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Part II - Kaon and Antiproton Production

1. General Form of the Empirical Formula

The empirical formula for pion productions presented in Part I of this
report proved to be successful both in representing the momentum spectra
and in predicting the pion multiplicitiesl. In view of the strong
resemblance in the general characterlstics among the measured momentum

»3

spectra cf pion, kaon and antiproton productions2 , there is every
reason to believe that formulas of the same type as pion production
should apply equally well to kaon and antiproton productions.

The arguments for the angular dependence of the momentum spectra
and the forward production remain approximately valid, if not exactly.
On a semi-log plot one finds:

1. The ratio of the moﬁentum spectra for 6 degree production to

zero degree production is well represented by a linear function.

The slope of this linear function is independent of the incident

proton momentum. Furthermore, the value of the linear function
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exceeds unity at certain secondary momentum, say Pc' It is
noticed that Pc is not zero but a decreasing function of @
and increasing function of the incident momentum.

2. For forward production, the momentum spectrum increases rapidly
to a maximum and decays with a power greater than one as the
secondary momentum increases from zero to its limit.

3. The kinematical constraint requires that the spectrum must
vanish as the secondary momentum reaches the incident momentum.
4. Finally assuming the situation established in pion productions!
is also true for kaons and antiprotons, we have that the
transverse momentum distribution for kaon and antiproton
productions is independent of the incident proton momentum
which is greater than 10 BeV/c. .
ES
A formula for the double differential momentum spectrum that accommodates

the above features reads:

¢ _C
d®N C P, - T3P, C
ddp C1 P (1 P) e pC Cs 8 (P Q7 ?i cos g B)
iS

where P and Pi are respectively the secondary and primary momenta in BeV/c,
& is the ﬁroduction angle in radian and C1 through C8 are unknown parameters
to be determined by the least square analysis. For further details regarding
the formula the reader is referred to Reference 1.
2, Least Square Analysis

The data employed in the analysis are from the same four experiments?’3 2475
which provided the pion production data., The importance of the relative
normalization of the experimental data from various experiments with
completely different experimental setup cannot be overemphasized, and
was fully discussed and carefully explored in Reference 1. Accordingly,

the absolute normalization was done relative to the data of Dekkers et al.?,
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d°N '
~and all data were converted into (Eﬁgs)k whose units are in number of

kaons/sr/BeV/c/interacting proton.

8
&N . _ L o -

(dﬂdp)k - o, (dﬂdp)k Lundy et al

£o
E'(dep)k Dekkers et al.

_ 1 (daN £y
ddp’k, Fitch et al.

dN
(dep) R Baker et al.

where o, (= 227 mb)e is the absorption cross section for P-Be collision,

NL (= 1.5) is the normalization factor for the data of Lundy et al®.,

N
dQdp

is the pion production calculated by means of the formulas of
Reference 1, T (= .6) is the internal target efficiency for the experiment

of Fitch et al® and -3

R = (dndp)k/(&ndp)
is the measured ratio of the integgities of kaon to-pion productions. Values
of R from P-Al as well as P-Be collisions were used in the analysis as they
are consistent with each other within the experimental error. Relations
similar to equations (2) were used in the analysis of antiproton production.

The least square analyses were carried out by means of the EORTRAN

Program "LEAST'™ at the computer CDC-6600 by minimizing the quantity
B EN e ey ¢ |?
tog (Qap), = 1°8 (gap)

M

i A (dep) / (dep)

where the superscript e and c refer to the experimental and calculated values
e :

respectively, A (SQS ) is the error pertaining to the i-th experimental
i

datum and F 1is the number of degrees of freedom in the least square fitting.
Good fits were obtained for Ki and p respectively with the following

parameters.
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C, C, C, C, Cg Cy c, Cg datal Q
K+ g .05897 .6916 | 3.744 | 4.520 4.190 | 4.928 .1922 { 50.28} 72 l 58 %
. " !
K " ,02210 [1.323 9.671 1.712 1.643 | 4.673 L1686 | 77.271 54 ] .40 2
i p : .00142611.994 9.320 1.672 1.480 | 4.461 .2026 78.00% 45 | 42 j

The calculated momentum spe?tra together with the experimental daté

wére plotted by a CALCOMP plotter and are presented in Figure 1 through

Figure‘24.

4., Multiplicities, mean Secondary and Transverse Momenta, and Inelasticities.

The multiplicity M, mean secondary momentum <p>, mean transverse

momentum P and inelasticity I are defined respectively by

P,
Lo £y
M = J J 21 d0dp sin 8d8dp
o} o
Pi T
1 I J d®N .
>== I
<p> =g ALl a0dp p sin 8d0dp
m o 0
P
i T
1 I IJ d2N . 2
Pt i 2m dCdp p sin® ©d8dp
T o o
and Pl -
. ;__J J d2N .
1 = 3 2m aCdp p sin 648
i o "o

Unfortunately, there are no experimental measurements of these

quantities for kaon and antiprotons which may provide an independent check
to the validity of the empirical formulas.

table for the sake of completeness and for future references.

were carried out numerically.

They are presented in the following

The integrations
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P, (BeV/c) M <p> P, I

10 .066 1.12 .255 .0074

N 15 .085 1.54 .271 .0088

K 20 (111 1.91 284 .0106
25 .145 2.21 .295 .0128

30 .193 2.44 .304 .0157

35 260 2.61 .312 L0194

10 .012 1.09 .297 L0014

) 15 .018 1.57 .312 .0019

K 20 .026 2.05 .324 .0026
25 .035 2.49 L334 .0035

30 .046 2.90 345 0045

35 .061 3.26 355 .0057

10 L0007 1.42 342 .00010

i 15 .0014 2.05 354 .00019
p 20 .0023 2.63 .365 .-00031
25 .0037 3.17 .378 .00047

30 .0056 3.64 .393 .00068

35 0084 | 4.05 .408 .00097

5. Discussion

e —————— - w— At———
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In pion productions, the experimental data at 13.4 and 18.8 BeV/c

clearly demonstrate an interesting feature; namely, the low energy pions

are more abundantly produced at certain angles rather than at zero degree.

There is no evidence of this behavior for antiproton praductions because of

the non-existence of experimental data in the region of interest.

However,

for kaon production, there is an indication of this characteristic at 13.4

BeV/c incident momentum, although the quality of the data is relatively poor.

At higher energles, again there is no experimental measurement.

It is therefore, very desirable to carry out a systematic experimental

investigatien of kaon and antiproton productions in the region of low

secondary momentum (zero to about a quarter of the incident momentum).

By systematic we mean, an experiment primarily designed to explore only

those points which are crucial to the establishment of the characteristics

of the kaon and antiproton production at low energy.

two fold.

The significance is

Firstly, the study'of the interesting characteristics mentioned

above should contribute to the understanding of the production mechanisms
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. for which no adequate'theory exists. This will at 1east-establish better
empirical formulas. Secondly, the study is diréctly benificial for
practical application, because a substantial gain in the secondary

beam Flux can be obtained by choosing the correct angle of production for

a given secondary momentum.

We appreciate the invaluable assistance of Miss Janet Head for the
programming and the help of Mr. Fred Kuehl, Mr. Paul Hallowell and Mr.
Malcolm McCrum in the data reduction. |
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from Reference 2.

Momentum spectra for E production from P-Be collision at 20.9

BeV/c incident momentum. The data are

Momentum spectra for-ﬁ production from
BeV/c incident momentum. The data are

Momentum spectra for p production from

from Reference &.

P-Be collision at 23.1
from Reference 2.

P-Be collision at 25.9

BeV/c incident momentum. The data are from Reference 4.

Momentum spectra for 5 production from
BeV/c incident momentum. The data are

Momentum spectra for 5 production from
BeV/c incident momentum. The datum is

P-Be collision at 30.9
from Reference &.

P-Be collision at 33.9
from Reference 5.



01

.001

.0001

( /SR /{BEV/C) PER INTERACTING PROTON )

KAGNS

.00001

.000001

-9-

JRS/CLW-2

10.9 BEV/C = P-BE. POSITIVE KAON PROOCUCTION

9 <

T TI10T

N

T IIITH\ T IlHH‘

B Illlll‘

I P |

80
’70

16°

12°

]
=]

I P B S

] Jlllllll

i1 lllll‘

]

b il

2 4 b

8 10

KAON MOMENTUM (BEV/C)®

Figure 1



.1
=
(e}
[—
«
&
- .0l
=
}_-
J
(an
-~
Wl
i_.
=
e 00l
Q.
O
~
=
| 5
a3
<
= 0001
~
[ep)]
=
(&)
C
't
.00001
.000001

-10-

JRS/CLW-2

13.4 BEV/C P-BE. POSITIVE KAON PRODUCTION

T I I

" KAON MOMENTUM (BEV/C)

Figure 2

: a w * ’K 20 :
— - ' -
= 4 * a 4° -
- o . - 60 :

‘ s 8°
0 —

. @ z |6
12° ]
o] pu—
&9 7
. . n
T 59 -
4° m

20

— ge
- \ .
oo —
- | =
- 60 =
. T T T T T j

2 4 ) 8 10 12



~11- JRS/CLW-2

18.8 BEV/C P-BE. POSITIVE KAON PRODUCTION
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