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SUMMARY .- This work follows a previous study of the in-
teractlions of long lived neutwval K-mesons, already pub-
lished. The increased statisties allews us to check the
results préviously obtained and ©o determine the cross
section for charge exchange of the Qgparticles in the
elgenstate of strangeness —1,.

1. Introduction.
In a previous work (paper I) ; we studied the inter

actions of gg in the modes 6° and 8%, 1In thdt work a volume of 8.5
cm3 was scanned and sufficient statistics'weye'obtained to evaluate

at least as an order of magnitude, the flux ¢f Gg particles inci-

-
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dent on the stack, and their probability of Interacting in the
modes 6° and §°. This was done starting from the number of x* and
hyperfragments | produced. |

The rather low number of K~ found, on the contrary,
did not permit evaluation of the magnitude of the .cross;section

for the reaction:

(1) 8% + n-K~ + p.

2-4 about the cross-section for charge ex-

As very little is known
change of Ky we decided to study this problem by means of the in-
verse reaction (1). To this purpose we made g more rapid scanning
than the previous oney looking only for capture stars. In the ad-
ditional scanned volwné of 14.5 _¢ﬁ3 we found:

2 Tand 1 TY ,

7 K,
7 ).~ captured at rest,
1 Z.+ decaying at rest and 1 Z+decaying in flight,
2 hyperfragments and 6 GOKS,
all emitted from stars in emulsion.

Adding these results to those of paper I it is possi
ble, not only to calculate the magnitude of the charge exchange
cross section of 9, but also to check the previous result on the
ratio 6° mode/ §° mode.

Details on the exposure and methods for the parti-
cles! identification are deseribed in paper I which deals alsowith

the problem of the possible neutron contamination.
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2. = Experimental results.

The data of Qg interaction events found in the total
scanned volume'of 23 cm3\are given in Tables I, II-A, II-B, II-C.
| The features of the stars from which K~ and XK' are
emitted are in aéreement with the assumption that these stars are

produced respectively in the two interactions:
(1) e° + pk* + n,
(2) g° + n—K~ + Py

In fact in Table I there are 6 cases (1, 2, 35 4, 11, 12) that are
readily interpreted according to reaction (1) while the remaining
stars, characterized by the presence of an energetic proton, canbe
due, as already pointed out in paper I, to a double interaction of
the 6° inside the nucleus.

In the stars emitting K~ (Table II-A) an energetic
proton, in agreement with reaction (2) 1s always found among the
prongs. ‘

In Table II-B the interactions leading to’i;i are
listed. The events 1... 10 are certainly Y.~ captured at rest: in
two cases a relativistic track is present in the parent star, which

can very likely be interpreted as a 7 .
3. = 89 flux @ as deduced from charge exchange processes.
In paper I an estimate of the 8° flux was obtained

starting from the number of x* decaying at rest in the scanned vol
ume. The result was depending on the estimate of the scanning ef-

fieienecy. This was deduced studying the dip angle distribution of
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TABLE I
Parent Star { strange particle jpulated
1 stienge o : B ‘ kinetic
Event g Total. JAngle in . energy of
0 particle : e Kinetic o
- roduced | 70 °f | visible the LeSe enarg from REMARKS
i prongs | kinetic § with the 'Y_‘ .°° + por |
enargy | € beam tiew 1oK" 4+ n
Moy . [ eV
+ 5 g i '
1 | K 1 85 | 43 85 | 130
c+ P - - .
2 4 65 46 41 95
; | K
5 | k 1 | va | 165 | 74 | 300
+ - L
4 K L 28 70 28 70 |
* . © ' - One fast proton of kinetic
5 K 5 130 14z 48 enargy of 72 eV is omitled
: fron the parent star
_ v ) - N Ona fast preton of kinetic
6 T 4 A2 179 48 anargy of 254 New is enitted -
' ‘from the parent star’
o _ One fast proton of kinetic
7 'K+- 8 223 65 é energy of 195 MeV is emitied
. from the parent star
° One fast proton of kinetic
8 k* 6 547 139 58 eoargy of 440 MeV is emiticd
_ from the parent star
' o One stopping ™™ of 34 eV
9 K+ 9 180 7 41 and a proton of 71 KeV are
o emitted from the parent star
° One mirimum Jonization frack,
10 ‘c‘+ 3 > 250 112 55 not ldentified; is eamitted
o from the parent star,
T ' e
1 | 1 86 | 26 86 | 99
b °. )
12 . 1 68 38 68 157
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TABLE ITI A
P
Strange W;:fu- Strange particle REMARKS
£
vent particle §" ¥ & ‘E‘ = 1o Capture star O the eapture On the parent
R AR PN
" | produced A S = R ster star
- > v 3 v . ) EJ: E L5 of -
5 |~ ¥=[l=x Jform Visible
g =S 5 S Ve ener
g |88 | B |3 T E2A| eromes| iV
Flr= [T |# )
@ ’ <
1 (K (at rest) | 8 | 118 | 41 | 20500 | 127° 2 23 One T of 22 He¥
of kingllic enargy
i esi2ing
2 | K {at rest) | 3 [270 | 65 | 24300 | 8s° 3 48 fne grey track is

probably due to an
energetie proton

3 | K (at rest) |20 | 138 8 545 | 40 { 2+ 52 | Ona ¥ of 52 MY
recofl of kinetlc evargy
Is emiited

4 K (at rest) | 8 Dasp | 2 62 [129° | 3 i {0ne U7 of % Med | Une relativistic
of kinstle snorgy piongynot identj-
is emitisc fiad, is emittad,

5 1K (at rest) | 3 |255 { 92 | 7000 |129 111 One proton of 148
MeV of kinetie J

energy; is emitte

6 K (atrest) | & [20&4 | 18 | 2600 | 44° 3 30 One proton of 72
HeV¥ of kinetic
engi'gyy is emitted|

AV

7 1K (in ¢1ight)| 3 | %51 35“ 6100 |107° 2 A One T of 10 Mev one proton of 230
of kinetio suecgy | MeV of kiretle
is emitted snorgy Fs emitted
8 [K™ (at rest) |11 |189 3 180 | 99° 2 % One: Tip of 53 Me¥ | Onu proton uf 76
of kinelia enargy | MY of kinetle
g emitiey enargyy lv emitted

* From gap measurements.
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TABLE II B
Parent star Strange particle
Event Strange :
ven particle Total .E | Gapture star or REMARKS
. o, Enlasion vy @ decay mode
nos. produced ¢ visible of 8 1T TN IR O H
" lkinetiq AR e | £D @ xn_|Mode of
prongs c¥|les £ |72 luw &a T%
snergy =E5lE ¥ |ow °F“.3%g doca.
(o) p Tz s oS £ v
(Me¥) (pm) 1<% |F a b
1 | S7(at rest) 5 | 102 a0 65 | 12800 | 53° | 2
2 | Z7(at rest) 10 246 no 4| 110 J158° 6 Auger electron
' visible in the
captupre ster
3 | I (at rest) 7 79 no 1% | 83°{ 1 |10
4 | & (st rest) 7 50 no | %°| 2 |08
5 | (st rest) | 11 | 150 no 10| 4|8 | 2 |30
6 | % “(at rest) 5 | >53% |one relati- | 27| 1560 1% 1 |
vistic track
7 | 2 “(at rest) 3| 214 no % | a200 | 45°| 2 | z
Z {at rest) 5 6 no. 33 [( 1410+| 53°] 2 2 The & suffers
‘ {* 875 an inelastic
scatiering bafore
being captured
g | & “(at rest) €| 15| o s| 390 |12% & |16 at rest
10 | 5 "{at rest( 3 | >440 | one relativig 36 | 4200 | 69°| 2 | 72
tic track
1 | Z¥ (decaying | 1% ne 134 | 29200 | 75° T pr w°
in f1ight)
2 | I (decaying 1 72 no 72| 1880 | 32° Tspe o°
fn flight) . : .
3 | 2" (decaying 2 | 15 no 157 119500 | 160° TR
in flight)
4 z,‘(decaying 3 18 " ~g | 140|133 epe 0t ©
in f1ight)
5 | T, (decaying 5 | 152 ™ 85 | 19400 [ 45° T +pe 2 | Range of the
at rest) proton: 169K m
Interaction Star
no. of Visible
prongs  jenergy (Mev)
¢ | =" (intoractind 3 132 no €91 2200 | 154° 1 9% Y ? enitted from
in f1light) the interaction
atar
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TABLE II-C
Parent Star Strange particle
Event |>07o26> Total Angle]  Secondary star
no. particle] no. Emig- € ° Remarks
produced| of |visgible sien Track [inL S Vieible
prongs |kinetic lengthlwith Mode
of a o|no.0f |ene
ener (um). |the® rgg _of
(Meg w beam prongs| (MeV decay
1 H.F. 4 30| no| 280 |61°) 2 2.2 | e:gg ic -
o P 84 non |Kinematics
2 | BRF |9 % | mo | 136 | 620 | 27 | 88{% [ o0 1 agrec
' ment with:
HeA—*Zp-'-Zn
3 A.F, 7 >172 | n=| 40 |61°| 3 18 me:gﬁ ie -
4 H.F, 4 18 | no {160 | 26° | 6 11 me:gﬁ P R
5 H.F, 9 415 | no| 5 | 382 | 2 69 me‘s‘gg ic -
6 | HF, [ 6 70 | no | 24 [9% | 2 |12 [ S -

the light secondaries and should be taken as an upper limit since we
assumed that all light secondaries with dip angle £ 45° were detected.

The scanning efficiency can also be derived from the known

+
ratio l—% wilth the reasonable assumption that all T and % ' decays

have been detected. The increased statistics make thiS'calculation_
meaningful.

On the total scanned volume (previous work: 8,5 cm3, pre

+

sent work: 14,5 cm3) 3T and 2 7' were found., Taking for the -%- -

tio the value 5 11,5 we estimated the number of K~ decaying at rest
in the scanned volume to be 624 that is 2,7 * 0,9 K*/em3. This has
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to be compared with the value NK+/cm3 = 1,4 * 0,4 found in paper I
and shows that the scanning efficlency has been previously over es=

timated.
- Since the additional scanned volume lies in the same re

gion of the stack as the volume scanned in the previous research,
the geometrical loss due to the finite size of the stack is that
evaluated in paper I (89%)b9

The 6° incident flux integrated over the time of expo-

sure turns out to be:

N+

¢e° = £- A =25 x 170 =(a200 * 1400/ cn®
cm>  ©e€e
where A is the effective mean free path for charge exchange as

c.eo
calculated in paper I and the quoted error is the statistical one.

4) B° flux @ as deduced from the number of T~ hyperons.

An estimate of the 8° flux is done starting frém the
number of © = captured at rest in the scanned volume. This calcu-
lation is now possible owing to the inéreased statistices.

In the total volume 10 %~ captured at rest were found.
This number must be corrected for scanning losses. These are main-
ly due fto the fact that scanning by area for capture stars, E}f:
events and capture stars with‘one low energy prong were not detec-

6

ted. BEvents of this type were estimated by other authors to oc~
cur in ~70% of all captures. Assuming 1004 efficiency for detec-
tion of other kinds of capture stars, fhe number of ¥ - captured
at rest in the scanned volume should have been 33.

In order to deduce the primary flux from this number,we

must estimate the percentage of interacting 6° giving rise to a z "
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which will be captured at rest in the scanned voiumea This could
be done by the following considerations.

As in paper I we assume the 60 to be the charge symmete
ric particle of the K™ c, so that information on the cross sections
and on the branching ratios in the strong interactions of the B89
can be obtalned from the results on K~ interactions.

The elementary interactions of the B° in emulsion are:
1) 8° +p—2 " 4 go
2) — 0% + 4t
3) —A°% +q

4) B+ N—L"t 4 -

5) —)y " 4+ gt
6) =20+ 7°
7) —AC 4 70

To these, inelagtic ©° reemission and charge exchange
processes must be added; these can bé estimated to be of the order
of 104 of all 80 interactions 9. '

| If we consider the bubble chamber data of Alvarez et
alo8 » and make use of charge independence, we expect the frgction
of interacting 8° giving as a product of the reaction inside the m
cleus a ).~ hyperon to be 24%.©

From the results on K interactions in complex nuclei 3
it is known that only 42% of charged hyperons are not converted in

A© in nuclear matter by the reaction: L. +N= AO + 4.
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The energy spectrum of the 2 emitted from nucleus has

been then calculated under the following assumpiions:
1) the center of mass distribution of the produced ).  particles is
isctropic.
2) the 9% primary spectrum is that calculated in paper I (fig.I,bt?).
T¢ the total spectrum we have to subtract all the parti
cles which did not come to rest before decaying; because they were
not detected according to our scanning criteria.
If we calculate the probgbility of a L~ to decay in
‘flight as a function of the energy; it turns out that practically
all hyperons having an energy greater than 100 MeV dgcay in flight
and that the number of L.~ captured at rest is 9,5¢ of the total
spectrum, that is, 9,5% x 24% x 42% = 1% of all 6° interactions.,
Taking for the e° interaction mean free path the value

3,9

obtained for low energy K~ y A= 27 cmy we obtained the 8° flux

value:

Ny~ 1
- A 2 =33 x 27 x 100 = 3900 * 950/cm®
‘Pfgo cm> g 23 3 ©

where the quoted error is the statistical one.

The flux value cbtained is in amazingly good agreement

with the 6° flux and this supports the Gell Mann and Pais scheme.

5. 8° charge exchange cross section.

In the tutal scanned volume 16 K~ captured at rest were
observed. 8 of these, followed bhack thfough the stack, were found
‘to originate in emulsion from stars with a neutral primary. If we
assume these events to be due to the charge exchange of ae® an

estimate of the c¢ross section for this process can be obtalned.
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This calculation requires a rather accurate estimate of
the losses in deteeting K~ captures. These are due both to scan~
ning losses and to the geometrical.limitation arising from the fi=-
nite size of the stack.
The first effect was accounted for with the following
considerations.

1) A1l Ko events (18% of all K~ captures) 10 yere missed;

2) K" captures occurring in the upper and lower layer of the
pPlates are very difficult to observe. These layers have been
estimated to be ~10% of the total volume.

3) The scanning efficiency of other types of capture stars depends
mainly on the dip of the primary K~ track. The dip angle dis~-

_ tribution of the last 50 um of the K~ tracks observed (16 in-
cluding the ones coming from outside the stack) was analysed.

The scanning efficiency can be estimated comparing the
observed distribution with the true one supposed to be isotropice.

The same analysis has also been made for 100 7~ tracks whose aptures

at rest were observed by area scanning carried on by the same obser

vers (50 7~ in the same stack apd 50 7~ in a stack exposed to the
cosmic radiation). In all cases the efficiency has been found to

be ~ 65%. The total scanning losses amount then to 58%.

The evaluation of the losses due to the finite size of
the stack has been carried out as in paper I (sec; 6) assuming an

z;T = 50% 3and gives a geometrical efficien~

average energy loss
cy of detection of 9%.

The total number of K~ produced by charge exchange of &°
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in the scanned volume is then estimated to be Ny. =210, that is
3 =
NK./cm 9.
This leads to a 6° charge exchange mean free path inthe

energy interval{O - 400)MeV of :

- pw°

A {460 * 180)cm
C.Ca NK- /cm3

|

where for the incident flux we have taken the value averaged over
the results of sec. 3 and 4 and where the error is the statistieal
one.

6. Conclusions.

From a study of the interactions of long lived aﬁgin
emulsion we have derived the following conclusions:
1) the probabilities that Qg particles interact in the modes 8% and
0° are equal within the experimental errors:
2) the cross section for chafge exchange of the 6° mode is of the
order of 5 - 6% of the total 8° inelastic cross section.
These conclusions are correct if charge independence in

the conventional sense holds true.

- - -
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