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Some slides taken from Tucker’s talk at PhyStat-LHC



Two Problems in HEP, Gamma-Ray Astro, etc.
In both n events observed from Poisson process with meanIn both, non events observed from Poisson process with mean 
μs + μb: signal mean μs is of interest, background mean μb is 
estimated in subsidiary measurement.
1) On/off (sideband) problem:
GRA: non photons detected with 
telescope on-source;telescope on source;
noff photons detected with telescope off 
source;
ratio of observing time (off/on) is τratio of observing time (off/on) is τ
(precisely known).
Is the data consistent with no source?

HEP: non events detected in signal region;
noff events detected in sideband region;
ratio of expected events if there is only 
background (sideband/signal) is τ
(precisely known).

K C Ph St t LHCIs the data consistent with no signal? K. Cranmer,  PhyStat-LHC
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Two Problems in HEP, Gamma-Ray Astro, etc.
In both n events observed from Poisson process with meanIn both, non events observed from Poisson process with mean 
μs + μb: signal mean μs is of interest, background mean μb is 
estimated in subsidiary measurement.
2) Gaussian-mean background problem: subsidiary 

measurement of μb has normal (Gaussian) uncertainty 
with rms σb (precisely known, either absolutely orwith rms σb (precisely known, either absolutely or 
relatively).
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Correspondence between the two problems

As detailed by Linnemann at PhyStat 2003, correspondence 
between on/off problems and Gaussian mean problems:   

For on/off, estimate of mean background in signal region is

(Rough) uncertainty on this estimate is
Combining to eliminate n:

This correspondence, while rough, suggests that a recipe 
designed for one problem can be applied to the otherdesigned for one problem can be applied to the other 
problem, and performance studied: Given (noff, τ), use 
above to get corresponding (μb, σb) and vice versa.b b
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PhyStat 2003 at SLAC: List of methods and key points re binomial sol’n of on/off

Key talks at past PhyStats
PhyStat 2003 at SLAC: List of methods and key points re binomial sol’n of on/off

Ph St t 2005 t O f d C iti l l k t i t ti t t i t i b k dPhyStat 2005 at Oxford: Critical look at integrating out uncertainty in background
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ZBi: Binomial Solution to on/off problem 

Discussed by Linnemann at PhyStat 2003 and a (very few) 
f h i b h dl dreferences therein, but hardly ever used.

Null hypothesis H0: signal mean μs is zero.
K i t E i l t t f l t H th ti fKey point: Equivalent way to formulate H0: the ratio of 

Poisson means in the sideband region and the signal 
region is τ (i.e., the ratio expected for pure background).g ( , p p g )

Then: hypothesis test for ratio of Poisson means has 
standard frequentist solution, expressed in terms of 
bi i l b biliti il bl i ROOTbinomial probabilities, available in ROOT.

One ROOT line to get p-value, one line to convert to 
equivalent number of standard deviations (Z-value)equivalent number of standard deviations (Z value)
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ROOT implementation for non = 140, noff = 100, τ = 1.2:p on off

By construction, ZBi never under-covers.  However, due to y Bi
discreteness of n, it over-covers, especially at small n.
Amazingly, the same numerical answer is obtained in a 
B i th d i G f ti df f thBayesian method using a Gamma-function pdf for the 
background mean, as advocated by Linnemann at 
(pre)PhyStat 2000 FNAL Confidence Limits workshop(pre)PhyStat 2000, FNAL Confidence Limits workshop.
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Recipes for Gaussian-mean background problem

N.B. one needs to specify whether the experimenter knows 
the absolute Gaussian uncertainty σ or the relativethe absolute Gaussian uncertainty σb or the relative 
uncertainty σb / μb.

Then it is common in HEP to integrate out the nuisance g
parameter (unknown background mean) in an otherwise 
frequentist calculation (in some cases citing Cousins and 
Highland 1992, who integrated out an unknown g , g
luminosity).  This Z-value is denoted by ZN (N for normal).

In fact this was the recommendation out of the CMS Higgs 
group for the Physics TDR adopted by CMS asgroup for the Physics TDR, adopted by CMS, as 
presented in a poster at PhyStat 2005 by Bityukov, 
“Program for evaluation of the significance confidence 
intervals and limits by direct probabilities calculations ”intervals and limits by direct probabilities calculations.

But!  Frequentist coverage not guaranteed, and Cranmer 
gave examples at PhyStat 2005 where it was poor.
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Integrating out nuisance parameters
Poisson probability for non or more background events:

Weighted average over pdf for background mean:

If pdf for μb is Gaussian, leads to pN, ZN.

If pdf for μb is Gamma function (flat prior times likelihood 
function from Poisson sideband observation of noff), leads to 
p ZpΓ, ZΓ
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Profile Likelihood
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Scan of coverage for the three main recipes applied 
to the two problems when no signalto the two problems, when no signal.

For each recipe and each problem:
• Fix true background mean μb and the other experimental 

setup parameter (off/on ratio τ, or relative f = σb / μb ).
• Choose a “claimed” Z-value such as 1.28, 3, or 5.
• Calculate frequency, in absence of signal, that claimed Z 

is exceeded for an ensemble of experiments with chosen 
true background mean.  Convert to “true” Z-value.

F t ti l i d Z’ t i 2D l tFor representative claimed Z’s, our paper contains 2D plots 
of true Z-value, as function of μb and the other 
experimental setup parameterexperimental setup parameter.
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ZBi applied to the on/off problem with 
claimed Z=1 28claimed Z=1.28

ΔZ = Ztrue - Zclaim
ΔZ = Ztrue - Zclaim

(blowup of left plot)(blowup of left plot)

ΔZ ≥ 0 always, noticeably so for small n.
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ZN applied to the on/off problem with 
claimed Z=1 28claimed Z=1.28
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ZPL applied to the on/off problem with 
claimed Z=1 28claimed Z=1.28
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ZBi applied to the on/off problem with 
claimed Z=5
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ZN applied to the on/off problem with 
claimed Z=5
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ZPL applied to the on/off problem with 
claimed Z=5
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ZBi applied to the Gaussian-mean 
background problem (relative σ ) withbackground problem (relative σb) with 

claimed Z=5

f = σb / μb
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Summary and Conclusions

Sorry, ran out of time.  See paper!
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