ENV training Outline

Introduction — Environmental noise hunting, WHAT IS IT?
Part | — Sensors and channels (Irene)
Part Il — Experimental techniques (Federico)

Part Ill — Data analysis techniques (Irene)
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Sensors and Channels
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Outline of Part |

* Introduction: what is ENV noise disturbing Virgo?

* Environmental sensors
* Type
* Location
* What they measure

 Channels

* Names
* Where to find the data



Introduction

Environmental noise hunting, WHAT IS IT?



Environmental influences on GW interferometer
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Part |

Sensors and channels
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ENV probes

MCB and NEB (WEB)

E‘”; | |
al { -

I‘h . . E.-—""'-II | . SNEE
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D Accelerometer
© Episensor

0 velocimeter

@ Thermometer
© Comb. (temp.+press.+hum.)
ﬁmicmphﬂne

A Infrasound microphone
B Magnetometer

K Voltage probe

B Current probe

B Radio frequency antenna




5 5 i W1:ENYV _CEE_SEIS M
Building monitors V1N CEB_SEISN
Ww1:ENW CEE_SEIS W

VI:ENV_CEB_SEIS_N Also NEB, WEB, MCB

VI:ENV_CEB_SEIS_V
VI:ENV_CEB_SEIS_W
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nT/sqri(Hz)

Building monitors

* MAGNETOMETERS

Magnetometers

0.1-10kHz

Frequency (Hz)

22-08h 22-10h 22-12h

W1:ENW_CEB_MAG_N : 20000.00Hz

UTC Time (day-hour)

W1:ENY_CEB_MAG_  20000.00Hz

o ————

 W1:ENY_CEB_MAG_W : 20000.00Hz

A

_NEB, WEB, MCB
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Building monitors

W1:ENY_CEE_RF_S6EMHz_| : 20000.00Hz
W1:ENY_CEE_RF_GiHz_| @ 20000.00Hz

- = -

W1:EWY_CEE_RF_SkHz_| : 20000.00H ({ S

1 ENVCEE R AF Mt S000HE @ Microphone
==/ :EMY_CEE_RF_RF_min : 50.00Hz ( I fr

w1 :ENV_CEE_RF_sample : 40000000000 Hz w1 ENY CEE MIC
W1 :ENV_NEB_RF_SEMHz_| : 20000.00Hz — D

w i N : _ W1 ENY_MCE_MIC_
mﬁﬁﬂzﬁggzgﬁgmij;33333.3332 w1 ENY MEE MIC 0.1 — 10kHz
41:ENv_ NEE_RF_RF._max - 50.00H - - -
41 :ENUZNEB:HF:HFZQ;X: 50.00Hz W1 ENY WEE_MIC_
w1 ENV_NEE_RF _sample : 400000000.00Hz VHENV CEB MIC_FFT

£

(" :_ ............................... .............................................. ....... MostIyRACKS .....
= : : - [ cooling fans

L A e e I s e

(N g O WLl

Air conitioner OFF —

R —— T ——— — e — , Temperature
10" 1 {0 0’ 10’ ' 1Hz sampling

RF antenna:
signal is demodulated around Virgo’s

Laser modulation frequencies: 6MHz, 8MHz, 56 MHz
20kHz sampling



Frequency (Hz)

Spectrogram of V1:spectro ENV_CEB_RF_6MHz_| 300 _100_0_0 : start=1252886320.000000 (Wed Sep 18 23:58:22 2019 UTC)
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Building monitors

YVI:ENV_NEB_IPS_¥OLT_T__TIME

YEENY_NEB_IPS_VOLT_R

3 PHASES of MAINS P

500 — VEI:EENY_NEB_IPS_VOLT_%

- Voltage monitors

-500
04568 045685 04369 043695  04s7

230 Vac 7 Vac

(nominal value)

42 Vac 1146901760.6790 : May 10 2016 07:49:04 UTC

(measured)

Current monitors

V1:Em_IPSMC 50Hz_TIME [  V1:Em_IPSMC_CUR1_ TIME

2
5310
=4 L

02m0602mo802m1002m1202m1i4 02m0602m0802m1 002m1202m14

991184540.0000 = Jun 42011 01:02:05 UTC | | 991184540.0000 : Jun 42011 01:02:05 UTC 1 5




SUSPENDED
IN_VACUUM
BENCH

Acoustically
isolated area

L | |
o g

h.

D Accelerometer
© Episensor

0 velocimeter
@ Thermometer
© Comb. (temp.+press.+hum.)
ﬁmicrﬂphﬂne

A Infrasound microphone

B Magnetometer

K Voltage probe

B Current probe

B Radio frequency antenna

suspended to GAS filter -I




W1:ENW_EDE_ACC_Z:10000.00Hz
W1:ENW_EDE_HU :1.00Hz
W1ENY_EDE_MIC : 20000.00Hz Also:

| | | :
Monitor of in-air benches /= .. (oo

W1:ENY_EDE_SEIS_¥ : 1000.00Hz
— W1:ENY_EDE_SEIS_Z : 1000.00Hz TCS_CO2_WI, EMCB
WA-FRNS FOR TE -1 NNHz7

1 Microphone
* 1 Accelerometer (high frequency) 1Hz-500Hz
* 1 Tri-axial accelerometer (low frequency)

* 1 Temperature +Humidity sensor attached to bench
* 1 Temperature + Humidity + Pressure in the Clean
Room

10Hz-2kHz

VLENV_SQZ_SEIS_X
VI:ENV_SQZ_SEIS_Y

g 10* Lo P 5 e VL.ENV_SQZ _SEIS_Z
§ Peaks 10-40Hz are L
£ bench modes [ “ M
105 ﬂ% ....... 'J:
h " f‘fﬁ Tk
0L 4 _M P |
108 R I Ljrj E‘%ﬁﬂiﬂj NJ
4!_‘|_i mwf
10" 1 10 10° o, 17

1240707370.00 : May 1 2019 00:55:52 UTC dt:20.00s nAv:78
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ENV probes pryogente

CEB
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LAB

o
EDB
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D Accelerometer

© Episensor

0 velocimeter

@ Thermometer

© Comb. (temp.+press.+hum.)
ﬁmicrﬂphﬂne

A Infrasound microphone |
B Magnetometer D
K Voltage probe

B Current probe

B Radio frequency antenna




Monitor of critical spots

L = 4km (2km)

Possible sources of back-scattering:

* Optical windows

* Beam dumps

* Cryogenic traps
outer tank

TOT of 36 accelerometers

‘EMY_ES_ACC_T : 10000.00Hz
“EMy_DT_ACC_7 : 10000.00Hz

EMVTIE_ACT ¥ : 10000.00Hz
EMVTIE
EMVTIE_CT_&CC_% : 10000.00Hz
-EMVTIE_CT_FINGER_ACC_Y : 10000.00Hz
“EMVTLE_&CC_Y - 10000.00Hz
EMV_MC_ACC_Z : 10000.00Hz
“EMW_NEE_ACC_EAST WALL : 10000.00Hz
EMV_MNE_ACC_T : 10000.00Hz
EMV_ME_CT_ACC_Z : 10000.00Hz

BNV NI_ACE_X : 10000.00Hz
“EMW_NI_CT_ACC_Z - 10000.00Hz

BV NI_LINK_ACC_Z : 10000.00Hz
‘EM_PR_ACC_Z : 10000.00Hz
‘EMVPR_LINK_ACC_Z : 10000.00Hz
“EMSIBZ_ACT_7 : 10000.00Hz
“EMV_SPRELIME_&CC_Z : 10000.00Hz
‘EMV_SPRE_ACC : 10000.00Hz

EMV S0Z_ACC_Y : 10000.00Hz
EMVS07_FIFE_ACC_Y : 10000.00Hz
EMV SR_ACC_Z - 10000.00Hz
EMVTCS_COZ_MI_ACC_Y : 10000.00Hz
EMVTCS_CO2 WA Y : 10000.00Hz
EMV_WE_ACC_Z : 10000.00Hz
“EMV_WE_CT_ACC_Z : 10000.00Hz
EMV_WE_TOF_ACC_K © 10000.00Hz
EMVTWI_ACC K © 10000.00Hz

-ERW I _CT_ACC_Z - 10000.00Hz

Bl

M DT_CT_a&CC_£ @ 10000.00Hz a-,‘f - \
EM_DT_CT_FINGER_ACC_% : 10000.00Hz R RN
EMv_EDE_ACC_Z :10000.00Hz ‘\h-“ Q
EMM_EIE_ACC_Y : 10000.00Hz y :
EMY_EMCE_ACC Y : 10000.00Hz ; * 2

€ “d,
BED_ACC_Z :10000.00Hz &

inner tank 19




AUXILIARY slow monitors

e Monitors of infrastructure 1 Hz sampling
(VA:INF_* V1:HVAC_* V1:VAC_*)

» Air&Water Temperature&Pressure

» Power consumption of big switching loads (chillers, heaters)
» lllumination (*LUX*)

» Air conditioners Hot&Cold loops

» Vacuum valves, LN2 levels, residual gas pressure, ...

[ dataDisplay v9r12p10 : started by virgorun on Apr 9 2013 08:52:17 UTC ]
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Wi:INF_CEB_CW _PRES_IN : 1.00Hz
Wi:INF_CEE_CW_PRES_OUT : 1.00Hz
W1 :INF_CEB_Class100_HUM : 1 .00Hz
W1 :INF_CEB_Class100_TE : 1.00Hz

W1 :INF_CEB_Class! _HUM : 1.00Hz
W1:INF_CEB_Classi _TE : 1.00Hz

W1 :INF_CEE_ENTRANCE W _LUR : 1.00Hz
W1:INF_CEB_HALL_N_PRES : 1.00Hz
W1 :INF_CEB_HALL_TE : 1 00Hz
Wi:INF_CEB_HALL_W_PRES : 1 00Hz
Wi:INF_CEB_LUY - 1.00Hz

W1 :INF_CEB_PRES_OUT : 1.00Hz
W1:INF_CEB_TE_IN: 1.00Hz

W1:MF_CEE_TE_OUT : 1.00Hz

W1:IMF_CEB M _FRES_OUT : 1.00Hz

Wi:INF_CEE_ W TE_IN 1 00Hz

W1MF_CEB W _TE_OUT : 1.00Hz
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External monitors

ANT-2
=== | Lightning
|«5_-; Sensor

Lightning Display
software for Windows

| 120/220V
AC Power
. Supplies

Antenna Cable
(Cat6 Direct Burial)

Weather station and Lightning detector

W1:ENY_METEQ_HLU : 1 00Hz W1ENY ZeusAZ - 1 00Hz

W1 :ENy_METED_PRES * 1 .00Hz W1 EMV ZeusCD - 1 00Hz

W1 -ENY_METEQ_RalN : 1 00Hz = .

w1 :EMNY_METEQ_TE : 1.00Hz ot :ENU—EEUSN ' 1'.DDHE o e
w1 -ENv METED WIND DIF - 1.00Hz W1EMW_ZeusSpm - 1 .00Hz g

w1 :ENV_METEO_WIND_SPD : 1 00Hz WIIERY_ZeusUD :1.00Hz

‘‘‘‘‘

LD 250 Lightning Detectar

External magnetometers

W1ENW_EAT_MaG_N : 2000.00Hz
WCEMY_ERT_KALG_W : 2000.00Hz

Mon Apr 01 00:00:01 GMT 2019
Tue Apr 30 00:00:01 GMT 2019

» magnetometers

[nT/V Hz)
N events in each bin

10° 10!
Frequency [Hz]



External monitors

| dataDisplay v10r%pl : started by liori on Sep 23 2019 08:22:33 UTC i
V1:ENV_METEO HU__ TIME V1:ENV_METEQ PRES TIME V1:ENV_METEO RAIN__TIME
o I o - E 5__ ..........................................................
80} 1025 : |
| 3 1“__ e e
60 [
a0l 1020 3
: | | | of
20_ .................. Jooogeeigeeigenes Looopeigeeeigees Lovogoeage. PRI I T R S R B E .
22-00h  22-12h  23-00 22-00h  22-12h  23-00h
1253102459.0000 : Sep 21 2019 12:00:41 UTC

V1:ENV_METEO_TE__TIME

15E.. O s

1253102459.0000 : Sep 21 2019 12:00:41 UTC

1253102459.0000 : Sep 21 2019 12:00:41 UTC
V1:ENV_METEO_WIND_DIR__TIME

o
«
=]

3002

33-00h
1253102459.0000 : Sep 21 2019 12:00:41 UTC

3200h  2z-12h

—33-00h
1253102459.0000 : Sep 21 2019 12:00:41 UTC

“32:00h  22-12h

V1:ENV_METEO_WIND_SPD__TIME

N
22-00h

33-00h
1253102459.0000 : Sep 21 2019 12:00:41 UTC

N A
22-12h

22



Environmental probes DOCUMENTATION

EGOMM@JIVIRD
MAPS:
 HARDWARE inventory MAP http://slwebtest.virgo.infn.it/ifoapp/ S
e ENV maps 24 07 2018.pdf (with location of FAST and SLOW probes) .
e Map ENV sensors cirone.pdf (with location of FAST probes, and associated NAMES) R
IMMS SENSORS LOCATION

* |INF sensors interactive MAP https://scientists.virgo-gw.eu/IMMS/

SENSORS specs:

* https://scientists.virgo-gw.eu/EnvMon/sensorDocs.htm

3z ST

FAST sensors with Channel names

(pdf file)

* Accelerometers

A Microphones

m Magnetometers NEB
]

o Do Do HARDWARE inventory
© ansse oz () coles (active directory account)

@Add Patch Panel

+ Voltage sniffers UPS (x3)

WEB

aless

ENV_NEB_MAG_N.W.V
ENV_NEB_MIC

ENV_NEB_IPS_VOLT_R &
7 ENV_NEB_IPSVOLTS 5
ENV_NEB_IPS VOLT.T 3

94

23



http://slwebtest.virgo.infn.it/ifoapp/
https://wiki.virgo-gw.eu/pub/Commissioning/EnvMon/WebHome/ENV_maps_24_07_2018.pdf
https://wiki.virgo-gw.eu/pub/Commissioning/EnvMon/WebHome/Map_ENV_sensors_cirone.pdf
https://scientists.virgo-gw.eu/IMMS/
https://scientists.virgo-gw.eu/IMMS/
https://scientists.virgo-gw.eu/IMMS/
https://scientists.virgo-gw.eu/EnvMon/sensorDocs.htm
https://scientists.virgo-gw.eu/EnvMon/sensorDocs.htm
https://scientists.virgo-gw.eu/EnvMon/sensorDocs.htm

Channel name conventions

V1:ENV_LOCATION(_SUBLOCATION) SENSOR(_DIRECTION)

CEB = Central
Building
(NEB,WEB,MCB)
LLR = Laser Lab
Room

BS = Beam
Splitter

EIB = External
Injection Bench

CT = CryoTrap
CHILLER
HEATER

LINK = link pipe

Channel naming conventions

VIR-0223B-14

SEIS
ACC
MAG
MIC
VOLT
CURR
TE
HU
PRES
RF

Z is along beam

Orthogonal triplets:
X,Y,Z = Z is along beam direction, Y is vertical
N,W\V - N=along N arm, W=W arm, V= vertical

For a more complete description

CHANNEL DATABASE
http://slwebtest.virqgo.infn.it/ifoapp/

https://tds.virgo-gw.eu/ql/?c=10250

24


http://slwebtest.virgo.infn.it/ifoapp/
https://tds.virgo-gw.eu/ql/?c=10250
https://tds.virgo-gw.eu/ql/?c=10250
https://tds.virgo-gw.eu/ql/?c=10250

VI:ENV_BS_ACC_Z
—— VL:ENV_BS_ACC_Z_max
= VI:ENV_BS_ACC_Z_mean

DATA streams: OFFLINE | | N — R

- “SRAW?:

* All channels with full sampling (1Hz, 1kHz,.... 20kHz,....) . mn?,.zs - mn?m T
 File list /virgoData/ffl/raw.ffl (to load in dataDisplay, or your own Matlab or Python script )

(updated every 5-10minutes)

- “TREND":

* Only channels sampled at 1Hz or less

* min, max, mean, rms of each raw channel (computed over 1s)

* File list /virgoData/ffl/trend.ffl (updated every 30minutes)

 BRMS channels: RMS computed over given band, DQ_BRMSMon*, Hrec, several ENV channels

e N R T e E N L] L ey R} [N EETETEL, § NSy R

W1:DG_BRMShonHre:_BRMS_HREC_HOFT_FREG_BAND_110_130_Hrec_hoft 16334Hz - 1.00Hz f | | K f . luti f .

W1 :DO_BRMSMonHrec_BRMS_HREC_HOFT_FREG_BAND_1350_1750_Hrec_hoft_16384Hz : 1 00Hz

W1 :DO_BRMSMonHrec_BRMS_HREC_HOFT_FREG_BAND_153_160_Hrec_hoft_16384Hz : 1 .00Hz Very usetul to loo or time evolution ot noise
W1 :DE_BRMSMonHrec_BRMS_HREC_HOFT_FREG_BAND_160_180 Hrec_hoft_16384Hz : 1.00Hz .
W1:DE_BRMShonHree_BRMS_HREC_HOFT_FREQ_BAND_198_24 Hrec_hoft_15354Hz : 1.00Hz and correlate with slow trends

Wi:Dd BRMSMonHre: BERMS HREC HOFT FREQ BAMD 205 210 Hrec haoft 16354Hz @ 1.00Hz

W1 :DE_BRMSMon_BRMS_ANTHROFIC_SEIS_1Hz_SHz_EMY_CEE_SEIS_M : 1.00Hz

W1 :DO_BRMSMon_BRMS_ANTHROFIC_SEIS_1Hz_SHz_EMW_CEE_SEIS W : 1.00Hz

V1 :DE_BRMSMon_BRMS_ANTHROFIC_SEIS_1Hz_SHz_EMY_CEE_SEIS W :1.00Hz

W1 :DO_BRMSMon_BRMS_ANTHROFIC_SEIS_1Hz_SHz_EMW_EIE_SEIS_% : 1.00Hz

V1 :DE_BRMSMon_BRMS_ANTHROFIC_SEIS_1Hz_SHz_EMY_EIB_SEIS_¥: 1.00Hz

W1 :DO_BRMSMon_BRMS_ANTHROFIC_SEIS_1Hz_SHz_EMW_EIE_SEIS_Z : 1.00Hz 25



DATA streams: ONLINE

e Use dataDisplay as an Oscilloscope ...

paqcly fiori 24844

Clear | Ref Flots

=
Tode | [§ 0wt ||

UTC Date

| GPS /latency
|

0.0000 | 1253458389.

Sun Jan § 00:00:19 1980]

Stop

() Wait for data ~~ HELF

1

>

v10:9pl ready to get data. Use Input Menn

> dy fiorl 24844

Inputs

Config | Data/Plots

»/Cm Servers

Cm Name

FbmDetUsers
FbmFEUsers
FbmFEUzersBis
FbmFEUzersTer
FbhmMainTestlUsers
FbhmMainlUsers
FbhmMonilUsers
FbmStDy
FbmStDvBis
FbmSusplUsers

Search ||

-
\_z
A

Update

oK +

Connect Online

StartGPS { duration |1253458426 -1 N
Start UTC Date | Wed Sep 25 14:53:272019 | |

GPS {latency |0.0000

| 1253458389.

UTC Date |Sun Jan 6 00:00:19 1950]

Cwrent sowce

Start Pause Continue Next Refresh Stop

() Wait for data

HELF

~J |

>

25 Sep 2019 16:33:28 : dataDisplay w10:9pl ready to get data, Use Input IMenm
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