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Deep EOR Imaging «sun

Labropoulos, Jelic, :
Yatawatta, et al.

L 13°x13°  6h, 115-163 MHz, 25 statignsﬁ_’p.g:._‘[nJyﬁ_z::"__:_{2° x2

u

Within factor 1.5
‘of thermal noise!

- -> Sagecal S. Yatawatta




Taurus A with international baselines

1 Core station, 7 remote stations, 2 international stations

Detection of central source (Crab pulsar)

PLot file version 1 created 22-FEB-2011 18:05:31
BOTH: 0534+220 RR 135.742 MHZ 23410.RCL001.5
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0534 32.3 32.2 321 32.0 31.9
RIGHT ASCENSION (J2000)
Grey scale flux range=-0.165 9.803 JY/BEAM

Cont peak flux = 9.8030E+00 JY/BEAM

Levs = 9.803E-02 * (-1, 1, 2, 4, 8, 16, 32, 64)

O. Wucknitz (Bonn)



Polarized structure in Fan
egion with RM synthesis
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. LOFAR Tied-Array Multi-Beam

‘Talks by Hessels

DS

See Mol & Romein 2011 for multi-beam tied-array benchmarking results
Credit: Hessels, Stappers & Scaife

First Science with LOFAR - Dalfsen - Sept. 14th, 2011 AST(QON



eam Tied-Array!! Talks by Hessels
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Talks by Coenen discove Y J2317+68

2 Pulses of Best Profile Search Information

Candidate: ACCEL_Cand_2 RA 000 ™ 23:17:26,5502 DEC jp00 = 68:44:25.4076
Telescope: LOFAR Foldmg Paroemeters

Epoch‘m = 55559.64583330000 Reduced x = 3279 P(Noise) < 1.16e—49 (x14.80)
Epoch, . = 55559 64567106420 Dnspersnon Measure (DM) = 71 876

0.00065536 opo (ms) = 813.4076(1 1; m (ms) = 813.4076(11
5191680 (ooo (s/3s) = 0.0(2.4)x10™ : P oy (s/5) = 0.0(2,4 p
9.48e-08 Plipo (3/57) = 0.0(4.6)x107"7 P (ohs .
9.508e+04 Binary Parameters °

200 Poy (3) = N/A

1.58%e+04 i - g

1.5320+07 ot

D‘:(?';'olded
Data Avg
Dota StdDev
Profile Bins
Profile Avg
Profile StdDev

Reduced xz

-0.1
Period — 813.40466937 (ms)

Freq — 1.229400 (Hz)
-2x107¢ 0

0.4 ;
Fraction of O}

n 'Mﬂb

0 =10"%2x10""

0.2
3

! WI M
w... b

o
1 1.5 3210
Phase Reduced x2
NONE_L2010_22293_RSP3.sub0000

Credit: Green, Hassall & Stappers

2

1

Reduced x2

P—dot — 3.1907e-20 (s/s)
F—dot + 4.8225e~20 (Hz)

0
2x10°7 1077




C

Cosmic rays are very energetic
particles (v~c) accelerated in the
COSMOS

They reach energies beyond what
can be achieved in accelerators (5
Nobel prizes for fundamental physics)

The differential Cosmic Ray spectrum
Is described by an almost universal
power law with a E-27° decline.

Low-energy cosmic rays can be
directly measured.

High-energy cosmic rays are
measured through their air showers.
® \What are they made of?
® Where do they come from?
® What is the highest energy?

osmic Ray Energy Spectrum.V.

Flux d®/dE [ m2 s*! sr! GeV-!]
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Coherent Geosynchrotron Radio
Pulses in Earth Atmosphere

4 Earth |
42" B-Field ™ UHECRSs produce particle
showers in atmosphere
Shower front is ~2-3 m thick
~ wavelength at 100 MHz

B e emit synchrotron in
geomagnetic field

B Emission from all e* (N,)
Geo. add up coherently
l"'ot B Radio power grows

oy quadratically with N,

<

coherent = Eiota=Ne"Ee
E-Field = Power o<cE_2 oc N ?
= GJy flares on 20 ns scales

Falcke & Gorham (2003), Huege & Falcke (2004,2005)




Intensity (dVdE) [m2sr-'s'GeV™']
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field strength € [LV/m/MHZz]
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field strength € [LV/m/MHZz]
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Cosmic Rays seen with XS
LOFAR
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Ter Veen, Corstanje, Nelles, Falcke, Schellart,
Horandel, Satyendra, et al.

Most densely instrumented measurements of air shower radio emission!



TBB Imager

Cosmic Ra
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Schellart et al. (Radboud Univ




Cosmic Ray
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Neutrinos

Radio antennas
(WSRT/LOFAR/SKA)
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E® f(E) [GeV cm™ s sr1]
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Summary

B LOFAR can do ns-timescale detection and imaging of radio
flashes

B Radio detection of CRs has matured into a serious technique
= Direct detection of CR air showers with LOFAR works:
® |nvestigate composition of CRs (synergy LOFAR & AUGER)

B Search for radio pulses from UHECRSs hitting the moon:
® Best UHECR and neutrino limits beyond 104" eV for LOFAR

B SKA will detect particles >1020 eV, be most sensitive detector

= Also: Hunting FRATSs (fast radio transient at t<1s)

® Lightning, radio flares from planets, stars, neutron stars, black
holes, and extraterrestrials (SETI) ...

® Ready to explore the unknown — stay tuned



P10 distributions
'10

= ® No pulses other than
I e white noise Gaussian noise were found
— data in 5 minutes of data
102§
1ok B Next steps:
o ® Repeat analysis on full
1L | . bandwidth data
0.2 0.25 0.3 ® More stations (tied array
After coincidencg, requirement mode)
- hite noiee ® Point one or more beams
to the Moon, to check for
— data differences

® |nvestigate short time
structure of others
sources?

® Implement simple trigger
53 (@TBBS or CEP)




