« FDR » Point Sources search
Reminder and update

Bruny Baret -APC




P3R B1259-63
RCT 86

E30 138-G12
HE3S J1023-575
Cir I-1

HE35 J1614-3018
PE3 2005-489

Gx 339

R J0852.0-4622
Centaurus 1

RE J1713.7-3946
PE3 D548-322

H 2356-309

PES 2155-304
Galactic Center
1E5 1101-232
128

L3 5039

1ES 0347-121
HE3S J1837-063
3C 279

RGE J0152+017
55 433

HESS J0e324057
IceCube Hot3pot

-63.8338
-62 ., 4833
«53, 9414
-51.7639
57,1667
=L, 8l
-48.8219
-48, 7897
-46, 3667
-43.0191
=38:70
=38.a712
-30.6275
-30.2217
-29,0061
43,4919
=53,335
-14.825
-11.5908
-6.83
-5.78917
1.78861
4,58278
5.80556
11

Sources ponctuelles: les suspects
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2.Les neutrinos:

Sources Ponctuelles — Principe de la recherche

Analyse optimisée sur bruit de fond déterminé
a partir des données «randomisées» en asc. droite.

Pixelisée: Non-pixelisee

P Optimiser un cone autour de la source P Algorithme de «clusterisation» autour
pour la meilleur limite sup. de la source

B compter n__avec n,_attendu P Maximisation du rapport de vraisemblance

de Signal/Bruit L

Significativité «locale»:
S=1 -PPoisson(nobsl l"]b)

Vraie significativité:
vérifiée sur 0(10%) réalisation du ciel sans source
Probabilité d'avoir au moins s ou L

«unblinding»

Détection a no ¢ I > Limite supeérieure




Sources Ponctuelles — Principe de la recherche pixelisée

Position de la source

»* _ Model Rejection Factor
% .
8 s Mo
90
. <&— MRF=—
® n,
a /4
Taille de bin o(7, ) = z‘%o(nobs,nbﬁ_(nb) — exp( —n, )
v nob-“ ‘.'.,.(nobs ), “‘.
Significativité «locale»: limite sup.  Poids poissonnien
s=1-P___(n_In) : : a 90%
oRson o8 « blind analysis »
v Détection a no
Vraie significativité: *
vérifiee sur 0(10%) réalisation du ciel sans source
Probabilité d'avoir au moins s *

Limite supérieure




RIGW ch apsaisiesEl

Non pixelisée
e EM method 1S a pattern recognition algorithm that analytically
maximizes the likelihood in finite mixture problems, which are described by

different density components (pdf).  siqz) pdf modsl is szlaciad o be 20-
mldneg provortions . EIISSIE IS
2

P(X) = TT{ Py (O) F 1T, Py (X, |, 2) The

background
pdf is
extracted
from MC or

-

gusltdus of ayape = (., 9)

haseg method

signal pdf

-4 source coordinates
(a,0)

-0 det. angular resolution
=TI cluster elements

ELELL:

Background likeSignal like

"'DBackground
— Background + { 2 } events

Background + { 3 } events

Cl— Background + { 4 } events )

EM algorithm

are no events inthe
given direction which
yields a null likelihood

Final pdf parameters
that maximize the
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2.Les neutrinos:

Sources ponctuelles - Limites

P 94 evts sélectionnés a haute énergie sur données 5 lignes

P meilleure limite dans le ciel nord (140jrs!)
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The Idea

vvnat It aoes. vvhat It does NU

Blind sky survey Optimise for best upper limit
Maximise Detection Potential Use a source flux model
while controlling C.L. of (Usual method:

detections likelihood ratio maximisation)
Use multiple hypothesis testing Use MC to check significance
procedure in a model independent a posteriori

way

Developped for Amanda/lce3 with M.Labare
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Hypothesis testing basics

®Random variable X, Confidence level k , « null » hypothesis H  with pdf f(x)

®Test H, on each realisation x. of X:
p-value

P compute the p-value(i)= f°° £ (x)dx \L

P If p-value(i)<1-k O H, rejected
Problem:

If N>1 tests, the confidence level decreases

« Trial factor effect »
Conservative «Bonferoni» Solution: New problem:

1K —(1« )/N
17/02/2009 Bruny Baret-APC

Detection power decreases




«FDR» controlling procedure

Principle:

®Choose a desired FDR a (C.L.=1-FDR)

® Adaptative rejection threshold guarantees FDR< a

Advantages: alot of x, under H,
» meant for « sparse heterogenous mixtures» very few sources

» Automated and control of the final confidence level

» Combines power and conservatism
Applications in astro./cosmo.:

» Baryonic spectrum fluctuations
P Galaxy clusters (SDSS)

P SZ clusters with WMAP
[
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Mathematical proof

4. Proof of theorem. For ease of exposition let us denote the set of con-
stants in (1), which define the procedure, by

(4) q;, = —q, i=1,2,...,m.
m

Let A, . denote the event that the Benjamini Hochberg procedure rejects
exactly v true and s false null hypotheses. The FDR is then

my o omg

(5) EQ) =}

g=0v=1

b8 )

In the following lemma, Pr( A, ) is expressed as an average.

LEMMA 4.1.

L

(6) Pr(A, ,) Z Pr({P; < q,,,} N4, ).
.:_1
Proor. For a fixed v and s, let @ denote a subset of {1---m,} of size v,

the event in A, _ that the v true null hypotheses rejected are w. Note
Ai‘.’_b.} equals Pr{A? _} if i € w, and is otherwise 0.

and A
that Pr{P < Qs

mg my

S Pr({P; = q,,, ) N A, )= Y Pr({P; = q,, .} N A )

=1 =1 w
=ZZPI’({P‘- = q‘-'|i‘5}ﬁA:.l'J_rs}
(7 o op=1
— S5 I(i € w)Pr{A* }
m =1

=>v-Pr(A} )=v-Pr{A, .}.

Combining equation (5) with Lemma 4.1, the FDR is

nmey Mg my

E(Q)_ Z{::I Z U+ s Z{:; v PI’({P‘ = qr.'las} n Ar.-.r;.}
[8} v= i=

My miy o mg

=3 ZEU_'_qPr{{P < qu e NA, L)

p=0 =0 p=1

Now that the dependency of the expectation on v is only through A, .; we
reconstruct A, , from events that depend on i and %2 = v + s only, so the FDR
may be expressed similarly.

For i = 1---mg, let P be the remaining m — 1 p-values after dropping
P, Let CL,, denote the event in which if /7, is rejected then v — 1 true null
hypotheses and s false null hypotheses are rejected alongside with it. That
is, '), is the projection of {P;, = Gpia} M A, . onto the range of P, and

expanded again by cross multiplyving with the range of P;. Thus we hawve

Cén

9 {P: = Gu st A, . ={P; =< g, =F M Cu s
Denote by CY' — _U{CVL: v + s = k}. For each i the CY’ are disjoint, so the
FDR can be expressed as

(10) E@) =3 Z 1pr (P: =g, i),

E=1 e

where the expression no longer depends on v and s, as desired.
In the last part of the proof we construct an expanding series of increasing

sets, on which we use the PRDS property to bound the inner sum in (8) by
3 iy

g/srm. For this purpose, define D',:] = LJ{C"-‘]: J = k}f for £ = 1---m. D,

can '1I.~ar.| hc' described using the ordered set of the p-values in the range of

P l:p I| = e o= '”:::. 1y ts iM1 the following wawy:
11 Dy =P ger1 = Bl Geiz < Pl Gm < Pioe1y ]
for & = 1...m 1. and DY is simply the entire space. Expressing Lllil_'-' as

above, it becomes clear that for each &, L'i._'.' is a nondecreasing set.

We now shall make use of the PRIDS property, which states that for p = p',
{122} Pe(d» | P, = p) =Pr( | P; = p').
Following Lehmann {1996), it is easy to see that for j < [ since g ; = g;.

{13 P | .ir’l- =g = P I | .ir’l- -

for any nondecreasing set I, or eguivalently,

1) Pr{{P; =gu} n DY) _Pri{{P; = gsn} 0 DY)
) ' Prid; = g - Prid; = gp, 1) .
Invoking (14} together with the fact that D:_,!-:l = L':_,!-' ) lf_':_,!-_', vields for all
ko= m 1.
T{{ P = g} I—'i;_"] Pr{{F; = g1} ':-'il_l.lll
Pr( P = g Pri{lP; = gg1)
(15} - Pr{{P; = gpna} D" Pr{{P; = ge ) 0O
- Pr{ P = qgi1) Pr( P = qgei1)
Pr({P; = gsa}0 DY)
N Pr{F; = qg.1) ’
MNow, start by noting that ', = I, and repeatedly use the above ineqguality
for i =1.....m 1. to fold the sum on the left into a single expression,
o = Pr{{P; = q,}nCy) _ Pr({P; =q,} Di")
e 2 PNP, a0 - PP =q &

b1

where the last eguality follows because D2 s the entire Space.
Going back to expression (10) for the FDE.,

E@ =3 3 zPr({P: = g ncy)
I 1

ney B ':'l:er = gg} M (..: |'|]
- e k E
- IE PTZ " PrilP;, = gu) ”




OK, bad joke

because Pr(P; < q;) < ¢; = £q under the null hypothesis (with equality for
continuous test statistics where each P; is uniform), so finally, invoking (16),

o PP {qk}nC“’)
Pr(P; < q

—ZZ

.—lif 1

¥ Begin with this




FALSE DISCOVERY RATE : BASICS

(D) : y(i)= (corr¥o/Ny+ . Set of N pvalues (probability
to be bg v)
- sort increasing order
D) Find the last crossing (s)
with the line (D)
. Reject H, for i < s with a

p-value

_ Confidence Level 1-a
oN | | e If H, is rejected

: - - we have a signal

_ FDR sources

corr : coeffincient accounting for
+—— «Bonferoni» sources data correlations
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Tests on MC simulation

Generate 10° final level skies with: Detection power
*~3000 atmospherical v * &
*1 source with 1 to 20 v and E*= spectrum control of C.L.

MC files from K. Fratini PS analysis:

« Bari/Valencia production reprocessed for 5 lines detector in Bologna
/in2p3/mc/neutrino/mu/prod0401/nu_low/I05_c09 s00/tab_nim/
« 7°5*10M0 v events
» Energy spectrum (Ev) -1.4
10 GeV < Ev < 100 TeV low energy neutrino production
0 < cosBv < 1 upgoing neutrinos
* Noise from run 25920 (golden list run)
» Nim table for the angular acceptance
* Trigger Trig3D_5L1

 Aart Strategy
17/02/2009 Bruny Baret-APC
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FDR PROCEDURE FOR POINT SOURCE SEARCH

depending on : v density (position) in neighborhood

- energy (Number of hits)

- Z .
80— S0
C 8 : T
60— *+ ¢++ Si02 g
TNy i fwe -
O % 10° —
T i
20 ) + + T :"
- Jring- AT

3
AN
e S

=
=]
=
IIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| T]

o 10°
200578
- i 10°
40—
- 107 E= Bartol
60—
r -8
-Bﬂ_— bt L g 10_|||||||||||||||||||||||||||||||||||||||
Coov Loy Ly vy i ” T W LTI B N N 50 100 150 200 250 300 350 400
150 -100 -50 0 50 100 150 Nhits

17/02/2009 Bruny Baret-APC 6




BIN SIZE DETERMINATION

- eques

$°° - bin size 2R_=1.6 x resolution
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FDR PROCEDURE FOR POINT SOURCE SEARCH

-value computation
1. Definition of search bin around the neutrino,
which the size (>resolution) depends on declination.
- Same Null Hypothesis all over the sky

17/02/2009 Bruny Baret-APC



FDR PROCEDURE FOR POINT SOURCE SEARCH

2. Definition of variable that takes into account both
density and energy criteria ® TOTAL ENERGY (Nhits

total) | ¢ ", :

) (7 \ -

I‘r |:_|".“L_.«I.l_.| — I.rT E}{}I{I}—Zp(f Hf”J.)E;{f:'

\ total energy | Entriesbggg 24 =0
45000F RMS 1%?42\ with :
4m@—%” \\x .
35000 _ 0 EO(X) fit from data
30000 . jﬁ}r

-2 2
25000
3 E,(x)=2, E,(X)E,(x-a)

15000F
100000
5000

Total hits En(x)=201 E,(X)E, . (x-a)

Bruny Baret-APC 9
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FDR PROCEDURE FOR POINT SOURCE SEARCH

Hypothesis tested for each v

Set of p-valuei

17/02/2009 Bruny Baret-APC 10



FDR PROCEDURE FOR POINT SOURCE SEARCH

Hypothesis tested for each v

Set of p-valuei
FDR Procedure

Set of rejectedl
p-values

17/02/2009 Bruny Baret-APC 10



FDR PROCEDURE FOR POINT SOURCE SEARCH

Hypothesis tested for each v

Set of p-valuei
FDR Procedure

Set of rejected

p-values l
Hierarchical Clustering

Set of clustersl cluster d @

Cluster 2

17/02/2009 Bruny Baret-APC 10



FDR PROCEDURE FOR POINT SOURCE SEARCH

Hypothesis tested for each v

Set of p-valuei
FDR Procedure

Set of rejectedl
p-values

Hierarchical Clustering
Set of clustersl

If more than 1 cluster
& at least 1 cluster with more than 1 v
- cut 1 v clusters

Cluster 2

Cluster 1 > l
S

17/02/2009 Bruny Baret-APC 10



Discovery potential

2 1F
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Flux at 50% chance discovery

0.6
£ IF E -
'S = .58
STE So56"
o = -5_0.56_—
a = - — Declinations:
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= — D — — -B0"°
s F 3052
® F o _F —-50°
) - 0.5 >0
= 0.48— -
= 0.46— -30°
= 0.44 —-20°
= 0.42— —-10°
: L 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
— ) ' |- 0-4 5 Qs y 6.5 ?
v from source

X 1/effective area x 1/AT
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Flux at 50% chance discovery
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Building limits/sensitivity

Feldman Cousin style

Not Poissonian nor Gaussian PDF » not tabulated

Use simulations w. source flux (e.g. E®)

_ & _ = C confidence belts at 90% C.L.
FC ordering principle algorithm

17/02/2009 Bruny Baret-APC



Example of FC confidence belt

Feldman-Cousins 90%CL at decl -20° & =]
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=
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. o
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| !
200 400 600 800 1000 1200 1400
Total # of hits

&
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Limit for a E*flux at 90% C.L.
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Summary and outlook

Main characteristics:

» Multiple Hypothesis tests approach

» « Built in » Confidence Level control

» Model independent

First results:

»1 yr sensitivity and discovery potential comparable to Aart
» Alternative analysis => Cross check

Qutlook:

» 5 lines analysis (on going)

» Inclusion of time information (well... much later....)

17/02/2009 Bruny Baret-APC 12
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