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Abstract: The modal noise in optical fiber limits the measurement accuracy of the next generation of high
precision radial velocity spectrograph. Especially when using coherent light sources for wavelength calibration,
modal noise can induce radial velocity errors that reduce the accuracy of radial velocity measurement. In order to
suppress optical fiber modal noise, a technical method based on deformable mirror to dynamically change speckle
pattern is proposed. The method smoothes the speckle pattern caused by optical fiber and improves the centroid
stability of calibration spectrum by dynamically changing the shape of deformable mirror in one single exposure
time, so as to ensure the measurement accuracy of radial velocity. A 632.8 nm He-Ne laser is used as a coherent
calibration light source to verify the effectiveness of the device. Experimental results show that the optical fiber
modal noise can be effectively suppressed when a single exposure image contains about 10° speckle patterns. For
the spectrograph with resolution R=100000, the radial velocity calibration error caused by optical fiber modal

noise is about 19.8 cm/s in use of one single calibration line, which is similar to the effect of other suppression
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methods in the world. And this method can not only improve the energy utilization rate but also not affect the

service life of optical fiber.
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conditions. (a) Deformable mirror is placed at the exit end;

(b) Deformable mirror is placed at the incident end

2.2 {ERREE
22 30k [9] $2 T — AP T IRIME K B B9 SNR
i‘l‘%:/A\\I :

median (1)
SNR= ——— 1
StdeV(IO - Ifilt) ( )

A 1 R ISR R A K BE(H 5 Ly, R IR (R 220 o
(BB 0 0 JEE A, A5 M6 B2 v (L 0B D8 1 TR ) o
(E I B2 o A D 0y PR sl 25 b (LD 904 1) P60 Y
PRUEZE o T d(a) ST BB T G T Y 2 s B AE

BT UE TR A ST om BB AL FE SNR 93153 45
M2 By a3 51K 4(a) 20, EREENEYS MY
10* M ERBEAEAERT, SNR T T FR{E 50,

SNRs of acquried images
250

(@)

200 r

150 ¢

SNR

100

50

- SNRs of laser

0 2 4 6 8 10 12
Modes included in each image x10*

60 SNRs of acquried images

(b)
50 | e
40 ('

30

SNR

20 |

- SNRs of laser

0 2 4 6 8 10 12
Modes included in each image x10*
4 ARSI AT EREMR LR (a) ZTEBEHCE T 5 3
(b) BT FRCE T Ao
Fig.4 Image SNR calculation under different experimental conditions.
(a) Deformable mirror is placed at the exit end; (b) Deformable

mirror is placed at the incident end

23 BbiRENS
B TR B B0 5 T ORI AR 9 S50 fof
BRI, A [ H B AERE Y RS2 PR L th

202107634



s Gk A2

% 104

www.irla.cn % 51 %

FLSK 1 s BOEEIRE IR . @H T, W LT
PR ARBE: (1) 1 s BOE BRI O B AT S BI{E
0, brifE 2208 o BREHLT 155 (2) AT 1 s BESGIEIR Y ot
O IRRS R ST R AT BEL A B . TR R,
N SRR & T B0 B B AT S E O 0, AR

‘{ﬁ%%%%%m%?ﬁo B 5 25 T e sk iy

PR 22 BE I AERE RO E M 7R Al 2, [R] kA 22
X Q) #AT T A, W

y=a/NM+b 2)

X MONEEBEAEREECH ; o 71 0 WA SE, UES
Ha M b AR E TR S thdk v,

Pl 5(a) 45 1 T AR B CE T 56 o ) S IR 2 R
A LU BIHOGHIEE 5 B 04 B0 28 10 5 1004 i 2k e A
W] G5 05 BB brge=—9.43x107°, KWLt B i BB
REECH M BB, oA E ok I T R gk
M, TS P22 SRS W 7S A BR . B LED SRR
AREEG R T RO ATRE, Sl i fFE —ik
T 22, Fe SR MEUINEE . B S5(b) 5 T AR B BRI
BTSSR, 250 58 5(a) KL, BES
B D1aer=6.02x10°73, 32 W it 25 2 I HCBEAE RS H M %
g, B A bR 2 i T 0.006 MEE . E 5(c)
S5 T AR AN TARRE, G EOBE Y O R L
BEE B INEMEECE (SR G a]) i3S m, .08 4k
PRIE2E TR /N, TR FE 0.2 MERMBE IR . X
VEIZEANE P AR T BE A5 B0 T, HICHE T 1 007 5 23 B
IR A RS, B M B 1A A ) 3 1Y
TERIAG L

FFH 225 SCHk [9] R0 1] 338 B 2 A 1R 22 Sy M 11
ok

o,

Ory & R_D 3

e R 3x10° mis; 6,00 3T 3 HIUBE S0 IS 1Y)
PRUE 225 R OGTEAL I3 BE 35 D oy 6 i {0Hk 4% 98 2
OO HAR . RSO I S 56 45 R X 7 BE R R=
100000 JEIEAHEAT I, 415 10° DS HUHEALFE 19 R
#6,~0.0063%11 um = 0.0693 pm, D=1 050 um (H FHH
BUHRG T —> 10 F5 R OGB, IO GER R B AR

01050 pm), 75 AN 25 JE PR 85 A E 1 2 AL N & 1 5
M, 2% BEHICBRE AN IR, AR A I 280 R Rx T AR
TR 1) R Y SE R EE 2l 19.8 ems, 1A RS
PR _E A A SE PR BRI Z5 0 (W 1o

Standard deviation of centroids

1
10 (a) —Fitting result of laser
_ Laser
2 —Fitting result of LED
2 10 f LED
8 =148, b, =—0.009 43
£ 101 F 4,,=0.94, b,,=0.004 76
o
o=
ER
g S
5 102 ¢ e
2
103 A A A A
0 2 4 6 8 10 12
Modes included in each image x10*
Lo Standard deviation of centroids
(b) —Fitting result of laser
_ Laser
2 —Fitting result of LED
B
=
.2
k=
5 107
el
o
s
=]
g
7
103 A A A A A
0 2 4 6 8 10 12
Modes included in each image x10*
Standard deviation of centroids
0.60 F—=wi .
0.55 F(¢) "\
0.50 L™
e 045 A
‘& 040 ¢
§ 035
s
é 0.30
5 0.25
<
<
£ 020
7 gl o
0.15 | — Deformable mirror at the input end’, /
' - —Deformable mirror at the exitend *

0 100 200 300 400 500 600
Equivalent exposure time in each image/s
[ 5 A [REcE R B ANR B BUO TR E T O, (a) R BEHCE T 26
9ii; (b) ASTEBTRCE T A% (o) BIEBA AR
Fig.5 Stability of centroid after superposition of different numbers of
images. (a) Deformable mirror is placed at the exit end; (b) Deform-
able mirror is placed at the incident end; (¢) Deformable mirror

doesn’t work

20210763-5



ISk A2

% 10 47

www.irla.cn

o

%51 %

®1 BfR EEZRIEMAEEEEIRRE

Tab.1 Radial velocity calibration errors of major

spectrographs
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