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Previously we have reported the first results of the neutral 

kaon transmission regeneration measurements on hydrogen,in the roo

mentum region of 14-42 GeV/c 111. It is shown that .the modulus of 

the regeneration amplitude decreases with increasing energy and the 

phase is consistent with the constant value cp~1 = (-118:!: 13)0
• For 

. independent determination of the modulus and phase ener~. dependence, 

it is necessary to incre~se both statistical accuracy and decay zone 

length ~here K~ and ~· decay amplitudes interfere. 

This report presents the results of new·measurements for the 

decay zone enlarged from 6 to 9 m in length. 

As before 111, two pion decays of kaons. were selected out of 

all detected by a spectrometer'/2/ (fig. 1) with the help of 3 se

lection criteria : 

1) decaying particles should not be leptons, 

2) .the invariant 'mass m:1ili of two decaying :!?articles identified 

as pions must be in the kaon mass region, 

3) the scattering angle 9 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 : Gi m = 2.06 (MeV) + 0.058 x P (MeV/GeV/c) 

and G'" f!-= 0.0172 (mrad)2 + 9.14 x P - 2 (mrad~(GeV/c)2 )~. 

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 to.tal number of observed 

two pion events was about 5 000 and 800 in meas~ements with anj. 

without hydrogen, respectively. 

All selected two pion events with a momentum from 14 to 50 GeV/c 

were divided into momentum bins of :!: 2 GeV/c •. Inside each momentUm 

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



rest frame. of,: the kao? s;tartirig from t_ = 0 at the end of the hydro-·· 

gen targe~~ The obtained time_ distributions of two pion events were 

fitted by the known interference formula containing the modulus 

I f~1 (p) I and the phase cp ~1 . (p) . of the. regeneration amplitude 

2. ' 

ol N~(p~t:) = MH·5(p)·~(p)t:)·W2JI"·{IP(l>)l2 ·e·~p(-f~·t.) + 

t I ~.J ex p (- rc- t) + 2ij'(P ~·I~·- I· ex p(- fj_ ~ r, ·'!;)· W1(&t + ~(PJ-'<P..J} 
where 

and 

l~(p)l2;; 

<pp (p) ;...· 

I 
f{p): 

2. 2. 2 ' ,. 0 • l2. 
JT ·N~. 1\~ · Z fz.,(t>) 

k2. 
·tr'(p)'2 .. 

~;, (P) + f -t' C\~9 J/(p) 

1 - el(p( i.o- t)l. 
-c~o-fJ 

All remaining notations are similar to those of the report' 111. Ha

ving performed the fit proc~dure, we used the spectrum S(p) of kaons 

reconstructed from detected K~~ decays~ The efficiency of the spect

rometer E (p,t) was calculated by the Monte-Carlo method including. 

experimental errors and multiple scattering. The spectrum and effici

ency calculation was checked by reproducing the mass and angular re

solution of Ghe'spectrometer and by fitting the time distribution of; 
K~ ~Jr+:Tt- events without hydrog~n target : 
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LOSe of the report 111.' Ha-

l the spectrum S(p) of k,aons 

'he effiCiency of th·e spect

tte-Carlo method including· 

.ng. The spectrum and effici

.ng the mass and angular re

.ng the ·time distribution 6-:f; 

~t : 

For the_value ofl~t·l = 1.92 x 10-3 we obtained the best-fit 

with} 2 = 50 (74 d:f.) for ~ac determined from the observed num

ber of Kf'!. decays (see fig:: 4): For the measurement with hydrogen 

we performed 2 modifications of the fit procedure·' 

1) ~I'\ p (p) I and <{> ~1 (p) were consi~e~ed as free parame-

ters and 

2) ~· I..P (p) I were free parilllleters while cp~1 (p) = canst 

was supposed to be common for all momentum bins. 

In the first case we obtained the best fit for qp~1 (p) shown 
2 in fig. 5 with j = 46 (86 d. f.). In the second case the best fit 

was obtained for the mean value of cp ~1 = (-131 :!: 8)
0 

with. f. 2 
= 

= 51 (93 d.f: ). In both the cases the minimum, of f. 2 
"!as obtained 

for the same value of MH• The shape of the ] 
2

- curve is shown in 

the insert of fig. 5. 

The fitted time distribution and the values of 2 ·I f21 (p) IlK 
calculated from the last fit are shown in fig. 6: 

The conclusions drawn from the above results are t~e foll~wing : 

1) The regeneration 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 131: 
2) The modulus of the regeneration amplitude decreases with 

-0.53• 
increasing energy by the law 2 •I f 21 (p) I /K = ( o. 79 :t o. 3) x P o; 13 

mbX(GeV/c) which is also very close to the CAM prediction for JP and 

W contribution to the scattering amplitude · 13) .' 

5 



3) Both the phase and the modulus of _regeneration amplitude 

measurements exclude the Pomeranchuk theorem / 4/ violation in kaon 

and antikaon scattering phenomena. 

4) Our results are not in agreement with more sophistical CAM 

models such as complex Regge-poles, J- 1 W-poles arid dipoles and 

so on 151. 
5) The difference betw~en the total cross-sections of the neutral 

kaon and the antikaon on P.t' .:>tons AS (p) = G" tot (K
0
p) - G"'t0 t(K

0
p), 

. calculated from the measured I f~1 (p) I and cp ~1 using the optical 

theorem, decreases with increasing energy as 

dO(p) = (7~3 :t 3) x p-0.53 ± 0•13 (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 r~gion 161. As is seen from fig. 7 1 both the measurements are 

in good agreement~ 

6) In ref~ ~~ Nguen Van Hieu has considered the asymptotic be

haviour of the regeneration amplitude and has shown that if_ its ima

ginary part has a logarithmic energy behaviour at s-.oo a limiting 

ratio must be fulfilled 

(1) 
-i.e:. 'M s "7' 1'0 I 'Re f~,(s,o) I '>t A1. ~ S > 

In\ f:, (S,O) 

where A1 is a constant. If f~1 (S) takes the form, for example, 

(2) f~1 (S)...., Sot.· (lnS)J' where ol<1 

then at s-..oa the ratio (1) tends to be constant. · 

Not assuming that the.region of 10-50 GeV/c is an asymptotic one 

for the regeneration process we 1 however, tested the confidence of 

both the hypotheses and found out that our data on the regeneration 
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phase satisfied better the asymptotic fo~ (2) - j. 2 = 4 at 8 degrees 

of freedom than (1) - j. 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. Logunov for their continuous support of 

this experiment. We are also thankful to our colleagues A. Maier, 

K~F. Albrecht arid H. Risek from the Institute of High Energy Physics 

(Zeuthen,.DDR) for generating the events by the Monte-carlo method. 
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Compilation of the ~ 

PK 
Gc~ 

2 \f~1 \ /K,mb Cf> 

' 
1,3-2.0 0.81.:!;0.25 ~] 

2,0-3.3 0.65.:!;0.15 .;] 

6 0.41.:!;0.12 .;] 

8 0.34.:!;0.13 -] 

' 

3-10 0.43,tO.II -J 

.·. 

. c 

2-3.0 0.84.:!;0.16 

-
3-4 0.56.:tO.II --
4-5 - 0~56.:!;0.14 _j 

5-7 0.78.:!;0.26 

14-18 0.234.:!;0.043" .-J 

18-22 0.147.:!;0.015 ·.· -. 
22-26 0.149.:!;0,012 -
26-30 0.123.:!;0.010. -
30-34 0.136.:!;0.010 -
34-38 0.120.:!;0.010 -. 
38-42 O.I09.:t0.012 -. 
4~-:...50 Oo097.:tO.OI2 -



452, ( 19?2). . 

)70, Dubna. 

(19?~). : 

). 

llh 425 (19?0)~ 

19?2). 

1050 (19?1)~ 

. 433 (19?0)~ 

213 (19?1). 

(1965). 

natical Physics, .v. 8, 

ling Department· 
19, 1972. 

TABLE I 

Compilation of the Hydrogen Regeneration Data 

PK 2lf~1 \ /K,mb 
0 . A5 ,mb (dO"/dt) mb- ~ Ref~ cp 21 , degre 

Gc~ (GeV/c) 

I,3-2.0 0.8I,:t0.25 -I32,:ti4 I .3I,:t0.40 w 
0 

2,0-3.3 0.65,:tO.I5 -I29,:ti3 0.85,:t0.20 ~ 
" 

6 0.4I,:tO.I2 :-I23,:ti8 .. -o.34,:tO.IO 
ct 
Ill 
...... 

0.34,:tO.I3 -I52,:ti9 8 0.24.:!;0.09 . 
...... 
....;] ...... 

3-IO 0.43,:tO.II -IOI,:t42 5.4,:ti.4 0.38+.220. ' rl -.I70 ~~ ..;;:: 

7.2~i.4 
,~ 

1\>t:::l 
2-3.0 0.84,:tO.I6 I .42,:t0.27 ...... ~ 

1-j - -~ ..... .....- '(;)~ 
3-4 0.56,:tO.II 4.7+I.2 0.63,:tO.I2 ............ 

-0.8 . ~ - 4 7+1.2 4-5 - 0~56,:tO.I4 -I32,:ti7 0.63,:tO.I6 CJ' 0 -0.94 ct 

5-7 0.78.:!;0.26 6.7:~~~ I.22,:t0.4I ·~ 

I4-I8 0.234.:!;0.043 -I58+25 2,22.:!;0.46 O!'III,:t0.04I ~[ 
-~ 1-jCI 

18-22 O.I47,:tO.OI5 -I34,:ti5 I.39,:tO.I4 o.o44,:to.oo9 .g< 
0() 

22-26 O.I49,:tO,OI2 -I24,:ti2 I.42,:tO.I2 0.045;t0.007 :t.ct 
Ill 
...... 

26-30 O.I23,:tO.OIO -I44,:tl3 I.I7,:t0.09 o.o3I,:to.oo5 .. 
30-34 O.I36,:tO.OIO -I3I,:ti3 I.29,:t0.'10 0.037,:t0.006 

34-38 O.I20,:tO.OIO -I25,:ti6 I.I4;t0.08 o.o29,:to.oo5 

38-42 O.I09,:tO.OI2 -I42,:t29 I.03,:t0.09 0.024,:t0.005 

42-50 Oe097,:tO.Ul2 - 90,:tJ5 o.92,:tu-.-09 -V.UP.:I.:!;U • UU:;I 
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INVARIANT MASS l>ISTRISlJTIONS 

The invariant mass distribution of the events with 

2 e < S G'e:t (p). The solid and dashed lines are the. 

result of approximation of experimental distributions 

by superposition of the Gaussian curve and constant 

background. 
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Fig,J~ The angular distribution of the events with 498-J·O'm(p) < · 
mJrlf < 498 + 3•<3' m (p). The dots are the result of approxi

mation of experimental distributions by superposition of 

the Gaussian curve and straight line.The linear parts repre

senting the background are shown by the dashed line. 
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