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MOTIVATION?

= Distribute an ultrastable frequency signal to all the REFIMEVE users SYRTE 194 400 121 000 000 Hz
= Through the years, we transformed this signal into a frequency LPL 154 3995 970 500 000 Hz
reference, at constant frequency (in average) LP2N 194 400 008 500 000 Hz
] PIIM 194 400 008 500 000 Hz
= Consequence: users know exactly the frequency they receive
LKB Jussieu 194 400 008 500 000 Hz
PhLAM 194 400 084 500 000 Hz
LAC 194 400 008 500 000 Hz
LIPHY 194 400 008 500 000 Hz
ISMO 194 399 896 500 000 Hz
CERN ALPHA 194 400 008 500 000 Hz

lJCLab 194 399 970 500 000 Hz






PRINCIPLE? Q

= Hybrid optical oscillator at 1542 nm:

= Locked to an ultrastable fabry-Perot cavity on short timescales

= slowly locked to a maser, with a timescale of a few 10 s
= The resulting hybrid oscillator benefits from the short

term stability of the optical cavity and from the long

term stability of the maser

IN PRACTICE
= External actuator (ETTUS) correcting the frequency of =  Frequency behavior over segment N is fit by ay (t — ty,1) + By
the laser locked to the free running cavity: =  Frequency of the ETTUS over segment N + 1 is corrected such as:
vSlave = vMaster + fOFFSET dfOFFSET dfOFFSET ﬁN
“dat )\ a ) TNNTT
= A frequency comb locked to the slave laser allows N+1 N

reading Vgjave
Fit over 60 seconds of data, updated every 5 seconds, constant T=100 s
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= Locally, the 1542 nm carrier is measured against the maser and against ultrastable lasers at 1160 nm,
1062 nm and 698 nm



= Locally, the 1542 nm carrier is measured
against the maser and against
ultrastable lasers at 1160 nm, 1062 nm

and 698 nm



= Highly operational but still ... = New source under development
= We don’t have auto-relocks everywhere

= Room shared between several projects

Your Frep code is green
Your Frep code is red

Your Frep code is green

Drift of ~0.3 Hz/s removed

2021/12/06 16:32:20

Epauch Time
3847797140.048

Channel 1
54999999.99048731

Channel | 2- Laser Hg
10419.069895087243

Channel 3: Laser Sr
9896.220261498689

Channel 4
274999.9999444504

Channel 5
19678181.71987783

Channel 6
35031983.07442285

Channel 7
10000.038654208183

Channel 8
10000.062360536574



REFIMEVE delivers an accurate IR Reference (ultrastable laser steered to stick to the maser), eg at LP2N:
194 400 008 500 000 Hz in average, with excursions <+/- 20 Hz

How do we fabricate a 10 MHz signal out of that? With a frequency comb, we phase lock a beatnote

between REFIMEVE and a fregency comb to a DDS itself referenced to an harmonic of f;..):
VREFIMEVE — Nfrep = Nfrep

This way, we build an accurate 250 MHz (and subsequently 1 GHz, 10 MHz and 100 MHz) by dividing the

optical frequency by an float number controlled over > 20 digits:

YREFIMEVE adjusted to be as close as

N +n possible to 250M
Comb Fraction <1
N number added with

DDS



= REFIMEVE delivers an accurate IR Reference (ultrastable laser steered to stick to the maser), eg at LP2N:
194 400 008 500 000 Hz in average, with excursions <+/- 20 Hz

= Exemple:
= N=777600,
= And DDS clocked by 4f;..p,, (~1 GHz), with a tuning word of 2 392 537 302 040 leads to n = 0.03399999439716339111328125

= |In the end:

REFIMEVE
N +n

Vv
frep = = 250 MHz + 2.63 pHz

Error of ~10729, that will be reported in the 10 MHz signal once rescaled! (+maser error: continuously

measured at SYRTE against Cs and Rb in microwave fountains),



=

Infrared carrier with a stability of 5 x 1071® at 1s

Average frequence disciplined to the SYRTE Master
maser (drift ~5 X 10716 at 1 day, a few 10~ 1% per
year)

Instantaneous fluctuations estimated to be +/-5 Hz

Uptime usually good (>99% in 2023) until recently ...
we’ll recover!

Whad’U need?

digits? No need to do anything

digits? Quick email will suffice

digits?



Infrared carrier with a stability of 5 x 1071® at 1s

Average frequence disciplined to the SYRTE Master
maser (drift ~5 X 10716 at 1 day, a few 10~ 1% per
year)

Instantaneous fluctuations estimated to be +/-5 Hz

Uptime usually good (>99% in 2023) until recently ...
we’ll recover!

Whad’U need?

13 digits? No need to do anything

digits? Quick email will suffice

15 or 16 digits?
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