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Fisica. — On the Prim ary Energy determination in nucleon-nucleus 
collisions. Nota di L a u r a  B e r g a m a s c o  e C a r l o  C a s t a g n o l i , pre­
sentata r) dal Socio G .  W a t a g h i n .

R IA S SU N T O . — Si prendono in esame getti prodotti da protoni da 24 GeV e 28 GeV in 
emulsioni e camere a bolle per verificare gli abituali metodi per la determinazione dell’energia 
prim aria. Si dà poi un term ine correttivo da usare quando i getti abbiano parecchi rami neri N^.

Esso viene applicato a getti dei raggi cosmici con energia di i - io T e V  e se ne verifica 
la validità.

i. E x p e r i m e n t a l  c h e c k  f o r  t h e  y0 d e t e r m i n a t i o n . - — In recent years 
m uch attention has been paid to the determ ination of the prim ary  energy in 
cosmic ray  jets. The purpose of our note is: 1) to check the validity of the 
m ain m ethods for the determ ination of the Lorentzian factor y0, 2) to estim ate 
a corrective term  for jets w ith m any black or grey prongs N Â.

In  our analysis we m ade use of data in emulsions and in bubble cham ber 
at both accelerator and cosmic ray  energies. The jets in emulsion have been 
divided into three groups A, B, C, corresponding to N Ä —- o — 2, =  3 —  6
and N Ä >  7 respectively.

We w ant to carry  out a comparison between the (log cotgff) m ethod [1], 
the m edian angle m ethod and the one based on the constancy of the transverse 
m om ent. W ith this aim we took into consideration jets produced by the CERN  
proton-synchrotron working nom inally at 24 GeV and 28 GeV. These jets 
have been observed both in hydrogen bubble cham ber [2] and in em ul­
sion [3, 4]. In  this last case we considered only A -je ts, to select a group of 
events which could be com pared w ith the H -b u b b le  cham ber data.

W e studied 181 jets in bubble cham ber and 371 in emulsion. For each 
of them  we com puted the deviations from the effective value y0.

O ur results are shown in fig. 1 and 2 where the emulsion data  are 
represented by dots and the bubble cham ber da ta  by crosses. These plots 
have a double aim: in fact while the Ay, deviation, plotted as abscissa, is (*)

(*) Nella seduta dell’l l  marzo 1967.

Ayi/2 =  Y1/2 —  Yo =  cotg &1/2 —  Yo

»i
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Fig. I .  -  Comparison between the Ay, and Ay1/2 values for the data  in H -bubble  
cham ber (full line and crosses) and in emulsion (dotted line and points).

The energy of the prim ary proton is 24 GeV for the bubble cham ber d a ta  and 28 GeV for the em ulsion data.

com pared w ith Ay1/2 (fig. i) and Ayx (fig. 2), the hystogram s give the disper­
sion of the experim ental y0 values for each m ethod. From  the exam ination 
of the plots we conclude:

(1) the emulsion data  on the A -je ts  are in good agreem ent with the 
H —bubble cham ber data. This conclusion supports the interpretation of 
N Ä — o — 2 jets as due to nucleon-nucleon collisions.

(2) The bubble cham ber data  agree with a previous analysis limited 
only to the emulsions [5], and show that:

(a) the y, and yi/2 values have sim ilar dispersions but Ayi/2 appears 
slightly greater than  Ay,.

(b) The dispersion for the yL values is greater than  for the y, ones, 
and also Ayx is appreciably greater than  Ay,.

(3) W e therefore conclude tha t the prim ary  energy of the jets due 
to nucleon-nucleon collisions is best determ ined by the (log cotg &) m ethod, 
which gives the sm allest deviation, m akes the best use of all statistic inform a­
tion and perm its the correction for the energy spectrum  of the secondary 
particles.
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Fig. 2. -  Comparison between the Ay, and Ayx values for the data in H -bubble  
cham ber (full line and crosses) and in emulsion (dotted line and points).

The energy of the prim ary proton is 24 GeV for the bubble cham ber data  and 28 GeY for the em ulsion data.

2. D e t e r m i n a t i o n  o f  yo f o r  3 j e t s . — The determ ination of
the p rim ary  energy w ith the kinem atic m ethods does not consider possible 
secondary interactions at the inside of the nucleus, and this limits its validity  
to the A -je ts.

In  this section we evaluate a corrective term  C to be used in the energy 
determ ination of jets B, C w ith N Ä > 3 .

To take account of secondary interactions inside the nucleus we shall 
suppose th a t secondary particles are produced in the z'-th collision inside 
the nucleus and introduce the assumptions zz*_i >  ni ; Yoa~i >  To/• The 
num ber of particles observed is then N =  Xn- which would lead to an experi­
m ental value for the Lorentz factor of the jet:

N

( 0  l n  T e x p  —  4 “ X  ln I cotg <9y |
*'=1.

A ctually  we have for each interaction

In y,,*• = ^ l n  I cotg & • 
/'=i

(2)
I

Hi
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and combining equations (1) and (2) we obtain for the effective prim ary 
Lorentz factor:

(3) ln lc,i =  In Y exp +  C
V

C — is the corrective term  which accounts for v internal interactions,
i=l

th a t is

(4) c , = '■»'+1
N In

1 +1
Tg,i

t C ' i + l
N ,-+1

* + l

J=1

For the com putation of C we consider two different models.
If  the particles produced in every interaction behave independently in 

the successive collisions, the total energy (in un ity  of m^c2) in the C.M.S. 
of the first collision, is w\  =  2 yCi\.

Fig. 3. -  Corrective term  C for collisions inside the nucleus plotted 
against for four values of the num ber v of internal collisions.

W e do not consider production qf strange particles, and assume th a t 
both, the incident and target nucleons rem ain at rest after the collision: then 
the m ean energy of each meson in the C.M .S. and in the L.S. is respectively 
si =  2 (y,,i ■— I)/%  ; Si ^  si • 2 • Yc,i =  s'x-w'x.

The total energy and the Lorentz factor of the successive i - th  interaction are

/ ,\ , I i P / m u  \2  .. Jl/2 I(S) wi =  ei- 1+ 1 ; «/,■== j 2 « /,.- .+  { - ^ j  — 1 | ; y *,.■ =  — «V-

From  Ferm i theory the num ber of particles produced in the i- th  interac­
tion is then [6]

%i =  A (W i ----- 2 ) 3 /2

. Wi
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where A  =  1.3; this is in good agreem ent with the experim ental results sum ­
m arized by M alholtra et al. [7].

I f  instead the particles behave as a single com pound particle, it follows 
from Ferm i theory  th a t

n ^ A k f ^ w 1;12

where k — 1 —  (i -f- 1) (1 +  the ratio of the energy w { to the energy
available for meson production, and the values of and £*• follow from relati­
vistic considerations.

The results on the corrective term  C for both models are shown in fig. 3 
for different values of v.

Fig. 4. -  Corrective term  C against the num ber of internal 
collisions for the given value 28 GeV of prim ary energy.

The experimental results refer to jets B and C.

W e used our emulsion data  on the B and C jets for experim ental infor­
m ation on v. T aking  into account the correction [3] brought by  ß/ß'- =(= 1, 
we obtain (log y )B =  0.59 ±  0.02 and (log y)c =  0.39 ±  0.02. In  fig. 4 
the corrective term  C is plotted in function of the num ber v of internal 
collisions for a value of y0 =  3.92 (full line). The same problem  has been 
faced in the hydrodynam ic theory of Landau; using Friedländer [8] for­
m ula w ith Yo ~  3-92 we obtain the dotted curve of fig. 4 which shows the 
good agreem ent between the two models.

Corresponding to the experim ental values (log y) b and (log y)c we 
find v ^  1.2 and v ^ 3 *  In  a previous work [3] from different considerations 
we obtained v ^  1.1 and 2.7 respectively.

3. R e su l t s  a n d  DISCUSSION.— We assume the num ber v of internal 
collisions not appreciably  dependent on the energy, and consequently m ake 
use in every case of the inform ation obtained at 28 GeV,
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Fig. 5. -  Results of the Krakow Emulsion Group on cosmic ray  jets of p rim ary energy ~  10 TeV.

The first two hystogram s show their results for <  5 and for N* >  5. The third hystogram  is obtained by applying
our corrective term to the >  5 jets.

Fig. 6. -  I.C .E .F . results on cosmic ray  jets of prim ary energy >  i TeV.

Curves 1, 2 and 3 give the y ^  distributions for the jets C, B, A as obtained with the (log cotg -ft) method. 
Curves i '  and 2' give the distributions corrected for internal collisions.
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To verify our conclusions in the energy range of cosmic rays of p rim ary  
energy > iT e V , we first exam ined some results [9] of the Krakow Em ulsion 
Group on ^  io T eV  cosmic ray  jets ((logy ,) ^ 1 .8 ) .

From  fig. 5 (a y 6) which shows their results on the secondary jets, 
and nam ely (logy*) =  1.17 for N Ä <  5 and (log y*) =  0.87 for N Ä >  5, 
we see th a t the (log cotg ff) m ethod underestim ates the energy in this 
second type of jets. T he introduction of our corrective term  leads to the third 
hystogram , and we obtain (logy*) =  1.19, which is actually  in good agree­
m ent w ith the one valid for <  5.

W e next used the I.C .E .F . data  [10] on jets w ith p rim ary  energy 
>  iT eV . Fig. 6 shows the norm alized distribution curves of y^ =  2y*—  1 
for the three groups of jets A  B C (curves 3,2,  1). A ssum ing th a t the effi­
ciency bias does not p lay  a big role, we should expect sim ilar distribution 
curves for the three groups of events. T hey are instead different, and this is 
to be attributed to the internal collisions. We therefore apply  our correction 
(assum ing v = 1 . 3  for the B -events and v — 3 for C -events) and plot the 
corrected curves in the same fig. 6 (curves 2' and T).

T he agreem ent w ith the curve 3 for the A -je ts  shows the usefulness of 
our correction.

W e wish to thank  Prof. S. O. Sorensen for kindly giving us the bubble 
cham ber data.
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