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Efficiency correction
No matter how good we make our detectors, 
we’ll never be able to measure every event that 
takes place

Define selection efficiency in the ith kinematic 
bin as:


So if we normalise by  in the cross section 
calculation, we recover the number of signal 
events we should have seen if our detector was 
perfect

Simple, right?

ϵi

3

ϵi =
Nsignal

obs, i

Nsignal
true, i

Old ND280 vs ND280Upgrade detector efficiency

dσ
dxi

=
Nsignal

i

ϵiΦNtargets
×

1
Δxi

Thorsten Lux 2022 J. Phys.: Conf. Ser. 2374 012036
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Efficiency correction
…not quite - depending on where we place our bin edges for 
the variable of interest, we start to get different results

Each  has the same average, but bin-by-bin will yield very 
different corrections

Want efficiency to be as flat as possible within a bin - if it’s 
changing, we rely on the underlying MC  model bias

Also have to worry about other variables we might not bin in

So how can we deal with this?

ϵi

→

4
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Dealing with efficiencies
First option - accept that we can’t measure what we can’t measure 🤷

Place phase space constraints on our signal, redefining the definition to regions that we 
know we can measure

5
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eg. muon reconstruction is less reliable at low 
momentum  restrict to 


In regions where this isn’t possible (ie we want to make 
measurements), we simply have to place bin edges 
carefully

Ensure efficiency within bins is as flat as possible

- In theory we do this by making bins narrower, but 

this leads to high statistical error

- Particular issue in high dimensional analyses, with 

binning in multiple variables

→ pμ > 200 MeV
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Fine-binned efficiency correction
Second option - unfold using fine binning scheme for efficiency corrections

Ensures that  is as flat as possible within bins, reducing model dependence and yielding 
correct error coverage

But statistical errors are very high as a result…

ϵi

6

Mikael Kuusela, Introduction to Unfolding: A Statistician’s Perspective, PHYSTAT-nu 2019, CERN
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Mikael Kuusela, Introduction to Unfolding: A Statistician’s Perspective, PHYSTAT-nu 2019, CERN

Fine-binned efficiency correction
…so then we integrate into wider bins, keeping track of correlations

Maintains correct error coverage, but reduces statistical error to a reasonable level

Let’s see how we can apply this to a high-dimensional analysis



Sam Jenkins (University of Liverpool)

 cross sectionνμCC1π+

Measuring  cross section on both hydrocarbon and water (ratio 3:1 
in ND280)

Using three different sources of pions, covering different regions of kinematics:

- TPC pions (higher energy, forward going)

- Michel electron tagged pions (low energy, all angles)

- FGD pions (mid-energy, high-angle)


Aiming to make (statistically limited) measurement in 4D 



Then project result down to pion kinematics

νμCC1π+

(pμ, cos θμ, pπ, cos θπ)

8

Topology diagram made using 
illustrations from HiggsTan (Yuki 

Akimoto)

TPC sample ME sample FGD sample

FGD FGDTPC TPC TPC
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Phase space constraints
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Fine binning scheme in 4D
Not an easy thing to construct - each 1D distribution implicitly integrates over all 
other variables, which is what we want to avoid

Start with 2D efficiency in muon kinematics, place coarse bin edges:

- 


- 


-

cos θμ : 0.3 − 0.6 → pμ = [200, 30000]
cos θμ : 0.6 − 0.85 → pμ = [200, 600, 30000]
cos θμ : 0.85 − 1.0 → pμ = [200, 600, 1200, 30000]

10

In each slice, check 2D efficiency in pion 
kinematics and place bin edges

Results in 4 OOPS + 56 in PS bins per target 
(CH and H2O)  120 total

Run the fit, then calculate cross sections 
(throwing toys from post fit values) with fine 
binned efficiency corrections and see what we 
get…
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2D collapsed xsec

Extracting in a fine 4D scheme allows us to perform 
efficiency corrections in a model independent way

- Also provides a 4D result we can feasibly use 

(albeit with high stat. error)

Collapsing to 2D in pion kinematics after extraction 
maintains the model independence, but gives 
reduction in stat. error

Can collapse down to any number of dimensions 
less than 4, binning scheme permitting
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But wait, there’s more!
Fitting and performing efficiency corrections in fine binning before integrating to the 
desired result is clearly advantageous in terms of error coverage and avoiding model 
bias

But it can also sometimes give us more information than we would otherwise get

- When integrating wider bins, we keep track of the correlations between them


Efficiency corrections in D performed using a single set of toy throws

Separately integrate down to a single variable (  ), and then a different one 
(  )

We have results in 2 variables, plus the correlations between those 2!

N > 1
pπ

cos θπ
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Things to be mindful of
Still not a perfect approach

Low statistics in the full 4D binning scheme can cause us to run into additional issues

Have to be careful about bins with 0 events - in data this is okay, but 0 predicted events 
will cause issues

- Aim for ~10 events as a minimum in a bin as a general rule


Potential to obtain negative best fit results (when template parameters are negative)

- Non-physical, but as long as the error bar covers 0 this is numerically okay

- Combining bins after can deal with this


Requires fitting with a large number of parameters, which can lead to technical issues in 
running the fit

- My analysis has a total 757 parameters

- More parameters = slower fits - have to optimise as best we can

- Can cause numerical instability in calculating covariance matrix
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Conclusions
The way we perform efficiency corrections in cross section analyses has to be carefully 
considered

- Particularly when performing analyses in multiple variables


Apply phase space constraints, limiting to regions we know we can measure

Perform fit and extract cross section using a fine binning scheme, then integrate down 
to wider bins/lower dimensions to reduce statistical error

If the same sets of toys are used, we also get correlations between measurements at 
lower dimensions
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Backup
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