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Issues

@ Background parameterization

@ Look elsewhere, empirical study
@ Uncapping revisited

@ Energy scale systematics revisited

@ Importance sampling
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Parameterized background model
e.g. ATLAS H->Y ¥ search



cafegories of unbinned likelihood
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Various terms in L
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Distinguish signal from spurious signal
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Model tests (on MC)
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9 categories

No CPU time for full
simulation

3 MC generators, don't
expect them to perfectly
reproduce the background
data

Select parameterizations
which can incorporate shape
uncertainty in unconstrained
nuisance parameters without
producing false signals
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Category Function

BG model selection
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e the exponential function
Ne #mn (8.25)

where N and 8 were the fitted parameters — the normalization and slope of
the exponential, respectively;

the exponential polynomial of order n (orders 2 and 3 were used)

Bim!

P
ei=o

(8.26)

where 3; were the fitted parameters. Note that the latter ¢ is not an index,
but the power m.,, is raised to. The normalization, NNV, is described by the
first term, e®;

the Bernstein polynomial of order n (orders 3—7 were used)

ba(t) = Zos (’;) BL—t)n

14 [GeV]—100
where ¢t = Lﬁl—, and where §3; were fitted parameters.
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Residual (unknown!) bias:
Spurious signal term in likelihood

ackground
round + spurious signal

round + spurious signal + signal

' © Harder to discover

Harder to "

Sherpa, Bernsteind, CP7

135 140 145 150

160
mH [GeV]
Myy [GeV)]

Unbiased » Biased
background / / background
model | f model
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Toy study of LEE

SPECIAL ARTICLE - TOOLS FOR EXPERIMENT AND THEORY

E Eilam Gross and Ofer Vitells

® Wanted to verify conclusions of Gross&Vitells Look
elsewhere paper with higher-stats MC.

@ (Illustrates fits, asymptotics, limits of asymptotics)
@ Hypothetical signal is gaussian with fixed width of 0.05

@ Background is mean of 200 events uniformly distributed
between O and 1

LEE Study March 2012 10 A. Read, U. Oslo/LAL


http://www.springerlink.com/content/tw01166x4175l336/
http://www.springerlink.com/content/tw01166x4175l336/

Look-elsewhere effect (LEE)

: M
Ex: 107 searches with 107 background
Expect on the average 1 event with .‘-
local p-value of 107, but this is NOT S G N S WP 2N S
a 5.20 discovery! W

Probability to make a false discovery is
Pn>1b=1)=1—-¢e "(—-1)°/1! =63%
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Trials factor p,9iobal/p local from LEE is
0.63x107

Gross&Vitels: LEE in LLR-based search. p%l = P(g(m) > Z?)
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Want to verify these
with high-statistics at

high significance
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http://www.springerlink.com/content/tw01166x4175l336/
http://www.springerlink.com/content/tw01166x4175l336/
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Fits to background toy

A RooPlot of "mes"
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Six pseudo-experiments
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Extend to 4 0 - need Mfts!

LEE Study March 2012

Fitted mean

11.8/16M toys to
avoid edge effects

— >

16

hmean

Entries
Mean
RMS

1.6e+07
0.5
0.2815
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138 Mhts away from edges

Delta 2NLL for fitted gaussian versus background

dnll_float
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Study of Trials Factor

2 0 3@ 4 O 50
P(g(m) > Z%] 2.2 102 1.3 1073 3.2 105 s
P(4(mm) > Z*] 2.8 107! 23102 | 6.9 10*% g

TF 12.9 17.9 21.5 =
P(x? > 722 3 102 1.3810% |'.32:10°> | 2.9 107
Pixi>2%/2 6.8102 | 5.6103 | 1.710% | 1.9 10

N 3.84 3.92 3.90 :
TF~1+,/2N7 107 15.6 20.5 25.4

Plaii) > 2%) . P(A> 27
PlmyS 22 R B6a > 22)

LEE Study March 2012 18 A. Read, U. Oslo/LAL

fay




TF for 3 O
TF21+\/gNZ

@ With N=3.89, TF=15.6

@ Simple estimate Am/ 0 n=14
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Counting crossings

Number of crossings at 0 sigma Number of crossings at 1 sigma

Entries 1000 Entries 1000

Mean 1.736 Mean 0.995
RMS 0.7696 RMS 0.6715

Number of crossings at 2 sigma
Entries 1000
Mean 0.21
RMS 0.4194
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Study of crossings (see p. 5-7)

“Predicted” from: RiCOEEES SC-E A ONCo Rl il

(3)

Average measured crossings <N>

e o o T St Predicted
Oo 2.19 1.99 1.74 1.95
lo 1.23 1.12 0.99 1.18
2 O 0.29 | 0.26 0.23 0.26
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Alternate view of Z¢ bias

Background estimates in Signal+Background fits Signal estimates in Signal+Background fits

Background rates - Signal rates
——— Fixed signal postion . ——— Fixed signal postion

——— Floating signal position ——— Floating signal position

Floating

T 260 280 300
Fitted background rate Fitted signal rate

@ Background biased down @ Signal biased up

LEE Study March 2012 22 A. Read, U. Oslo/LAL



Uncapping revisted

Motivation:
(1) Discuss deficits of background with po, not p,

(2) Discuss excess of signal with
Lo p when pgic~ 1 — p, —~ 0)

23
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Uncapping po, I.e. 1-pp

—Hg.111)
~—1g.110)

fiq' 010)
—Hg' 011)

.

2011 Data

Local P-Value

e
b e | .
F [ rosow Large, median (0.5), small p°

110 115 120 125 130 135 140 145 150
M, [GeV]
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QLer (Qrev W/0 nuisances)

} dLEP/TeV = qu — 40

Higgs Days 2012 Santander 26 A. Read, U. Oslo



(a) LEP
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Uncapping py (almost CLs)

Large, median (0.5), small py

Higgs Days 2012 Santander 28 A. Read, U. Oslo



Energy scale systematics
at high significance



Energy scale systematic
uncertainties

Illustration: Imagine
— 2012 Obs. Vs=8TeV: [Lot=591b" : we had Clligned the

2011 Exp. 2011-2012 Exp. E red and blue before
— 2011 Obs. —— 2011-2012 Obs. 5 combining...

103 W\ , |
2012 Exp. Vs=7TeV:[Ldt=481b

140 145 150
m, [GeV]
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1 uncertain mass scale

—uf2V 27"0’.11
A

1
E[N]] < §IP’(X2 > u) + Nie

Leadbetter (1965),
Vitells (2012)
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1 uncertain mass scale

pglobal ~ phocal_l_ e N(Qref) D 6_(q_Qref)/2

—uf2V 27"0’:\4
A

1
E[N]] < §IP’(X2 > u) + Nie

Leadbetter (1965),
Vitells (2012)
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Some random result

g0 distribution

Entries 182798
Mean 0.8642
RMS 1.455

@ Dont need O(108) fits to
MC toys to estimate tiny
effect!

Higgs Days 2012 Santander



Importance Sampling

Sven Kreiss
Kyle Cranmer; Alex Read
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Based on ideas from Alex Read and Michael Woodroofe

= Michael Woodroofe's talk at Banff 2010: http://people.stat.sfu.ca/~lockhart/richard/
banff2010/woodroofe.pdf where he covered importance sampling and a method to
create a suitable importance density.

Technical: The current implementation uses a modified RooStats:: ToyMCSampler and a
custom script.

Idea: use a different density (importance density) to generate toys, but re-weight the result
according to the ratio of their Likelihoods.

= Can populate a small tail with few toys.

P.S. Implemented in alrmc program,
used by DELPHI and LEP HWG




Importance Sampling with One Importance Density

>

importance density:
can be the signal model with
W = p’ where p’can be fi

b-only.. fzlp=p',04)

=y /TN
if L(0,64) -1

: ) 4) L:.P"o‘)
: 0 if|-L(0CA) g §.)
weight = { ; L(p'.64) L08)  olse

Sampling
Distributions

e

X

merged distribution = toys from b-only 4 toys from imp dens

A point is only used in the merged sampling distribution when its Likelihood is
the largest of the tested densities.




Importance Sampling with Muitiple Importance Densities

>

importance density:
for example 51 =[@/2  importance density:
flzlp=p",04) for example p’ = fi

f(x|ffr5'?’éf \ — S (@l = p',04)

For toys in each distribution with p:

veto: if L{u,04) # max (L(i,é_.a) :f = {0.;4'._;4"})
L(0,04) N
L(u,é,,)

Sampling
Distributions

weight =

l e

merged _ toys from 4 foysfrom toys from
distribution b-only imp dens 1 imp dens 2

Adaptive number of importance densities:

= get error at 1 and use this to estimate the number of necessary importance densities
to have the tails overlap at some target maximum number of standard deviations




Some Tests

one importance b | three importance

density F R densities

A .‘ﬂ.x:l:(_g_x—gj
6

8 10 12
Profile Likelihood Ratio Profile Likelihood Ratio

12

Work in progress...
But much less urgent than we
feared at some point!
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Summary

@ H->y v background modeled, residual spurious

signal accounted for

@ Study of 180 Mtoys entirely consistent with GV-
LEE paper

@ Uncapping reveals information inside the other
“half of p-value results

@ We have a “carbon-light” method to deal with
ESS at high significance

@ Importance sampling promising but needs careful
validation, perhaps some optimization
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