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1) About 90% of accelerometers and mlerophones
are installed calibrated and working, with grid
positions measured, mics on temporary power

| supplies.

2) Magnetometers are in place, most filter boxes -
modified, should be calibrated and working by end of "
September.

3) Mains monitors, radio receivers, about half
installed

4) Cross talk measured for shared chassis.
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Installatlon at LLO

k 2) Magnetometers are in place hut no filter boxes yet 5

s aNd some cable pulling remains.

A e—ﬂ//
oA +,':')

- = 3) Mics are almost done, David K.’s new power

f scheme will eliminate the need for temporary power.

4) Rehoot to make channel names uniform will
happen before Sept
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Installation of Eotvos group infrasound mic
Gabor Szeifert, Péter ?oﬁ)s, Zsolt Frei

ASDs - Green: standard LVEA mic, RED: LVEA infrasound mic, BLUE: PEM cart infrasound mic

1 T T T T T T

L LI

-
o
N

10
Frequency (Hz)
Avg=30/Bin=10L BW=0.00146472

and mics, BLACK: infrasound and seismometer

Coherence

- A ! | ||
HT:PEM-CS_SEIS_LVEA_VERTEX_QUAD_SUM_DQ/ H1:PEN-CS_LOWFMIC_LVEA VERTEX_DQ
H1:PEM-CS_MIC_LVEA_VERTEX_DQ/H1:PEM-CS_LOWFMIC_LVEA VERTEX DQ
H1:PEM-CS_ACC_ISCT6_OMC_X_DQ/ H1:PEM-CS_LOWFMIC_LVEA VERTEX DQ

P e /L TP M0 R LA i ol 3 L i s o st yoyeee

10 1
Frequency (Hz)
Avg=30/Bin=10L i BW=0.00146472




New PEM.LIGO.ORG feature
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New PEM.LIGO.ORG features

PEM Channel Info

=es===+ notin LVEA aLIGO PEM SENSOR
LHO ’ LLO | Database ’ Contact | Home ‘ PEM Home Page ‘ — ::::::;;:Z:: ! LOCATIONS: LHO
' . B 1-axis accelerometer : 4 -
Channel Lookup hide A | " 3.auhs seclrome ' | SELLTTE

. 3-axis accelerometer 1 : \ i
(Sensor for selected channel will flash on map.)

: EY CDs H
microphone ' CTRONICS BAY

temperature sensor
3-axis magnetometer
3-axis seismometer
tiltmeter

optical lever

cosmic ray detector
AOR radio receiver
single frequency radio
mains voltage monitor
infrasound microphone
wind speed

wind direction

relative humidity
temperature

Click on a sensor on the map

Sin—i-

Paste a channel name:

Select a channel:

Search LHO

o ZL L REY >

Search LLO

*.PQ'; RH 10 ROOF

Created by Maggie Tse, Vincent Roma, Emily Maaske, Terra Hardwick Last Updated: Apr 23,2013 Instructions for editing website




New PEM.LIGO.ORG features

PEM Channel Info

LHO | LLO | Database | Contact | Home [ PEM Home Page |

aLIGO PEM SENSOR
LOCATIONS: LHO

= vacuum chamber
== in air optics table
B 1-axis accelerometer

Channel Lookup show ¥
H1:PEM-CS_MIC_LVEA_VERTEX

Calibration:
® Factor:7.85 x 10-5 Pascals per ADC count
* Calulation:
® Range: 15 - 900 Hz except LVEA_MIC, 15 - 7000 Hz
o Amplitude Error: 30%
e Phase Error: Not reported
Sample rate: 16384

Grid location (X, Y, Z) (mm from vertex on LVEA floor): (7670, 6125,
550)

AA Chassis Channel: 0
Date Tested: 2013-08-23
Date Calibrated: 2014-08-19 V

Sample spectrum:

Created by Maggie Tse, Vincent Roma, Emily Maaske, Terra Hardwick

o ZL L REY >

Gim—femyg

3-axis accelerometer
microphone
temperature sensor
3-axis magnetometer
3-axis seismometer
tiltmeter

optical lever

cosmic ray detector
AOR radio receiver
single frequency radio
mains voltage monitor
infrasound microphone
wind speed

wind direction

relative humidity
temperature

LASER TABLY

Last Updated: Apr 23,2013

vF-u:}E, RH I

Instructions for editing website




New PEM.LIGO.ORG features

PEM Channel Info

aLLIGO PEM SENSOR
LHO | LLO | Database | Contact | Home | PEM Home Page | " e vacuum chamber I LOCATIONS: LHO
W 1ssecterometer | ] '

3-axis accelerometer
microphone

Channel Lookup

temperature sensor
3-axis magnetometer
3-axis seismometer

. [ titmeter

optical lever

cosmic ray detector
AOR radio receiver
single frequency radio
mains voltage monitor
infrasound microphone
wind speed

wind direction

relative humidity
temperature

in—f-epg

v

-u
A
r
[}
of'e
RH
i
o

. TRANS

TABLE

Created by Maggie Tse, Vincent Roma, Emily Maaske, Terra Hardwick Last Updated: Apr 23, 2013 Instructions for editing website




New PEM.LIGO.

PEM Channel Info

LHO ’ LLO ’ Database | Contact ‘ Home ‘ PEM Home Page |

Channel Lookup

AA Chassis Channel: 0
Date Tested: 2013-08-23
Date Calibrated: 2014-08-19

Sample spectrum:

1 PEMCS MG LVEA VERTEX 00 | -

n.“\ .?H*.ir,‘ -bi\v‘J :

10 0
Frequency (Hz)
T0=20/08/2013 21:23:16 Avg=10 BW=0.187499

A

Click here to open the current time series and spectrum in a new tab. NOTE:

Ligo credentials required.

\~
Created by Maggie Tse, Vincent Roma, Emily Maaske, Terra Hardwick

| — vacuum chamber

=== in air optics table

B 1-axis accelerometer

I . 3-axis accelerometer
microphone
temperature sensor
3-axis magnetometer
3-axis seismometer
tiltmeter
optical lever
cosmic ray detector
AOR radio receiver
single frequency radio
mains voltage monitor
infrasound microphone
wind speed
wind direction
relative humidity
temperature

GEm—f-e

o~ ZE 5 QE >k

IlITTII?l

s cns

Last Updated: Apr 23,2013

ORG features

aLIGO PEM SENSOR
LOCATIONS: LHO

s

TANLE

X Cos

ﬁ%gﬁ RH 1. ROOF

Instructions for editing website



New PEM.LIGO.ORG features

H1:PEM-CS_MIC_LVEA VERTEX_DQ,raw FLT-32 at 16384 Hz from nds2.ligo-wa.caltech.edu. From 2014-08-21 01:34:41 (1092620097) to 2014-08-21 01:35:01 (1092620117) duration 20s.
H1:PEM-CS_MIC_LVEA VERTEX_DQ t=20s at 16384Hz
2014-08-21 01:34:41 UTC (1092620097)

225403 {
200e403 |
175403 |
130e+03 {
125403 |
100e+03 |
7.30e402 {
500e+02 {
230e+02 4

o
-230e+02 |
5.00e+02 {
~7.50e402 |
100e+03 |
-1 25e403 |
-130e+03 {
-1 75e403 |
-200e+03 |

Amplitude (Counts)

22%403 |

01:34:50
Time (UTC)

__ HL:PEM-CS_MIC_LVEA_VERTEX_DQ t=20s at 16384Hz
2014-08-21 01:34:41 UTC (1092620097)

Spectrum

H1:PEM-CS_MIC_LVEA VERTEX_DQ,raw FLT-32 at 16384 Hz from nds2.ligo-wa.caltech.edu. From 2014-08-21 01:34:41 (1092620097) to 2014-08-21 01:35:01 (1092620117) duration 20s.
H1:PEM-CS_MIC_LVEA _VERTEX_DQ t=20s at 16384Hz
2014-08-21 01:34:41 UTC (1092620097)

T

Amplitude spectral density (Counts / vHz)

“Teooo 32000 | 1zm000  s12000 2048000 &9
Frequency Hz - (bw: 1.0, #fft: 39, s/fft: 1,00, ow 0.50)

_ HL:PEM-CS_MIC_LVEA_VERTEX_DQ t=20s at 16384Hz
2014708-21 01-34:41 UTC (1092620097)
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LIGOCAM

LigoCAM

Epoch: Aug 21 2014 02:15:03-02:31:43 UTC
BLRMS col. = ASD_tot_cur / ASD_tot_ref; alert if > 1000 or <1/500 for 0.03-1Hz and > 50 or < 1/5 for > 1Hz; disconnect if <= 0.2 counts and DAQ failure if <= le-8
counts/sqrt(Hz) for 10-100Hz (exception: no alert for ACC and MIC below 10Hz and SEIS above 30Hz; SEIS disconnect and DAQ failure defined for 3-30Hz.)

100- 300- 1000-  |3000-
300 1000 3000 10000

0.0156 0.00748 (0.0158 (0.162 (0.196 [(0.14 0.419 (1.18 1.16

Channel name .03-0.1 (0.1-0.3 [0.3-1 |13 3-10 10-30  |30-100

H1:PEM-
CS_ACC_BEAMTUBE_XMAN_Y_DQ

H1:PEM-CS_ACC_BSCI_ITMY_Y_DQ i 0.0219 |0.0113 |0.00524 |0.00237 |0.0373 [0.024 |0.192 [|0.0737 |0.4

H1:PEM-CS_ACC_BSCI_ITMY_Z_DQ i 0.0542 |0.0431 |0.0448 |0.033 |0.0768 [0.113 |0.183 |0.261 |0.543  |0.0964

H1:PEM-CS_ACC_BSC3_ITMX_Y_DQ i 0.00045 (0.000183(0.000321(0.000715(0.0269 [0.0546 [0.838 |1.42 4.22 3.34

H1:PEM-CS_ACC_EBAY_FLOOR_Z_DQ i 0.00313 |0.00337 |0.00556 |0.0322 |0.582 |0.092 |0.231 [|0.153 |0.257 |0.339

H1:PEM-CS_ACC_HAMS5_SR1_X DQ i 37 24.8 22.4 23.2 4.87 0.11 0.0829 (0.0163 (0.00875 (0.00695 (0.0113

H1:PEM-CS_ACC_IOT1_MC_X_DQ i 0.000288(0.000536(0.00043 (0.000899(0.024 (0.056 (0.222 (0.602 (0.107 (0.145 (0.0473

H1:PEM-CS_ACC_IOT1_MC_Y_DQ i 0.00445 (0.0117 (0.0109 [0.0101 (0.0975 [(0.754 |1.11 0.782 (0.204 [0.182 (0.0771

H1:PEM-CS_ACC_IOT1_MC_Z_DQ i 0.00126 (0.00215 (0.00287 (0.0028 (0.0189 [(0.758  (1.33 0.884 (0.244  (0.0851 [0.0539

H1:PEM-
CS_ACC_IOT2_INPUTOPTICS_Y_DQ

H1:PEM-CS_ACC_ISCT6_OMC_X_DQ i 0.000363(0.000518(0.00123 (0.00551 (0.0132 (0.00358 (0.073 (0.115 (0.103 (0.126  (0.084

0.000381(0.000752(0.00231 (0.00939 (0.0234 (0.00648 (0.504 [0.591 [0.29 0.286  [0.0878

H1:PEM-CS_ACC_LVEAFLOOR_BS_X _DQ |l 0.308 (0.292 (0.191 [0.0972 (0.0463 (0.00742 (0.0154 (0.0281 (0.14 0.675  (0.377

H1:PEM-CS_ACC_LVEAFLOOR_BS_Y_DQ |l 0.063 [0.0505 (0.0301 (0.023 (0.015 [0.00672 (0.0173 (0.0197 (0.137 (0.493 (0.291

H1:PEM-CS_ACC_LVEAFLOOR_BS_Z DQ |l 0.126  (0.406 (0.637 [0.558 [0.336 [0.0724 (0.0215 (0.019 (0.0315 (0.0767 (0.153

H1:PEM-CS_ACC_OPLEV_ITMX_Y_DQ i 0.00049 (0.00125 (0.000867(0.00163 (0.00619 (0.0176 (0.0331 |(0.16 0.338 (0.319 [0.176

H1:PEM-CS_ACC_OPLEV_ITMY_X DQ i 0.00242 (0.00318 (0.00181 (0.00413 (0.0216 (0.0675 (0.437 [0.449 (0.58 0.606  |0.694

H1:PEM-CS_ACC_PSL_PERISCOPE_X DQ |li 0.00163 [0.00552 [0.00734 [0.00896 [0.0393 [0.297 [0.133 [0.313  [0.0831 [0.0441 [0.00659

Dipongkar Talukder
12




Latest estimates of magnetic coupling

Length coupling to suspension, upper limit because cable
coupling dominated

Results of LLO Magnetic Injections with PRMI MICH readout

© ITMX (set 1) Sep 13 — PRMI carrier
© ITMX (set 2) Sep 13 - PRMI carrier
ITMX Nov 13 - PRMI sideband
"ITMY Nov 13 - PRMI sideband
ITMY Dec 13 - PRMI sideband
ITMY Dec 13 - P sideband; inside mag
3x ITMY Dec 13 - PRMI sideband; upper limit

=
~
£
a0
g
=
=
[
O

signal seen in all ISI and OSEM sensors of BS, ITMX, ITMY; ”F‘?},“;"‘_% i Y Y
previously noted pickup at feedthroughs and electronics; IDFRSAAARANAARARR BRI T
unless noted, mag under chamber used, relevant axis
| | | | |
10 20 50 60 70
Frequency [Hz]

b\ \\HH‘

Worst Predicted Effect on DARM (just multiplication with magnetic ambient 10-!! T)

! ! ! ! [—aLIGO high Power |

Ty
Piingg;

i .
. BREERr gy
© vy @y Sy,
4. s RN
a"wu,11;1]'1].‘““,‘,“ “‘“wmo
M,m,,{;,ymi

| | ‘Wwww%“"““““‘\ ”‘””‘”‘”c”“(”“““““wa\um

20 30 50 60 70
Frequency [Hz]

[

Displacement [m/v/Hz]
S




Latest estimates of magnetic coupling

Angular coupling to suspension, not an upper limit - op lev
signal changed with field at suspension, not cables

LLO and LHO magnetic coupling to angle
1.0E-01 :

LHO ITMY Yaw

LHO ITMY Pitch

LHO ETMY Yaw

LHO ETMY Pitch

LHO ITMY Yaw after removing ECDs

LHO ITMY Pitch after removing ECDs

LLO ITMX Yaw (Pitch not seen)

LLO ITMY Nov 2013 Pitch

LLO ITMY Nov 2013 Yaw

= | IGO floor assuming 3mm offset and 1e-11T

oOoOoDeO OO O mej

L
0]
)]
[
e
v
Q
0]
c
S
T
[}
-4

N
AN

10
frequency (Hz)




Cancelation technique

Magnetic fields are cancelled out at suspension, giving big field variation between cancel
(dashed) and anti-cancel (solid). Signal in PRMI does not show similar variation

Magnetic field sensing at ITMY top (MO0), second (L1 or UIM), third (L2 or PUM) masses and at magnetometer under BSC1, SOLID: additive, DASHED: subtractive,

T 1 T T T T 1 T T
L1:SUS-ITMY_MO_FASTIMON_F1_DQ
L1:SUS-ITMY_L1_FASTIMON_LL_DQ
from V across disconnected L2 (PUM) coil
L1:PEM-CS_MAG_VERTEX_Y_OUT_DQ
L1:SUS-ITMY_MO_FASTIMON_F1_DQ (cancel)
L1:SUS-ITMY_L1_FASTIMON_LL_DQ (cancel)
from V across disconnected L2 (PUM) coil (cancel)
L1:PEM-CS_MAG_VERTEX_Y_OUT_DQ (cancel)

T/sqrt(Hz) for black and green

)
P Saiid

11.99
Frequency (Hz)

PRMI length signal, SOLID: additive magnetic injection at ITMY, DASHED: subtractive injection |

“L1:0AF-CAL_MICH_DQ
L1:0AF-CAL_MICH_DQ (cancel)

m/sqrt(Hz)

g
s

11.98 11.99 12.01 12.02 12.03 12.04 12.05

Frequency (Hz)

But optical lever signal did vary by 5 like field at suspension




Peak fingerprint technique

Magnetic field generators, each at a different frequency, and sensors are set up at multiple
locations. The peak pattern in the IFO channel should hest match the peak pattern in the
magnetometer nearest the dominant coupling site.

PRMI length signal showing effects of magnefic injections from various locations at different frequencies (11.905 and 12.193 are not from injections)
CiOAFCALMIGH DG |

I
P
I
e s \ ‘ /\/\w/

Magnitude (mHz'?)

s NN
v/
v

185

in cables between satellite amp and ITMY




A warning about 60 Hz glitches

Displacement noise estimates were made using the average ambient level
1e-11 T/sqrt(Hz) in the tens of Hz region. But crab killer glitches at LLO
increase this level by 10 and occur a couple of times a minute, 24/7

—h
e
©

m or T/ sqrt(Hz)
o

—h

Q
-
o

Frequency (Hz)

T0=12/10/2007 01:08:44 Avg=2




Magnetic coupling to sensors and
their electronics

Are OSEM sensor feedthroughs coupling hot spots? Test by comparing coupling of
distantly generated global field to eouplinM local field.

e [

- ‘ “\” s, —"-"*"ﬂ“ "i N
- e — | |
/ Local coil | . e BE /-

W W |




Low magnetic coupling
to OSEM at coil driver

A huge field at 15.4 Hz near the coil driver produces a smaller
OSEM signal thana smaller 15 Hz globhal field

Magnetometer at
coil driver

Magnitude (T/Hz"?)

H1:PEM-CS_MAG_LVEA_VERTEX_X_DQ
H1:PEM-CS_MAG_LVEA_VERTEX_Y_DQ
H1:PEM-CS MAG_LVEA VERTEX Z DQ

14.2 144 146 148

—y

o
N
=)

Frequency (Hz)

T0=25/10/2013 23:20:31 Avg=4

| OSEM channels showing coupling at coil drivers is relatively small |

a
S
.

Magnitude (m/Hz'?)

H1 SUS ITMY L2 OSEMINF LL IN1 DQ
H1:SUS-ITMY_L2_OSEMINF_LR_IN1_DQ
H1:SUS-ITMY_L2_OSEMINF_UL_IN1_DQ
H1:SUS-ITMY_L2_OSEMINF_UR_IN1_DQ

Frequency (Hz)
Avg=4




¥ 1) A/BOSEMS: coupling to the cable runs was larger than coupling inside the |
\\ chamber, at the feedthroughs, at the satellite amp, and the coil driver.

2) Coupling to the L4Cs was much greater than to the cable runs
3) Coupling to the GS13 was much lower than to the cable runs

4) Goupling to the T240s was also much lower than to the cable runs




| Risk mitigation: worst candidates in a
study of the moments of parts and

magnets
eV

predicted displacement due to 1le-11
T ambient field on part at 10 Hz, m/
sqrt(Hz)

- UIM blade spring with nearby flag
magnet inducing magnetic moment

UIM magnets themselves

- PUM magnets

£




Smaller UIM magnets to reduce couplmg |
~ to UIM blad springs and magnets




Test of small-magnet flag and search
for magnetized blade springs

With the 4x smaller moment magnet in the flag, the induced moment of the blade
spring also dropped by ~4. Out of 7 tested hlade springs, none had anomalously
large moments

UIM blade springs with no magnets nearby

UIM blade spring with nominal flag (holding 2
10x10 magnets in cancelling configuration) at
nominal relative position.

UIM blade spring with small-magnet flag at nominal
relative position

6 different UIM blade springs with no magnets
nearby

Nominal 10x10mm flag magnet (but they are used
in cancelling pairs)

Small flag magnet 10x5




Risk mitigation for
stochastic search

Correlated noise in networks of gravitational-wave detectors:
subtraction and mitigation

E. Thrane,! N. Christensen,? R. M. S. Schofield,®> and A. Effler

!LIGO Laboratory, California Institute of Technology, Pasadena, California 91125, USA®*
2 Physics and Astronomy, Carleton College, Northfield, MN 55057, USAP
? University of Oregon, BEugene, Oregon 97403, USA®
4 Louisiana State University, Baton Rouge, Louisiana 70803, USA®

One of the key science goals of advanced gravitational-wave detectors is to observe a stochastic
gravitational-wave background. However, recent work demonstrates that correlated magnetic fields
from Schumann resonances can produce correlated strain noise over global distances, potentially
limiting the sensitivity of stochastic background searches with advanced detectors. In this paper,
we estimate the correlated noise budget for the worldwide advanced detector network and con-
clude that correlated noise may affect upcoming measurements. We investigate the possibility of a
Wiener filtering scheme to subtract correlated noise from Advanced LIGO searches, and estimate
the required specifications. We also consider the possibility that residual correlated noise remains
following subtraction, and we devise an optimal strategy for measuring astronomical parameters in
the presence of correlated noise. Using this new formalism, we estimate the loss of sensitivity for
a broadband, isotropic stochastic background search using 1yr of LIGO data at design sensitivity.
Given our current noise budget, the uncertainty with which LIGO can estimate energy density will
likely increase by a factor of ~12—if it is impossible to achieve significant subtraction. Additionally,
narrowband cross-correlation searches may be severely affected at low frequencies f < 70 Hz without
effective subtraction.

DOI: http://dx.doi.org/10.1103/PhysRevD.90.023013
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Spectra from best site

Table Mountain EW

T
Part 1: 43.18 min
Part 2: 43.18 min
Part 3: 43.18 min
Part 4: 30.11 min
Noisefloor, LEMI-120 & KMS System

%
)

lightning driven Schuman
resonances

\ f
L\ |
W\
S X
T T e — i i s —_—— e e -
{ Bl
o

1 I

0 1
10 10
Frequency [Hz] BW=0.244 Hz, Ave=881

Amplitude [T/sqgrt(Hz)]

Table Mountain EW, Concatenated

T T
Time: 2 hrs 39.64 min
Noisefloor, LEMI-120 & KMS System

v Wc'z; band magnetosphere wave
A _:-b‘)} Wriven by vertical ExB drift |

-2 -1 0
10 10 10
Frequency [Hz] BW=1.19e-4 Hz, Ave=2

But LHO vault might work if 60 Hz glitches removed. At LLO,
the only tested site that would work is off-site.




Risk mitigation: understanding
acoustic coupling to vacuum tables

Coherence (HAMG6 geophone/DARM) after Sept. (I9 incursion I

HI‘HH\IHI‘HHHH’HH‘HH‘IIH\HH‘IIH‘

; UA“ o :
soo
Frequency (H=>

TO=14/10/2009 10:49:35 Avg=100 BW=0.187499

L HO HANMG —I1S1 — Dayvyvtinme — August O7th 2O 13 — HERFLD lock<ked — ITm Alir

ST 1 ACT —H11 — ST
=sT 1 ACT —HZ= o ST
ST 1 ACT —H= — ST 1
ST 1 o  ACT —\/11 — ST
ST 1 o ACT —\wv= o ST
ST 1 ACT —\VvS — sSTT 1

soo

Frecuenacy (H=)
TO—1 3I/JO=22/01a 10-13-a20 Avg—SoOorsSin—5=S BVV—O o029 2808

28




Attenuation can be less than 10 at
higher frequencies

L1HAMGISI, May 20 2009
Z 1S| Response to Z Ground Motion (Damping Loops Only)

“H—GEoz/GNDZ] e
L ! L ! ! a0 !

0

2
10" From: Jeff Kissel
Frequency (Hz)

Resonance of ISI blade spring and flexure? Violin mode of
support wire?




HAMG6 acoustic peaks in eLIGO

Sharp peaks (components?) riding on broader peaks (ISI
resonances?)

107

@
)
>
=
c
o
©
=

400 420 440 460 480 500 520 540 560 580 600
Frequency (Hz)
T0=16/01/2009 19:32:18 Avg=15 BW=0.187499

30




A

10°

-
o
N

Magnitude

M

B ——  H3 nominal(REF16)

H1:ISI-HAM4_GS13INF_H1_IN1_DQ(REF5)

H1:ISI-HAM4_GS13INF_V3_IN1_DQ(REF14)

H1:ISI-HAM4_GS13INF_H2_IN1_DQ(REF15)
1 | 1 1 1 | 1 1

360 380

Frequency (H=)
Avg=86/Bin=6

[
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Risk mitigation for scattering sites:
camera techniques for glints

Using a camera with its flash near its lens to qualitatively observe sites that
back-reflect, keeping in mind that angular distribution of light from flash
can be very different..

% Beam spot view: camera place
as near as possible to heam
spot to ohserve any surfaces
that retro-reflect light scattere
from optic

i ‘ * Distant optic view: camera placed far from optic, in heam path
(flash reflects in optic), to observe glints that retro-refiect f

O
o

&

light scattered from distant optic




GI i n t S ea r Ch es : | View from béaﬁ‘pot ~ ardsEA’MX /

'“" _—

ITMX e e

Gate valve

Beam spot view: possible glint from
gate valve seat. First place to shake
if we have a scattering problem.

Distant optic view: looks
good! No retro-reflections in
clear aperture.

C 2% &L
I=l=




Beam splltter beam spot views

Vnem}\from ds bear#m spot towards ITMX

[

-

ITMY elliptical
baffle

BSC1 — BSC8
reduction
flange




PRC beam spot views

View from beam spot on PR3 ﬁm@ BS B View from beam spot on PR2 towards PRM & PR3

- ]

MCA1 baffle,
electro polished aluminum center,
304 SS viewport plate (mill finish)

-

- g ~' D /s - e
e B N <€— MCA2 baffle -
Aperture in ﬂ St * T

MCA2 baffle

Scraper baffles : 3 Table op lev beam




Input mode cleaner beam spot views

am

—

View from beam spot on MC1 towards MC2 " View from beam spot on MC2 towards MC1 & 3

\'\
\
Scraper baffle,
AISI 304 SS

electro polished aluminum center, —_
304,SS viewport plate (mill finish) =

MCA1 baffle,
eIectro/pohshed aluminum center, w3

Scraper baffle ] 304 SS viewport plate (mill finish)
Table op lev beam




Detchar line hunters remind us that I/0 box fans
and switchers are contaminating channels

Line source ID: frequency drops when fan intake partially covered and returns
when uncovered (gap in middle is data gap).

0239831
0139212
0.106063
0080807
0061565
0046906

H1:ALS-X_ARM_IN1_DQ 2014-04-18 17:00:00 H1:ALS-X_ARM_IN1_DQ 2014-04-18 17:49:00 - 1,081,878,556 (50:00)
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Reeent Investigations

1/0 chassis (adc/dac) fans show up in channels

Coherence hetween magnetometer (signal has fan frequency) and 0SEM channel in chasis.
Peaks move when fan ports are partially covered.

TMY_L1_OSEMI N 00(REFO)
TMY_L1_OSEMI . | _DQ(REF1)
TMY_L1_OSEMI U 1Ay _DQ(REF2)
: : _DO(REF3)

@ oo(REFS)

_DQ(REF4)
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T oA, AT srsdomtand
Frequency (Hz)
*T0=16/03/2012 01:58:07 *Avg=500 BW=1.5:°




Magnetic field strongest at switching
power supply for IO chasis




1/0 hoxes produce noise in their channels hoth by power supply ripple from the
fans (can he fixed by using separate supply) and by magnetic coupling of fields
from the switchers (probably needs different switcher).

BLACK: disconnected channel in h1iscex, note 10 box fan peaks at 61 and 79 and smaller switcher fan at 39 and 77Hz, RED: on switcher to highli fan I

T T
H1:PEM-EX_TILT_VEA _FLOOR T _DQ

T T T T T T T T T
. . : H1:PEM-EX_TILT VEA_FLOOR_Y_DQ
——

Magnitude

0
Frequency (Hz)
T0=14/05/2014 10:26:07 Avg=2000 BW=0.1875

Coherence between black and red, the disconnected hliscex channel and the magnetometer on the switcher to show fan peaks (identified by covering fan intake) I

T T T T T T T T T
H1:PEM-EX_TILT_VEA_FLOOR_Y_DQ/H1:PEM-EX_TILT VEA_FLOOR_T_DQ

0.22
02 E
018 E
0.16
014 E

0.12
=
0.08
0.06
0.04 E
0.02 &
0

Coherence

Frequency (Hz)
T0=14/05/2014 10:26:07 Avg=2000 BW=0.1875

With Nelson Christensen, Jialun Luo, Patrick Meyers, Michael Coughlin, Eric Thrane, Keith Riles




Magnetometer during power outage

Shows what fraction of the 60 Hz magnetic peak comes from off-site, mainly the
500 kV Ashe-Slatt, Ashe-Marion transmission line

Vertex magnetometer, RED: before outage, BLUE: during outage Vertex magnetometer, RED: before outage, BLUE: during outage ~ Vertex magnetometer, RED: before outage, BLUE: during outage

-8

10

X—axis T/sqrt(Hz)
Y—-axis T/sqrt(Hz)
Z—axis T/sqrt(Hz)

A%

60
Frequency Ave:7 BW:0.2

Total field now (about 3x science mode field): 7 nT, with power out, 1.1 nT

42



Seismometer during power outage

Our powered equipment increases ground motion by orders of magnitude near 60
Hz and, by ~5 down to 20 Hz for horizontal, and down to 10 Hz for vertical.

S seismometer, RED: before, BLUE: power outage (some UPS sl or - CS seigmometer, RED: befoe, BLUE: pover outage (some UPS st or CS seismometer, RED: before, BLUE: poe outage (some UPS stlor
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Frequency Ave:7 BW:0.2 Frequency Ave:7 BW:0.2 Frequency Ave:7 BW:0.2




LHO corner station (black) is lower than 4 other stations in horizontal and higher

in vertical. All axes are abhout the same at out-stations. Are these differences
: ion?

T
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Seismometer during power outage

At the corner station, vertical motion is greater than horizontal, even
during power outage. This suggests that slab or location is the cause (e.g.
Love waves are blocked by large CS slah, and/or vertical resonance
hetween slab and basalt layer).

Vertex seismometer, before outage RED: X, BLUE: Y, BLACK: z

10°°
| i 'N : |

Vertex seismometer, durlng outage RED: X, BLUE: Y, BLACK: Z
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8 Years of LHO wind data

Wind increases ground motion in 15% of hours

PERCENTAGE OF HOURS IN WHICH HOURLY MAXIMUM WIND SPEED EXCEEDED BIN VALUE
(2004-2012, 218 DAYS MISSING FROM THE 8-YEARS)
AVERAGE OF CS, EX, & EY

100.00%

100.00%
94.71%

- Little increase in ground
90.00% motion
- Significant increase in
80.00% ground motion
0,
70.00% 65.14%
60.00%
50.00%
40.65%
40.00%
30.00% 25.46%
0,
20.00% 15.09%
8.84%
10.00%
’ 487% o
'-° 1.33% 0.67% 0.36% 0.22% 0.12% 0.08%
0.00% - - . : . : . : — — . . . . |

>2 m/s >4 m/s >6 m/s >8m/s >10 m/s >12 m/s >14 m/s >16 m/s >18 m/s >20m/s >22 m/s >24 m/s >26 m/s >28 m/s
>4.5 MPH >8.9 MPH >13.4MPH >17.9 MPH >224MPH >26.8 MPH >31.3MPH >35.8 MPH >40.3 MPH >44.7 MPH >49.2 MPH >53.7 MPH >58.2 MPH >62.6 MPH

WINDSPEED (m/s or MPH)

PERCENTAGE OF THE EIGHT YEARS

From: Margarita Vidreo




PERCENTAGE

30.00%

25.00%

15.00%

8 Years of LHO wind data

April is the worst month

PERCENTAGE OF THE MONTH IN WHICH THE
HOURLY MAXIMUM WIND SPEED EXCEEDS 10 m/s
(2004-2012, 218 DAYS MISSING FROM THE 8-YEARS)
AVERAGE OF CS, EX, & EY

11.67%

10.30%

24.11%

21.78%
19.02% 18.96%
17.31%
14.50%
12.48%
11.60%
10.78% I I
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8 Years of LHO wind data

People shake the ground in the daytime, wind does at night

PERCENTAGE OF THE HOUR IN THE MONTH WHERE THE
HOURLY MAXIMUM WIND SPEED EXCEEDS 10 m/s
(2004-2012, 218 DAYS MISSING FROM THE 8-YEARS)
AVERAGE OF CS, EX, & EY
40.00%

35.00%

30.00% January

February

25.00% March
April

20.00% May
June

15.00% July
August

10.00% \ e September
October

5.00% November

Percentage

e==sDecember
0.00%
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QQQQQGQQQQGQQQQQQQQQQQ Q
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Time of Day

From: Marg




Chiller VFDs to reduce 10 Hz seismic

Turbulence in chiller lines produces broad 10 Hz peak at LHO. Test of variable
frequency drive to reduce flow rate shows henefit. VFDs suggested for other
chillers hecause turbulence is main driver of problematic SEI resonance.

EX Y-axis seismometer 10 to 30 Hz band, minute trend mean.

3
Days after April 14 2014 00:00:00 UTC




Vibrational coupling to HIFO-X ALS

RED: HIFO-X, BLUE: Accelerometer on red/green periscope
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T0=12/03/2014 03:09:30 Avg=25 BW=0.187499

Accelerometer coherence with HIFO-X above, BLACK: EX ISCT, BLUE: ISCT1 red/green periscope, ORANGE: PSL periscope |
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68 Hz peak

Shaking the HAM1 cross heam excites 68 Hz peak - source is inside HAM1.
Very low f: likely the periscope that directs the heam out of the chamber.

| HIFO-X signals, BLUE: nominal, RED: frequency sweep with shaker on HAM1 crossbeam excites 68 Hz peak |

Magnitude
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I.v-l.:system progress

‘ 1l agnetic coupling results
i R
Ill. Risk mitigation studies

A. Magnetic coupling (smaller magnets, geomagnetism) |
B. Acoustic coupling to in-vacuum tables

RO 2 C. Scattering noise

. .| IV. Other studies ;

w'.  A.Channel contamination from 1/0 box

B. Power outages studies of self-inflicted noise
C. LHO wind statistics
D. Reducing 10 Hz noise from water turbulence
E. HIFO-X ALS acoustlc coupling
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