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PE3YJIbTATBI U3MEPEHUSI PAJJMOUN3JIYYEHUSA SIKYTCKON YCTAHOBKH
B UHTEPBAJIE DHEPT'MH 3-10'°-5-10 5B

C.I1. Knypenko, 3.E. Ilerpos, B.1. Ko3znos, M.W. [IpaBaun, U.C. Ilerpos

REGISTRATION RESULTS OF YAKUTSK ARRAY RADIO EMISSION
IN THE ENERGY RANGE OF 3-10*-5-10" eV

S.P. Knurenko, Z.E. Petrov, V.l. Kozlov, M.Il. Pravdin, L.S. Petrov

B paborte npezncrasiena cepust usmepeHuit paguousinydenus ot [IIAJI cBepxBricokux 3HEpruii Ha yactote 32 MI'1 3a mepuoa
2008-2012 rr. JIuBHH OTOOpaHBI 10 TEOMAarHUTHOMY M a3MMYTaJbHOMY YIJIaM M CTPYIIHMPOBAHBI 0 SHEPIUH B TPU HHTEpBaia
3.10%-3.10" 3-10""-6-10"" i 6-10'"-6-10"® 5B. B ka:10M HEpreTHIECKOM HHTEPBANe TOCTPOCHA CPEHST (PYHKIHS TPOCTPaH-
CTBEHHOTO PACIIPE/ICICHUS 10 MATEMAaTHICCKH YCPEIHCHHBIM IAHHBIM C aHTCHH Pa3HOW HaIpaBJICHHOCTH.

TTo 3KCcrIeprMEHTaIbHBIM IAaHHBIM IOCTPOCHBI 3aBUCHMOCTH YCPEIHECHHOM aMILIUTY bl PaJAHOCUTHANA OT TEOMarHUTHOTO yT-
na, pacctosiHus 10 ocu JmBHs u dSHepruu [IIAJL. Hcmoms3ys pacderst mo monenu QGSJET u dopMmy cpenHuX (yHKIHHA Mpo-
CTPaHCTBEHHOTO paclpe/IelieHUs paJHoCUrHala, HaiiieHa OleHKa ryOHHBI MakcuMyMa pasBuTHS IITAJT X 1011 paccMaTpuBa-
€MOTr0 MHTEepBaja SHEPTHi.

This paper presents the set of measurements of ultra-high energy air shower radio emission at frequency of 32 MHz in 2008-2012.
The showers are selected by geomagnetic and azimuth angles, and then they are grouped by the energy into three intervals:
3-10"-3-10" eV, 3:10Y-6-10" eV and 6-107-6-10" eV. In each energy interval, average space distribution function is plotted
with the use of mathematically averaged data from antennas of different directions. Using experimental data the dependences of
averaged radio signal amplitude on geomagnetic angle, the shower axis distance and shower energy are determined. From
QGSJET model and the shape of average space distribution functions of radio signal, the depth of maximum (Xa) of shower

evolution for the given energy range is evaluated.

Introduction

One of the techniques to register ultra-high energy
extensive air showers (EAS) is measuring strength of
radio pulse by antennas. Unlike traditional techniques,
including optic measurements of air shower propagation
radio technique can operate in any atmospheric condi-
tion except during thunderstorm conditions for whole
observation period, which dramatically increases effec-
tive time of air showers registration. It is easier to use
and much cheaper than other ground detectors in exist-
ing air showers array.

The Yakutsk array measured three components of air
shower: the total charged component, the muon compo-
nent and Cherenkov radiation. From these components
using average lateral distribution function (LDF) the
integral characteristics of air shower, the total humber
of charged particles, the total number of muons and full
flux of Cherenkov light at the sea level are recovered.
All these shower characteristics are used for further
model-free air shower energy estimation as shown in
[Kaypenko u mp., 2006]. Cherenkov light registered at
the sea level moreover is used to recover air shower
longitudinal distribution and it characteristics, cascade
curve and depth of maximum X.x [Knurenko et al.,
2001; Knurenko, Sabourov, 2011]. Using this, in future
is possible to find a relation between the characteristics
of the radio emission and characteristics of the EAS,
including slope of the radio emission LDF with depth of
maximum, as shown in [Huege et al.; http://arxiv.org/
pdf/0806.1161.pdf].

Radio event selection for analysis

For the season 2009-2012 were recorded 600 air
shower events with radio emission. Showers energy
were above 3-10™° eV, and zenith angle 6<70°. For fur-
ther analysis were selected only 421 showers, appropri-
ate selection criteria of this paper. Therefore, for analy-
sis at Yakutsk array we use following criteria:
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1. The shower selected if ADC prehistory contains
radio pulse with amplitude 5 times more than noise lev-
el and pulse is localized within time gate equal to delay
of “master” from small or large arrays.

2. Extensive air shower axis must be within perime-
ter of central array with radius 600 m. Zenith angle
0<35°. Azimuth angle ¢ chosen such a way as to ex-
clude influence of polarization effect. That is, the ampli-
tude of the crossed antennas were equal or weren’t go
beyond limit (3-5) %.

With selected events, we plotted dependence of
maximum amplitude of radio pulse from zenith angle
(Fig. 1). Approximation curve is given by power func-
tion:

eew=(0.8120.25)(1-c0s0) 1% [nV/m/MHZ]. (1)

In Fig. 2 is shown dependence of maximum ampli-
tude of radio signal from shower energy.
Approximation is given by:

eew=(1.320.3)(Eo/10" V) @0 [, v/m/MHZ] (2)
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Fig. 1. Dependence of maximum amplitude of radio pulse
from zenith angle.
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Fig. 2. Dependence of maximum amplitude from shower
energy.
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Fig. 3. Average lateral distribution function of radio
emission at frequency 32 MHz in showers with energy
1.73-10", 4.38-10"" and 1.32-10" eV.
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Fig. 4. Dependence of air shower radio emission LDF
slope n from depth of air shower maximum X.x. The slope
was determined from the ratio of the amplitudes, taken at 80
and 200 m using averaged LDF and X, from Cherenkov
light measurements.

As seen from Fig. 3, slope of LDF changes with the
distance. At large distance signal of radio emission at-
tenuates slowly. From equation (1) and (2) we derived
formula for calculating energy in individual showers:

e=(15+1)(1-cos0)*'**"05x

xexp(-R/(350+25.41 ))(Ep/1017)0499i0.04’ 3
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where 0 is the zenith angle, R is the distance of antennas
to the shower axis, Ej, is the primary particle energy.

In Fig. 4 dependence of radio emission LDF from
depth of the air shower maximum. The depth was de-
termined by Cherenkov detectors measurements of Ya-
kutsk array. The slopes were determined from the ratio
of the amplitudes, taken at 80 and 200 m (Fig. 3) for
three energies 1.73-10%, 4.38-10*" and 1.32-10"% eV.

Conclusion

Yakutsk array measurements are showing: a) there is
a correlation between measured maximum amplitude of
radio signal and air shower energy determined meas-
urements of the main components at observation level.
It follows from the formula (2) derived empirically from
the joint consideration of radio signal amplitude and
EAS energy; b) the shape of LDF depends on the depth
of air shower maximum X.x (Fig. 4).
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