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What is a good way to 
combine results from 
multiple pipelines and 
what can we learn from it?
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Macroscopic Description of a Pipeline
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Strain Data

Signal and Noise Models

Search Algorithm

• Triggers

• False alarm rate

• pastro



Measures of Candidate Significance

False Alarm Rate (FAR)
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How regularly we would expect to 

see a noise event with the same, or 

higher, ranking statistic as the 

candidate.



Measures of Candidate Significance

False Alarm Rate (FAR) pastro

Probability that a GW candidate has 

astrophysical origin and is not 

caused by terrestrial noise.
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How regularly we would expect to 

see a noise event with the same, or 

higher, ranking statistic as the 

candidate.

𝑝𝑎𝑠𝑡𝑟𝑜 =
ℒ𝑎𝑠𝑡𝑟𝑜

ℒ𝑎𝑠𝑡𝑟𝑜 + ℒ𝑛𝑜𝑖𝑠𝑒
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Calculating Combined Significance 
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Method 1. Combine FARs by applying the trials factor

FAR
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2FARtrials = min(          ,         , … , ) × N
FAR

N

• Calculate combined FAR for each candidate as

• Calculate combined pastro using the combined FAR distribution Pastr

trials
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Method 2. Combine FARs by calculating a harmonic mean

• Calculate combined FAR for each candidate as

• Calculate combined pastro using the combined FAR distribution
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Method 2. Combine FARs by calculating a harmonic mean

• Calculate combined FAR for each candidate as

• Calculate combined pastro using the combined FAR distribution
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Method 3. Find maximum pastro

Pastr
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Results



Pastro Results with O3a Data
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• Number = Astro + Noise

• Astro = the sum of all 

pastro values

• Noise = Total – Astro

• Purity = Astro/Total (%)
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Purity Is Likely Overestimated
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Sum of Harmonic p-values
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How did we 
calculate pastro?
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Pastro Calculation

21

log(FAR)

lo
g

(C
o

u
n

ts
)𝑝 Λ𝑠, Λ𝑛 {𝑥}



Pastro Calculation
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𝑝 Λ𝑠, Λ𝑛 {𝑥} = ෑ

𝑖=1

𝑁

Λ𝑠𝑓 𝑥𝑖 + Λ𝑛𝑏 𝑥𝑖 𝑒− Λ𝑠+Λ𝑛  [5]
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pastro Results  With Injections
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Which pipelines 
contribute to the 
combination the 
most?



Optimal FAR Combinations for Different 
Number of Pipelines: Injections
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Optimal FAR Combinations: Injections
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Optimal Pipeline Combinations: O3a 
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Conclusions

+ Combining results from multiple search pipelines increases the 

number of detected events in the injection sets.

+  Applying the trials factor or calculating the harmonic mean FAR 

leads to higher purity of pastro results as compared to using the 

maximum pastro for real data.

+  Purity of GWTC catalogs is likely overestimated.
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