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Optical and RF frequency standards
at the BIPM
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Optical frequency measurements at 633 nm and 532 nm
simultaneously using optical clock configuration
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Optical frequency measurement using
optical clock configuration at the BIPM
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Signals for the servo of offset
frequency and repetition rate
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Tracking capability between fs-laser
comb and L,-stabilized Nd:YAG laser
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Optical frequency measurements of I
stabilized Nd:YAG laser at 532 nm
and He-Ne laser at 633 nm

simultaneously
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Comparison between molecular
optical clock and Cs clock
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Comparison between microwave and
optical standards

30 Using Cs clock as reference Using BVA as reference
Sdev. = 8.6 mHz Sdev. = 0.26 mHz
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Optical frequency measurements at 633 nm and 532 nm
based on RF frequency standard-H maser
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Optical frequency measurement by
locking the repetition rate on H-maser
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Optical frequency measurements of I
stabilized Nd: YAG laser at 532 nm
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Frequency measurement of He-Ne
laser at 633 nm

A2
He-Ne laser Bandpass f
I,-Stabilized filter fi£f,

s |Gt
He-Ne laser Bandpass
P-Stabilized filter f,
A2
fs laser i -
comb 1 ]

Narrow bandpass
filter at 633 nm

Beat at 633 nm
Bandwidth = 300 KHz

Beat signal / db

0 100 200 300 400 500 600 700
Beat frequency / MHz




598

£92C

£1-355'9
£1-319'4
21-328'1
Z21-322'2
Z1-32F'E
Z1-364°F
21-384'9
(nepiun | (nepewdis

ST£992

ST 249990958219

00 8T280F9

00 2T=0r9| 42od)-

ST 482818852

ST /8Z8TRITOCTOE P

Q0 ATE0P9

S9'9T80p9) 1e=q-

ST ib/E68438-

SR ZSE0TLS00ZTO

0 9T20F9

BE 9T20F9 | JEad)+

ST 2122068~

SR Z/RICSHCECTO

00 ST20Fs

FO'ST20FS | 1e2qi+

(zH) payadie JIp

(@) PeewInss §

CHANMOHE N

HIMNCH N

STOT

B3] 40 JBquInU [EfIL]

6007

Bl JO Jagunyy

O00FO9ESECTOE LR

(zH) Aausnbely pejoadyg

=/ 1821565

(zH) 1229

00636t

(z-) (PepUNod) 18540

0c:ST

_ummto 3 ol |

£0/€0/21|

08E9/06E,

(2H) (pepuNnoJ) s1ey UoRpsdey

M P2 = 4d|

ZHN 09 = |n
JUsLOAWOD | ' |ndIg
SN TR THES W35

Bl 5 ajep

anbjuod

sIsA|eUR




= e 1Eaq
oS0t oot 056 005 052 oo 054 ons 059 o9 055 aos 05+ 00¥ 052 oo 05z a0z 0571 oot as o
1 {30 1 1 I 1 1 I 1 I 1 1 1 1 I 1 I 1 1 1

- 0°0000z-

- 0°0005T-

- 0°0000T-

- 0°0005-

Jeaq

-0

- 00005

- 0°0000T

- 0°000sT

aun

25]J0
oot 056 006 0se ong 054 o0 059 ang 055 005 05F 00% 05& aog 05z o0z 05T oar =
1 1 1 1 I I I I I 1 I 1 1 I 1 I I I I

E4 Uoiyyadad

E0ed Lonnadad

0T (S) |eaaqur sy
ST0T E3eQ JO Jaquunu [eriur
6001 E3eQ Jo Jaquini
$98'/92¢ £/1821565 |(2H) 3229

9%0'0 000¥¥686¢ | (2ZH) 195HO

620'0 08£9/06£/ |(2ZH) 332y uoniaday

8T:ST  £0/£0/¢T
sl g =ep

anblyuod | sisAjeue

dieF mOpuiEn, aswodg 500l =iEsedo Jp3 m.__u_
._q 1A°1 531 qUI0D J3jsew W_




Determine the absolute mode number
of a mode-locked fs-laser comb for
absolute frequency measurements

Previously measured data
Atlas of molecular and atomic transitions
Measured by precision wavemeter

Self determination using fs-laser comb



Self determination using fs-laser comb

f;( = i.fceo + N’_ﬁ'ep i_fi)eat
fx = if ’ceo + (N +m)f,rep :Ef ’beat
N = [if ,ceo - (ifceo) + mf ,rep if ’beat _(ifbeat)] / [frep _f ’rep]

8 =Neyp- N



Nexp

A e m case + beat~(£fbear) |+ bear= (- foead | = bear= (foea) | = bear = (+ foear)
633 n0m | fio=Fcco | -1 | £F o - (X fico) | 636572.9102 -9465.3696 1286548.8428
633 0m | fio=Fcco | -2 | S0 - (£fico) | 642112.5681 317692.6513 964930.9029
633 M | fico = o | 3 | £/ cco - (£ fico) | 6413733901 | 425218.4268 | [FTEITEMEY] | 856665.9431
633 0M | fio=Fcco | 4 | £ lco - (£fico) | 640172.8194 | 478208.6869 802475.0836

+ o - (+ feo) | 641838.4381 | 479941.4444 | 641898.4533 | 803795.4470
633 0m | freoE o | 4 | o - (-frco) | 4545957761 | 292698.7824 | 4546557912 | 616552.7850

_fyceo - (+f;eo)
_f’ceo - ('ﬁeo)

827693.7167

640451.0546

665796.7230

478554.0609

827753.7318

640511.0698

989650.7256

802408.0635

fx= :I:fceo+ N'frep:l:fbeat

fx = :l:f,ceo + (N+m)'f,rep :I:f,beat

N = [i f’ceo = (ifceo) + m'f’rep :I:f,beat _(:l: fbeat)] / [frep _f’rep]

(1
(2)
3)



N, exp

}, ‘f-ceo m case +fybeat '('ﬁ%eat) +f’beat - ('ﬁ)eat) 'fybeat - (']%eat) 'f’beat - (+ﬁ)eat)
+ fceo = (+ feeo) 772407.5182 79967.6341 770232.5191 1462672.4033
532 nm | fieo * oo | -1 | +f o - (- feeo) | -137534.3905 -829974.2747 -139709.3896 552730.4946
- fleeo - (+ feeo) | 1672390.9207 979951.0365 16702159216 | 2362655.8058
- feeo = (- feeo) 762449.0120 70009.1278 760274.0129 1452713.8971
+ fceo = (+ feeo) 915241.8930 798970.8517 915275.7607 1031546.8020
532 nm | fieo * Lo | =T | +fceo = (- feeo) 762448.9998 646177.9585 762482.8675 878753.9088
- feeo = (+ feco) 1039050.2888 922779.2474 1039084.1565 | 1155355.1978
- feeo = (- feeo) 886257.3955 769986.3542 886291.2632 1002562.3046
X ceo Jrep beat
Sx=E feeot Nofrep S (1)
X ceo J rep beat
Sx=E ot (Ntm)frep 2 f (2)
N = [£fceo - (£ feeo) T m'frep % fheat —(£ foea)] / [frep _f’rep] A3)






