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Calibrating Tensions

1. Why are we interested and how
do we measure tension?

2. Calibrating with Neural Ratio
Estimation

3. Demonstrations
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logR - ---- p = o(logR)

Loss Function:

1 N
| = 5 [ ;yi log(o(log R))+
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Why are we interested?
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Why are we interested in tension?
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comes from can lead us to new S [1905.11122]
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Measuring tension

 Parameter differences, goodness
of fit degradation, suspiciousness
(see 2012.09554 for a review)

e Here, Interested In evidence ratio

P(D,, Dy) n:

R=————MM — —
P(Dy)P(Dg)  ZsZp

* For any pair of experiments, model
and prior there is a distribution of

in concordance R values
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Measuring tension

Wide Prior

e The fractional increase in our

confidence in one experiment given
data from another

 Dimensionally consistent and
parameterisation invariant

Narrow Prior

log R = 6.24

* But prior dependent and hard to
Interpret

e R> 1 — inconcordance

PS R << 1 — In tenS|On —2.5 0.0 2.5 5.0 7.5 10.0 125

log R
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Measuring tension
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Calibrating with Neural Ratio Estimation
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Neural Ratio Estimation

* Essentially just classifiers

e Take in two inputs A and B and estimate

the probability that they are drawn from
joint distribution vs independent

 P(A.B)
"= P(APB)

 Used for parameter inference

~ P(D,6) PD|O) L©)
" PDPO ~ PD) 7
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R with NREs

P(Da,Dpg)
(DA)P(Dp)

Neural ratio Estimation of log R = log &

logR ----- 1 p = o(logR)

Loss Function:

1 N
[ = N [Zi:yi log(o(log R))+

(I —y;)log(l —o(logR))
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Direct predictions or calibration?

vvvvvv

Do o | Neural Ratio Estimation

log R =6.24

e,
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Nested Sampling
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Calibration of R

How in tension are How consistent are
the data sets? the data sets?
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Examples
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Analytic Example: Set Up
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Define a linear model

DA:MAH‘FmAi\/CA

Nims = 3’ Ngata = 50
Gaussian prior and likelihood

Can analytically calculate Z, = P(D,), Zg
and Z, » and therefore get log R

Using Isbi package (https://github.com/
handley-lab/Isbi)

Observation

Simulated data points
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Analytic Example: Results

* Assess accuracy with
changing prior width

 Performance is good
for narrow priors

 Can push the
performance for higher

log R by tuning
hyperparameters

Predicted log(R)
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Analytic Example: Prior Dependence
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21cm Example: Set Up

* Looking for an absorption feature in the
CMB a low frequencies

* Information rich signal that tells us about
the properties of the first stars

* Observationally challenging and tension
estimation is becoming more important
2112.06778]

* Two experiments observing in different
bands

e Three scenarios
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21cm Example: Results
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Conclusions

 Understanding tensions can help us
identify new physics or instrumental
systematics

Neural ratio Estimation of log R = log P{gﬁ‘)ﬁ}l()gl)g)

* R statistic is an appropriately Bayesian
choice

logR ----- p = o (logR)

e \We can use Neural Ratio Estimation to

Loss Function:

help us interpret the tension between
different experiments

1 N
[ = N [Zyi log(o(log R))+

(1 - i) log(l — o (log R))

* Currently working on applications to
BAO and CMB data sets

 Paper coming soon!
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