{ % N
INTERNATIONAL ATOMIC ENERGY AGENCY ”H"
W &

UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANIZATION ——v—

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

34100 TRIESTE (ITALY) - P.O.B. 686 - MIRAMARE - BTRADA COSTIERA 11 - TELEPHONE: 2240-1
CABLE: CENTRATOM - TELEX 4603902 -1

H4.SMR 346/3

SCHOOL ON
'NON-ACCELERATOR PHYSICS
25 April - 6 May 1988

BACKGROUND RADIATION in
DEEP UNDERGROUND LABORATORIES

by

E. Bellotti
Universita degli Studi di Milano
Italy




Background Radiation in

-_—_DﬂLt‘ _UMalgg.aguuo_L L.'\Lora"ow'e:g

- \MBL eubra(j Wmuons
- hw‘l'n‘no_g

- r-Yacd.s.oJ-wL Meu.‘hfous Ero\u matural

Voolicackive mucler

4




'P'“.""‘afn oswmic Y‘alas
Emerdj (Powu 'eauu) N(E)E.)._. K t_;‘"&'
K. dc.lamil Ow C.'Ac.uc.;c.ni waf‘u.rg_ o{- P.c.v-.

Ly

CL\L’Mt‘c,&L couu.t.oa.'*.‘ou v

H o He, €, M O,.-. . F-.

(mainly it <E> vz qu)
V&ﬂ l\c‘dL euerey c-vg 31-14(.1&12
= l'\aolvotu!c caicodes —> Ju.‘s awsl Vg

- 2.u. .&‘Lowq,_q




N-N C.M. ENERGY /5, (Tev)
01 1.0 10 100
; ; g !

ey
Q,
L

—
oﬂ
S

164 F— -
- oo
Ol '5'-‘0‘ _
_v: =5 10 .
'w 10 : ‘:,}' <
< : B
E I

y S
= =
= =
—_ s i . ]04 -
< oL ___: : =

: : —
= 102 =

10’12 = ; H

ISR (CERN)

e a ot

ot
o

5

1 0'14

SEKTeVT

l‘lii:l:i;l

sk sB0s (0ERN)

: 10" 10" 10" 10" 10" 10" 10 10"? 10%°
ENERGY ( _ev!

s

. n
- fiqure 1. Cosmic ray primary integral flux spectrum vs. energy, wit
¢ energies of nucleon-nucleon colliders i{ndfcated on the

-abscissa.

- tL
Frow L.W-Joue.l w Pfor... 19 JC,QC.

La JoLl.\ - Usa Aug,oﬂ-z'; Ct‘ixs‘)' vel g

H 32g




—— fxCTRpelation {rew
tysa ec al. (1972)

- G

at al.
{1v10, L1%M0)

Integral Flux imiar ucl"'

£q (Tev/n)

F;J-Z PrOh:t... a.v.ol ldc'gl:uus &’r-‘f'&ui a &~ {MJ‘“M

u;\. 0—0&
Dé euu%j ;“o\‘o_ bt the e {3 4

bW o= ’Tdf/Mur.Zwu

| Jae

T.H. Buiuedt & L. Proet 'Lol'L Tcre | vl i. t‘j-”r

ND.tww % Au&u.\‘— 2-\8 (-lqg?')




336

D. TIANXS

primary nucleus

coltision of primary with ‘-
a¥ nucieus \ ruclear fragments

secondary surviving
nucteons Trom
primary nucleus

n® -decays immediately
to two pammas

slectromagnetic
cascade

Fig. 3. ~ Schematie representation of the development of an extensive air shower.
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Fig. 2. — The slant depths, in metres of rock sa a function of azimuthal
steps of A == 2.5° of zenithal angle, pointed at the NUSEX Laboratory.
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¥ig. 6. — Expected mncan number of muons at the depth of the underground laboratory
for differcnt primary puclei, as a function of primary euergy (vertical direction).
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Fig. 2. — A bundle of 15 muons observed in the Fréjus detector: a) side view, 3199
fiashes, 309 geigers; b) top view, 2688 fiashes, 271 geigers).
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