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T-odd correlation in the Kl3g decay
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The dependence of theK1→p0l 1n lg decay width on theT-odd kinematical variablej5qW •@pW l3pW p#/M3 is
studied at the tree and one-loop levels of the standard model~SM!. It is shown that at the tree level this decay
width is an even function ofj, while the odd contribution arises due to the electromagnetic final state
interaction. This contribution is determined by the imaginary parts of the one-loop diagrams. The calculations
performed show that thej-odd contribution to theK1→p0e1neg andK1→p0m1nmg decay widths is four
orders of magnitude smaller than the even contribution coming from the tree level of the SM.
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I. INTRODUCTION

The study of rare radiativeK-meson decays provides a
interesting possibility to search for the effects of a new ph
ics beyond the standard model~SM!. In particular, the search
for new CP-violating interactions is of special interest. I
contrast to the SM, whereCP violation is caused by the
presence of the complex phase in the Cabibbo-Kabaya
Maskawa~CKM! matrix, CP violation in extended models
can naturally arise due to the presence of, for instance,
charged Higgs bosons, which have complex couplings to
mions @1#, hypothetical tensor interactions@2#, etc.
CP-violating effects can be probed with experimental o
servables, which are especially sensitive toT-odd contribu-
tions. Such observables are the rate dependence on theT-odd
correlation„j5(1/MK

3 )pW g•@pW p3pW l #… in the K6→p0m6ng
process@3# and transverse muon polarization in theK6

→m6ng decays@4#. The experiments conducted thus far
not provide the sensitivity level that is necessary to anal
the differential distributions in theK6→p0m6(e6)ng de-
cays. However, new perspectives are connected with
planned OKA experiment@5#, where the expected statistic
of ;7.03105 events for theK1→p0m1ng decay will allow
one to perform a detailed analysis of the data and ei
probe new effects or put strict bounds on the parameter
the extended models.

When searching for possibleT-violating effects caused by
new interactions in theK1→p0m1ng decays it is especially
important to estimate the SM contribution to thej distribu-
tion, which is induced by the electromagnetic final state
teraction and which is a natural background for new inter
tion contributions.

The Weinberg model with three Higgs doublets@1,6# is
especially interesting in the search for possibleT violation.
This model allows one to have complex Yukawa couplin
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that lead to extremely interesting phenomenology. It w
shown@3# that the study of theT-odd correlation in theK1

→p0m1ng process allows one either to probe the terms t
are linear inCP-violating couplings, or to strictly confine the
Weinberg model parameters.

In this paper, in the framework of the SM we analyze t
K1→p0l 1n lg decay width dependence on the kinematic
variablej5qW •@pW l3pW p#/M3. In the general case, the widt
differential distributionr(j)5dG/dj can be represented a
the sum of even,f even , and odd,f odd , functions ofj. At the
tree level of the SM the odd partf odd does not contribute to
the width distribution. We will show later that this effect is
direct consequence of the following fact: in chiral perturb
tion theory the form factors contributing to the matrix el
ment do not have imaginary parts. However, the SM rad
tive corrections due to the electromagnetic final st
interaction lead to the appearance of form factor imagin
parts@7#, which, in its turn, results in a nonvanishingj-odd
contribution in theK1→p0l 1n lg decay width distribution.
In this paper we analyze this effect at the one-loop level
the SM. The matrix element of theK1→p0l 1n lg decay is
calculated in the leading approximation of chiral perturbat
theory, i.e., up to terms ofO(p4) @8#.

To probe theT-odd effect we introduce, in addition to
f odd , the j-asymmetrical physical observable, which is d
fined as follows:

Aj5
N12N2

N11N2
, ~1!

whereN1 andN2 are the numbers of events withj.0 and
j,0, respectively. One can see that, while theAj nominator
depends onf odd(j) only, the denominator is proportional t
f even(j), which makes this variable sensitive toj-odd ef-
fects.

As we will show later, the ‘‘background’’ SM one-loop
contribution to f odd is severely suppressed with respect
f even ( f odd / f even;1024). This allows us to state that th
©2002 The American Physical Society38-1
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proposed observablesAj and f odd , sensitive toT-odd con-
tributions, provide a good chance to search forCP-violating
effects beyond the SM.

Another variable sensitive toCP violation is the trans-
verse muon polarizationPT , which can be observed in th
K1→p0m1n andK1→m1ng decays@4,7,9#. As in the case
of thej dependence of theK1→p0l 1n lg rate, the presence
of nonvanishing transverse polarization in the SM is cau
by the electromagnetic final state interaction. Although
PT value is sensitive toT-odd effects, its measurement
experiment seems to be cumbersome@10#. As for theAj and
f odd variables, their experimental measurement is mu
easier, which is one of the main advantages of these varia
in comparison with the transverse muon polarization. T
low event rate of the processes where these values ca
measured is considered to be the disadvantage of these
ables. However, the anticipated statistics on theK1

→p0m1ng process in the OKA experiment will definitel
allow one to use these observables to search for
CP-violating contributions.

In the next section we analyze theK1→p0l 1n lg decay
width dependence on theT-odd correlation at the tree leve
of the SM. In Sec. III we calculate SM contributions to th
T-odd correlation induced by one-loop diagrams. The l
section contains the discussion and conclusions.

II. T-ODD CORRELATION AT THE TREE LEVEL OF
THE STANDARD MODEL

The Feynman diagrams contributing to theK1(p)
→p0(p8) l 1(pl)n l(pn)g(q) decay at the tree level of th
SM are shown in Fig. 1. The tree-level amplitude for th
process can be written as@8#

T5
GF

A2
eVus* em~q!* S ~Vmn2Amn!ū~pn!gn~12g5!v~pl !

1
Fn

2plq
ū~pn!gn~12g5!~ml2 p̂l2q̂!gmv~pl ! D , ~2!

where

Vmn5 i E d4xeiqx^p0~p8!uTVm
em~x!Vn

42 i5~0!uK1~p!&,

~3!

FIG. 1. The Feynman diagrams for theK1→p0l 1ng decay at
the tree level of the SM.
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Amn5 i E d4xeiqx^p0~p8!uTVm
em~x!An

42 i5~0!uK1~p!&,

~4!

andFn is the matrix element of theKl3
1 decay:

Fn5^p0~p8!uVn
42 i5~0!uK1~p!&. ~5!

Here p8, pl , q, pn , andp are the pion, lepton,g quantum,
neutrino, and kaon four-momenta, respectively. In the le
ing approximation of chiral perturbation theoryAmn50 and
the expressions forVmn andFm can be written as

Fm5
1

A2
~p1p8!m ,

Vmn5V1S gmn2
Wmqn

qW D
1V2S pm8 qn2

p8q

qW
WmqnD1

pm

pq
Fn ,

Wm5~pl1pn!m ,

V15
1

A2
, V252

1

A2pq
.

So the matrix element of the decay can be rewritten in
following form:

T5
GF

2
eVus* em~q!* •ū~pn!

3~11g5!•F ~ p̂1 p̂8!S pm

~pq!
2

~pl !m

~plq! D2~ p̂1 p̂8!
q̂gm

2~plq!

1S gm2
q̂pm

~pq!
D Gu~pl !, ~6!

and theK1→p0l 1ng decay partial width can be calculate
by integrating over the phase space.

In Figs. 2 and 3 we present the differential distribution
the decay partial width in theK-meson rest frame over th
three-momenta of the final particles and the angle betw
the lepton andg-quantum directions, calculated at the tr
level of the SM. For the case of the electron channel~see Fig.
2! the bulk of the width value is collected in the region
small values of the lepton andg-quantum momenta, maxi
mal values of the pion momentum, and small angles betw
the lepton andg-quantum momenta. In the case of the mu
channel~see Fig. 3! the bulk of the width is collected in the
region of intermediate values of lepton momentum, sm
values of theg-quantum momentum, maximal values of th
pion momentum, and small angles between the lepton
g-quantum directions.

Imposing the kinematical cuts on theg-quantum energy
and lepton–g-quantum scattering angle in the kaon re
8-2
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FIG. 2. Branching differential distribution
over the pion, electron, andg-quantum momenta
and the angle between the electron andg quan-
tum in theK-meson rest frame.

FIG. 3. Branching differential distribution
over the pion, muon, andg quantum momenta
and the angle between the muon andg quantum
in the K-meson rest frame.
054038-3
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frameEg.30 MeV andug ł.20°, which are typical for the
current and planned kaon experiments, one gets the foll
ing branching values:

BR~K1→pe1neg!53.1831024,

BR~K1→pm1nmg!52.1531025,

which are in good agreement with earlier calculations~see,
for instance,@8#! and existing experimental results@11#.

Looking for possibleCP-odd contributions, we will in-
vestigate the decay width distribution over the variablej

5qW •@pW l3pW p#/M3, which changes sign underCP or T con-
jugation:

r~j!5
dG

dj
. ~7!

This distribution is an ‘‘indicator’’ for T-violation effects.
The r(j) function can be rewritten as

r5 f even~j!1 f odd~j!,

FIG. 4. j dependence of theK1→p0l 1ng branching at the tree
level of the SM for the~a! electron and~b! muon channels.
05403
-

where f even(j) and f odd(j) are the even and odd function
of j, respectively. The functionf odd(j) can be represented a
follows:

f odd5g~j2!j. ~8!

It is evident that after integration of ther(j) function over
whole region ofj only the f even(j) function contributes to
the total width. In Fig. 4 we present ther(j)/G total distribu-
tions for theK1→p0m1n lg andK1→p0e1n lg decays. In-
deed, one can see from Fig. 4 that at the tree level of the
where there are noT-odd contributions, the distributions, a
one would expect, are strictly symmetric with respect to
line j50, i.e., the numbers of events ofK1→p0l 1n lg de-
cay withj.0 andj,0 are equal. This fact can be explaine
as follows: in the case of the tree approximation of the S
the matrix element squared is expressed via scalar prod
of final particle momenta only, and, consequently, there
no contributions linear overj. So ther(j) function is essen-
tially an even function ofj.

Analyzing theK1→p0l 1n lg data, it is useful to intro-
duce, in addition to ther(j) distribution, the integral asym
metry, which is defined as

Aj5
N12N2

N11N2
, ~9!

whereN1 and N2 are the numbers of decay events withj
.0 andj,0. It is easy to see that theAj nominator depends
on f odd(j) only, which makes this variable highly sensitiv
to T-odd effects beyond the SM.

III. T-ODD CORRELATION IN THE STANDARD MODEL
DUE TO THE FINAL STATE INTERACTION

A nonvanishing value of theAj asymmetry as well as an
odd contribution tor(j) can arise in the SM due to th
electromagnetic final state interaction at the level of one-lo
diagrams. The most general expression for theK1

→p0l 1n lg decay amplitude taking account of the electr
magnetic radiative corrections~implying gauge invariance!
can be written as follows:

Tone loop5
GF

A2
eVus* en* ū~pn!~11g5!•FC1S pn2

pq

plq
pl

nD
1C3S ~p8!n2

p8q

plq
pl

nD1C5S pn2
pq

plq
pl

nD p̂8

1C7S ~p8!n2
p8q

plq
pl

nD p̂81C9@ q̂pn2~pq!gn#

1C10@ q̂pl
n2~plq!gn#1C11@ q̂~p8!n2~p8q!gn#

1C12q̂gn1C13p̂8@ q̂pn2~pq!gn#1C14p̂8@ q̂pl
n

2~plq!gn#1C15p̂8@ q̂~p8!n2~p8q!gn#

1C16p̂8q̂gnG v~pl !, ~10!
8-4
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where theCi coefficients are the kinematical factors due
one-loop diagram contributions. The matrix element squa
taking account of the one-loop contributions can be rewrit
in the following form:
t

us

d
t

co
y

th

05403
d
n

uTone loopu25uTevenu21uToddu2, ~11!

where
uToddu2522GF
2e2uVusu2mK

4 jF Im~C1!mlS 2
1

plq
24

pq

~plq!2D 2Im~C3!mlS 2
1

plq
14

p8q

~plq!2D 1Im~C5!

3S 412ml
2 pq

~plq!2
1

1

plq
~2mK

2 22mp
2 14pp824ppl24pq24p8pl24p8q!D 1Im~C7!S 2ml

2 p8q

~plq!2
14

mp
2

plq
D

1Im~C9!S 8
ppl

plq
28

mK
2

pqD 1Im~C10!S 8
ml

2

plq
18

plq

pq
28

ppl

pq
28D 1Im~C11!S 8

p8q

pq
18

p8pl

plq
28

pp8

pq D1Im~C12!

3S 4
ml

pq
28

ml

plq
D1Im~C13!ml S 4

mK
2

pq
24

ppl

plq
D 1Im~C14!ml S 414

ppl

pq
24

ml
2

plq
24

plq

pq D 1Im~C15!ml

3S 4
pp8

pq
24

p8q

pq
24

p8pl

plq
D1Im~C16!S 2814

mK
2

pq
24

mp
2

pq
18

pp8

pq
28

ppl

pq
28

p8pl

pq
28

p8q

pq
14

ml
2

plq
18

plq

pq D G .

~12!
rst
5e.

fol-

5b,
As one can see from Eqs.~11! and ~12!, the nonvanishing
contribution tof odd(j) andAj ~linear overj) is determined
by the one-loop electromagnetic corrections, which lead
the appearance of imaginary parts of theCi form factors.

To calculate the form factor imaginary parts one can
the S-matrix unitarity @7#:

S1S51.

Using S511 iM , one gets

M f i2Mi f* 5 i(
n

Mn f* Mni , ~13!

where thei , f ,n indices correspond to the initial, final, an
intermediate states of the particle system. Further, using
T invariance of the matrix element one has

ImM f i5
1

2 (
n

Mn f* Mni ,

M f i5~2p!4d~Pf2Pi !Tf i .

One-loop diagrams that describe the electromagnetic
rections to theK1→p l 1n lg process and lead to imaginar
parts of the form factors in Eq.~10!, thus contributing to
f odd(j), are shown in Fig. 5. Using Eq.~2! one can write
down the imaginary parts of these diagrams, that give
o

e

he

r-

e

nonvanishing contribution tof odd(j). It is useful to split the
whole set of one-loop diagrams into two groups. The fi
group contains the diagrams shown in Figs. 5a, 5c, and
The imaginary part of these diagrams can be written as
lows:

ImT15
a

2p

GF

A2
eVus* ū~pn!~11g5!E d3kg

2vg

d3kl

2v l

3d~kg1kl2q2pl !•uR̂m~ k̂l2ml !g
m

3
q̂1 p̂l2ml

~q1pl !
22ml

2
gd«d* v~pl !. ~14!

The second group includes the diagrams shown in Figs.
5d, and 5f. The corresponding imaginary part is

ImT25
a

2p

GF

A2
eVus* ū~pn!~11g5!E d3kg

2vg

d3kl

2v l

3d~kg1kl2q2pl !•R̂m~ k̂l2ml !

3gd«d*
k̂m2q̂2ml

~km2q!22ml
2
gmv~pl !, ~15!

where

R̂m5~Vmn2Amn!gn2
Fn

2plq
gn~ p̂l1q̂2ml !gm . ~16!
8-5



qs
a
ry

th
o
-
tr
.

d

y
ig

f

ts
rv

-
is-

f
is

f
ws:

gi-

heir
r-

en-
in

on

ls
he
at
the

ese

ar

V. V. BRAGUTA, A. A. LIKHODED, AND A. E. CHALOV PHYSICAL REVIEW D 65 054038
The details of the calculation of the integrals entering E
~14!,~15! and their dependence on kinematical parameters
given in Appendix A. The expressions for the imagina
parts of theCi form factors are given in Appendix B.

IV. RESULTS AND DISCUSSION

Before discussing the numerical results, let us note
when considering one-loop diagrams we neglected their c
tributions to the even part of thej distribution, as these con
tributions are considerably smaller than the nonzero con
bution to f even from the tree approximation of the SM
However, in the case off odd the tree SM contribution is
equal to zero; thus the contributions tof odd coming from
one-loop diagrams become essential. Analyzing theK1

→p0l 1n lg width dependence on the kinematical variablej,
we separately consider the two decay channelsK1

→p0e1neg andK1→p0m1nmg, since the functionalj de-
pendence of the width in these two cases is essentially
ferent.

K1→p0e1neg. In Fig. 6a we show thej-odd contribu-
tion to the differential width distribution that is induced b
the imaginary parts of the one-loop diagrams shown in F
5. In the kinematical region of thej parameter the value o
the width distribution varies in the interval of (22.0–2.0)
31026, and the sign off odd is opposite to the sign ofj. As
the totalj distribution is the sum of the even and odd par
this leads to the fact that in an experiment one will obse
the surplus of the events with negativej values. The asym-
metry value for this channel is

Aj~K1→pe1neg!520.5931024.

FIG. 5. The Feynman diagrams contributing to the imagin
parts of the form factors~10! at the one-loop level of the SM.
05403
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K1→p0m1nmg. In Fig. 6b we present thej-odd contri-
bution to the differential width distribution for the muon de
cay channel. The characteristic variation interval for this d
tribution is (24.0–4.0)31027, but the sign of f odd
coincides with the sign ofj. This results in a surplus o
events with positivej values. The asymmetry value for th
channel is

Aj~K1→pm1nmg!51.1431024.

This difference between thef odd behavior in the cases o
the electron and muon channels can be explained as follo
for the muon decay channel the contributions from ima
nary parts of theC1 , C12, C13, and C14 form factors be-
come essential, while in the case of the electron channel t
contributions are negligible~these contributions are propo
tional to the mass of the lepton!.

It should be noted that the difference in thef odd behavior
for the electron and muon channels could be used to dis
tangle the SM radiative and new physics contributions:
extended models, where theCP violation can arise at tree
level, the sign of thej dependence is insensitive to the lept
flavor, as occurs, for instance, in the Weinberg model@1#.

We would like to underline that for both decay channe
the f odd value is four orders of magnitude smaller than t
tree contribution of the SM. This allows us to state th
j-odd effects are severely suppressed in the SM. Thus,
‘‘background’’ SM contribution to the odd part of thej de-
pendence leaves a ‘‘window’’ to discover newCP-violating
effects in these decays up to the level of 1024.

Analyzing the situation with the integral asymmetryAj

one sees that for reliable observation ofj-odd effects from
the asymmetry only one should have a data sample for th

y

FIG. 6. j-odd contributionsf odd to the branching differential
distribution for the~a! electron and~b! muon decay channels.
8-6
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decays at least at the level of 108 events. In this respec
analysis of the differentialj distribution seems to be ver
important.
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APPENDIX A

In calculating the integrals that contribute to Eqs.~14! and
~15!, we use the following notation:

P5pl1q,

dr5
d3kg

2vg

d3kl

2v l
d~kg1kl2P!.

We present below either the explicit expressions for the
tegrals, or the set of equations that, being solved, give
parameters entering the integrals:

J115E dr5
p

2

P22ml
2

P2
,

J125E dr
1

~pkg!
5

p

2I
lnS ~Pp!1I

~Pp!2I D ,

where

I 25~Pp!22mK
2 P2,

E dr
kg

a

~pkg!
5a11p

a1b11P
a.

The a11 andb11 parameters are defined as follows:

a1152
1

~Pp!22mK
2 P2 S P2J112

J12

2
~Pp!~P22ml

2! D ,

b115
1

~Pp!22mK
2 P2 S ~Pp!J112

J12

2
mK

2 ~P22ml
2! D .

E drkg
a5a12P

a,

where

a125
~P22ml

2!

2P2
J11,
05403
e
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J15E dr
1

~pkg!~~pl2kg!22ml
2!

52
p

2I 1~P22ml
2!

lnS ~ppl !1I 1

~ppl !2I 1
D ,

J25E dr
1

~pl2kg!22ml
2

52
p

4I 2
lnS ~Ppl !1I 2

~Ppl !2I 2
D ,

where

I 1
25~ppl !

22ml
2mK

2 ,

I 2
25~Ppl !

22ml
2P2.

E dr
kg

a

~pl2kg!22ml
2
5a1Pa1b1pl

a ,

a152
ml

2~P22ml
2!J21~Ppl !J11

2~~Ppl !
22ml

2P2!
,

b15
~Ppl !~P22ml

2!J21P2J11

2@~Ppl !
22ml

2P2#
.

The integrals below are expressed in terms of the parame
which can be obtained by solving the corresponding set
equations:

E dr
kg

a

~pkg!@~pl2kg!22ml
2#

5a2Pa1b2pa1c2pl
a ,

a2~Pp!1b2mK
2 1c2~ppl !5J2 ,

a2~Ppl !1b2~ppl !1c2ml
252

1

2
J12,

a2P21b2~Pp!1c2~Ppl !5~plq!J1 .

E dr
kg

akg
b

~pkg!@~pl2kg!22ml
2#

5a3gab1b3~Papb1Pbpa!

1c3~Papl
b1Pbpl

a!

1d3~papl
b1pbpl

a!

1e3pl
apl

b1 f 3PaPb

1g3papb,

4a312b3~Pp!12c3~Ppl !12d3~ppl !

1g3mK
2 1e3ml

21 f 3P250,

c3~ppl !1b3mK
2 1 f 3~Pp!2a150,

c3~Pp!1d3mK
2 1e3~ppl !2b150,
8-7
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a31b3~Pp!1d3~ppl !1g3mK
2 50,

b3~ppl !1c3ml
21 f 3~Ppl !52

1

2
b11,

b3~Ppl !1d3ml
21g3~ppl !52

1

2
a11,

a3P212b3P2~Pp!12c3P2~Ppl !12d3~Ppl !~Pp!

1e3~Ppl !
21 f 3~P2!21g3~Pp!25~plq!2J1 .

E dr
kg

akg
b

~pl2kg!22ml
2
5a4gab

1b4~Papl
b1Pbpl

a!

1c4PaPb

1d4pl
apl

b ,
05403
a41d4ml
21b4~Ppl !50,

b4ml
21c4~Ppl !52

1

2
a12,

4a412b4~Ppl !1c4P21d4ml
250,

a4P212b4P2~Ppl !1c4~P2!21d4~Ppl !
25

~P22ml
2!2

4
J2

APPENDIX B

Here we present the explicit expressions for imagin
parts of theCi form factors via the parameters calculated
Appendix A.
C15
a

A2p
ml@4a31b3mK

2 1d3mK
2 22a2ml

212b3ml
222c2ml

216c3ml
212d3ml

213e3ml
213 f 3ml

22b3mp
2 2d3mp

2

22b3~p8pl22d3~p8pl !22b3~p8q!22d3~p8q!24a2~plq!14b3~plq!22c2~plq!18c3~plq!12d3~plq!

12e3~plq!16 f 3~plq!12b3~pp8!12d3~pp8! ,

C552
a

A2p
@4a324a2ml

213b3ml
224c2ml

214c3ml
213d3ml

212e3ml
212 f 3ml

224a2~plq!14b3~plq!14c3~plq!

14 f 3~plq!#,

C952
a

A2p
@2a31b3mK

2 2a2ml
21b3ml

22c2ml
212c3ml

21d3ml
212 f 3ml

22b3mp
2 22b3~p8pl !22b3~p8q!

22a2~plq!12b3~plq!12c3~plq!14 f 3~plq!12b3~pp8!#,

C105
a

A2p

1

~plq!
@2a1ml

22b1ml
212b4ml

21c4ml
21d4ml

212a3~plq!1a2mK
2 ~plq!2c3mK

2 ~plq!2 f 3mK
2 ~plq!

2e3ml
2~plq!1 f 3ml

2~plq!2a2mp
2 ~plq!1c3mp

2 ~plq!1 f 3mp
2 ~plq!22a2~p8pl !~plq!12c3~p8pl !~plq!

12 f 3~p8pl !~plq!22a2~p8q!~plq!12c3~p8q!~plq!12 f 3~p8q!~plq!12 f 3~plq!212a2~plq!~pp8!22c3~plq!

3~pp8!22 f 3~plq!~pp8!22a2~plq!~ppl !12b3~plq!~ppl !12c3~plq!~ppl !12 f 3~plq!~ppl !22a2~plq!~pq!

12b3~plq!~pq!12c3~plq!~pq!12 f 3~plq!~pq!#,
8-8
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C1252
a

4A2p

ml

~plq!2
@22a12ml

222J11ml
222a12~plq!24a4~plq!12J11~plq!2a11mK

2 ~plq!1b11mK
2 ~plq!

18a1ml
2~plq!18b1ml

2~plq!24b4ml
2~plq!22c4ml

2~plq!22d4ml
2~plq!24J2ml

2~plq!2b11mp
2 ~plq!

22b11~p8pl !~plq!22b11~p8q!~plq!18a1~plq!214a3~plq!214b1~plq!224b4~plq!224c4~plq!2

24J2~plq!212a2mK
2 ~plq!222b2mK

2 ~plq!212c2mK
2 ~plq!212g3mK

2 ~plq!218c3ml
2~plq!216e3ml

2~plq!2

12 f 3ml
2~plq!222a2mp

2 ~plq!222c2mp
2 ~plq!224a2~p8pl !~plq!224c2~p8pl !~plq!224a2~p8q!~plq!2

24c2~p8q!~plq!2112c3~plq!314e3~plq!314 f 3~plq!312b11~plq!~pp8!14a2~plq!2~pp8!14c2~plq!2~pp8!

22a11~plq!~ppl !24b11~plq!~ppl !12J12~plq!~ppl !28a2~plq!2~ppl !24b2~plq!2~ppl !14b3~plq!2~ppl !

28c2~plq!2~ppl !18d3~plq!2~ppl !14J1~plq!2~ppl !22a11~plq!~pq!24b11~plq!~pq!12J12~plq!~pq!

24a2~plq!2~pq!14b3~plq!2~pq!24c2~plq!2~pq!14d3~plq!2~pq!#,

C1352
a

A2p
ml~2a22b312c222d3!,

C145
a

A2p

ml

~plq!
@2a112b124b422c422d41a2~plq!13c3~plq!12e3~plq!1 f 3~plq!#,

C165
a

4A2p

1

~plq!2
@24a12ml

224J11ml
224a12~plq!28a4~plq!14J11~plq!22a11mK

2 ~plq!116a1ml
2~plq!

116b1ml
2~plq!1b11ml

2~plq!28b4ml
2~plq!24c4ml

2~plq!24d4ml
2~plq!28J2ml

2~plq!116a1~plq!2

14a3~plq!218b1~plq!228b4~plq!228c4~plq!222J12~plq!228J2~plq!224b2mK
2 ~plq!214g3mK

2 ~plq!2

22a2ml
2~plq!222c2ml

2~plq!214c3ml
2~plq!214e3ml

2~plq!224a2~plq!314c3~plq!322a11~plq!~ppl !

24b11~plq!~ppl !14J12~plq!~ppl !28a2~plq!2~ppl !28b2~plq!2~ppl !14b3~plq!2~ppl !28c2~plq!2~ppl !

18d3~plq!2~ppl !18J1~plq!2~ppl !22a11~plq!~pq!24b11~plq!~pq!14J12~plq!~pq!14b3~plq!2~pq!#,

C35C75C115C1550.
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