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Analyses Overview

Main Features

Period
10 years (2008-2018),
5 independent samples

r

N
Sky
Almost full sky is analyzed
with resolution 0.1° x 0.1° y
Strategy b
Unbinned maximume-likelihood
_ with multi-flare algorithm y
[ Searches b
1. Hottest Spot
L 2. Population Test )

Northern (6=-5°) and southern (6<-5°)
hemispheres treated separately due
to different background composition
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Multi-flare Algorithm

x10~>  Sensitivity NGC 1068

9l —— High-purity analysis
—— High-statistics analysis

Two variants of the multi-flare algorithm are applied:

1. High-statistics
o Itincludes low-significance flares
o High sensitivity to sources flaring several times,
low sensitivity to sources flaring few times

y=2
AT =20 days

2. High-purity
o Tighter quality selection applied to remove

Flare flux £22¥ [TeV cm™?]
(@)

o IceCube preliminary ——
low-significant flares 3t 3 y Ty
o  High sensitivity to sources flaring few times, 0 0.5f
low sensitivity to sources flaring several times g 0.0
£-0.5!

Number of flares
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High-Statistics Analysis: Methods

e Box flare hypothesis s Toy plot
e Fit every flare possible, seeded by nearby 3
energetic events ’
e Remove flares with TS<0
e Remove flare fits that overlap >
e Sum the TS of the remaining flares v
Total signal-like events in flare j lz
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High-Statistics Analysis: Methods
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e Box flare hypothesis > Toy plot
e Fit every flare possible, seeded by nearby @
energetic events ’
e Remove flares with TS<0
e Remove flare fits that overlap ?
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High-Purity Analysis: Methods

5 independent IceCube samples (different data selection, effective areas)

Likelihood of each sample k:

Total signal-like events in flare j and sample k
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High-Purity Analysis: Methods
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High-Purity Analysis: Methods

10-year likelihood: [ — Hg(k’)

Test Statistic: Background likelihood
1 T Ly =0
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The number of flares is selected similarly to the high-stat analysis, but requiring single-flare TS>2
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All-sky Searches

The two multi-flare variants are each used for two searches in each hemisphere:

e Hottest spot search
It looks for the most significant spot (hottest spot):
a. Ap-value p_ is calculated from all pixels in the sky
b. The smallest p ,in each hemisphere is selected and corrected for trials

e Population test
It looks for an excess of sub-threshold hot spots
a. Cumulative number of hot spots with p _ <p,, is calculated
b. A p-value for this test is calculated for several p,, assuming binomial (high stat variant) or
Poissonian (high-purity variant) statistics
c. The smallest p-value in each hemisphere is selected and corrected for trials
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High-Statistics Analysis: Skymap

== North/South Bound
¥ Multi-flare Hotspot
+ Single Flare Hotspot

-log(p) (pre-trial)
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High-Statistics Analysis: Hottest Spot

Multi-flare Hotspot, Northern Sky
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e Most significant northern sky pixel: 1
o RA, dec =145.02°, 36.42° o
. _ 2 80
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O 60
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IceCube Preliminary
20
Neutrino Flare Curve at RA = 145.02°, Dec = 36.42° 03 3 3 s T3 PRV
-log(p-value) (Pre-trial)
10° Brightest Multiflare Spot (Northe[n Sky) 5
§103< * " ‘ :
Il . @l
10! : ~ s
837 3“5
4| IceCube Preliminary —— High Stats Fit %36 <
g —— High Purity Fit a 2%
=d -
_|° 2 > 35 .
n J | \‘ 2 IceCube Preliminary
I 1
55000 55500 56000 56500 57000 57500 58000 s W me W5 T4 1B 0
MJD RA [deg]

F. Lucarelli, W. Luszczak Untriggered search for astrophysical neutrino transients with lceCube




High-Statistics Analysis: Hottest Spot

e Most significant southern sky pixel:
o RA, dec=126.21°,-23.81°
o p (pre-trial) = 3.54 x 1077
o p (post-trial) = 0.06

Neutrino Flare Curve at RA =126.21°, Dec = -23.81°
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High-Statistics Analysis: Brightest Individual Flares

Neutrino Flare Curve at RA = 21.97°, Dec = -0.60°
IceCube Preliminary

e Since we fit everything, we can easily extract the

standard single flare results =

e Northern sky: o
o RA, Dec=21.97°-0.60°

101 A
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High-Statistics Analysis: Population Analysis

Multi-Flare Binomial Test (Northern Sky) Multi-Flare Binomial Test (Southern Sky)
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e Binomial tests of multiflare hot spots (>1 degree separation) reveal no significant population excess
o North:k=1,p=0.98
o South:k=1,p=0.12
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High-Purity Analysis: Sky Map

---- North-south boundary
—— Sky boundaries 6= +80°
——- Galactic plane

O Hottest spots

Declination 6 [deqg]

0 1 2 3 4 5
_IOglo(ploc)
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High-Purity Analysis: Northern Hottest Spot

Northern hemisphere
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High-Purity Analysis: Southern Hottest Spot

Southern hemisphere
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High-Purity Analysis: Population Test

Northern hemisphere
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Constraints on Northern Sky Population

Northern hemisphere

----- Astrophysical flux Transient or =1 day: Transient or = 100 days:
. . . . . . 45| mm Astrophysical flux =10 —=- Sensitivity - = Sensitivity
Population test in high-purity analysis is used to 10 pstrophysical flux 20 —— Upper limits 90% CL —— Upper limits 90% CL

constrain the luminosity and density of a population of
transient sources in northern hemisphere, assuming:

e Isotropic distribution T

e Single flares .

e Energy dependence dN/dE o E 48 = W s

e Time-scale of 1 or 100 days 2 et /

e Source evolution: Madau & Dickinson (2014) 'S -~

lceCube preliminary

Simulations of flare intensity and source declinations . o
are made with FIRESONG 101 Source evolution: Madau & Dickinson (2014)

1007 107 10° 10® 107  10° 107
Source density, p [Mpc™3 yr=1]
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https://arxiv.org/abs/1403.0007
https://pos.sissa.it/301/663

Conclusions

No significant transients are observed
Constraints are set on transient
population in northern sky

e Neutrino lightcurves are produced from
all directions in the sky

Analysis Search Hemisphere Pre-trial p-value Post-trial p-value
Hofkedt spol North 9.2x107° 0.69
High-stat multi-flare S 35 RUgT {5
Popilsionest North 0.98 0.98
South 0.12 0.12
Hottest spot North 29x 1072 0.98
: : . South 1.I1x 107 0.90

High-purity multi-flare

Population test North 0.13 0.85
South 6.0x 1073 0.22

Summary of results
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High-Purity Analysis: Hottest Spot’s Flare Parameters

Northern Hottest Spot

t,IMJD] | o.[days] | Pre-trialp , | Post-trialp

309.64° | -0.75° | 21.7 3.0 57615 39 2.9 x107° 0.98

Southern Hottest Spot

t,IMJD] | o.[days] | Pre-trialp , | Post-trialp

89.21° | -35.87° | 6.5 2.8 | 56808.6 4.2 1.1 x107° 0.90

Both hottest spots are single-flare
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Local Hot Spots
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High-Purity Analysis: Post-Trial p-value Population Test

— Northern hemisphere Southern hemisphere

I Bkg (700 trials) B Bkg (700 trials)
175 — Data 175 — Data

---- Gamma distribution ---- Gamma distribution
150 150

IceCube preliminary

IceCube preliminary
125

Maximum —/0g10(Ppoiss) Maximum —/og10(Ppoiss)
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