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Why Look at Spectral Lines?

* Direct impact on GW searches
» Broad peaks cut into bandwidth (Pulsar)
» Narrow L1/H1 coherences (Pulsar)
» Broad H1/H2 coherences (Stochastic)
» Non-stationarity in line sources causes transients (Burst)
» Broad, drifting lines (Burst)
 Indicate unwanted couplings into GW channel
» Specific sources typically are at particular frequencies
* Can be used to monitor interferometer elements
» Drumhead, body modes used to track test mass temperature
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Spectral Line Measurement

* Control Room Investigations

» Fourier, Spectral Coherence Tools (Schofield)
» DMT Monitors - LineMon (Klimenko), SixtyHertzMon (Riles)

 (Offline Studies

» Daily Spectral Line-Finding Summary (KT)
» SFT-based Spectrograms (Dupuis)
» Environmental Coherence Catalogue (Carleton College)

* Results from Search Groups

» Narrow Lines seen in Pulsar Group analyses (Mendel, Riles)

» Broader Coherences seen 1n Stochastic Group analyses
e PEM - DARM_ERR coherences (Mandic, Fotopoulos)
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Daily Line-Finding Pipeline

*  Running since November 2005

* Makes daily summaries of DARM_ERR spectral lines

* Reports on changes in lines prepared about every ~3 weeks

rerer 55 Daily LineFinding =
| | | |E| ) https:/ /gravity.psu.edu/~psurg/detchar /LineFinding /Daily_55/55_Linefind _Summary.htm| - Q-
Latest Report - . .
S5 Lists (Tuly 24, 2006) S5 LineFinding 2006-08-14
HI1 Lines H2 Lines L1
Lines Day starts 16:00 UTC covers GPS 839606414 - 839692814
_ November 2005 Channel # Total Lines # NEW Lines
Su|Mo|Tu|We|Th|Fr |Sa

T2 B a5 H1:LSC-DARM_ERR 81 9
Q_ 7 E_ 9 EI__IE H2:.LSC-DARM_ERR 100 8
E 14 E 16 1__?1__3E L1:LSC-DARM_ERR 91 9
2021 2223 J24 J2s]2s!
2728 29 30 REFERENCE LINES UPDATE

December 2005
SulMolTulwelTh[FrlSa S5 reference line lists updated 07-24-2006
] [ ] l_g_i_ L] - - l
a5 6 7 g o 0 H1 Spectral Lines - RECENT CHANGES
EE %E %EE 1. New unknown line at 67.5 Hz
18((19 |20 (21 (22 (2324 2. New unknown line at 80.2 Hz
EE 2__?§ EEE 3. Unknown 8?.51H:-: ling rcd}lccdfdisappca:cd!
4. 540Hz Power-line harmonic re-appears

_Januay 2006
Su|Mo|Tu|We|Th|Fr|Sa Existing H1 Features for Study
12 |3 4 |5 |6 |7
3 o ol hizli3ha ¢ Sidebands visible (again) on 120, 180, 240, 300Hz power-line harmonics
=S = = = = = e 329 Hz line clusters ilog entry
1516 |17 j18 |19 20|21 s 546, 566 Hz line clusters Coherence Studv (Schofield)
22123 24 (25 |26 |27/]28 e 646 Hz line cluster Coherence Study (Schofield)
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S5 HI/L1 Spectral Lines

o
» Pulsar searches are particularly concerned with lines that are
coherent between the 4K detectors (H1, L1)

» Short Fourier Transtorms (SFTs) were searched with Fscan

and spectrograms prepared (Mendell, Dupuis)
» Required Af of 2.2 x10-4 (generous Doppler window), SNR > 4

» http://www.ligo.caltech.edu/~rejean/SS/spectrograms/

» Very good at showing wandering lines

* (Quasi-stationary lines coincident within 10 mHz between H1
and L1 reported from PowerFlux (Riles)

» Strongest were harmonics of 16 Hz
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Environmental Coherence

 Work done by Carleton College (Nelson Christensen, et.al.)

 Monthly analysis of coherence between GW channel and
selected environmental channels
e 1024 s periods, 2000 averages per month
e Identify significant peaks

» http://virgo.physics.carleton.edu/Hans/coherence/peaks

» Targeted searches to tollow up specific lines from the S5
pulsar searches, line-finder “Top Ten” Lists

» They note when line appear/disappear, 30Hz band around line
» http://virgo.physics.carleton.edu/Hans/coherence/peaks/Top Ten/index.html

* Open offer to scan other line lists!

LIGO-G070495-00-Z July 26,2007 July 2007 LSC-Virgo Meeting - Technical Plenary 6



http://virgo.physics.carleton.edu/Hans/coherence/peaks/index.html
http://virgo.physics.carleton.edu/Hans/coherence/peaks/index.html
http://virgo.physics.carleton.edu/Hans/coherence/peaks/Top_Ten/index.html
http://virgo.physics.carleton.edu/Hans/coherence/peaks/Top_Ten/index.html

PENNSITATE
_Zhve

Pulsar Line Coherence b

* HI - 100 Hz - Coherence with microphones
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Top Ten List Coherence
« H2 44.34 Hz line - Coherence with BSC6_ MAG_(X,Y,7)

44.34 Hz HE:LSC-DHHMEHR-HHZ F’EM-BSCEMAGZaueﬂcoh,pickleD.DUBEETz
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L1 Optical Lever Lines

 Line-finder sees ~48Hz lines in L1 DARM_ERR
» Associated with Optical Lever lasers (Waldman)

» Coherence seen with magnetometers confirms location
» 48.2Hz - ETMX. 47.4Hz - ETMY

48.2 Hz L1:LSC-DARM_RR-LO:PEM-EX, AGX_ vetfcoh.pickle0.0186
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Progress on 546, 646Hz Lines

o
* Power supply ripple monitor installed to search for line
sources (Schofield)

» Fscan spectrograms prepared for ripple data (Mendel)

» Long-mysterious 546, 564, 566, 646, 648Hz lines from
H1 DARM_ERR seen in +-15V center supply ripple

» This does not implicate power supply as source. May just be
response to load from somewhere within racks

* Similar features in H2, L1 spectra since S2
« (Often 2nd and 3rd harmonics are seen in DARM_ERR

* Definite nuisance for pulsar studies (Einstein@Home)
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Broad, wandering Lines

* Broad (< 1Hz) wandering between 1 and 2 KHz
» H1 has ~1020, ~1090 Hz, H2 has ~1490, ~1615 Hz (July 2007)

* Seen in daily line-finder, spectrograms
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S5 Spectrogram
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The Future

* Near-Term Priorities
» Source 1dentification studies during S5 close-out
» “Identified” Spectral Line Catalogue for pulsar analysis
» PEM coherence tabulation for stochastic analysis
» Work with Virgo on spectral line studies

* Longer-Term Possibilities
» H2 line source 1dentification and mitigation

» Review of PEM sensor locations for S6
» Development of rapid-followup tools for commissioning
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