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. Wo summorize in the present paper, experimental rosults obteined

with nuclear cmulsion techniguc on 7 -nucleus and w -nuclcon interactions

at 10 GeV/e,
The s

beam of ncgative perticles of 10 GeV/c momentum from the CERN proton

tacks of Ilford G5 600 p thick emulsions were cxposed to the

synchrotron, The cmulsions were cxposcd at o distonce of about 16 m from

the internal target; pions ecntered through the staci cdge, parallel to
the plene of the cmulsion. The contamination of strongly intoracting
particles other than pions is less than 3% and should not affcet the

results appreciably; the muon contamination was cstimeted to lic between

+

9 and 15('“-’ contamination of the beam by clectrons appcared to be negligiblo

The scenning was performed by trock following method at a spoed

. of about 12 cum pcr hour,

Results cre summerized in Table I,

TILE I

e S—

Track followcd No., Intcract, O) A ineclastic A total

296,2 m 537 55 cm 52.8 cm

o) . . s o}
) ixcluding only clectromagnetic events; large angle scattorings > 5

arc included,
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For the calculation of the mean free paths we cxclude all

dean

knock-on clectrons, and H8% of interactions with three minimum tro

1

ks and

(2)

no heavy or gray prong which, according to the results of Ivans gt al. s

are electron pair production in the interaction of 7

field of the nucleus,

with the Coulomb

In N\ inclastic also all 7  proton elastic scaticring hove

been excluded, whilc in x*ot we include the free proton clastic scattor-
- 2

ings (7 cvents) and o double number of 7 -bound proton clastic scatterings

(that erc 7) on the hypothesis that scattering against neutrons is coually

probzble as against bound protons, This evaluation is in agrccment

with the number of 11 large angle scattcring that we have found.

Figs. 3, & and b arc shown the prong distributions of all stars.

O

In

In our sample of interactions we selccted the 7 —nuclcons

interactions using the same criteria as uscd in a previous work on proton-

nucleon interactions (ﬁ).

Such analysis has given 48 7 -proton collisions and 29 m -ncutron

collisions; Getails of such interactions arc shown in Table II, where

the figures are corrected for clastic and cuasi-elastic scattering,

p - n scattering and clectromagnctic events,

TARLE II
7 -nucleon interactions
T - T -
No, of pions| 2 4 6 3 total | 1 3 5 7 total
Bty Eadiant 0 e = = = i of o e
No, of stars{lb 27 9 1 W ol1 |16 9 3 29
Per cent 31,2 | 48,0 [18.7 | 2.1 | 100 | 3.4{55.2 |31.0 | 10,4 100
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Taking into account the fact that the neutrons in camulsions arc
on thc average, 1.2 timcs more than the bound protons, we can calculate
the number of 7 -frec proton interactions and we obtaincd Nﬁ—fp = 22,

The value of thc cress-scction corrccted for the cofficicncy

of detcction (estimated to = 90%) and for muon contamination is then:

— - + 1
Cin e © (28 + 10) mb.

in agreement with previous results (sco for instance (1)).
Multiplicitics of cherged prongs (including the recoil nuclcon)
corrcsponding to # - p and 7 - n intcractions can be derived from

Table II, obtaining:

N
[09]
14

YaTp) T 7 0.5

(@)
1+

l’l(ﬂ"n) . = b O. 3«

Thesc results can bc compared with thce theorctical calculations by

(%)

Borashenkov ot al, which predict, at this cnergy, for 7 - p inter-
actions, a multiplicity of 3.8 for all charged prongs, including also
the recoil nuclcon, '

In order to study thc average featurcs of the 7 -nuclcon
intceraction in the c.m.s., we have limitcd our anclysis to stars with
nj > L, adding togcther ﬂ—p ond 7 n intercctions, - For thet sample,
the distribution of the paramcter £ = < log cotan & >  shows a
distribution which, in thc limits of our statistics, scems to be normal
around thc valuc & = 0,39, as onc would expcet for a 7 -nuclcon
interaction,

To obtain the momentum, transversc momontum spectra ond angular
distribution of sccondarics in the c.m.s., we hove used the ionization

(5)

measurcmcnts ond their cleboration os described in

6712/p



‘ We tested the development uniformity by plotting ionization
meosurcments performed, in all plates and at differcut distances from
the omulsion surfaece, on ncarly 40 primory intcracting pions, counting
400 blObs on cach track, We obtcined o gaussian distribution with a
standard deviation of 0.75+vm, in good cgrcement with what is cxpected from
o uniform dovelopment,
We used the ionization-cnergy curve given by Shapiro in
which thu calibrotion point is given by primary pions (y = 70).
Mcasuring for cach track, thc grain density and the anglc ©
in the 1l.s. cnd claborating the measurcments s discusscd in (3), we
obtain in the c.m.s. the angle 6 and the value of -5 for cach track, .
» The cngulaer distribution in the c.m.s. is given in Fig, 1.
Assuming all mcasurcd tracks to bc pions, we obtain the follow-
ing mecan values of momentum cnd trensversc momentum, in tho barycentric

systecm:

o
n

<p > = (466 £ 50) MeV/c
< pI > = (394 * 40) MeV/e.

In Fig. 2 the present result is reported together with measure-
ments performed by other authors on w or p interactions at various
knovm encrgics, ’
For the comparison only those measuremcnts have beon reported
where the sclection on the interactions cnd on the porticles measured is
consistent with the present mcasurcmonts,
It is c¢vident o more or less monotonc decpendence of the
trasverse momcntum on the 4 of the interaction, as one would cxpcct becausc
of the low cnergics involved in thc¢ reactions,
The incirasticity of the w-nuclcon rcoctions atv 1 GeV, can be

calculated using the relation
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where < Eﬁ > 1s the average total cncrgy of @ w meson in the c.m,s.,
and n includcs both charged and ncutral mesons and T is the kinctic
cnergy availablc for particle production in the c.m,s.

In our casc

< E > = 485 MeV n = l.Obn* = 5,1

1

K = 0,73 £ Q.10

. wherce the error guoted is: only the statistical crror due to the number

pverformed.,

of traciks on which mecasuremcnts have been

Thanks are duc to Dr, W, 0, Lock cnd the Emulsion Group in

CERN for kindly lending the emulsions cxposcd ond dévelopod by them,

6712/p



Sibliography

1)

2)

3)

L)
5)
6)
7)

8)

10)

11)

12)

13)
14)
15

16)

17)
18)
19)

20)

6712/p

G, von Dardcl, D, I, Frisch, R. ilermod, R, H. Uilburn, P, A, Pirové,
il, Vivargent, G. Weber nnd K, Winter - Phys. Rcv, Letters 5, 333
(1960). - |

D. Lvans, £, Hossain, 1, ¥, Votruba, .., Wataghin, C., M. Fischcr,

4, Heson, W, Venus, V. Pclosi, L, Tellonc, J. Ahmed, A, Ghani,

i, #. Resim, M., &4, Shovkat, F. Baldessarrc, A, Caforio, D, Ferraro -
Proccedings of the Aix-cn-Provenuc Confercnce 79 (1961).

J. Boudinct-Robinct, k. korsnd, Tsei-Chu, C. Castagnoli, G. D'lLscola,
S. Mora, A, Barbaro-Gelticri, G. Baroni, £, Manfrodini - Nuel, Phys.
32, 452 (1v62),

W, S. Barashcnkov, D, I, Blokhintscv, Weng Jung, &. K, IMikhul,

Huang Tsu~Chan and MHu-Shih-K'c - Sov. rPhys, JETP 15, 154 (1962)

M. i, Shapiro - Handbuch der Physik, XLV, 342,

S. J. Goldsack, L, Riddiford, B. Tallini, B. R. Frcnch, W, W, Nealc,
J. R. Norbury, I. O, Skillicorn, W, T, Davics, M, Derrick, J. I, lMMulvey,
D. Rodojicic - Nuove Cimcnto 23, 941 (1962).

G, Grotc, J. Klebhun, U, Krecker, U, undt, XK, Lonius, H, W, Meicr -
Nucl. Phys. 34, 659 (1962),

Yu. T, Lukin, Zh. S. Takibacv, E, V. Shalngina - JETP 11, 776 (1960),
G. Bozoki, E, Fenyvcs, K, Gombosi ond P, Suranyi - Nuovo Cimento

20, 429 (1961).

V. A, Botvin, Zh, S, Takibacv, I. Ya Chasnikov, N, P, Prvalova

ond E. G, Boos - Sov, Phys, JETP 14, 705 L19623

Wang Shu-Fen, T. Visky, V. I GramenltsglJ, V. G. Grishiu,
U. Dalkhazhov, R, ii, Lebedev, . A, Nomofilov, I, I. Podgorctskij,
V. U, Stcl'tson - Sov. Fhys., JETP 12, 663 (1961),

Zh. S. Takibacv, V. A&, Batvin, I, Ya., Chasnikov - Sov, Phys.
Doklady 5, 1249 (1960).

R, J. Piscrchio and R. ii. iolboch - Nuovo Cimento 26, 729 (1962).
V. Y. Rajopadhyc - Phil, Mag., 5, 537 (1960).

M, H, Bluc, J, J. Lord, J. G, Parks and C, H, Tsao - Nuovo Cimcnto
20, 274 (1961),

K, I. AMlcksccva, G. B. Zhdanov, B, A. Zamchalova, M. I. Trct'yakova
ond N. H., Shchorbekove - Sov, Phys. JITP 13, 114 (1961).

G. B. Zhdanov - Sov, Phys. JITP 7, 592 (1959).

H. H. Aly, J. G, M, Duthic, C. .., Fishcr - Phil. lleg. L4, 993 (1959).
G. Grotc, U, irccker, U, .undt, K, Lonius, G. Menske, H., W, Mcicr -
Nucl. Phys. 2L, 300 (1961).

V. A, Belyekov, Weng Shu-Fon, V. V, Glagolev, N, Delkhzhov,

R, M, Lobedev, N, N, lielnikova, V. A, Nikitin, V. Petrzhilke,
V.A., Sviridov, . Suk cnd B, D, Tolstov - Sov. Phys. JETP 12,

650 (1961).



21) G. Grotc, J. Kugow, U, hrecker, L. Lonius - Nucl. Phys. 3k, 685
(1962).
22) Y. K. Lim - Nuovo Cimento 26, 1221 (1962),

23) P, Dodd, M, Jobes, J. Kinson, B. Tellini, B, R. French, H, J. Shorman,
I, 0. Skillicorn, W, T, Davics, i, Derrick, D. Radojicic - Proccedings
of the Aix-cn-Provence Confercnce 1, 433 (1961).

6712/p



204 o

N (cos 8%)

15+

T
-10 -8 -6 -4 -2 0 +2 +4 +6 +8 +1.0.
cos 6

600
Py
MeV% { Protons
5004 1

X Mesons

|

C;lb Present experiment

19

4004

300- 16%
2004 / (11 3{
K 15§ g {

100+

0 T T T 1 1T 1 rrd T T LR L

1 5 10 50 100 , 200

Fig. 2

SIS/R/6303



stars

70

404

30

10

14

10 11 12 13 14 15 ¥ 17 18 19 20 21 22 23 24 25 26 27 20 QON..

Fig.3

N.
stars

110

100

—

n

12

13

14 1S 6

Fig.4

SIS/R/6304



4 -

|-—o—i

X interactions with

e all interactions

—— ——

-

13




