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Abstract: The PRISMA project was proposed to detect thermal neutrons generated by secondary hadrons in
cosmic air showers, focusing on the cosmic ray ”knee” problem, and some prototype arrays of PRISMA have
been running at the different locations. On January 12, 2013, four prototype detectors (so called PRISMA-YBJ)
of PRISMA were installed at the center of the ARGO-YBJ experimental hall. This presentation shows the first
analysis results of EAS events recorded at high altitude by PRISMA-YBJ and comparison is made with those
obtained at sea level.
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1 Introduction
The idea of a novel type of array for EAS study proposed
by us for the first time in 2001 [1] has been developed
in 2008 for the PRISMA (PRImary Spectrum Measure-
ment Array) project [2]. It is based on a simple idea: as the
hadrons are the main EAS component forming its skele-
ton and resulting in all its properties at an observational
level, then hadronic component should also be the main
component to be measured in experiments. Therefore, we
have developed a novel type of EAS array detector (en−
detector) capable to record hadronic component through
thermal neutrons detection (n) and electronic component
(e) as well [3, 4]. The ProtoPRISMA prototype array con-
sisting of 32 en-detectors is now running in Moscow [5].

This year a high altitude prototype (PRISMA-YBJ) has
started running in Tibet (4300 m a. s. l., Yangbajing) over-
lapping with the ARGO-YBJ detector [6]. It consists of 4
en-detectors configured as Y centered triangle and located
almost at the center of ARGO-YBJ. This allows us to make
inter calibration and comparison of the data obtained in the
same place but using absolutely different methods(see pre-
sentation of Xinhua Ma et al. ID 606). It is also interesting
to compare the data obtained by the same method and by
the same detectors at near sea level (ProtoPRISMA) and at
high altitude (PRISMA-YBJ).

2 PRISMA-YBJ prototype
4 en-detectors similar to that using in ProtoPRISMA
(Moscow) were made and installed in Tibet in the ARGO
experimental hall built with light construction materials.
A Thin layer (∼30 mg/cm2) of special inorganic scintil-
lator ZnS(Ag) +6LiF of 0.36 m2 area is mounted at the
bottom of a cylindrical PE (PoliEthilene) 300-liter water
tank which is used as the detector housing. A 5”-PMT
(FEU-200) is mounted on the tank lid. Light reflecting
cone made of foiled PE foam of 5-mm thickness is used
for better light collection. As a result, we collect∼50-100
photoelectrons per a neutron capture. All pulses are inte-

grated with the time of 1µs. FADC (ADLINK 12 bit pci
slot PCI-9812) is used for pulse shape digitizing (20000
samples with a step of 0.5µs). The first pulse produced
mostly by EAS electrons is used for energy deposit mea-
surements and delayed neutron capture pulses are count-
ing within a time gate of 10 ms to give the number of neu-
trons.

The detector layout is shown in fig.1. The first level trig-
ger is very simple: a coincidence of any 2 from 4 detec-
tors in a time gate of 1µs starts all FADC’s. An On-Line
program analyzes the data and produces second level trig-
gers: M1 in a case of real coincidences (at least 2 detector
response with energy deposit> 5 particles in the first time
bin), M2 in a case of total energy deposit corresponding
to more than 120 particles and M3 if number of recorded
neutrons is larger than 10. The data acquisition system is
fully identical to that of the ProtoPRISMA array. The dif-
ferences between the two arrays are the following: 1) dif-
ferent altitudes; 2) different number of detectors; 3) differ-
ent roof thickness. This has to be taken into account when
comparing the data.

3 Results and analysis
The first results obtained by PRISMA-YBJ are compared
with those by ProtoPRISMA-32 at sea level [7]. Fig. 2 (left
panel) shows total number of recorded EAS thermal neu-
trons as a function of time as measured by the PRISMA-
YBJ array in events selected by M1 trigger forced by the
condition of 4-fold coincidence. Best-fit function is also
shown. As one can see the measured time distribution is
fitted very well by the 2-exponentional function as it was
shown in our previous works [8, 9]. As usually the first
time component close to 1 ms is connected with the ther-
mal neutron lifetime in a rock, soil or concrete. This so-
called local neutron component is produced by high energy
hadrons in the vicinity of detectors. The second time com-
ponent can be explained by a small admixture of theatmo-
spheric neutrons introduced by us earlier [2-4]. These neu-
trons are produced in the air at distances less or about one
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Fig. 1: Detector layout (left panel) and its position on the ARGO-YBJ detector numbered bigpads (right panel).
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Fig. 2: EAS thermal neutron time distributions measured by PRISMA-YBJ and ProtoPRISMA-32. T=0 corresponds to
trigger position (EAS passage),Σ shows the total number of recorded neutrons per event.

hadronic interaction length (∼750 m at sea level) above
the detectors. By selecting neutrons delayed less and more
than say 4 ms it is possible to subdivide experimentally lo-
cal and atmospheric neutrons carrying different informa-
tion about EAS structure.

Similar time distribution obtained with ProtoPRISMA-
32 array [7] is shown in the right panel of fig.1 for compar-
ison. In this case the sum of all neutrons recorded by 32 en-
detectors is shown. Again a 2-exponential function fits the
data well. But, there exist a difference with the previous
case. Both time parameters are less than that measured by
PRISMA-YBJ. Why? In our opinion the first parameter is
equal to only 0.6µs due to influence of the NEVOD water
pool. It is known that neutron lifetime in water is∼0.2µs,
i. e. much less than in soil. That is why a presence of wa-
ter must decrease the lifetime of recorded neutrons. As for
the second time parameter, the most probably reason could
be found in the concrete roof and walls. In contrary to the
previous case, ProtoPRISMA is located inside the building
having rather thick concrete walls and roof (from 20 to 50
cm). Therefore, it is difficult for atmospheric thermal neu-
trons to penetrate the experimental hall. On the other hand,
the roof and walls serve as an additional targets for hadron
interactions and as a moderator and a thermalizer for fast
neutrons. As a result thermal neutrons from roof and walls
must have an additional delay to reach the detector (∼0.5

ms/m). Taking into account that the height of roof is∼ 7-
8 m above the detectors, one could expect the delay of∼ 4
ms. So, in our opinion the second observed time parameter
is probably explained by the concrete roof.

EAS thermal neutron lateral distributions for two alti-
tudes are presented in fig. 3 along with fitting functions.
Here again double exponential functions fit the data rather
well. The first distance parameter (1.1 m in both cases)
is probably connected with the characteristic distance be-
tween recorded neutron and its parent hadron. In other
words, recorded thermal neutrons produced locally (local
neutrons) are collected from the nearest vicinity of the de-
tector. This parameter does not depend on altitude. The
second distance parameter has another origin. This is the
EAS hadron lateral distribution connected with their expo-
nential distribution on transverse momentum. It is obvious
that a hadron with momentum Ph produced at one interac-
tion length above the observational level (∆H) with a trans-
verse momentumPt (note that< Pt >≈ 0.4GeV/c) could
be found at a distance R from the EAS axis:

R = ∆H ×Pt/ph (1)

In this equation only one parameter depends on altitude
(through air density), namely H which is inverse propor-
tional to air density. Therefore we could expect a ratio of
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Fig. 3: EAS thermal neutron lateral distributions at different altitudes. R - distance from the EAS core.

measured at different altitudes R parameters to be equal
to R1/R2 =∆H2 / ∆H1 = 606/1030 = 0.588, where 606
and 1030 being atmospheric pressure ing/cm2 at YBJ and
Moscow consequently. One can see that our measured ra-
tio is very close to the expectations:R1/R2 = 7.0 / 12.5
= 0.56. It is also possible to estimate from (1) mean mo-
mentum of hadrons producing the recorded neutrons as:
< Ph >∼ ∆H ×Pt/R = 750×0.4/7≈ 43GeV/c.

4 Conclusion
A novel method of EAS study has been developed, detec-
tor prototypes have been realized and operated at differ-
ent altitudes, the highest being 4300 m a.s.l. The measured
parameters of EAS neutrons time and lateral distributions
are close to our expectations. Comparison of the param-
eters measured at sea level and at Tibet level gave us an
additional interesting information and understanding. Due
to thin roof and high altitude in the Yangbajing experi-
ment we recorded for the first time the atmospheric neu-
tron component, i. e. neutrons produced in air well above
the detectors. The latter means that it is possible to use the
method at lower primary energy even in a case when high
energy hadrons do not reach the observational level.
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