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ABSTRACT

Theoretical és.timat'es of neutral-kaon _regene;at’ion é,mplitudes and probabilities are
given for various materials and kaon momenta béﬁweeﬁ 0.35 énd 2.6 GeV /c. These
eétinia_tes can be used, in particular, to optimize experimental conditions at asym-
metric ¢-fa;ctories when regeneration of neutral kaops is involved. As an.example, -
this data is used to find best parameters for a test of hon-local interfereﬁces in

quantum mechanics.
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1 Introduction.

Asymmetric ¢-factories have been proposed a long time ago [1}, and interest
in them has been revived recently [2]. One advantage of ¢-factories over
symmetric ones is that regeneration of neutral kaons can be made in larger
ql’lanfities, because kaon moinenta are ngher and short-lived kaons Kg’s
travel farther inside of a piece of material interposed on their path. To
help design any experiment involving kaon regeneration, this paper gives
‘th‘eoretica.l estimates of kaon-regeneration amplitudes and probabilities in
various materials at kaon momenta between 0.35 and 2.6 GeV/c. This paper
also gives an example of how to use these estimates to optimize a test of
quantum mechanics. - ‘

An asymmetric ¢-factory is an et e'——co}ljder with two beams of different
momenta and an energy in the center of mass equal to the mass of the
¢-meson, 1020 MeV/c2, [3]. Systems of two neutral kaons in a state of
hegative charge conjugation (C' = —) are produced with a cross section
of about 1.3 ub. Let Et be the highest of the two beam energies. The

momentum Pyzon of the kaons is related to Et,

1(., 026GeV?\~Et

It is possible to build an asymmetric ¢-factory as an add on to an intense
light-source, [1] or to a.n'asymmétric B-factory, {4]. Such light-source or B-
factory would already have an electron or a pbsiton beam of energy .probably
‘between 0.7 and 5 GeV aﬁd that beam could be used in the asymmetric ¢-
factory as the beam of highest energy Et. Then to optimize experimental
- conditions of kaon regeneration at such ¢-factories, one needs estimates of

kaon regeneration probabilities in the momentum range considered here,
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0.35-to 2.6 GeV/c. Of course these estimates may be approximate but fhey
should be given for a wide variety of materials.

2 Regeneration Probabilities.

Let oot be the total cross section to K, L’é of the atoms of a material, v the
atomic density, and £ the thickness of the regenerator. Neglecting the decay
probability of the long-lived kaon K, one can compute the K -attenuation
factor due to nuclear absorption and scattering in the régenerator, i.e. the

- probability pgnru for a Kz not to interact in the material :

Pehra = € 10tt ’ (2)

For Ks’s, decay probabilities cannot be neglected neither inside nor outside

of the material. The average decay length is
As =54 cm/(GeV/c) Praon - Q (3)

In the regenerator, the K s-attexiua.tion factor is Pghru e~tls,

'Knowing the difference A f betwéen forward scattering amplitudes of K°
and KO by the atoms, the mean lifetime 75 of the Ks, the kaon mass m, the
- K1—-Kg mass difference Am, and the time t taken by the kaon in its own
rest frame to tr#verse the regenerator, one can predict the probability p,.eg'en'

for a kaon to be coherently regenerated [5] :

Pregen = |p* Phru » 4)
where p = _2:._5 —Am m In , (5)
and ko= 1 elmtiam)t | (6)



A computation of scattering ampliiudes based on an optical model, [6];
and charge symmetry was made for various élements, using measured pro-
tons and neutrons total cross sections to K+ and K -, [7], and nuclear distri-
butions of nucleons given in Réf. [8]. The total absorption cross section oo

for K’s (whichvis the same as for Kg’s), the real part and the ima,ginary -
ba,rts of Af in various elements at various kaon niomenta. have been com-
puted and are given in Tables 1 to 10. The data for hydrogen and nitrogen
have been included, for the case where these elements would be components.
of a chemical compound used in the regenerator. |

As a function of the regenerator thickness, fhe number of regenerated
kaons first increases, then reaches a maximum [5] because of Ks 'déc#y and

' absorptibn in the material. For each kaon momentum and each one of the el-
ements of interest, Tables 1 to 10 also e;.how the value of that thickness £ along
the path of the kaon that gives maximum regenervationv, the cofrésponding
regeneration probability pregen given by Eq. ‘(4), and the K L-absorption fac-
tdr_ Penra given by Eq. (2) For all elementé including hydrogen and nitrogen,
the atomic density of the solid state was éssuméd. »
Another important parameter in the design of an experiment involving
coherent regeneration is the amount of background due to incoherént regen-
eration (i.e. regeneration associated with a nucleus reqbi]jng in the material).
In vgenera.l that background is distinguishable from the signal (i.e. coherent.
- regeneration) because, in the case of incoherent‘regenera,tion, there is an an- -
glé 0 b'etheen difectioné of incidenf and outgoing kaons. However,' because
of limited ekper_imenta.l resolution 6@ in the determination of the angle 6,

background and signal cannot be distinguished in very forward directions.



There is a cone of ambiguity of solid angle
Q=nb6%. (7)

An expression for the a.moﬁnt of incoherent background per unit of solid
angle can be found in Ref. [5]. From that expression it is_easy to compute
the ratio of the amount of background that does not get discarded by a cut
'in @ to the s1gna.1 due to the coherent regenera.tlon That ratio i is the product

of the sohd angle Q of that cone of amblgulty by a coefficient B.

npr® = QB; S ®
. n l_e—t/TS
B ~ 6102 Peaon T ), | 9)

where & is the quantity given by Eq. (6). The value of the coefficient B is

given in the last column of Tables 1 to 10 in % per millisteradian.

3 | A Test of Non-Local Desti'uctiVe Interferences.

Hereafter, as an ill_ustré.tioﬂ, Tableé 1 to 10 are used to determine the best pa-
- rameters of a test of noﬁ-loéa.l interferences.of the type suggestéd in Ref. [9].
The relationship between the two—neutral-kabn systeni produced by ¢-decay
and the EPR-paradox, [10], is well known [11], and tests of -non-localify
related to that paradox can be done in experiments involving kaon regener-
ation at an asymmetric ¢-factory [9][12}. | | -_
In the asymmetric factory, both neutral kaons are movingin the direction
of the beam of the highest energy, one kaon slightly a,bove'the beam plane
(the “up” kaon) and ffhe other kaon below that plane (the “down” kaon), .

as shown on Fig. 1. Two regenerators are involved, one on the path of the



Ky,

detector

detector

" Figure 1: Setup for the destructive interference test.

“up” kz;,on and one on the “down” path. On Fig. 1, the two regenerators
are disposed more conveniently from an experimental point of view than in
Ref. [9). They are disposed along a parallel to the beam line at some dis-
tance r, keeping out of the beam which has to be cleared to allow accelerator
operations. However what we refer to as the regenerator thickness £ is not
the thickness normal to the 5eani lihg, Ar, but the distance tra.veled inside
of the material by the kaon along its path. Let © be the angle at which a

. Kg is emitted with respect to the beam line.

' Ar ' ' |
t= §in® ' (10)

For our estimate, for sake of simplicity, we will use an average of sin © in
Eq. (10). |

First, the test consists of chécking that, without regenerators, there are,
only events of typeé KpKs and KsKj, using the first symbol in the evenf '
type to refer to the state of the “up” kaon and the second symbol to the .
state of the “down” kaon. Thén, with only the “up” regenerator in place,
one checks that the number of Ky Ky, events is equal to the predicted num-
ber of “up” Kg’s (from systems born KsKp) regenera.téd into K7, in the

“up” regenerator. Then, similarly, with only the “down” regenerator on, one



checks that the number of K1 K, events is equal to what is predicted from
“down” Ks— K|, regeneration. Finally, with both regenerators in place,
the test requires the measurement of the number ny; of KL K Ievents. In
that final setup, there will be Ks’s regenerated into Ky, in each of the two
regenerators while the associated K7, traverses the other regenerator unper-
turbed, but quantum mechanics predicts also a non-local interference effect
between these two regeneration processes of two different kaons in two dis-
tant regenerators. If, in the computation, one ignores the interference term.,

the number of K1 Kj, events is

no int __

L A N(T) Dregen Pthru 3 . (11)

where N(r) is the number of systems K1 K or Ks K|, where the K g reaches
the location of the regenerators at the distance r from the beam line, Fig. 1.

Let us call n’i‘}, the contribution to nyz of the interference term,

C mpp=nigt - (1)
Quantum mechanics predicts this interference effect to be 100% destructive,

“i.e. niPt to be a negative number of évents
nft = —n33 ™ = —N(r) Pregen Pthru - ()

From Eqs. (12) and (13), one expects npr, to be zero. Any deviation from
zero is a violation of quantum theory. Such violation could be expressed

quantitatively as ' S
nLL NLL
= — =’ . 14
ni‘},mt N (1‘) DPregenPthru ( )




4 Optimization of the Test Parameters.

To detecf the smallest possible violation € for a given integrated luminosity,
the product pregen Pinru should be maximized. The optimum kaon momen-
tum could be found by looking at the values of pregen and pinru of Tables 1

.to 10. The maximum value of the product pregen Pihru is
Pregen Pthra =2 1073 o (15)

for a kaon beam of 0.7 GeV /c.and a regenerator 9 cm long made of c_dpper.
According to Eq. (1), that kaon momentum could be obtained in a ¢-factory

where the highest of the two beam eneérgies is about
Et=16GeV, (16)

and the lowesﬁ beam energy about 160 MeV.

For these beam condjtxons let. us determine the pa.rameters of an exper-
iment that could detect a violation € as httle as 0.01. The actual measured
number nf§* of K1 K|, events is the sum of the contributions of the sig-
nal nrj (coherent iegeheratio’n) due to the reduction of the interference
term by the factor 1 —¢ , and of the incoherent regeneration nz‘ikg given by

) .
Eq. (8), and which is not subjected to a non-local interference effect :

nyes = nLL+n.L‘}Jk“_en°“"‘+QBn“°“‘t (17')‘
€ = '@J— B, L . . (18)

where B is the coefficient shown in Table 8, i.e. 5%/mstr.
One contr_ibﬁtion,to the systematic error on € comes from the ﬁncerta.inty

on the solid'énglé Q of the cone of ambiguity. Assuming Q is known with a



relative error of 50% or less, a violation of € of 0.01 can be detected if

.0 9B = 001, ' (19)
ie. Q = 031 —02mstr - (20

Thus, using Eq. (7), we need to measure the angle  between incident and

emerging kaon on the regenerator with an accuracy equal to or better than

50 = /gg:;str = 8 milliradian . - (21)

As to statistical errors, we want to insure a2 minimum two-standard-
devia,tibn significance of the measurement if € is-equal to or larger than
0.01. For that purpose, the one-standard-deviation statistical error on n‘f}f‘“v-
should be smaller than half the signal, i.e. € n?3®. Using Eq. (17), one

needs

\/ (e + QB) 2o int ¢ 5 € n‘l‘,‘},““ (22)

) Q is equal to or smaller than the value defined in Eq. (19), Eq (22) can

satisfied for any € larger than 0.01 by making

g = 1000 events , (23)
i.e., using Eqs. (11) and (15),

N(r) = 500 000 events . (%)

N(r) is the number of events where the K s reaches one of the two regen-
erators shown on Fig. 1. It dépends on the distance r of the regenerators to .
the beam line, which is hopefully small but is limited by the characteristics

of the accelerator. To puréue the calculation, we will use the figure .

r=1cm. ' - (25)



To reach a regenerator, K s emitted at an angle © from the beam line have to
travel a distance 1 cm/sin ©. From Eq. (3) and from invariance of transverse
momenta in Lorentz transformations, the attenuation due to the Kg decay

can be computed as

el cm/(\ssinS) — 168 /sn@* a % , (26)

- where @ is the angle of the Kg with respect to the beam djrectidn in the
¢ restframe; sin © is about 0.85 in average.

It follows that about 5 million ¢—neutral kaons are needed, i.e. a,nb
integrated luminosity of about 4 pb‘l.' Such integrated lﬁnﬁnosity could
be reached in one effective month (= 10 seconds) of running time with an
average luminosity of 4 10% ém"zs’ll.

Note that, using the present data, we reduced the value of the integrated
luminosity needed for the test by a factor of more than 30 below the values

of luminos‘ify considered to be necessary in Ref. [4].

5 Conclusions.

Reéenera.tion amplitudes and probabilities have been calculated for kaon
momenta éf 0.35 to 2.6 GeV/c. They are summarized in Table 1 to 10.
They can be used in any experiment involving kaon regeneration in this :
momentum regjon. | ‘

‘ An example of possible use of those tables has been given and shows
that a test of non-local interferences could be pursued with a sensitivity
to violations as small as 1% in reduction of the intei‘ference term, at a ¢

fa.étory with a beam of 1.6 GeV colliding with a beam of 160 MeV, a month



of running timé at an average luminosity of 4 10%°, and a resolution on the
measurement of the angle 4 better or equal to 8 milliradian.

If there is no op’portunify to build a ¢-factory such that the highest
energy of the two beams is 1.6 GeV, Table 1 to 10 can still be used to find
the optimum conditions with other kaon momenta. Data has been given
for various elements to handle cases where the construction of the machine

requires that these elements lie in the path of the neutral kaons..
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O | RAS) | S(AF) || € | Pregen | Pihru B
(mb) | (Fermi) | (Fermi) | (cm) | x1000| % | %/mstr
26. | 026 | -041 || 90 | 000 | 099 38
25. | 030 | 042 | 100 | 000 | 099 | 43
21 | 035 | 030 | 130 | 000 | 099 | 54
21, | 048 | 03¢ | 150 | 000 | 099 | 65
23. | -0.76 | -0.40 | 180 | 000 | 098 | 76
o4, | 078 | 042 | 200 | 000 | 098 | 87
2. | 088 | -065 | 220 | 001 | 097 | 98
30. | -031 | -0.85 | 240 | 0.00 | 097 | 109
27. | -0.23 055 | 280 | 000 | 097 | 120
26. | -040 | -050 | 300 |{ 000 | 096 | 130
24. | 050 | -057 || 320 | 000 | 097 | 141
23] -055 | -0.51 || 340 | 0.00 | 0.96 15.2
93| 055 | -046 | 380 | 000 | 096 | 163 -
22. | -051 | 042 | 400 | 000 | 096 | 174
21, | -0.60 | -0.36 | 440 | 000 | 096 | 196
20. | -0.66 | -026 | 480 | 000 | 096 | 217
20. | -064 | -020 | 480 | 000 | 096 | 241
19. | -060 | -0.16 || 480 | 000 | 096 | 266
18, | -069 | -0.07 | 480 | 000 | 096 | 205

Table 1: HYDROGEN - Kaon momentum m,o;,, total cross section gy, real
and imaginary parts of the regeneration amplitude A f; optimized regeher—
~ ator thickness £, corresponding regeneration bprt‘)ba.'bility' Pregen, and absorp-

* tion factor Pehru; percentage of background due to incoherent background.
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ot | RS | SB[ ¢ | Progen | P | B
(mb) | (Fermi) | (Fermi) || (cm) | x1000 | % - | %/mstr
248. | 333 | 334 [ 70 | 070 | o081 1.4
241, | 297 | 367 || 80 | 068 | 079 | 16
190. | 348 | 290 | 100 | 063 | 079 | 21
181 | 439 | 314 | 120 | 086 | 076 | 25
181. | -5.70 | -3.87 | 140 | 134 | 073 | 29
193. | 564 | -4.63 | 150 | 141 | 070 | 3.3
207. | -5.66 | -5.74 || 160 | 160 | o066 | 38
219. | -3.90 | -6.22 | 180 | 123 | 061 | 4.2
206. | -2.16 | -5.15 | 190 | 070 | 062 | 47
196. | -277 | 415 | 200 | 055 | 062 | 52
182. | -381 | -3.93 | 220 | 066 | 061 | 56
182. | -4.76 | -3.94 || 240 | 081 | 0.58 60
183. | -5.19 | -4.48 || 24.0 | 096 | 0.58 ° 6.6
179. | -4.92 | 439 | 260 | 086 | 056 [ 7.0 -
177. | 479 | 467 | 280 | 083 | 054 | 81
175. | -5.33 | -5.02 | 300 | 004 | 052 | 9.
167. | -5.61 | -431 320 | 085 052 | 102
164. | -580 | -4.30 | 340 | 085 | 050 | 113
161. | -6.06 | -410 || 360 | 083 | 049 | 124

Table 2: BERYLLIUM - Kaon momentum pyaon, total cross section oo, real
and imaginary parts of the regeneration amplitude A f; optimized regener-
ator thickness ¢, corresponding regeneration probability Pregen, and absorp-

tion factor Penru; percentage of background due to incoherent background.

14



| ot | RAS) |SAS | £ | Pregen | Pra | B
(GeV/c)| (mb) {(Fermi) | (Fermi){ (cm) { x1000{ % % [mstr
300. | -3.75 | -361 || 70 | 126 | on1 1.1
201. | 341 | 390 | 80 | 124 | 069 | 13
235. | -4.00 | -330 | 100 | 120 | 069 | 16
298. | -5.02 | 360 | 110 | 164 | 087 | 19
231. | 649 | -465 | 120 [ 250 | 064 | 23
243. | 637 | -543 | 140 | 251 | 058 | 26
258. | 632 | 672 || 140 | 276 | 056 | 3.1
269. | -420 | -7.08 | 150 | 201 | 052 | 35
955. | -247 | 578 | 160 | 114 | o052 | 39
245. | 326 | -472 | 180 | 092 | 049 | 42
229, | -448 | -458 | 190 | 114 | 050 | 46

298.°| 551 | <456 | 200 | 134 | 048 | 51
229. | 597 | 511 || 200 | 153 | 048 | 56
205. | -5.60 | -498 || 220 | 138 | 045 | 5.9
221. | 564 | 524 | 240 | 131 | 043 | 638
219. | 628 | -555 | 240 | 143 | 043 | 80
210. | -660 | -4.76 | 260 | 120 | 042 | 89
206. | 687 | -4.72 | 280 | 127 | 040 | 98
202. | 736 | 445 | 300 | 122 | 038 | 107

—_— —n ——e

Table 3: CARBON - Kaon momentum Pyaon, total cross section oo, real
and imaginary parts of the regeneration amplitude A f; optimized regener-
ator thickness ¢, corresponding regeneration probability pregen, and absorp-

tion factor pyp; percentage of background due to incoherent background.
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o |RAN[SBH] ¢ [ Pogen | Pimu | B
(mb) | (Fermi) | (Fermi) | (cm) | x1000 | % | %/mstr
338. | -41 | 38 | 80 | 014 | 089 | 4.0
327. | 38 | 43 || 90 | 015 | o088 | 45
268, | -44 | -36 11.0 | 0.15 | 0.8 | 5.7
259. | -55 | -41 || 140 | 021 | 0385 68
23. | -71 | -52 || 150 | 033 | 084 8.0
276. | 69 | -60 | 17.0 [ 035 | os1 | 91
292. | -68 | 74 | 190 | 040 | 078 | 103
303. | -46 | 7.7 || 200 | 031 | 076 | 115
288. | 27 | 63 | 220 | 018 | o075 | 127
277. | -36 | 52 | 240 | 015 | o074 | 138
20. | -50 ‘| -5.0 || 260 | 018 | 074 | 150
259. | -61 | 50 | 280 | 022 | o072 | 161
260. | 66 | -5.6 | 300 | 026 | 071 | 173
955. | -63 | -55 | 320 | 024 | o070 | 184
952. | 62 | 58 | 340 | 024 | 068 | 210
249. | 70 | 61 | 380 | 027 | o066 | 233
239. | 73 | -52 | 400 | 026 | 065 | 26.0
1234 | 76 | 52 | 440 | 026 | 063 | 283
931. | -80 | -49 | 460 | 026 | 063 | 310

Table 4: NITROGEN - Kaon momentum pyaon, total cross section oy, real
and imaginary parts of the regeneration amplitude A f; optimized regener-
ator thickness £, corresponding regeneration probability p,egen, and absorp-

tion factor pinr; Percentage of background due to incoherent background.
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Ot | R(AS) | SAS) | £ | Progen | Pbra | B
(mb) | (Fermi) | (Fermi) | (cmm) | x1000 | % | %/mstr
'503. | -68 | 55 || 70| 055 | 078 | 30
572. | -63 | -63 | 80 | 055 | 076 | 34
a1 | 14 | 56 | 100 | 059 | 015 | 42
463. | -90 | 66 | 120 | 082 | 072 | 51
469. | -11.4 | .86 | 130 | 126 | 069 | 60
487, | -110 | -100 || 150 | 127 | o6a | 69
510. | -106 | ‘120 | 160 | 138 | o061 | 79
5%. | -7.3 | -123 | 17.0 102 | o058 | 89
504. | -45 | -101 | 180 | 060 | 058 | 99
a87. | 59 | -82 | 200 | 040 | 056 | 108
460. | 82 | -81 | 220 | 061 | 054 | 116
460. | -100 | 81 || 220 | 074 | o054 129
461. | -108 | -91 | 240 | 085 | 051 13.7 
453. | -104 | -89 || 240 | 078 | 052 | 15.0
447, | 103 | 94 | 260 | 075 | 050 | 172
444, | ;115 | 100 | 280 | 084 | 047 | 195
a2, | 122 | 87 || 300 | 077 | 046 | 207
419. | -128 | 86 | 320 | 077 | 045 | 24.0
413. | -134 | 82 | 340 | 076 | 043 | 263

Table 5: ALUMINUM — Kaon momentum Piaon, total cross section oo, real
and ima.gina,ry parts of the regeneration amplithde,A f; optimized regener—
“ator thickness £, corresponding regeneration probability p,.esen,. and absorp-

tion factor pinru; percentage of background due to incoherent background.
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Puaon | Ot | RAS SO | £ | Pregen | Pwu | B
(GeV/c)| (mb) |(Fermi)|(Fermi) | (cm) | x1000| % | %/mstr
035 | 617. | -70 [ -59 | 70 | 043 | 081 | 36
040 | 506. | 65 | 67 [ 80 | 044 | 079 | 41
050 | 498. | 77 | 60 | 100 | 047 | 078 | 51
060 | 485. | 9.4 | 70 | 120 | 065 | 075 | 61
070 | 4903 | 119 | 91 | 140 | 101 | 071 | 71
080 | 511. | -11.5 | -105 || 150 | 102 | 068 | 83
090 | 536. | -111 | -127 | 160 | 112 | 065 | 95
100 | 553 | 75 | -129 | 170 | o83 | 062 | 107
110 | 520. | -47 | -105 || 190 | 048 | 060 | 117
120 | 511. | 62 | -86 [ 200 | 040 | 060 | 129
130 | 483. | 86 | 85 | 220 | 051 | o059 | 139
140 | 482. | -105 | 85 | 240 | 061 | 056 | 149
150 | 484. | -113 | 95 | 240 | 0.70 | 0.56 164 -
160 | 475. | -109 | 93 | 260 | 064 | 054 | 174
180 | 468. | -109 | 9.8 | 280 | 062 | 052 | 200
200 | 465 | -121 | -104 | 300 | 070 | 050 | 226
220 | 447. | -128 | -89 | 320 | 064 | 049 | 252
240 | 439. | -134 | 89 | 340 | 065 | 047 | 279
| 260 | 432 | -140 | 84 | 360 | 063 | 046 | 306

Table 6: SILICON —Kaon momentum pyaon, total cross section oy, real and
imaginary parts of the regeneration amplitude A f; optimized regeneré,tor '
thickness £, corresponding regeneration probability pregen, and absorption

factor pynra; percentage of background due to incoherent background.

\

18



e ————

Praon | Gt | R(ASF) | S(AF) | € | Pregen | Pru | B
I(GeV/c) (mb) | (Fermi) | (Fermi) | (cm) | x1000 | % % [mstr
" 035 |1054. | -107 | -72 | 60 | 175 | o057 | 21
040 |1013.| -101 | -86 | 70 | 1.75 | 054 2.4
050 | 868. | -120 | -85 80 | 206 | 054 3.1
060 | 845. | -144. | <105 | 90 | 277 | 051 | 3.9
070" | 856. | -17.7 | -141 | 100 | 396 | 047 4.6
" 080 | 879. | -167 | -161 || 110 | 367 | 043 | 54
090 | 909. | -15.7 | -i9.1 | 110 | 367 | 0.1 6.5
1.00 | 928. | -109 | -188 [ 12,0 | 253 | 0.37 7.3
110 | 896. | -7.3 | -155 | 120 | 148 | 0.39 8.6
120 | 873. | -96 | -127 | 130 | 120 | 037 | 94
130 | 833. | -133 | -126 || 140 | 154 | 036 | 102
140 | 833. | -161 | <127 | 140 | 178 | 036 | 116
150 | 836. | -17.4 | -143 | 150 | 200 | 033 | 124
160 | 822. | -169 | -140 | 150 | 179 | 034 | 139
180 | 813. | -169 | -14.8 || 16.0 | 166 | 032 | 163
200 | 807. | -188 | -158 | 17.0 | 1.78 | 030 | 188
220 | 781 | 202 | -13.7 | 180 | 162 | 029 | 214
240 | 769. | -211 | 137 || 190 | 157 | 028 | 240
260 | 758. | -22.2 -139 200 | 150 026 | 266

—

Table 7: IRON - Kaon moméntum Dkaon, total cross section oo, real and
imaginary parts of the regeneration amplitude A f; optimized regenerator
thickness £, corresponding regeneration probabﬂjty Pregen; and absorption

factor pehru; percentage of background due to incoherent background.

19



Praon | o | RN | SAN| £ | Progen | Puru | B
"(GeV/c) (mb) | (Fermi) | (Fermi) || (cm) | x1000 | % % [mstr
035 |1235.| -125 | -83 || 60 | 210 | 053 | 22 |
040 |1187. | -11.9 | -100 | 60 | 211 | 054 | 26
050 |1013.| -14.0 | 98 f 80 | 247 | 050 | 32
060 | 983. | -17.0 | -121 || 9.0 | 329 | 047 | 39
0.70 | 991. | -208 | -163 | 9.0 | 467 | 046 | 50
080 | 1019. | -19.6 | -187 | 100 | 431 | 042 | 58
090 | 1055. | -185 | 221 || 100 | 425 | 0.0 7.1
1.00 |1078.] -13.1 | -220 || 1o | 295 | 036 7.9
110 |1041.| 86 | -182 | 120 | 172 | 034 | 88
120 |1013. | -11.2 | -149 | 120 | 137 | 035 | 102
130 | 966. | -15.5 | -146 || 130 | 174 | 034 | 110
140 | 967. | -188 | -148 | 140 | 203 | 031 | 119
1.50 | 971. | -204 -16.8 140 | 227 0.31 13.4
160 | 955. | -198 | -164 | 140 | 204 | 032 | 151
180 | 945. | -19.7 | -175 | 150 | 187 | 030 | 176
200 | 939. | -220 | -188 || 160 | 199 | o027 | 203
220 | 908. | 235 | -163 || 170 | 181 | 027 | 23.0
240 | 894. | 246 | -164 [ 170 | 175 | 027 | 270
260 | 882. | 259 | -156 | 180 | 167 | 025 | 208

i

Table 8: COPPER — Kaon momentum pyaon, total cross section oo, real and
imaginary parts of the regeneration amplitude A f; optimized regenerator
thickness £, corresponding regeneration probability p,.egen, and absorption

factor ptm; percentage of background due to incoherent background.
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"pm o |RAS) (AN | £ | Pregen | P | B
(

GeV/c)| (mb) |(Fermi) | (Fermi)| (cm) | x1000| % [ %/mstr
035 |2087.| 230 | 82 [ 45 | 199 | 043 34
040 |2855. [ -231 [ -129 § 50 | 208 [ 041 4.0
050 |2513.1 284 | -148 | 60 | 290 | 039 | 5.1
060 |2428. | -336 | 210 | 70 | 383 | 034 | 62
070 |2416.| -39.6 | -306 | 7.0 | 524 | 034 | 81
080 |2442.| -360 | -355 [| 7.0 | 453 | 034 | 103
090 [2487.| -328 | -407 | 80 | 415 | 028 | 114
1.00 | 2520. | -246 | -394 | 80 | 283 | 028 | 138
110 | 2462. | -177 | 333 || 80 | 170 | 0.29 16.5
120 | 2424.| 222 | 269 | 90 [ 132 | 025 | 175
130 |2343.| 310 | 264 [ 9.0 | 169 | 026 | 203
140 |2350. | -37.3 | 273 || 9.0 | 196 | 026 | 233
150 |2359. | -405 | 315 | 100 | 218 | 023 | 242
160 | 2320. | -309 [ -311 | 100 | 197 | 023 | 274
180 |2312. | -306 | 333 || 100 | 176 | 023 | 342
200 |2302. | 442 | 367 | 100 | 186 | 023 | 419
220 |2243. | 482 | -323 | 10 | 171 | 021 | 461
240 |2218. | -506 | -328 | 110 | 1.63 | 021 | 546
260 |2196. | -535 | 317 | 110 | 1.56 | 022 | 6338

Table 9: TUNGSTEN - Kaon momentum piaon, total cross section oy,t, real
and imaginary parts of the regeneration amplitude A f; optimized regener-
ator thickness £, corresponding regeneration probability pregen, and absorp-

tion factor pynr; percentage of background due to incoherent background.
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Phaon | Ot | R(AS) | S(AS) £ Pregen | Pthru B
(GeV/c)| (mb) |(Fermi) | (Fermi) || (cm) | x1000| % | %/mstr
035 |3207.| 220 | 72 [| 60 | 079 | 053 | 57
040 | 3060. | -23.3 | -109 60 | 086 | 055 6.9
0.50 | 2713. | -29.2 | -14.2 8.0 127 | 049 8.3
060 |2619.| -345 | 208 | 9.0 | 1.78 | 046 10.3
0.70 | 2600. | -40.6 | -30.7 9.0 | 253 | 046 13.1
0.80 | 2621. | -36.8 | -35.8 || 10.0 | 229 | 0.42 15.2
090 | 2664. | -334 | -41.1 | 110 | 216 | 0.38 17.4
1.00 | 2699. | -25.3 | -39.8 [ 110 | 1.53 | 038 | 207
110 | 2641. | -18.3 | -33.8 || 12.0 | 0.94 035 | 229
120 | 2604. | -228 | 272 || 12.0. | 0.75 | 0.36 26.7
1.30 | 2523. | -31.9 | -26.7 || 13.0 | 097 | 0.34 28.9
1.40 | 2531.°| -383 | -27.7 || 14.0 | 1.15 | 0.1 31.1
150 | 2541. | -41.6 | -319 | 140 | 130 | 031 35.1
160 | 2500. | -41.1 | 315 | 140 | 120 | 031 304
1.80 | 2492. | -408 | -339 || 150 | 1.10 | 0.29 46.1
200 |2482. | 456 | -37.4 | 160 | 119 | o027 53.0
220 | 2423. | -49.7 | -330 | 170 | 1.12%| o0.26 60.1
240 |2397.| -522 | -335 | 17.0 | 109 | 0.26 70.6
260 | 2374. ] -55.3 | -324 || 18.0 | 1.06 | 0.25 78.0

| Table 10: LEAD - Kaon momentum pya.n, total cross section oy, real and
imaginary parts of the regeneration amplitude A f; optimized regenerator
thickness £, corresponding regeneration probability pregen, and absorption

factor pinru; percentage of background due to incoherent background.
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