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Statistics	computations	needed	in	CEPC
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Ø Signal	Significance	:	discovery	
Ø Exclusion	:		limit	setting	(95%	CL)
Ø Precision	measurement

Simple	way	to	do	that	:
s/sqrt(b),	s/sqrt(s+b)		sqrt(s+b)/s
Low	statistic	case:	
sqrt(2(s+b)*ln(1+s/b))

Fancy	ways		:
Ø Fit	method	taking	into	account	the	shape	
information,	correlation,
Ø Combined	fit…..
Ø RooFit,	Roostats …..



Number	counting	vs	fitting	method
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Z->mm signal bkg s/b 𝒔 + 𝒃� /𝒔 fit

120-150 23.69 36540 0.0006 807% 242%

120-130 18.60 8802 0.0021 505% 252%

124-130 18.44 5644 0.0032 408% 253%

124-126 13.04 1793 0.0072 326% 241%



1. A	likelihood	L(ϴ)	is	built	:	

2.	A	profile	likelihood	ratio	λ(μ)	(μ signal	strength	:σ▪Br/(σ▪Br)SM)	is	constructed	to	estimate	
the	parameters	of	interest:	

Establish	the	model	and	Likelihood	ratio		

f Shape	info.		
for	the	discriminating
Variables	considered.

μ is	the	test	hypothesis	(μ=0,1	correspond	to	
bkg	/signal+bkg	only	hypothesis)

Sometimes,	complicated	functions	or	sum	of	functions	has	to	choose	to	model	the	shape.	

Fangyi Guo’s talk



KEYS	PDF:	 For	some	more	complicated	function,	Keys	

would	be	another	option.	
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There	is	one	parameter	to	decide	how	much	fluctuation		one	wants	to	pick	it	up	for	the	model.



Discovery	
• Exclude	the	Background-only	
hypothesis.
• Construct	the	test	statistics

• 𝜆 𝜇 ,	in	practice	q(µ) =
− 2ln	(𝜆 𝜇 )

• For	discovery:	exclude	signal	
strength	𝜇=0

• Need	to	know	how	far	away	
− 2 ln 𝜆 1 	from	−2ln	(𝜆 0 )

• Throw	toys	to	do	that.	
• For	expected	one,	use	medium	
value	of	−2 ln 𝜆 1 	to	compute.

• Integrate	the	tail	of	bkg-only	
hypothesis	curve		(p-value)	and	
convert	it	into	significance.	
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− ln 𝜆(𝜇 )	



Exclusion
• Exclude	the	Signal+Background
hypothesis.
• Construct	the	test	statistics

• 	q(µ) = −2ln	(𝜆 𝜇 )
• For	exclusion:	exclude	signal	
strength	𝜇=X
• Need	to	know	how	far	away	
− 2 ln 𝜆 0 	from	−2ln	(𝜆 𝑋 )
• Throw	toys	to	do	that.	
• For	expected	one,	use	medium	
value	of	−2 ln 𝜆 0 	to	compute.
• Integrate	the	tail	of	Signal+bkg
hypothesis	curve		and	convert	it	
into	95%	CL.	
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Precision	measurement
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-Δμ +Δμ

Ø One	can	scan	μ (Minuit)	and	the	error	of	
μ is	the	distance	of	x-axis	between	μ=1	
and	the	point	on	the	curve	
corresponding	to		–log(λ)=	0.5.

Ø The	uncertainty	can	be	incorporated	
into	the	fit.
ü Currently	the	luminosity	uncertainty,	

xsection from	direct	measurement	
are	considered.	

Ø Technically,	just	one	S+B	fit	on	data	to	
extract	Δμ from	Minos



MC	toys
• As	one	obtain	the	models	for	signal+backgrounds,	one	can	
throw	toys	and	fit	it	(maybe	many	times)	to	test	the	
statistics.	
• Most	reliable,	however	CPU	intensive.	For	example,	one	
needs	1000	CPU	X	one	month	to	reach	5s for	inclusive	
ATLAS	H->gamma	gamma	analysis.	
• Use	Histogram	data
• Asimov	data
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Toys	vs	asymptotical	way
• In	the	case	the	hypothesis	zero	follows	a	Poisson	
distribution,	one	can	compute	the	significance	based	on	
hypothesis	1.	
• Don’t	need	to	throw	huge	toys	to	obtain	a	reasonable	tail.	
• Significance	=	sqrt(−2ln	(𝜆 𝜇 ) for	the	median	one.

• One	can	even	be	more	aggressive	to	generate	one	Asimov	
data	to	serve	as	one	MC	to	obtain	the	significance	of	the	
median	value.	
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Poisson	fit

median



Motivation	of	Asimov	Data
• For	the	simulation	study,	one	will	probably	run	into	the	
following	situation:	
• Only	MC	for	one	experiment	has	been	generated	(samples	with	
Luminosity	5	ab-1 in	our	case)	
• Sometimes	fluctuation	due	to	the	limit	MC	could	be	picked	up	
when	one	estimates	the	expected	sensitivities.	
• Asimov	data	is	equivalent	to	what	is	produced	by	unlimited	MC	
normalized to	expected	luminosity.
• If	we	cannot	reach	the	limit	of	statistics,	we	can	extract	the	
precision	using	Asimov	data	(avoid	the	issue	of	the	limited	MC	
sample	having	some	fluctuation).
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Example:	H->invisible
• fit	range	all	120-150GeV

• Consider	shape;	but	using	generated	data	to	fit;
• Can	be	regarded	as	“one	experiment”	measurement.

• Huge	bkg->	large	fluctuations	could	”create”	some	bump	while	it	is	not	reflected	

in	bkg model.

• Central	value	not	1;
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120-150 signal bkg s/b 𝒔 + 𝒃� /𝒔 Measured µ

Z->ee 12.86 4205 0.003 505% 3.30 ± 481%

Z->mm 23.69 36540 0.0006 807% 3.30 ± 273%

Z->qq 224.41 426540 0.0005 290% 0.88 ± 141%
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Solution:
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Precision

Z->ee 1.0+/-350%
Z->mm 1.0+/-242%
Z->qq 1.0+/-226%

Combined 1.0+/-148%

Ø Build	signal	and	background	models	based	on	the	MC	samples.	
Ø Use	these	models	to	generate	Asimov	data	
Ø Fit	the	models	on	the	Asimov	data	to	obtain	the	expected	measured	precision.

Ø One	can	also	try	toys….
Ø Similar	issues	happened	in	H->bb,cc,gg analyses.	
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From	Roofit to	Roostats
• Based	on	Root,	Roofit provides	easy-adapted	code	to	do	
unbinned/binned	fit,	toy	generation,	model	production	etc…
• Based	on	Roofit,	Roostats provides	friendly	framework		
dedicated	for	the	statistic	tests.	
• Users	follow	the	examples	to	prepare	the	input	files	and	do	
minimal	coding.	
• Widely	used	in	ATLAS/CMS	experiments	for	the	statistical	study.	
• Some	codes	are	integrated	in	the	package,	the	users	may	not	have	
chances	to	dig	into	the	black	box	if	there	is	no	need.	

• If	people	working	on	individual	channels	choose	Roostats
and	prepare	the	workshops,	it	is	very	convenient	to	do	the	
combination.
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Some	Analyses	strategies	in	ATLAS

• The	inclusive	analysis	is	very	simple	:	
• Photon	ID,	Isolation,	Kinematic	cuts	on	
leading/subleading photon.

• Is	there	anything	else	that	we	can	explore?
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H->gamma	gamma	analysis

Divide	different	eta	regions	
for	two	photons

PT of	Higgs	(PTt is	
perpendicular	to	the	
thrust	direction	of	two	
photon)

Conversion	of	the	
photons	



How	to	use	these	information?
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• Instead	of	throwing	away	
events,	we	divide	them	
into	different	categories	
according	different	S/B:	
• PTt
• Conversions
• Resolution	regions
• jets

• The	improvement	of	the	
significance	w.rt.	to	
inclusive	one	is	obvious.

Results	contributed	to	Higgs	discovery



Further	usage	of	the	BDT	outputs
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• Again,	one	example	
from	ATLAS	VBF	H-
>gammagamma
analysis:	
• Instead	of	
implementing	one	cut	
on	the	BDT	output,	we	
divide	them	into	
different	regions,	
optimizing	with	
combined	significance.
• S/sqrt(B)	are	different	
for	2	or	3	BDT	output	
regions.		

optimization	normalized	to	4	fb-1



Categorization	of	events	according	to	their	
final	states	
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Lianliang’s
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