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Clock distribution and time
synchronization system for HK

LPNHE Neutrino group
WG4 meeting — April 8th 2021
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Sﬁﬂfﬁ%&‘#é Clock distribution system overview LeiHe”

Major components:
- Global Time synchronization
to UTC using GNSS receiver
(correction of received times)
- Synchronization with local
atomic clock
- Distribution of PPS & 125 MHz
NS frequency and commands to
PMT front-ends
- Reception/treatment/storage
of slow control data from PMTs
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Saﬂr‘v%%?#% Overall clock generation for HK  Lenne”

o Discussions with SYRTE colleagues
avern

P e Locall time base defined by main clock

~_ (Ethernet) - Delivers PPS + 10MHz

’ ' T~ @ - Control clock monitor PPS stability

P - Results stored and receiver control via
slow control computer

/S Detector
/ Control

./ +UTC data
/ (Ethernet)

j Distributor converts 10 MHz into
/ pps+ 125 MHz before distributing to FE
{12°MRz _ Implements triggers

Sl pps,
receiver I 10 MHz

Atomic
clock (control)

GNSS receiver generates PPS compared
with main clock’s

- Tag each PPS from clock with UTC time
- Backup GNSS antenna and receiver

Atomic GG
clock (main)

HK clock and time — April 8th 2021 3
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S soreove — Overall clock distribution for HK - Levie?

Custom Solution -1
Timing status
A possible architecture ez L

1 Gbps Eth 1 Gbps Eth
\ DAQ/Slow control

clock distribution edge

\ )
Y \ Y )

8* * These numbers depend on the bandwidth 8*

Degradation of
clock transportation

— Clock worsening as elements are daisy-chained
— Need measuring individual and daisy-chained elements

HK clock and time — April 8th 2021 4
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S N ERSHE Clocks survey
Broad survey provided by SYRTE colleagues

- SRS FS725 (Rb Clock)
— Off-the-shelf system used in T2K/SK

- PHM1008 (Passive Hydrogen Maser)
— More stable at short and long times

— More expensive and sensitive to environment fluctuations
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O SIREONNE First test of GNSS antenna LPNH

Purchased GNSS receiver Septentrio 5

Antenna

Computer
connected by Wifi

Septentrio module
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First results of GNSS antenna

- @ 7 Y iIN@D o ©

@ Hyper-Kamiokande ... Neutrino - IN2P3 Ev... [ ] T2K meetings [ CC-Tools [ T2K TPC [ T2K Software [] Teaching @ SIGFiC - Accueil

© & 192.168.20.1/scr?fra0=home.html

Google Drive Séminaires - Googl...

Receiver Position Status
" PolaRx5TR-3222543 (SEPT) Lat: N48°50'53.9518" 2.780m | | Tracked Sats: 21 (¥) standalone @ Status
- a1 Overall Quality @ Int. Logging
v IP AddreSS (Eth): Lon: E2°21'24.1595" 4.101m Time: 2021'02'26 14:51:21 z Corrections ‘ Ext' Logging
¢ = Wifi @ Internal
Uptime: 0d 00:08:19 Hgt: 79.036m 5.638m Temp: 38.00 °C — V: 11.98 volts y
septentrlo i 9 i ! )« Spectrum clean ~GNSS
55 GPS (Position: 4, Track: 4)
Overview GNSS Timing Station Communication Corrections Data Output Logging Admin / &GLQNASS (Position: 5, Track: 6)
— #:Galileo (Position: 3, Track: 5)
: #5SBAS (Position: 0, Track: 1)
_ _ - % BeiDou (Position: 4, Track: 6)
~Quality Indicators Standalone #:QZSS (Position: 0, Track: 0)
e == % NAVIC (Position: 0, Track: 1)
~ "‘ 01
s < Y Lo & status Settings.
DL > ~
- ~—SKky Plot
Overall Main RF power Main signals CPU
a1 7/10 il 10/10 a 7/10 il 10/10 RO6——
4 ~Rz2
~GNSS P +Eiz

#5SBAS (Position: 0, Track: 0)

#5GPS (Position: 4, Track: 4) / -+ N\
/ %1 GLONASS (Position: 4, Track: 5) / | \
@ = % Galileo (Position: 3, Track: 5) Fé,?g

- i}.BeiDou (Position: 5, Track: 6) + ,&02
%QZSS (Position: 0, Track: 0) = c28'C13
Iy ~ 5% NAVIC (Position: 0, Track: 1) + £z | s +
) G2 EN 12
~Logging | | | +E14U E$ .ﬁ
Internal Disk (14.5 GB) External Disk + |F _?_13
B used (0%, 80.0 KB) , RO4 G29 E24
Disk not t
@ free (100%, 14.5 GB) . presen + + fit2a £ .
B =
E36
~Data Streams \\ C30 , ) /
E03
R17
+

<@

@ GPS @ GLONASS @ Galileo ®@SBAS ®BeiDou @ QZSS @ NAVIC
Search 20 Tracking 23 Sync 0 Position 17

AT TH

It works (but only outside...)!
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S soneons Next steps: measurements ~ Levie

SYRTE SYRTE
fiber Ultimate clock

Passive H

PPS
comparator

.. I
R b
oS,
R T
1“

Maser no

10 MHz /

e —Pps

"l receiver

<
Clock |4

Phase noise WY

analyzer |

. PPS long-term
generator 11
stability

10MHz jitter o
measurements Rabbit



B :
S semay Next steps and conclusions L.

Jitter measured for key components using phase noise analyzer

— well within specs (2.4 ps); ideas on how to improve it some more
Measurement of entire chain in progress with UoT/INFN

Development time base generation scheme in progress
Purchase GNSS + clocks

— Preparing first tests of performances
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3 SR Quantify time stability

A t:/.,
,_)r:%M b, 8

Yo :Hyper-Kamiok ande Discussion SYRTE-LPNHE — March 17th 2021

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

— Frequency domain: power spectral density (PSD)

2
T .
- 0 Hexp(iwt)dt
Y T T
— Time domain: Allan variance (AV)
- [
OAllan(M) = v Z (yl(f)l — yl(n)) with y, W= — Z Yin+i
\2(——1) =1 =i
Many variations around this formula like modified AV:
2
1 N-=2n+1 | J+n— 1
— (n)
o T) = —
Mod(?) \an(N —2n+ 1) le Z Vit y’
(3,9)

PARIS

11



#

S

SORBONNE
UNIVERSITE

ASD X [a.u.]

1072 1

10

107" E

Generating data and ASD LPNHE

Allan Standard Deviation

Random walk: 4/ (X*) =+/Dz

(Einstein equation)

| o
”) White noise: \/(X?) & 70
| T

(Central limit theorem)

1 10 107 10° 10*
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S vt Short-term stability: jitter definition -

PRS10 Single Side Band Phase Noise

-100

Jitter: fluctuations on both

amplitude, frequency and v |
phase - “meMJ

Frequency Offset from Carrier (Hz)

Phase noise:

ﬁiu -------- -#r ----------- qiu ------ \-\ 2
Wl ) N ey = a2 = £)dt
N + : { ¢ 2
+ 4 erg
e e (RMS phase) jitter (@1 s):
- —
: 2
| | | o Oy 1 > sin zzf
Figure 8. Sampling Clock Jitter: The time duration (period) between J —_— — S ( f) df
successive triggers vary as a result of the phase noise. Ideal clocks pre-
serve constant period 7°, whereas, practical clocks vary the value ran- Zﬂfb 27[][6 \ O ﬂTf
domly, leding to jitter

.ff%ﬂ";’ ' https://documents.epfl.ch/users/p/pu/pulikkoo/private/report_pn_jitter_oscillator_ratna.pdf Not QUHQ the eame aQ A\ = ie there 5 l(ﬂOU)ﬂ relation?
Discussion SYRTE-LPNHE — March 17th 2021 13
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Allan Standard Deviation

-
-
e
-
[
b
g
bt
.
bt
[

'I"1'1'HIH|'"

..........................................................................

i aESALL SRR BRI ES Il

2 3 4 5 6
10 10 10 10 10 1OT[S]

Locking clock PPS on GPS

SRS

PHM

PARIS

10,000

GPS 1pps
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Free Running PRS10

\

PRS10 Locked to GPS\

100

—
o

Root Allan Variance (Parts in 1012)

e
A

0.1

10 100 1,000 10,000 1,000,000

Observation Interval in Seconds

PRS10 Allan variance plot |
Locking doean’t geem to be the begt of both — why?

SYRTE recommended post-treatment time corrections

Discussion SYRTE-LPNHE — March 17th 2021
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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/

