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ABSTRACT

_ Two /\O-v;:?h’ype:r'o.n'sw have been observed to interact in flight with protons
in a hydrogen bubble chamber. z+ hyperons a,fe pr_od'uced in the interactions..

The experimental data for.the events are given and discussed.
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=+ PRODUCTION BY /A’ HYPERONS

- Frank §. Crawford, Jr., Marcello Cresti, Myron L. Good, ek
Klaus Gottstein, Frank T. Solm1tz, M. Lynn Stevenson, and Harold K. T1cho'

“Radiation Laborat_ory ‘
University of .California
Berkeley, California

August 29, 1957

"Two interesting events have been observed in our 10 ~inch hydrogen
bubble chamber, exposed to-a beam of negative pions of 1.1 Bev/c momentum
Photographs of these events are shown in Figs. 1 and 2." Figure 3 is'a
schematic representatmn of the event shown in F1g 1. . This event is inter -
preted below as the’ associated production of a: 6 and a - /\0 where: the- /\0
subsequently undergoes "charge exchange' scattering with-a proton. The

following relationsrepresent the processes involved:

Event l | ‘
nmaope 0% A0 S T

| 60. - ‘it+ + 7 | |
Nipestin @

stoaten, (3),

Figure 4 is a schematlc representatlon of the event shown in Fig. 2
This event is 1nterpreted as the associated production of a 9 and a 20.
 The ZO decays into /\ + y and the /\0 subsequently undergoes "charge-v '
exchange' scattering as in the previous event. The following relations |

- summarize the processes involved- in this case:

On leave from Max Planck Institute fur Phy51k Gott1ngen Germany
ek
On leave from Physms Department Un1ver51ty of Cahforma at Los Angdles
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' Event 2:

wep- 0z @

6 —>1r++1r

_ —>/\0 v ' . (%)
AQ+ P Z+-,+N (2)
R N (6)

Tables I and II give the experimental details (notation as in Figs, .3 and 4)
and reproduce the steps that lead to the above interpretations. The good -
agreement between the measured and derived vlalues of.a:; and q4 (Steps ¢
and d)» in the case of'Event 1, and of a.':,'; in the case of Event 2, shows rather
convincingly that we are indeed dealing with Reaction (1).in Case 1 and with
Reaction (4) in Case 2. The decay kinematics of the '~2+ hyperon produced .
- by the /\0 also fit these interpretations. : ' .

In Case 1, the momentum p 0 of the /\ hyperon is directly obtainable
from p o ©°F the product1on angles 0.3 or ay s the momentum P~
of the 1ncgm1ng pion be1ng known (Step e, Table I). If we assume Rea%tlon '

(2), the momentum p + of the produced 2 may then be der1ved (Step ).
: =

It is to be noted that for each given value of p 0 there:are two solutions for

P because the direction and momentum of the recoiling neutron are not
st :
known. (Under certain conditions these two solutions may coincide.) The

agreement between the measured and the calculated momenta for the decay
particle (Step g) 1nd1cates that the z; hyperon unde rwent decay accordmg to
mode (3) rather than to the mode 2 - P+ ‘n'0 . The latter can produce a decay
angle of ~ 100° only if the )_,“ momentum is smaller than 220 Mev/c

In Case 2 P 0 and (a4 + a7) can be calculated assuming Reaction (4),
from p ,_'_ . an& az or p - The angle a4r bemg khown experimentally,

P .o is then derlvable from p o and 0.7 (Table 11, Step e). This leads
again to two possible values for p 4 assuming Reaction (2), (Step f).
‘ z
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The calculated momenta of the charged decay particle of the . 2+ are listed
- in Table II (Step- g). The value obtained for p s 500 Mev/c -and for the :
protonic 2 decay mode agrees w1th the expezrlmental value.

° To our knowledge these are the first established cases of nuclear
interactions of free /\ partm)les We observed these events after having
“looked at an estimated 221 6° particles produced by negative pions inside
the bubble chamber In. estlmatmg this number we used the branchlng ratio
'3- for the charged deca.y of the/\ . the escape probability from our chamber,
and the observed number (120) of events in which both the 9 ‘and /\ decays
are v1s1b1e According to the scheme of GeH -Mann and Nishijima, all of these
221 6 's must have been assouated w1th/\ 's. Knowing the average momentum
and the mean life. of the /\ , we estimate that we have looked at a total /\
path length in liquid hydrogen of a/844 cm, “in which we observed two 2
productions by /\0, For purposes of omentatlon, a mean free path of 422 cm
corresponds to a cross section of 67 mb. ' ‘ _ _

We are indebted to Dr. Luis W. Alvarez for his interesr and encourage -
ment, and to Hugh Bradher James D. Gow, Ernest M ‘"Lyman, and the‘bubblvle- _
chamber crew for their valuable assistance in rumnmg this experlment Our
thanks are also due to our film- scanmng group, and in partmular to Hugo
Bayona who detected the two events here reported '

.This work was done under the ausplces of the U.S. Atomic Energy

-Commission.
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Table I

Data of Event 1

Measured angle between direction of 60 and decay plane of GQ:O.lob

p60 from ay and a, = 475 Mev/c
P o from a; ta, and p (from curvature) = 475 Mev/c

o - : uls : o
P 5 from a; +a, and p (from curvature) = 467 Mev/c
0 ‘ T .

a, (rheasured) = (41 + 2.)9 '

a, (derived from p (= (472 £ 5) Mev/c) and p (1.13 Bev/c)
.6 - . o

prim

[assuming Reaction (1)] = (42 £ 0.5)°

o, (measured) = (20.9 0.7)°

Ay derived from p and p = (22 % 0‘,5)0
. ° T

prim

{.p 0 from p 0 and p , assuming Reaction (1) = (840 % 5) Mev/c
. 6 Tr— , ) - - .

prim

p , from p o and o5, assuming Reaction (2) = (560 + 20) Mev/c .
T A - :
or (277 = 20) Mev/c"

P +' from curvature = (633 + 200) Mev/c A
b

P . from p _'+(.('5.60 £ 20) Mev)/c) and- (_16 5 ,a's"asuming Decay *Mode (3)=
T . bX .
(138 + 5) Mev/c
P from curvature : (144 £+ 5) Mev/c (track length is 9 cm)

-+
™
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Table II
U o -

Data of Event 2

a ;‘ Measured angle between direction of 99 _aind décay‘ pié.ne 'df_ 69:(2 + ‘2)0
P o from oy and a, - 445 Mev/c
6 .
b P 0 from a, +a, and p (from curvature) = 445 Mev/c
9 " - -
P froma, +a, and p (from curvature) = 428 Mev/c
0 ) 1 2 1r+ _ . ‘

as (measured) = (28 % 5)0

c a; (derived from p 0= (445 % 20) Mev/c and p ) (1.13' Bev/c),
0 prim -
assuming' Reaction (1) = (44 +2)°

as (derived as above, but assuming Reaction (4) = (25 * Z)c>

d | a, (measured) = (13 + 3)°
P, Trom P g (or a.3), p' R »assuming‘Réaction (4) =
z T .
) prim
¢ _ (750 £ 30) Mev/c
P o fromp o and a,= (700 % 90) Mev/c
N z
'pz;+ from p 0 and ag=
A . '
¢ (2757 ;5 ) Mev/c, - or (500 % 150) Mev/c
(The track of }_‘,+ is too short:for deriving the momentum from its
curvaturey)
p(decay particle-) (measured) = (450 £ 30) Mev/c (track 1ength is 15 cm)
g p(decay particle) fr»Om pz:’-’ and. @p » BSSUMING L
= R N . Z+v—>~xﬂu+P -
p2+_ (Mev/c) pdecay particle (Me‘v/c) 'PZ-I‘--(MeV/C) pde'cay particle( Mev/c)
+75 - . St l5 ‘
275_50 243.-_': 12 275_50 360 + 30

500 £ 150 285 £ 15 500 £ 150 400 + 100
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Photograph of Event 1.
Photdgraph of Event 2.

.'.ASchernAatic .dia.gram of Event 1.

Schematic diagram of Event 2.
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