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1 HE three body decays of the K meson allow us to
test the important hypothesis of the weak interactions:
selection rules, form of the interaction, etc., but their
study is more difficult than the K —- 2n decays.*

These last years, there has been a great amount of
experimental results reported in the very good surveys
by Chuvilo (1964)/ l : Trilling (1965),m Cabibbo
(1966)m and Willis (1967).U] In this report I will r e -
fer to the results of these authors, brought up to date if
necessary, and to the September version of the UCRL-
8030.C5]

Unfortunately it is still to early for me to give you
definite answers for many fundamental problems such
as the Al = V2 non-leptonic rule, or the values of the
form-factor ratio.

I will discuss first the K —• 3n decays then the lep-
tonic decays; I will not deal with rare decay modes
such as TT rry or iryy.

1. THE K — 3T; DECAY

1. I will briefly consider the problem of the violation
of PC in K° — 37T because there are practically no r e -
sults published. The lower published value is: t 6 : l

Table I. K — 3ir decays

T(K% <0,45

with 90% confidence level.
But these authors suppose the validity of the Al = V2

rule. If this rule is violated in K° — 2TT then this hy-
pothesis must be disregarded, as a result from what R
becomes an upper limit of an order of about 1. Looking
for the charged asymmetry the most precise experi-
ments (5-10) give a precision of a few percent (with a
statistic of the order of 2000 K° — 7r + 7r" TT° decays).
The expected theoretical asymmetry is 1 per thousand.

2. Branching ratio. After the new K+ rates meas-
urement presented in 1966 at Berkeley by Auerbach et
a l . , m a determination of the K° mean life : 8 ]

TKO= (5.15 ± 0.14)-10-8 sec

and of the ratio191

allow us to improve the provision of the branching ra -
tio (Table I); with these new rates we can remake the
usual tests. We then use the classical space phase fac-
tors:

®++_ = 1.000,
O+00 = 1,248,
<t>+_0 = 1,225,
O)000= 1.495.

*Detailed experimental data on K-
compiled by V. V. Anisovich (p. 000).

3JT decays are given in the tables

A'+
K* -»- rt+jt+jt-
K+ -v n+n»n»

A'0
K" - * • i t o j t « n »

K" -> - i t + j t - n 0

Mean Life
10-s sec"1

1 . 2 3 6 + 0 . 0 0 3

5 . 3 7 ± O , 1 2

Width

Abso lu te Value
loo sec"1

8 0 . 9 + 0 . 2

' i . 5 0 + 0 . 0 2

1 , 3 8 + 0 . 0 5

1 8 . 6 + 0 . 4

4 . 0 9 ± 0 . 1 9

2 . 3 4 ± 0 . 0 7

% if to t a l

100

5 . 5 7 + 0 . 0 3

1 . 7 1 + 0 . 0 7

lOO

2 2 . 0 + 1 . 0

1 2 . 6 + 0 . 3

T o u n d e r s t a n d b e t t e r t h e e v o l u t i o n o f t h i s t e s t , w e

h a v e r e p o r t e d t h e 1 9 6 5 v a l u e s i n t h e t a b l e s .

T a b l e I I . A I = % t e s t

V ( + • ! - - )

V (000)

| Y ( + - O )

Trilling [21

1,03+0.04

1.07+0,13

Willis [")

1 .01+0.05

0 .96+0 .06

The rate comparison between the IO themselves and
K° themselves allow to verify the absence of Al = V2. H
the symmetric final state 1 = 3 exists then:*

y (n
ky (n+n0ji0)

. T(n0n<W)a n a 3/2T (rt̂ -jio)

As the test (Table II) is satisfactory, we can try to
check the AI = V2 comparing the K° and the K+:

y (Ji
ly (n+.iOjtO)

- = 1> V (ji+n+n~) — y (ji+jiOji")= 1.

The two ratios are not completely independent. This
(Table III) seems to indicate a possible violation of the

Y (+-0)
2Y (+00)

Y(000)
Y(+ + -)-Y(+OO)

Trilling [2]

0,89+0.07

0.91+0.13

Willis [4]

0.86+0.05

0.81+0,04

*7 is the reduced decay width, obtained dividing the width by the
corresponding correction to the phase volume.
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3. We can look for a confirmation comparing the en-
ergy spectra. It is well known that the simplified matrix
element can be written

where

Si = (PK- . So = 1/2 (Si + S2 + S3), a = const;

The spectrum is then the product of the space phase by
the square of the matrix element. We suppose a linear
approximation

As for the ratios, we have the possibility to test the ab-

a( + 00)---2a (+ + - ) ,

Table IV shows the actual state; there are new val-
ues for K+ — 77+77+77" and for K° — 77+77~77° but nothing
new for the K+ — 77+77° 77°. The uncertainties in the ratios
have been purposely increased to take into account the
systematic effect. Some of these results have not yet
been published. There is no violation evidence in the
spectra. We have supposed a linear development of the
matrix element in (S3 — So). The presence of a quadrat-
ic term has not been demonstrated. The experimental
measure is in K+ —• TT +7r +TT ~ and it gives for b from
|M|2 = 1 -2aY +bY2, the values : i i a

6= -0.068 + 0.058,
6= +0.05 + 0.07.

The only indication of a possible Al = V2 violation
remains in the rate K° —• 77+77~77° and K+— 77+77°7r°
comparisons, but it seems to me that experimental
work is still necessary on this subject. In particular,
as W. J. Willis mentioned at the Heidelberg Confer-
ence, a slight modification of the mean life of KL
would be sufficient to make everything normal again.

4. Current algebra. Now I will discuss the predic-
tion of Callan and TreimanCl2] concerning the extrapo-

Table IV. K — 3 77 spectra

Trilling (1965)
New

Mean value (1968)

M+-0)
2a(++-)
a (+00)

2o(++-)
M+-0)
a (+00)

0,093+0.011
0.095+0,015 "
0.102+0.015

(Rutgers) (in press)
0.096+0.007

Predicted if
AT= 1/2

1

— 1

1

a (+00)

-0,25+0.02

-0,25+0.02

1965

1.29+0.25

-1.34+0,24

0.96+0.15

a (I—0)

-0,24+0.02
-0.21+0,021°
-0.20+0.04'
-0.18+0.02H
-0.21+0,015

1968

1,09+0.13

1.30+0,19

0.84+0,12
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FIG. 1. Spectra extrapolation to En = 0 for test of current algebra;
result of the Illinois group. Phys. Rev. 157 (1967) 1233. K% -> 7r+irV.

lation of the K — 3ir spectra to (E,,- = 0). This predic-
tion comes from PCAC and the current algebra. Hara
and Nambu have deduced the relation between the
K — 377 amplitudes and K — 277 amplitudes

lim .-1 (+ — —) = 0,

lim .l( + 00) = 0,

lim
?.-io->o

lim A{ + -0) = 0,

lim 4(+ + — ) =

lim
2/jt

lim A(A 0) = -

Figures 1 and 2 represent the spectra of the K° ex-
periments at Illinois and Saclay; Figures 3 and 4 the
extrapolation for K+ given by Nefkens.: 13J All these
linear extrapolations, even though they are not justi-
fied, seem to correspond with the predictions.

For K+— 7r+7rV (Fig. 4), the / line is obtained with
the hypothesis a0 = -V2a+ . There is no experimental
spectra for 770 n° TT0; supposing it is flat and using the
rate, Callan and Treiman found also a good agreement
for the 37r° mode.

Bouchiat and Meyer/143 using current algebra, which
seems to be so effective for the slopes, have given the
predictions to connect K — 3rr and K — 2?7 rates:

T2H--O) _ 4 Ta (000) _ t _ 2y (00)
(H )-Y (-00)r — 1 = -Y( - —1.

The experimental status of K — 277 is not clear
enough* to conclude this test which allows us to con-
nect the Al = % deviation in K(3TT) and K(2ir).

•Available data = 0.335 ± 0.014 (Brown PR 130 769)
0.288 ± 0.021 (Chretien PR 131 2208)
0.260 ± 0.023 (Anderson CERN Con-
ference 1962).
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7T" spectrum

1!
I

IT' spectrum

FIG. 2. Same in Fig 1 for Saclay Group.

II. LEPTONIC DECAYS

I will not talk about the K° — TITU/K0 — v~l*v
asymmetry observed in the Columbia and Stanford ex-
periments, which are shown elsewhere. We shall first
consider the selection rule and secondly the form fac-
tor determination.

1. The first question about leptonic decay concerns
certainly the presence of a AS = -AQ amplitude. There
is nothing new on this subject. We call X the ratio be-
tween the two amplitudes

A(AS'^-AQ)

g and f are usually defined as follows

A (K» -* ire+v) = /,
1̂ (K» -* n-e+v) =--- g.

If we suppose CPT, the time distribution of leptonic

;

OS

—i—•—i—r~

\

n~ o

1 t i 1 . 1 . i i

—I 1 1 1

q(7l)-0
50 Wff ISO En, MeV

7
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3

\v

1 1 -T 1 \ 1 1 1 1 | 1 1 1

-

„ +

* , i
SO 150

FIG. 4. Same for K+ -> 7r+7r°7r° following Nefkens [13]

decays can be written
Y1+V2,

A'* (t) = (1 + xf e-vi' + (1 — xf e-y' ± 2 (1 — x2) cos lAmt e 2

_V1±VJ|
+ ix sin cp sin A mt e 2l ;

X sin cp or Im X is the CP violating part.
The status is shown in Fig. 5 as presented by W. J.

Willis at the Heidelberg Conference. But the Im x sign
is determined by the Am sign. Due to the last determi-
nation of the Am sign, ( M K Q - M K T ) i s negative. To be
consistent, we have to reverse the Im x axis or make
Im x negative.

Let me remind you that if the upper limit at 90% con-
fidence limit is 0.5 in K° decay, it is 0.13 for S decay
and 0.16 for Kg4 decay. At present some experiments
are in progress and promise us some thousands of Ke3

events in the first Kj mean life.
2. Al = Va leptonic. As for K — 3TT, we can test Al

= V2 comparing the K and K+ leptonic decay.
The greatest difficulties arise when choosing among

experimental results. In UCRL-8030:5] you can find all
kinds of absolute and relative measured rates and if,
for example, you look at the K+ — tt°e+v / r rate you
have results from 0.50 ± 0.03 to 0.90 ± 0.16. So the
test of Al = V2 depends strongly on the result that you
accept or reject.

/

\
Columbia
Rutgers

ImX

0.3

Palis
0,1

-03 1

- Padua (Am = 0.15)

1 /
. 1 /
/

0.1
-0,1

-0.Z

/

\

Pennsylvania 0,5 R

FIG. 3. Same for K+ -• TT+JT+JT" following Nefkens ["]
FIG. 5. Experimental results for x = ^
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r (A'o -

r (A'» - .

T a b l e V .

n ' l - r < n A + -

nlv) 1 r (K+ -

A T

<v)

nlv)

= V 2 l e p t o n i c

Tri l l ing! 2 ]

l , 0 6 + 0 . 0 G

1 . 0 7 + 0 . 1 4

Willis!

0 , 9 1 + 0

1 . 1 4 + 0

*J

04

0 9

T a b l e V s h o w s t h e c o m p i l a t i o n g i v e n b y W i l l i s a t

H e i d e l b e r g , w h i c h i s n o t t o o b a d .

I t i s o f c o u r s e t r i v i a l t o p o i n t o u t t h a t i f t h e A S

= — A Q a m p l i t u d e e x i s t s t h e A l = V 2 s e l e c t i o n r u l e i s

n o t t o b e c o n s i d e r e d .

3 . S t r u c t u r e o f d e c a y a m p l i t u d e . I n t h e K — • u l v d e -

c a y , t h e f o r m o f t h e c o v a r i a n t g e n e r a l a m p l i t u d e i s ,

s u p p o s i n g a p u r e v e c t o r i n t e r a c t i o n :

M - - ~ r U+(PK - h P«) -,-f- (PK ~ A- .)] A

w h e r e P K a n d p n a r e t h e K a n d TT q u a d r i m o m e n t s , J ^

t h e l e p t o n i c c u r r e n t , G t h e u n i v e r s a l w e a k c o n s t a n t , f +

a n d f_ a r e t h e f o r m f a c t o r f u n c t i o n s o f t h e m o m e n t u m

t r a n s f e r .

r , = ( h - t> )

The f _ terms lead to a factor proportional to m^; so
we can use the Ke3 decay to study the f+ and, assuming
the ju-e universality, use this result to evaluate in K^3

decay: £ = f-/f+.
4. Ke3 decay. Table VI shows the results of f+.

These results are presented in the form of a X+ param-
eter and with a linear dependence in q2 of f+ :

T h e m o s t p r e c i s e K ° e x p e r i m e n t i s t h a t o f B a s i l e

e t a l . [ 1 7 J T h i s e x p e r i m e n t , w i t h 7 0 0 0 e l e c t r o n i c d e c a y s ,

g i v e s :

?.+ = 0 . 0 2 2 ± 0 . 0 1 2 .

I n t h e e r r o r e v a l u a t i o n , a n y p o s s i b l e s y s t e m a t i c e f f e c t

h a s b e e n i n c l u d e d b y t h e a u t h o r s .

T a b l e V I . F o r m f a c t o r o f K e s d e c a y ( a f t e r : 5 J a n d [ 1 7 ] )

E x p e r i m e n t T e c h n i q u e N u m b e r o f c a s e s X+

Luers
Fisher
Firestone
Lowys
Kadyk
Basile ["]
Brown
Borreani
Jensen
Bellotti
Imlay
Kalmus

HBC
SpC
HBC
FBC
HBC
SpC
XeBC
HBC
XeBC
FBC
SpC
FBC

153

762
240
531

7000
217
230
407
953

1393
515

0.07 ± 0.06
0.15 ±0.08

-0.01 ± 0.02
+0.08 ±0.10
+0.01 ±0.15
0.022 + 0.012
0.038 ± 0.045

-0.04 ± 0.05
-0.01 + 0.029
0.045 + 0.018

+0.016 ±0.016
+0.028 ± 0.013

T e c h n i q u e s y m b o l s : H B C — h y d r o g e n b u b b l e c h a m b e r , S p C — s p a r k c h a m b e r ,

F B C — f r e o n b u b b l e c h a m b e r , X e B C — x e n o n b u b b l e c h a m b e r

Table VH. )i + polarization (Component normal
to the plane pff x p )

Experiment Technique*

Callahan et al

X2 col.

Bartlett[19b]
Abrams[19c]
Longo [m]

FBC

FBC

Counters
SpC
Counts

-0.08 ±0.10

0.02 ± 0.07
-0.05 ±0.18
0.002 + 0.012

0.8 ± 0.6
-0.9

0.1 +0.4
-0.3

0.11 ±0.35
0.1 ±0.5
0.014 ±0.066

*For symbols see Table VI.

The agreement between K° and K+ is also very good.
This encourages us to rely on the Al = V2 rule previ-
ously discussed. The K°K+ mean values of the A.+ pa-
rameter will be taken

V-0.02 ±0.006.

5. Kfj.3 decay. Great efforts have been made on this
disintegration in connection with T violation tests: as
a matter of fact, the JLI is completely polarized and the
T invariance forbids a component normal to the disin-
tegration plane (Fig. 6). One of the PC interpreta-
tions'-18] predicts a normal component of the order of
20%, the electromagnetic interaction in the final state
can lead to a component of the order of 1%.

FIG. 6. Polarization in
the decay K° . (7 — z axis)

PnPulI '

The most precise experiment deals with K°.il9} The
layout of the experiment is shown in Fig. 7. The auth-
ors chose configurations where the decay plan is hori-
zontal and they measured the component parallel to the
magnetic field. Their result is

Pn = 0.02 ±0.012.

From this result Im | = 0.014 ± 0.066. Thus we can

I, L

stops in graphite
and decays _

+ • e+ + V + V

Plastic scint i l lators
C o p p e r degrader
(Most ant i coun te r s
are no t shown)

F I G . 7 . E x p e r i m e n t a l s e t u p f o r t h e K ° e x p e r i m e n t d o n e i n B e r k e -

l e y b y t h e M i c h i g a n g r o u p .
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FIG. 8. K /Ke3 versus Re %

0 -6 -4 -2

consider £ real. We have many possibilities to study
it:

a) Study of the branching ratio. As we know from the
Ke3 decay, X+ is small and we can use the first terms
of the development given by Cabibbo at the Berkeley
Conference.C3]

K^IKn = 0.648 + 0.126 Re g + 0,019£2 + 1.4U+ + 0.47X_Re g.

Figure 8 shows K^3/Ke3 versus Re £; there are 2£
values corresponding to a given branching ratio. The
rule is to use either the spectra or the Dalitz plot to be
able to choose between the two solutions.

b) Dalitz plot study of Kfi3 decay. The density of
the Dalitz plot is written:

Table VIE. Data on the ratio 4 = f_(O)/f+(O)
(from Cs ])

K+

K°

Spectra and angular correlation

Brown
Giacomelli
Jensen
Callahan

Carpenter
Kulyukina

1.8 ± 1.6
0.7 ± 0.5

-0.1+0.7
0.72 + 0.37
0.0 ± 1.0

Mean value £+ = +0.6 i
1.210.8

-0.2 ± 1.0

Mean value t° = +0.86

Branding ratio data

Shaklee
Bisi
Callahan
Auerbach

Garland
t0.16
Adair
Luers
De Bouard

±0.46

-0.17 + 0.75
+0.6 ± 0.5
+0.4 + 0.4
+0.75 ± 0.5

+1.3 ±0.5

1.1 ±0.9
0.66 ± 0.9
0.9 ± 0.9

and the results were:

-.= 0.60 ±0.1(5,
--0.8(i±0.46.

We must not forget the actual problems involved in
the measurement of the branching ratios, as previously
reported. At the Heidelberg conference, two new
branching ratio measurements were presented:

K«:
~ 0.(55 ± 0.05 2\
- 0.71 ±0.07.

p(g ?„) | g |*

The K+ experiment (which is the X2 collaboration)
should allow us to fairly improve the K^/K e situation,
and also help in choosing £.

Figure 9 shows the Dalitz diagram with the equal-
density lines for different £ values. When we superpose
on this diagram a detection function f(Eff, E^) we r e -
alize the difficulties of such a measure.

The two Illinois and Saclay great experiments[20]

have studied this Dalitz plot and their results are pre-
sented by means of a x2 curve, in Figs. 10 and 11. The
first one gives two possible solutions —4 and + 1.2 with
a greater probability at 1.2; the second one gives about
the same values but with the reverse probabilities.

When they cannot use the diagram's density, several
groups have studied the E^ projection or the angular
correlations and their results are shown in Table VIII
as for the branching ratio.

The results given in this table are taken from UCRL
8030, :5] published before the Heidelberg conference,

250 V

200

ISO -

ISO 250

FIG. 9. Dalitz plot for the K° decay: dotted lines are lines of
equal density for £ = 0, -2 and -4

FIG. 10. Result of Dalitz
plot analysis for the Illinois
Group.

FIG. 11. Same for the Saclay
group.

-Z

1Z

z'/w

mo

-s
Taking into account the new branching ratios and the

spectra result, the £ mean value is therefore:
g = 0.6 ±0,3. (I)

6. Total Polarization. The ii polarization is given
by Cabibbo and Maksymowicz.C22:l*

P = r

= pn X
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Assuming lm£=

FIG. 12. Variation of the po-
larization with £.

-05

-7

FIG. 13. Result of the po-
larization measurement for the
X2 collaboration.

FIG. 14. Variation of
Kj}3 /Kg3 with X. from f.(q2) =
f.(0) 1 + X. q̂_ for different

values of {.

A+= aoz

The last term shows the component normal to the de-
cay plan as we have already discussed. Figure 12 shows
the variation of £ as a function of the polarization com-
ponents in the decay plan. The measure of the trans-
verse component is more sensible to | than the longi-
tudinal component and this determination has an advan-
tage: it depends weakly on the q2 variation.

Table IX. Data on the ratio £ = f_(O)/f+(O)
(determined from JJ.+ polarization)

PT Re?

Abrams [M]
Auerbach[25]

K+

-0.29 + 0.29
-0.28 ±0.12
-0.40 + 0.12

-1.1 ±0.5
-1.2 ±0.5
-0.75 ± 0.3

Table IX shows the available results up to date. The
better K+ determination is in the X2 experiment, real-
ized by a European collaboration which studies 5 x 106

stopped K+ 's. More than 10 000 K ^ have been meas-
ured. Their result is shown in Fig. 13. If we accept the
K° and K+ mixture, the average will be

£=-1.0 ±0.2. (II)

To try to explain the difference between (I) and
value (II) we can try to imagine a variation of the factor
f_ in function of q2. Figure 14 shows for different values
the branching ratio variation in function of X_. It is
clear that we need X_ ~ 0.4 to obtain compatibility be-
tween (I) and (II). Such a value seems to be excluded
by the X2 collaboration. : i6]

If we improve the determination of the branching ra-
tio we could increase substantially the knowledge of | .
And if really the difference between the two results is
confirmed we ask the theoreticians to try to explain
this.

I apologize for not having given you the experimental
references which appeared in Trilling's report (Argonne

Conference 1965) and in the Cabibbo's report (Berkeley
Conference 1966).
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Abrams et al., Phys. Rev. Lett. 17, 606 (1967); and
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20Illinois Experiment, Phys. Rev. 142, 871 (1966); and
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K° CERN-Orsay-Paris.

22N. Cabibbo and A. Maksymowicz, Phys. Lett. 9, 352
(1964).
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DISCUSSION

C. Rubbia:

A note concerning the verification of AQ = AS: an
improvement of the accuracy with which the rule AQ
= AS is checked is needed for two "pract ical" reasons:

1) To interpret the experiments on lepton asym-
metry in K°-meson decays. In this experiment it is
necessary to know the value of |1 - x | 2 / [ 1 - |x | 2 ] . For
small x, this quantity is determined by Re x:

1 —2Rei+(terms 2).

2) For the connection of the possible CP-noninvari-
ant amplitudes in the unitarity condition. The largest
term is a CP-odd lepton decay with AQ = —AS. For
small x, its contribution is determined by Im x.

At the present time, the following is known concern-
ing the quantity x:

I Im x |< 0.4 | Re x |< 0.2,

for example, from Willis's paper at the Heidelberg Con-
ference.

We can propose a regeneration experiment for the
measurement of Im x with the aid of the "null meas-
urement" technique. We can expect a 10- or even 100-
fold increase of the sensitivity compared with the world
data on this question.

We define the following amplitudes:

AQ^AS f o r A'" —»• n-e+v : — 1,

K0 —s- n+e-v : — 1,

A Q = — AS f o r J f o ^ n + e - v : — x*,

K»-+n-e+v: —x.

T h e s t a t e | t ) c a n b e e x p a n d e d i n t h e e i g e n s t a t e s o f

and |K2) as follows:the CP operator

where p is the measure of the (CP = +1) admixture in
the long-lived state; then (the signs + and - pertain to

the lepton charge)

a n d c o n s e q u e n t l y w e g e t f o r t h e d e c a y p r o b a b i l i t i e s

x H P P + 2 Re [ p ( l + z ) ( l - * • ) ] ,

A f t e r p a s s i n g t h r o u g h a t h i c k r e g e n e r a t o r e « p , a n d

c o n s e q u e n t l y

r i tvv - i
p = p0 exp \ i i m -| -— ] t + icpp I .

A s a r e s u l t w e g e t

' | p0 |2 ± {2 ( 1 - | x |») cos )} | p 0 | e~Ts'/2

— 4 Im a:-sin (Amt -f-(pp) | p0 | e
 s / 2 .

T h e n u m b e r s o f t h e d e c a y s N + + N ~ a n d N + — N "

a r e e x p r e s s e d i n t h e f o l l o w i n g m a n n e r ( p « 1 ) :

N+ + N- ~ 2 | 1 — x |2 + 8 Im i - s i n (Am(-j-<pp) | p0 | e"Ts'/2,

N+ — N- ~ 4 ( 1 - | x p) | p0 | e

I t i s p r o p o s e d t o c o m p a r e t h e s e d e c a y s w i t h t h e d e -

c a y s i n t h e a b s e n c e o f a r e g e n e r a t o r , n o r m a l i z e d i n

s u c h a w a y a s t o g i v e t h e s a m e n u m b e r o f d e c a y s w h e n

t » 1 / F g . T h e n u m b e r o f d e c a y s i n t h e a b s e n c e o f a r e -

g e n e r a t o r i s

JV+ + tf;-~2|l-z|2,
Nt — # 0 ~ 4 R e e ( l — | x | 2 ) .

T h e q u a n t i t y o f i n t e r e s t t o u s , i n t h e c a s e o f t h e c o n -

t r i b u t i o n o f t h e a m p l i t u d e w i t h A Q = — A S , i s o b v i o u s l y

e q u a l t o

X =
4- N~

^p) e r s ' - | p 0 | .

I n p r a c t i c e p 0

t = 0 . W e e x p e c t a t t

0 . 0 7 a n d s i n ( A m t + cpp) 0 . 7 1 a t

0

(X — l ) a s O . 2 I m i .

R e c o g n i z i n g t h a t I m x s 0 . 4 w e g e t (x - 1 ) ~ 0 . 0 8 ,

w h i c h i s a l a r g e n u m b e r .

I f w e c a n a t t a i n a n a c c u r a c y o f ~ 1 0 " 2 i n t h e m e a s -

u r e m e n t o f x , t h e n w e c a n i m p o s e o n t h e v a l u e o f I m x

a l i m i t a t i o n w h i c h i s a p p r o x i m a t e l y t e n t i m e s m o r e a c -

c u r a t e t h a n p r e s e n t l y k n o w n ( I m x < 0 . 0 5 ! ) .

I t i s n e c e s s a r y o n l y t o k n o w a p p r o x i m a t e l y t h e r e g e n -

e r a t i o n a m p l i t u d e , i f I m x « 0 . N o d i f f i c u l t i e s w h a t e v e r

a r i s e a s a r e s u l t o f t h e a b s o r p t i o n , e x c e p t t h a t t h e e f -

f e c t d e c r e a s e s s o m e w h a t .

T h e m a g n i t u d e o f t h e e x p e c t e d e f f e c t c a n b e r e l a t e d

d i r e c t l y t o t h e d i f f e r e n c e N + — N , w h i c h b e h a v e s l i k e

* X 2 C o l l a b o r a t i o n : A a c h e n - B a r i - B e r g e n - C E R N - E c o l e P o l y t e c h n i q u e -

N y m e g u e - P a d o u e - O r s a y - T u r i n . s i n c e | l - | x | 2 | « 1 i f | x | i s s m a l l .


