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Emission of Li' Fragments in the Interactions of 3.0-6eV/c K- Mesons
with Nuclei in Nuclear Emulsion
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The experimental results of the emission of hammer tracks (' 'Li, '3 nuclei) from 3-GeV/c E -meson
interactions are compared with the theory of nuclear evaporation. The results are only in partial agreement
with this theory. The production rate increases with incident energy from 0.8 up to 3 GeV/c, The forward-
to-backward ratios decrease when the energy of the incident particle rises.

'HE investigation of the fragmentation and hyper-
fragmentation processes in interactions of E

mesons with complex nuclei' ' was extended to a
higher energy of the incoming particles to study the
inQuence of primary energy on these mechanisms.
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Two stacks of Ilford KS emulsion L100 pellicles of
size (15X30) cm'X 600 p and 90 pellicles of size

(12X20) cmsX600p) were exposed separately to a
separated beam of 3.0-GeV/c E mesons at CERN.
The beam contained about 12% of pion and muon
contamination.

The characteristics of 200 stars produced by 3-GeV/c
K mesons interacting with emulsion nuclei without
emission of a hammer track or a hyperfragment are
given in Table I, where¹„¹„and¹ are, respectively,
the average number of shower tracks (specific ionization
I*=I/I;„&1.4), grey tracks (1.4&I*&10),and black
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Fzo. 1.Distribution of N'I„ the number of black plus grey prongs,
of (a) a random sample of 606 beam stars without hammer-track
emission found at Hamburg, and (b) 221 beam stars with hammer-
track emission. The dotted line represents hammer tracks with an
energy E&40 MeV.

' B.D. Jones, B.Sanjeevaiah, J.Zakrzewski, M. Csejtey-Barth,
J. P. Lagnaux, J. Sacton, M. J. Beniston, E. H. S. Burhop, and
D. H. Davis, Phys. Rev. 127, 236 (1962).

~ D. M. Harmsen, G. Baumann, H. Braun, and P. Cuer, Phys.
Letters 9, 274 (1964).
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Fn. 2. Range distribution of hammer tracks. Hatching indicates
hammer tracks from stars with Nq&~6.

tracks (I*)10) with Np, =N, +Nq and R representing
the range.

In an area scan we found 23 000 primary interactions
of beam particles giving rise to the emission of 221
hammer tracks (HT). 170 HT were found at Stras-
bourg, 51 at Hamburg. The details are given in Table
II. Three stars show the simultaneous emission of two
HT.

Bernadini and G. P. Puppi (Societa Italiana Di Fisica, Bologna,
1963), Vol. I, p. 323.

4 W. Gajewski, J, Suchorzewska, M. F. Votruba, and J.
Zakrzewski, Phys. Letters 11, 177 (1964).

350



EMISSION OF Li F RAGM ENTS I N NUCLEAR EMULSION B 351

TABLE I. Characteristics of interaction stars without hammer-track or hyperfragment emission.

Total I'or ward Backward
Forw

ckward

g,
Ng
Nf, total
Np without 5 rays
NI„E&~5 p,

Recoil, R&5 p
Na

N p, with 8 rays

Nf, without 8 rays

1.4~0.2
3.3~0.2
6.1~0.3
5.6+0.3
5.7+0.3
0.4~0.1

9.4+0.3

0.030a0.004

1.2+0.2
2.1~0.2
3.3~0.3
3.0~0.3
3.1a0.3
0.2~0.1
5.4~0.4

0.030~0.005

0.2~0.1

1.2~0.2
2.9~0.3
2.6+0.3
2.7~0.3
0.2~0.1

4.0~0.4

0.020~0.005

5.5+0.i
1.8+O.i
1.1~0.1
1.1+0.3
1.2+0'.3
1.3+0.2
1.4+0.2

1.5+0.2

TABLE II. Production characteristics of hammer tracks.

No. of No. of No. of
No. of HT HT beam

HT Np, ~(6 Ng)6 stars

No. of
stars Production rate for

Nh, &6 Ng )6 (uncorrected)

Strasbourg 170 22 148
Hamburg 51 6 45

Total 221 28 193

16 900
6100

23 000

11 500
3400

14 900

(1,29 &0.16)%
(1.32 +0,22) %
(1.31~0.13)%

The characteristics of stars produced by interactions
of 3-GeV/c K mesons with emission of a hammer
track are given in Table III.

We can see that the two types of interactions give
the same number of shower particles, but that the
number of grey prongs is higher in the interactions
with emission of a hammer track. In the latter type of
stars, the nuclear cascade is more strongly developed.

The number of black prongs is also higher in the
stars containing a hammer track, corresponding there-
fore on the average to a higher energy transfer to the
nucleus in this latter type of interaction.

The forward/backward ratios Ii/8 do not depend on
the presence or absence of a hammer track.

The distributions of E~, the sum of the numbers of
black and grey prongs, for stars without and with HT
are shown in Fig. 1. More than 87%%u~ of all HT are
emitted from stars with Sz)6, whereas only 56% of
the beam stars without HT have gI,)6. This also
means that in stars emitting HT the energy transfer
to the target nucleus is, on average, larger than in
stars that do not emit HT. This phenomenon, which
also holds for the emission of hyperfragments (see
table on p. 269 of Ref. 5), is in agreement with previous
observations. ' ' ' '

TABLE III. Characteristics of interaction stars
with hammer-track emission.

Forward/
Total Forward Backward /Backward

Ng

Ng
Ea without 8 rays
Na with b rays
Na total
N recoil
Nq

Na with b rays

Na without b rays

1.1 +0.2
4.2 +0.1
9.3 ~0.2
0.5 +0.1

10.2 &0.2
0.4 +0.1

14.4 +0.2

0.05

0.9 ~0.2
2,8 +0,2
5.3 +0.2
0.4 +0.1
5.8 +0.2
0.3 +0.1
8.6 +0.2

0.06

0.20 ~0.1
1.4 ~0.2
4.1 ~0.2
0.2 +0.1

4.4 +0.2
0.2 +0.1
5.8 +0.2

0.04

4.6+0.2
4.2 +0.1
1.3 &0.2
2.2 +0.2
1.3 +0.2
1.6 +0.2
1.5 +0.2

TABLE IV. The emission frequencies of hammer tracks.

The only significant corrections to be applied to the
HT production rate given in Table I are':

(a) the loss of HT passing to neighboring emulsion
pellicles. Evaluation of the measured-range spectrum
gives a correction factor 1.125;

(b) the loss of HT with inconveniently oriented n
tracks. We have not determined this factor, but it is
known to be =1.4.' With these correction factors we
found a lower limit of the production rate of HT by
3.0-GeV/c K mesons interacting with heavy nuclei of
(2.06&0.21)%.A comparison with other measurements
is given in Table IV. It appears that the production
rate increases with increasing incident energy.

The range distribution of HT, given in Fig. 2, shows
that nearly all energetic fragments are emitted from
stars with E~)6.

The energy distribution of HT from stars with

' G. Baumann, J. P. Gerber, H. Braun, and P. Cuer, Nuovo
Cimento 34, 265 (1964).

W. Gajewski, J. Pniewski, T. Pniewski, S. Sieminska, M.
Soltan, K. Soltynski, and J. Suchorzwska, Nucl. Phys. 37, 226
(1962).

W. Gajewski, T. Pniewski, J. Sieminska, M. Soltan, K.
Soltynski, J. Suchorzewska, and K. Falkowski, Nucl. Phys. 45,
27 (1963).

G. Baumann, thesis, Strasbourg, 1963 (unpublished); Ann.
Phys. (Paris) 9, 471 (1964).

Momentum
of E'

800 MeV/c
1.3 GeV/c
1.5 GeV/c
1.5 GeV/c
3.0 GeV/c

Type of
events

NI, &8
N»8
&a&6
EI,&6

Production rate
('Fo)

0.20+0.05
1.27&0.20
1.21+0.18
0.98~0.10
2.06~0.21

a The error given in Ref. 2 was somewhat too low.

Reference

1
3, 4
3, 4

2
this work
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FIG. 3. Energy distribution of hammer tracks from stars with
SI,&6. T=mean temperature of the evaporating nucleus; V
=average height of the effective potential barrier; v= velocity of
the evaporating nucleus.

for emission energies higher than 50 MeV and lower
than 10 MeV, which was also observed by other
authors (see Ref. 10), shows that this simple model of
nuclear evaporation does not explain the whole process
of fragment emission.

From the angular distribution of the HT. relative to
the direction of the incoming particle in the laboratory
system (Fig. 4), we evaluated the forward/backward
ratio F/8 for fragments emitted from stars with
ÃI,)6, separately for the HT with an energy E)40
MeV and for those having an energy 8~&40 MeV. In
the case of the HT having an energy E~&40 MeV the
distribution is isotropic, whereas the HT with the
energy E&40 MeV have a preferential forward emission
(Table V). Whereas the isotropic distribution of the
former can be explained by nuclear evaporation, for
the latter we have to suppose the existence of a supple-
mentary mechanism.

SI,&6 is shown in Fig. 3 and compared with theoretical
curves which were calculated according to the formula
of Skjeggstad and Sgrensen' assuming an unique tem-
perature of the evaporating nucleus. The deviation of
the experimental distribution from the theoretical curve ~& 40 MeV

&40 MeV

F/8
E', 3.0 GeV/c X, 1.5 GeV/c

0.99+0.15 1.70+0.28
1.60+0.65 4.8 +2.4

TAsLE V. Forward/backward ratios F/B.
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If we compare these results to those obtained for E
mesons of 1.5 GeV/c, we find that there is a remarkable
decrease of F/8 ra, tios when the energy of the incident
particles rises, especially for emission energies greater
than 40 MeV.

The same results have been obtained for the inter-
actions of high-energy protons and pions. '

We are very grateful to the CERN proton synchro-
tron group and the CERN emulsion group for the ex-
posure of the stack. It is a pleasure to thank our
scanners, especially Miss H. Nagel from the Hamburg
group and Miss Dentinger, Miss Munch, and Dr. Antoni
from the Strasbourg group for their help.

FIG. 4. Angular distribution of hammer tracks for HT with energy
E&40 MeV, and for HT with energy E~& 40 MeV.
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