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Sales pitch of the talk

❖  Not enough information to construct a 
reliable likelihood


❖ How can we improve the accuracy of the 
simplified likelihoods?


❖ Full likelihoods can become computationally 
intensive; can we simplify them without 
sacrifice? (Spoiler alert: ML!)


❖ There are many different software to test 
hypotheses; how can we combine them?
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What are we overcoming here? 

Spey



❖ Introduction


❖ (Better) simplified likelihoods


❖ Including existing packages


❖ Combining likelihoods


❖ Conclusion

Outline
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Spey



Introduction



ATL-PHYS-PUB-2019-029
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Why important?

• The mathematical description of the analysis 
is provided within its statistical model.

• A likelihood enables the standard statistical 
approaches to extract information.

• i.e. how reasonably aligned the theoretical 
predictions with the experimental 
observations?

Simplified likelihoods 
from CMS

CMS-NOTE-2017-001

Full likelihoods 
from ATLAS

Statistical Models
ATLAS SUSY and Exotics workshop
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Spey interface

Sp
ey

 p
lu

g-
in

Spey demystified
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ℒ(μ, θ)

Origin: doesn’t matter! Compute 
p-values

Generate 
samples

Exclusion limits,  
analysis, POI upper 

limits…

χ2

Combine

ℒ(μ, θ)

$ pip install spey



(Better) Simplified 
Likelihoods



Simplified likelihoods
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ℒ(μ, θ) = [ ∏
i∈bins

Poiss (ni |μni
s + ni

b + θiσi
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186 signal regions!

CMS-SUS-19-006

CMS-NOTE-2017-001
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Simplified likelihoods
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ℒ(μ, θ) = [ ∏
i∈bins

Poiss (ni |μni
s + ni

b + θiσi
b)] ⋅ 𝒩 (θ |0,ρ)

CMS-SUS-19-006
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Recast by 
MadAnalysis 5

186 signal 
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Simplified likelihoods: third moment expansion
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ℒ(μ, θ) = [ ∏
i∈bins

Poiss (ni |μni
s + n̄i

b + Aiθi + Ciθ2
i )] ⋅ 𝒩 (θ |0,ρ̄)

CMS-SUS-19-006

Buckley, Citron, Fichet, Kraml, 
Waltenberger, Wardle; JHEP ‘18

the central value of the background

the effective sigma of the background uncertainty

asymmetry of the background uncertainty

n̄i
b :=

Ai :=
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See Sabine’s talk 

fro
m yesterday! Recast by 

MadAnalysis 5

186 signal 
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Simplified likelihoods: effective sigma
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ℒ(μ, θ) = [ ∏
i∈bins

Poiss (ni |μni
s + ni

b + θiσi
eff(θi))] ⋅ 𝒩 (θ |0,ρ)

CMS-SUS-19-006
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i σ−
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i )(θi − ni

b)

Barlow, ‘04

1.50 1.75 2.00 2.25 2.50
mg̃ [TeV]

0

500

1000

1500

2000

2500

3000

m
¬̃

0 1
[G

eV
]

mg̃ < m ¬̃0
1
+ 2 £ mt

CMS–SUS–19–006
p

s = 13 TeV, 137 fb°1, 95% CL, @ NNLOapprox. + NNLL

pp ! g̃g̃ , g̃ ! tt̄¬̃0
1

CMS expected limit (±1æexp)

Spey°aposteriori expected limit
with correlated background model (±1æexp)

Spey°aposteriori expected limit
with third moment expansion (±1æexp)

Spey°aposteriori expected limit
with eÆective sigma (±1æexp)

Recast by 
MadAnalysis 5
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Simplified likelihoods: effective sigma
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ℒ(μ, θ) = [ ∏
i∈bins

Poiss (ni |μni
s + ni

b + θiσi
eff(θi))] ⋅ 𝒩 (θ |0,ρ)

σi
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Yield values are 
provided by 

CMS

22 signal 
regions
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Including existing packages



Full likelihoods
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❖ ATLAS shares HistFactory-like JSON files to form full 
profile likelihoods. 


❖ Each file includes detailed information on 
backgrounds and corresponding nuisance 
parameters.

ATL-PHYS-PUB-2019-029

Full likelihoods 
from ATLAS

$ pip install spey-pyhf

See Krzysztof & 

Sabine’s talk from 

yesterday!

No need to reinvent the wheel!
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Full likelihoods
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$ pip install spey-pyhf
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ATLAS–SUSY–2018–31
p

s = 13 TeV, 139 fb°1, 95% CL, @ NNLOapprox. + NNLL

b̃1b̃1 production ; b̃1 ! b ¬̃0
2 ! b H ¬̃0

1 ; (m¬̃0
1
= 60 GeV)

ATLAS expected limit (±1æexp)

Spey°aposteriori expected limit (±1æexp)
with best full statistical model

Spey°aposteriori expected limit (±1æexp)
with combined full statistical model
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<
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Full likelihoods include all the 
necessary information to mix and 

match nuisance parameters to 
combine them!

This analysis comes 
with three different 

super regions!

Recast by 
MadAnalysis 5



Combining likelihoods



An MSSM example with TACO

Jack Y. Araz - Spey17

pp → b̃1
¯̃b1 and t̃1

¯̃t1

1.1 1.2 1.3 1.4 1.5 1.6
MQ̃3

[TeV]

200

400

600

800

1000

1200

1400

M
2

[G
eV

]

pp ! t̃1
¯̃t1 and b̃1

¯̃b1; m¬̃0
1
= 60 GeV
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CMS–SUS–19–006 : AGGRSR7

Spey°expected limit (±1æexp)
with best signal region

Spey°expected limit (±1æexp)
with path finder combination

JYA, Buckley, Fuks, Reyes, 
Waltenberger, Williamson, 

Yellen; SciPost ‘22
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CMS–SUS–19–006 : AGGRSR7

Spey°expected limit (±1æexp)
with best signal region

Spey°expected limit (±1æexp)
with path finder combination

Combine non-overlapping 
regions to avoid correlations

Recast by 
MadAnalysis 5
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An MSSM example

Jack Y. Araz - Spey18
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p
s = 13 TeV, 95% CL

pp ! t̃1
¯̃t1 and b̃1
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= 60 GeV

ATLAS © CMS

CMS–SUS–19–006 :

Spey°expected limit (±1æexp)
with eÆective sigma

ATLAS–SUSY–2018–31 :

Spey°expected limit (±1æexp)
with full statistical model

ℒ′￼ = ℒATLAS ⊕ ℒCMS
Full likelihood Simplified likelihood with 

effective sigma model

Assumes that likelihoods 
are not correlated !!

pp → g̃g̃ → tt̄χ̃0
1

Original analysis:

pp → b̃1
¯̃b1( → bhχ̃0

2)

A combination of analyses, rather than 
regions, contains much more information! Recast by 

MadAnalysis 5



Conclusion



Conclusion

❖ Choosing the correct likelihood is as 
crucial as proper recast implementation!


❖ Spey acts as a hub for various likelihood 
implementations for hypothesis testing.


❖ The ability to study likelihoods in a 
backend-agnostic way opens up various 
possibilities, such as combinations.


❖ Spey offers an easily expandable plug-in 
system for future likelihood 
implementations.

Jack Y. Araz - Spey20

Smarter simplified 
likelihood 

implementations

Dedicated custom 
likelihoods for other 

experiments

See Nathan’s 
talk after this!

See Humberto’s 
talk on Thursday!

Machine Learned 
likelihoods

Spey online documentation

Spey arXiv:2307.06996 
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