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Overview

Motivation
e Composition
e \eto for IceCube
e UHE gammas

Large array
e |ayout
e Trigger & Data flow

Simulation efforts
e | OPES based
e REAS2 based
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RASTA

Science goals

Setup

Modified DOM mainboards
Event rate estimate
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Motivation

IceCube . \ o

® measures muons (above ~TeV) Vi
in the ice

IceTop \

® measures electron and muon \
population on the ground \

Radio array N\

AAAAAANADANAAANAANAANAAAANAA A.' 'AlA A r' ;‘
e measures total electron component Radio Array N\ “lceTop
(muon contribution negligible) \\

Composition Neutrino

Gamma Cube
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Motivation: Composition

[ QGSJet, proton ' ;; ]
104 L iron - ST

Composition measurement : | ]
@® from e-to-p ratio 10° ¢ §
® heavy nuclei - ]
=» enhanced muon component
® |ceTop: y+e -Component : .~
e IceCube: y -Component 1005 LI [R Engel ]
e Radio signal:

Number of muons Nu (Eu>500 GeV)

10° 10* 10° 108 107 108 10° 10"
Shower size N, (E.>1 MeV)

e synchrotron emission ~ m* = 4o [%. [T Huege, H.Falke, astro-ph/0501580]]
N - ""-f‘f'%;.;.w' E
=> only e -Component = Lo,
@ from radial distribution -
e steepness depends on e
distance to shower maximum = 1F E
e will be enhanced at IceCube =
height (at ~750 g/cm?) < — Xna, = 560 glom”
ZJ S— X__ =735 glcm?
53 ..
0.1 1 1 1 1 1 .
0 100 200 300 400 500 600

distance from centre [m]
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Motivation: Neutrinos

Neutrino detection

® Provide a veto for
air-showers above IceCube

=» increase the effective
neutrino volume

=» reduce the muon bundle
background for UHE
analysis
e from IC22 UHE analysis

=» gain factor of ~3

.62
ANITA 2 / flight
lceCube 0.7 / year
lceCube + veto 2 [ year

® Provide a veto for an
in-ice GZK radio array ?
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Motivation: Gamma rays

Idea
e search for muon-poor showers

photon induced showers

e contain 100x fewer
energetic muons

=» can be detected in radio array

hadron induces showers

e will always contain
some TeV muons

e will be detected in IceCube
=» use as veto

Number of muons N}l (Eu>500 GeV)

[(8861) esexIH pue uszjeH ‘seaiq] 3

10 102 10° 10*
E, (GeV)
- QGSdJet, proton %
iron 1000 -'°
photon ., } '
100
o )
Bl “0‘
1 PeV "0’ 40
. o ‘064
4
% 0"“%\'{0 @
‘ A RENICY
. Bz o®
= 0
e .\ Lol L |

10° 10* 10° 108 107 108 10° 10"

Shower size N (E;>1 MeV)
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Motivation: Gamma sources

L MGRO J1908+06
PeV phOton Sky 'E N\ O Milagro data
» \ * HES.S. data
= largely unexplored 2 ool N\ e flindly apciruns
i~ N N calculated v spectrum
Extragalactic sources - Ny T e
it

e shielded by CMB absorption

5m
4 _ pair production '
- redshift 13
3b | \;;I-.__ . 10 1 10 107 10°
gl \.Q oten \. ] [ Halzen et al., arXiv:0803.0314v2]  E(™Y)
%: L \"\ - X P_ .
g 1! \ e Galactic sources
ol /v Fo e Pevatron accelerators detected by Milagro
at | cve / - => no sign of cutoff
i \
P e expected at > 100 TeV for EM
12 14 16 18 20 22 24 acceleration
Ig(E/eV)

e for unbroken E? at 10?2 TeV' s’ cm-

= J(10) events/year/km?
with E > 1 PeV
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Motivation: Gamma sources

ponn

—— Crab Nebula - E*
— GLAST

—— Tibet

— ARGO

—— Milagro

-==- Whipple

==== TibetMD

— HAWC

— sHAWC

==== VERITAS/HESS

Experimen

Milagro 4 x10° 211
HAWC 4 x 104 21
Radio array 106 > 0.7

® Galactic Fermi sources "
A0 s /- Epnin (GeV)

® 4 dec @

IceTop — IceCube:
S e cover 25° from vertical
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Radio array — IceCube:
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-3000

Large scale array

[m]

> 3000

2000

1000

o

-1000

-2000

—ARA
= IceTop
e Surface radio

T—PE
=

Magnetic field

® -72.5° inclination
(upwards)

e -29.2° declination
Constraints

e |ceCube side of runway

e 3km radius (logistics)
Configuration
e several hundred sensors

® increasing radial spacing

=» compensate for
signal strength
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Trigger and data flow

Event building
and reconstruction

<1 Hz, Standalone
106 eV "~ shower trigger

Shower front
~10Hz | s for direction
>10%eV (latency ~ms)
Online
~10Hz | reconstruction
> 10" eV (latency ~1s)

ICL
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Simulation I: LOPES parametrisation

LOPES
e 30 radio antennas

e triggered by KASCADE
e 40-80 MHz bandwidth

e (Calculate cross-correlation beam

| N1 N '
cclt] = £, | £ N Z Z si[t]s;[t]
T J>1
CC-beam parametrisation
eew = A(l+ B —cosa)cosf

R E \"7
“P\ "R, ) \10r7ev

Limited validity
e narrow frequency band
® close-to-vertical showers

= wrong angular description
® no pulse shapes
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CC-beam [pV/m/MHz]
4

Nature 425 (2005) 313]

CC-beam
gaussian fit
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Simulation lll: REAS2 - Jan Auffenberg

S
REAS2 =
-]

e full air shower simulation
(CORSIKA)

® trace every particle and
calculate radio emission

e very slow (J(hrs) per event)

Dataset
e few events at
e PeV — EeV energies
® 5°—45° zenith angle
® various azimuth angles

Results

e profit from lower noise level
at low frequencies

e should get larger signal towards
the horizon for proper antennas

=» severly CPU limited

Spectral Energy Density [dBm/MHz]
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Motivation
® can not trust existing simulations

RASTA — Radio Air-Shower Test Array

Science goals
e show coincident detection of air-showers with IceTop
® measure air shower detection threshold
® measure transient background rates
e develop self-trigger strategies
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radio
antennas

N-S

modified E-W

mainboard

SJB:
Tee A0
~ Top
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FCU cable (> 5m) ———

Limited resources
=> reuse exisiting
experience & infrastracture
Antennas
e fat wire dipoles

DAQ
e modified DOM mainboard

Cabeling
e |ceTop freeze control

Software

o AURA & SATRA or
IceCube experience
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Antennas

Fat wire-dipoles

® higher bandwidth than
single dipoles

e smaller group delay than
log-periodic dipole

® good acceptance
in all directions

e successfully tested
at South Pole

South Pole
e 4 (maybe 6) antennas available

e ship 12 more
(18kg per antenna) :

Deployment A
e one E-W and one N-S per station 1l
® in shallow ditch (1m deep)
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Modified DOM mainboard

l

Y x1
10b
Ny Dﬂ — 10b r
YA 2
S — 10b
> ADC [ il

A
X2.6 Xx DP
OB.LED 40 MHz Ram
ATWDs <

e use four channels LC
e 2 ant. x 2 gains 20 MHz
® keep ping-pong

fADC Oscillator Monitor
e long transients & Control

|

(o]

A
A 4

A
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ICL & Software

In ICL

e 2 DOR cards in one DOMHub
(or 2 slots in existing hub)

e 1 DSB card
=» standard IceCube

Software
® more questions than answers
e can we use lceCube software ?
® can we have a “radio multiplicity trigger” ?
e can we get triggered by IceTop ?

Storage
e <10kB per event, 10Hz rate =» to tape
e 200MB/day ( > 1k events) = over satellite
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Layout and Event Rates

Layout

® 6 closely spaced for coincidence

e 2 further away
® can use any
lceTop position
Event rate estimate

e single station triggers
on 10"eV at 125m

e 30°-60° to magnetic field

e 33-10° m? in dense part

e E- spectrum above 100 PeV
= J(1) event/day

-
@5 16 # Yo
vy S10¥e11 012
*8 #
" 2 *4 'Tl-{'-5 6
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