
Everything you ever 
wanted to know 
about the Full Event 
Interpretation 

But half of it is lies

Peter Lewis | University of Bonn
1 Dec 2022  
Belle II Physics week | Valencia



2

Two parts:

2

I. Pleasing lies
A. Why?

B. Basic introduction

C. Usage

II. Hard truths 
A. Uncovering the lies

B. Tagging logic

C. A few hard truths

D. How to use the FEI safely

2

Keep your eyes out! 
Can you spot them?

This talk
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This talk
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So you’re looking for B → something… but:

44

Is the event BB?

Which particles belongs to 
which B?

What frames are the B’s in?
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A solution?

55

Is the event BB?

Which particles belongs to 
which B?

What frames are the B’s in?

→ Reconstruct one B 
explicitly… solves everything!

…but…
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…there are a lot of B decay channels:

𝒪(1000) B decays ⊗ 𝒪(100) D decays

→ 𝒪(105) possible channels

That’s ok, we have computers! Should be no 
problem…

…but first let’s agree on some metrics and 
objectives for such a “tagging” algorithm
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Tagging metrics and objectives:

● High efficiency: fraction of events with a 
“good” tag

● High purity: fraction of identified tags that are 
“good”

● Good kinematic information (minimize 
missing/fake)

The FEI is an algorithm specifically designed to 
maximize these things, with two flavors…

A schematic view of an event with 4 
tag candidates
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Hadronic tagging

● Very low efficiency: 𝒪(10−3)
● Very high purity
● Excellent kinematic information

Semileptonic tagging

● Fairly low efficiency 𝒪(10−2)
● Fairly high purity
● Fair kinematic information

The two flavors of FEI
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Basic introduction: what is it?
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Hierarchical reconstruction…

𝒪(104) B total decay chains

Uses machine learning: over 200 BDTs 
(Boosted Decision Trees) trained on 
simulated BB data

Outputs:

● List of tag candidates (each in a 
specific B decay cascade)

● A “signal probability” for each…
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Signal Probability
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𝒫
tag

 rates confidence that the tag is “good” 

Full-chain classifier

Enhance purity via a selection…

log
10

(𝒫
tag

) 

Higher confidence

Good tags

Bad tags
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Signal Probability

There are other ways to purify your tags…

Increasing 𝒫
tag  selections
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Measures of kinematic consistency:

For good hadronic tags:

● Beam-constrained mass M
bc

~m
B
 

● Energy difference ΔE ~0 

For good semileptonic tags:

● cosθ
BY
∈[−1,1] 

But what you get more than one tag candidate in an 
event?

J. Grumke

https://docs.belle2.org/record/2636/files/BELLE2-MTHESIS-2021-075.pdf
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Best tag selection (BTS)
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Can be helpful to select the “best” 
tag candidate in each event

Typically: highest 𝒫
tag 

in an 
event… 

…after other selections.

Try to select this as often as possible

Discard as many of these as possible
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Training
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Typically, you do not train the FEI yourself

FEI training weights are magically* 
uploaded to the conditions database 

*a.k.a. William Sutcliffe, but it could be 
you!!  

FEI is trained and validated and waiting for 
you to use…

No picture to show here, so I’ll just 
invite you to brainstorm at 3pm

https://b2-master.belle2.org/software/development/sphinx/analysis/doc/FullEventInterpretation.html#fei-and-the-conditions-database
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In basf2
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Load the FEI

Get the tag list you want:
B+:generic
B0:generic
B+:semileptonic
B0:semileptonic

Get the variables you want:
Mbc → M

bc
deltaE → ΔE
extraInfo(SignalProbability) → 𝒫

tag
 

extraInfo(decayModeID)
cosThetaBetweenParticleAndNominalB → cosθ

BY

Hadronic tag candidates

Semileptonic tag candidates

https://b2-master.belle2.org/software/development/sphinx/analysis/doc/FullEventInterpretation.html#applying-the-fei
https://docs.belle2.org/record/2711/files/BELLE2-NOTE-TE-2021-026.pdf
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Skims
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Save electrons and only run over FEI skims

Subset of all events pre-identified with FEI tag candidates

Access skims on the NAF and bypass the Grid!

https://confluence.desy.de/display/BI/Skim+main+page
https://confluence.desy.de/display/BI/Belle+II+MC+at+DESY#BelleIIMCatDESY-FEI
https://confluence.desy.de/display/BI/Skim+Production+Status
https://confluence.desy.de/display/BI/Skim+Production+Status
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In analysis
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So you have your tags… what do you do now?

1. Build your signal-side B candidate
2. Combine tag and signal Bs to make 𝛶(4S) 

candidates

FEI efficiency 𝜖
FEI

 enters in one of two ways:

● BF(signal): 𝜖
total

 = 𝜖
FEI

 * 𝜖
sig

● BF(signal)/BF(normalization): FEI efficiency 
cancels

But FEI is trained on MC: 𝜖
FEI 

needs a calibration…
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Calibration

2020

Measure known decay in FEI-tagged 
events

Calibration factors are data/MC 
ratios of signal yield

To use: correct simulated FEI 
efficiency with the calibration factor

SL FEI calibration with B → X l nu

https://docs.belle2.org/record/2421/files/BELLE2-NOTE-PH-2021-029_v5.pdf?version=1
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Calibration
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The current official calibration…

https://indico.belle2.org/event/6872/contributions/37447/attachments/17127/25504/FEIperformance_B2GM.pdf
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…and that’s all you need to know about the FEI! …
An obvious lie
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Half truths: these are completely 
inadequate definitions that hide 

some extremely important points  
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Misleading name: this isn’t a 
probability  
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Lies!
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Lie

The very concept of “the” FEI 
calibration is a lie!  

Oversimplification

But first let’s think harder about what the FEI does… 
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With BTS, one per event 
here but not here
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343434Now we are prepared to understand the lies…
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363636What exactly do we mean by “good tag” and “efficiency”?

Let’s address these lies one-by-one…
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isSignal?

Very easy…

…but often too strict…

…is it really a “bad tag” if all the FSPs are 
correct?

…how about “the peaking stuff”?

What is a “good tag”?

Everything that peaks here 
should be a good tag!
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“The peaking stuff”

For example: fit M
bc

 with Argus+Crystal Ball

Yield of CB is good tag yield

But: we can’t identify a given candidate as a good 
or bad tag--we just know yields

Can we do a better job with truth-matching?

What is a “good tag”?
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A definition I like:

mcPDG(Btag) is B (no sig particles in tag), and

All B daughters are in tag

Regardless, consider:

Tag efficiency depends on your definition

The calibration factor might too!

What is a “good tag”?
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Lies!
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Consider the combination stage

The tag/sig combinations are not random… and depend on a lot of factors

(?)

This is not what we usually define 
as the signal

This is



424242

There is no such thing as the FEI efficiency…

There is only 𝜖
total

…

…and it depends on what happens in the 
tag-signal combination so…

…only if you are lucky!

What factors affect this? This is pure MC!
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Consider multiplicity

Low multiplicity → fewer wrong tag 
candidates → fewer entanglement 
opportunities

But other things can matter… theses to be 
written!

Things only get worse if you don’t do BTS…

Signal-side multiplicity

Fewer bad tags → 
higher BTS efficiency
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Skip best tag selection?

Try this:

Select no best tag

Throw all tags together with sigs

Perform a selection on the 𝛶(4S) or sig

We have now multiplied the problem!

Same problem if you select best tag after 
building combinations! 

…but isn’t this effect modeled in simulation?

Way more of these!
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Yes, this is simulated, but…

What if the signal-side efficiency 
dependence is mismodeled?

Check decay mode ID distribution:

It’s ok if it’s mismodeled…

…as long as it’s not differentially 
mismodeled in your signal 
categories

If this test applies to your analysis, you should do it…
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But, can you come up with something better?

We have one last lie…
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Lie

We now know that it is not possible to disentangle sig/tag efficiency, so a 
calibration may only be valid for the mode it is calibrated on (!)

Oversimplification

…but calibration is still very important
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Several groups calibrating in orthogonal 
ways

Should learn a lot about signal-side 
dependencies

It’s important that these calibrations are 
tag mode-dependent

Current official calibration is not

Calibrations

If we are very lucky, all calibrations will agree… (but two early SL calibration efforts 
already don’t)
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Worse than lies! 
Personal opinion…
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WARNING:
MY PERSONAL 
OPINION

…until we have official usage guidelines from the task force…

(only vaguely 
scientific)
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1. (measure a ratio if you can)
2. Start with FEI skim
3. Build your tag list first

a. Apply standardized tag selections* [if you are using calibration, you must 
match its selections. If not, it still may be a good idea.]

b. Apply best tag selection via 𝒫
tag

 [this does not solve tag/sig entanglement, 
but I believe that it minimizes it]

4. Build signal side and combine with tags
a. Good tag definition must match calibration if using it [probably: isSignal!]

5. Always check for differential mismodeling in decayModeIDs…

 *[Request for task force: provide FEI skims at multiple working points with official tag 
reconstruction, selection, and BTS]

Recommended procedure
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Two complementary paths:

1. Improve/calibrate/validate/characterize FEI 
as-built
a. Understand mismodeling → fix it
b. Develop usage guidelines, standardizations, 

and skims
c. Quantify signal-side dependencies
d. … (see brainstorming session)

2. Rethink, from the beginning, our fundamental 
assumptions and approach to tagging

Interested in helping?

A large amount of critical ongoing work. 
See: the task force. 

Me, screaming into the void. You could 
too!
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The FEI is awesome…

…but it’s not magic. You still have to think.

Conclusion


