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Muon charge ratio

Muon flux measurements
EAS'S muons measurements

WILLI-UG
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WILLI detector located in IFIN-HH
Bucharest measuring the ratio of
positive and negative atmospheric

muons by observing the different live
time of the muons in different materials







WILLI| — Method




WILLI - Simulations

CORSIKA : EAS with primary energy >10 14 eV
D.Heck et al. : FZKA Report 6019 (1998)
J.Wentz et al.: Phys.Rev.D67, 073020 (2003)

the influence of the local magnetic field in themasphere is included |
CORSIKA in the approximation of homogeneous fieds described by t
International Geomagnetic Reference Field for 2000




Using rotatable
WILLI detector,
measurements of
muon charge ratio
have been performed

alternatively in the
East and West
direction with the
detector inclined at
450

The energy and the angular acceptance of WILLI dete  ctor
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Energy dependence of the muon charge ratio
B.Mitrica et al. : Nucl.Phys.B(Proc.Suppl.)151 (200

A good agreement
between the vertical and
Inclined measurements of
muon charge ratio with
WILLI detector. The results
show a pronounced East-
West effect in the energy
range < 1GeV. An
azimuthal anisotropy
characterises the East-
West effect as: A = (Ry -
Re) (Ry + Rg), with R, and
Rg being the value of the
muon charge ratio
measured in the West and
East direction,
respectively. {o] a
momentum range of 0.3-
0.4 GeVlc, a value of A =

0.26 is obtained .
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Azimuth dependence of the muon charge ratio

The measurements
have been
performed on 4
azimuth directions:
N, E, S, W, with
statistics about 106
good events for

each direction.
CORSIKA
simulations describe
well the strong East-
West effect
observed by WILLI.




The trajectory of the muon Is
establish by comparison
between the signal from the

2 photomultiplier tubes.




WILLI = Muon Tlux






First simulation study of the EAS's muon charge rat io

Dependence of the charge ratio on the Dependence of the charge ratio on the
azimuthal position of WILLI around azimuthal position of WILLI around shower
shower core for various radial ranges. core for proton showers (E = 10! eV) with
Proton showers (E = 101° eV, & = 459) several zenith angles coming from North.

coming from North. WILLI is oriented B.! Radial distance: 200-250 m. WILLI is oriented
parallel to the shower axis parallel to the shower axis in each case



First simulation study of the EAS's muon charge rat io

Dependence of the charge ratio on the

Dependence of the charge ratio on the azimuthal position of WILLI around shower
azimuthal position of WILLI around core for proton showers (E = 1015 eV, &
shower core for proton (squares) and =45°) coming from North. Radial distance:
Fe (triangles) showers (E = 10%° eV, & 200 - 250 m. WILLI is oriented parallel to
= 45% coming from North; radial the shower axis (squares), + 15° N
distance: 450 - 500 m. WILLI is oriented (towards East, triangles) and -15° N

parallel to the shower axis (towards West, stars)



WILLI + ARRAY
‘Difference between the true and the reconstructed s hower core po sition
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Simulations performed with MUSIC ( MUon Simulation Code)
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WILLI — UG (Under Ground)
future jobs

sSirmulation of tne under ground rmuorn flus (Using
MUSIC code)

—sianlisn of the optirnel fOﬂHJIIrrIFJOH of tne WILLI-UG
dewuor (Using GEANT 4 and FLUKA)
Consiruciion of WILLI-UG detecior
study of the nadronic inieracton rmodels (CORSIFA)



WILLI — UG (Under
Ground)
Main goal

1. Measurements of muon charge ratio at about 200 GeV, could bring
Information about the kaon contributions to atmospheric muons; this
will need the installation of a magnetic spectrometer

2. Possible investigation of muon bundles and muon lateral and
angular distributions, as observed previously in MACRO experiment, is
of interest, as such EAS observables are sensitive to the chemical
composition and energy spectra of the primary.

3. Measurements of muon flux in deep underground could give the
possibility to investigate the hadronic interaction models at very high
energy

4. The exploration of radio-emission from muon induced showers in
salt with radio-antenna could show another mechanism of radio-
emission



Concluding remarks:

« At low muon energies (E <1 GeV) the flux is significantly influenced by the
geomagnetic field and dependent on the particular observation site.

 The measurements of muon charge ratio with rotatable WILLI, inclined at
45° show a pronounced East-West effect, in good agreement with
simulations data and with the East-West effect found in neutrino
measurements.

 The measurements with WILLI set up of the azimuth dependence of the
muon charge ratio, influenced by the geomagnetic cut-off, permit to verify
the hadronic interaction models in simulating neutrino and moun fluxes and
the influence of geomagnetic cut-off.
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