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We use the coherent production model to calculate the energy de-

0

pendence of the forward KS regeneration amplitude on nuclear targets.

The agreement with experiment is satisfactory.
T T T T N

In this note we wish to apply the coherent production model1 to
the analysis of K‘é regeneration reaction on nuclei
0 0
KLA - KSA . (1)

A is the mass number. The data for this reactionz’ 3 for hydrogen,
cc;pper, and lead targets show two distinctive features:

(a) The forward differential cross sections, do /dt are proprotional
to PLnA for 2.5 < P, = 7.5 (GeV/c) where P, is the laboratory
momentum of incoming KL and n, is a constant for a fixed A. There
is 'no apparent pomeron exchange, as expected, since .chavrge conjuga~
tion, ¢ = - 1 must be exchanged in the t-channel.

(b) qu each nucleé.r térget, the regeneration phases, ¢A’ are near
-45 degrees |¢A + 45° | =< 15°. Strong exchange degener:.-).cy4 assump-
tion predicts -45 degrees for the regeneration phase of the nucleon
target.

Since the regeneration from nucleons is a much weaker process

than elastic scattering [(do - /dt) /(do - /dt)
KLP KSP KLP KLP t=0<0'05
for hydrogen target in the momentum region of our interest] s

it may be reasonably assumed that K°L- K°S occurs at most once as the

K‘L (and Kg) repeatedly scatters elastically on ti‘aversing the nucleus.

-2

Then the coherent nuclear regeneration amplitude from nucleus A is

given byi 23

ik

A —
_ 2. .3 3 -=> = 21iq.b
leA_,KoSA(q)- 2";'2:1 jdbd ry e d’r, |WE T, T )%

|

®-8)] Iy 0-5) , :) . [1 Tk - S'K)], (2)
J K

X Il (1-T
<

7z K

i Zj L
where | is the target wave function, B is the impa.bct parameter of the
incident particle, and S’i is irhpa.ct parameter of the ith nucleon (the
transverse part of, ;’i); It has been assumed that the nucleus is left in
the initial state; by explicit calculation we have verified that the cross
section for nuclear excitation is small in the forward direction. . The
I"'s are profile functions which are defined in terms of the regeneration

and elastic scattering amplitudes of nucleon by

- 4 _ . -ig-B .2
FReg(B) = Zwik j fKLN - KSN(q) ¢ d"q,

S S
Since the K°N - K°N transition is much weaker than the elastic

K% (R°)N - K°(R°)N reaction, we can safely approximate

. . fg, N+ KNt IR oN - BN
= =f = .
K N™ 'K N = K N7 KN~ KN 73

Therefore,
r =T :
K, B) ~ " Kg®)
We approximate the nucleus wave function by neglecting correlations

and using a product of single nucleon density function
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This as sufnption simplifies Eq. (2) to the form

@ [(NP> ( Np) SR
£ . =l — ¢ . )+ {1- — ) ¢ (0)
K A~ KgA A) 'K P~ KgP A ) 'Kyn -~ Kgn ]
mE . -3 U-iao @) )
X [t TP T e d“b, (4)

assuming the nuclear density p(§, z) varies slower comparing to

r (-‘t;-g) as a function of S. NP is the number of protons in the nucleus,

where ] -
o= (Fi> o-T + < - E.E.) o T
AJ "Kip A/ Ky
N N
P P .
<T>Re fK P(O) + (1. - ——A——>Re fK n(O)
a = . L L
NP NP '
a Im fK P(O) + (1 - T)Im fK n(O)
L L
and .

T () =Af p(r) dz.

The coherent regeneration cross section is then

-3 (1-ia)o T(®)

j.]'o(qb) T(b) e bdb ) {5)
0 -

where we have defined an average nucleon regeneration forward cross

section by

2

= > KN > : |

N P . P
—_ =l =] (0) + - -] f (0)
< dt 0 A KLP-> KSP ( A> KLn- Ksn

(6)
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In the numerical calculation we use a Woods-Saxon nuclear density

for both proton and neutron:

p(b,z) = Po [1 + exp (E;i)] .
1/3

We use ¢ =1.20 A”'” fm and a =0.6 fm.

These nuclear parameters are larger6 than those from electron scat-
tering experiments due tb the finite range, strong interaction of K
mesons. A

The calculation requires the real parts of the nucleon regeneration -
amplitudes, which have not been well investigated experimentally in the
energy range of interest to us. An alternative would be to use dispersion
relations, but this would require fairly accurate high-energy total cross
sections, which are also not available. We use instead the strong ex-

change degeneracy hypothesis4 which gives, using the optical theorem,

| | Z -ﬁ ( 2 ) —J
4 P P P n
@2 [‘ (—A_) CpPr ™ -\1- |G FPL

(N—P>0T + (1 -N—P) ox
A )k, P A %

where we have parameterized KN total cross sections as constant,

the KN as ‘
T o -Bn
ogon = O RN CnFPL ¢
and where P, is in unite of GeV/c.
The numerical values used are
T _
oKoP— 17.6 mb,
O'I'zon =17.7 mb,
T -
ogop = (18.2+7.2 PLO'SZ) mb.,
and T
omo. = (20.2 +19.5 P20 9%y mp
Kﬂn . . L »
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+ X . .
extracted from K scattering experiments using charge symmetry. The
fits involved in the latter two cross sections are shown in Fig. 1.
We first assumed the neutron and proton to have the same regen-

eration amplitude, then

(o do.,\ ‘
(--N> =<——d£1} - 347 P28,
0 70 .

which is shown in Fig. 2. Finally, we obtained the results shown (as
dotted lines) in Fig. 3a, which may be compared with the best fits to

LnA (solid line). The agreement is on the

experiment of the form P
whole satisfactory although there is a tendency for the results of the

calculation to fail too fast with PL' This potential discrepancy may be
an indication of a di.ffer/ent_ energy dependence of the proton and neutron
regeneration cross section. The regeneration phases of r;uclei ¢A are

plotted in Fig. 3b. Again the agreement is satisfactory, the difference

between the nuclear regeneration phases and that of hydrogen is larger

for heavier nuclei and goes to zero with increasing momentum. Note

that the fact that the nuclear regeneration phases are nearly that of

~hydrogen strongly justifies the assumption that proton and neutron re-

g‘eneration phases are approximately equal. In addi;ion, there is one
e);pe rimental point in this momentdrﬁ region for a carbon targetg’ (which
has no neutron excess) in which this calculation would disagree with the
forward differential. cross-section measurement by a factor of about 2,
but would agree with the regeneration phase measurement. Further
experimental studies would be valuable in clarifying this situation.
The\regeneratidn effect in Cu has also been successfullyfitted using

an optical model. 10

The difference between the optical model and this
one-step coherent production model can be summarized in two integrands

below:

wbo

i p—
= [P(b) + P(b)] .
1°°P = i [Bb) - PB)] &2 , (7)

°P - eiT3'(b) _ eiP(b) , (8)

. where

4n P NP
Ph) = 3 [(50) fg pl0) + (1 - )i [ (0)] T(b),
0 0
and I's are normalized as

ik
fk P~ KgP!¥ 7;?]1“’) Jo(ab) bdb . (9

Equations (7) and (8) are easily verified to be equivalent if the dif-
ference AP(b) = P(b) - P(b) is smaller than both 1 and P(b) {and B(b)].
This is not always true for heavy nuclei at b =0 due to large T(b).
However, the extra b in the integrand lessens the difference. The
detailed quantitative discussion of the difference is given in Ref. 6.

The advantage of the present treatment is the clean separation of
hadronic effects and nuclear effects shown in Eq. 5. The first factor
(nucleon effects) gives most of the energy dependence, while the second
(nuclear effects), controls the angular distribution.” In the optical

model this factorization does not occur.
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FIGURE CAPTIONS
Fig. 1. K p and K n total cross sections {(data points from Ref. 6),
together with the best fit of the forms gy = 0 + C PPN
All data points between 2.5 (GeV/c) to 20.0 (GeV/c) are used to ob-
tain the parameters but only representative data points are shown
here.
Fig. 2. Hydrogen regeneration cross section extracted from Ref. 3.
Fig. 3a. Nuclear regeneration cross sections. The experimental points
are from Ref. 2; the solid line is the best fit to experiment of the
form PLnA, and the broken line is the result of the calculation.
Fig. 3b. Calculation of the nuclear regeneration phases. The points
are from Ref. 2; the values of ¢A-4>H were obtained using

¢, = 42.0° + 3° (Ref. 8).
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