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lceCube

A cubic kilometer of ice at the South Pole is
instrumented with 5160 optical sensors

South Polar Ice cap contains clearest known material
on earth - Single photon can travel up to 300 m

Detector is larger than the physical volume - Scales
with energy of neutrino and neutrino type

“Open” Data
¢ Published results have a data release
¢ Alert data - Pointing, time, energy - send to community

¢ Big issue is data interpretation without Monte Carlo
studies
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lceCube Science
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Multi-Messenger Astrophysics

Follow-up detections of IC170922 based on public telegrams & MUltl'Messenger AstrothSICS (MMA)
i = % 8 ¢ Observing astrophysical phenomena with more than
O == O one “messenger” (gravitational waves, neutrinos,
Bl S gl EM)
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O- O & One of NSF’s Big 10 Ideas
SALT, Kapteyn (:AQbG!rC4 Liv;:rpoollj, AGgILE
N N & lceCube detected an event that came from Blazar
g =
C g~ 8% d TXS 0506+056
Kanata, NuSTAR VLA Subaru ;
¢ Follow up observations by several

observatories/telescopes showed signal
¢ Back catalog showed access for this source

& Fast response to alerts requires significant
cyberinfrastructure

& NS+NS merger would be ideal IceCube+LIGO
observation

& Core collapse supernova would be ideal for
lceCube+DUNE observation
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lceCube Computing - 30000 Foot View

Classical Particle Physics Computing

. Trivially/ingeniously parallelizable - Grid Computing!

- "Events" - Time period of interest
Number of channels varies between events
|ldeally would compute on a per event-basis

- Several caveats

No direct and continuous network link to experiment
Extreme conditions at experiment (-40 C is warm, desert)

. Simulations require "specialized" hardware (GPUs)
In-house developed and specialized software required

Large energy range cause scheduling difficulties - Predict resource needs,
run time, etc.
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lceCube Computing - A closer view

& Global heterogeneous resources pool Glidein Locations
& Mostly shared and opportunistic resources

& Atypical resources requirements and software
stack

& Accelerators (GPUs)
& Broad physics reach - Lots of physics to simulate

& “Analysis” software is produced in-house

% “Standard” packages, e.g. GEANT4, don’t support

everything or don't exist GlideinWMS Pyglidein

& Niche dependencies, e.g. CORSIKA (air showers)
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& Significant changes of requirements over the
course of experiment - Accelerators,
Multimessenger Astrophysics, alerting, etc.
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Data Organization, Management, and Access

Three different data paths over satellite and
shipping disks :

¢ High Priority Data - MMA alert and detector
operations

¢ High Fidelity Data - Filtered detector,
monitoring, and misc. data

¢ Raw data - Unfiltered detector data

Central data warehouse through which all
data passes

Predominate form of data transfer is sFTP
- ¥ (from pole) and GridFTP (grid jobs)

WEm  pEw b . B X Working on new archival and data
q Y & D Data, 0B
R = management strategy

- o - ¢ Biggest hurdle is desire for POSIX access

Nortem & Object Store is coming - 2-3 year project

Hemisphere
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Alert Stream

& Alerting the community about interesting

events - Multimessenger Astrophysics (one
of NSF's 10 Big Ideas)

& Want to alert the community at large about
Interesting events

& Fast event stream that is separate from
main stream

& Special filtering based on previous analyses

& Alerts are currently limited by

¢ Knowledge about neutrino sources - Is it
astrophysical?

& Available CPUs for follow-up studies to
improve error on direction on the sky - Very
bursty usage, 12000 cores for 30 min once a
month
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Data Organization, Management, and Access

& New software designated “Long Term
Archive” (LTA)

& Written in Python

& Designed specifically for this purpose

& Integrates Rucio - ATLAS data transfer
software

& NSF award 1841479 (CESER):
Collaborative Research: Data
Infrastructure for Open Science in
Support of LIGO and IceCube

@ WLCG Grid Deployment Board I B E B l—l B E 11 September 2019
uUTH LE UTRIN BSERVATORY




lceCube Grid - IceCube Grid

Glidein Locations

GlideinWMS

WLCG Grid Deployment Board

& Piggy-backing on existing 0SG GlideinWMS
infrastructure for access to 0SG and EGI
sites - Access through CHTC

& Private grid infrastructure through
homegrown software - pyglidein

& Overlap with private grid infrastructure

- through 0SGConnect and local users
Pyglidein
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lceCube Grid - Simulation Workflow

& Fairly straightforward particle physics-like
workflow

& Big constraint is lack of dedicated resources
¢ No data aware scheduling

& Lots of data movement - Lots of time wasted to
move data

& Different steps can have drastically different
requirements
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