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(6) A Review of Contemporary Atomic Frequency Standards, B.L. Schmittberger,
D.R. Scherer, arXiv:2004.09987

(7) cRb-Clock Preliminary Data sheet, SpectraDynamics, here
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https://www.t4science.com/wp-content/uploads/2019/02/pH-Maser_Clock_Spec.pdf
https://www.nist.gov/publications/handbook-frequency-stability-analysis
https://spectradynamics.com/products/crb-clock/

Signal y(¢) (usually discrete measurements y; = y(t;))
How to compute stability?

— Frequency domain: power spectral density (PSD)

2
T .
- 2 Hexp(iwt)dt
Y T T
— Time domain: Allan variance (AV)
. 2 [ {
— (n) _ ,(n) - (n) —
GAllan(n) — N 2 (yl+1 yl ) with yl — " Z Yin+i
\2 ——1) =1 i=1
Many variations around this formula like overlapping AV:
1 N-=2n+1 j+n—1
_ (n) (n)
O T) = =y,
Mod(?) \2n2(N —2n + 1) le ; Yien T
i\ (3’5)
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Simpler representation
less sensible to stats.

ASD B [uT]

Allan Standard Deviation
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Sicrews  White noise and random walk — Levee

Allan Standard Deviation

— 1E
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< Random walk: 1/ (X*) =+/Dz
107" (Einstein equation)
102
. | O,
”) White noise: \/(X?) ~ 70
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(Central limit theorem)
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Siie  Relation between PSD and AV Livie

Similarly to the usual variance is related to the Discrete Fourier transform
(via Parseval-Plancherel theorem), we have:

2 (7 u \ sin*u
Opllan (W) = —— | dud; | —

TNt 0 TTNT I/t2 (5)
(Averaging over all noise frequency scales gives time stabillity)

ol %
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D SORBONNE Jitter definition

PARIS

Jitter: fluctuations on both amplitude, frequency and phase
- Amplitude not really relevant since electronics is less sensitive to

threshold fluctuations
- Mostly perlod/phase noise at high frequency not

Phase noise:

F Pl Ty 4 (RMS phase) jitter
Figure 8. Sampling Clock Jitter: The time duration (period) between J

successive triggers vary as a result of the phase noise. Ideal clocks pre-
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oniversite Wy phase noise instead of frequency noise? ..

P

For comparing two clocks (especially digital clocks), easier to look at
phase differences defined by the up-front (or down-front) instead of
looking at the instantaneous period/frequency of the signal.

Relations between frequency and phase:
S qﬁ(a)) = sz¢(w)

02(7) - Mod 02(7)
AN 3 b
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D SARAANNE Clock performances

Passive Hydrogen Maser (T4Science)
— 1 order of magnitude worse than Active HM

ADEV vs. T for different atomic clocks

1079 5

ADEV

| — CBT
| —— H Maser

10_16 T L L | ' AL L L | ! L | ! 'l"""l N ! ""'l’
10° 101 102 103 104 10°

T [s] (6)

Fig. 2. Comparison of ADEV for different frequency standard technologies.
The curves shown from top to bottom are the Microchip CSAC, SRS PRS10
Rb frequency standard, Microchip 5071A Cesium Beam Tube, and Vremya
Active Hydrogen Maser.
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Rb clock mentioned in all HK WG4 slides
— SpectraDynamics perf. close to Masers
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oniversite GPS frequency stability and time uncertainty -.

v/

Technique Timing Uncertainty, Frequency Uncertainty,
24 h, 20 24 h, 20

o One-Way <20 ns <2x107
= Common View ~ 10 ns ~1 x 10-13

Melting pot <5ns <5yx 1014
Carrier-Phase <500 ps <5x 1015

h=20.200 km

GPS Comparison

Tse
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NG i | —e— GPS Single View
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Relative frequency ASD
=
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Clock A Clock B

data exchange
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Not quite 1 /ﬁ dependence...? _____________ e ____________ _____
Old paper: how about now? Galileo?
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D SARBoNNE First test of GNSS antenna LPNHE

Antenna

S

Computer
connected by Wifi

Septentrio module

ﬂﬂﬂﬂﬂ

. riday March 26th
i\
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sonsonn: — First results of GNSS antenna Leiue
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S It works (but only outside...)!
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S somanne GNSS: what’s next?

- Install and test software interfaces (see User Manual): USB stick?

- Install antenna on the roof

- Test stabllity of antenna (not 100% sure how; requires a stable clock
and a comparator?)

ol 4
JO Hyper-Kamiokande
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S SN Things to look at

- Jitter between FE modules (high frequency)
- Long term drift of atomic clocks

— what is the optimal time to correct atomic clocks drifts vs GPS?

- Agreement with UTC (corrections) and uncertainties
GPS/Clock Comparison
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