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Abstract

K| total, elastic and K'g regeneration cross sections are evaluated at the K,
momenta from ¥ decay. As far as total and elastic cross sections are concerned
the results agree with the available experimental data, at slightly higher mo-
menta. As for Kg regeneration they are rather unexpected, but unfortunately
there are no experimental data available to make any check. These cross sec-
tions have been compared with the present codes for hadronic interactions in

GEANT. Finally evaluations of Kg regeneration and K interactions on the
different parts of the KLOE detector are reported.



1 Introduction

The aim of this note is to evaluate the various cross sections of Ky on nuclei at low momenta.
There is a serious lack of such data at momenta below 500 MeV/c. On the other hand, in
the KLOE experiment [1] at the & Factory DA®NE in Frascati, since in & decay P is ~

114 MeV/c, it is important to know the K cross sections at such momenta; specifically:

¢ K regeneration through the detector simulates a Ky decay violating CP, diluting

the values of the C’P parameters;

e K7 elastic and inelastic collisions through the detector affect the evaluation of various

detection efficiencies;

o Finally at present the simulations can not be modeled faithfully. In particular the
GEANT codes, GHEISHA and FLUKA, fail in the calculations of these K cross

sections.

2 K; cross sections on nucleon

The present situation concerning Kaon-nucleon amplitudes is summarized in the following.

Data are available [2] on K + and K~ cross sections, which are related to K° and K° cross

sections by a rotation in the isotopic spin space:

Ak p—K1p(0) [Ag+a(0) + Ax-4(0)]/2
Ag -k n(0) = [Ag+p(0) + Ag-p(0)]/2
Ag p—Ksp(0) = [Ak+n(0) — Ax-n(6)]/2
{Ax+p(8) — Ax-p(0)]/2

AKL,n—-*Ksﬂ(G)

By the way, there is a lack of data also for charged Kaon-nucleon scattering at low momenta.
All these amplitudes can be written at low momenta in terms of few partial waves { and

scattering lenghts ay(k), which should depend weakly on the incident momentum k:
T(8) = Z(Zl + 1)T (k) Py{cosb)
¢

ar(k)

Tr(k) = T kar(k)
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Table 1: Real parts of the forward K¥ scattering amplitude, according to A.D.Martin.

With regard, to isospin, K “p and K *n elastic amplitudes are superpositions of states with

isotopicspin I =0 and I = 1:

1
< K*N|T|K*N >= (Tg" + T7")

Only I = 1 amplitudes contribute to the transitions K*p — K*pand K—n — K n.

At P, ~ 100 MeV/c the S wave contribution is still dominant as expected, but with respect
to the threshold there is a steep variation of the real part of the I = 0 part of the K~ N
amplitude (see table 1). It is very likely that this anomaly is due to a resonance below
threshold, the so called A(1405), whose nature has not yet been understood [2]. Nevertheless
the scattering lengths ay(0) have been calculated by means of dispersion relations. The
results obtained by A.D. Martin [3] are: |

Qg — (*—1.70 + ’5068) fm

ar(K~) —
a; = (0.37 4 10.60) fm
ag = 0.02 fm
ar(K+) — °
Q1 = -0.33 fm

K *-nucleon scattering amplitudes must be real, due to the optical theorem, because only

the elastic channel is open at threshold. On the contrary inelastic reactions, like K "p — An



and K~ p — X, are available in the K ~-nucleon case also at k£ = 0: hence Im f{0)#0 and

the total KN cross section must behave like 1/k at low momenta.

According to A.D. Martin, for kaons from the ® decay:

fx-p = (-0.32 + 10.75) fm
fk-n = (024 4+ 10.52) fm
fk+p, = (-0.33 + :0.04) fm

4+ 20.02) fm

fK"’n - (_0'15

and the elastic and regeneration cross sections for K, on nucleon, assuming isotropic angular
distributions, are : -

ofeP — | fHEP12 45 ~ 9 mb

o{f‘"“ = |f7 "2 4x ~ 32 mb

agKLp — fKLP 2. 4x ~ 13 mb

reg reg
Kin _ | #Krn|2 ~
Trel™ = | [1eL™|* - 4% ~ 16 mb

The cross sections on deuteron (neglecting shadow and Fermi motion effects) are

aff"D ~ 42 mb

oKD ~ 28 mb

reg

“Errors” can be given to these cross sections computing them according to other authors
4, 5, 6], as showﬁ in table 2. These “errors” range from 10% to 30 %: hence it is not
worthwhile to pursue an accuracy to better than ~ 20 % in estimating of the K cross
sections on nuclei. It is very likely that these large uncertainties are related to the anomalous
variation near threshold of the real part of the I = 0 KN amplitude as mentioned before.
The total Kpp cross section, according to the A.D. Martin’s parametrization, as a function
of the Ky momentum is shown in fig.1 in comparison with some experimental data.
Charged kaons and neutral kaons have been related each other by a rotation in the isotopic
space assuming the difference in kaon masses is negligible. However the mass difference (4
MeV/c?) is of the same order of magnitude of the kinetic energies of the kaons in the &
decay and it could alter the situation. R.H. Dalitz evaluated the scattering amplitude K™ N
taking into account the mass difference properly [7]:

1(ao + a1) — tkoayao
fK—N — 1
1 — 5({11 + ao)(k + ko) — kkgagay

4
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| Author ] a':f“'p oLn | 2 oXLn
| (mb) | (mb) l (mb) (mb) |
Kim [4] 11.2 38.4 8.9 16.7
Dalitz [5) 7.5 304 | 9.6 14.3
Martin [3] 9.3 32.0 12.7 15.7
Conboy [6] 186 | 40.4 11.0 16.2
j... Mean 11.7 + 4.2 L 35.34+ 4.2 | 10.6+ 1.4 | 15.7£09 |
Martin+ Error | 9.3+3.3 | 32.0£3.8 | 12.74 1.7 | 15.7£ 0.9

Table 2: o(KyN): Comparison between the cross sections, at P, = 114 MeV/c, as obtained by
different authors.

where

In table 3 this correction on the total K ~p cross section is reported. It appears to be

negligible at our momenta.

3 K total cross sections on heavy nuclei

Experimental data exist on K total cross sections on different nuclei at low momenta,
ranging from 168 MeV/c up to 343 MeV/c [8], and they are shown in table 4. These data
have been fitted as a function of atomic number A by means of a power law o;,; = C - A%,
also while looking for simple extrapolations and interpolations to other nuclei. The results
are shown in fig.2 and shown in table 5.

From these pictures an anomaly appears in the cross section on Cu. However, apart from
this nucleus, these data show a reasonable agreement with this siinple fit.

The parameter a has to be compared with the black disk prediction a ~ 0.67. Scattering
on a black disk is a qualitative description of any hadronic interaction on heavy nuclei. A

nucleus may be considered a black disk, with radius R = ro A/ and ry ~ 1.1 fm, if the

total cross section on nucleon is at least =~ xr2 ~ 30 mb. It may be worthwile to recall the



Il

Table 3: Total cross section for K~ p interaction with corrections due to mass difference.

I--l

70.1 + 15.0 | 476 + 37 | 481 + 24 | 963 + 89 | 1.54 + 0.47 | 1.31 £+ 0.19 | 3.55 + 0.41
50.1 + 9.7 | 355 +23 | 445 + 21 | 722 + 52 | 1.08 £ 0.10 | 1.17 £0.11 | 3.62 + 0.30
50.2 + 9.2 | 385 +22 | 477+ 18 | 860 + 55 | 1.50 + 0.24 | 1.37 +0.12 | 3.35 + 0.24
51.5 + 7.8 | 390 £ 20 | 456 + 15 | 845 =51 | 1.46 £ 0.23 | 1.39 +£ 0.13 | 3.73 £ 0.27
41.9 + 6.1 | 341+ 16 | 430 + 14 | 799 + 41 | 1.19 £ 0.10 | 1.19 + 0.08 | 3.32 £ 0.19
386 + 6.2 | 332 +16 | 429 + 14 | 850 + 46 | 1.51 £ 0.30 | 1.21 + 0.11 | 3.54 + 0.24
46.4 +55 | 311 +14 | 411 + 12 | 793 £+ 38 | 1.29 £ 0.15 | 1.25 + 0.09 | 3.67 & 0.22
33.7+ 4.6 | 316 + 14 | 391+ 11| 750 +35 | 1.14 £ 007 | 1.23 +0.10 | 3.09 £ 0.16
310+ 39 | 265 +12 | 361+9 | 703 +31| 1.414+0.15] 1.111 + 0.062 | 3.40 £+ 0.18
304 +3.5 | 269+ 11 | 336 =8 | 683 + 29 | 1.24 + 0.11 | 1.146 + 0.060 | 3.26 + 0.17
260+ 29 | 242 + 10| 308 +7 | 638 + 26 | 1.18 4+ 0.08 | 0.969 + 0.044 | 3.14 + 0.14

Table 4: Experimental total cross sections of K; on different nuclei.

O'tot(KLHQ)
MeV/c mb (mb)

91 +2 | 0.69 - 236 + 6

71 £3 | 0.72 :i:0.01 190 + 10
81 +£3 | 0.71 +0.01 220 + 10
+9 | 0.81 +0.01 130 + 30

Table 5: Parameters of the interpolation CA® and extrapolated He cross section.
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Ro
fm"' References

1.1AY/3
1.1A1/3 -

1.1A1/3 -

Fey 1973 13]

. . . Fey 1973 13
4.214 | 0.586 | O. Gompelman 1976 (14
de Jager 1973  [14

Table 6: Parameters used in Wood-Saxon distribution.

main results of the black disk model, as a basis for any more refined model:
@ Tot ~ 20, ~ 21rr0A2/ 3
¢ 0¢xx ~ independent of the incoming momentum k.
¢ Acosfd ~ 2/(k*R?) |

KN cross sections are in the black disk regime, but KtN cross sections at low momenta
are rather smaller.

A more refined, but still very elementary model, that is the eikonal approximation (E.A.),
is considered from now on. According to the E.A. the scattering amplitude on a nucleus at

high energies and at small angles is given by

f(8) = f:-— /.3 " [e"‘(b)—l] Jo(kbsinf) b db

where

X®) = 3 20 + (A2 O) T [ R(VEF ) dz

a?(0) and a™(0) are the forward K, elastic scattering amplitudes on proton and neutron
respectively, while the function R(r) represents the matter distribution inside the nucleus.

According to the Wood-Saxon distribution, with the parameters in table 6, it is:

C
1 + exp[(r — Ro)/0)

Therefore by means of the E.A. and the forward scattering amplitude on nucleon the

R(r) =

scattering amplitude on nucleus is obtained.



From now on the E.A. will be assumed to be a good approximation also at low kaon
momenta ( P~ 100 MeV/c). As mentioned before this approximation is valid at high
energies, if several partial waves are involved (that is if kR > 1), furthermore if the forward
scattering amplitude is mainly imaginary.

As a matter of fact, people make use of it successfully at much lower energies. For instance
Weise [9] has compared the E.A. prediction and the available experimental data of K*C
scattering at ~ 500 MeV/c, wondering for ~ 10 % discrepancy ( these controversial data
are inconsistent at this level with the expectation of screening effects in a nucleus).

The E.A. is consistent with the optical theorem. Therefore not only the forward elastic
amplitude, but also the total cross section, is described in this approximation.

In fig. 3 the total cross sections according to the eikonal approximation are shown in compar-
ison with experimental data. The agreement is very good, only a significative discrepancy,

still for copper, persists.

4 K; interactions in Helium

Data on He, concerning K ~He elastic scattering at P = 125+ 175 MeV/c [11], are available.
Taking into account Coulomb and strong amplitudes it is

7(0) = £.(8) + fn(0)

where:

£.(6) = -’1;2(21 +1) (e"p(zg‘:‘) — 1) Py(cos0)

fn(8) = %2(21 + 1) exp(2107) (exP(2;ig) — 1) Py(cos8)

The Coulomb contribution has been computed, the strong phase shifts §; has been extracted

from these data, as shown in table 7.
There is a qualitative agreement, within large errors, between experiment and E.A. also
concerning the K ~He angular distribution (see fig. 5). If anything the experimental angular

distribution is shrunk with respect to the theoretical expectations, strengthening the E.A.
method.

To obtain the K total cross section on He to be compared to the extrapolation done

before by means of the experimental data of total K, cross sections, the K+ He amplitude

10
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P=100 <+ 150 MeV/c | P=150 <+ 200 MeV/c
Redg -39.2 £+ 113 | -36.3 £ 6.7
Imfy | 7.0 1274 14 134
Reé, -9.8 + 14.7 -204 =+ 6.5
Imé, 15.8 + 14.0 169 + 11.2
Red, ~ -1.7 = 3.4
Imé, - 91 =+ 44
Table 7: Phase shift K~ He interaction.
Momentum oot K1 ,He) | oo( K ,He) | oane( K ;,He) Oreq( K ,He)
(mb) (mb) (mb) (mb)
P =125+ 25 MeV/c 280 + 130 110 £+ 46 170 £+ 84 30 + 18
P =175425 MeV/c 200 1 68 75+ 19 125 + 48 14 +
| P =150 MeV/c (ezp.) 217 £+ 60 80 + 18 141 + 31 16.6 £ 7.3
P =150 MeV/c (theor.) | 220+ 44 66 + 13 158 + 32 25.9 + 5.2

is needed also. The E.A. may provide the K tHe amplitude with enough accuracy, taking
into account it is expected to be quite smaller than the K~ He amplitude. In fig. 4, KT He

Table 8: Cross section K He.

and K~ He angular distributions are shown with their relative weights.

Assuming a linear dependence of the cross sections in these momenta range, an improved

experimental value at P=150 MeV /c is obtained as a mean weight of the experimental cross

sections at near by momenta. The comparison is shown in table 8.

5 The elastic cross section

The fact that several experimental total cross sections agree with the eikonal approximation

evaluations demonstrates that the imaginary part of the forward elastic amplitude is correct.

12
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KtHe, K~ He at P=125 MeV/c according to perimental K~ He elastic cross section at
E.A.. P=125+175 MeV /c.

Assuming that the E.A. is valid at angles different from zero and for the real part also, the

elastic cross section is given by:

dael _ f(a) + f(a)
dQ 2

where it is assumed f(8) = 0 for 6 > 7 /2.

In figure 6 and 7 the angular distributions for some nuclei, at P=500 MeV/c and P=114
MeV/c, are shown. It appears that the assumption of small angles is well justified at P
~ 500 MeV/c, but becomes critical at lower moménta and for light nuclei. Therefore the
eikonal approximation can not be accepted without any verification in the evaluation of the

elastic scattering at angles different from zero.

6 Another approach to the K elastic cross section

Another approach to obtain the elastic cross section, independent of the E.A., is described
in the following. In fact the imaginary part of the forward elastic amplitude can be obtained
using the optical theorem, from the experimental total cross sections. It can be interpolated

by a straight line, as shown in tab. 9 and shown in fig. 8. Also on nuclei it is expected at

13
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Nucleus a'totp (KrLA) U:EE(K LA)
(fm2 (GeV fm?) (barn) (barn)

7.8 +2.1 | 5.67 + 0.52 | 0.575 + 0.067 | 0.544 + 0.054
13.3 +1.6 | 6.29 + 0.40 | 0.685 + 0.050 | 0.666 + 0.067
43.7 +5.4 | 76+ 1.3 | 1.11 +£0.17 | 1.115 + 0.011
123 +16 | -0.70 + 3.9 | 1.17 + 0.51 | 1.744 + 0.017
71 +£11 | 11.2+ 2.7 | 1.68+0.35 | 1.940 £+ 0.019
277429 | 14.2 +5.1 | 4.01 +0.74 | 3.884 + 0.039

Table 9: Interpolation parameters Kr-Nucleus of Im f(0).

low momenta that:

Imf(0) = ak + .

From this linear extrapolation, the total elastic cross section at ¥ = 0 is achieved, assuming

that at £ = 0 the angular distribution is strictly isotropic and the real part is small:
— 2 2
g.; = 4x|f(0)|° ~ 4x|p|

. In fig. 9 the ratio of real to imaginary parts as obtained from E.A. is shown and it is
small as expected. However also, if the real part is as large as 30% of imaginary part, the
relative error on the elastic cross section would be 9% only, which is negligible with respect
to the expected overall accuracy.

The first and second derivatives of the elastic K cross section on nuclei at small £ may
also be obtained. In fact, an effective range development can be carried out for the elastic

amplitude for different angular momenta. At the lowest order, considering S and P waves

only:
1 . 3
ag + 10—tk (a; +161)/k2 -k

The order of magnitude of a; and 8, can be obtained by making a fit of the experimental

fel —

data to the imaginary part of the forward elastic amplitude. The results are shown in

tab. 10.

In conclusion the total K, elastic cross section at threshold and its first and second deriva-
tives are obtained by this approach. On the other hand the E.A. should be reliable at
momenta higher than P ~ 500 MeV /c. The intermediate region can be filled connecting by
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Figure 8: Im f(0) for K, interaction on different nuclei.

Table 10: Parameters used for the calculation of elastic cross section at low momenta.
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a cubic spline of these two momenta regions. The results are shown (dashed line) in figg.
10,11 and 12. A 20% error has been assigned everywhere. At low momenta the § wave and
the S + P waves contributions are also shown.

Some important conclusions can be drawn from these pictures:

e Elastic cross sections achieved by these cubic splines are consistent with the E.A.,

within errors.
¢ The S wave contribution is below the E.A. values as expected.

These results and the elastic K~ cross section on He support the E.A. for the evaluation of
the K, elastic scattering on nuclei at P, ~ 150 MeV/c.

7 The K regeneration cross section

The regeneration amplitude is related to the K° and K? (or K~ and K*) elastic amplitudes

by the relation:

freg(e) — f+(9) _2" fﬁ(e) (1)

At present the only data available at low momenta are the forward regeneration amplitude
on Cu, down to 600 MeV/c {10] and they agree with E.A., within the 10% estimated
accuracy in the amplitude calculation (see fig. 14). As mentioned before, on Helium there
is agreement between experimental data end eikonal approximation within trhe quoted

errors. On Be, CMD2 has recently measured

oBe - 63+ 19mb (2)

reqg

This value has to be compared with the E.A. prediction

o3¢ = 41 + 8mb (3)

reg =

In fig. 13 their angular distribution is reported and compared with the E.A. expectation.
Actually CMD2 has measured the angular distribution projected on the plane orthogonal

to the beam axis. The angular distribution is extracted in the hypotesis of a flat acceptance
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around the K impinging direction . The statistical uncertainties is quite large (~ 20
events). Therefore only the qualitative conclusion of a fair agreement can be drawn.
Unfortunately the regeneration cross sections change abruptly just at K7 momenta ~ 100
<+ 200 MeV/c, depending on the atomic number of the nucleus, as shown in fig. 15=+17.

A strong cancellation is expected, 111 the imaginary parts at least, between K+ and K~
elastic amplitudes. However at low momentathe K ~N elastic cross section grows, eventually
diverging at threshold, and it is much larger than the K*N elastic cross section. On this
basis, it should be expected o,., ~ o, at low momenta: for instance Oreg On Be should be
260 mb, to be compared with the CMD2 measurment {16} and the E.A. prediction.

On the other hand, a large K~N cross section introduces a screen for further KN in-

teractions on a nucleus A and the KA elastic cross section, is expected to vary as A2/3,

Conversely for the K+ A elastic cross section, it is expected to vary as A? - F2(k), where

FZ%(k) is the nucleus form factor squared, averaged over the nucleus recoil momentum k.
Therefore it can be foreseen qualitatively, that at low momenta and large atomic numbers
A, the two elastic amplitudes cancel out in the regeneration amplitude.

The KT A elastic cross section evaluation at low momenta is the most controversial part
for obtaining the regeneration cross section. A further check can be done for the imaginary
part of the K¥ A forward elastic amplitude, using the experimental data of the total cross
sections for Ky and K~. The results are shown in table 11 : the agreement is fairly good
and there is no experimental evidence for a smaller K+ A amplitude at low momenta.
Nevertheless the regeneration cross section, as obtained in this note, is so unexpected that

it cannot be fully trusted without further checks, hopefully by means of other experimental
data.

7.1 K regeneration on the beam pipe

K s regeneration by a K1 beam traversing a slab may occur at various level of coherence
on the nuclei of the slab. When the target i1s many nucleons of many nuclei, it is defined
as “coherent” regeneration. Coherent regeneration is strictly forward. When the target is
many nucleons of a single nucleus, it is defined as “diﬁ'racti#e” regeneration.

The ratio R between coherent and diffractive regeneration is independent of the regeneration

cross section on a nucleus, but depends on the K; momentum k and on the slab thickness
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13.11+5.4
16.61+6.7
20.9+8.0
25.919.3
31.4+10.6
37.5x11.9
42.71+13.2
47.81+14.5

Table 11: Comparison between Im f(0) obtained using E.A. (column without error) and from a

mixture of experimental (K ) and theoretical values (K ™).
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Figure 18: K elastic cross section at low momenta on He, Be and Al.
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Figure 19: Regeneration angular distribution at P = 114 MeV /c for “light” nuclei.
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Nucleus | Thickness | o°°¢ /g% ff
| e |

He 200

Be 0.05

Table 12: Ratio between coherent and diffractive regeneration P=114 MeV/c.

L and density p {12]:
- 16‘3'2]97'5'6_‘61 “_6_!/2|2
 kmy (1—e ) (1 + 462)

where

6 =(mg -—mg)-Ts
=L -mg/k

At low momenta the coherent contribution becomes more relevant. Ratios R in cases inter-
esting for KLOE are shbﬁm in table 12. Coherent regeneration can be neglected in KLOE
excepting the beam pipe regeneration from.

The DA®PNE beam-pipe in the KLOE interaction region has a complex shape. The radius
of the beam pipe ( 500 um Be thick ) has been designed as large as possible (~ 10 cm) to
avoid any complications arising from regeneration in the space region close to the interaction
point. In fact quantum mechanics predicts, in the case the two Kaons decay in the same
channel, an intetference pattern, a few cm wide, in the relative distribution of two decay
vertices (fig. 20). On the other hand DA®NE’s beam pipe has ~ 3 cm radius and any
discontinuity will act as a resonant parasitic cavity, which introduces an instability and an
unwanted power dissipation in the storage ring operation. Therefore a very thin inner tube
( 60 x Be thick at rp ~ 3 cm radius ) will be inserted to avoid these drawbacks due to
the KLOE requirement for a large beam pipe. Implications of a residual Kg regeneration
from this thin tube with respect to the interference pattern have to be considered. However
any regeneration contribution will be symmretric in the interference pattern. Calculations
concerning the regeneration on the KLOE beam pipe are detailed in ref. {17].

Coherent regeneration is important, due to the interference with the Kg component from

the & decay, still present at these distances. The inner tube is symmetric with respect to
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Figure 20: Interference pattern (€’/e=0).

the interaction region. Hence according to quantum mechanics any coherent regeneration

contribution must vanish, if both the decay vertices will be outside (or inside) the inner

tube [18]. In fact, taking into account coherent regeneration on both symmetric sides means

making the substitutions:

(+p) — Kr(+p) + aKs(+p)

Kgs(tp) —» Ks(xp) + SK(£p)

On the other hand the ¢ wave function has to be antisymmetric (Bose-Einstein statistics,C

conservation in a strong decay):

& >= —={|Ks(p) > |KL(-p) > —|Ks(-p) > |KL(p) >

so that, also after a coherent regeneration, any additional contribution KsKgs or KK,

cancel out. Therefore coherent regeneration on one side only has to be considered, with an
amplitude
27
a=1—N -z fr..(0)

where N is the Avogadro number and x is the thickness of the slab. On Be ( 50u thick and



according to the regeneration amplitude reported in appendix) the amplitude modulus is
la| ~ 8 -10~° and the amplitude phase is a ~ = /4. -
Considering the case interesting for the ¢’ /¢ measurement, both kaons decaying into two

pions, the time evolution of the & wave function is:

2 a
P \/’:et(‘r.t1+'mT) {c e1L(ta-T) ____et'n(t:—T)} _
3 %0 V3

ey emmtidsT) {__]_'__et‘rs(tr-'f) ta eWL(t::-T)}

V3

where ¢, and ¢, are the decay proper times in two pions with amplitudes coo =~ 3.2-10~2¢**/*

y Coe ™™ V2¢co0 and T = rr /vr. Hence, coherent regeneration at the first order in a and c,

neglecting I'z, and € /e, is:

L 2
€00

|§|2 ~ e-—r;tl _|_ e-rsti —_ 26—'%‘(t1+t2) cos[Am(tz — tl)] + 2 X %

{ e~ @+12-D) [cos ax cos[ Ami(t; — T)] + sin asin[Am(t, — T)]] -

—6_%.-(2t2+t1 ~-T) [COS Q cos[Am(tl — T)] + sin Siﬂ[Am(tl — T)]]}

In the case of diffractive regeneration there is no interference with the ¢ wave function and,

neglecting elastic diffractive scattering after the C'P violation decay:

1

2|cool?

_ Prcg

— l |2 —-rghe-—rs(tg—T)
3 Coo

A2 e

In fig. 21 the asymmetry due to Re(€'/¢) ~ 102 and in fig. 24 the effect of an imaginary
part Im (¢’/¢)corresponding to a 1 degree phase are shown. For comparison in fig. 22 and

in fig. 23 the contributions due to coherent and diffractive regeneration are set forth.

8 GEANT codes and K interactions in KLOE

In tables 13 and 14 the K total cross sections on various nuclei are shown, as obtained

according the standard GEANT codes, GHEISHA and FLUKA.
In the GHEISHA package there is a warning that these cross sections cannot be trusted for
K1 momenta lower than 2 GeV /c. Nevertheless variation from data in tables is impressive

(a factor of 3 + 10, depending on the atomic number).
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Figure 21: Asimmetry introduced in the intereference pattern by Re(e'/e ~ 10~3).
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e | | |0 [ 00| 0 | @ | o |
Mev/c | (b) | (b) |(b) | (b) | (b) | (b) { (b)
1.7 | 2.4 | 5.0

-%

Table 13: Cross section from GEANT simulation for Ky using GHEISHA package.

FNEREEER
Mev/c | (mb) | b) | (8) | (0) | (®) | () | (®)
168 0.0 001 00100] 004§ 0.0} 0.0

Table 14: Cross sections from GEANT simulation using FLUKA package.
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| Nucleus | Thickness O ol J

i il P
He ' 200 81+16 | (4.324+0.86)-10*
Be 0.05 261+52 | (1.61+0.32)-107°

670+130 | (4.03 +0.81)-10*

Table 15: Cross section and interaction probability in KLOE.

In the case of the FLUKA package there is a much better agreement with the data, but
unfortunately there are no inputs at low K; momenta. On the other hand NUCRIN, the
GHEISHA package for inelastic K interacti;ons, is more realistic (that is, A and ¥ are
produced as expected).

In conclusion elastic and inelastic K7 interactions have been implemented in the KLOE
MonteCarlo, GEANFI, according to the present note, both total and differential cross sec-
tions and according to NUCRIN, for the various inelastic interactions. Regeneration is a
separate case.

Ky, elastic scattering has to be taken into account if kinematical constraints between K¢ and
Ky are applied. In fact the two kaons are expected to be a]ign-ed, apart from a small boost
due to the crossing angle of the incoming et e~ and due to radiation before their interaction.
The probability for elastic scattering in the various KLOE materials are reported in table
15. |

The interaction probability in the e.m. calorimeter has to be known for tagging the K s by
means of the K decaying or interacting.

Taking into account that the e.m. calorimeter is made of scintillating fiber, lead and glue

in the ratio 42:42:10, the pre;)bability a K does not interact is:
Py = exp[—(aF® . ppp - IP® + 6% - p© - I1€)] ~ 0.28

The probability that a K7, does not decay or interact in KLOE is

Lch + Lcal
Lk, P, /m,,

P = exp( ) ~ 0.12

By the way Kg decay events, if the K7 has not been detected, can be a background for 77

interaction identification ete™ — ete~ wwciteZallo).
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9 Kg regeneration inside the drift chamber

In the following the order of magnitude of the correction needed on the Re(€ /¢) Iheasure-
ment, because of the Ks regeneration in the gas of the KLOE drift chamber, is estimated.
A fiducial volume (R =~ 1.5 m radius) to detect K decay is defined in the KLOE drift
chamber, filled with 90 % He and 10 % Isobutane. Most of the K, are detected on a plane
perpendicular to the beam axis ( due to the Siﬁz 0, angular distribution).

According to the regeneration cross sections, the probabilities to have K5 regeneration due

to the gas (6,4, = 2.7 X 10'? molecules/cm?®) of the KLOE drift chamber are given by:
Qe ™ OHe 6 .0.9R~107*

acH,, ~ (40¢c + 100,) -6 -0.1R ~ 1.2-107*

The probability p to hit a wire, the amount ! of Kz, path through the wire and the proba-

bilities a,, to have Kg regeneration due to the wires of the KLOE drift chamber are given

by:
2N p
P= R

X
[ = —
o P

Ay = (UAINAlPiz + owNwpi ) /R ~0.4- 10~°

where N4; , Nw and pa; , pw are the total number and radii of Al and W wires inside the
fiducial volume.

The K5 regeneration cross sections in the present calculation depend very strongly on
their peculiar behaviour as a function of the kaon momentum. In the case 6f Be the
calculation can be trusted, according to preliminary data from CMD2 [16] and according
to the aforementioned data on He. An upper limit of the Kg regeneration cross sections on

heavy elements, (like C , Al and W) can be obtained assuming:
Oz = OBe (Az/ABc)z/a

However the biggest contributions come from the regeneration on He and H, which are

under control.

The expected angular distributions of the K5 regenerated on He, respect to the K flight

direction, is shown in fig. 19 and that of K5 regenerated on proton are expected to be
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rather flat. Hence a coplanarity cut on the angle between the decay plane and the K, flight
direction should be applied safely. In this way, looking for C'P violation in the K decay,
the contamination from regeneration events is strongly reduced: for instance a factor of 4
after a 30 degree cut can be achieved.

In conclusion the total regeneration probability a,., in the KLOE drift chamber is

Qpe; = ].0'-4

times the probability the K1 does not decay before.
The number of events Ky — n#F7x (N,_) and K — 7%%%(Ngo) detected in the fiducial

volume are related to a by:

Ny_ >~ Np(1- eR/“’L) [B_I,f_ + Q%B_S}__]
R/xp, L XL s
Noo~ Np(1—ce ) [Bgo + a"R“Boo]

where N are the K crossing the fiducial volume, X the K mean free path, and B’s are

the Ky, Kg relative branching ratios into two pions. Therefore:

¢ € B3 X
Re(:)true = Re(_e_)c:rp (1 + 00 L)

a
B, R

In conclusion ~ 10 % enhancement is needed to estimate Re(¢’/¢), due to the expected con-

tamination from Kg regeneration in the gas of the drift chamber. It is not crucial to have

great accuracy for performing this correction. However few dedicated runs with additional

concentrated regenerators will be enough to evaluate in detail this correction.
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Appendix: cross section tables

In this appendix Kz and charged Kaons cross sections are reported as obtained from the

eikonal approximation for nuclei and from the A.D. Martin analisis for nucleon.
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