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" The investigatio'n of the energy dependence of the neutral -
keon regeneration on different materials has been proposed in -

) '1'9‘6"7“'/1! 2/' Since the 'phenomenonbof regeneratibn' is" due to the
fact that K° and X° interact w1th matter in a dliferent wa,y/3’ 4/
the investigation of the transmission regeneration on hyd.rogen
and deuterium can give an 1mportant information on the energy
dependence of ‘the K° p and K°n scattering amplitudes and, in par—
ticular, it enables one to check ‘the valldlty of the Pomeranchuk

. theorem 75/, on"the other hand, studyins the transmission and
diffraction regeneration on complex nuclei one can estimate the

. .. RO
electromagnetic size of neutral kao‘ns./'e /

A part of this experimental program has been completed at
the 70 GeV/c Serpukhov accelerator du.ring 1970-1972 in a series
of ‘measursments of the regeneration on hyd.rogen /6’ 7/ deuterium
and carbon in the momentum range of A4 - 50 GeV/c. Here we report
the prellminary results of the measurements of the K Kg regene~

ration in the 1 o ca.rbon rcgenerator.

The measurements have been performed with the help of an
on-line spectrometer'/al' detecting’ stE T-decays of:'incident K%—-
and regenerated Kg’—mesonsik’l‘he- intensity of the & 7 decays:of

KL—and Ks-mesons behind a block of matter placed in the- KL beam is

described by a very well-known formula 1 ’ R »
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where t is the decay time determined in the kaon rest frame from
the.downgtream edge of the,regenerator.(.t ;_ng/pc,zmk,andﬁp are
the kaon mass and momentum, respectively);,

0. ()= Jg. )]t 5.

reseneratlon-'

- is, the coefficient of the transnission

tig e e o0 T .

N LQ +_' ¢)+‘ _is the ratio of the decay amplitudes : .
A(K —>I[TT)/A(KS—>'|T+ T e e e
o = (m ms)h P Op.y Ogy T 1, 80d. T g are the mass diffe =,
rence; masaes'and mean,liﬁetimes of long- and shortellyed kaons
and“_f(p,vt)‘is,the detection efficiency. determined by the Monte- -

‘Carlo methed,

The regeneration coefficient can be‘expressediaS'afproduct:’
of three terms :fnumber.of nucleirper unit of the volume N,.diffe-
rence of K ‘N and K°N ,forward scattering. amplitudes. f21
1/2 lf (p) = g0 (p)] (regeneration amplitude ).and a.term related

to the regenerator length, f 2
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For a:.very thin regenerator“the'phaselof regeneration‘coefficient

coincides with that of regeneration-amplitude 3 « . . -y
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In general,
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The experimental setup was the same-as in our previous -

experiments,és’v7/ (fig;,1). The magnetic -spectrometer /8/

con -
siste of multiwire spark chanbers with magnetostrictive readout.

} The triggering signal is provided by .scintillation counter logics
(X, PI, FII, GI, GIT, 11."*19‘ A shower detector and an iron-
range telescope -serve to separatetpiono,from the electrons and :: .
muons produced in the semi-leptonic decay modes'of‘Kgf

" The charged particle pairs of the decaying K-megons weTs
recordéd in the 9 m decay zone and the crossingfgéometr} behind
the analysing magnét’stkrequirad Our result is'hased'on)approxi?
mately 2 x 105 triggers. After the geometrical reconstruction/g/

| were ‘left with 90385 events.
\

Several standard cuts were introduced to enrich the two-
pion decoy content of the nample relative to the three-body de-
cays and the neutron induced interactions in the decay volume.

I The mo-t important cuts the events have undergone wero s o

}. mg - m,-,,-l f 30 Mev/c ‘and 924 6 x 10 6 rad2 where mm; ' iAsM
1 the invariant mass of the charged particle pair under the assump-
tion that they are both pions and 9 is the ansle between the vec-l‘
tor sum of the momenta of the two decay particles and the known v

KL direction. This procedure reduced our sample to 11969 eventsa

47k

b - _After ntudyinsﬁin,detailfthe ;:-ly profiles at different.. :
% planeﬂ,aa:well;as other distributions; of physical;importance; s
and comparing them:with the correapondingiMonte—Carlo distribu=-.. -.
tions, fiducial cuts were applied to the decay vertex and. to the
charged particle trajectories in the wire chambers, magnet gap

and trigger counters, At the same time the electron or muon K



signatures were alsofdetermined for the true K~ u3 and K e3 events.,
"A11 events surviving the fiducial cuts and a more restrlcted
mass crlterion (485 Hev/c < mT.s 510 NMeV/c ) with appropriate /
or ¢ flags were recorded on a final DST. ’ T
The ‘mpg - distribution of the retained 4311 events with the
double pion signature is shown in Eig. 2. The large peak centered
at the kaon mass comes from the K°=+ T+ T decays seen over a small
and approximately constant~background from unidentified decays
~or interactions;‘The e? angular distribution for the same’events
(Fig. ‘3) exhibits a sharp transmission regeneration peaktin.compa-
rison with that of "vacuum" regeneratfon, It is remarkable that
the background 62 distributions in these two cases are very simi-.
lar and can be approximated w1th a linear expression. .
Although the transm1s51on reveneration is the overwhelmingly
dominating K °snrtn decay source, the diffraction regeneration
can also be observed. In Fig. 4 the invariant mass distribution
is shown w1th and w1thout a carbon regenerator for the angular

2

range of O 8—6 mrad where the transm1551on regeneration practi— :

cally does not contribute. The enhancement 1n the region of the
kaon mass clearly shows the difiraction reveneration on carbon{

‘The remainlncr background under the transmlssion rcgeneration
peak for the events from the DST d1v1ded 1nto proper time and mo=
mentum bins of 0O, 5x 10~ -10 sec and 4 GeV/c w1dth,correspond1n"ly,
has been determined by a linear extrapolation of the anoular

2

distribution in the angular variable 6% fitted to an expression

of the form's

2
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Here:the first term represents-.the transmission regeneration peak
broadened/ to a finite 66 (p) due to the finite'angular resoluy = -
tion of the detector,and the remaining terms represent the back- "
éroundvcontamination.'v

Thé further analysis has been performed as follows. Let us
denote by q; the probability of the i-th event to be observed with
certain-values of ti, 91; BTG § "and p'; The probability qf de-
pends on these quantities as well as on’ 47 d)+;'— 4)1f and'r =
| © ®)/7 . ! shrough eqs. (1) and ().~ * =

In ‘order to deduce r and(i) ’ the goal oi’ this experiment,
we applied the" maximum 1ikelihood method : where we used the ,

,product of the probabilities qi as & likelihood function. In other

words, instead of dividing cur sample of' N events into proper time

- and 02 bins we were 1ooking for the maximum cf
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as a function of r (p) and (p(p). Although this latter method - 7%,

is moreudifficult*to’apply, the. agsignment. of each: event with itsf
own probability of observation uses ‘the maximum information _
available. Therefore this method is expected to* result in less

7 ‘statistical errors‘than_theiclassical one where the- events-are ~.:i-

grouped in finite intervals. Morecver, by, means~of.this‘methodn,;g

we were able to. derive a momentum-independent phase,fpf

any use of the kaon momentum spectrum,



¥e have performed the number of fits with a various set of
parameters assuming that rj 15 constant (j= 1,,5.}5~6)iin:the
j-th momentum bin at Ap = &4 GeV/c in size. The results are summa-
rized in Table I. The fits for two and three momentum bins show- -
that a constant phase ‘assumption is 8 reasonable one in accor -

dance with the -optical model -calculation that Dredicts only a .

slight variation of the phase in the momentum range :0f 16=40 GeV/c.

In theae fitn we used 'r
10 -1 /11/

= 0.8958 x 1o"‘° /"0/ ‘and dm = 0,542x
3 10

We have also performed the fit assuming that -the phase ia
independent of momentum = for the region of 16-40 GeV/c. ‘In . this
case we had a 7 parameter fit ((P and Ty J =15 veey 6 e In
Fig. 5 the corresponding likelihood contourﬂ can be seen at va=
lues oxp (=1/2 n2) S (n = 0 1 i) as s function of Ky and
Ups the 1ikelihood function being takes st ' = G ¥%¥ + ky speie

?”9,?1 = iit + M Srfit ;

The final results are.given. in Table II with 11*,,= 0,00232 ..
‘that is the value of ref, /12/ corrected'for T, of rec, /197

used by us. The common ‘phase 13 expressed hy 2 Am and Tg depen-

dent form as follows 3.

¢> ¢, - (!)i_f (16<.p < 140GeV/c) = 82, 6° + 16.2° +. 123°4£

Am 0,582 ..1010 sec -":_ 53, 6ouzﬂv- 0.8958 <1010 geo
: . 0.8958.+ 1070 gec i -

0.542.+ 1070 ge
Note that in-our fitting=® procedure d) is independent ‘of the chosen®
value’ of" F7+_I . Taking the central value of" dl and" the known'

liel. .

value of ¢>‘ =433 39", we obtain for thig” region'the”phase of

,.v.f,.,e.:M,,,Jt,,?ﬁl "t %N.,,—Fe,’mwﬂﬂ e s

the carbon. regeneration amplltude arg (fo(p) -«fo(p))_ - 4;3*!60

In Flg. 6 ) 2- |f21 l /k _If - fl/k is °hown together w1th .

the results of earlier measurements for Kg- and Kt-mesons /17-19/

and the optical model calculations.

We have determined the same parameters also by means’ of the clas—

sical method with the kaon momentum spectrum obtained in our pre—

v1ous experiment /6, 7/ The two methods ‘are in reasonable agrsement.

-

The optical model calculations used as input data the total
cross sections t(Kop) S (Kon), G‘(Kop), (Kon) and the phases
of the corresponding forward elastic scattering amplitudes. These .
input data were taken from ref./lj/,where they were calcnlated asthe
best fit to the existing experimental results in Regge-parametriza-
tion'taking into account the cuts and assuming the Pomeranchuk mo-
del to be valid., In our calculations we used.for carbon the s;m;
distribution of the nucleon density in nuclei for protons and neut-
rons, Two density distributiona were used : the Saxon-Woods formula

with the parameters determined from the photoproduction'o£l9°-me-
sons on nuclel 14/ and the Ferml distribution with two‘parameters
taken from electron scattering experiments. Both the .distributions

gave'similar results,

The main conclusions drawn from the results presented here are-
the following :

A 1. The phase of the carbon regeneration amplitude is indepen~
dent of energy for the ‘energy range in question and is equal to
M}u"{p)-ftp))r-ll‘j"-"ec. 'This value within experimental errors coin-
cides with—the~phase of theAhydrogen regeneration amplitude /"?/.

)



2, The measured phase and the modulus of the carhon regenera-
tion amplltude are in good agreement W1th the optical model predic—‘
tloqs., i

3. The optical model condition of the consisteﬁcy of. the hydro-
gen and carbon reseneration measurement put forward by Goldberg and
xelngdi /15/ has been checked. Although in our case the concistence

is fulfllled, we are planning a more de0151ve test on this subaect

with improved <batlstlcs.v
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