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This presentation would have not beenfpossible without the tremendous help
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the following people throughout many years
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What can you expect from the
Lectures

Lecture 1: Basic Concepts
Histograms, PDF, Testing Hypotheses,
LR as a Test Statistics, p-value, POWER, CLs
Measurements
~ Lecture 2: Wald Theorem, Asymptotic Formalism, Asimov Data
Set, Feldman-Cousins, PL & CLs, Asimov Significance
. Lecture 3: Look Elsewhere Effect

1D LEE the non-intuitive thumb rule
(upcrossings, trial #~2)
2D LEE (Euler Characteristic)
. Lecture 4: Basic Introduction to Deep Learning
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Look Elsewhere Effect
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'E.G., O. Vitells “Trial factors for the look elsewhere effect in hlgh energy
physms :
Eur. Phys. J. C 70 (2010) 525

O. Vitells and E. G., Estimating the significance of a signal in a multi-
dimensional search
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Look Elsewhere Effect

* Is there a signal
here?
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Look Elsewhere Effect

‘Looks like a

signal at m=30

‘What

significance?

IS ItS

At m=30

Test the BG hypothesis

q,0) =

-2 log

L(n=0)
L(11.,0)

0

qﬁ.\ Jobs = —2 l

n L(h)
L(fts(m=30)+b)
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Look Elsewhere Effect

=== | Hy)
10 . —fit;, 1 H)
L(u=0 —
o . =21 A(u )
’ L(us(30)+b)
f(qo,fix |HO) NZZ
Pp = J-qﬁ bf(qo | H,)dq, 1
0 BED 15 20 25 .30
qO fxtobs t

P ;. answers the question :

What is the probability to have a fluctuation

as or bigger than the observed one’!
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Look Elsewhere Effect

- Would you
ignore this

signal, had you
seen it?
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Look Elsewhere Effect
*Or this?
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Look Elsewhere Effect

*Or this?
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Look Elsewhere Effect

*Or this?
‘Obviously NOT! 3.10525 |
‘ALL THESE ws) | |
“SIGNALS” ARE BG AT Tl T
FLUCTUATIONS T Tk T -[ _ 11T
J £ R -ff
T -
:"- ' ‘ ¢ o s ! :.i {-éu

The right question :

What is the probability to have a fluctuation

as or bigger than the observed one

ANYWHERE in the mass search range?!

Ellam Gross , ATLAS Stat Forum, 1/2018
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e
Look Elsewhere Effect

‘Having no idea where the signal might be there are
two equivalent options
* OPTION I:

scan the mass range in pre-defined steps and test
any disturbing fluctuations

Perform a sliding window fixed mass analysis

qO,ﬂoat —MmMax (qo (m))

‘OPTION II:
Perform a floating mass analysis
=¢q,(m)=-21In L®)
qo,ﬂoat QO L(,&S(I”}\’l)-l‘b)

pﬂoat — J. , f(QO,ﬂoat I HO )dqo,ﬂoat

q floa

%‘,'—-, E,J_} Eilam Gross , ATLAS Stat Forum, 1/2018
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e
Sliding Window

-Scan and perform

L(us(m)+b) |

*The scan resolution must be less
than the signal mass resolution

BSPR Ine Eilam Gross , ATLAS Stat Forum, 1/2018
P

a fixed mass

analysis at each "

point 1

q() = _2l (‘LL ) T . e
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qo = —2ln l,i(‘u — O) 1
L(us(m)+b) *

Sliding Window
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1/30/18

/




/
Sliding Window

o Lu=0)
L(lis(m)+b)

q, =21

~' r\:l?_’]% Eilam Gross , ATLAS Stat Forum, 1/2018

1/30/18

/




/
Sliding Window

o Lu=0)
L(lis(m)+b)

q, =21
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Sliding Window

o Lu=0)
L(lis(m)+b)

q, =21
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Sliding Window

o Lu=0)
L(lis(m)+b)

q, =21
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Sliding Window

o Lu=0)
L(lis(m)+b)

q, =21
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Sliding Window

o Lu=0)
L(lis(m)+b)

q, =21
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Sliding Window

o Lu=0)
L(lis(m)+b)

q, =21
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Sliding Window

o Lu=0)
L(lis(m)+b)

q, =21
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Sliding Window

*Assuming the
sighal can be only
at one place

pick the one with
the MAXIMUM
SIGNIFICANCE

o e = N AX (26 (M)
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Look Elsewhere Effect: Floating Mass
OPTION li

L) , S ,
L(is(m)+b) [ = 3.10825 _

qo.foar = 90 (m)=-2In

pﬂoat = j t’obsf(qo,ﬂoat II{O )dqﬁ-float i o .- : ']
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Look Elsewhere Effect

- The distributiqro” @y m ;. q,(m) = q,(m )
f(qﬂoatl Ho) The y! distribution is pushed to the right
does not follow a
chi-squared with |
2dof because o
the mass |
parameter is not
defined under the,-|
null hypothesis |

mfit,  1H)

0 5 10 15 20 25 t30
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trial#

‘Assume a maximal local
fluctuation at mass

“The observed Qo is given
by

L Lu=0)
L(lis(m)+b)

qO ,obs —

P = J. f(qO,ﬁx |Ho)qu,ﬁx

90 ,obs

P foar = J‘qo’omf(qo,ﬂoat |H, )dqo,ﬂoat

trial # =

p float

pfix

Can we calculate analytically the floating mass p-value

g”%% Eilam Gross , ATLAS Stat Forum, 1/2018
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Mass Range

<N minima >

Mass Resolution

minima >

Trial #~(N

Wrong Thumb Rule Wrong Wrong Wrong

™

9 . -
: _ 4
Trlal # T <Nminima > plocal : ]
. Z = ]
The answer is NO 3! | ]
. . ]
e 10 14 18 22
mass-ranae / mass-resolution
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The right question :
What is the probability to have a fluctuation

as or bigger than the observed one
ANYWHERE in the mass search range"!

Let 0 be a nuisance parameter

undefined under the null hypothesis.

Define q(0) = max,(q(6))
Davies (1987) finds, for ¢ >>1

P(g(8)> c)~ P(x} > )+(N(©))
\

(N (c)> = Number of
upcrossings q(0)>c

i %'_" 1 Eilam Gross . ATLAS Stat Forum, 1/2018 — —
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Davies Formula

P(4(6)> c)~ P(x} > ) +(N(©))

20
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Davies Formula

30
7 40-

=
=
= 20
&

‘-l()— ’

< N(c) >~ P(y3)>c~ e~

P(q(é) > c) ~P(x* > c)+(N(c))

P(q(0)>c)~ P(x;} > )+ NP(x; >¢)

;‘{.ﬁxz,'.;;;z: n"v_’l Eilam Gross , ATLAS Stat Forum, 1/2018 1/30/18
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<N (¢ )> Number of upcross*mgsuwhe're q(e) i |
< N(c) > ~ [P(y3) > c] ~ eZ

Davies Formula

unit mass

Fvents |

0 N0 40 60 80 00

120

< N(c) >

< N(c) > =
< N(cpy) >

< N(cp) > = e 02 < N(c,) >

P a,‘;’ n:L::J Eilam Gross , ATLAS Stat Forum, 1/2018 1/30/18
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Making DaX,ies Formula Accessible
< N(c) > = < Mo > < N(cy) > = e 92 < N(c,) >
< N(Co) >

Events / anit mass

Gross Vatells
Formula

P(q(8)> c) ~ P(xt > ¢)+{N(c,))e "

ESIR 100 Eilam Gross , ATLAS Stat Forum, 1/2018 ' 1/30/18
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Trial # A
trial # = Pg(9)>c) ~
P(q(0)>c)
~1+NP(Z§ > ) =
P(y,; >c)

trial # = 14 \/;/\/'Zﬁx
2
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/ Example: The 750 GeV Resonance w

Largest significance

m,~ 750GeV,[ ~ 45GeV(6 =

pvalie
A
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Local Z = 3.90 10°

Any peak with Z2>3.80

with m=500-2000 will draw our attention

Vs=13TeV 320"
\ l.xl m:( = 6 v’J
Sgin-0 Selection
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Pglobal(“’) ~ plocal(“‘) + E(‘n’uo)eﬂ)?_ S S
Procar =210 10 500400 600 500 3005 1200 1400 1500 1800 2000

u, =0 m, [GeV]|

n,=7+2.0

u=2"=39"=15.2

Pyiopa = 3 107 +(7+2.6)67*? =(2.2-4.8)107

Z ~2.7+0.10

global

)

The LEE 1s even stronger when you consider another dimension

(the width range (0-10%m) should also be taken into account)
\ Eilam Gross, WIS 53




4 | N
A real life example

P(qo > U) = E[Nu] + P(qo (O) > U) =% 4o°f ATLAS Prellmin'ary 2011 + 2012 Date
g 10? —— Obs. V3 - 7 TaV: }Ldt--t.s-ae fb'
—u/2 10 B \z=aTaV: JLdt-6858 1!
— 1 ke sesemae ol O
10°F 20
N ,.=.,<N >e“0/2 10._ 3
1 Uy :g: -------- 1 ----------------------------------------------------------- dc
10 .V ........ .l ...........................................................
P(g>u)y=Ne " " +— Ay, >u &L
2 10‘ - ....... ‘.,IL.-..‘ ..... 605
—Uu/2 100 200 300 400 500 60D
p global = N 1e t p local nf (Ge]
U —u __-:_1 2,5? ATLAS Prciimiliury " 2011 + 2012 Data E
0~ 2 [ - Bexf E=TTeV: |Ldt-es221b" ]
. N e 2 n g 2r .acln;n.m,u -8 TeV Ll -53521m"
P global ~— u, P local = 1.5 .
g‘ o
N =9+3 @ W
to =0 0.5
Paosar =9°€77 +O(107)=3.3-107 of—
. 0.5) ]
50 — 40 trial#~100 : ]
-1 ' . —
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The 2D LEE
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a I
Define the Problem

elLet|n = ,LLS(WL,F)+ b

e M1 are nuisance parameters
undefined under the null

hypothesis w =0
eWhat is the pdf of
no_en oy LU=0)
do = q,(m,1') = 2lnL(ﬁ,ﬁ1,f) n%%qu(mar)

under the null hypothesis

bl Eilam Gross , ATLAS Stat Forum, 1/2018 e




a I
Define the Problem

e To generalize the problem ,let @ Dbe
the nuisance parameter, undefined
under the null hypothesis, and let us
try to find out the pdf of

g, =q,(0)=—21In LL('EL ,&,é(;) = max g, (0)

for which we want to calculate

p—value = P(m@ax[qo(e)] > u), u=2"

BINNES I

@i rren Eilam Gross , ATLAS Stat Forum, 172018 1/30/18
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Chi Squared Random Field

L(u=0) 2
o ' 9 :_21n N ~
For fixed 6 ¢,(0) L(01.6) 4
e 40(0) is a chi squared random field over the

space of o
(a random variable indexed by a continuous
parameter(s) )

o We are interested in L(1=0)

i =qg.(0)==21n —~ =maxg, (6
do =4,(0) L(ﬂ,@) ¢ q,(0)

for which we want to calculate
p—value = P(mglx[qo(é)] > u) u=27"

i .
Seamd pen Eilam Gross , ATLAS Stat Forum, 1/2018 1/30/18
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Chi Squared Random Field

o We are only interested in positive

signals

(downward fluctuations of the
background are not considered as an
evidence against the background)

f L(nw=0 1
u =0) 2
©)= L(4,0) 9
% 3 M 9
0 AT
'ng;‘ Eilam Gross , ATLAS Stat Forum, 1/2018 1/30/18 /




e
Chi Squared Random Field

e We are only interested in positive signals
(downward fluctuations of the background are
not considered as an evidence against the

background) |
[ L(u=0) 2
-2log q,(0) ~— 1,
qo (6 ) = 9 L (M’e ) 2 [H. Chernoff, Ann. Math.
0 Stat. 25, 573578 (1954)]

®q,0)= (@) 11(0) is a Gaussuan
© / Random Field over @

Ellam Gross , ATLAS Stat Forum, 1/2018 1/30/18
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a I
1-D Random Fields

e |n 1-D points where the field becomes larger

than U are called upcrossings.
mano(e)

upcrossings

e The probability that the global maximum is
above the level u is called exceedance
probability.

(p-value of g, (6) P=P(mgX[qo(9)]2u)’ u=27’
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Random fields (>1 D)

6
e The set of points where qog.( )
the field has 4
values larger then some 2.
number u

is called the
excursion set A, above

the level wu.

>4
01 N
~

01 a 01
Excursion set -
02 _
ol o © J
e
005 "\ o2 4 ' d 01
0 </ o - 0.05
0.05 "~ - 0
42 ) 005 1/30/18
0.1 =01




4 o ™
Euler characteristic

e Number of disconnected components minus number of "holes’

"o

1/30/18
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4 ™
1D Euler characteristic

% Elg(4,)] = iN 0, (10)
/\/"

In 1 dimension:
go(Au) = Nu +1

The general case

[0 (0)>u]
E[p(A)]=E[N, ]+ P(g,(0)>u) N, = @(manifold)
=NoPG >+ Ve ™ pow)=P(x; >u)

N, = o(manifold) =1
E[p(A)|=P(x >u)+N,e?

This 1s Davies Formula
In general for high-level excursions

Elpan ) P max(a,0)] 2 |

1] EilammSTossT, ATEAS StatForun, 172018 1/30/18
[J. Taylor, A. Takemura, and R. J. Adler, Ann. Probab. 33, 4 (2005) ] /



http://projecteuclid.org/handle/euclid.aop

e

2-d example: search for neutrino sources (lceCube)

For a chi2 field in 2 dimensions:

From 20 bkg. Simulations:

E[ﬁ(Au)]:%P(;(j >u)+(N1+N2JZ)e—“/2 () =33.52

Estimate E[¢] at two levels, e.g. 0 and 1, and
for |\ 1and N,

() =94.6+13
solve |

N1 =33+2
N2 =123+3

Ty C‘,
~ m > ™
g S— 'y = \» \’\\ e 1 o NS
— - - 3> — Q
u_o ~.,<' /\.4?{]\:«t "/‘6”_}!* - )"-;, N u , S o - Q
£ Y20 o O\ ol “t.H o o o
s S 2 ey A o >

0 T e ol 7 WL A o _0
s e / = o - & 5 -

G & \i;-"’?'f‘?—r 'ff“r"" e (\ a e O © @ S
VSISO ELASR Y am > (O 0 0 @ = . O
@0 ey o fe o0 2 S S

":) _v‘-‘ ~v‘ | \)‘\\-'.i "-) 0 ?L-b ( ‘- ’ ‘3., '_"—J e “G d D G
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Y Qo R S v oo b o

e RIS S N o o © ~_° e
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el o 080 Of . e O,
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I P e P
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4 N
2-d example: search for neutrino sources (lceCube)

N, =33x2
N, =123+3

E[ﬁ(Au)]:%P()(; >Lt)+(,/\/'l +N2\/;)e—u/2

10° ; '

. 10 b,

. P-value Tt
10° : IJU 1 3 ..
10°;
10°;

0" ~200,000 random
background simulations
10°.
L] il L] P -0 0 b

e.g.: P(max q,>30) = (2.5 £ 0.4)x10-4 (estimated)
E.C. Formula : (2.28 = 0.06)x10-4

PR n:gr_’l] Eilam Gross , ATLAS Stat Forum, 1/2018 1/30/18
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4 N

2-D exapmle #2: resonance search with unknown width

e Gaussian signal on exponential background
e Toy model : 0<m<100, 2<0<6
e Unbinned likelihood:

L = H NSfS()]i}S)ix’;’g(xi) x Poiss(N| N, + N,)

(x-m)?

- 2
e20

f(x;m,0) = \/2;7 100 = ce

47 R nj*_’% Eilam Gross , ATLAS Stat Forum, 1/2018 1/30/18
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2-D exapmle #2: resonance search with unknown width
Pp-value Excellent
approximation
above the ~20
level
u=1 1 u=0 1 1 B
| | E[z}(Au)]=§P(;5§>u)+(/\/1+/\/2\/5)e 2
N =4+02
N,=07+03
A
f_‘.‘;;ia't;j“,z' =23 Eilam Gross , ATLAS Stat Forum, 1/2018 1/30/18
t R %




/ The 750 GeV saga

4

2D Scan
Largest significance

N o
o, o
Local signficance [o]

n

Jry
161)

m=200-2000 GeV
[ x/mMx=0-10%

—

o
2

O. Vitells et. al. Astropart. Phys. 35 (2011) 23244, 600 800 1000 1200 * 400 1600 1800 2000 °
arXiv:1105.4355 m, [GeV]
Z.. =390
Z — 2 10- .10 1S NOt sometning to write nome abou
global y

R 1]
N Eilam Gross, Wl.é.f%‘

I - ATLAS s=13TeV, 321b" Spin-0 Selection

™~




Summary 1
ngObal(S - I’D = 1) - E[ﬁ(Au )] 2 EP(le > l/l)+ Nle_”/z

pglobal(szl,D=2)zE[ﬁ(Au)]Z%P(ZZZ >u)+ (N + Ny u)e ™

e The procedure for estimating the p-value is simple and
reliable.

e The Euler characteristic formula provides a practical way
of estimating the look-elsewhere effect.

o |t is easily expandable to s p.o.i and D NPs (undefined
under the null hypothesis)

i % Eilam Gross , ATLAS Stat Forum, 1/2018
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Thank You

Eilam Gross




