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Personal Motivation 

• Both ORCA and PINGU use fixed true values for most 

parameters (except DM2 and solar pars. for ORCA) 

• This is ok, but in principle depends on what values are 

chosen from true parameter space  
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Backhouse (NOvA) 
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Backhouse (NOvA) 
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• Could not find satisfactory way to achieve proper 

coverage using a toy model inspired by nue appearance 
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My Toy Model 
• Two bins: 

– Signal bin affected by par. of interest (t) and nuisance par. (s) 

– Sideband bin only affected by nuisance parameter (s) 

• Three fitting approaches: 

– No Fit: Only look at signal bin and don’t fit nuisance parameter 

– Fit Signal: Only look at signal bin and fit nuisance parameter 

– Fit Both: Look at both signal an sideband and fit nuisance par. 
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Hypothesis Testing 
• Defined two hypothesis: H0 (t = 0) and H1 (t = 15%) 

• What should we expect? 

– Stat. Significance:  3s  (uncertainty is 5%) 

– Stat. + Nuis. Significance:  2s  (uncertainty is 7.5%) 

– Stat. +Nuis w/ Sideband:  2.5s  (uncertainty is 6%) 
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Test Statistic 
• Don’t fluctuate nuisance: 

– 3s for signal bin only 

– Independent of fitting nuisance 

 

– Worse significance w/ sideband 

– Not expected 2.5s significance 
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Test Statistic 
• Fluctuate nuisance: 

– 2s for signal bin only 

– Independent of fitting nuisance 

 

– Better significance w/ sideband 

– Expected 2.5s significance 

– Same median values 
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When does it matter? 
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• Sideband is relevant if it reduces nuisance uncertainty 

• If sideband fits nuisance very well, not fluctuating may be ok 

• However, no reason to not fluctuate since TS distribution 

should be identical for significance to match  



Except… 
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Bob Cousins 
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Summary 

• Lots of very interesting material from both the Tokyo and 

Fermilab organised PhysStat-nu workshops 
• https://indico.fnal.gov/conferenceDisplay.py?confId=11906 

• http://indico.ipmu.jp/indico/internalPage.py?pageId=1&confId=82 (Broken?) 

• Tokyo workshop has a live summary document: 
• http://www.hep.ph.ic.ac.uk/~yoshiu/PhyStat-nu-IPMU-2016-Summary-Draft/ 

 

• General consensus: 
• p-value (sigma) is not good enough to inform us 

• Experiments should report both Frequentist and Bayesian results 

• When using Bayesian method, must explore sensitivity to priors 
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Summary 

• MH, CPV, q23 oct., all introduce violations of Wilk’s theorem. 

 

• No clear answer on best practices for treating as nuis. pars. 

 

• My toy model says we should sample random true values 

in order to obtain correct sensitivities 

 

• Also some discussion on conditioning frequentist method 

 

• No guaranteed coverage, but not all statisticians care 

(Bayesians) 

1 Oct 2016 



13 

Backup Slides 
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Toy Model Concept 
• MH sensitivity is limited to small regions of qz and E 

• Other parameters, e.g. dCP, affect different regions 

• Two bins: 

– Signal bin affected by par. of interest (MH) and nuisance par. (dCP) 

– Sideband bin only affected by nuisance parameter (dCP) 

– Sideband can be used to reduce impact of dCP  (in principle) 

NMH Sensitivity dCP Sensitivity 

Sideband 
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Some Nice Numbers 
• Choose some nice properties: 

– Set signal bin to 400 events (5% Stat. Uncertainty) 

– Set nuisance uncertainty to 5.6% (7.5% Stat. + Nuis. Uncertainty) 

– Sideband size controls precision to measure nuisance par. 

– This example has sideband uncertainty at 4.1% 

– Reduces to 6% Stat. + Nuis. Uncertainty 
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Feldman-Cousins 
• Need to interpret value of Dc2 at each value of t 

1. Define a procedure to use in data 

• Count number of events 

• Choose a fitting method, e.g. fit nuisance in signal and sideband bins 

• Compute Dc2 at a particular point in par. of interest space 

2. Simulate N experiments of possible results you might get 

• Gaussian or Poisson statistics 

• Different experimental setups (some systematics) 

• Different possible worlds (vary physics parameters) 

3. Count experiments that correspond to certain results 

• Use same procedure as defined for data 

• How many experiments have Dc2 < Y? 

• What value of Y contains 90% of the experiments? (or 68%, 95% ...) 

4. Interpret likelihood of getting the observed data 

1 Oct 2016 



Fluctuate or Not? 
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• E.g. : No nuisance fit 

• Fix nuisance value: 

– No impact from nuisance 

– Expect statistics only result 

– 1s C.L. at familiar Dc2 = 1 

 

 

• Fluctuate nuisance value: 

– Assume gaussian prior 

– Effect is to increase typical 

value of Dc2 

– 1s C.L. moves to Dc2 ~ 2.25 



Fluctuate or Not? 
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• As expected, not fluctuating nuisance leads to parameter of 

interest being constrained to 5% (Stat. Uncertainty) 

• When fluctuating, we get the expected 7.5% (Stat. + Nuis.) 



Fluctuate or Not? 
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• Fitting for the nuisance parameter in signal bin only doesn’t 

change the situation 

• Single bin can’t distinguish it from the parameter of interest 



Fluctuate or Not? 

1 Oct 2016 20 

• Fitting in both bins does improve the precision 

• Whether to fluctuate has smaller impact, but not zero 

• Should depend on how well we measure sideband 
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Xiao-Li Meng 
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Xiao-Li Meng 
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Steve Biller 
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