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aLIGO installation and .testing'

Pre stabilized laser
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aLIGO installation and .testing

Arm locking test
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aLIGO installation and .testing
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-+ Many effects cannot be tested prlor to- large scale -
o |mplementat|on i % ¥
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GW search pipelines-are adversely .
affected by non-Gaussian data!

>~ Long tails (outliers) ~ H1-first 2 months of S6

---_Non-Gaussian noise

in all-sky GW -+ -Single detector transients ~ I} versa vy caza
burst search .. After data quality vetos . Vetoed by Cat3 DQ
background '
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Gaussian Noise

cohWB background after cat3

3
@)
=~
O
)
w
-~
2]
b
-
)
>
2,
)
+—
(T
o

confuses
parameter
estimation for all
transient
searches.

IIIT'OI IIIIIIll&I | |

-



Example: NINJA2 search results
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ISMIC MO

—a known and

ing S6

troublesome problem
arXiv preprint 1410.7764
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Recent data from Advanced LIGO | .

nghllghts of DQ features most

W .t LeQDEC G1500061 ¢
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e troublesome for the transient searches e
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Calibrated DARM (differential arm length)
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. The mechanism : major cafry transition DAC glitching
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The mechanism : major carry transition DAC glitching
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The mechanism : major carry transition DAC glitching

= | Time series |
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Offset applied to vertex cavity actuation

Time series of power recycling cavity length control signal




Offset applied to vertex cavity actuation

Time series of power recycling cavity length control signal

L VAR

An offset is applied to the signal
sent to the optic actuators in the
vertex cavities

These signals no longer cross zero
The length signal glitching that

couples to DARM is greatly reduced
|
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End station actuator glitches identified

End X optic suspension actuation signal

-~ The Detector . .| f | "‘ b
- Characterization kWWMM WWWW
group also ' I N | S R I
. identified this

- behavior in one
. of the end
~stations at the

- 2716 MCT

Calibrated DARM

MCT glitching
- was later
addressed with
4 calibration of
DACs — the
offsets were
.. removed in mid
December

Frequency (Hz)
2 g
al density (Counts / vHz) Normaliz

,,.
"‘Amplituffe spectra




L1:5US-MC2 M3 MASTER OUT_LL.DQ

NN A '..-glltches
SN NS -AfterER6 Ioud
b - glitches were
6 s 10 12 14 16‘ 1\ - . Observed in DARM
Time [seconds| from 2015-01-10 08:30:00 (1104913816.0) e g ;
LI[OAF CAL_| }\/"CH _CTRL_DQ 2015-01-10 08:30:00 - 1,104,913,816 (20s) .--.- - 2 that Coupled > A

Mr RN B ,;W‘t? e

| vertex
~« Cavities (SRCL,
.~ PRCL, MICH)

.. LLO alog ik
" 16354 R e

0 3 7 3 7 20
1,104,913,816 1,104,913,819 1,104,913,822 1,104,913,825 ,104,913,829 ,104,913,832 ,104,913,835 *729
. -

-4
-
N
0T
S
S
0
8
c
=3
49
o
g
6 =
4
-
]
T
7 ®
e
-
Q
)
o
1]
0
]
=
=4
-3
£
<

Fs=16,38 fft length =199 in sar



L1:SUS-MC2_M3_MASTER_OUT _LL_DQ S 22
A « o0 .
s - e
» - l-
—500 -

Wasn’t DAC

glitching fixed? '.'.

4 6 8 10 12 14 16 18
Time [seconds]| from 2015-01-10 08:30:00 (1104913816.0)

- ° -
- - .
° : ; A,
L1:0AF-CAL_MICH_CTRL DQ 2015-01-10 08:30:00 - 1,104,913,816 (20s) - ‘.. oy 2
—~ 016917 . - * - -
i # R oz o 3t -
”?1 %-::‘-’ Rt AR
r 2O 4 ) - i » - ) -
.' " |-| 1’5 =% T . - v
e o * - -
.. -
. F s e - "
J od - -
A 99 - . - g -
0.220030 - . .
T | o < ™~ > . .
'|I 1 Y B E Lo . *
» %, & e
. -
® e 4 - - »
- ® - >
. > *
- v
0.149312 > ' -
. ® - :
0.141267 - < e - X - Pl
- -
. s - -
0. > -
- ..o g <
. » -
, r ~
0 7 0 7 2 S : . B,
1,104,913,816 ,104,913,819 /104,013,822 ,104,913,825 1104,913,82¢ 104,013,832 104,913,835 **30 - R
- 5 ® . Ay - = * ‘
Fs= 4



ER6 DAC calibration drift — week 1
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ER6 DAC calibration drift — week 2
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ER6 DAC calibration drift — week 3 5
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IMC beat frequency = &

Distinct

~ “whistling”

: feature
stemming from .

" a beat
frequency
(WRT -817kHz)
in the IMC that
adversely
affected the

BBH search in 0. 0
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IMC beat frequency

' Summary:
~ LLO alog
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R4 _('72).Hz‘ line — related to EY ring

‘heater driver 10 alogs
e AT R e 16316, 16291
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8 S.ome coupling between the | |

WO ringheater driver and DARM “=="T— 50150109 07:48:00 (1104824696)

DT Ring heater driver cable s e ¥ | —72015-01-09 08:09:00 (1104826156} |1

" moved (probably un-
~ grounded)
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PZT-actuated mirror placement - 250Hz

S & - -
- - X - . .

i " LLO alog 16331

L1:0OAF-CAL_DARM_DQ at 16384 Hz, t=100 s

PZT-actuated mirror mounted
108—— || | onsteering periscope

|
~ — 2015-01-09 07:48:00 (1104824896)
| moved to optic bench

Count )
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SEl transient propagation

H1 ETMY transient chamber motion - Damped

1
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Tracing the transient motion from
the ground to the optic table in
various states of isolation loop
aggression.

More aggressive isolation
mitigates transients well < “15Hz




Most of the day,

Oct 11, high

microseism, low
wind (*5MPH)

Windy vs. Quiet time transient SEl study at LHO

Hl ”ET\[Y (BSC4) longitudinal motion
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Windy vs. Quiet time transient SEl study at LHO

H1 ETMX (BSC4) longitudinal motion

Most of the day,
Oct 11, high
microseism, low
wind (*5MPH)

After~20:00
UTC, high
wind
(~30MPH)

de relative to median

Frequency [Hz|

Ampli

i
0.1

ISI ODC

0
Time [hours] from 2014-10-11 00:00:00 (1097020816.0)

Below are Omicron triggers of two hours of “quiet” time (left) and “windy” time (right). Each dot is a
transient event. Transient motion amplitude is very elevated during high wind for events of freq < ~30Hz.

! H1 ETMX transient chamber motion - Oct 9 - quiet time

H1 ETMX transient chamber motion - Oct 11 - windy
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The rate of transient motion
events also increases
dramatically during windy
time — by over a factor of 10 in
optic table motion at end X.

(# trigs) | (#trigs)

Ground motion 30,755 | 116,601 | 3.8

Isolated stages see a much

' greater increase in the rate of
transients.than ground motion
during windy time.

| Stage Quiet* | Windy* | Factor
increase

HEPI (L4C) 21,317 | 74,624 3.5
ISI ST1 (T240) 7,791 57,948 7.4
ISI ST2 (GS13) 3,924 49,562 12.6

* For a two hour period of relatively quiet or windy time

H1 ETMX transient chamber motion - Oct 9 - quiet time
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Conclusions for

windy vs. quiet

SEl transient
study:

~Ultimately, at the
optic table the
transient motion
amplitude per
event isn’t
significantly

" increased above
10-15Hz; but the
rate of transients
is greatly

~ increased
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Frequency [Hz|
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Loudest event: Time= 1096878536.5625. Peak Frequency= 12.4, SNR= 40.3. Amplitude= 0.00175
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Summary.--Dec 16 lock

L1 gravitational-wave strain |[h(t)

ER6 glitch rate
looked very
clean on the
whole!

Most features
that would
affect the ' S ey "‘.,.m.ac’
transient ' i S s St e R S (e e
searches are . ’
now
understood/
resolved
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Summary - Dec 16 lock

L1 gravitational-wave strain [h(t)
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250 Hz PZT on
PSL periscope

End Y ring
heater driver

Summary - Dec 16 lock

L1 gravitational-wave strain [h(t)
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Summary - Dec 16 lock

L1 gravitational-wave strain [h(t)
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Summary - Dec 16 lock

L1 gravitational-wave strain [h(t)
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Summary - Dec 16 lock
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looks GREAT! Greatly improved glitch rate
compared to August.

Already characterizing Hanford at a subsystem
level.

Other noise features that are troublesome to the - -

transient searches will undoubtedly surface as

the ifos evolve and commissioners dig into the
noise floor.

Detchar has very good handle on potential DQ
features that would most affect the search
backgrounds.
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