LOT reaches co-phase

at 1 µm[24–27].

Table 1 The primary mirror of LOT tiled with

fan-shaped segments

Ring Inner radius Outer radius Number of

number of ring/mm of ring/mm segments

first 775 2250 1

second 2250 3500 18

third 3500 4750 24

fourth 4750 6000 30

Error analysis and simulation are the prereq-

uisites and necessary conditions for error allocation

during the feasibility evaluation for any large aper-

ture segmented telescope. Chanan et al.[28] got SR

(Strehl Ratio) for KECK as a function of the RM-

S (Root Mean Square) segment co-phasing error.

Besides, Troy et al.[29] analyzed the influence of

gaps, secondary mirror obstruction and reflectivi-

ty of mirrors for TMT (Thirty Meter Telescope).

In addition, Yaitskova et al.[30–32] derived the an-

alytical expression for formulas describing highly

segmented telescopes, established an optical cal-

culation model of PSF (Point Spread Function)

based on FFT (Fast Fourier Transform), and sim-

ulated the influence of piston and tip-tilt on SR

of the telescope, providing data support for the

construction of ELT (European Extremely Large

Telescope).

In order to evaluate our proposed scheme and

study the sensitivity of co-phasing errors, in this

study we undertake theoretical derivation and sim-

ulation analysis of co-phasing errors in LOT in

which the primary mirror is tiled by petal-shaped

segments. The results provide a reference and basis

for the selection and construction of the primary

mirror shape scheme of the LOT.

2 Analysis of co-phasing errors

Fig. 2 introduces the global coordinate system

of the primary mirror and the local coordinate sys-

tem of the segment. The XCY plane is the projec-

tion plane of the primary mirror in Fig. 2, and the

Z-axis is the direction of the optical axis perpen-

dicular to the XCY plane. Point C is the origin

of the global coordinate system XY Z. The origin

point, o, of the local coordinate system (xyz) of

each segment is located at the center of circum-

circle of the segment. The y-direction is the radial

direction of the primary mirror and the z-direction

is the normal direction of a segment, where x is

perpendicular to y and z.

Fig. 2 XCY plane in the primary mirror global

coordinate system and yoz plane in the segment local

coordinate system
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W is assumed to be the wavefront of the pri-

mary mirror, and ∆W is the wavefront error of

the primary mirror. ωi is the wavefront of the ith

segment, and (∆ω)i is the wavefront error of the

ith segment. The formula to describe the approx-

imate relationship between the Strehl Ratio and

wavefront is as follows[33]:

SR = exp

[

−
(

2π

λ
σwf

)2
]

, (1)

where σwf is the RMS value of wavefront error (in

wavelength units, λ) in Eq. (1).

In addition, σwf can be expressed as[34]:

σ2
wf = (∆W )2 −

(

∆W
)2

, (2)

where










































∆W =

∫∫

∆W dA
∫∫

dA
,

(∆W )2 =

∫∫

(∆W )2 dA
∫∫

dA
.

(3)

Note that in Eq. (3), A represents the integral re-

gion of the primary mirror.

∫∫

∆W dA =
N
∑

i=1

∫∫

(∆ω)i dzi , (4)

∫∫

(∆W )2 dA =

N
∑

i=1

∫∫

(∆ω)2i dzi . (5)

In Eq. (4) and Eq. (5), N represents the number

of segments, and dzi represents the integral region

of the segment.

The radius of the circumcircle of a petal-

shaped segment is a, the center of which is the

center of its circumcircle. If the polar coordinate

system (ρ, θ) is considered with regard to the local

coordinate system where ρ = r/a, the surface of

segment in the local coordinates can be expressed

as a expansion[35]:

z(ρ, θ) =
∑

mn

αmnρ
m cos(nθ) , (6)

αmn is the local coordinate expansion coefficient,

both m and n are integers and m > n > 0 and

m− n = even in Eq. (6).

The radius of curvature of the primary mirror,

Rc, is−38400 mm. p represents an off-axis distance

from the center of a segment to the center of the

primary mirror, and p =
√

x2
o + y2o (where xo and

yo are the coordinates of point o in Fig. 2). The

conic constant of the primary, k, has a value of

−0.9837843. α20 is the coefficient of the first ter-

m in Eq. (6), represents defocus. The coefficient of

the second term in Eq. (6) that represents astig-

matism, α22, is ka2p2/4R3
c . The coefficient of the

third term in Eq. (6), representing coma, α31, is

ka3p/2R3
c . In this study, we primarily focus on the

effects of astigmatism as this dominates in terms

of wavefront aberrations[36].

2.1 The influence of piston

If there is some random piston error αi which

obeys normal distribution N(0, σ2
α) of the ith seg-

ment, the standard deviation σα is the RMS value

of piston error, we can obtain the wavefront of the

ith segment:

(ω)i = 2αi . (7)

The wavefront of the segmented primary mir-

ror can also be obtained:

(∆W )2 =

∫∫

(∆W )2 dA
∫∫

dA

=

N
∑

i=1

∫∫

(∆ω)2i dzi

N
∑

i=1

∫∫

seg
i

dzi

= 4σ2
α , (8)
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(
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∫∫
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
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N
∑

i=1

∫∫

(∆ω)i dzi

N
∑

i=1

∫∫

seg
i

dzi

















2

= 0 , (9)

where zi represents the integral region of the ith

segment and segi represents area of the ith seg-

ment. By substituting this result in Eq. (2), it can

be concluded that:

σ2
wf = 4σ2

α . (10)

At this time, the RMS value of piston error is

0.0375λ when SR is 0.8 or σwf is 0.075λ. The RMS

value of piston should be less than 37.5 nm when

the co-phasing wavelength is 1 µm.

2.2 The influence of tip-tilt

We use the notation ai, γi, βi to represent

the radius of circumcircle of the ith petal-shaped

segment, the amount of tilt in the x-direction of

the ith petal-shaped segment (in λ units), and

the amount of tilt in the y-direction of the ith

petal-shaped segment (in λ units) respectively. If

γi ∼ N(0, σ2
γ) and βi ∼ N(0, σ2

β), the standard

deviation σγ is the RMS value of tip and the s-

tandard deviation σβ is the RMS value of tilt, the

wavefront of the ith petal-shaped segment can be

obtained:

(∆ω)i = 2

(

γi
ai
x+

βi

ai
y

)

, (11)

(∆W )2 =

∫∫

(∆W )2 dA
∫∫

dA

=

N
∑

i=1

∫∫

(∆ω)2i dzi

N
∑

i=1

∫∫

seg
i

dzi

= 0.58σ2
γ + 0.75σ2

β , (12)

(

∆W
)2

=









∫∫

∆W dA
∫∫

dA









2

=

















N
∑

i=1

∫∫

(∆ω)i dzi

N
∑

i=1

∫∫

seg
i

dzi

















2

= 0 . (13)

Assuming that the standard deviation of the

normal distribution of tip-tilt is the same, we can

conclude that:

σ2
wf = 1.3298σ2 . (14)

The RMS value of tip-tilt error σ is 0.065λ when

SR is 0.8 or σwf is 0.075λ. The RMS value of tip-

tilt error should be less than 0.016′′ (σwf/ai) when

the co-phasing wavelength is 1 µm. The theoreti-

cal co-phasing errors of the two segmented mirror

schemes using hexagonal segments[37] and petal-

shaped segments are compared in Table 2.

Table 2 Comparison of RMS value of

co-phasing errors between two segment shapes

Co-phasing

error

Primary mirror

tiled by

hexagonal

segments

Primary mirror

tiled by

petal-shaped

segments

Piston/nm 37.8 37.5

Tip-tilt/′′ 0.017 0.016
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2.3 The influence of in-plane errors

Decenter in x axis can be ignored among the

three in-plane errors, based on the rotational sym-

metry of the quadric surface. Here, the radial er-

ror decenter in y axis and clocking error are main-

ly analyzed. We assume that the radial error of

radial distance p of the ith fan-shaped segmen-

t can be expressed as (∆p)i (in λ units), and

(∆p)i ∼ N(0, σ2
∆p), σ∆p is the RMS value of ra-

dial translation error. The radial distance of fan-

shaped segments in the first ring is p1, with a value

of 2.919352 m. The radial distance of fan-shaped

segments in the second ring is p2, 4.160594 m and

the radial distance of fan-shaped segments in the

third ring is p3, 5.404607 m, then it can be calcu-

lated as follows:

(∆W )2 =

N
∑

i=1

∫∫

(∆ω)2i dzi

N
∑

i=1

∫∫

seg
i

dzi

=

(

ka2

R3
c

)2

N
∑

i=1

∫∫

p2i (∆p)2i ρ
4 cos2(2θ) dzi

N
∑

i=1

∫∫

seg
i

dzi

= 1.48106× 10−10σ2
∆p , (15)

(

∆W
)2

=

















N
∑

i=1

∫∫

(∆ω)i dzi

N
∑

i=1

∫∫

seg
i

dzi

















2

=

(

ka2

R3
c

)2

















N
∑

i=1

∫∫

pi(∆p)iρ
2 cos(2θ) dzi

N
∑

i=1

∫∫

seg
i

dzi

















2

= 0 , (16)

σ2
wf = 1.48106× 10−10σ2

∆p , (17)

where pi is the radial distance of the ith segment.

In this case, the σwf value is 0.075λ when SR is

0.8. The RMS value of radial translation error σ∆p

is 6162.8λ. The RMS value of radial translation

error of each fan-shaped segment should be less

than 6.162 mm when the co-phasing wavelength is

1 µm.

Assuming that the clocking error of the ith

fan-shaped segment can be expressed as (∆θ)i (ra-

dian units), and (∆θ)i ∼ N(0, σ2
∆θ), the wavefron-

t error of the ith fan-shaped segment can be ob-

tained:

(∆ω)i = 2
∂zi
∂θi

(∆θ)i = 2
kp2i
R3

c

xy(∆θ)i , (18)

(∆W )2 =

N
∑

i=1

∫∫

(∆ω)2i dzi

N
∑

i=1

∫∫

seg
i

dzi

=

(

k

R3
c

)2

N
∑

i=1

∫∫

p4i (∆θ)2i 4x
2y2 dzi

N
∑

i=1

∫∫

seg
i

dzi

= 7.758× 10−9σ2
∆θ , (19)

(

∆W
)2

=

















N
∑

i=1

∫∫

(∆ω)i dzi

N
∑

i=1

∫∫

seg
i

dzi

















2

=

(

k

R3
c

)2

















N
∑

i=1

∫∫

p2i (∆θ)i2xy dzi

N
∑

i=1

∫∫

seg
i

dzi

















2

= 0 , (20)
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σ2
wf = 7.758× 10−9σ2

∆θ . (21)

In this case, the σwf value is 0.075λ when SR is

0.8. The RMS value of radial translation error σ∆θ

is 2.93′ when the co-phasing wavelength is 1 µm.

3 Simulation results of co-

phasing errors

As described above, a number of approximate

calculations are required in the theoretical deriva-

tion of the co-phasing errors of the primary mirror

which need to be implemented in the simulation

software. The LOT model was established to sim-

ulate real co-phasing errors, which were used for

the final reference and comparative verification of

the simulation analysis. Nasmyth focal system of

LOT will be built as a priority in order to meet

the requirements of domestic astronomers for fine

detail observation. The parameters are shown in

Table 3.

Table 3 Main parameters of Nasmyth focal system of LOT (Focal ratio F number/14.4)

Surface position
Curvature radius Thickness Diameter

Aspheric coefficient
/mm /mm /mm

primary mirror −38400 −16318.562 12447 Quadratic: −0.9837843

secondary mirror −7680.99 22268.562 1811
Quadratic: −2.5518687

Sixth degree: −6.39323× 10−23

Fig. 3 is a ring of petal-shaped segments in

the aperture. The inner radius and outer radius

of a segment are given by r, R respectively and

the space between adjacent segments is 2d in Fig.

3. A1 and B1 represent two vertices of a segment

respectively.

The four vertices of a segment are calculated,

and a program was written to generate the segment

aperture, which would then be imported into ZE-

MAX software for the next stage of the simulation.

The fan-shaped segments in each ring can be

solved by calculating values for one of the fan-

shaped segments in a given position, and then ro-

tated to obtain the positions of the other segments

in the same ring. For example, the coordinates A1

and B1 of a segment in the second ring are calcu-

lated according to































δ1 = arcsin
d

R
α = 20◦ − δ1

xA1 = R cos δ1

yA1 = −R sin δ1

, (22)

and































δ2 = arcsin
d

r
β = 20◦ − δ2

xB1 = R cos(20◦ − δ2)

yB1 = −R sin(20◦ − δ2)

. (23)

The segment aperture program is used to gener-

ate the corresponding aperture, which would be

imported into ZEMAX software for the next sim-

ulation.
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Fig. 3 Diagram of calculating the aperture of

petal-shaped segment

The loss of light-gathering energy is 0.41%

which is very small compared to the light loss

caused by the secondary mirror and the central

hole of the M4 mirror in LOT, assuming the space

between the fan-shaped segments is 3 mm. It is

further calculated that the energy loss values are

1.3% and 2.6% when the gap between fan-shaped

segments is 10 mm and 20 mm, respectively. The

SR value of LOT is 1 in both cases, and it can

therefore be concluded that the gap between the

segments has no effect on the image quality ex-

cept for the shadow effect on the final diffraction

pattern.

Each petal-shaped segment has six degrees

of freedom and different reflective surface proper-

ties, and all segments are independent in the non-

sequence mode of ZEMAX software. This method

can simulate the actual segmented mirror system

as shown in Fig. 4. Since three in-plane degrees of

freedom of a segment, such as radial displacement

and rotation about the center of a segment, can be

guaranteed by the machining accuracy, the influ-

ence of the three out-of-plane degrees of freedom

will be mainly simulated.

Fig. 4 3D layout of LOT

3.1 Comprehensive simulation analysis of

tip-tilt

The Monte Carlo method is used to analyze

the sensitivity of tip-tilt errors. The tilt angles of

72 segments in ZEMAX software obey the same

normal distribution. The tolerance width is ±2σ

(where σ is the standard deviation), where the t-

wo ends of the width are equal to the maximum

and minimum values of the tolerance operands,

and RMS of tilt angles is σ if wavefront error RMS

is used as the error evaluation standard. If the tilt

angles of all segments are uniformly distributed,

the tolerance width is ±ν, and both ends of the

width are equal to the maximum and minimum

values of the tolerance operands, the RMS value

of tilt angles is given by ν/
√
3.

Firstly, a comprehensive simulation analysis

of tip-tilt is carried out. It is assumed that the two

types of errors obey the same normal distribution

with a tolerance range of ±0.032′′. The simulation

results are shown in Table 4, and the wavefront

of the primary mirror is better than 0.0755λ (λ

is 1 µm) for 90% of the processes. The calculated

SR of telescope will be larger than 0.8 when the

tip-tilt RMS value is less than 0.016′′, which is

consistent with the theoretically derived value. A
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simulation result is shown in Fig. 5, in which the

RMS value of tip-tilt is 0.015′′, the RMS value of

the wavefront of LOT is 0.068λ (λ is 1 µm) and

the SR value of LOT is 0.84.

Table 4 Simulation results of the influence of

tip-tilt on SR (subject to normal distribution)

Process Wavefront of the primary mirror/λ

98% < 0.08166429

90% < 0.07552163

80% < 0.07222136

50% < 0.06577899

20% < 0.05978577

10% < 0.05628555

2% < 0.05126353

Fig. 5 Wavefront of LOT (RMS value of tip-tilt is

0.015′′)

In addition, it is assumed that tip-tilt is uni-

formly distributed at the same time and the toler-

ance range is ±0.025′′. The simulation results are

as follows in Table 5.

The simulation results show that the wave-

front of the telescope in 90% of the processes is

better than 0.0758λ, indicating that the SR value

of the telescope is greater than 0.8 when the RMS

value of the uniformly distributed tip-tilt errors is

less than 0.0145′′. One of the simulation results is

shown in Fig. 6, where the RMS value of tip-tilt

is 0.013′′, the RMS value of the wavefront of LOT

is 0.0588λ (co-phasing wavelength λ is 1 µm) and

the SR of LOT is 0.847.

Table 5 Simulation results of the influence of

tip-tilt on SR (subject to uniform distribution)

Process Wavefront of the primary mirror/λ

98% < 0.08057038

90% < 0.07583863

80% < 0.07328291

50% < 0.06786719

20% < 0.062254567

10% < 0.05917826

2% < 0.05351857

3.2 Simulation analysis of piston

Monte Carlo analysis for the piston of all seg-

ments is undertaken, as the piston of each segmen-

t can be assumed to follow a normal distribution.

The average value of piston is 0, and the toler-

ance range is ±85 nm. 90% of processes will be

better than 0.075λ (λ is 1 µm), which is taken as

the evaluation criterion, and simulation results are

shown in Table 6. The RMS value of the wavefron-

t of the telescope in 90% of the processes is less

than 0.072λ, indicating that the SR of telescope is

greater than 0.8 when RMS of piston is less than

42.5 nm. One of the simulation results is shown in

Fig. 7, in which the RMS value of piston is 30.5 nm,

the RMS value of the wavefront of LOT is 0.0596λ

(co-phasing wavelength λ is 1 µm) and the SR of

LOT is 0.87.
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Fig. 6 Wavefront of LOT in a simulation of uniformly distributed tip-tilt (RMS value of tip-tilt is 0.013′′)

Table 6 Simulation results of the influence of

piston on SR (subject to normal distribution)

Process Wavefront of the primary mirror/λ

98% < 0.07893314

90% < 0.07153808

80% < 0.06696024

50% < 0.06033449

20% < 0.05386300

10% < 0.05034328

2% < 0.04437901

In addition, the simulation results indicate the

RMS value of the wavefront in 90% of processes in

Monte Carlo analysis is superior to 0.075λ, assum-

ing that piston of segments are uniformly distribut-

ed with a tolerance range of ±71 nm. Simulation

results are shown in Table 7. The SR of the tele-

scope is greater than 0.8 when the RMS value of u-

niformly distributed piston is less than 41 nm. One

of the results of the simulation is shown in Fig. 8,

in which the RMS value of piston is 36.1 nm, the

RMS value of the wavefront of LOT is 0.07λ (co-

phasing wavelength λ is 1 µm) and the SR of LOT

is 0.822.

Fig. 7 Wavefront of LOT (RMS value of piston is

30.5 nm)

3.3 Comprehensive simulation analysis of

tip-tilt and piston

Table 8 shows theoretical values of tip-tilt and

piston that are normally distributed with the same

weighting. Monte Carlo analysis of the out-of-

plane errors is presented below, aiming for 90% of

the simulation processes to be better than 0.075λ
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(λ is 1 µm). The piston of all segments is normally

distributed and has a range of ±56 nm and an

average value of 0. In addition, tip-tilt values of

all segments follow a normal distribution, with a

range of ±0.024′′ and an average value of 0. The

simulation results are shown in Table 9.

Table 7 Simulation results of the influence of

piston on SR (subject to uniform distribution)

Process Wavefront of the primary mirror/λ

98% < 0.08112048

90% < 0.07536002

80% < 0.07229380

50% < 0.06577642

20% < 0.05916804

10% < 0.05554281

2% < 0.05149642

Fig. 8 Wavefront of LOT (RMS value of piston is

36.1 nm)

The simulation results show that the RM-

S value of the wavefront for 90% of processes is

better than 0.07235λ. Therefore, the SR of the

telescope is greater than 0.8 when the RMS value

of tip-tilt with a normal distribution is less than

0.012′′ and the RMS value of piston is less than

28 nm. The RMS value of the wavefront of the

telescope is 0.06125λ and SR = 0.867, given one of

the integrated simulation processes, seen in Fig. 9,

where the RMS value of tip-tilt is 0.009′′ and the

RMS value of piston is 23.4 nm.

Table 8 Theoretical values of tip-tilt and piston

with equal weighting effect

Theoretical

SR of the

primary

mirror

Theoretical

RMS of

tip-tilt/′′

Theoretical

RMS of

piston/nm

0.64 0.016 37.5

0.73 0.014 32

0.78 0.012 28

0.8 0.011 26.5

0.87 0.009 21

Table 9 Simulation results of out-of-plane

errors (subject to normal distribution, equal

weight)

Process Wavefront of the primary mirror/λ

98% < 0.07871465

90% < 0.07239059

80% < 0.06899876

50% < 0.06320540

20% < 0.05746286

10% < 0.05447954

2% < 0.04920690

The requirement for the tip-tilt error of seg-

ments can be relaxed and the RMS value of piston

can be reduced to 20 nm or 15 nm in practical engi-

neering. The comprehensive simulation results are
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shown in Table 10 and Table 11.

RMS of the wavefront of LOT is better than

0.074λ during 90% of the processes in Table 10,

indicating that the SR of the telescope is better

than 0.8 when the RMS value of piston is less than

20 nm and the RMS value of tip-tilt is less than

0.014′′. The RMS of the wavefront of LOT is bet-

ter than 0.0746λ during 90% of the processes in

Table 11, indicating that the SR of the telescope

is greater than 0.8 when the RMS of piston is less

than 15 nm and the RMS of tip-tilt is less than

0.015′′.

Fig. 9 Wavefront of LOT (RMS value of tip-tilt is

0.009′′ and RMS value of piston is 23.4 nm).

Table 10 Monte Carlo simulation results of

out-of-plane errors (RMS value of piston is

20 nm and RMS value of tip-tilt is 0.014′′)

Process Wavefront of the primary mirror/λ

98% < 0.08010569

90% < 0.07394273

80% < 0.07052091

50% < 0.06431928

20% < 0.05843499

10% < 0.05552909

2% < 0.05009355

Table 11 Monte Carlo simulation results of

out-of-plane errors (RMS value of piston is

15 nm and RMS value of tip-tilt is 0.015′′)

Process Wavefront of the primary mirror/λ

98% < 0.08043108

90% < 0.07465036

80% < 0.07154468

50% < 0.06524156

20% < 0.05896498

10% < 0.05576923

2% < 0.05011820

4 Conclusion

The Chinese optical infrared astronomy com-

munity has strong potential to develop into an

international-class community; however, it is chal-

lenging to grow this potential without a large tele-

scope like LOT as a platform. Therefore, there is a

strong need of a general-purpose optical telescope

for China, which could be equipped with different

scientific instruments.

We study tiling schemes using fan-shaped seg-

ments, and consider the influence of various tiling

errors from the segmented primary mirror on im-

age quality, especially the Strehl Ratio, and com-

plete the theoretical derivation for the whole seg-

mented mirror active optics simulation procedure.

The segment errors, including three out-plane seg-

ment errors, are simulated using both numerical

and synthetic approaches, with a lot of simulation

results successfully achieved. The SR of LOT is

greater than 0.8 when the RMS value of normal-

ly distributed tip-tilt errors is less than 0.016′′ or

the RMS value of normally distributed piston er-

ror is less than 42.5 nm with the co-phasing wave-

length 1 µm. The comprehensive simulation anal-

ysis of the three out-of-plane errors shows that the
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RMS value of tip-tilt should be less than 0.012′′

and the RMS value of piston should be less than

28 nm when tip-tilt and piston are normally dis-

tributed with the same weighting. In addition, the

RMS value of normally distributed tip-tilt should

be less than 0.014′′ when the RMS value of nor-

mally distributed piston is 20 nm. The RMS value

of normally distributed tip-tilt should be less than

0.015′′ when the RMS value of normally distribut-

ed piston is 15 nm.

The fan-shaped segmented mirror scheme is

similar to the hexagonal segmented mirror scheme

in terms of co-phasing errors, but the fan-shaped

segmented mirror scheme is a better choice based

on the processing cost and time. The results can be

used as a reference for LOT and will provide LOT

with the right to choose the scheme. Our results

have important implications for the future develop-

ment of large diameter optical-infrared telescopes.
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ú�GbP\�12 mIf¢��Ü\ü¥qøïîÿ������1,2,3 ��¤1,2  Ç1,2

(1 -ýÑfbý¶)�ðW¬)�If�/�v�W¬ 210042)
(2 -ýÑfb)�If�/Í¹��¤W¬ 210042)

(3 -ýÑfb'f�¬ 100049)X� :á³ý�ù�('��(If�Ü\(If¢�âµÛL)�ÂK��B, -ý¡�ú¾�¶12 m'ã�If¢��Ü\(12-meter large aperture optical-infrared telescope, LOT). LOTù�-ý)�Lw	�vÍ���I, ��(Ñ¢�âµ�°qø. LOT�;\�Ç(P\ü¥�¹H, 172WGbP\ü¥��, v�-.è�	�W��4.5 m��b\. ���Ç(GbP\ü¥¹H�LOT�qøïî, ���æÆ�qøïî�º¨üÇ�, vù�ì3ÍP\b�ïî(��ïî�ÛLñe�Uì!ß�ü�!ß. (qøâ�:1 µm�aö�, S
Î
����>�ïî�G¹9<��0.016′′�
Î
����;^ïî�G¹9<��42.5 nmö, LOT�¯y��Ô'�0.8. ÿ�Ó�ù�Ç(qøü¥\b;¨If�;\(LOT-��(w	Í��I.s.Í �Ü\, ¹Õ: ��, ¹Õ: pn��, �/: ØÒ�¨�
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