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K., charged decays : formalism

Cabibbo-Maksymowicz define 5 kinematic variables to described Ke4 decay:
s, (M2, s, (M?,), cosB,, cosB, and ¢

The form factors of the decay rate are determined from a fit to the experimental
data distribution of the 5 variables.

Several formulations of the form factors appear in the literature:

* Pais and Treiman (Phys.Rev. 168 (1968)) form factors, Tt phase shift

* Lee and Wu (Ann. Rev. Nucl. Sci. 16 (1966))  form factors, it phase shift, symmetries
* Amoros and Bijnens (J.Phys. G25 (1999)) form factors, Tutphase shift
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&0 Partial rates for K:(p) >1mrresv,
dl .= 62| Vus|?2 N(smise) Dg(s,.s..0,.0,.0) dsttdse dcos6, dcos6,dd

D.=I1+I2c0s26, +I3sin26,cos2¢ +I4sin26,cosd +IBsin6,cosd + I6cosh,
+ I7sinB,sind + I8sin20,sind + I9sin?6,sin2¢

intensity functions I1...I9 depend on 3 Form Factors F1, F2 and F3

I1= 1/2{|F1|2+3/2[|F2|2+ |F3|?] sin26.} T2= -1/2{|F1|2-1/2[|F2|2+ |F3|2] sin28.}
I3= -1/2{|F2|2 - |F3|?} sin28_ T4= 2Re{F1* F2} sin@,

I5= -2Re{F1* F3} sin@, T6= -2Re{F2* F3} sin28,

I7= -2Im{F1* F2} sin, I8= Im{F1* F3} sing,

I9= -Im{F2* F3} sin26, ~ 15 terms

tan(8)= 4<I75/<I4>=2<18>/<I5> D.“ = D, (s,.5..0,,10-6,, TE+0))

kinematic factors: a = - (PL) Q/ (M3/sm), B = Q/se/M? and y= X/M?
take §,, as phase reference and let 6=0,-95,,¢, =9, -9, and¢e, =5, - 9,
On the s- and p-wave hypothesis F1,F2,F3 are expanded in the form

F1=yf, exp(id) + yf, cosb, exp(ie;) + ay cosO,= gf.exp(id) + a cosbr{g+ yf /a exp(ie,)}
and F2= g and F3= Bghexp(ic,)
fs, fp, g, hand & = Pais-Treiman parameterization
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Lee-Wu vs Pais-Treiman

amplitudes & la Lee-Wu: 2= A [=0 b, =B, ™" /=1 0:0¢1
V2x b oo _~V2(PD) Q

= fs g
(Mg -5, +5,) "M ts) s,
Q X 2 __ Q X &
—( g, - I h e*) b- = M—K(gp+ M2 he™)

if CPT holds: " A=A, B,=B,, B=B., B=8B,
furthermore n_+n,= n,+n_= ny,+n,=2(5,-6,)
if CP holds independent of either CPT or T:
then A=A, "B,=B, , B=B, ,/B,=B., n_=n,, n.=n_, ny=n,
— &,(K*) = g,(K") and &,(K*) = &,(K")
if CPT ny=n,=n_=8-9,
if T holds independent of either CPT or CP :

thenn,=n,=n_=06,-6,— €, =¢,= 0
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—  K_, amplitudes and phases without T, CP violation
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—  K_, amplitudes and phases with T and CP violation
Sf

ICPT GP l S S _8

€,(K") = -€,(K*) and &,(K") = -£,(K")
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Sensitivity to & )
Sensitivity to & >

Standard Ke4 parameters
9=0.92, §' =0.84, h =0.37, a00=0.25, £,=0, €,=0
i i Bi i dcay e
1 2 y2sin®f _ 1.000
2 2 B2sin?f_(1-sin’f _cos?p) 0.058
3 g2 o %cos?d sin’f 0.073
4 h? B2y?sin?d (1- sin’6 _ sin’() 0.0002
5 fo cos(0,-¢ ) 2aycosh sin’f 0.290
6 fgcosd, 2Bysind_sinf cos cosg 0.071
7 fheos(d,-¢ ,) -2By?sinf _sinf cosg 0.013
8 gg COosE | 20 fsinf cosf sinf cosd coso 0.027
9 g’hcos(t,-¢ ,) - 20 Bsinf cosh sind cosy 0.0033
10 ghcost - 2B ?ysin®f_cosb 0.0049
11 fgsin(0 ) 2B ysind sinf sing 0.031
12 fhsin(d,-¢ ,) -2By?sinf sinf cosb sing 0.0011
13 gg'sing | 20 B sin_cosh sinf sing 0.0053(e1=0.1)
14 g’hsin(e,-¢ ) -20Bysing cosh sinf cosb sing 0.0002(e1=0.1)
15 ghsine , - 2B ?ysin®d_sin’) singcosy 0.0002(c2=0.1)

Variation of fit parameters P

operates on Ji
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The 5d shape decay rate is
7dis‘rr*ibu‘red ~ 30000 bins



—— T violating amplitude J,;B,; for €,=0.2

. . Phase of fp
this is a Monte Carlo exercise 1
Ked4 matrix elements epscp=0.00 fp=0.05 Ked matrix elements epscp=0.200 fp=0.05
- -3
J13B1s = 0(107%)
0 —g i —g »
i 1 ]
m)é 1 5 10-—E
E o E
! i f|i"'§|"" ! L R R R

LogJiBi LogJiBi
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Experimental Tests of Discrete Symmetries in the Decays K* > 7'n e*v,t

E. W. Beier, D, A, Buchholz, * A. K. Mann, W. K. McFarlane,} S. H. Parker, * and J. B. Roberts$
Department of Physics, Univevsity of Pennsylvania, Philadelphia, Pennsylvania 19104
(Received 8 May 1972)

Tests of the discrete symmetries P, C, CP, and T are obtained through comparison
of the rare decays K*—~n*r"e*y, (K, decays). An important outgrowth of the experiment
is a direct measurement of the low-energy pion-pion relative scattering phase, 69— 6.

VoLuME 29, NUMBER 8

PHYSICAL REVIEW LETTERS

21 Avcusr 1972
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FIG. 2. Distributions in cosf; for K* and K~ decays,
both corrected for experimental detection efficiency.
That correction changes the linear term observed in
the raw data by about 16%. The correction is the same
for K* and K~
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FIG. 3, Distributions in ¢ for K¥ and K~ decays,
both corrected for experimental detection efficiency.
The eorrection is the same for K* and K~. I amounts
to +0.02 in the coefficient of sing, —0.06 in the coeffi-
cient of cose, 0.02 in the coefficient of cos’y, and 0.03
in the coefficient of sing cosg.
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PHYSICAL REVIEW D VOLUME 39, NUMBER 9 1 MAY 1989

How to elucidate the mechanism of CP violation

P. Castoldi and J.-M. Frére
Physique Theorigue, Universite Libre, Bruxelles Campus Plaine, CP 225, Boulevard du Triomphe, B-1050 Brussels, Belgium

G. L. Kane
Randall Laboratory of Physies, University of Michigan, Ann Arbor, Michigan 48109-1120
(Received 28 December 1988)

Several CP-violating observables, particularly in semileptonic decays of K’s, have the property
that they are expected to vanish in the standard model, but are nonzero in alternative models.
Thus, they provide very clean ways to test whether the standard model is the (sole) source of CP
violation and to determine the properties of any other source that may enter. We mainly consider
the transverse muon polarization from K,; (which isolates § and P effective Lagrangians), and the
K, spectrum (which contains a term that isolates V" and A effective Lagrangians). We briefly com-
ment on W¥ production, and heavy-quark and -lepton decays.

TABLE I. This table shows the different ways various mechanisms produce CP-violating effects.
The entries “yes” and “no” report whether each mechanism is able to produce an observable effect for
the experiment in the left-hand column.

Mechanism
Non-standard-model Non-standard-model
Standard Strong V, A effective S, P effective
Experiment model CP violation Lagrangian Lagrangian
€€ Yes No Yes Yes
d, (at level
=210 ¥ eem) No - Yes Yes Yes
d, (at level
107 ecm) No No Yes Yes
K, transverse muon
polarization No No No Yes
| K,,sin2¢ term | No No| | Yes No
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Summary

NA48/2 sensitivity to T violating phases ¢, , is unique:
statistics + both Kand K-
Our K_, samples total ~10¢ K* and K- i.e. x20 larger than those of
the last experiment with 3559 K+ and 3311 K-...
E.W. Beier et al. PRL 29, 8(1972)
< = signal of T and CP violation is at reach ...
Question to theorists: €1(fp) €2(h) phases within SM and beyond?

Excerpt from Lee Wu paper Ann. Rev. Nucl. Sci. (1966):

.. it seems reasonably certain that some violation of time reversal
invariance should be present in these weak decays (Ke4), but the
degree of siich violation remains unclear.

marc



