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Introduction

The TianQin Project: “0123” technology roadmap

3 GW detection
Laser
Interferometry

Inertial
Reference

Lunar
Laser
Ranging

AWAE. KEfi) http://tianqin.sysu.edu.cn/



‘ / e : I W -
ol __,-mﬁ%,r r\ ‘ #

i T h
i SN

7 = \§ Fﬁl_ﬂ; -




—. Introduction

=. Lunar Laser Ranging Results

mm PY. Future Plans

AL AZE-KEfL http://tiangin.sysu.edu.cn/




1) Use 1064nm wavelength: high atmospheric transmittance, low
background noise, and get more photons at the same laser energy

2) Use 1.2m-aperture telescope technology: high-precision tracking,
small laser divergence angle

3) Use 2x2 multi-channel near-infrared band superconducting
single-photon detector: high QE, low noise

4) Lunar laser ranging at 100 Hz frequency: improving the echo
rate and measurement accuracy
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Telescope sub-system

1.2m

Laser sub-system
Laser

Ranging
Photon detection sub-system
System

ECHO RECEIVER

BEAH'XPANDER

Ranging sub-system
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1.2 m Telescope

R1: focusing lens
R2: spatial filter
R3: collimator

Main parameters of TianQin Station

Solid line: light path

R4: wavelength filter  Dashed line: electric sig Pgarameter Value Comment
RS: fiber coupler
" T2: beam expander
T3: beam expander A A\ 1064nm Laser wavelength
BS: beam splitter
FPD: fast photodetector E; 300mJ Laser pulse energy
100Hz 1064 nm Laser -
| fouise 100Hz Laser pulse repetition rate
MINg LY N
y H i Ro— D 1.2m Aperture of the telescope
I
i O1aser 2" Divergence angle of laser
M6 Z 4 1
| i Otrack 2" Tracking error of telescope
AL Nt 0.6 Transmitting efficiency of optical sys
g 4 ccp
i Ny, 0.2 Receiving efficiency of optical sys
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SNSPD: Superconducting Nanowire Single-Photon Detector

Parameter Value

....... Array 2x2
Detection Efficiency >30%@1064nm
- Dead time 50ns
Data Processing
S
YEE Jitter time <70ps
Coupled
AN ... .
Counting rate 20MHz max
T Dark count rate <1000 @T=2.3K
——
Spin Mirror Photon-sensitive area 200pm
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Some key milestones:

® (8-06-2019 First Laser Ranging of A15
® (07-11-2019 Laser Ranging of all 5 Retroreflector Arrays

® 29-09-2023 Laser Ranging of A15 (@ Full Moon condition

AWAE. KEfi) http://tianqin.sysu.edu.cn/




St B4

Eidma ] 0NN 0 ) &=, B 1AR0RS. 12 GRS, B 1 SETTT, B TG | TUTH b

=1 N bt ik 2 = " AT .-'ﬁ_ P UL 5 "_Ef‘__":'_"""f“:i =
ERREINNS cnR R S
h'."l-_.lr._ ": f'\-‘_ -.. J,}Fﬂ._-'_ a4

0-C ins

(1060

] apgllng LHWF“EH T BT

2019-11-07 14:35:19 FEMEE AR ST K15

HaiL

Hims j:_l::z-\.__ Eigen

1

-0 . 1000 R

LT e
r };ﬁ;“ AT R

L i
: '"iiﬂgf Tk, Ay 0
3 '?Et:g';‘i'-_t-ﬁ:"‘ R S el
e e R
" '.. a= . :| =4 4k EII‘ L :‘.1"-"*;}._.

S00 2a0 1020 1080 -I-"'llinh |-|.||l|. 1.?.°IH-|'w1

420 480 540 ©00 680
Time, seconds since 14:17:29.000

[1].Tianquan Gao et al. Optics and Laser Technology. 167 2023 109741

Al KE-KZE il http://tianqin.sysu.edu.cn/ 17




.'._-. HEE.MmE, B 0.0, EE: L0E 2019-11-08 13:43:27 P

THms L o] Wierls
T —— = fiE. T
WS FELEE T alelD14 Bi1eE s, o R
B IR PR B i r = N RS R B el L . e
B
=L
L]
E
0
L]
J-.'l..ll-!l.- .'I .;l-.'a. :.-.; |.‘.I'.- [ = B -.'.Il:l. .;'-l:. : |.'\'JI|' 3 ".'rl-'-."'l .--—-.:
R0 S40 600 680 T20 TEO &40 900 9B) 400 1080 1140 1200 .|-,_,.. fres, 43, Rl
Time, seconds simce 13:34-38.8600

[1]. Tianquan Gao et al. Optics and Laser Technology. 167 2023 109714é

AWAE. KEfi) http://tianqin.sysu.edu.cn/




L m e A e i T e L 2 £013-11-07 12:35:29 T e

bl T

BEE w apﬂllﬂll |h.i-u BRI o I}.E;I‘.tihl e

EELISS TS

14 s SN E = i = 0y e A A e R G -1 120 Eh |

ML g e PO D ek AT AL g I T el BT oy T ST Rl T b
SR l-“'t-it:i"’::-qfrtl’";}ri{! :’w’“?ﬁhi'ﬁ--f’;"'-‘.ﬂ T h
= T r "".: Faw- _..l._f-:i:'-', ra_-_"._ o A : _I:l"'_._'l_'lI .| o R L . dat 0 - A7 L g L M
I"EF-.:-;.- i« '"_L r;:.%_-..-'-f-:'_-:r-r: -'-I'I-Ed: :.:Jl‘hr'_-.c -.,.-- "'I:"".'.,'rl.'"'.'";-"-rl" i.!:?."E vae S R 36 '5:::_.
S S R T L S ; "
oA 2y iy bt y

= [ H

= [ ¥ T ¥ . | N w 5 a - i « )
T ek i e Ly o e, AR TN E B
.EI'..:'! et }.:.1 -'_-_L}' - ;_.T.h'ql j':_.“'; i -'-i-

oy T L IR P TR, ol St - o
o |_|!:1,-1-:‘1-L ___-_'1:-!.1-.'.___:'51.'.'_&. i

[0 i 0 T

144

i

1 &l 120 8-1r) e i 300 Jal 420 e = | &l EED 20 rad 840
Timse, s&conds since 123507000

Frimm (me S Mo |

[1].Tianqguan Gao et al. Optics and Laser Technology. 167 2023 1097141

AWAE. KEfi) http://tianqin.sysu.edu.cn/




Nt M e RO BA.AE. BADEE AR 21319-11-!]'? 13:4E:EE WERELEIARSSIE D I3 A1

frdd (2. TEF . T
HZY l?- FEirE g
'I'T r.-I II r
AT T =] lﬂllal T s AT
LU TETRRER b B0k A== Wi U R A (L Jd | TS R 18 ==

Lt

HE T
L = SR

ol [T 7], e

Tirme, seconds anee 11:32:33.000

[1].Tianquan Gao et al. Optics and Laser Technology. 167 2023 109741

ALK E.-RZEHID http: //tiangin.sysu.edu.cn/ 20




S.5mby Wz 20.170, Febil: 51%

A
T45i |

DREAOD.E

2019-11-07 15:16:52
luna21

AR e BT W F
Wil

LR b

Lims i =y i rie] o o e

| =L

L e i S

e lan DWCEN [ T B0 A, £ U] £ ITReEE S - i =
T o s B T P B i i T e T PR o ] k- e
B = Tl A B i on - TR e ! IR T . o o k SRy ] oy e oy B @iy . [
1 . 1 * W ¥ 1 ] 1 -'n._'_ i b "-l_- .. 1 A ] = H ¥ [ |!__ p
|y e | | = T _I. -1_ F I A el P o = = -r-"" W E ] v e T P gy =g LB
S R R w g P Sl P kot R T <) il i ik SR
e = £ iy | b Ty - a w! T o Friu o ! -\'-r o VLl (! an a iy . Y W
- B = 4 g . rm 8 ' . - H " : . e
= L] | kT g "’_1_-' 5 ok 'll: -__'. ' (e g Ty _"_-‘_ ¥ g % e '_-r i L E
| [N L [ i Ao 1 . | L} g i = [ igg vy I . ¥ L S H
ok - T E i, BT ¥ =T . - . L= | = S et [ - i P = | 13
r : |I.I ."- -rl.-' a1 = b i .‘-:I v & -'I: I-I-JI -: Il.lr Il . F r e i'e i i | [ . et
= | i (= P . [ e & i g - -
L boa 0 Thyl Lo 1 i' & I [ s e . - y ¥ :I' Tl AR g I = . p
'y 5 r - ¥ " E - - & ¥ - 1 o - =
Iireid R R Ta g.—= ¥ T e 9 - __'| n - - e . "
b N e o P = a ! ;1.- L T, et ‘l.-—.-"- : e ™ :"'r'|' = e TEr
= " e P T 1 A g e T Sy - i = o B ? i A = | L
g BrdiA R Tt S i ST L iy et T el e Lt O
c ey S ™ B T P s PSP ol = e e Y [T, o L L el A e e
& - F = L - e e s 1 B e = . H F x
i} Ll ._.l" e 5 A a 5 iy A A el S D LT s = = o | I.\. -5 L LT
1 1; - i &a ot _';' LT Eal kG, ¥ b = g ' T -'.r 1 | P Hpe "_ '_\'_. e e 1
L] P T _"-l_ Y - e =1 S . L L Ly e L L £ a7 _'- il i i - 3. e PR |
L = r - - - i 4 R L W - E L PP (2] _ E .
.I = "1 "-I' _'I o, 1 '-r':'r\.:-' L L e 3 1 -3 B :':: D FL- S L ';I F Jo% I-_I- - ll e -4
o . = 5 o I L . = ™ S Py u i = 7 &3 = - Lt . ;
Y r - 1 " 1 ol iy T, 1 1 L e
T= - T.r- |"l o L ] [ - Te - = |-_"' " i " -I I_" a '“-\.'1.| - -
| 2 opa E i i ¥ . A 2y L |l‘|-||| e | e HY i - "y e ¥ = b |
4 ¥ . . ¥ ' " “ L RT1 - nl
R AL o IR # gt ot | i 5 i Lo % o " oy I R g f]
J':‘I s rd N | _I-.-| e E E .-ll'_ i -~ gt e L - e & wrd, L
= i B L | - Hne i) b o ' s I TG T = . L =
Bl = b .I'_ 1 ] iy L 1 - LAt L] - apay g B0 S el gl - B -y 1) |..- .|'|_|
- & g T % 2 - 1 el | o - e i = r
= B o =i 8 i bt :I'.. v .I i 1._| e il "_ X i Fan L -'r ¥ -
i . e e e ? | I. ] . % = T g P i e £ . ) " el
+ ] S IRt i A Iy . 2 5 Dl 5 i R 1 -t o i |
ket - 5 N i = o = e, bR e E Sigpa o N | emm - J
> r =T 5 S T - = - - o - x
£ d Y -y . s | = : * i’ : : ! =] . i g g —————

BEd

-

450 Paditm Hina B0 Mew

Time, spcands snce 1503560000

AWAE. KEfi) http://tianqin.sysu.edu.cn/

[1].Tianqguan Gao et al. Optics and Laser Technology. 167 2023 10972411




0 50
Number

= = = = = =
n (=] L1 (=] n o
m m ~ ~ — —
N
U U L W
c £ £ £
C Cc C C
0 M T m W
L & C L
- 0
U U U u ﬁ n
(=)
Q O
o o
=
& vl =
" Tal
~ =t
0 |
™~ SI
© S o =]
< Y ©
-+
QU =
A N oY
ﬁ - M L
N
=T L
x =
) -
Iy L
=T
L
" -
A o
[} \1- =
= —
Ty
T =
= = = = = =
n =] L o n o
m m ~ ™~ — —
suflenpisay

)
—
-
&
Pz
&2
=
=

ZF - REZBH http://tianqin.sysu.edu.cn/

FRLWLIX




LLR Results

S Jun.

A A1l Jan.
100

AlS

Dec.

%1
o=

47.7%

Number of NPs

Nov, 0
0 60 120 180 240 300 360

Lunar phase(degrees)

Target statistics Monthly statistics Moon phase statistics

AWAE. KEfi) http://tianqin.sysu.edu.cn/




10 10

140
FWHM = 423 ps
120] Ooneshot = 255 ps
5 5 =.1579
100! o, = 6.5 ps
g =1mm
W g @ o }2 mm
= = c 80
m © :
2 2 S 60
= A RO RPN S5 S A i 40
-10 -10 ; T to L
201
~155 50 100 -5 20:00 20:10 20':20 20:30 20;:10 20:50 —1.8 ~ 1.6 7.4 -7.2 -7.0 —-6.8 —-6.6 -6.4
Counts Epoch on date 11/20/2019 [UTC]

Residual [ns]

One hour LLR and statistics of A15 array!?!

AWAE. KEfi) http://tianqin.sysu.edu.cn/

[2].Caishi Zhang et al 2022 Class. Quantum Grav. 39 125005

24



AL AZE-KEfL http://tiangin.sysu.edu.cn/



® Daylight laser ranging

® Dual-wavelength laser ranging

Goal:

High-precision orbit determination of TianQin-3 satellites
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B Yunnan Observatories, Chinese Academy of Science

B Academy of Opto-Electronics, Chinese Academy of Sciences
B School of Electronic Science and Engineering, Nanjing University

B Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Science
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