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Abstract An effort towards understanding the problems associatéustiay light related to the Xinglong
2.16-m telescope is presented to estimate the stray ligfdnpgance of the telescope itself and provide a
method for improving stray light suppression. Stray lighalysis for the 2.16-m telescope model, which
consists of an onion shaped dome, telescope structureioe@lianount and telescope optics, has been de-
veloped in two cases (1) pointing to68nd (2) pointing to zenith, in both azimuth and elevatioediions.
The Point Source Normalized Irradiance Transmittance (PMNhich is generally used for assessing stray
light and is uncorrelated to entrance aperture, is caledlaith a series of off-axis angles. It shows that the
PSNIT values are less than10when off-axis angles are larger tha&20°. The dominant contributors to
stray light (primary and secondary mirror, telescope stmgcand dome) are identified to guide performance
improvement. The analyses indicate that significant becafitoe realized by adding only five vanes inside
the bottom portion of the secondary baffle. In the case oftpwjrio zenith, the PSNIT values will decrease
about 40% on average.
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1 INTRODUCTION the instruments. The stray light analysis is aimed at es-

) ) _ ~ timating the stray light performance of the 2.16-m tele-
The Xinglong 2.16-m telescope, inaugurated into SeIVic&cope and provides an overview of the stray light sup-

in 1989 and located at the Xinglong Observatory, is gyression for future instruments (e.g., a new intermediate-
Ritchey-Chretien telescope, with a primary mirror of di- reso|ytion spectrograph and tip-tilt module). The sofevar

ameter 2.16 meters (Fan et al. 2016). The optical system @OLIDWORKS, TracePro and MATLAB is employed for
this 2.16-m telescope is presented in Figure 1. The hypthodeIing, ray tracing and analyzing, respectively
boloidal primary mirror (M1) and convex secondary mir- The paper is organized as follows: Section 2 intro-
ror (M2) make the effective focal length for the Cassegrainyces the stray light model of the 2.16-m telescope, defini-
focus 19.4m (f/9) (Su 2001). As displayed in Figure 2,44 of point Source Normalized Irradiance Transmittance
the 2.16-m telescope has a conventional open truss fofpgN|T) and simulation settings. Identification of critica
m design and an equatorial-type mount. The initial 0ptoypjects and illuminated objects are described in Section 3.
mechanical design comprises two baffles, which are thgne analyses of PSNIT curves and stray light contributors
M2 baffle surrounding the secondary mirror M2 and thej, yyo cases are presented in Sections 4 and 5 respectively.
primary baffle above the primary mirror M1. Finally, a brief conclusion is discussed in Section 6.
During observations performed over 30 years, a few
baffling solutions (vanes on the inner surface of the prima2 STRAY LIGHT MODEL OF XINGLONG 2.16-M
ry baffle) and some tests have been made, but the stray light +£| escope
performance of the telescope remains unknown, which is
critical for high-performance of the optical instruments.Stray light is generally defined as unwanted light that
Sometimes, unidentified scattered light could be seen oreaches the focal plane of an optical system (Bass et al.
the detector during a bright night. 2001). It is one of the most important factors that in-
This paper describes efforts towards understandinfuence high-accuracy photometry of optical astronomical
the stray light problems with the telescope itself withouttelescopes, which could reduce the signal to noise ratio
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Fig. 1 Optical layout of the Xinglong 2.16-m telescope’s f/9 Cagaa focus. The diameter of the primary mirror is 2.16Red rays
are from an axis point source at infiniBlue andgreen rays are from a source with radius 6 arcmin and 18 arcmin, respgti

Fig.2 SOLIDWORKS model of the Xinglong 2.16-m telescope, inchgiithe enclosure (rotating dome with slit, in transparesgya-
torial mount (south and north pier, in emerald green and degkn respectively), mirror cell, Serrurier truss, top-eng, cylindrical
baffles for the primary (M1) and secondary (M2) mirrors, aadas on the inner surface primary baffle.

of astronomical objects. Stray light analysis begins with2.1 Telescope and Dome Simplification

the 3D modeling of the optical and mechanical geometry.

Then, ray tracing is applied with the associated simulatiorrhe original model contains tiny parts and complex shapes
parameter settings and the surface properties in ray gaciRyhich can increase simulation time and are not neces-
software (TracePro). sary. Therefore, the mechanical model should be simplified
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(e.g., removing the screws and reconstructing the top en2l.3 Source Settings

assembly as an annular part). . ] ]
The simplified TracePro model has eight basic Com_Stray light sources arg gene-rally viewed as point sources.
ponents: The light sources for simulation are dependent on the off-
(1) Dome axis angle of the Moon. The illumination area of each
(2) Mount source should be large enough to cover the whole dome
(3) Telescope structure (spider, top end assembly, trusSnutter, which is the only path for moonlight entering the
center section, Cassegrain focus interface) dome. The sources mgluded in azimuth .dll‘eCtIOI’I and ele-
(4) Secondary baffle vation direction simulations are perpendicular and parall
(5) Primary baffle to the Idirection of the shutter,.respectively (Fig.. 4). The
(6) Vanes (on the inner surface of the primary baffle) stray light sources in both azimuth and -e!evauon range
(7) Optical system from O° to +£90°. Each.source hgs one million rays.- The
(8) CCD source beam has a uniform spatial and angular profile, en-
tering the system randomly.

The 2.16-m telescope has an onion shaped dome with
a 22 meter internal diameter and an up-and-over shuttér4 Surface Property
(_5200 mm wide). The distance betwegn the top of the SBidirectional Scattering Distribution Function (BSDF) is
lit aqd the t.op end of the telfascope is about 8700 MMy common method employed to describe the scattering
The inner diameters of the prlmgry and secgndary Paﬁl%haracteristics of a surface. Bidirectional Reflectance
are 574 mm and 960 mm respectively. Sketching add't'onaﬂ)istribution Function (BRDF) and Bidirectional
rays representing how moonlight varies with azimuth indi'Transmittance Distribution Function (BTDF) are sub-
cate that the scattered light will be blocked from directlydasses of BSDF, used to describe the reflectance and
reaching (1) the primary baffle by the edge of Secondar).’ransmittance, respectively (Bartell et al. 1981). The
baffle, arld .(2) the M1 by th.e edge of secondary baffle an%SDF measures both the incident and scattering direc-
dome slit, if the angular distance from the Moon is IeSStions. Mathematically, the BSDF is defined as scattered

thani?.l" and larger thgﬁtlS.?’, respeptively (positivg: radiance per unit incident irradiance (TracePro 2010)
right side of the dome slit). As in elevation, the moonlight

will be will be blocked by (1) the edge of dome slit and sec- BSDF(0;, ¢i,0s, ¢s,) = M 2)
ondary baffle, and (2) center section, if the Moon’s distance d1;(0;, 1)
is larger than +14.%and —95.86, respectively (positive: left Hered and¢ are angles in spherical coordinatésnd s
side of the telescope), as displayed in Figure 3. subscripts refer to incident and scattered cases respictiv
and L and/! are radiance and irradiance, respectively. The
2.2 Stray Light Calculation Method unit of radiance here % m~2 sr—! and that for irradiance
i —2
PSNIT is a transfer function which describes the stray Iigh':S WTT;e E;SDF is a function of many parameters and nor-
performance in an optical system, equal to the average ithqly it is difficult to develop highly accurate theoretical
radiance over the focal plane divided by the incident irray,qdels. However, due to the time and budget required, the
diance at the instrument (Fest 2013). PSNIT is one of the,recise surface properties are hard to measure. Fortynatel
types of Point Source Transmittance (PST), implementethere are many surface properties available both empir-
in some systems such that the entrance aperture may n@h|ly and theoretically in TracePro. These include ab-
be well defined. Due to the open-truss structure used Witgorptance, specular reflectance, transmittance, BRDF and
the 2.16-m telescope, it is hard to define the entrance apegTpE. As the specular reflectance is easy to obtain, the op-
ture. Here the PSNIT is calculated by tical elements (M1 and M2) implement the default mirror
model in the database, with no dust on the optical surface,
Eincident and just modify the specular reflectance as the measured
Procal—plane/ aT€8tocal - plane (1) value. The other surfaces are treated as “black paint” to
= Prcident/aeameidont absorb the stray light as much as possible. Table 1 lists the
surfaces and their parameters.

E ocal— ane
PSNIT = _focal—plane

where E is the irradiance defined as the total power

per area. The irradiance of an incideqt source is set tg g Importance Sampling

1W m~2 and the area of the focal plane is 30 mB80 mm.

Therefore, PSNIT is relevant only to the power on the focalmportance sampling is a technique employed in Monte
plane. Carlo calculations to improve efficiency (Greynolds 2007).
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Fig. 3 Layout of dome and simplified 2.16-m telescope componerpsdfile view, with some limiting lines of sight from the Mooa t
different points on the telescope structure. (a) Strayt kglurce that varies with azimuth, a view through the dontedg#imonstrating
that light from the Moon cannot enter the M1 baffle when the Me@angular distance from the telescope is less thah (blie line,
blocked by the M2 baffle) or larger than 13.@ed line, blocked by edge of dome slit); (b) Stray light source thategawith elevation,
and a view with the dome rotated byQ@ome slit at right, showing that light from the Moon cannotez the M1 baffle if the Moon'’s
zenith distance is more than 14.% the direction away from the dome slitefl line, blocked by edge of the dome slit) and it cannot
impinge on M1 directly if the zenith distance is more thar693blue line, blocked by the telescope’s center section).

(b)

Fig.4 Azimuth and elevation simulation (in TracePro) of lightdra point source at infinity, impinging on the dome, telescaipe
support structure. The telescope is pointed to zehgfi: azimuth;right: elevation. These only for illustrate the location of themes,
and are not the same as the following simulation.

Table 1 Surface Property Parameters In TracePro

Surface Property
1  Mirror surface of M1 and M2  Absorptance: 9.9%, Speculaertéince: 90.0%, Integrated BRDF: 0.1%
2 Other surfaces Absorptance: 90.0%, Specular reflect2m@#i, Integrated BRDF: 8.0%
3 Outside surfaces of the dome Perfect absorber-Absomatan.0%
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-

Fig.5 Model of telescope pointing to 60n elevation. Due to the equatorial mount, the dome shuteollinear with the telescope.

The “important” surfaces are forced to occur with higherfrom the detector and initial ray tracing from the stray tigh
probability than their nature. The stray light model with source should be made.

importance sampling could avoid relying on millions of The basic idea involved in critical surface identifi-

rays and perform the ray tracing in a reasonable timecation is to (1) analyze the system from the detector,
An “importance” surface should have one or more targetiz) check the ray tracing history of every surface and
where the“_rays are SL:pposed to go, elthgr tow_ard or_ awa(%) find the surfaces visible from the detector. The initial
fro”? the |mportance_ surface. In stray light 5|mulat|or_1, ray tracing from a stray light source is similar to the back-
the |mportanf:e sampling should be selected on each f'rs\'}\'/ard ray tracing. It utilizes several sources with diffdren
order scattering surfaces. off-axis angles to find the surfaces which are illuminated
directly. The critical and illuminated surfaces include th

3 CRITICAL AND ILLUMINATED SURFACES following:

Critical surfaces:

The first step in ray tracing is to identify the critical and 1 Cassegrain focus interface: inner surfaces
illuminated surfaces. A critical surface is one that can be Center section: inner surfaces
seen by the detector directly or indirectly through mirror3 M1: mirror surface
reflection. Most optical surfaces in the telescope arecaliti 4 M2: mirror surface
surfaces. An illuminated surface is one that is illuminateds primary baffle: inner surface and upper edge
by a stray light source directly or indirectly through mirro 6 Secondary baffle: inner surface and bottom edge
reflection (Schaub et al. 2011). 7 Vanes: knife surfaces, upper and bottom surfaces

The first-order stray light path always occurs on thelllumination surfaces:
first-order scattering surfaces which are both critical and. Primary baffle: inner surface, outside surface and upper
illuminated. The first-order paths are the primary propagaedge
tion paths for stray light (Bely 2003). In order to identify 2 Secondary baffle: inner surface, outside surface and bot-
the critical and illuminated surfaces, backward ray trgcin tom edge
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Total - Irradiance Map for Absorbed Flux
focal plane Surface 4 Global Coordinates
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Fig.6 Irradiance map (predicted distribution of stray light) @cdl plane for azimuth angte®, in watts per area. Most of the stray
light is located in a box due to the importance sampling.

3 M1: mirror surface the focal plane due to the importance sampling. The to-
4 M2: mirror surface tal power in Equation (1) is derived from the total flux in
5 Vanes: knife surfaces and upper surfaces the irradiance map when simulations of each angle are fin-
6 Center section: inner surfaces ished. Figure 7 features plots of the PSNIT curves for az-
7 Other telescope structures (spider, top end assemblynuth (red line) and elevation (blue line) with logarithmic
truss) coordinates. The labels on the two plots illustrate the most
8 Dome surfaces significant contributors to the stray light flux at each angle
The first-order scattering surfaces and their importanc&his is done by Ray Path Sorting” in TracePro (Table 3).
sampling targets are displayed in Table 2. The label Tel.structure” includes the mount, spider, top
end assembly, truss, center section and other parts of the
4 STRAY LIGHT ANALYSIS OF CASE 1: structure of the telescope.

TELESCOPE IS POINTED TO 60°

The first attempt is pointing the telescope to°60 ele- 4.1 Stray Light Analysis in Azimuth Direction

vation, as depicted in Figure 5. The dome slit is collinear

with the telescope. An irradiance map (Fig. 6) displays thén the azimuth simulation, positive angles are located at
distribution and intensity of stray light on the focal plane the right side of the dome shuttet+ £ direction in Fig. 4
Most of the stray light is located in a rectangular box onleft). For the angles between the edge of the field of view



T.-R. Li et al.: Stray Light Analysis of the Xinglong 2.16-m Telescope

30-7

PSNIT: Point to EL60

10 T T

10-2 I
': 1}
g 104 M1+Tel.structure
Tel.structure
10 Dome
10-8 L

M1+Tel.structure

Dome ] |

r ; M1+M2[ | MT+M2 i m
1

M1+Tel.structure —

Tel.structure

I
M1+Tel.structure

L

Tel.structure+Dome

Dome

-20 0

20 40 60 70

Off-axis angle(°)

Fig. 7 PSNIT curve for azimuth and elevation, where the telescepeinted to 60. Predicted relative intensity (PSNIT - see Sect. 2.2)
of scattered moonlight, as a function of angular distanemfthe Moon in elevationb{ue) and azimuth rfed). The dominant sources
of scattered light are indicated by the labels above (foetkeation curve) and below (for the azimuth curve) the plbtturves; e.g.,
‘M1+M2’ means that a large fraction of scattered light asif®m moonlight arriving directly on M1 but scattered up t@ léind then
scattered down through the Cassegrain hole to the focat pletme dramatic drops in scattered light intensity at azinigyond+7°

are due to the secondary baffle blocking moonlight (see Bidgl't® blue line stops at —40 because no scattered light arrives on the

focal plane at azimuth angles larger than =40

Table 2 The First-order Scattering Surfaces and the Importancepiagrrargets

First-order scattering surface

Importance sampling targe

1  M21: mirror surface Primary focus
2 M2: mirror surface Focal plane
3 Primary baffle: inner surface and upper edge Focal plaregénof focal plane produced by M2
4 Secondary baffle: inner surface and bottom edge Focal plane
5 Center section: inner surfaces Image of focal plane prexdiby M2
6 Vanes: knife surfaces and upper surfaces Image of focaégleoduced by M2
Table 3 Type of Ray Path for 10(Percentage- 3%)
Ray Path  No.of Rays % of Total Path Type Object
1 1618 42.49 Single Scatter Source-M1-M2-focal plane
2 11 7.23 Multiple Scatter ~ Source-Center section-Secgniolaffle-focal plane
3 16 4.34 Multiple Scatter Source-Mount-Secondary bafit=af plane
4 128 3.41 Multiple Scatter Source-Dome-M1-M2-focal plane

(FOV) and+10°, the PSNIT curve is nearly symmetrical the rays can directly illuminate the outside surface of the
with respect to th&” axis. The specular rays reflected by center section and the mount, then randomly scatter into
M1 and M2 dominate the stray light at off-axis angles lesshe secondary baffle. M1 is not the contributor aftdr5°,
than+7°. The dramatic drops in scattered light intensity atat which point the rays entering the dome shutter no longer
azimuth beyond:7° are due to blocking of moonlight by directly iluminate M1 (Fig. 8 left). Beyonet15°, the rays

the secondary baffle. The structure of the telescope is amre gradually blocked by the dome, and the telescope struc-

other contributor for angles betweetv° and +15°, and

ture and inner surface of the dome become the primary
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(a) (b)

Fig. 8 Ray tracing at —15(a) and —40 (b) in the azimuth simulation.

(a) (b)

Fig. 9 Ray tracing at +60(a) and —40 (b) in the elevation simulation.

contributors. As the source angle increases, the rays edA-2 Stray Light Analysis in Elevation Direction

tering the dome move higher up the dome walls. For input

angles greater than +20the inner surfaces of the dome In elevation simulation, the positive angles are defined as

are the most significant contributors. the sources lower than the optical axis of the telescope. For
Due to the English mount of the 2.16-m telescope, théhe angles betweert @nd=+10°, the PSNIT curves and the

whole model is asymmetric. The PSNIT curve stops at _contributors of azimuth and elevation are almost the same.

40° because no ||ght is scattered on the focal p|ane at aﬂt is clear that the PSNIT values of elevation are |arger than

imuth angles larger than —40The PSNIT value is less those of the azimuth after15°, because of scattering from

than 10" 7 when the off-axis angle is larger thar20°. The  the telescope structure.

minimum PSNIT is 1.410~!!, at which angle (=49 on- In the positive direction, no part of the dome will

ly one ray is scattered on the focal plane by random scablock stray light from illuminating the telescope. M1 and

tering from the dome surface. telescope structure are the dominant sources fron? +15
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Fig. 10 Like Fig. 7, PSNIT curve for azimuth and elevation, whengetpe is pointed to zenith.

to +30°. For elevation angles larger than £3@he light-  Table 4 Number of Rays and Associated Flux on Focal Plane
s reflected from M1 no longer reach the M2 mirror cel- : :
. . Azimuth Elevation
[, so the telescope structure is the only contributor. The Number of Rays _Flux __Number of Rays _FIux
PSNIT curve drops gradually as the elevation angles fall Positive axis 59628 2.64e-05 60787 6.08e-05
. P . Negative axis 57589 2.70e-05 62244 2.64e-05
toward the horizon (the off-axis angi®0°), as illustrated Total 117217 5346.05 123031 8.726.05

in Figure 9(a).

For the curve along the negative direction, it is al- Table 5 Number of Rays with or without Vanes

most symmetrical with respect to the positive axis untilthe  off-axis angle no vane-AZ vane-AZ novane-EL vane-EL

dome blocks the rays entering the telescope around —40 1 14684 13443 14604 11420
(Fig.9(b)), so the dome walls deliver more scattered lights 2 15631 13348 15650 11478
3 12499 10936 11098 9569
4 8766 7311 7430 6115
5 7593 6210 6438 5176
4.3 Stray Light Distribution on Focal Plane 10 1974 1857 2244 2106
20 66 32 1300 1195
30 24 18 584 406
) 40 5 2 258 142
TracePro software will consume almost all the computer 50 6 4 252 168
memory when running a simulation. It is better to archive gg g i i;g 1;31
resglts from several simulatiqns ra.thelr thgn one-time ray 80 1 5 127 20
tracing. Therefore, the stray light distribution can be-ana 90 - - 66 38
lyzed roughly by combining all the results at different an- Total 61255 53169 60463 48180
gles.

Table 4 provides the numbers of rays and fluxes onthg STRAY LIGHT ANALYSIS OF CASE 2:
focal plane in two axes of azimuth{@o +40°) and eleva- TELESCOPE IS POINTED TO ZENITH
tion (0° to +£40°). For the azimuth direction, the number of
rays has a similar value on both sides 6f s well as the Another attempt is pointing the telescope to zenith. In this
total flux. In the positive axis of elevation, the flux is larg- case, the system is approximately symmetrical in the az-
er than that along the negative axis because of no domeuth direction. The max azimuth and elevation angles are
blocking. 80° and 90, respectively, as depicted in Figure 10.
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i 7 Ray Path Sorting [216-elevation-importance sampling-blk] =0 =R
Ray Path | Source | No. Rays | 9 of Total | Incident Flux Path Type | Ne. ‘ Intercept Type | Object ‘ Surface [ Lz
1 30 31 9.95 4.02260723948443e-011 | Single Surf Scat
' ' ' ' 1 Emitted
2 SpecRefl leeiter saction [Sidace 5
3 SpecRefl M2 Surface 0 |
|4 lmpRef M2 baffle Surface 0
|5 AtSurface  focalplane  Surfaced |
O 2 30 5 77 | 2.8990540311434=-011 | Multiple Surf Scat
| ' ' 1 Emited
| 2 RandRefl | center section  Surface 5
3 ImpRefl M2 baffle Surface 0
4 At Surface focal plane Surface 4
] =) 30 18 5.89 2.383239688490314e-011 | Single Surf Scat
] 4 30 4 5.60 2.26520429988391e-011  Multiple Surf Scat
C] 5 30 15 5.22 2.11156743154354e-011 | Single Surf Scat
] & 30 15 517 | 2.09181920067334e-011 [ Single Surf Scat
2] 7 30 il 3.37 | 1.36152906915244e-011 | Single Surf Scat
' ' ' ' 1 Emined
.2 SpecRefl M1 Surface 0
3 SpecRefl center section | Surface 11
4 ImpRefl M2 baffle Surface 5
| 5 At Surface focal plane Surface 4
O 30 2 3.01 1.21725309923873e-011 | Multiple Surf Scat
1 Emitted
2 RandRefl mount Surface 20 |
3 ImpRefl M2 baffle Surface 5
4 At Surface focal plane Surface 4
] ) 30 | 2 291 | 1.17686675419417e-011 | Multiple Surf Scat | i

Fig.11 The “Ray Path Sorting” table for elevation angle +3@f the case “point to zenith,” which provides the number ofsta
flux percentage of each ray, incident flux, path type and rdly. y8pecRefl” means the specular reflection, “ImpRefl” refar the
importance sampling reflection/scattering and “RandRéfhifies the random reflection/scattering.

5.1 Stray Light Analysis in Azimuth Direction and M2 are still contributors for elevation angles less than

+10°, the same as the azimuth simulation.
From the edge of the FOV ta-10°, the rays can reach

the focal plane by M1 and M2 reflection or scattering. Mlscattered by M1 and the structure of the telescope. The

and M2 are the primary contributors to _stray “ght' ThePSNIT decreases slowly from +3@ue to random scat-
PSNIT curve drops very fast as the off-axis angle NCTe8ering by the telescope, and the PSNIT value of elevation
es. No specular reflection by M1 happenstdi0°, where gy pe,

the PSNIT curve of azimuth has two steep drops. For an'-s about 1 to 2 orders of magnitude higher than the curve

gles betweent10° and £20°, the rays scattered by M1, from the azimuth simulation. The input rays are perpendic-
: ular to the telescope at +90and only rays scattered by the
together with the rays scattered by the structure of the teledome will enter the light path
scope, dominate the total flux on the focal plane. As the '
stray light source is far away from the dome s}it20°), For elevation angle between —<1@8nd —13, the rays
the rays cannot illuminate the telescope directly, and thécattered by M1 and the structure of the telescope dom-
dome (by random scattering) becomes the primary contrighate the total flux on the focal plane. The dome shutter
utor to stray light. Due to the multiple random scatteringswill block rays from entering the telescope directly when
by the dome, the curve is not smooth. elevation angle is larger than —“15and the dome surface
The PSNIT value is less than 1® when the off- Pecomes the stray light contributor. Beyond %A@hen

axis angle is larger thar:20°. The minimum PSNIT is the stray light source comes to the back of the dome, all

6.32x10~! at —80. Compared with the azimuth PSNIT rays will be blocked.
curve of the case “point to 80’ the order of magnitude is
similar to the case “point to zenith.” 5.3 Adding Vanes inside the Secondary Baffle

As the elevation angle increases to +3fays can be

5.2 Stray Light Analysis in Elevation Direction In optical astronomical telescopes, the vanes are usually
located inside the primary baffle and the secondary baffle,

The PSNIT curve for the elevation simulation is nearlyblocking scattered light and improving the stray light per-
symmetrical with respect to thg axis within4+15°. M1  formance.
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Fig. 12 Design for vanes in the M2 baffle of the Xinglong 2.16-m tetgxe (not to scale). Thsolid and dotted lines represent the
profile of the M2 baffle and the marginal rays, respectivele @ash-dotted line is the optical axis. The five vanes located at the inner
surface of M2 baffle every 100 mm from the bottonglit side). The depth of each vane is 14.5mm in order to avoid blocking b
marginal rays.

4 PSNIT: Point to Zenith
10 T T

—o— Az M2 vanes

—+— Az no M2 vanes

——El no M2 vanes

|—=—EI M2 vanes

PSNIT

10—

1012
-80 -60

0 20 40 60 80 90
Off-axis(°)

Fig. 13 PSNIT with/without vanes, telescope is pointed to zenitledjrted reduction in intensity of scattered light).

As a result of analyzing the “Ray Path Sorting” table the M2 baffle is a reasonable method for controlling stray
for all angles, it is clear that almost all rays coming fromlight.
the telescope structure (center section, mount...) an@dom  |n Figure 12, the half profile of the M2 baffle is depict-
will be scattered by the secondary baffle (M2 baffle) be-ed (solid line), with marginal ray paths of the optical sys-
fore arriving at the focal plane. Figure 11 shows the raytem indicated as a dotted line. For simplicity, this is shown
path for elevation angle +30n the case “point to zenith.” not to scale and without optical components, and only the
Considering the above conclusions, adding vanes insidgI2 baffle housing wall and the marginal rays are defined.
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Based on the structure of the M2 baffle and the experiand stray light analysis of the 2.16-m telescope could pro-
ences of stray light control (the bottom part of the M2 baf-vide an overview and significant guidance for improving
fle will block more scattered light), only five vanes perpen-instrument efficiency.
dicular to the optical axis are utilized. The five vanes are
located at the inner surface of the M2 baffle every 100 mnf\cknowledgementsWork described in this paper is sup-

from the bottom. The depth of each vane is 14.5mm irPorted by the National Natural Science Foundation of

Figure 13 displays the PSNIT results with or without AStronomy, National Natural Science Foundation of China
vanes in azimuth and elevation when the telescope is poinfNo. U1831209). We thank Jin Ma and Yingwei Chen for
ed to zenith. Itis clear that the vanes can improve the stragroviding details on the primary baffle of the 2.16-m tele-
light performance in most cases, especially for a positivéCOP€.
off-axis angle in both azimuth and elevation simulations.
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