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Neutron bursts in EAS: New physics or nuclear physics?
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Abstract. An analysis has been done of events with verypulses and should not be trusted. Here we present d¢
high multiplicity of neutrons (neutron bursts) observed inanalysis of the phenomenon and the results of Monte
two experiments with neutron monitor triggered by EAS: atsimulations for both experiments.

Mexico City and at Baksan. The explanation of the

phenomenon of delayed by milliseconds pulses can be

found in neutron physics, while the origin of EAS with 2 Experiments

abnormally high multiplicity of neutrons is still a question.

Monte Carlo simulations of slow neutron flux using known  First, we would like to remind the experimental det:
cross sections and real geometry of the experiments showith the aim to detecheutron burstswe performed a
rather good agreement with observed data. experiment (Stenkin et al., 1999; Stenkin et al., 2001) |
the Mexico City neutron monitor 6NM64 and associi
muon telescope, consisting of 8 plastic scintillator coul
of 100x100x5 crheach, located just above and just be
the NM (see Fig.1a). The signals from upper 4 coul

In the last years, there appeared evidences (Aushev \lévtere added and designated detector 's”, likewise t
al. 1997: Antonova et al.. 1999: Stenkin et al., 1999_ower counters constituted detector “i”. In addition, a

Stenkin et al., 200la; Stenkin et al., 2001b) for the’scintillator(DlOcmxlocm) detector was used as a det

existence of abnormal high multiplicity events in a neutronfor gammas detection and for triggering. Thgse 3 sl
monitor (NM), which we called aseutron bursts Main and a signal from one of the neutron monitor stan
features of the observed effect are following: i) delayed b)porgn counter (BP 28) were put to 4 c_ha_nnels of a d
milliseconds pulses with very high multiplicity both in NM oscilloscope TDSA20A. 1m air gap existing between
and in the outer detectors can accompany EAS; ii) rate o'%IM body and ground was used as a place for addit

such events is 1 day?; iii) multiplicity of delayed pulses det?—ﬁgré:ssléﬁng)joér?ggﬂ; Taslgfl:aﬁi(r;ila)if)' differs f
in such events is <3 time higher in the bottom outer P P (F9.

intillator detectors than in top detectors: i Ise i that in Mexico City mainly by the absence of an air gaj
scintiiiator detectors than in top detectors, '\.’) PUISE iM&,q scintillators (6 x 1 f) were put only above the 6NM
distributions in outer detectors have maxima if there exist

an air gap between them and ground $nonitor. But, we were able to modify the set-up during
As we claimed in (Stenkin et al., 1999; Stenkin et al-,expenment (Stenkin et al,, 2001b) as this NM is wor

o S ) now only for this experiment. Instead of fourth ba
2001a), peculiar time distributions in outer counters can b%ounter we used special detectors for neutron dete
satisfactory explained by the existence of thermal neutro

flux associated with EAS. Time distributions for the inner?IrSt Nal (I8cm x 8cm) and then ZnS +B(016.3cm x
X . .~ 10cm) detector (SDK-01). The same detector was als
boron proportional counters are distorted by poor time

resolution (long recovery time) of gas counter for burst ofo! the top of NM. These additional detectors as we
9 y 9 shift in height of one plastic scintillator detector permits

1 Introduction
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distributions can be fitted by 2 exponential decay curv

buildjng follows:
l F(t)=0.001+0.389exp(-(t-127)/1.A8)+0.178exp(-(t-127)/3.4(k)
BNM5A scintillators "s"
1
Mal 01 I\\
"
— probeblity ..:.}
; | 001 . -.:E‘
AR AR e,

q - . " T'sd LI} o
groun additional paraffin layer s e | -

a) N S " S S S
N
shafted scimtillator trigger
position
outer Zn3 / scintillator
HNMeq [
S b
h::’_/f//JD * Fig.2. Beginning of pulse time distributions in
A / e / / /i /\/ v scintillators
: ] Fe blocks As one can see we do record fast neutronsy{@uanta
nmer ZnJ associated with them during inelastic scattering) in the
several microseconds. Therefore, we can use the num
b - boron counters such pulses integrated over first ifec (n) as a measut
of total number of fast (evaporation) neutrons produce
_ b)_ _ _ _ the NM producer. This is better than the numbel
Fig.1. Sghemat|c view of Mexico City (a) and Baksan neutrons recorded by boron counters because the la
(b) experimental set-up. saturated in high-energy events. In this way we plc

scatter graph in Fig. 3 where correlation between

to confirm our previous conclusions about the peculiarnumber in both scintillators “i” and “s” and total number
delayed pulses distributions in gas proportional countergulses integrated over 2.5 ms&t£M ) is shown. In othe
and its explanation by poor time resolution of such awords, this plot shows the correlation between the nul
counter. Usage of scintillator detectors for neutronof fast evaporation neutrons produced in the lead proc
detection has showed this experimentally (Stenkin et al.and the total number of thermal neutrons detectet
2001b) without any doubt and also, it helped us to measurecintillators. As one can see, some events (bursts
thermal neutron fluxes inside and outside the NM. absolutely out of the main trend: they have normal nur
of fast neutrons and abnormally high number of thei

neutrons. The explanation of such a behavior can be 1

3  Experimental results if one supposes that the great bulk of slow neutrons «
from outer source in these events. As we Suppose¢

In our previous papers (Stenkin et al., 1999; Stenkin e{Stenkin et al., 1999; Stenkin et al., 2001a), this sour

al., 2001a) we presented and explained the “strange” timghe EAS core. From (Stenkin et al., 2001b) we know
distributions of delayed pulses in the NM boron counters bythe efficiency to detect thermal neutrons by our plé
a methodical reason and in outer scintillator counters by thecintillator detector with 0.5 mm iron housing is as low
flux of thermal neutrons associated with EAS. We have~29%. Thus, in the biggest event (in Fig.3) there was a
proved there that very high multiplicity neutron events doof 130/0.02=6500 neutrons passed through an area 61
exist in NM. These events occur with a rate of less or ~Jaround the NM and the mean thermal neutron flux dt
day'. As we mentioned in (Stenkin et al., 1999; Stenkin etthe burst was as high as ~80 riksec. Note that the NI
al., 2001a), neutrons produced in lead producer can escapelyethylene outer shield is not transparent for the
the NM in the first moments while their energy is high neutrons. This results in different fluxes and its diffe
enough and cross section is low. To check this we plotte@ehavior inside and outside the NM. From (Stenkin e
the beginnings of pulse time distributions with a step of 12001b) we can estimate the NM inner thermal neutron
ps in both plastic scintillator layers covering the NM during the biggest Baksan burst as measured by
(Mexican experiment) in Fig. 2. This part of time detector (55 pulses): ~ 2200 niisec; correspondin
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outer flux (>713 pulses on 6%rwas measured to be > 600 concrete we used SiCas the main component of any
n/cnf/sec above the NM. The inner flux during the burstground. Note that small additions of Mg or/and Al fzainy
lasting for some milliseconds can be compared for examplether elements) oxides do not affect significantly on the
with that one could observe from 2 curies of \RBe neutron time distributions we are interesting for.

source in graphite column just near the source.

no air gap with 1m gap

top

4  Calculations

+ out

To explain the observed time distributions a Monte
Carlo simulation of the experiments hasen done taking
into account real NM geometry and known cross sections . 10T .
for thermal neutrons. The main aim of this work is : e e,
explanation of time distributions of delayed pulses in the .
outer scintillator detectors, because those for boron | T ¢ O
counters are affected by poor time resolution of
proportional counters in high multiplicity events and so
does not correspond to real pulse time distributions. Full
simulation of all processes in NM is very complicated.

counts / bin /event

counts / bin /event

20 40 60 80 100 20 4 6 80 100

time / 50 psec .
10 time / 50 psec

Fig. 4. Results of M-C simulations.
a- top scintillators without air gap;
b- top scintillators with air gap;
c- bottom detectors without air gap;
d- bottom detectors with air gap
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The great bulk of usual elements have small neutro
absorption cross-section. The exclusions are B, Li, Cd, C
Fe, Cu, |, etc, but usually they are rare additions. Presen
e of ground water can change the neutron lifetime in it. It ca
also affect on the thermalization process. As we estimate
in (Stenkin et al, 1999; Stenkin et al., 2001a),
thermalization in dry “standard ground” should be of abou
T T T T T T T T 400 psec. In a presence of water, this time will be less. i
this calculation, we did not add water to ground. Concret
building with the corresponding air gaps was taken intt
_ ) account. We made simulations for two cases: with an
Fig. 3. Correlation between fast and slow neutrons without 1m air gap between ground and NM. In both case
recorded by scintillators. we also used 20-cm concrete ceiling at 1 m above the t

scintillators. Results for outer scintillator detectors are
Nevertheless, the problem can be easily simplified if oneshown if Fig.4. Points marked as “in” and “out” corresponc
begins the calculation just at the moment when theg thermal neutrons emitted by inner materials of NM64 o
thermalization process is over. We assumed that during th'qs;y surrounding materials  (ground and constructior
process, while absorption cross sections are low (due to 1/(Yoncrete). As one can see, neutrons emitted by NM64 ha
law), fast neutrons spread widely around the monitor andteeper time distributions than that emitted by ground. Th
accumulate in condensed matter in according with itssan be easily explained by the difference in neutron lifetim
scattering cross section. This simplification is correct forfgy absorption in these materials. The influence of air gap |

our purpose, as we are interesting only for long delaye@iearly seen. The latter should be taken iatwount in
pulses in a msec range. In such assumptions, we can uUgmparison of different experiments.

only thermal neutron cross sections (tabulated in

handbooks), isotropic angular distribution in elastic

scattering and simple velocity distribution. The only5 piscussion

problem here is unknown chemical composition of real

construction materials (concrete etc.) and ground. There  Thys, the M-C simulations of the experiments (Stenkir
are no problems with NM materials: lead, paraffin, air, ironet al., 1999; Stenkin et al., 2001a: Stenkin et al., 2001l
and boron counters content. Instead of real ground angpnfirmed our supposition that the main effect of delaye:

No of pulses in first 10

No of delayed pulses (‘i"+"s")
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pulses in outer scintillator detectors is produced by slownaterials contribute to the observed effect through thyg
neutrons through (y, reactions in surrounding materials reactions the more the higher is EAS energy. This re
close to the detectors. Neutrons captured by nuclei ah:
distances bigger than ~ 1 radiation length can not producgé) delayed pulses time distributions in outer detector:
pulses in the detectors due to gamma absorption. We should defined by that of thermal neutrons;
emphasise here that distance is in radiation lengths, thus B) bottom scintillators unshielded from ground, rec
gas media (air) it can be as large as hundreds meters. This much more delayed pulses than top detectors do;
means that experiments can differ significantly due to3) flattening of time distributions of delayed pulses
differences in surrounding matter, construction details and  outer detectors at higher multiplicity of the event.
materials. Nevertheless, the main features should be mofEhe latter is explained by increasing of a contribution o
or less the same. Any NM contains many hydrogenousuter sources of thermal neutrons associated with EAS
materials accumulating neutrons during the burst. Thus, that higher EAS energies.
NM itself is the first source of slow neutrons for outer We can say nothing now about the origin of s
detectors. Another source is surrounding materials such dsursts: is it simple fluctuations of EAS hadron conter
ground, concrete etc., “filled” with neutrons after the EASwe deal with abnormal EAS similar to Cenauro knt
core passage. Lifetime of slow neutrons in these sources feoom emulsion experiments? To understand the origi
different as one can see in Fig.4. This means that observesdich neutron bursts further calculations of EA
lifetime can lie betweem; ~600usec (NM lifetime) and, propagation in the atmosphere and its interaction
~1 msec (Si@lifetime) in accordance with contribution of ground should be performed. New experiments in this
one or another source. At low energy events, the firstan also clarify some problems. Nevertheless, answ
source prevails while at the highest observed multiplicitieghe question put in the title we can sajyl: the observe
the second source should prevail. It is well known that dugghenomena can be satisfactory explained by known Nt
to trigger conditions the effective area for air showerPhysics processe¥Ve can also add here that huge nur
detection increases if shower size increases. Effective are¥ slow neutrons produced by EAS core does not conti
of EAS core also increases and significance of seconthe power conservation law. Giant amount of neutrol
source becomes more and more essential. This explaim®ntained in surrounding matter and one needs only st
why in our experiments (Stenkin et al., 1999; Stenkin et al.MeV of energy to initiate nucleon disintegration anc
2001a; Stenkin et al., 2001i)in outer detectors slightly release one or more neutrons. Thus, to produtaeifron:
increases with rising of event multiplicity or EAS energy. one needs energy <00 MeV= 16%eV. This is less the
This also explains why in high multiplicity events bottom 0.5% fraction of estimated energy for EAS produced t
detectors situated between ground and the NM record mudttate one of the biggest neutron burst, mentioned in (St
more pulses: top detectors are shielded from ground by thet al., 2001b).
NM itself and only walls, ceiling and the NM moderator are Moreover, in our opinion, this phenomenon can
the sources of slow neutrons for them. successfully used in EAS technique to study net
(hadron) component, to selegtEAS in UHE vy-ray
astronomy, to locate EAS core etc.
6 Conclusion
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