Overview ﬂ(IT
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B the science potential of SKA air shower detection
@ the engineering changes needed in the SKA
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SKA-EAS science
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Extensive air showers (EAS) and their detection ﬂ(IT
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W cosmic ray interacts
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Depth of shower maximum (Xmax) and mass ﬂ(IT
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Mass composition in the EAS radio signal ﬂ(IT
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B systematic differences in the radio footprints of light and heavy particles
TH et al., ARENA2012
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@ plus wavefront timing, plus polarization, plus pulse-shape
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Radio detection of cosmic ray air showers ﬂ(IT
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W prototyping phase is over (LOPES, CODALEMA, ...)
W we clearly understand the radio emission
W different paths can now be followed

measure individual air showers very
precisely with dense antenna arrays

cover large areas (>10 km?),
sparse antenna arrays

BERA

Auger Engineering Radio Array
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Detailed studies — LOFAR dense core ﬂ(IT
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® O(800) antennas in 400 m diameter circle, ~0.1 kmz2
W ejther 30 — 80 MHz or 120 — 240 MHz

W small particle detector array (trigger & event information)
B allows extremely detailed studies of individual cosmic rays
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Xmax reconstruction with LOFAR from LDF ﬂ(IT
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W 2d LDF fit to CoREAS simulations yields Xmax to ~20 g/cmz2

S. Buitink et al., Phys Rev D (2014) in press, arXiv:1408.7001
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The SKA will be a precision EAS detector ﬂ(IT

Karlsruhe Institute of Technology
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W dense core with very homogeneous instantaneous u-v coverage
® observing frequencies 50 — 350 MHz (now typically 30-80 MHz)

® Xmax determination with ~10 g/cmz resolution seems feasible!
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Science goals for SKA-EAS, arXiv:1408.5288 ﬂ(IT
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® precision study of transition from Galactic to extragalactic cosmic rays
® precision study of interaction physics beyond LHC energies

W study physics of thunderstorms and possible connections with EAS

B wide-band studies of radio emission from EAS

B we need to quantify the potential of these with simulation studies!

1" Manchester SKA Workshop, 05/2015 Tim Huege <tim.huege@kit.edu>



Transition from Galactic to extragalactic CRs ﬂ(IT

Karlsruhe Institute of Technology

@ needs precise mass composition studies from 1017 to 1010 eV

Equivalentc.m. energy Vs, = (GeV)
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KASCADE-Grande Collaboration, Phys. Rev. D 87 (2013) 081101(R)
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Transition from Galactic to extragalactic CRs

W superior Xmax determination in the 1017 to 101 eV range
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SKIAT

Karlsruhe Institute of Technology

® how useful is a 10 g/cmz2 resolution for mass separation when the intrinsic
widths of the distributions for individual particles are much wider?

® can we identify individual elements, or groups of elements?
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Particle physics beyond-LHC energies ﬂ(IT
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Particle physics beyond-LHC energies

SKIAT

Karlsruhe Institute of Technology

® air shower measurements can be used to study particle interactions

@ Auger uses tail of Xmax distributions
® near-field interferometry could do much better!
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SKIAT

Particle physics beyond-LHC energies = Wl i

W near-field interferometry will yield unprecedented level of detail
® 4-dimensional ,tomography“ of e+ and e- in air showers, study shower physics

® how to do it? apply ,information field theory“ techniques?
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LOPES, ,far-field interferometry”
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Particle physics beyond-LHC energies ﬂ(IT
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@ combine radio measurements with sophisticated muon detector?
® do we want a simple scintillator array for triggering only?
® or do we want electron-myon separation? what is the cost?
® we need to study possible particle detector designs, also for the ECP
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Physics of thunderstorms and connections to EAS ﬂ(IT

Karlsruhe Institute of Technology

W atmospheric electric fields ® LOFAR compared measured
influence EAS radio emission data with detailed CoREAS

® boosting of emitted radio
pulses seen with LOPES and

simulations including E-fields

constrained atmospheric

E-field strength and structure

Schellart et al.

A&A 467 (2007) 385 (LOFAR Coll.), PRL in
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Physics of thunderstorms and connections to EAS ﬂ(IT
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@ quite some media echo to the LOFAR thunderstorm results

AVAAAS

Daily Mews

natur e International weekly journal of science

News Home Hot Topics Categories Home | ment | Research | Careers & Jobs | Cument Issue | Archive | Audio & Video | For Authors physics
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Hevrs = Earth = Cosmic rays could reveal secrets of ightring or

Journals Physics PhysicsCentral APS News
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LATEST NEWS Cosmic rays reveal the secrets of thunderstorms e
High-energy particles from distant space could help to illuminate the arigin of lightning.

Davide Castelvecchi

Focus: Cosmic Rays as Thunderstorm
Probes

April 24,2015 « Physics 8,37

23 April 2015

A, Rights & Permissions

Science in turmoil: After th

Four years after revolutions

e e North Africa and the Middle
( uncertain future Radio waves generated by cosmic rays provide an unprecedented view of the elusive electric fields in
thunderstorms.
Recent Read Cl

1. Pluto may have icy caj
Nature |29 April 2015

™

Batches of ultra-thin tr|
2D materials
Nature | 29 April 2015

Scientists have used cosmic rays to peer ingide thunde
the mystery behind lightning's formation.

3. NIH reiterates ban on ¢

Nature |20 April 2015
4. Bat-winged dinosaur d
puzzie
Nature |20 April 2015

Cosmic rays could revea
on Earth > oo

5. Climate economics: TI
Nature |20 April 2015

Cosmic ray simulation

A simulation of the shower of particles produced by a cosmic-ray proton after it collides with the
atmosphere at an altitude of 20 kilometres. The actual duration of the event would be around 10
microseconds.

jmegen

Casper Rutjes / ASTRON / Centrum Wiskunde & Informatica

Cosmic probe. In this composite image, a cosmic ray produces a shower of secondary particles (pink and
purple) that emit radio waves as they interact with the Earth’s magnetic field. LOFAR... Show more
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Where to go from here ... ﬂ(IT

Karlsruhe Institute of Technology

precision study of transition from Galactic to extragalactic cosmic rays
precision study of interaction physics beyond LHC energies

study physics of thunderstorms and possible connections with EAS
wide-band studies of radio emission from EAS

we need to flesh out these ideas
® do simulation studies, quantify the potential
® develop analysis strategies
@ publish papers

® what have we forgotten?

Manchester SKA Workshop, 05/2015 Tim Huege <tim.huege@kit.edu>
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SKA-EAS engineering
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Engineering Change Proposal 140034 ﬂ(IT

Karlsruhe Institute of Technology

® we filed an ECP in March 2014

® several teleconference calls followed
to clarify the proposal

(— Ve
G B

SOUARE KILOMETRE ARRAY -

W this led to a joint ,analysis document®
SKA PHASE 1 TRANSIENT CAPTURE ECP 140026, on ECPs 140026 (Transients), 140034

ECP140034 & ECP 140035 ANALYSIS DOCUMENT

(SKA-EAS) and 140035 (SKA-Lunar)

£
N C tion | Affiliation Signat
‘uthored |
MLTumer C n [ OFf
list
I Diate | 2014-10-13
il by
T E | Frojedt I N
Scientist Date | 2014-10-13
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Scientist Date | 2014-10-13
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Requested Engineering Changes for SKA-EAS ﬂ(IT
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ECP 140034 analysis document
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sample and buffer at
individual antennas

trigger by particle
detector array

read out buffers and
store data

remote access
to coincidence
computer
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Sample and buffer at individual antennas ﬂ(IT
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digitize with at least 8 ,effective bits” above the noise, i.e. 12+ bits
relative timing calibration of 1 ns or better

sample with at least 700 MSPS (50-350 MHz frequency window)
continuously buffer raw waveform signal of individual antennas
10 ms buffer depth (latency of particle array trigger)

50 us readout window (capture diameter up to 10 km) [10 ms during
thunderstorms?]

only buffer antennas on a grid of ~10-20 meters, not all antennas

also buffer antennas outside the 1km diameter core as long as the
spacing between antennas is not more than ~100 meters (or more?)

Manchester SKA Workshop, 05/2015 Tim Huege <tim.huege@kit.edu>
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Trigger by particle detector array ﬂ(IT

Karlsruhe Institute of Technology

particle detectors ensure low rate of false positives, low detection
threshold, little computing power needed

need ~50-100 scintillator detectors per km”2
(document: ,50 to 100 across the 1 km diameter core®)

one coincidence computer — or hierarchical trigger topology?

power consumption (solar power disfavoured, batteries age fast)
coincidence computer which also stores particle array data

time synchronization with SKA/sampling clock (document: ,GPS clock®)
needs to be radio-quiet

we need a design study, including cost estimation (this will not be paid
for by the SKA)

Manchester SKA Workshop, 05/2015 Tim Huege <tim.huege@kit.edu>



Read out buffers and store data A“(IT
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@ assume average trigger rate of one every 6 minutes per km”2
W buffer size of 10 ms at 12 bits requires 12 MB/antenna (with 2 polns.)
W Dbuffer for at all antennas in the core would require 2.9 TB of RAM

® read-out of 50 us every 6 minutes for every 4th antenna in the core
produces a data rate of only 11 MB/s

26 Manchester SKA Workshop, 05/2015 Tim Huege <tim.huege@kit.edu>
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The verdict on our ECP ﬂ(IT
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W ECP140034 — Low-level access to SKA-Low antenna signals to allow cosmic
array detection. Despite the recommendation to accept, the CCB rejected the
ECP based on “the amount of work currently needed to establish the cost and
interface with SKA. The ECP can be considered at a later time without much
impact. With the next submission of this ECP a detailed proposal plan needs to
accompany it, as the Atmospheric Particle Detection Group propose they
supply the hardware. The SKA requirements need to be clearly stated.”

® We need to come up with a concrete design for the particle detector
array, at least regarding requirements from the SKA. Until when?
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Conclusion A“(IT
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® we have a promising science case, but we need to flesh it out

W the requested engineering changes are viable, but we need to become
more precise in our requirements, in particular for the trigger array

@ we need to prepare a revised ECP — until when?
W more people need to get involved in doing the work
® we need to acquire funding for people and the trigger array
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