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Neutral Kaon Regeneratlon in the Momentum
Reglon of 14-50 GeV/e

.The measurement results ' .are presented for the ;
neutral kaon regeneration amplitude in the momentum re-
gion 14-50 GeV/c. The results are compared with the calcu

" lationsover Regge model and dispersion relations.
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Previously we have reported the first results of the neutral
kaon transmission regeneration measurements on hydrogen in the mo -~
mentum region of 1442 GeV/c /1/. It is shown that the modulus of | '
the regeneration amplitude- decreases with increasing energy and the
phase is consistent with the constant value q’oq = (-118 + 13)0. For
.independent determination of the modulus and phase energy dependence,(
‘it is necessary to increase both statistical accuracy and decay zone

length where K° and Ks decay amplitudes interfere. :

This report presents the results of new’ measurements for the
decay zone enlarged from 6 %o 9 m in length. ‘

As before /1/, two plon decays of kaons were selected out of
all detected by a spectroneterﬂ/z/ (£ige 1) with the help of 3 se—
lection criteria s v .

1) decaying particles should not be leptons, : )

2)-the invariant ‘mass ﬁﬁr of two/decaying particles identified
as pions must be in the kaon mass region, ’

3) the scattering angle © between incident and reconstructed
directions of the kaon flight must be close to zero. The limits of
the selection criteria were‘placed on 3‘standard deviations for the -
corresponding momentum : G‘md= 2,06 (MeV) + 0,058 x P (MeV/GeV/c)
and G @2= 0.0172 (mrad)® + 9.4 x P 2 (urad®X(GeV/c)?).

The ‘invariant mass and angular distributions of candidates;into
two pion events with the help of which the above resolutions were  .°
determined‘are'shown in figs. 2 and 3. The total number of observed
two pion events was about. 5 000 and 800 in measurements with and ‘
without hydrogen, respectively.

All gselected two pion eVents with a momentum from 14 to. 50 GeV/c
were divided into momentumwbins of + 2 GeV/c.!Insideyeach,monentum

bin the events were‘divided into time'bins. Time was measured in”the



-rest frame of the kaon ctarting from t O at the end of the hydro-"
gen target. 'I‘he obtained time distributions of two pion events were
fitted by the known interference formula. containing the modulus
" I f21 (p)_l_ and the phasek(PZ,] ‘(p)-of theoregeneration,amplitude‘
dN“( MSéer l r+.+
pt) (5 E(p) War P(v) exp(— )

_dpdt

+ lVb l e_xp(-r 'l:) +2'P(P)l W+—| eXP( l‘,_+r; 9 m(8t+ ®- q?')

where )
| <P§>(P) @ () + I 0“"3 P(P)
and. : . / 4 _ exp({:g_ %)C

Py = —— 5~ 5)

‘A1l remaining notations are similar to those of the report /" / Ha-

ving performed the f£it procedure, we used the spectrum S(p) of kaons
reconstructed from detected K,o,,'-_., decays; The effioiency of the spect—
~rometer & (p,t) was calculated by the Monte-Carlo method including

experimental'errors and multipie scattering, The spectrum and effici—
ency caloulation was checked by reproducing the mass-and angular re-
solution of the‘spéctrometer‘and by‘fitting the time distribution 'o'f;

Kg' —7JT+JT-‘>’ events without hydrogen térget H



Mo e (M (ot War | i,
—d—;:w = M- Ste> E(p) Wor 1T

For the value °fl'[,. l 92 x '10 3 we obtained the best fit
with j = 50 (74 a.f.) for Mv determined from the observed nun-
ber of K,u decays (see fig. 4), For. the measurement with hydrogen
ve performed 2 modifications of the fit procedure 3

.1) MH" P (p)l and (921 (p) were considered as fyre'e parame-
ters and . '

2) My LP (p)l were free parameters while (92’1(1)) const
was c;upposed to be common for all momentum bins.

_ In the first cage we obtained the best fit for (P21 (p) shown
‘in fig. 5 with )( = 46 (86 d.f.). In the second case the best fit
was obtained 'for.the mean value of (Pg,1 = (=131 & 8)° witl.ilya =
= 51 (93 dofu)e In both the cases the minimum of j‘a was obtained
for the same value of MH ‘The shape of the j 2. curve is ;shown in
the insert of fig. Se

The £itted time distribution and the values of 2- | o4 (@) | /K

calculated from the last fit are shown in fig. 6o

The conclusions drawn from the above results are the ‘following 3

1) The regeheration phase is energy independent in the region

of 10~50 GeV and within experimental errors coincides with the value *
of ~ 130° predicted by the complex angular momentum model (CAM) for
P and W poles with cuts /3/, ‘

2) The modulus oi’ the regeneration amplitude decreases with -

increasing energy by the law 2+ o] £54 (@) | /K = (079 £ 0.3) x 50053*3
mbX(GeV/c) which 1s also very close to the CAM prediction forﬁ and

w contribution to ' the scattering amplitude /3/



3) Both the phase and the modulus of regeneration amplltude
_measurements exclude the Pomeranchuk theorem /47 violation in kaon
and antikaon “scattering phenomena,

‘ 4) Our results are not in agreement with more sophistlcal CAM
_ models such as complex Regge-poles,lP-, W-poles and dipoles and
g0 on /5/.
» 5) The .difference between the total cross—sections of the: neutral
" kaon'and the antikaon on potons AS (p) = tot (x° p) - G?tot(K %),
ucalculated from the measured lf21 (p)l and.q>24 using the optical
theoren, decreases with increasing energy as
AG (p) = (7.3 +3) xp 0?3 2013 (see. fig- 7).
Using the isospin invariance .one can compare’our results with the
K" and K~ total cross-section. measurements on neutrons for the same
energy region'/s/; As is seen from fig. 7, both the measurements are
in good agreement; '

6) In ref. 1 Nguen Van Hieu has considered the asymptotic be-
haﬁiour of the fegeneration amplitude and has shown that if its ima-
ginary part‘has a logarithmic energy behaviour at S+ a limiting
ratio must be fulfilled :

) Lo Re £2.(,9

thded _IW\ 'f:l (59

> /A1‘ 6915 >

where A, is a constant, It f31 (8) takes the form, for example,

(2) £3, (8) ~ 5% (1os)? where ol<1
then at S~»o0a the ratie (1) tends to be constant, ,

Not assumiﬁg that the .region of 10-50 GeV/c is ah asymptotic one
for the regeneration process we , however, fested the‘confidence of

beth the hypotheses and found out that our data on the regeneration




phase satisfied better the asymptotic form 2) - fAZ = 4 at 8 degrees
of freedom than (1) -~ f 2 =10 at 8 degrees of freedom.

The~compilation of all available data on the regeneration on

¢

hydrogen is listed in Table I.

In conclusion we would: like to express our deep gratitude to.
Profs. A.M, Baldin and A. A. Iogunov for their continuous support of
this experiment, We are also thankful to our colleagues A. Maier,

KsF. Albrecht and H. Risek from the Institute of High Energy Physics
i(Zeuthen,.DDR) for‘generating the events by the Monte-Carlo method.
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TABLE I

Compilation of the Hydrogen Regeneration Data

\

7 .
> Refsg

P, | 2|£2, | /K,mb 0., degred  AG ,mb | (as/at)—22——

Geve 21| /B | @21 o (GeV/c)
I,3-2.0 | 0.81+0.25 132414 I.3140.40 B
2,0-3.3 | 0,65+0,I5 =1294+13 0.85+0.20 f
6 0.41s0.12 = | -123:18 0,34+0.10 o
8. 0.34+0.13 152519 0.240,09 Y

- , N
R : o
3-10 | 0.43s0.II | -IOIsh2 | 5.4s1.4 0,38*+220. -, PR
- = S I70 o
| | S
: - N
2-3.0 | 0.8440.16 . 7.2t 1.4240.27 RE
' ’ S - : NE

3-4 0.5610.11 | 4.'7%-% 10.6340,12 <8
| 0.8 ’ 5
4-5 0.5640.14 ~13217 b7or8, | 0.63s0.16 RS
T4-I8 | 0.234s0,043 { -I58+25 | 2,2240.46 | 0,III+0,041 | @ E

HO

18-22 | 0.I4750.0I5 | -I34I5 | I1.39s0.I4 [ 0.044+0.009 | 5
22-26 | 0.149:0,012 | -I24sl2 | 1.42:0.I2 | 0.045:0.007 | &
26-30 | 0.123:0,010 | -144aI3 | 1.1740.09 | 0.031s0.005 [ *
30-3% | 0.13620,010 | -131<13 | 1,29:0.10 | 0.037+0.006
34-36 | 0.1200.010 | -125:16 | 1.14£0.08 | 0.029+0.005
3852 | 0.109s0.012 | -142s29 | 1.03+0,09 | 0,024+0.005
. 42-50 0.097+0,012 - 90+35 0.92:0.09 0. 0I9z0.005
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INVARIANT MASS DISTRIBUTIONS

Fig.a. The invariant mass distribution of the events with
<3 Sga ()+ The solid end dashed lines are the.
result of approximation of experimental distributions

by superposition of the Gaussian curve and constant

background.
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The ang;ular distribution of the events with 498-3-6‘m(p)<
Mo < 498 + 3-611; (p). The dots are the result of approxi-
mation of exper;ﬁental distributions by.superposition of
the VkGéussia.n curve and straight 1ine.The linear parts repre-—

senting the background are shown by the dashed line,
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Fig.4.
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