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What can you expect from
the Lectures

Lecture 1-2.: Basic Concepts
Histograms, PDF, Testing Hy.potheses,
LR as a Test Statistics, p-vralue, POWER, CLs
Measurements
Lecture 3: Wald Theorem, Asymptotic Formalism, Asimov- Data
Set, Feldman-Cousins, PL & CLs

B Lecture 4: Asimov- Significance
Look Elsewhere Effect

1D LEE the non-intuitiv-e thumb rule
(upcrossings, trial #~2)
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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
phyS|cs :
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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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 hy.pothesis
At m=30

1.(h)

(el =0)
21
0®) =1 " T(n.0)
0
qji.\ by =

L (s(m=30)+ b)

Z — \/qO,fix,obs
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e
Look Elsewhere Effect w

- ==ty | H)
10 . —fit, 1H)
L(u=0) —
Qo fix = —2ln——
L({1s(30)+b)
f(qo,fix |HO) ~ Zz
Pr=| flg\H)dg, 1
Qﬁx,obs
0. l 10 15 l.20. . 2l5 . .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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signal, had
you seen (t?

e
Look Elsewhere Effect

- Would you
ignore this
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e
Look Elsewhere Effect
-Or this?
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e
Look Elsewhere Effect
-Or this?
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e
Look Elsewhere Effect

Or this?

-Obv-iously
NOT!

.ALL THESE
“SIGNALS” ARE
BG
FLUCTUATIONS
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The right questlon
What is the probability to have a fluctuation

as or bigger than the observed one
ANYWHERE 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 a sliding window fixed mass analysis
oo = 12X (4 ()

pﬂoat = Jq f(q0,ﬂ0at IIJO )dqo,ﬂoat

float ,obs

‘OPTION II:
Perform a floating mass analysis

n L(b)
90 foar 9o (m) t L(its(m)+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 "
analysis at each

point
B L(u=0) Pl
q, = —2In— i
L(us(m)+b) | &

-The scan resolution must be
less than the signal mass

resolution
- 1/30/18
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e
Sliding Window

gy = -2 —H=D_ -
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

o Lu=0)
L(is(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)

qy = —21
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e
Sliding Window

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

qy =21

o % Eilam Gross , ATLAS Stat Forum, 1/2018

1/30/18

/




e
Sliding Window

o Lu=0)
L(is(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

o Lu=0)
L(is(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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e
Look Elsewhere Effect: Floating Mass

* OPTION I

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

pﬂoat = jq

floa

L(b)

L(its(re)+b)

bf(qo,ﬂoat lHO)d%

-
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N
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4 I
Look Elsewhere Effect
+ The Elmﬁx QO(m)2QO(mﬁx)
distribution

The y! distribution is pushed to the right
(9100t Ho) B s

does not follow a
chi-squared with

2L dof because
the mass
parameter is not

wmfit,  1H)

defined under

the null N

hy-pOthes.ls 0 B '.li T ‘10 15 120 25 '30
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a I
trial#

-Assume o maximal
local fluctuation at

mass = 3()
-The observ-ed g0 is
giv-en by _~
o Lw=0) "
qO,obs = —<«ln A “
L(us(m)+b)
Ppx = J.;’Obsf(%,ﬁx |H0)dq0,ﬁx t}"lal # _ pﬂoat
pﬂoat = J-Z)’Obsf(QO,ﬂoat IIJO )qu,ﬂoat pﬁx

Can we calculate analytically the floating mass p-value
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e
(Wrong) Thumb Rule

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

i %'.." 21 Eilam Gross | ATLAS Stat Forum, 1/2018 — ———
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4 . ™
Dav-ies Formula

P(4(6)> c)~ P(x} > ) +(N(©))

—
=
= 20
=

S 0

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

or c>>1—(N(c))<<1
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Making Dav-ies Formula Accessible

0 20 ('() &0 100 120

A 5 (N
P(g(@)>c)~P(y, >c)+ V(C‘o )) <N((c))>’
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Dav-ies Formulag
—c/2
J ,C(0)dO

(V@)= 7

P(y; >c)——e " =

—00

1

<N(C)> =~ (\/E Je C(H)dH)P()(g > C)
(N(©))=NP(x; >c)

P(Q(6)>C)NP(Z1 >C)+NP(Z2 > ()
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trial # = P(q(@) - C)
P(q(8)>c)

~1+NP(Z§ Z6)
P(y,; >c)

trial# ~1+ N %1“(1/2):

trial # = 14 \/;/\/'Zﬁx
2
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What is Going On?
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N events
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N events
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lqOmax ﬁq0(125)
1.2
— 2X(
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0.01

10~4

1076

1 gOmax

" q0(125)




N events
3.5x107f

3.0x107;
25x107;
2.0x107;
1.5% 107,
1.0%107,
5.0 10°

local minima

A

4o = max{%,i}

1=1,.......

-------- N

upcrossings
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1.0¢

0.8

first qO(m peak | qOmax  q0(125)

o 2X(1)
— :ZLX(21)+<N>X(22)
2
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.2 qOmax i.:q0(125)

1.2
— 2X()
%X(21)+(N)X(22)
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e

gloabl significance formula
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Trial Factor
40,

30¢
20¢

10+

— Formula
. Toys
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Why Trial

"'Zfix




Solution of the LEE problem

P(g@)>c)~ P(x! > c)+{N(c,))e "

trial # ~ 1 ﬂ/\/Zf (N(c0)>=NP(;(22 > ¢,)

2 1X

Where does the Z dependence come from’!

View the results as if there are N independent search reigons

In each one there is a . distribution of q,(i,m)

The mass is a dof even though it is undefined under the null

1 A
Gm~—:>—m~Z
/Z O,

m
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" Why trial#~Z

Var(m) = {—E[ J logzﬁ ﬂ
om

n ~ Poiss(ps(m)+b) = e " (us(m)+b)"
log £ =—us(m)—b+nlog(us(m)+b)
dlogl  ds(m) J7 ds(m)

om om us(m)+b om
d°log L _ 9% s(m) N u 9% s(m) B

+n

2

J7

ds(m)

E

E

om’ om’ us(m)+b om’
:n]:,us(m)+b
}__ w (as(m)j2
us(m)+b\ om
I 1

[ 9’log £

| om’

Var|m|~—~—==0, ~Z = trial # ~
HZ 0,

range

V4

" (us(m)+ b)2

|
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4 . R
A real life example

P(qO > U) < E[NU] + P(qO (O) > U) i_’; 10° ATLAS Prellmin'ary 2011 + 2012 Dete
é 110? —— Ohs. V2= 7 TaV: }Ldt--t.s-ae b
—u/2 BT JamgTew ha-besen 2
E[Nu] = N 1€ 101; "’\ : z':.
105~ 20
 =(N, e 10%E..... | in
U/2 1 2 1OE N—— | Y - Ser
= ) _ 107 %
P(gq>u)=Ne" " +—RAyx, >u) 5
2 10" - ....... ‘.,IL..,.‘ ..... 7.-:-()
pg/oba/ = N le_ o t p local “ ! o nfO[%gg]O
U —u =§‘ 2,5? ATLAS Prciimiliury ' 20t + 2012 Data ?
0 o [ - Beam s=7TeV: |Lat-cs28" 7
— N e 2 + g 2 | icl::moﬂ :5-;1:'-'. J{S: -5.8~5§::' =
P global ~— u, P local = 1.5 .
S F
N . =9+3 @ T
=0 0.5f
Paosar =9°€77 +O(107)=3.3-107 of-
. 0.5 ]
50 — 40 trial#~100 : -
-1
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/ Example: The 750 GeV Resonance w

% ol | T A [ R | T ) R
I e ~ —
Largest significance & F o W (\m\/\/’
m,~ 750GeV, [~ 45GeV(6  ©: | VT

\ — Obsuived

Local Z = 3.90 10°

Any peak with Z>3.8c o \

lll

LA lll

with m=500-2000 will draw our attention ATLAS 3
Vs = 13 TeV, 3.2 1" =
upg—u | \ My/m, -6% i
quobal(’“') ~ ploca-l(u) + E("‘Uo)e ‘ A, e N L SEITO Selection 3
=5-10" N T salasalos i, olasalas T

plocal 10 200 <400 GOC 8CO CCOD 1200 1400 1800 18000 2000
U, = 0 m, (GeV)

n,=7+2.0

u=2"=39=152

Pyiobas = 107 +(7+2.6)e7?? =(2.2-4.8)107
Z o ~2.7x0.10

global

The LEE is even stronger when you consider another dimension

(the width range (0-10%m) should also be taken into account)
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End of Lectures

Thank You

Eilam Gross




