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Mass sensitivity in theradio lateral distribution function
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Abstract: Measuring the mass composition of ultra-high energy cosays is one of the main tasks in the cosmic
rays field. Here we are exploring the composition signatarthé coherent electromagnetic emission from extensive
air showers, detected in the MHz frequency range. One ofxtperaments that successfully detects radio events in the
frequency band of 40-80 MHz is the LOPES experiment at KITs H digital interferometric antenna array and has the
important advantage of taking data in coincidence with tréigde detector array KASCADE-Grande. A possible method
to look at the composition signature in the radio data, mtedi by simulations, concerns the radio lateral distrduti
function, since its slope is strongly correlated with Xm&ecent comparison between REAS3 simulations and LOPES
data showed a significantly improved agreement in the latistibution function and for this reason an analysis on a
possible LOPES mass signature through the slope methodnsiging. Trying to reproduce a realistic case, proton and
iron showers are simulated with REAS3 using the LOPES deleatformation as input parameters. The obtained radio
lateral distribution slope is analyzed in detail. The latstope method to look at the composition signature in tdéra
data is shown here and a possible signature of mass congpositihe LOPES data is discussed.
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1 Introduction mostly agree on the geomagnetic induction effect as the
main emission mechanism [1, 2]. A minor contribution
Radio detection of the cosmic ray air showers made cogomes from the charge-excess radiation, which influences
siderable progress in the last few years. Nevertheless tie radio lateral distribution function (LDF) [1, 3]. The
sensitivity to the primary composition has not yet beehDF slope is predicted to be an indicator of the primary
tested experimentally. Different simulations try to modemass [6]. Iron nuclei interact earlier in the atmosphere, so
the radio emission from cosmic ray air showers, and thefpeir Xn,.x, i.e. the atmospheric depth of the shower max-
imum, is further away from the observer compared to the



N. PALMIERI et al. RADIO MASS SENSITIVITY

tive bandwidth (31 MHz). The points are then fitted with
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% with two free parameters, the scale parametgrwhich

describes the lateral slope, andp, the electric field value

at 100 m from the shower axis.

Thanks to the improvements made in modeling the radio
emission mechanism in REAS3, a good agreement can be
o seen between the measured and simulated LDFs for almost
Tirivtas o all the events.
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v di;?fnc;é"[m] For the slope-method analysis, the REAS3 simulations are

made to reproduce a realistic case, therefore the infor-
Figure 1: Lateral distribution function for one LOPESMation about the LOPES selected events is used as in-

event (points) and REAS3 simulation (squares). The ﬁttingl‘Jt parameters. The core position, the number of muons
function used is eq.1. The dotted lines indicates the absB¥/); the primary energy and the arrival direction of the

lute calibration and the KASCADE energy reconstructiofl” Shower are all directly taken from KASCADE and
uncertainties, not included in the simulations. KASCADE-Grande. Moreover the observer positions are

simulated to correspond to the real LOPES antenna posi-

tion in the field with respect to the core of the shower.
Xmax Of lighter cosmic rays. This causes an expectation f@®efore simulating the radio emission with the REAS3
the radio lateral distribution function slope to be flatter f code, the measuredNis used for the pre-selection of
heavier and steeper for lighter primaries. The good agreghe CORSIKA shower. 200 CONEX showers for proton
ment between LOPES data and simulations with the nesnd 100 for iron are simulated with QGSJetll and UrQMQ
REAS3 code, which includes the total complexity of theespectively for high and low energy interaction[12, 13].
radio air shower emission, so also the charge excess confiimong all, it is chosen the CONEX shower which can best
bution, suggested to revisit the radio lateral slope amgalysreproduce the measured:NIn this way a specific shower
investigated in [6] with the REAS2 code. For this, REASSsimilar to what has been detected by KASCADE is used.
simulations for a selection of LOPES events are analyzed

in direct comparison with the measured data. .
3 Slope-method based on REAS3 simula-

] tions
2 LOPESsmulated events

The radio detection technique offers two different ap-
LOPES is a digital interferometric radio antenna arrayproaches for the investigation of the primary composition:
optimized for the detection of cosmic rays with a pri-hy measuring the radio wavefront shape [14] and by look-
mary energy around 10eV [7]. Itis placed at KIT, Ger- jng at the LDF slope (slope-method). The slope in the radio
many, and profits from the reconstructed air shower pa-pF depends also on the shower inclination. For inclined
rameters of both the particle detector arrays KASCADEhowers the radio source is further away compared to a ver-
and KASCADE-Grande [8, 9]. The radio data selected fofica| shower, and this implies a flatter LDF slope. To reduce
the slope analysis have been measured with the LOPES@2 zenith angle dependence of the LDF slope, and better
and LOPESpol setups [10]. The first consisted of 30 cafpcus on the primary composition effects, five zenith angle
ibrated dipole antennas all oriented in the east-west diregins are thus considered.
tion, while the second used only 15 antennas aligned in thgye |DF for the events in the first zenith angle bin, simu-
east-west direction, all operating in the frequency rarfge gated as both proton- and iron- initiated showers, are shown
40-80 MHz. The core position of the shower used in thig, fig.2. The electric field in the antennas is normalized
selection is required to be at a distance of at most 90 By, the primary energy and by the arrival direction:(P
from the center of the LOPES array and is reconstructess the air shower. Ry is the component along the east-
by KASCADE, with the high resolution of 4 m [8]. High \vest direction of the normalized Lorentz force vecw®r
signal-to-noise and high coherency for the radio signal in |7,§>| ~ sin(e), with @ the velocity of the primary par-
the antennas is required. Further qualitative cuts demangige and B the geomagnetic field. This is known to be
good fit for the lateral distribution function, i.e. smaft just a simple approximation, first because the geomagnetic
and good reconstructed fitting parameters. 235 events @ffect is known not to be the only radio emission mecha-
so selected, with a zenith angle between 0-40 degree. vy second because the LOPES antennas partially detect
fig.1 the LDF for one detected LOPES event (points) angs, the vertical component of the total electric field. Re-
its REAS3 simulation (squares) are shown, where R is “‘tﬁjiring Rew > 0.2 is thus necessary in order to reject the

distance to the shower axis, anthe electric field strength te,y events for which the geomagnetic contribution to the
detected or simulated in each antenna, divided by the effegyqio emission is small.



32ND INTERNATIONAL COsMIC RAY CONFERENCE BEIJING 2011

Af driat [M] | Ryt [M] | RMS60 %
0.°,-19.#4 60 <64 6.0
19.4-26.8 70 < 67 6.2
26.8-32° 70 <83 6.4
32°-36.2 90 <111 7.6
36.2°-40° 90 <117 8.0

Table 1: Distance of thglat region and RMS of the elec-
tric field values at ¢,;. R is the distance from the shower
core, in the ground based coordinate system, while d is the
equivalent value in the shower plain coordinate system.
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Figure 2: Normalized REASS lateral distribution function

for the events in the firsh\g, simulated once as proton &

(black), once as iron (gray). The point are fitted with eq.1 %8
£

The so-calledlat region (dr4:), mainly the distance from
the shower axis at which the detected electric field in the
antennads,) does not depend on the primary particle type,
is identified. At ¢;,: the egar NOrmalized by the primary 600

energy and direction of the shower is expected to be almost 55 Y 08710. opooeres
the same for all the events and the LDFs to intersectin one  sptoils AR
point. In this analysis th#at region is identified where the B/ e
relative spread of all the LDF fits is at the minimum and

this occurs at around &b m for the first zenith bin. The Figure 3: Correlation between the true CORSIKA, %

flat regions for all zenith angle ranges are listed in Table Iand the radio simulated LDF slope, for proton (blue) and
suggesting that the slope-method can be easily appliediton (red) simulated primaries.

the LOPES data, since they are predicted inside the LOPES

array. Anyway it should be stressed that the value for the ,

d;.: depends both on the observing frequency and the alifalue for the air shower X... The error onegai/eseep

tude of the experiment [6], so it is a LOPES-specific valugs®Mes from the Gaussian error propagation of the uncer-
From the simulations one expects the charge excess confftinties on the LDF-fit parameterfand on the ¢,. For
bution to the radio emission to strongly depend on the a3€ €vents in the first zenith angle bin this correlation is
imuthal observer position with respect to the shower corgoWn in fig.3 and the points are fitted with function

[1, 3]. Since REASS includes this contribution and, more- . c
Xonaz = @ {m (b flat )} 2)

700

650

200+ 0.1232

over, the simple one-dimensional-exponential fitting func
tion (eq.1) is used, one could expect a high value even for

the minimum dispersion of the LDFs fit. This is actuallyas in [6]; this nice behavior is similarly seen for all the@th
quite small, around 648 in the complete zenith range (Ta- zenith bins. The dispersion of the points around the fit of
ble 1), and it is the uncertainty on the electric field mostlyig 3 is calculated and the RMS spread of its distribution
due to the shower-to-shower fluctuations. is circa 29 g/crh (fig.4), which can be referred to as the
On the Contrary theteep region is another distance from uncertainty of the S|ope_method in reconstructir}ga%_ In

the shower axis, where the electric fielgi(.;) brings also  the whole zenith angle range, a maximum uncertainty of 40
the information about the primary mass. For the LOPEg/cne is found for the most inclined showers.

setup theccp is chosen to be at 170 m far from thg...  One has to point out that the proton simulated events
Theeqai/esicep ratio of each event can be used as indicatofpoints), which have larger values for,Xy e and for

of the radio LDF slope. €fatl€steep, Nave also larger values for th@,i/eseep €1-
rors. This implies that the larger weight to the fit comes
from the iron-initiated showers (squares), which fluctuate
much less.

The Xuax,rEAS3 reconstructed with the slope-method for
the proton and iron REAS3-simulated showers, i.e. the val-
To verify the correlation between the radio LDF slope angies of the fit in fig.3, are shown in fig.5.

the primary composition, th@i.t/estcep ratio of each event gq. 2 can be directly applied to reconstruct the experimen-
is compared with the corresponding,; from the COR- g Xmax.LopEs for the LOPES data. The parameters,
SIKA simulation. This will be here referred to as theie ande, in the formula applied, are the same obtained from

€steep

4 Xmax reconstruction for ssmulations and
LOPESdata
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now possible due to the more complete REAS3 code and
e to the general agreement with the LOPES data.
Mean 4.847 The slope-method has been tested on REAS3 simulations
RMS _29.32 of LOPES selected events, revealing the possibility to di-
rectly apply the analysis to the experimental data.
Xmax,LorEs Values are reconstructed with the LOPES
LDF information and are quite compatible with the expec-
tations for the cosmic ray nuclei. A general agreement is
also seen with the REAS3 reconstructeghX rpass, even
though there is a shift to values smaller than the iron initi-
Lo ated showers prediction, which, anyway, is influenced by
N _foo180 " 200 the hadro_nlc interaction model specifically used in this set
e s of simulations.
One must also take into account that the values forfthe
region, important for such investigation and found for this
analysis, are restricted to the LOPES simulated setup, so
they are not directly applicable to other radio experiments
The possibility to reach a radio mass sensitivity also
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Figure 4: Dispersion of the points {Xx «ue) around the
fit (X max,REAS3) Of fig.3

the Pierre Auger Observatory, which could cross-check the
reconstructed X.. with the experimental values obtained
by the Fluorescence Detector (FD).

g 80F through the detected lateral distribution function slogsw
E L — LOPES shown.
< 70~ FIY Mean  597.8 . .
Wk T RMS 938 In the future, applying the slope-method to radio detec-
60 — REAS3p tor experiments located in a lower noise background could
E Mean  691.4 . . B
50 RMS 605 highly improve the resolution on the reconstructed.x
F - REAS3 Fo so on the sensitivity on the primary mass. Especially in the
“oF e case of AERA (Auger Engineering Radio Array), located at

=t
%040 500 600 700 800 900 1000
Ximax [g/CN?]

Figure 5: LOPES reconstructed,X. using the slope- R€I€rences

method procedure. .
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