Astrophys. Space Sci. Trans., 7, 1686 2011
www.astrophys-space-sci-trans.net/7/163/2011/
doi:10.5194/astra-7-163-2011

© Author(s) 2011. CC Attribution 3.0 License. Astrophysics an@pace Sciences
Transactions

A mobile detector for measurements of the atmospheric muon flux

B. Mitrica 1, I. M. Brancus?, R. Margineanu!, M. Petcu!, M. Dima?, O. Sim&, A. Haungs’, H. Rebef, M. Petre?,
G. Tomal, A. Saftoiul, and A. Apostut

IHoria Hulubei Institute of Physics and Nuclear Engineering (IFIN-HH), Bucharest, P.O.B.MG-6, Romania
2Department of Physics, University of Bucharest, P.0.B. MG-11, Romania
3Institut fiir Kernphysik, Karlsruhe Institute of Technology - Campus North, 76021 Karlsruhe, Germany

Received: 15 November 2010 — Accepted: 19 January 2011 — Published: 28 April 2011

Abstract. Measurements of the underground atmosphericthe underground. This feature is important in order to estab-
muon flux are important in order to determine accuratelylish accurately the overburden thickness in water equivalent
the overburden in mwe (meter water equivalent) of an un-of matter - mwe (up to 10 mwe precision) of any underground
derground laboratory for appreciating which kind of exper- site, in a reasonable time scale.

iments are feasibl_e for tha_t location.  Slanic- Prohava is 1.4 (eason for measuring underground muons from cos-
one of the 7 posgble locations for the European Iarge.un—mic rays arises from the necessity to know the radioactive
derground experiment LAGUNA (Large Apparatus studying

Grand Unificati d Neutrino Astrophvsi A mobile d background for Slanic-Prahova underground site. This is im-
rand nification and INeutrino Astrop ysics). A mobile de- portant in order to establish very accurately the mwe (meter
vice consisting of 2 scintillator plates#(0.9 n?, each) one

A L water equivalent) thickness of Unirea site, since IFIN-HH
above the other and measuring in coincidence, was set-u

for determining th flux. The detector it is installed fas invited to participate to the consortium of FP7 project
or determining the muon flux. The deteclor IS Installed on 545343 -“Design of a pan-European Infrastructure for Large

atvt?]n Wh'(f:h famhtgtet.:,] meajuremen(tjs on dd.'tff?r?m pos't't(.)nsApparatus studying Grand Unification and Neutrino Astro-
at the surface or in the underground and it is in operation,, i s acronym LAGUNA Rubbia 2010. A huge vol-

smcte ;gtl:rrpn 209[9.[0 Tt.he r;easzrementi of mLéo.n Ilhuxesdpr ime detector (min 100.000%nis planned to be installed in
sentedintnis contribution have been performed in the unders, underground site that will be chosen from 7 different lo-

ground salt mine Slanic-Prahova, Romania, where II:”\l'|_"_|cati0ns from Europe. 3 different types of detectors are in-

has puﬂt a IOW radiation Ievgl Iaborqtory, and at the Surfacevestigated: LENA Wurm et al, 2007 (liquid scintillators),
on different sites of Romania, at different elevations from

Om a.s.l up to 655m a.s.l. Based on our measurements W%/IEMPHYS (Tonazzo 2007 (water) and GLACIER Rub-
- S X . ia, 2009 (liquid argon). The site for LAGUNA Rubbi
can say that Slanic site is a feasible location for LAGUNA & 9 (iq gon) R a

) . . ) 2010 experiment will be established taking into account the
in Unirea salt mine at a water equivalent depth of 600 mwe 9 exp g

. . ‘depth of each site and the possibility to install a large volume
The results have been compared with Monte-Carlo simula- b P y g

X . . . detector inside. Slanic site has a huge volume of material al-
EAOSZIpCerformed with the simulation codes CORSIKA and ready excavated (2.900.008)nbut the shallow depth could

be a problem. It seems that the GLACIER experiment is the
only one feasible for Slanic, but the exact depth (mwe) of
Unirea mine should be measured.

1 Introduction The salt ore from Slanic consists in a lens of 500 m thick-

A mobile detector for measuring the muon flux was set-up"€SS, few kilometers long and wide (see Fij. The salt
and it is in operation since the autumn of 2009. The detectofS extracted from the Slanic mine continuously since ancient

permits measurements of the muon flux at the surface and ifimes and, due to this fact, many galleries (i.e. shaped cav-
erns) are already excavated. Since the top of the site is not

very flat, the theoretical estimation of the m.w.e. depth will

Correspondence tdB. Mitrica be difficult and with high uncertain. From this reason, the
BY (mitrica@nipne.ro) measurements of the underground muon flux is necessary.
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Fig. 2. The simulated muon flux at the surface and in the mine

Fig. 4. The electronic detection system
2 Monte-Carlo simulation of the muon flux

in underground

. . Fi 2 displ th fl t surf RSIKA
Monte-Carlo simulations have been performed to explore the igure 2 displays the muon fluxes at surface (CORS

di hat b lied to th ) ¢ Diff tsimulation) and in underground, assuming a simple layer of
conartions what can be applied to the expenment. Dilerents,, equivalent with 600 mwe. The propagation of the muons
simulation codes have been used:

_ through the salt rock is simulated by MUSIC using th
- CORSIKA 6.735 Heck et al, 1998 (COsmic Ray Sim- 4091 1€ Sal TS simuated by using ihe muon

lation for KAscad histicated Monte-Carl de f flux from CORSIKA (only the muons with a zenith angle
u'ation for RAsca €), a sophisticated Mon e-Larlo code 101 _ 7 have been considerate) as input. The triangles repre-
simulations of the development of extensive air showers

EAS)in the at h has b dt0 estimate th sent only the surface muons that reach the observation level
EI 1 in fe atmosphere, has been used to estimate the muqp underground. The energy cut off for the surviving muons
ux at surtace. is estimated to be around 150 GeV. By these simulation stud-

. ML.JSIC (Kudryavtsev 20(.)9 (Mpon Slmulatic_)n Code) ies we estimate the expected muon rate at 600 mwe to about
is a simulation tool for 3 dimensional simulations of the 10 muons/rAmin

muon propagation through rock. It takes into account en-

ergy losses of muons by pair production, inelastic scattering,

bremsstrahlung and ionisation as well as the angular deflec-

tion by multiple scattering. The program uses the standardd The apparatus
CERN library routines and random number generators.

- GEANT 3.21 GEANT, 1993, the detector simulation The mobile detector was set-up in IFIN-HH and it consists
package from CERN has been used to simulate the interamf 2 detection modules. Each module is a scintillator plate
tion of the muons with the detector and for a proper calibra-of 0.9025n? and 3 cm thickness (see Fig), divided in 4
tion of the signal. parts (0475x 0.475n?) (Bozdog et al. 2001), readout by

The muon flux on surface can also be estimated by semitwo photomultiplier tubes which receives the signal trough
analytical formulae of Judge and Nasbudge and Nash a wave length shifter. The modules are arranged one on the
1965 (up to 100 GeV) and GaisseBGéisser2002 (beyond  top of each other (at 8.5 cm distance), in order to identify the
10 GeV). transversing muons as coincidence event.
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Table 1. The muon flux data obtained in underground measure-Table 2. Measured muon flux at different elevations and locations

ments. The m.w.e. depth is estimated by Eq. (1) (the altitude was determined with a GPS system).
Location Depth Muon flux ~ mwe depth Latitude Longitude Altitude  muon flux
(from surface)  (m2s—1) (deg) (deg) (masl) (més™1)

Unirea mine 45.29 25.94 6555 147+2

: 45.28 25.97 5885 145+ 2

Unirea —208m 018+0.01 610+7 4524 25 94 4085 14342

Cantacuzino mine 44.32 28.19 7&5 128+2

44.40 26.10 645 12242

Level 12 —210m 009+0.01 790+ 13

transported by an elevator to the observation level. The re-

The signals from the 4 photomultiplier tubes are readoutsults of the three measurement campaigns are displayed in
by a coincidence electronic system which is Supp”ed by aTabIe 1, where the physical depth is referred to the surface
high voltage NIM standard module. The signals collected(the entrance of the mines).
from the 4 PMTs are two by two OR-ed (1 or 2) and (3 or 4)  The variation of the muon flux as a function of the water
and then are putted in coincidence (see B)gThe resulting ~ €quivalent depth is given byermaggio and Martoff2004):
pulses are counted by a scaler time module

The detector response is simulated by use of the GEANT‘Z)“
3.21 code. The interaction of the muon with the active detecyyhere: 4 — 0.03, X, = 1470 m.w.e. ang = 2.5.
tor material and the deposit of the energy in the scintillator thea difference in the muon flux measured at approxi-
plates are analysed. mately identical physical depths in Cantacuzire2{0m)

Considering the fact that not all muons that reach the firstynd in Unirea £208m) is associated to the different thick-
layer, do not reach, also, the second one, the angular accepess of salt rock above the detection place. Unirea mine is
tance of the detector was estimated, using GEANT S'mU|a'consisting of a huge cavity up to 57 m between the floor and
tion code. The angular acceptance is defined as the ratio bgne roof. In contrast, the Cantacuzino mine has a relative
tween the number of muons that interact with both Iayershomogeneous rock massive above.
with the number of muons that reach the first one. Finally, a Taking advantage of the mobility of the system, the mea-
correction factor of+9% has to be applied on the observed grements of the cosmic muon flux have been performed for
muon rate, in order to include all the muons that reach th%any locations at different geographical positions and dif-
detector’s surface. ferent elevations, from sea level up to 655 m. The results are

The detector is installed on a van allowing to move quickly i, good agreement with measurements reported previously
the system. The electric power for the entire system isin Greisen(1949), that estimate a flux of 127 muonfmat
supplied by a mobile electric generator of 1kW power at59m a.s.l. (above sea level). The results are compiled in
230V AC or by a 12-230V inverter of 1kW power which  Taple 2 and displayed in Figs. During the campaigns at
transform 12V CC from the car’s battery to 230V AC. altitudes 70 m and 408 m the observation conditions were

different (wind and low temperature) compared to the others,
which led to different values and larger error bars.

(X)=A-(Xo/X)"-e X/ X0 1

4 Measurements and results

The measurements of the muon flux in the underground haveé Conclusions

been performed at the Slanic site at 3 different locations: in

Unirea salt mine (in IFIN-HH lab) at 208 m below the en- Suggested by the muon flux measurements reported for other
trance and in the active mine Cantacuzino, at 2 different lev-sites Carmona et a).2004, the water equivalent depth of
els, first one at 188 m and the second one at 210 m belowdifferent places of the Slanic underground site were deter-
surface. All campaigns were performed at approx. the samenined. The water equivalent depths of the Slanic mine are
hour of the day (noon) in order to reduce the influence of the610+ 7 m.w.e. for Unirea mine, 60+ 9 for Cantacuzino
solar activity and atmospheric conditions. The acquisitionmine (level 8) and 798 13m.w.e. for Cantacuzino mine
time for each data set was 1 h. In Cantacuzino mine, wherdlevel 12), respectively.

an access road is available, the measurements have been perThe Slanic site is a feasible location for the GLACIER de-
formed using the detector installed on the van. In Unireatector to be located in Unirea mine, with respect to the deter-
mine, the detection modules were removed from the car andnined depth of 600 mwe (see Fig).
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Fig. 5. Measured results of the muon flux variation with altitude
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