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Abstract: The systematic shift between the shower core estimatiarmgusie particle array data and the shower core
estimation using the radio array data of the CODALEMA expent is discussed. Using the simulation code SELFAS2
we show that the consideration of the charge excess cotitnitin the total radio emission of air showers generatesfa sh
of the apparent ground radio core along the east-west dxisradio core shift is then characterized for the CODALEMA
statistic and compared with the experimental data. The ggpdement between data and simulation suggests that this
behavior can be considered as an experimental signatuhne aharge excess contribution.
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1 Introduction of this charge excess contribution in experimental data has
been done recently in [12].

In 1965, Jelleyet al. [1] experimentally demonstrated that|n this work, we use a new observable due to the contri-
air showers initiated by high-energy cosmic rays produdgution of the charge excess in the total EAS radio signal.
strong radio pulses that can be detected between 0 and 3@Gection 2, we present the behavior of this observable for
MHz. Different mechanisms were proposed to interpret thiso!” eV vertical air showers simulated with SELFAS2 at
phenomena. In 1966, Kahn and Lerche [2] suggest twie CODALEMA site. In a section 3, we characterize with
different main processes responsible for air shower radi®ELFAS?2 the new observable introduced in section 2 for
emission : the radiation from the net charge excess of elecODALEMA, predicting its behavior for the global expe-
trons in the shower (initially predicted by Askaryan [3])rimental statistics. Finally, we directly compare thisukes
and a geomagnetically induced transverse current in thg experimental data giving for the first time the interpre-
pancake. Askaryan also pointed out in his paper [3] that thgtion of the systematic shift between the positions of the
extensive air shower (EAS) radio emission is favored by thground particles shower core and the corresponding ground
coherence of the signal for wavelength larger than the chgadio core observed in the CODALEMA data.

racteristic dimensions of the emissive area. This coherent

condition is verified below 100 MHz which correspond to

wavelengths larger than few meters, typically the longitud2 SELFAS2 : 10'” eV EAS at CODALEMA

nal dispersion of the pancake. With some toy shower model

Kahn and Lerche predicted that the dominant mechanism&ELFAS2 [4, 13] is a code which computes the radio emis-
the transverse current flow due to the geomagnetic field. sion of extensive air showers using a microscopic descrip-

These last years, important efforts made on EAS raditdl)o”_- SELFAS2 shows [4] that the total radio emission is
emission modeling permitted to converge toward a consef12inly due to two phenomena : the transverse current and
sus about the expected EAS radio signal in the MHz rangB€ charge excess variation (see also [10, 11])
[4, 5]. As it was recently confirmed by the recent expeAs a first example, we simulated a'I@V vertical air sho-
rimentations CODALEMA [6, 7] and LOPES [8, 9], the wer for the CODALEMA configuration site. The ground
dominant mechanism is due to the geomagnetic field, inaltitude is fixed to 140 m. The geomagnetic field charac-
plying a strong asymmetry in the counting rates as a funteristics at the Nancay site af#8| = 50 uT, 0 = 27°
tion of the arrival direction. However, recent models peedi and¢z = 270° wherefz and¢p are the zenith angle and
also an additive contribution due to the EAS charge excetlse azimuthal angle of the earth magnetic fietd=f 0° =
variation which should be detectable [4, 10, 11]. A first hineast,¢ = 90° = North). The magnetic field comes from
the south and is oriented toward the ground. All EAS si-
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FIGURE 2 —Polarization vectors of the charge excess and trans-
verse current contributions in the plane perpendiculahéosho-
wer axis. Due to the fact that the polarization vectors o$é¢htsvo
contributions are not always oriented in the same directiogir
combination can be constructive or destructive followihg an-
tenna position.
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FIGURE 1 — Ground footprint of the signal deposited (absolute
value) by a 167 eV vertical EAS in the east-west polarization
simulated with SELFAS2. The origin of the frame correspotads
the simulated ground particles shower core. The contoas lare O
in uV.m~*, a 23-83 MHz numerical passband filter is applied on
signal. The ground radio core is toward the east.
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In Fig.1, we show the amplitude on the ground of the
electric field in the east-west polarization. The simulated
ground particles shower core is located(in0). As it is
done experimentally, a 23-83 MHz numerical passband fil-
ter is applied on the signal of each of the 145 simulated
antennas used to obtained this picture. The result reveals
an east-west asymmetry of the observed signal, suggesting
a shift of the apparent radio core (ground location where
the signal is maximum) toward the east With respect to th';_aI RE 3 — Evolution of the around footorint for different EA
S|_mulated ground pgrtlcles_ shower core. This behawor_ prgfﬁvzl dir3ectioncs) l#]ciheo ptlaig ggntdair?iﬁtg thte gegngnéﬁm S
dicted by modern simulations (see [4, 10, 11]) is a direGind the south-north axis. The axis scales are the same ag.in Fi
consequence of the mixture of two different contributionand the origin of the frame corresponds to the particles rgiou
in the total EAS radio signal : the charge excess mechanisshower core. Top left : the event is coming from the northhia t
and the geomagnetic mechanism. The combination of th&pnfiguration the geomagnetic mechanism is large in corspari

. Y . to the charge excess component, the shift of the radio cqpeeap
different POIaT'Zat'On patterns (see Fig.2) gener_atessa l_oless evider?t as in Fig.1. F%r an event coming from the sooth (t
of the cylindrical symmetry around the EAS axis. In thisignht), the radio core is strongly shifted due to the fact tie

configuration, the signal amplitudes in the east-west polaelative intensity of the geomagnetic mechanism decressése
rization observed by antennas located on the east sideagfe of an EAS parallel to the geomagnetic field (bottom, left)
the plane containing the ground particles shower core aﬁﬁg’v\fgres %2?1: ?neg?r(gristshgogéﬂ?huﬁi?htgé:iethri(::glsrlrgrsgstle?rt]ahzr?t
the geomagnetic field appear higher than t,he S|gn_al ampBéomagnetic field in CODALEMA (bottom right), the radio core
tudes of antennas located on the other side. This shift@dsnifted toward the west.

radio core could be then considered as a signature of the

charge excess contribution in the total radio signal enhitte ] ] S
by EAS. the charge excess is not. This characteristics implies that

In Fig.3 we show different ground footprints for differentthe distanceA. betwegn the reconstructed ground radio
core and ground particles shower core, depends also on

EAS arrival directions in the plane containing the geoma: . S o o o
gnetic field and the south-north axis. With this picture, WaeEAS arrival direction as itis qualitatively showed in Fig.3

see the evolution of the apparent radio core position as! the next section we suggest a method to predict the be-
function of the angular distance to the geomagnetic fielgavior of A for the global statistics observed in CODA-
(see the picture caption for more informations). The ged=EMA

magnetic mechanism is arrival-direction dependent while
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FIGURE 4 —Reconstructed radio cores (gray dots) of one thouFIGURE 5 — Same legend as in Fig.4 except that charge excess

sand events simulated with SELFAS2 respecting CODALEMAwas off in SELFAS2. This time, the global density of groundica

statistic, using the reference frame centered on the grpand core localization is centered on the origin, correspondmnthe

ticles shower core of each event. The black lines represemdar  ground shower core.

levels of a 10 m smoothed map. A global shift toward the east is

clearly visible.

positrons were generated during the simulation. The den-

. . . sity map of one thousand reconstructed radio core positions

3 Predicted radio core density map for CO- with respect to the corresponding simulated particles sho-
DALEMA wer core frame is presented in Fig.5. We do not observe

any shift as compared to Fig.4.

Following the arrival direction density probability distr 11,6 charge excess contribution has therefore a clear signa-

bution observed experimentally in CODALEMA [7], W€ y;re on the core location. In the next section we compare

simulated with SELFAS2 one thousand air showers With \asuit derived from SELFAS? to the data.

an energy of 10 eV (corresponding to the energy range

of CODALEMA). Using the same setup than the CODA-

LEMA array, we draw the position of the ground particlesd Experimental shifted radio cores in the

shower cores in the CODALEMA frame, following the CODALEMA data

density probability distribution of the experimental gnau

particles shower cores observed in the CODALEMA datagpe first setup of CODALEMA used in the following is

As it is done experimentally, the lateral profile of each sicompletely described in [6, 7]. The radio detector array
mulated event is reconstructed using an exponential fungemposed of 24 east-west polarized antennas is triggered
tion E(d) = Ege~ /% with four free parametersEy, the by a particle detectors array covering 340x340 ffhanks
extrapolated field strength on the shower adjs,the late- to these two different kinds of detection, an independent
ral slope and«(.,y), the ground position of the radio core reconstruction using radio data and particles data can be
in the CODALEMA frame, contained i which is the an-  directly compared. After some quality cuts applied to the
tenna distance to shower axis. The radio core position iata, 315 events exhibit a goad and fitted parameters
then defined as the ground position where the field strengiithin boundary conditions (see [7, 14]). The result for the

is maximum. In order to put them in the same figure, the re315 reconstructed EAS radio cores in their particle shower
constructed radio core positions with the lateral fitting-pr core frame is presented in Fig.6.

cedure for all the simulated events are represented in thejpssiple experimental biases coming from trigger effect or
corresponding ground partlcles shower core frame in Fig.4om the array geometry have been tested but the east-west
The reconstructed radio cores are represented by the 9fayjio core shift is robust (see also [15]). The similarity of
dots and a 10 m gaussian smoothed map is superimposgl yeneral behavior with what we obtained in section 3,
where black lines represent contour levels. A global shittjy 4 syggests that this radio core shift along east-west
toward the east is clearly visible. axis in the CODALEMA data is an experimental signature

The same procedure is applied on simulated events p@fthe charge excess contribution in the total EAS radio
formed with SELFAS2 without the charge excess contriemission.

bution. It means that the same number of electrons and
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FIGURE 7 — East-west shift of the ground radio core from the
particle shower core as a function of the x B) east-west com-
ponent ¢ = air shower direction) expected with SELFAS2 for the
CODALEMA experiment (black line and gray dashed lines). Ex-
perimental data are superimposed (circles, see text fails)et

FIGURE 6 — Reconstructed radio cores (white crosses) of 31 onte-Carlo simulation were done on each event reconimict
0 obtain error bar or\..

events detected by the CODALEMA radio array, using the refe-
rence frame centered on the ground particles shower cor@cbf e

event. The black lines represent contour levels of a 10 msjmus . . . . .
smoothed map. The global density of ground radio core Ipaali to interpret experimental east-west radio core shift as a si

tion is shifted toward the east as observed in Fig.4 with S8 gnature of the charge excess contribution. The fraction of
the charge excess contribution to the total EAS radio emis-

sion depends on the arrival direction and on the observation
Afirst hint of the arrival direction dependence is presentefpint. In the case of a vertical shower, it can contributerfro
in Fig.7. In this figure the expected behavior of the eastew percents to almost 30% of the total EAS radio signal
west shift as a function of the x B east-west component according to the observation point. If a clear correlatibn o
(wherev andB are respectively the air shower and the geohe shifted radio core with the arrival direction is confidne
magnetic field directions) is superimposed to experimentglith the new generation of CODALEMA array presented
data (black line, gray dashed lines and blue empty circles, this issue [16], this signature will mark a new step in the
The lack of events coming with arrival directions close tq nderstanding of the radio emission process.
B and from the south at the CODALEMA site, does not
allow to state on a clear correlation far x B|gw < 0.3
& (v,B)<16°. To increase the statistics in this region, weReferences
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