EVENT SELECTIONS
IN ICECUBE

Manuel Silva
Bootcamp 2019
June 14, 2019

WISCONSIN

IIIIIIIIIIIIIIIIIIIIIIIIIIIII




L R I I I I T T T T T T
L e R T T T T T T T

S R I I T T

L T
AL B PR B R R A N L R P W RN U N S P S A I RPN 2R T AW 2R RN
L e I I L I I R I O L I N N I R B L Tl I T
R I R N R R R R R R R R T

L N I B Y
e e ae s

- . e e e ey
L

R R e I I I I I O R L T A Ll T T

LA RO LR CEI .- . L I R L L
- LY R R
R B R R L
- . s . - E

O A R AR AR IR PR BRI N AL L SRS SR ST S S SR B R T
.

R L T R
L R R R RE

AR
- .. R e s e e e e e
L I I I N

L A L Y R I LT T )
oot--.‘.n%&.'}.\s-.

ST I I I )
(203 D R | . .

. e

.laovoot LY ‘cac.t&\ PO e e
R R T X N A N N R

DR R i B R DL R B LRl
D Y

R I R

[ T T T T R U I

DI R T L L I



INTRODUCTION

* lceCube takes “pictures” of all these events....

» But how do you differentiate a muon from a
neutrino? Astrophysical Neutrino vs Atmospheric

Neutrino!
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Filters! Cuts! Vetos! BDTs!
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What particles are they searching for?
Energy range?
Do they have background
contamination? What is this
background!?

June 14,2019 Manuel Silva - Event Selections



EVENT SELECTIONS

| GFU/
Neutrino Fast Response

Oscillations Sources

OscNext

Northern
NuMu

4

Diffuse *Limited Selection, sorry
Double if | didn’t include your

analysis™
» Pulse Y
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DIFFUSE

* Goal of group is to identify and measure atmospheric
and/or astrophysical neutrino properties

» All neutrino flavors of various energies

* Requires different
techniques for
Northern vs
southern sky

Diffuse
Double

MOSI « Ftc...

Manuel Silva - Event Selections



HESE

* High Energy (HE) Cut, Q. > 6000 PE

» Use outer layer of DOMs as veto region, cut on
Starting Events (SE)

__——90m

veto region 14/

/ edge strings

fiducial volume

:z=- | 60m
z=-220m
fiducial volume

)
T | layer of DOMs

+ charge cut
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MESE

Similar to HESE, but now add more veto layers
for medium energies (ME)
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HESE RESULTS

* High energy neutrinos, high astrophysical purity,
equal preference for all flavors

o
|
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DOUBLE PULSE

* Tau neutrino interacts within lceCube and
produces a tau lepton

* Tau lepton travels before decaying, 2nd vertex

June 14,2019



DOUBLE PULSE

» Use waveform from DOMs, apply series of cuts
on the shape of the waveform

— vy Double Pulse Waveform
— 1, Single Cascade Waveform |

Voltage (mV)

- ) —l | | | | [ e —— | S——
0 50 100 150 200 250 300 350 400
June 14,2019 Time (ns)




Voltage (mV)

DOUBLE PULSE RESULTS

e lceCube found
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ESTES

* Enhanced Starting Track Event Selection

LN

* Prefer downgoing muon
neutrinos, will need to

veto atmos. muons

« DOM with first PE
combined with track

DARK REGION

create the “dark region™

June 14,2019 Manuel Silva - Event Selections
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ESTES

* Probability to not see

. 10° x . . . .
[ Starting Astrophysical Neutrinos (Per Bin)
any PE I n th e da’ rl( 100' [ Incoming Astrophysical Neutrinos (Per Bin)
10-1» [ Atmospheric Muons (Per Bin) P
& ¥ C 221 Starting Astrophysical Neutrinos (Cumulative) - =
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ESTES

* Use a Boosted Decision Tree (BDT) to minimize

muons entering our final event selection

» Use |6 event properties as input to the BDT, in

the end the BDT ranks them in order of

“importance”

Z of entry position

Distance to from first
millipede loss to edge
(closest)

Fraction of energy in
first millipede loss

Distance to edge along
track

P..icc from segmented
track calculation

Number of millipede
losses

Total energy of
millipede losses

Fraction of hits that are
direct

Length of millipede
losses

Millipede zenith angle

Fraction of charge on
edge of detector

Number of fits tested in
coarse search

LineFit speed

P ics from Cherenkov
calculation

Millipede <= LineFit
space angle

June 14,2019
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Counts/ 30 bins [Normalized]

ESTES

* Most important inputs

[ Train Neutrinos
Test Neutrinos

according to the BDT
o 1 shown here
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ESTES

The BDT assigns a probability of being a muon

VS muon neutrino, apply a single cut now on

BDT score

Accuracy Train: 0.965]| Test: 0.962

10% -

10° 4

1 Train Muons

I__-2 Test Muons

1 Train Neutrinos

=~ Test Neutrinos

1 KS:0.018,p: 0.280
i | 1 KS: 0008p 0467j
1T 1= | LT
: ( = Fﬁﬂ
0.0 0.2 0.4 0.6 0.8

Scores

Cut on score such
that muon rate is < |

muon per year
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ESTES - RESULTS

» ESTES was able to validate 3 different published

diffuse measurements

Y % Diffuse NuMu 6 year

Y % HESE 4 year
|9 % MESE 2 year

)

1

GeVem?s sr

- -
o Ul

Normalization x1073(
o
o

1.6 1.8 2.0 22 24 26 28 3.0
June 14,2019 Spectral Index
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Oscillations

June 14,2019

OSCILLATIONS

OscNext

- 2 different event selection
used up to 2019, different
physics goals

« GRECO and DRAGON
now united under

OscNext framework

* Low energy neutrinos,
primarily atmospheric

Manuel Silva - Event Selections
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Cred:

Jan Weldert OSC N EXT

(simulation)
(data)

1@ TESTING FACILITY

OK. STEVEN.
LET'S START WITH LET'S DO THE
YOUR 16 TEST NEXT ONE

\
WHAT EVENT IS THIS?

A TRACK!

A CASCADE!

-

WHAT THE Bl EEP

H

| HAVE SOME
BAD NEWS.
STEVEN

21
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https://events.icecube.wisc.edu/getFile.py/access?contribId=101&sessionId=21&resId=0&materialId=slides&confId=106
https://events.icecube.wisc.edu/getFile.py/access?contribId=101&sessionId=21&resId=0&materialId=slides&confId=106

OSCNEXT

* Few strings in DeepCore means “noise” can accidentally be
interpreted as a muon

» Simple Cut on time between pulses in adjacent DOMS

* Time between pulses < 5 Us

* Two BDTs now required to filter muons

* Level 4 and 5

June 14,2019 Manuel Silva - Event Selections
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LEVEL 4

« DOMs have noise that can
be interpreted as low
energy event

» Use 5 variables as input

« Cut=0.7 reduces noise
rate by over 100

IC2018 LE L3 Vars.NchCleaned
* L4 micro_count.STW_m3500p4000_DTW200
L4 iLineFit.speed

L4 fill_ratio.fillratio_from_mean
IC2018 LE L3 Vars.FullTimeLengthRatio

June 14,2019 Manuel Silva -
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LEVEL 5

* Primary background are now “clean” muons, time to filter
them out!!

» Use real data and train against simulated
neutrinos using BDT

= 1C2018_LE_L3_Vars.ICVetoHits = L4_accumulated_time

=~ 1C2018 LE L3 Vars.NAbove200Hits = L4 first_hlc_rho

=~ 1C2018 LE L3 Vars.RTVeto250Hits =~ SRTTWOfflinePulsesDCHitStatistics.cog_z

~ 1C2018_LE_L3_Vars.NchCleaned = SRTTWOfflinePulsesDCHitStatistics.z_sigma
= L4_VICH_nch = SRTTWOfflinePulsesDCHitStatistics.z_travel

June 14,2019 Manuel Silva - Event Selections 24



LEVEL 5

» Extract probabilities and apply single cut

* Note: overtraining is sometimes an issue when using
BDTs, always consult your resident machine learning expert

—— Noise — Ve CC, x1 vr CC, x1 —— Total MC
10° i —— MuonGun —— y, CC, x1 All v NC, x1 b Data (pass2) ]

Cuts oscNext_L4 noise BDT score_truncated > 0.7

:
Cut value = 0.65

AT T BX, T aalld

Rate[1/s]

[
o
&

1075F

1077
1.4F . .
) i; } : \éVatrn_mgf! ;
gL L ] ata includes

£ Lof—tid a— *:””i,“%}”}, 4" training set!

3o Might be slightly
overtrained!

©

0 0.8f
0.7¢
0.6fF

0-3.0 0.2 0.4 0.6
oscNext L4 muon BDT score_upd
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OSCNEXT - STATUS

* Muon rates decreased from ~10% to ~| per millisecond,
neutrino rates barely affected

» Still much work to do in Oscillations group!!

104
—&— Atm. u —8— Ve CC v CC

—%— Pure noise —&— y,CC % AllvNC
10°

— 102
N
I
-
. 10! -
b
©
o0 :\_‘\c
e . *_
10! —

IceCube Preliminary
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NU SOURCES

| GFU/
Neutrino Fast Response

Sources
e Search for

blazar, AGN,
supernovas,

eLG. ..

« Use muon tracks, need fast turn-around time

» All sky or northern/southern sky

June 14,2019 Manuel Silva - Event Selections
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GFU/FAST RESPONSE

* We want a very high purity of astrophysical neutrinos

» BDT used for northern sky tracks, definitions found here

» Similar but fast response is faster

BayesLLHRatio

OnlinelL2 BestFit LineFit DeltaAngle
MPE 1dirC

MPE ndirC

LineFit speed

OnlinelL2 BestFit zenith
logMuE

Plogl3p5
MaxSplitDelZenith
CosSplitMinZenith
Separation

LEmpty divby LDirC

Sall

logl0QTot

Dist2COG

June 14,2019 Manuel Silva - Event Selections


https://wiki.icecube.wisc.edu/index.php/GammaFollowUp/gfu_improvements#BDT_selection

GFU/FAST RESPONSE

* Chose cut on BDT score, 80% efficiency astrophysical

neutrinos

BDT score distributions
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NORTHERN NUMU

* Start at lceCube level3 data— wiki

* Use 10 variables as input to Adaptive Boosting BD T — wiki

* Cut on BDT score and cos(zenith), low statistics means that
you have to do a little manual tuning yourself

June 14,2019 Manuel Silva - Event Selections 30


https://wiki.icecube.wisc.edu/index.php/IC86_Muon_Level3
https://icecube.wisc.edu/~lraedel/html/multi_year_diffuse/event_selections/IC86-2011.html#id16
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NU SOURCES RESULTS

* lceCube 30 evidence blazers emit neutrinos

original GCN Notice Fri 22 Sep 17 20:55:13 UT 10
6.6° refined best-fit direction IC170922A
: IC170922A 50% - area: 0.15 square degrees 19
= |C170922A 90% - area: 0.97 square degrees 8
6.2° [
17 =
1C40 1C59 1C79 1C86a 1C86b 1C86¢
; . . . . .
6 4 . IceCT{lE)e—170922‘é‘ A
5.80 2 3 gox—shapcﬁ Alri,alysis —\' .
TXS 0506+056_ " L - il
4 0 _‘_‘f‘;—"_f.t'_“'ﬁ”_ﬁ—"—}_._—— - - =|_—/J_J.7:
5 40 7 2009 2010 2011 2012 2013 2014 2015 2016 2017
3 5
L
2
5.0°
PKS 0502+04p 1
0

4.6°

EEE e 0 7768 77.2° 76.8°  764°
Right Ascension
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SUMMARY

* Various event selection techniques in lceCube

* Pick an event selection best suited for your
particular analysis

» |If it doesn’t exist yet, make your own!!

 Or contribute to ongoing efforts...

June 14,2019 Manuel Silva - Event Selections
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Easy to classify as muon
teract

neutrino undergoing

charged current

°
Manuel Silva - Event S¢IF}

electron/tau neutrino, can
also tag as neutral current

» Easy to classify as

June 14,2019



NEUTRINO SOURCES

* Full list of datasets already processed and ready for use

* Choose the “best” for your analysis

All-sky sample of numu tracks optimized for point sources
(IC86 2012-2017 updated by T.Carver)

Point Source Tracks S.Coenders, T.Carver

All-sky numu tracks
T.Kintscher designed for quick response analyses.
Quick reco online.

Gamma-ray Follow-up
(GFU) with online reco

All-sky numu tracks

Gamma-.ray Fc?llow-up T Kintscher designed for qunclf response analyses.
(GFU) with offline reco Re-processed offline

for better sensitivity.

Northern sample of numu tracks, same as used for diffuse

Northern Tracks R.Reimann )
analysis of northern sky
All-sky numu tracks
Fast Response K.Meagher ] y )
designed for quick response analyses
Low E
ov.v nergy M.Richman Low energy starting events
Starting Events
STeVE M.Richman Something with starting events
_ Northern numu tracks designed
Transient Tracks A.Pizzuto
for short timescale analyses like GRB/FRB
ee: PeV scale gamma-ray events
Gamma Rays Z.Griffith
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