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SE Z IO N E  II
(Fisica, chimica, geologia, paleontologia e mineralogia)

Fisica. — Experimental results on stopping muons at 60 and 
300 m.w.e. Nota di Laura B ergamasco, Carlo Castagnoli, M. Cri­
stina T abasso e Pio P icchi, presentata^ dal Socio G. W ataghin.

R ia ssu n t o . — Si presentano i risultati sull’intensità dei muoni che passano e di quelli 
che s’arrestano decadendo in un rilevatore a scintillatore liquido a quattro profondità: 
60, n o , 175 e 300 m.a.e. I dati così ottenuti vengono discussi e confrontati con quelli degli 
altri autori.

i. In  these last years the stopping m uon rate at m oderate depths (10-60 
m.w.e.) has been studied fairly  extensively. There are however discre­
pancies between the values obtained with different techniques (emulsions 
and scintillator), and also between those obtained with the same m ethod. 
For all these reasons we resolved to perform  an experim ent whose m ain 
features were to be: a) liquid scintillator ra ther than  emulsions for the well 
known efficiency problems, d) detector of large volume and spherical sym m etry 
to reduce the geom etrical effects which often bias decay experiments.

Table I.
Experimental results on the traversing and stopping muon rate.

Zenithal angle 6 o° 00\Q 6o° 00 0

D epth x  (m.w.e.) 6o I IO ITS 3 0 0

Eo(G eV ). . . : 12 2 3 4O 7 0

Telescope factor 
(cm2 sr) . . . IOO 24O 24O 17

Njx (cm“ 2 s-1 s r -3) ( 6 .2 9 9 ± o .oo9)- io “ 4 (1 .8 9 3 ± 0 .0 0 7 ) .  IO“ 4 (1 .i 8 6 ± 0 .0 2 5 )-  i o -4 (6 .705  ± 0 .0 7 3 ) .  IO~5

Sp, (cm“ 2 s-1 sr“ 1) (1 .8 0 5 ± 0 .0 6 5 ) -  IO~3 ( 5 .5 2 2 ± o . i4 7 ) .  i o - 6 ( 2 .5 6 8 ± 0 .4 4 9 )‘ i o -6 (1 .6 8 8 ± 0 .4 8 6 )-  IO“ 6

2. T he m uonic flux is identified by telescopes of two plastic scintillators 
30 X 3° X 3 cm3 in twofold coincidences which give inform ation on the m uon 
intensity  in the various directions (depth and zenithal angle). T he volume 
available for the \l — e decay consists of 500 litres of N E  liquid scintillator 
(decay time; t =  2.7 • io~9 s, density p =  0.88 g r-c m r2, atomic num ber 
Z =  5.72) wätched by eight photom ultipliers. The scintillator signals in 
which two pulses are separated by a tim e interval between 40-250 ns or

(*) Nella seduta dell’n  aprile 1970.
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0.6-10.6 (JLS are photographed on a dual beam  oscilloscope and the [L — e events 
are identified through their tem poral sequence. Table I reports our expe­
rim ental results on the m uon intensity 1  ̂ and on the stopping m uon rate 
relative to four different depths, whose threshold energy Eo has been derived 
from the energy-range relation of Castagnoli et al. [ i ]. For the irregularities 
in the hill pattern, the spread on the depth in the vertical direction is ^  20 %, 
while th a t on the other depths is less than  15 %. The random  events due to 
the background during the io~5 s gate have been estim ated and am ount to 
less than  1 % of the registered events.

3. W e shall first discuss briefly the results on the traversing muon 
intensity  1̂ . I t is well known th a t the intensity m easured at a depth h in a 
direction 0 is related to the vertical intensity at the corresponding depth 
(h sec 0) by [2]:

O) (h sec 0 , o )  =  1̂  (k , 0) (I +  s-1) E cos 0 +  E0 
( I + s - i )  ~ E  +  E0”

where E is the m ean energy in the direction (x , 0) and £ =  1.65 +  1/6 log E / io  
is the exponent of the pion spectrum. O ur data  converted with eq. 1 to the 
vertical direction are shown in fig. la  and there is a good agreem ent with the 
experim ental results of the other authors reviewed by Barton [3] and the 
D urham  spectrum  [4].

Pig. I a. — Experimental results on the tra­
versing muon intensity. The curve is the 
Durham spectrum [4]. Experimental data: 
B) Barton; H) Higashi; S) Shreekantan; 

P) Present work.

Fig. I b. -  Experimental results on the 
stopping muon rate. Emulsions : F) Fo- 
tino [7]; G) George and Evans [5]; K) Ka- 
neko et al. [6]; S) Short [8]. Scintillator: 

B) Barton et al. [9]; P) Present work.
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Let us now consider our results on the stopping m uon rate, shown in 
fig. I b together with those of other authors [5-9]. Only our result at 60 m.w.e. 
is directly com parable, for there are no results at greater depths. O ur value 
turns out to be higher by a factor 2 th an  those given in [9] working with liquid 
scintillator and in [2] with emulsions. The observations which m ay be m ade 
on the emulsion results are obviously connected with the above-stated effi­
ciency problems of these experim ental techniques. It m ust yet be observed 
th a t also with scintillators we have to face some efficiency problems, an 
accurate “ cleaning up ” of the P. M. signals being im portant for the identi­
fication of the second pulse (e^) out of the signal background in the photographic 
registration. W e have been able to check experim entally in the first run  of 
our m easurem ents th a t this inefficiency m ay rise as high as 50%  unless parti­
cular care is given to this point.

Fig. 2. -  Ratio of the traversing muons to the stopping muons rate. The 
curve is calculated with eq. (3). The points are our experimental results.

4. A n interesting figure in this process is the ratio R of the stopping 
muons to the traversing muons rate. The muons stopping in our detector 
m ust have an energy A E <  0.18 GeV. A t depth x> threshold energy E 0, the 
differential spectrum  of muons is usually given by

(2) F , (E) dE  =  K  (E 0 +  E )“ ^ 1 dE

where y is fairly  well known in  our energy range (y =  2.1 T  0.1).
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We then obtain:

(3)

E0 + AE

I F*(E) dE

j  F,(E ) dE
E„

yAE
“Ë T

A t these energies the effect of the straggling is negligible. Fig. 2 shows 
the experim ental results on R obtained in our experim ents com pared with 
eq- (3)-

As it m ay be seen, there is a discrepancy between our experim ental 
results and the expected values according to eq. (3), especially at the highest 
energies.

The effects of pions generated in rock which decay in air in p. which then 
stop in our detector seem to be excluded as the stopping pion rate has been 
m easured experim entally [10] in the Station, and is lower th an S ^  by two orders 
of m agnitude. Also the production of a n->  p, £ chain in the scintillator 
seems to be negligible, as checked experim entally in the Station around 
th a t apparatus [10]. The discrepancy of fig. lb, seems to be effective and 
suggests the opportunity  of carring on a similar experim ent at a greater depth, 
particu larly  if connected w ith a neutrino induced production.

T he experim ent has been carried out in the Cappuccini S tation (Torino) 
of L aboratorio  di Cosmo-geofisica del C .N.R.
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