
LHO End of O4 PEM Coupling 
Measurements
Samantha Callos, Genevieve Connolly, Robert Schofield, Ryan Short, Carlos Campos

1



Quick Overview

● What are PEM coupling and injections?

● How are coupling functions calculated?

● Vibrational coupling results

● Magnetic coupling results

● Summary & future projects
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PEM Coupling & Injections

● Coupling quantifies how environmental noise picked 
up by PEM sensors is likely to be seen in DARM

● Injections: make noise using a shaker, speaker, 
magnetic coil, etc and compare sensor response to 
DARM response
 

● We did vibrational & magnetic injections at the end 
of November after we ended the run

● Instrumentation changed → needed to do a full set 
of injections
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*40-60, 60-100, 100-1000, 1000-4000 Hz
**40-90, 90-1000, 1000-4000 Hz
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What are coupling functions?

● Yinj is DARM ASD during injection
● Ybkg is DARM ASD during background
● Xinj is sensor ASD during injection
● Xbkg is sensor ASD during background
● Estimated ambient: CF(f) * Xbkg(f)

Measured value: if Xinj/Xbkg > sensor threshold 
AND Yinj/Ybkg > DARM threshold

Upper limit value: if Xinj/Xbkg > sensor threshold 
BUT Yinj/Ybkg < DARM threshold

● Composite: take CF value for the loudest 
injection in the sensor at each frequency bin

● Sitewide: take the highest CF value at each 
frequency bin across all channels (measured 
values take precedence over upper limits) 
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Vibrational Injections
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ACC 
PEM 
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2025
ACC 
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   2023   2025

Less END X coupling points (upper 
limits) at low and mid-high tens 
frequencies

Hitting fewer upper 
limits then 2023

Jitter (tiny 
bit worse)

13



2025
(8 - 110 Hz)
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2023
(8 - 110 Hz)
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Alogs:
76969: EX cryo baffle
75654: MC tube 
75637: MC tube

● Low frequency coupling improved by damping at 
EX cryo baffle and CS MC baffle adjustments

● Upper limits improved due to more background 
sampling

● Jitter looks a little worse but some of it is 
subtracted out. In IR1 we will have a jitter 
attenuation cavity.

● Overall as we get more sensitive and mitigate 
linear noise, we find more nonlinear noise. 

Vibration Summary 

16

https://alog.ligo-wa.caltech.edu/aLOG/index.php?callRep=76969
https://alog.ligo-wa.caltech.edu/aLOG/index.php?callRep=75654
https://alog.ligo-wa.caltech.edu/aLOG/index.php?callRep=75637


Magnetic Injections
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   2023   2025
20



2025
(8 - 110 Hz)
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2023
(8 - 110 Hz)



● Testing new automated magnetic injection system

● Injected at more frequency bands
○ broader bands results in more upper limits because the threshold 

for hitting an upper limit is lower

● Injected closer to saturation to lower the upper limits

● The amount of coupling remains roughly the same

● Future MAG injections: Bring back single line and comb 
injections to look deeper/beyond upper limits 

Magnetic Summary 
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PEMCheck
● DQR app

● PEMCheck uses coupling functions to
evaluate the probability of noise
contributing to GraceDB events

● “Raw” coupling function: what we just talked 
about

● “Tuned” coupling function: recalculated from 
sensor and DARM ASDs at the time of the 
event

● Raw & tuned CFs should be aligned. If not, 
there may have been noise at the time of the 
event.



Where can I find 
the injection data?

The PEM website!
pem.ligo.org
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Where can I find the 
injection data?
The PEM website!

Exports directory → 2025EndofO4PEMinjections

Coupling Functions → Additional resources → O4 git repo 26



Overall Summary

● Hardware improvements → improvement in coupling (i.e. there is less 
coupling)

● Upper limits improved by injecting closer to saturation

● Compared to 2023, we have roughly the same amount (magnetic) or less 
(vibrational) coupling

● Additionally
○ Livingston also did an injection set, analysis ongoing

Questions: scallos@uoregon.edu, gconnoll@uoregon.edu DCC: https://dcc.ligo.org/LIGO-G2600768 
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