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= |ceCube Detector

> Real-Time Infrastructure

> Follow-up / Alert Programs:

= Optical Follow-Up

= Gamma-Ray Follow-Up
= HESE Alerts

= EHE Alerts

> Summary
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The IceCube Neutrino Observatory

IceCube Lab
X_.;.—'_- - IceTop
e ST S -'/ 81 Stations

324 optical sensors > 1km3 detector for
Cherenkov light

IceCube Array
86 strings including 8 DeepCore strings
5160 optical sensors

> |n this talk:
u-tracks from
CC v“-int.

1450milE - - - |

DeepCore
8 strings-spacing optimized for lower energies
480 optical sensors

Eiffel Tower

> Angular resolution of
< 1deg

2450 m
2820 m
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Challenges (nhot just) for Realtime Operations

> Limited computing resources at
the South Pole

> Limited connectivity

= Iridium:
Low-latency and low-bandwidth

= TDRSS:
High-bandwidth and high-latency

= Limited realtime detector
monitoring

* No Good Run List
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Challenges (nhot just) for Realtime Operations

> Limited computing resources at > Fast/specialized event
the South Pole Qelections
Structure of this talk
= Limited connectivity = Basic event information first via
- Iridium: | low-latency channel
Low-latency and low-bandwidth > Full event transferred later for
= TDRSS: Improved recos

High-bandwidth and high-latency

=~ Limited realtime detector > Solutions available
monitoring

* No Good Run List
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Realtime Analyses in IceCube

>

Latitude

Time -

2012 2016
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Realtime Analyses in IceCube

A

[ Muon Filter }

v
[Online L2 Filter}

Latitude

|/ |/
[ OFU Filter ] [ GFU Filter J
| |
[ 13 Live (South)
\

Time -

2012 2016
Thomas Kintscher | IceCube Realtime Analyses | 2015/11/03 | Page 9




Realtime Analyses in IceCube
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Realtime Analyses in IceCube

‘ T l l

v [ HESE Filter }  EHEFilter
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> |ceCube Detector

> Real-Time Infrastructure

> Follow-up / Alert Programs:

= Optical Follow-Up

= Gamma-Ray Follow-Up
= HESE Alerts

= EHE Alerts

> Summary
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Gamma-Ray, Optical and X-ray Follow-Up

> Targeted at transient and variable sources

GRB: 10-100s AGN flare: ~10d SN: ~100d

> Wide variety of time-scales for evolution
> Time-dependent analyses:
Optical/X-ray Follow-Up: Multiplets within 100 seconds

Gamma-Ray Follow-Up: Point Source search
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(Current) Follow-Up Observatories

> Gamma-rays

= MAGIC (1 alert | year)
VERITAS (3 alerts | year)
HESS (t.b.d.)

= Energy ranges: ~ 50 GeV - 50 TeV
FoV: ~ 3.5 deg.

= Optical

" PTF (9 alerts | year)
> FoV: 7.3 sq. deg. now also

= ZTF (under construction) in AMON

> FoV: 47 deg. /

= X-rays: SWIFT-XRT (7 alerts | year) >
“ FoV: 0.4 deg. (~ 1.1 deg.) 30 Na
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Single Event Stream(s)

Old design:
> Event selection, analyses and alert generation at the South Pole

= Only alerts sent north

New design:
> Event selection at the South Pole
= Basic event information sent north

> Analyses and alert generation in the North

— more flexible and easily upgradable
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Single Event Stream(s)

> Fast event selection at the South Pole using BDTs

> Pick well-reconstructed, through-going muon tracks

OFU GFU
Precuts same
BDT Variables 10 10+2

equally weighted
E*, E?, E3 spectra

Cover Northern sky Full sky
Event rate 5 mHz 4 mHz

Trained spectrum E2 spectrum

= Merging effort underway (scheduled for the new season)

> Basic event information sent north:
Direction, Energy, Directional uncertainty estimate, BDT score

> Median delay so far: 22 seconds!
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Follow-Up with Gamma-Ray Observation

> Recelve tracks from (GFU) single event streaNm

> Marginalized likelihood: £(x;,t;, Ei|ngig,y) = H (nls\lig S + (1 B nls\lig) Bi)

S/B.. PDFs containing spatial, energy and timing information

0.10

5=I0.52, AIT= 10dI
[ Background
" Ll [ Bg. + 5 Signal Events|]
> Test statistic: ‘5
. o 0.06
2t (UTEE T Ll =0))
U(TS7 Te) £(77 nsig) % o
Maximum-Likelihood fit of 0.02
= Spectral index 800
0 10 20 30 40 50 60 70 80
= “Signalness” (~amount of signal in events) Test Statistic A

> Determination of most likely extent of time window
(starting with last received event, looking back up to 21 days)
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Follow-Up with Gamma-Ray Observation

= Current setup: pre-agreed upon list of sources

Considerations:
= Source visibility to follow-up observatory (~40% of time)
(zenith at the telescope, moon phase and proxmity...)
= Duty cycle of follow-up telescope

> Test statistic cut — e.g. 2 alerts / year to MAGIC (automated email)

Future plans:
= Develop unbiased (i.e. self-triggering, w/o source list) clustering search

> High(est)-energy single neutrino events among GFU events
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Alerts from Gamma-Ray Follow-Up

> Running stable since March 2012

= Number of physics alerts sent so far: 14

> Most significant: 2012/11/09 R
= N perved: ©
= Duration: 4.169 d f__m\
= -log, (pre-trial p-value): 4.637 g e *' j

= Alert forwarded to VERITAS

= No significant evidence for 1 deg
gamma-ray emission seen - Y

RA [degrees]
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Intermission: Real-time Monitoring

> 'Good Run List' not available online,
but need for detector stability and event quality in real-time
= Clustering of events recorded during stable running conditions

= Detector live time influences likelihood

Alternative demonstrated with GFU at the South Pole:
> Selection of trigger and filter rates

> Sliding window averages: Si=axi+(1-a)Si1 =001
. . gy = <X2> — SiSi
X = Sl

> Stability score: &=~
i—1

J

= (will be) available in the North too

= Cut on stability score by analyses
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Follow-Up with Optical/X-ray Observations

> Receive tracks from (OFU) single event stream

> Closely clustered events on very short timescales
— (almost) no background

= Angular distance: < 3.5°

= Temporal distance: < 100 s

> Test quantity: )= —2log”L
A2 5 04 AT
= 72 + 2log(2moy) — 2log (1 — exp (_ﬁ>> + 2log (ﬁ)
= angular separation, reconstruction quality, events in telescope's FoV, small time intervals

> Forwarding to

= PTF: 9 alerts / year
= SWIFT: 7 alerts / year
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Alerts from Optical/X-ray Follow-Up

> 2012/03/30: Most significant OFU alert to PTF

= Two neutrinos within 1.7 s

> Detection of core-collapse supernova PTF12csy within 0.14 deg

= Distance: 300 Mpc
= Age: > 169 days

19.0
> p-value: 0.014 (2.60) event 1
18.5 |- event 2
i 18.0F--1 : SN location
= Chance detection, % .
neutrinos likely g
=170 |
unrelated to SN &
16.5
_ T S
> [arXiv:1506.03115], oot~ R N
accepted by ApJ 10301035 104.?{ gﬁf ;iigsligiffollﬂﬁ'omﬁ's 107.0 88 - - TS
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http://arxiv.org/abs/1506.03115

ICECUBE PRELIMINARY

> High-Energy Starting Events

= Veto by outer detector layer
= Q > (1500) 6000 pe

> Starting tracks with
lots of charge and . W
short lever arm L e

: : I
— expensive reconstruction 5 T5=2l0g(LILO) h

[ Background Atmospheric Muon Flux
[ Bkg. Atmoespheric Neutrines (=/K)

EZ71 Background Uncertainties
== Atmaspheric Neutrinos (90% CL Charm Limit)

—— Bkg.+5ignal Best-Fit Astrophysical (best-fit slope E-25)

=+ Bkg.+Signal Best-Fit Astrophysical (fixed slope %)
«®a Data

IceCube Preliminary

100 2

Events per 1347 Days
|
L

10° 10’ 10
Deposited EM-Equivalent Energy in Detector (TeV)



Handle in two stages:

> Basic event reconstruction (cascade and track fit) at the Pole

> Send event summary via high-priority, low-latency messages

= To the North

= And to AMON:
Quick correlation analyses with HAWC, Auger, etc.

Sooner
Later

= Send full event information (i.e. pulses) via lower-priority channel
> Run demanding reconstructions in the North

= Update AMON event with latest reco results
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EHE (Extreme High Energy) Alert Stream

= Similar to (offline) diffuse EHE analysis
= Npe > 3000, Nch > 300, fit quality cuts
> Adapted to target astrophysical neutrinos

* (A aes1 000 o
T die - e @

= Only track-like candidates
(with Online L2 reconstructions)

> Expected yield: 6 events | year
(2 background + 4 signal)

Intended audience:

= Not generally public
> MoU partners (e.g. MAGIC, HESS)
> AMON partners: VERITAS, Swift, HAWC, ANTARES, ...
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Summary and Outlook

> Feasibility of realtime analyses demonstrated with IceCube
and partner experiments:

= Through-going Muon Stream
= Gamma-Ray Follow-Up (with Realtime Stability Monitoring)
= Optical/X-ray Follow-Up

= Transition to flexible system

" more event classes

= more analyses

> New event selections available soon

= HESE Stream
= EHE Alert Stream
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