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Motivation: Benefits of microwave detection
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Sources of high-frequency radio emission

emission of low-energy plasma electrons
- molecular bremsstrahlung

- observed (only) In accelerator experiments
Gorham et al, Phys. Rev., D/8: 03200/, 2008.

» unpolarised, isotropic, broadband radiation

» sparked several experimental searches

emission of high-energy charged particles
+ mainly geomagnetic & charge-excess effects

- steeply falling frequency spectrum (well-studied
for frequencies « | GHz)

* time compression near Cherenkov cone

» highly forward-beamed at GHz frequencies
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CROME concept

Microwave antenna array embedded in
KASCADE-Grande:

* antennas pointing vertically

» time compression of signals leads to
natural increase of SNR

» detector read-out triggered by high-
energy air showers

- signals can be correlated with shower
reconstruction from KG

- additional time synchronisation with
nearest scintillator station
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Instrumentation

K band (1 | GHz)

une 2010



Instrumentation [ band (1-2 GH
see talks by L.gerzo/d & PPapeZn)breer K band ( | | GHZ)

VIHE VILE
(40-80 Mi-z) (= [0ME)

C band (3 442 GHz)

May 2012
shutdown of KG in Nov. 2012




C band setup

* three 3.4 m parabolic reflectors
(vertical, 15° to north, I5° to south)

» 40 dBi gain, |./7° beam width

» linearly polarised nine-feed cameras
equipped with Norsat LNBs (3.4—4.2 GHz)

- corner feeds upgraded for 2" polarisation

KASCADE GPS
trigger clock

0%




Calibration results

In-situ Measurements:

half-power beam width: [.7°

pointing accuracy: 0.1 °

system temperature: //-87 K

| ab. measurements:

>

effective bandwidth: 660 MHz

end-to-end rise time: 2.7 ns

basis for end-to-end
detector simulation
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Electronics simulation Pulse response
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Stability and selection

Noise level over one month
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After applying CROME and KASCADE-Grande quality cuts:

4
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baseline fluctuations ATes ~ 2%
| 1,800 hours of common operation
- single polarisation: |21 sr hours

- dual polarisation: 20 sr hours

15,000 air showers with E > 106> eV and O < 40°

- 3,700 showers cross the field of view of at least one receiver
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Fvent selection

Calculation of expected signal time windows:
includes uncertainties in electronics (~20 ns) and geometry

» typical widths: 40-60 ns

Event count over signal threshold
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25x10'"7 eV, 0 = 5.6°, ® = 353.6°, R = 119.8
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Splitting the dataset

viewing angle: «(channel boresight, shower axis)
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: Viewing angle

‘forward’ sample < S ‘isotropic’ sample
39 signals 9 signals
exp. <4 noise (95% C.L.) exp. | | noise
4% cut I1s compatible with Cherenkov angle at Xmax + uncertainties

- most signals are detected in the forward region of the air showers

» Isotropic sample 1s compatible with noise fluctuations
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Forward region: Core positions
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» clear ring structure (the two outliers vanish for 9 dB threshold)

- Indication for east-west asymmetry in vertical antenna

* no asymmetry in north pointing antenna
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Forward region: Arrival directions
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0°  Qmag = 25°  » 7%

Omag = 40° > 9%

180°
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» Indication that the detection rate
Increases with geomagnetic angle

Qualitative agreement with expectations from geomagnetic & charge-excess radiation
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Forward region: Simulation of emission

Employ CoREAS (endpoint formalism;

cf. J. Alvarez-Mufiz' overview):
T. Huege, M. Luawig, and C.W. James. AIP Conf. Proc., 1535(1):128—132, 201 3.

- simulate 25 proton and 25 iron
showers with their parameters
varied within the reconstruction
uncertainties

* notable differences to typical VHF
simulations:

|0~/ thinning
+ At =5 ps (fayq = 100 GHz)

» add thermal noise and apply
end-to-end electronics simulation

* caveat: use peak antenna gain

» predicted signals should be
treated as upper limits
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CoREAS: Comparison of polarisation pattern

* logamp detector destroys phase information
» only indirect comparison of predicted signals with polarisation
axes of recelvers

» calculate polarisation loss factor (PLF) for each channel in the
forward region of the detected events

[ Signal (32 channels) =) No signal (26 channels)
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» detecting channels are well aligned with the CoREAS predictions

» dual-polarised measurements support this well

» distributions are incompatible with unpolarised radiation at 4./70 level
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CoREAS: Comparison of signal strengths

Proton primaries lron primaries
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» overall compatible signal strengths
» showers with large discrepancies are generally farther from boresight

» data slightly favours heavy primaries (consistent with KASCADE-Grande data)
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[sotropic sample: Simulation of emission

3-d Monte-Carlo based on shower parametrisations:

F. Nerling, |. Blimer, R. Engel, and M. Risse. Astroparticle Physics, 24(6):42 1—437, 2006.
L. Perrone, S. Petrera, and F. Salamida. Auger technical note GAP-2005-087, 2005.
D. Gdra, R. Engel, D. Heck, et al. Astroparticle Physics, 24(6):484—494, 2006.

- emitted power proportional to energy deposit In atmosphere (linear scaling)

» microwave yield of
Yuw = 1.2 x 10718 Hz
reproduces accelerator measurements

- flat spectrum in C band; unpolarised and isotropic
* propagation to detector with height-dependent refractive index

- convolution with radiation patterns
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MBR: Example of expected signals

Fast envelope [mV]

Simulated power [dBm]

» 1sotropic model alone doesn't describe the
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MBR: Comparison of signal strengths

Proton primaries lron primaries
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* note: all points with SNR4ata > 8 dB have a viewing angle < 4°
- clearly inconsistent description of data (independent of rescaling)

» since measurements are compatible with noise, derive limit on isotropic flux
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Limit on isotropic, unpolarised component

Example for one channel

-
.
.
’

14 |- o
. — 95% confidence belt
o | of expected signal:
) » shower-to-shower
o 8 .
o fluctuations
Z 6 0
n .
measurement —p = = = = = = » reconstruction
4 uncertainties
2 » detection
Lol Lot L1 L L1l P,
100_20 ppT: ppom, ety statistics

Microwave yield Yyuw

Combination of ‘many’ channels in a likelihood analysis:

Yvw < 0.4 x 1078 Hz=1 (95% C.L,, preliminary)
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Conclusions on the microwave emission of EAS

Forward region:

- fully consistent description assuming geomagnetic and charge-excess as
sole emission processes

-« CoREAS predictions are compatible with measured polarisation patterns
and signal strengths

» still need to convolve simulations with antenna radiation patterns

Isotropic sample:

- measurements are compatible with noise

» preliminary limit on microwave yield of Ymw < 0.4 x 10718 Hz=1 (95% C.L)
» In line with recent beam test experiments (see, e.g, V. Verzi's talk)

» need to Include more data and see how the Iimit evolves
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Sensitivity for Xmax
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Polarisation

mMap
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Fvent #85 |

E=23x10"eV,0=6.2°,0 =53.0°%R=115.6m 90°
400 I I I | I I I | I I I | I ! ! ! ! ! !

= Channel 1

—' 300 |- --==- 8dB threshold |

180°

—5080 —5060 —5040 —5020 —5000  —4980 2ro°
Time after trigger [ns]

« MBR simulation fits well to this measurement

* however: channels in second antenna have similar predictions
and no signals!
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Dual-polarised measurement
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Rejection of noise events
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Uncertainty of impact time
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Stability of data taking
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