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Clock distribution system overview

GNSS	
receiver

Time	
distribution

Atomic

clock

Major components: 
- Global Time synchronization 
to UTC using GNSS receiver 
(correction of received times)

- Synchronization with local 
atomic clock

- Distribution of PPS & 125 MHz 
frequency and commands to 
PMT front-ends

- Reception/treatment/storage 
of slow control data from PMTs
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Overall clock generation for HK
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Discussions with SYRTE colleagues


Local time base defined by main clock 
- Delivers PPS + 10MHz

- Control clock monitor PPS stability

- Results stored and receiver control via 
slow control computer


Distributor converts 10 MHz into  
125 MHz before distributing to FE

- Implements triggers


GNSS receiver generates PPS compared 
with main clock’s

- Tag each PPS from clock with UTC time

- Backup GNSS antenna and receiver

HK	
Detector

PPS+ 
125 MHz

UTC time 
(Ethernet)

Cavern

x2

Antenna
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Overall clock distribution for HK
A possible architecture (same as WR) 
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*	These	numbers	depend	on	the	bandwidth	

…

clock	distribution	edge		

Custom	Solution	-	1

Master clock 
distributor 

to Front-ends

Degradation of  
clock transportation

Master clock 
distributor 

to Front-ends

 Clock worsening as elements are daisy-chained

 Need measuring individual and daisy-chained elements

→
→

Timing computing 
unitTiming status
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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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Clocks survey
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First test of GNSS antenna

Computer  
connected by Wif Septentrio module

AntennaPurchased GNSS receiver Septentrio 5
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First results of GNSS antenna

It works (but only outside…)!



PPS long-term  
stability
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Next steps: measurements
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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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Next steps and conclusions
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Backup
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Signal  (usually discrete measurements )

How to compute stability?


 Frequency domain: power spectral density (PSD)


 


 Time domain: Allan variance (AV) 

 with 


Many variations around this formula like modified AV:
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Quantify time stability

(3,5)

(1,5)
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Generating data and ASD
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White noise ~ Gaus(0,1)

Random walk ~ Gaus(
,0.001)

Xi−1

White noise+Random walk

Random walk:  
(Einstein equation)

⟨X2⟩ = Dτ

White noise: 


(Central limit theorem)

⟨X2⟩ ≈
σ0

τ
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Phase noise:





(RMS phase) jitter (@1 s): 
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Jitter: fluctuations on both 
amplitude, frequency and 
phase
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Short-term stability: jitter definition

https://documents.epfl.ch/users/p/pu/pulikkoo/private/report_pn_jitter_oscillator_ratna.pdf Not quite the same as AV  is there a known relation? →
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SYRTE recommended post-treatment time corrections
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Locking clock PPS on GPS

GPS

PHM

PRS10 Allan variance plot

Locking doesn’t seem to be the best of both  why?→

SRS
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