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Data Analysis pipeline:

“light”:
. . - single Sagnac signal processed
Data analysis based on Hilbert transform: - 50 Hz bandwidth; 100 Hz decimated data Gingerino currently detects
- gower spectrum and filter around Sagnac - products: w, , contrast (100 Hz) the rotational component of
requency - for ceophvsi earthquakes, data are
o N : | “« lete”: geopnysics q )
- angular velocity: derivative of the Hilbert phase -%Hz ba;(g\nxfli)df}tle - _ DAO: “Centaurus” > sent to INGV researchers.

L | decimated data _ Delay possibly as short as 1s

- Double Sagnac signal processed,
as difference between 2 Sagnac
signals 1n phase opposition

<1 ®0 : the 1st product of the analysis

- provides correction for laser backscattering;
- 1t 1s calculated from raw data
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> - First products: @y, @, , O0p
0 = % \/ 21511;33),7;;?(26) + ol + % (difference), €, , fringe contrast |
v (20 Hz) and other laser 1L ' *H(H\ \H' | Wl I MV F‘ ~! m ’W“ ‘r’ﬂml | ‘
Where: diagnostics ——-—++—-———WM w W.VN | rwvv‘wM/u’vm’mw»«‘uwwwww -ﬁ—-——-———-—-—-—-ww \p * W Ww uwww“i\»y\”{v“{w\MWWuWWMW
- PH, , are the monobeam intensities - Higher order terms of the Sagnac | - {{ R 1
_ @y, is the measured Sagnac frequency frequency are evaluated by using | |

linear regression methods
- Suitable for very low frequency
signals analysis, ~ImHz and

lower
- DAQ: “PXI” *Earthquakes 1images are obtained with 12 Hz bandpass filtered data

- Ig1 5o monobeams modules, at the Sagnac frequency
- € 1s the phase difference between the 2 monobeams

days, modified julian date dr;lys, modified juiian date

Diagnostics: fringe contrast *
: “€,, phase shift between the 2 Sagnac
max(Sagn) — min(Saon)

Contrast = signals™: . .
max(Sagn) - 2 Sagnac signals are not perfectly in phase The phase shift €, can bp seen as a disturbance
opposition between the 2 Sagnac signals:

where “Sagn” 1s the Sagnac beat note. It indicates the quality of the - Such disturbance was simulated and its effect

: . - - A “shift” has been measured, of the order
Sagnac signal. Data are considered good 1f contrast > 0.5. L evaluated in terms of ¢
Alarms are implemented to report a possible “split mode” (fig.below) Of. d fevy ~10 mrad, both in GP2 and I
1f contrast < 0.5 for more than 3 seconds. Gingerino
Laser Split-mOdeS: ol 61 inlh Of Gingerino data, | 0.038 | Slmulated’ﬂﬂl (example)
fringe contrast goes to 5 kHz | w

values much smaller
than 0.5 (consider a |
good contrast around
0.85, for comparison |
in the figure) oo

Mean = 35.5 mrad
Std=1 mrd

rad

0.036 -

=

- Mean = 31.9 mrad w |
' .. Std = 2.9 mrad w
Diagnostics: ¢,
| - NOTE: The difference signal “S1-S2” is the best choice for data analysis, 1t increases the
\ signal-to-noise ratio of \/5 , and 1t eliminates common-mode noise. The effect of the
1500 : In case of “split-mode,”

such parameter undergoes

< — huge variations, if
\

compared to 1ts usual
behavior

1000 -

\ common mode part of such disturbance 1s meant to be canceled in w, -

Non-reciprocal laser effects.. Faraday effect?
* Preliminary upper limits

Mechanical, electrical disturbance?

500

B T Actions & | | i Installation of a geophone, for mechanical noise
. . . o Further investigations.. Evaluation of Faraday effect, upper limits
The phase shift ¢, is also a parameter for data quality monitoring.
- It should not exceed a few 10 mrad, maximum ~100 mrad. \Study of cavity non-planarity, affecting beam
- Alarms to be implemented Polarization
Diagnostics: time jitter upper limits . o X, 223100 s, bt 1 o 22000230501 10
: .. . A few simulations provide a e |
Setting an upper limit to time . . .
jitter: o relationship between an induced =«
. . time jitter (over time steps of
- tract f | ;
subtraction of same @, signa . §;> 200 us), and the fluctuations on  :

from PXI and Centaurus

m), mHz

- Interpretation of the residual g Wiy .(Bp ﬁlter 280+10 Hz, no
as due to time jitter, and S 0.4 decimation) oz |
evaluation . Such result stays unchanged

- data from PXI and Centaurus - if evaluated using .
are synchronized with cross- 0.021 the double Sagnac signal
Correlation 0.62 O.IO3 0.64 O.IOS 0.;)6 O.I07 0.68

std(noise), us

Conclusions:

- Based on the Gingerino experience, the GINGER data analysis pipelines are being implemented.
- The “light” pipeline is currently working, o, product will soon be on EIDA platform in place of @, , the

measured beat note.
- The evaluated error on seismic signals is ~10 times lower if considering w , instead of w,, , a few nrad/s.

- The “complete” pipeline automatization is in progress.




