INVESTIGACION REVISTA MEXICANA DE FiSICA 51 (1) 38-46 FEBRERO 2005

Air shower array at the university of Puebla for the study of cosmic rays

J. Cotzomi, O. Maihez, E. Moreno, H. Salazar, and L. Villdss*
Facultad de Fsico-Matenaticas, Bene@rita Universidad Auitnoma de Puebla,
Apartado Postal 1364, Puebla, Pue., 7200&xito
*On leave of absence from Institute of Physics and Mathematics, University of Michoacan,
Morelia, Mich., 58040, Mxico

Recibido el 18 de febrero de 2004; aceptado el 15 de octubre de 2004

We describe the design and performance of an extensive air shower detector array built in the Campus of the University of Puebla (located
at 1¥N, 90°W, 800 g/cn?) to measure the energy and arrival direction of primary cosmic rays with energies arotineM&nown as

the knee of the cosmic ray spectrum. The array consists of 18 liquid scintillator detectors (12 in the first stage), and 3 water Cherenkov
detectors (one of 10 frcross section and two smaller ones of 1.86aross section), distributed in a square grid with a detector spacing of

20 m over an area of 40003nIn this paper, we discuss the calibration and stability of the array and report on preliminary measurements
of the arrival directions and energies of cosmic ray showers detected with the first stage of the array consisting of 12 liquid scintillator and
3 water Cherenkov detectors. Our results show that the array is efficient in detecting primary cosmic rays with energies in the rdnge of 10
to 10'° eV, with an angular resolution lower than 5fr zenithal angles in the range of 2@ 60°. We also point out that the capability of

water Cherenkov detectors to separate electromagnetic from muon components of extensive air showers. Finally we remark that this facility
is also used to train students interested in the field of cosmic rays.

Keywords: Cosmic rays; arrival direction; energy spectrum.

Se describe el di$® y la operadn de un arreglo de detectores de cascadas de ragosans construido en el campus de la Universidad
Autonoma de Puebla (localizado a°§ 90°W, 800 g/cni) para medir la eneig y direccon de llegada de rayo$smicos primarios con
enerdas alrededor de 10 eV, conocida como "la rodilla” del espectro de rayésmicos. El arreglo consiste en 18 detectores de centellador
liquido (12 en la primera etapa) y 3 detectores Cherenkov de agua (uno dmgeasversal de 10 Try dos nas pequios de 1.86 rhde
seccon transversal), distribuidos en una red cuadrada con 20 m de espacio entre los detectores acdmala00 f En este aitulo se
discute la calibraéin y estabilidad de operdmni del arreglo y se reporta sobre las mediciones preliminares de las direcciones de llegada y de
las energas de cascadas de ray@smicos observadas con la primera etapa del arreglo que consiste en 12 detectores de cengtiador |
y 3 detectores Cherenkov de agua. Los resultados obtenidos indican que el arreglo es eficiente en lsbabedireta de rayosbsmicos
primarios con eneigs dentro del intervalo de 1ba 10 eV con una resoludn angular menor a 5>5araangulos zenitales en el rango
de 20 a 60°. Tambén se discute la capacidad de los tanques Cherenkov de agua para hacer posible unarsdpdesccomponentes
electromagatica y mwnica de las cascadas de rayosmicos. Las instalaciones de este arreglo se usan&amhra entrenar estudiantes
interesados en d@rea de los rayosbsmicos.

Descriptores:Rayos ©smicos; direcdn de llegada; espectro de erierg

PACS: 98.70.Sa; 29.40.Ka; 29.40.Mc

1. Introduction measurements with detectors on the ground for higher ener-
gies,i.e., arrays of particle detectors that measure the particle

The cosmic rays that can be detected at the surface of tHlux at the Earth surface, or telescopes that measure the flux of

Earth are called secondary because they are originated frofiyforescence or Cherenkov light produced by particles in the
the collision of primary cosmic rays against nitrogen andEAS as they ionize nitrogen molecules from the atmosphere.

oxygen nuclei high in the atmosphere. These collisions givét has.been found that the COSMIC ray energy spectrum is well
rise to extensive air showers (EAS) which penetrate the adescribed by a power lawe, dE/dx aE™", over many
mosphere, and can be studied with detectors on the grounf].ecades of energy with the spectral mde)approxwlr:ately
EAS are composed by: hadronic, electromagnetic, muoni€dual t0 2.7, and steepeningjo= 3 at ' = 3 x 107> eV.

and neutrino components; from which only the eIectromag-Th'S structural feature, known as the “knee”, has been and

netic and muonic components are detected with ground deEOntinues to be studied in detail with ground arrays, which

tectors, because the hadronic component dies away soon &easure the electromagnetic component of EAS [1].

ter the primary collision, converting its energy into the other  However, the nature of the knee is still a puzzle despite
components, and the neutrino component does not interadhe fact that it was discovered 45 years ago [2]. Most theories
The energy spectrum of cosmic rays has been studied extenensider it of astrophysical origin and relate it to the break-

sively by direct measurements with detectors on balloons andown of acceleration mechanisms of possible sources or to
satelites for energies below 10eV, where their flux is still a leakage during propagation of cosmic rays in the magnetic
large enough to allow direct detection with the small detecfields within our galaxy; particularly, these theories have led

tors that can be carried above the atmosphere, and by indiret the prediction of a primary composition richer in heavy el-
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ements around the knee, related to the decrease of the galact
confinement of cosmic rays with increasing particle energy. Active -
The main tool to study the composition of primary cosmic detector
rays with ground detector arrays is by measuring the ratio -1;::;?:
of the muonic in relation to the electromagnetic component FwWeD
of EAS; in fact, Monte Carlo simulations show that heavier
primaries give rise to a greater muon/EM ratio, compared to
lighter primaries of the same energy [3]. In fact, evidence
for such variations has been reported recently [4]. Alterna-
tively, there are scenarios where a change in hadronic interac
tion at the knee energy gives rise to new heavy particles [5],
which produce, upon decay, muons of higher energies than
those produced by normal hadrons. It is therefore important
to achieve a good determination of the ratio of the muonic to
the e|ectr0magnetic Components a|ong with the muon ene[EIGURE 1. Detector Iayout of the Extensive Air Shower array. De-
gies involved for primary cosmic rays around the knee. tectors T1-T12 are liquid scint_illation detectors_. _The two small wa-
The extensive air shower detector array at UAP (EAS-ter Cherenkov detectors are in the same positions as detec_tors T1
UAP) was designed to measure the lateral distribution ané’imd T5. The 10 rhcross section water Cherenkov detector is lo-

. . . . . cated 5 m from T6 in the direction towards T1. This figure shows
arrival direction of secondary particles for EAS in the energy ! rect w s nau W

. 4 6 ; . .27the position of 6 additional liquid scintillator detectors that will be
region of 104-10'6 eV. In this paper, we report on prelimi- added in the near future.

nary results obtained by continuous operation over one year .
of the first stage of the array, consisting of 12 liquid scintilla- Cosmic
tor detectors out of the 18 planned. Throughout this operation Ray
period, we used the water Cherenlov detectors exclusively to

provide complementary data to the liquid scintillator detec- I

tors, i.e,, additional timing information for a better determi-

nation of the arrival direction, and additional particle flux in- |

formation for a better determination of the primary energy. Lo
We also demonstrate the ability of single water Cherenkov Photomultiplier

detectors to separate single EM patrticles from single muons
and from showers in a natural way. In a second phase of
the operation of the EAS-UAP array, with the number of lig-
uid scintillator detectors upgraded to 18, we will attempt to
measure the muon/EM ratio and to estimate the energy of the Photon
muons involved by making extensive use of the information
provided by the water Cherenkov detectors. The special lo-
cation of the EAS-UAP array, 2200 m above sea level and all
the facilities in the Campus of the Puebla University make it
a valuable apparatus for the long term study of cosmic rays,
and at the same time an important training center for new
physics students interested in getting a first class education
in the field of cosmic rays in Mexico.

Liquid Scintillator

2. Experimental setup

The array, located at the campus of the FCFM-UAP (119

89" W, 800 g/cni) consists of 18 liquid scintillator detec-

tors distributed uniformly on a square grid with spacing of 20

m, and three water Cherenkov detectors (one of 1@mss  Figure 2. Schematic diagram of a liquid scintillator detector.
section and two smaller ones of 1.86 mross section), as

shown in Fig. 1. Detectors T1-T18 are liquid scintillator de- section, made out of polyethylene filled with 130 I of liquid
tectors. The two small water Cherenkok detectors are in thecintillator up to a height of 13 cm; each light-tight container
same position as detectors T1 and T5. The #@cmoss sec- has a 5” photomultiplier (PMT, EMI model 9030A) located
tion water Cherenkov detector is located at 5 m from T6 ininside along the axis of the cylinder facing down, with the
the direction toward T1. Each one of the liquid scintillator photo-cathode 70 cm above the surface of the liquid scintil-
detectors consists of a cylindrical container of * oross lator, as shown in Fig. 2.
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We used a commercial liquid scintillator (Bicron BC- allows the use of more detailed information on the detector
517H) consisting of a mineral oil made out of hydrogen andresponse to single particles and EAS. In our case, we use a
carbon atoms with a ratio of 1.9 hydrogen atoms per carbo®AMAC scaler (CAEN 16 ch scaler model C257) to acquire
atom. The large water Cherenkov detector consists of a cylirthe individual single-particle rates of each detector into the
drical tank made of roto-molded polyethylene with a crossPC through the GPIB port (LeCroy model 8901A CAMAC
section of 10 i and a height of 1.5 m. The tank, filled with GPIB controller on the CAMAC crate and a National Instru-
purified water up to a height of 1.2 m, has three 8" PMTsments GPIB card on the PC), as shown in Fig. 3, for 9 liquid
(Electron Tubes model 9353K) looking downwards at thescintillator detectors. These rates were used to monitor the
tank volume from the water surface. The three PMTs col-stability and performance of the array. The single-particle
lect the Cherenkov light emitted by charged particles in theates of our detectors do show a slight day-night variation
EAS as they cross the tank at speeds higher than the speedsshaller than 10% due to temperature variations in the elec-
light in water. The two small water Cherenkov detectors contronics. The rate distributions also show, see Fig.3, disper-
sist of cylindrical tanks made of polyethylene with an innersions around the central value of about 3% (the maximum
diameter of 1.54 m and a height of 1.30 m filled with 2300 | was rms/mean=2.8% for detector T2). Likewise, our DAQ
of purified water up to a height of 1.2 m. They have a sin-system acquires all the PMT traces for each triggered event.
gle 8" PMT (Electron Tubes model 9353K) located at their An example of the front panel of this DAQ program is shown
center and looking downwards at the top of the water leveln Fig. 4 for 10 of the 12 liquid scintillator detectors. The ac-
to collect the Cherenkov light. All the inner surfaces of thequired traces are used by the PC to perform on-line measure-
three Cherenkov tanks are optically sealed and covered wittnents of the integrated charges, arrival times, amplitudes and
a material called Tyvek, which reflects light in a highly dif- widths of all signals from the 17 PMTSs, these data are saved
fusive way in the relevant wavelength range of 300-500 nninto a hard-disk file for further off-line analysis. As can be
where PMTs operate more efficiently. seen from Fig. 4, the typical width of extensive air shower

The array has been upgraded from 8 to 12 liquid scinsignals detected by each scintillator detector is around 25 ns.
tillator detectors during 2003, and it has been operated in a
guasi-continuous way. The trigger used requires the signal8.2. Calibration
to coincide in the four central liquid scintillator detectors (T2, . ) )

T4, T8 and T6), which form a rectangular sub-array with anCalibration of the detectors is essential as it enables us to con-
area of 46«40 n?. This trigger sub-array was chosen to as-Vert the information from the electronic signals measured in
sure that the shower core is located inside the array. The me§ach detector into the number of particles in the EAS that
sured trigger rate is of 80 events per hour. The data acquisi®ach the detectors, and finally into the energy of the pri-
tion system consists of a set of 9 two-channel digital oscil-mary cosmic ray. As traditionally done, we use the natu-
loscopes (Tektronix model TDS 220) that digitize the signal§a| flux of background muons and electrons to calibrate our
from the 12 PMTs of the 12 liquid scintillator detectors and detectors. For the location of the EAS-UAP, muons are the
the 5 PMTs from the 3 water Cherenkov detectors. All thedominant contribution to the flux of secondary cosmic rays
digital oscilloscopes are connected to the GPIB port of a pdor energies above 100 MeV with about 300 muons per sec-
in a daisy chain configuration. The system is controlled by 2nd per m, and a mean energy of 2 GeV; at lower energies,
PC running a custom-made acquisition program written in &P to 100 MeV, electrons dominate with a flux 1000 times
graphical language called LabView [6]. We used commercia@reater and a mean energy around 10 MeV [7]. These sec-
NIM modules to discriminate the PMT signals at a thresholdondary particles originate in the atmosphere from hadronic
of -30 mV (LeCroy NIM discriminator modules Octal 623B interactions of low energy primary cosmic rays, and provide
and Quad 821), and to generate the coincidence trigger Sign@reference constant in time suitable to unfold other variations

(LeCroy NIM coincidence unit model 465). in our apparatus. In particular, we record, on a continuous
basis, the energy depositions of single particles crossing the
detectors in arbitrary directions by means of a special trig-
ger called “calibration trigger”, which requires single signals
Monitoring and calibration of all the detectors is essential‘r’lbove threshold on |r!d|v_|dual det_ectors and operates §|mu|-
taneously with the coincidence trigger so that we obtain the

for the correct operation of the detector array which was de-

signed to be operated remotely with minimal maintenancet'ght calibration constants for each deteci@r, the constants

Therefore, simple, reliable and cost-efficient monitoring an(ﬂe”VEd from the calibration events in the 10 minute period
calibration methods are required. efore the occurrence of each shower event. We use these

calibration runs to obtain the spectra of energy depositions of
3.1. Monitoring single particles, as shown in Fig. 5 for 6 out of the 12 liquid

scintillator detectors, and in Fig. 6 for one of the small water
A method based on single-particle rates was used as a sirGherenkov detectors. Liquid scintillator detectors are more
ple estimator of the operation stability in the first detectorsensitive to low energy particleg®/dx is proportional to
arrays built around the world. Modern technology, howeverthe inverse of

3. Results and discussion
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FIGURE 3. Single particle rate distributions of 9 liquid scintillator detectors obtained by the CAMAC-based monitoring system. Thi
horizontal axis is in units of 0.1 Hz, and the typical values for rms/mean are lower than 3%.

e

B e to relativistic muons and electrons. It is important to keep
T B g in mind that a 2 GeV muon can cross the detector (dE/dX is
“ 0123".- §:§.ll.. | around 2 MeV/cm) whereas a 10 MeV electron cannot; there-
oY e L fore muons produce more Cherenkov light than lower energy
M%%wﬂ §§§..... §§§ e!eqtrons (the range of 10 MeV electrons in a water-like lig-
e e L R uid is about 5 cm). .
= W = In the case pf the water Cherenkov deteptors the S|gnals
e mm :322:;....' of muons crossing the detectors are pro_por_tlonal to their ge-
. o s o w aw mofl U0 s iom 1w a0 0 ometric path lengths. The second peak in Fig. 6 corresponds
7 i — 5 = to the mean PMT charge deposited by muons crossing the de-
% ; .I.- o tector in arbitrary directions, while the first peak corresponds
B T ) O to corner-clipping muons and also EM particles that produce

ﬁ' %' . smaller signals. For water Cherenkov detectors, the conver-
Eg..... E:.".. | sion of the mean charge of the second peak into a useful pa-
SR T e W rameter is carried out by means of a control experiment, as
shown in Fig. 7 for one of the two small water Cherenkov
FIGURE 4. Oscilloscope traces of 10 PMT signals of 10 liquid detectors. The two scintillation hodoscopes above and be-
scintillator detectors for a trigger event as displayed by the DAQ low the detector let us to determine the position of the charge
program. The vertical scale is ino¥ and the horizontal units are  peak for muons crossing the detector vertically. We call this
0.1 ns,i.e. typical signals are around 25 ns wide. The lack of syn- paramenter a vertical equivalent muon (VEM). Our measure-
chronization of the PMT signa_ls is due to the varying _cab_le lengths ments indicate that 1 VEM is equal to approximately 0.92
of the detector PMTs, and this effect on the determination of the ;o5 the position of the second peak in the charge distribu-
arrival direction of the air showers is corrected off-line. . A - L
tion, in Fig. 6 [8]. In the case of the liquid scintillator de-
the squared velocity of charged particles reaching scintillatectors the second peak is dominated by electrons that fully
tor detectors), while Cherenkov detectors are more sensitivéeposit their energy, and its position also corresponds closely
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FIGURE 5. Charge distribution of single particles as measured by 6 of the 12 liquid scintillator detectors, the vertical scale is in arbitrary
units and the horizontal in pC. The first peak corresponds to noise and the second to the signal of single particles, i.e. muons and electrons.
The mean charge of single particles is given by the difference of the mean values of the two Gaussian fits.
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L . . FIGURE 7. Experimental setup used to obtain the charge deposited
FIGURE 6. Charge distribution of single particles as measured by by vertical mupons and to obt;in the value of one VEMgin terpms of

one of the two small water Cherenkov detectors. The vertical scaleth ition of th nd K shown in Fia. 6
is in arbitrary units and the horizontal in pC . The position of the € position ot the second peak sho 9. ©
second peak gives the mean charge deposited by muons crossing

the detector vertically. The first peak is an artifact of the thresh- 55 the shower front.

A 3 Figure 9a shows the measured
old used by the discriminator. The insert shows the values of thezenithal distribution obtained from data of the first year
parameters of the polynomial fit.

of operation. The solid line corresponds to the function
dI/dQ) = Acos®6 §sin f obtained as the best fit to the data,
to one equivalent particle. In consequence, we have a reliabl@e fitted curve agrees with the literature [10]. Figure 9b
way of converting the charge deposited in each detector intghows the measured azimuthal distribution which is in agree-
a number of equivalent particles (electrons for liquid scintil-ment with a flat distribution (solid line},e., the showers we
lator and muons for water Cherenkov detectors) [9]. detect do not present any east-west modulation due to the ef-
fect of the magnetic field of the Earth as cosmic rays of lower
energies do. We also verified that no artifact biases on the
angular distribution is introduced by our trigger scheme by
The direction of the primary cosmic ray is inferred directly checking that the distributions for the time differences be-
from the relative arrival times of the shower front at the dif- tween the arrival time and the trigger coincidence time are
ferent detectors. Figure 8 illustrates the way in which thecentered around cero for each of the four detectors used in
arrival times at each detector depend on the arrival directionthe trigger system.

3.3. Arrival direction

Rev. Mex. .51 (1) (2005) 3846
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sinfsing = c(tz2 — t1)/d relates the arrival times; andt,, of 50 Pt -0 x0.0087

the shower front detected in two adjacent detectors separated by a
distanced with the zenithal and azimuthal anglésand¢, respec-

tively, of the direction perpendicular to the shower plane traveling 30
at the speed of light. 2

s
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In order to estimate the angular resolution of the EAS-
UAP detector array, we assume, as a good approximation,
that the front of the EAS is a flat disk perpendicular to theFgure 9. a) Zenithal angle distributions of EAS measured
direction of the primary cosmic ray. Therefore, if the arrival with the EAS-UAP detector array. The units of the horizon-
times of the shower front detected in two adjacent detectorsal axis are degrees. The solid line corresponds to the function
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separated by a distandearet, andt,, then, the normal di- dI/dQ = Acos®®@sin6 obtained as the best fit to the data,
rection to the shower front is, in this approximation, given bythe fitted curve is in good agreement with the literature. The insert
the formula: gives the fitted values; pO is equal to A, and p1l is the exponent of
cos . b) Measured azimuthal distribution. The units of the hor-
sin 0 sin ¢ = c(t2 —t1) izontal axis are degrees. The fitted curvePis+ P;¢ where P,
d and P; are given in the insert. We checked that the distribution is

whered and ¢ are the zenithal and azimuthal angles of thein agreement with a flat distribution (solid line) over the whote 2
rfamge of the azimuthal angie

vector normal to the shower plane traveling at the speed o
light c. Assuming that the errors thand¢ are equal, we can

therefore write the error ifl as, of the shower with zenith anglé. In our case, with 1
12 surface detectorsy(r, 6) is the shower particle density given
c\2 1 /Ad\? by the NKG formula:
A =2 l2 <@> + 3 <d> sin 9]

p(S,r) = K(S)(r/Ro)* (1 + r/Ry)*~*°[12),
where we have averaged out the azimuthal angle by using
(cos?¢) = (sin®¢) = 1/2; At and Ad are the errors in whereS is the shower age; the distance of the detector to
the arrival time and the distance determination of the showethe shower core, anf, is the Molliere radius (90 m for an
particles;At = (o7 + 02,)'/2, whereo; is our intrinsic res-  altitude of 2200 m a.s.1.). If we neglect the slight dependence
olution in the time measurement ang, is the root mean on# in the expression fars,;,, we can rewrite the expression
square in the arrival time of shower particles due to the finitefor Af as,
thickness of the EAS disk. In order to estimatg,, we use
the formulla proposed by Lin§ley [11] which parametrizesthe g — ﬁ{z(c/d)Q [03 +2.56(1 + r/30)33/n(r)}
shower thickness as a function of the distance of the detector
from the shower core;, as:

osn = (1.6 ns)(1 +7/30)1%5//{n(r,0)}

wherer is in meters, andi(r, §) is the number of particles From this expression, we can see that the error due to the
crossing the detector located at a distandeom the core  shower thickness dominates for large values,afhile near

1 1/2
+§(A/d)2 sin29}
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the shower core the intrinsic time resolution of the timingNKG expression given above for the electron lateral func-
measurement is the dominant contribution, which in our caséon to the particle densities recorded by the different de-
is 2.7 ns. Specifically, for 1fdetectors separated by 20 tectors on an event-by-event basis. Finally, the shower en-
m, and a zenith angle of 20a typical shower may have ergy is obtained by using the relation. (Ey) = 117.8 E}1,

a particle density of 50/Mmat the core, and thus we obtain whereE, is the energy of the primary cosmic ray expressed
Af = 5.1°. Likewise, forf = 60° we obtain a resolutiofhd in TeV (13,14). Figure 10 shows the measured particle den-

of 5.5°. sities and the fitted lateral distribution for two examples of
vertical showers. The reconstructed energies for the events
3.4. Energy determination of Fig. 10a and 10b werg.3 x 10'6 eV and3.6 x 10'6 eV,

respectively. Figure 11 shows the differential distribution,
We determine the number of particles in each detector us?/N/dN,, of the shower sizely., obtained for vertical show-
ing the single-particle charge spectrum discussed in Sec. 3.2rs. The fitted slope found i8.44 + 0.13, which corre-
The core position, lateral distribution function, and total num-sponds to a spectral index = 2.6 in the energy spectrum
ber of shower particled/, are reconstructed from a fit of the dN/dEaE~7,i.e, in agreement with the literature (13).

a) p(r) Lateral Distribution
P 3.5.  Muon/EM separation
100 2 - - - - -
] Finally, we would like to discuss work in progress which
] points to the possibility of using some structural features of
é’ Data: Data3_B the oscilloscope traces of water Cherenkov detectors to sepa-
a Model: NKG ° rate the different components of EAS, with the aim of deter-
L Chi"2 = 65.25355 mining the mass composition of the primary cosmic ray. We
Q R"2 =0.95825 . . . .
have obtained inclusive signals produced by secondary cos-
S 1osse o mic rays by using an inclusive trigger which requires a simple
Ne 1:17><1107 o amplitude threshold of -30 mV in any of the two small water
B 23x10%V Cherenkov detectors. This trigger selects events that occur
locally at each water Cherenkov detectioe.( isolated parti-
10 ———— —— cles or local showers of low energy 10'! eV) with charge
1 10 100 values above 0.08 VEMSs. The oscilloscope traces of single-
Radius (m)
r « 4 . .
b) Ar) Lateral Distribution 2
——
100
] 10
=y
wnn
S Data: Data 19 B
Q Model: NKG &
o J R
’ Chir2 = 117331
K 208.09055 +18.33637 RY2 = 099438
S 203084 +0.0497 = 005147
Ne 1.99x107 1 Ne 296320183002
E 3.6x107° eV 1 2.43678 +0.13067
10 ————7 T ———————— ' i " —
. 100 100000 1000000
Radius (m) Ne

FIGURE 10. Lateral distribution function fitted to the measured FIGURE 11. Distribution of the shower sizéY., obtained for ver-
particle densities for two examples of extensive air showers. Thetical showers. The fitted curve & (Ne/Nek) ™7, where Ny is
reconstructed energies for these events were<208° eV and the number of particles at the knee ahdthe flux at the knee,
3.6 x 106 eV for Fig. 9a and Fig. 9b, respectively. The insert the insert shows their fitted values, in particular the fitted value for
shows the values of the parameters of the fitted NKG cuires v = 2.44 4+ 0.13 corresponds to a spectral index= 2.6 as ex-

a scale factors is the age of the showeN. andE are the number  plained in the text, in good agreement with the value reported in the
of particles and the energy, respectively. literature for the energy spectrudiV/dEaE ™.
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Showers —— - 4. Conclusion

S
—

We have described the design and operation of the first stage
of the EAS-UAP detector array located in the campus of the
University of Puebla. Analysis of the EAS-UAP data col-
lected so far allows us to conclude that the detector array
shows good stability with a typical dispersion of rms/mean
for the rate of liquid scintillator detectors lower than 3%. The
data acquisition system that we implemented, using commer-
cial NIM and CAMAC electronics, can operate during ex-
tensive periods of data taking. The typical width of exten-
sive air shower signals detected by our scintillator detectors
is around 200 ns. We have implemented a reliable way of cal-
ibrating the detectors to perform the conversion of the charge
deposited in each detector into a number of equivalent parti-
cles. We have measured the zenithal angular distribution, and
found that it can be fitted by the functioncés®-® #sin 6, in

Ll Y C i e agreement with the literature. We have estimated the angu-

10" 1 RO i lar resolution in our determination of the zenithal angle to be
ise Time 10-50 (ns)

Charge vs Rise Time 10-50 for Arbitray Muons lower than 5.8 in the range fron20° < 6§ < 60°. The differ-
ential distributiond N/dN.,, of the shower sizey., obtained

for vertical showers corresponds to a spectral inglex 2.6
in the energy spectruadN/dEaE~7, i.e. also in agreement
with the literature.
FIGURE 12. Charge in VEM vs rise time from 10% to 50% in Finally, we have shown that water Cherenkov detectors
ns for inclusive cosmic ray signals in one of the two small wa- 555ess the potential to separate different signals associatec
ter Cherenkov detectors. The separation into EM particles, slngleto secondary cosmic rays, such as isolated EM particles, iso-
muons, showers and the interaction of muons with the PMT glassIated muons. and extensi've air showers. this is done b' Us-
is evident in these plots. . ! . ' y
ing structural features of the signals from these detectors and
by plotting amplitude versus rise time from 10% to 50%, or
other pairs of parameters such as charge vs amplitude, ampli-

detector events are used to perform off-line measurements §¢de Vs rise time and amplitude vs charge/amplitude. In the
the charge, rise time 10%-50%, rise time 10%-90%, and amP€ar future we will increase the number of liquid scintillator
plitude for each event. Figure 12 shows a plot of the ampli-detectors to 18 to improve our aperture. During the next pe-
tude versus the rise time from 10% to 50% for these eventdiod of operation, we will measure the muon/EM ratio and
This plot shows that the events separate naturally into th¥/ill estimate the energy of the muons involved by making
following groups of signals associated to secondary cosmi'0reé extensive use of the information provided by the wa-
rays: isolated EM particles, isolated muons, interaction of€" Cherenkov detectors. The special location andrtsitu
isolated muons with the glass envelope of the PMT, and exacilites associated to the UAP campus make the EAS-UAP
tensive air showers. We have also found other bi-dimension#"Tay @ valuable apparatus for the long term study of cosmic
parametric spaces that produce equally good separation, sutgys in Mexico. Besides, we also use this detector facility to
as charge vs amplitude, amplitude vs rise time, and amp”gducate_ and train new physics students interested in the field
tude vs charge/amplitude. Identification of the traces of iso®f COSMIC rays.

lated electrons and muons enable us to form artificial traces

for EAS with known values of muon/EM. These artificial sig- Acknowledgments
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