
20+ Years of
1-6 August 2018 


XIII'th Quark Confinement and the Hadron Spectrum


A. Read (U. Oslo)

�1

CLs

https://indico.cern.ch/event/648004/
http://www.mn.uio.no/fysikk/english/people/aca/read/index.html
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2 main limit approaches
Bayesian: probabilty(theory|data) 
- well-defined accounting for beliefs 
- prior-probability for the theory must be given  
- prior-dependence should be studied


Frequentist/classical - probability(data|theory) 
- says nothing about probability of theory  
- typically used in HEP to report experimental 
   results “objectively” (as possible)  
- can lead to subset of individual results which are  
   obviously wrong but consistent with methodology
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Bayes vs. freq.
In many data-dominated situations hardly any difference in 
reported results, eg. MZ=91.1876±0.0021 GeV


But interp. not the same!  
1) P(|MZ-91.1876|<0.0021)=68% 
2) 68% of such intervals contain the true MZ


Small data samples, physical boundries typically lead to 
differences


Doing both analyses and studying the differences can give 
insights 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Counting experiment
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L(n|µs+ b) =
e�(µs+b)(µs+ b)n

n!

Likelihood ratio of  
marked Poissons and

combined channels
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Brief (!) history of HEP-limits
O. Helene (1983) - Bayesian limit with 
flat prior on signal for counting expt.


G. Zech (1988) - frequentist 
interpretation of Helene 


A. Read (1997) - rederived Zech 
from likelihood ratio and “background 
conditioning”; CLS ≈ “confidence in 
the signal-only hypothesis”


Feldman and Cousins (1998) - auto 2-
sided frequentist confidence intervals 
- “coverage is king” (but tests 
signal+background hypothesis)


Birnbaum (1961!) - concept of 
statistical evidence resembles CLS - 
discovered in literature by O. Vitells
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http://www.sciencedirect.com/science/article/pii/016890028990795X
http://prd.aps.org/abstract/PRD/v57/i7/p3873_1
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Origins of CLs
Almost background-less Higgs searches at LEP1,  
many different statistical treatments, combination  
not obvious, LEP2 data was coming


I proposed simple LR, frequentist approach,  
combination simply adding channels to LR


Exclusion with CLS, invented to 


Deal robustly with deficits


Adding low-sensitivity channels gives marginal 
improvement to overall sensitivity


Increasing uncertainty doesn’t improve sensitivity


Prepared discovery with CLb, never got to ML for 
measurement


Cousins&Highland (hybrid Bayes-frequentist 
treatment) for (generally small) systematics 
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http://iopscience.iop.org/0954-3899/28/10/313/
http://www.sciencedirect.com/science/article/pii/0168900292907945
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First presentation of 
QLEP and CLS  
(to DELPHI)
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http://delphiwww.cern.ch/pubxx/delnote/public/
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CLs
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CLs+b
1-CLb

http://iopscience.iop.org/0954-3899/28/10/313/
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LEP combinations
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Natural combination of channels, extension to 
discriminant (or counting) per channel


Learned later Obraztsov (DELPHI 1992), L3 people 
proposed similar likelihood but Bayesian integration of 
likelihood (implicit uniform prior).


At LEP eventually 4 experiments, O(10) center of mass 
energies, O(8) search topologies/channels combined

http://www.sciencedirect.com/science/article/pii/016890029290925T


QCHS 2018 A. Read, U. Oslo�10

�2 ln
L(µ, ✓̃)

L(0, ✓̃)

�2 ln
L(µ, ˆ̂✓)

L(0, ✓̂)

�2 ln
L(µ(0), ˆ̂✓)

L(µ̂, ✓̂)

Test statistic
Nuisance  

parameters 
in LR

Randomized 
in toys

Sampling of 
test statistic

QLEP Fixed by MC Nuisance 
parameters

Hybrid 
Bayes-

frequentist

QTev Profiled Nuisance 
parameters

Hybrid 
Bayes-

frequentist
“LHC”

qµ (q0)  Profiled External 

constraints Frequentist

LR from LEP to Tevatron to LHC
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QLEP (QTeV w/o nuisances)
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} qLEP/TeV = qµ � q0
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Profile likelihood (MINUIT)
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http://xxx.lanl.gov/abs/physics/0403059
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Curiousity: PL considered at LEP times

I abandoned it to avoid 2-sided intervals 
(Feldman&Cousins!) - don’t want to exclude if there is 
a nice fat excess!


~10 years later CCGV elegant solution: 

�13

http://arxiv.org/pdf/1007.1727v2.pdf
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AA - Asymptotics and Asimov dataset

�14

http://arxiv.org/abs/1007.1727
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AA - Asymptotics and Asimov dataset
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Compact formulae for

both observed results

and expectations (including

fluctuation bands)



QCHS 2018 A. Read, U. Oslo

Curiosity: Precursor to Asimov dataset in LEP 
(DELPHI) Higgs combination code

But unlike CCGV not 
possible to treat 
nuisance parameters
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What about Bayesian methodology 
in LHC Higgs boson searches?

Limits, with flat prior, very consistent with 
CLs limits derived in frequentist framework


No attempt (yet!) to quantify excess at 
125/6 GeV with Bayes factors
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Challenge: Replace CLs?
Proposal of 
“Power-
constrained 
limits" in 2011  
gave CLs a 
second wind
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https://arxiv.org/abs/1105.3166
https://arxiv.org/abs/1105.3166
https://arxiv.org/abs/1105.3166
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Challenge: Discreteness

Discrete test-statistic, small samples and 
frequentist treatment can give unintuitive 
“better than zero” results - anything, like a 
nuisance parameter or additional insensitive 
channel that breaks discreteness ~halves the 
nominal probability of observing a particular 
outcome.
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Study q0 (simpler than   )
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L(ŝ,ˆb)

#

ˆb = b
o
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https://www.slac.stanford.edu/econf/C030908/papers/WEMT003.pdf
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Asymptotics  and exclusion?
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What about    ? 

• Preliminary indication (not my work) is that 
profiling for n=0 (i.e. n<s+b) can lead to upper 
limits below “gold standard” of 3 events.

σs
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Summary

CLs for limits is despised by both professional 
Bayesians and Frequentsists


It has a lot of nice properties, not the least 
important of which is robustness


It survived, to my surprise, a direct challenge 
just before the Higgs boson discovery


Interesting features and questions still pop up 
in this tiny, almost dataless, corner of statistics
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