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e
Look Elsewhere Effect

- [s there a
signal here?
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e
Look Elsewhere Effect

-Looks like a
signal at m=30
‘What is its
significance?

Test the BG hypothesis
At m=30

( L(u=0)
21

0 ©) =1 S T(0)
0

L(h)

q_ﬁ.\ wobs = —2 l

" L(as(m=30)+ b)

Z — \/qO,fix,obs
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e
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? e | [
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e
Look Elsewhere Effect
-Or this?
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e
Look Elsewhere Effect
-Or this?
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/,Look Elsewhere Effect
-Or this?
‘Obv-iously
NOT!

.ALL THESE
“SIGNALS” ARE
BG
FLUCTUATIONS

The right question :

What is the probability to have a fluctuation
as or bigger than the observed one

AN YWHERE in the mass search range’!
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e
Look Elsewhere Effect
‘HaV-ing no idea where the signal might be
there are two equiv-alent options
- OPTION I:

scan the mass rangein pre-defined steps and
test any disturbing fluctuations
Perform o sliding window fixed mass analysis

qO,ﬂoat —MmMax (qo (m))

-OPTION II:
Perform a ﬂoatinng?t)ass analysis
qO,ﬂoat - %(m): _21n L(ﬂS(ﬁ’l)"‘b)

pﬂoat — J. , f(QO,ﬂoat I HO )dQO,ﬂoat

q floa
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e
Sliding Window

-Scan and
perform a

fixed mass w

analysis at each

point 0

-The scan resolution must be
less than the signal mass

resolution

€‘$f‘vﬂ;j.::g ]

L(us(m)+b) = &
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e
Sliding Window

PPN (VLI
L(us(m)+b)
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e
Sliding Window

. L(u=0)
L(lis(m)+b)

qy = —21
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e
Sliding Window

. L(u=0)
L(lis(m)+b)

qy = —21
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e
Sliding Window

. L(u=0)
L(lis(m)+b)
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e
Sliding Window

. L(u=0)
L(lis(m)+b)

qy = —21
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e
Sliding Window

. L(u=0)
L(lis(m)+b)

qy = —21
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Sliding Window

. L(u=0)
L(lis(m)+b)
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e
Sliding Window

. L(u=0)
L(lis(m)+b)

qy = —21
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e
Sliding Window

. L(u=0)
L(lis(m)+b)

qy = —21
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e
Sliding Window

-Assuming the
signal can be
only at one
place

.pick the one
with the
MAXIMUM
SIGNIFICANCE

o e = N AX (26 (M)

| 1/30/18
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Look Elsewhere Effect: Floating Mass

OPTION Ii
L(b) S S Y
L(is(m)+b) f . 3.10825 _
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e N
Look Elsewhere Effect
o The . fOV any mﬁx qo(l/h) 2qo(n/lﬁx)
distribution The ;(12 distribution is pushed to the right
F(9s10atiHo) e ———

does not follow a

chi-squared with
2dof because
the mass
parameter is not

mfit,  1H)

defined under

the null "

h'y"poth'esis 0 5 10 15 20 25 30
k ."’: Eilam Gross , ATLAS Stat Forum, 1/2018 1/30/18 J




e
trial#

-Assume q maximal

local fluctuation at | o g 1)

mass M= 3() o — Ut | 1)

‘The observ-ed qo is ='

giv-en by i

q — 9 L(‘Ll = 0) 10 ‘

0.0bs L(‘[/,\[S(m) + b) 0 5 10 15 20 s . %

Ppx = J.qo Obsf(QO,ﬁx |H0)dq0,ﬁx t}’ial # _ pﬂoat
pﬂoat = J-qo’Obsf(QO,ﬂoat IIJO )qu,ﬂoat pﬁx

Can we calculate analytically the floating mass p-value

’,sx.,: g%“— 'L-:Jj] Eilam Gross , ATLAS Stat Forum, 1/2018 1/30/18 /




. (Wrong) Thumb Rule

Mass Range Ag |
<Nminima> - . £ k N
Mass Resolution = |
‘g !
v :
Trial # ~ <N - > v ;
? s =
. _ 4
Trlal # T <Nminima > plocal :
. Z = ]
The answer is NO sl | .
. - ]
2| o S 1
6 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

a“sx"": g:%’] Eilam Gross , ATLAS Stat Forum, 1/2018 | — LY
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4 , ™
DaVv-ies Formula

P(4(6)> c)~ P(x} > ) +(N(©))

—
=
= 20
=

S 0

(N(c)) = Number of upcrbssmgs wheré (9) > d" g

for ¢ >>1—(N(c)) «l
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e

< N(c) >~ P(y3)>c~ e=¢/2

DaVv-ies Formula

g 40+
e
e
[ =
= 2
£
z 20F
 —
(J

‘-l()— ’

P(q(é) > c) ~P(x* > c)+(N(c))

P(q(0)>c)~ P(x;} > )+ NP(x; >¢)

B
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4 . ™
DaVv-ies Formula

40~

Fyvents [ unit mass

(N (c)> = Number of upcros%*ingsfﬂwhere q(r@) S A

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

1/30/18
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4 R
Making Dav-ies Formula Accessible

< N(c) > o)
< N(c) > = < N(cp) > = ™2 < N(c,) >
< N(Co) >

IVents /anit mass

Gross Vatells

Formula

P(q(8)>c) ~ P(x} > ¢)+{N(c,))e "
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trial # = Pg(0)>c) ~
P(q(6)>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 =

p-valie
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Local Z = 3.90 10°

Any peak with Z2>3.80

with m=500-2000 will draw our attention
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Pglobal(“’) ~ plocal(“‘) + E(‘n’uo)eﬂ)?_ SR S
Procar =210 10 500400 600 BL0 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 : ™
A real life example

P(qO > U) < E[NU] + P(qO (O) > U) i_’; 10° ATLAS Prellmin'ary 2011 + 2012 Dete
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The 2D LEE
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. Define the Problem

oLetin=us(m,I")+b

e mI' are nuisance
parameters undefined under
the null hypothesis u = O

«What is the pdf of

qo = %(ﬁ’l»f) =—2In ;(%f;})) = Ilnlgxqo(m,r)

under the null hypothesis

‘V‘,‘ %'.." -D.g Eilam Gross , ATLAS Stat Forum, 1/2018 1/30/18 Yy




e
Define the Problem

o To generalize the problem , let O
be the nuisance parameter,
undefined under the null
hy.pothesis, and let us try to find
out the pdf of

g, =4, (é) =—21In

L(u=0)
Lpg) ea®
for which we want to calculate

p—value = P(m@ax[qo(ﬁ)] > u), u=27"

BINSNES 'Y
el ren ETlam Gross | ATLAS Stat Forum, 72078 1/30/18
e it UET /




e
Chi Squared Random Fiekd

(U:O)~ 2
Loy

o 4,(0) is a chisquared random Field ov-er
the space of O
(a random vVrariable indexed by a
continuous parameter(s))

e We are interested in

o Forfixed 9 ¢,(0)=-2In

X A L(u=0)
=g.(0)=-21n ~— =maxg, (0
4o %( ) L(ﬂ,@) ¢ 610( )

for which we want to calculate

p—value = P(mglx[qo(é)] > u), u=27>

i %'.." 1 Eilam Gross . ATLAS Stat Forum, 1/2018 1/30/18
5 i e /




e
Chi Squared Random Field

e Weare only interested in
positiv-e signals
(downward fluctuations of the
background are not considered
as an evidence against the
background{
r (w=0) 1,

-2log L(G.0) qo(9)~5)a

q,(0) =

O [H. Chernoff, Ann. Math.
Stat. 25, 573578 (1954)]

i ,,t Eilam Gross , ATLAS Stat Forum, 1/2018 1sone




e
Chi Squared Random Field

q,(0) =- L(11,6)

o We are only interested in positiv-e
signals
(downward fluctuations of the
background are not considered as an
evidence against the background)

(1 =0) q,(0) ~ 5%12

-2log

[H. Chernoff, Ann. Math.
Stat. 25, 573578 (1954)]

0

o qo(e)=(@) () is a Gaussuan
° / Randowm Field overf

Pl T lam Gross , ATLAS Stat Forum, 1/2018 1/30/18
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4 I
1-D Random Fields

oIn 1-D points where the field becomes
larger tha,n u are called upcrossings.

= max % (0)

VR

« The probability that the global
maximum is abov-e the lev-el u is
called exceedance probability.
(p-v-alue of qd, (9))p P(maX[qo(é’)]M) u=27’




/Ra,ndom fields (>1 D)
q,(0)

o The set of points where
the field has
\Falues larger then
some number u
is called the ﬁ
excursion set A above i\

the level u.

01 B 01
Excursion set -
02 _
oL o “ J
e
035 "\ 2 « 0.1
0 g e 005
005 " .
40 | ) 005 1/30/18
k 0.1 =01




e
Euler characteristic

o Number of disconnected components minus number of “holes’

— " e ™
0. - L] L @
. N . @ S
: 01 ="~ @ ;
Excursion set 2 . Al U
05 ¢ L~ o
0\"*-.  -7 - '/OOS
2 ~ 0
-0.05 :. . 008
0.1 =01

41 f-"““éf»?f? Eilam Gross , ATLAS Stat Forum, 1/2018 1/30/18
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4 o ™
1D Euler characteristic

Q\/AA/\ E[g(4,)]= ZN P )
/\/"

In 1 dimension:

The general case

¢(Au) =N, + 1[q0(0)>u]
E[p(A)]=E[N, ]+ P(g,(0)>u) N, = @(manifold)
=N, P(x; >u)+Nie™” p,(u)=P(x>>u)

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

This is Davies Formula
In general for high-lev-el excursions

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

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



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

4 N

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

For a chi® field in 2 dimensions: From 2.0 bkg. Simulations:
E[(A,)]= %P(;{j > u)+(/\/1 +N2\/E)e—“/2 (o) =33.522
() =94.6+13
Estimate E[}] at two [ev-els, e.9. O and 1, and I
solv-e for N1a'nd' N, oo N, =33+2
..................................................................................... N,=123+3

1/30/18
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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] i 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 nj:% 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

45 R nj*_’% 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
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;fga,‘,;._;' 23 Eilam Gross , ATLAS Stat Forum, 1/2018 1/30/18
t R0 %




/ The 750 GeV saga

4

2D Scan
Largest significance

N o
o, o
Local signficance [o]

rn

Jry
181)

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

p—y

o
2

O. Vitells et. al. Astropart. Phys. 35 (2011) 23@&2d4, 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%‘
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Summary 1
ngObal(S - I’D = 1) - E[ﬁ(Au )] 2 EP(le > I/l) + Nle_”/z

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

o The procedure for estimating the p-v-alue is simple
and reliable.

o The Euler characteristic formula prov-ides a
practical way of estimating the look-elsewhere
effect.

o It is easily expandabletos p.o.i and D NPs
(undefined under the null hypothesis)

R % Eilam Gross , ATLAS Stat Forum, 1/2018
L SR TE T




Thank You

Eilam Gross




