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The dependence of the" — 70l * »,y decay width on th@-odd kinematical variablg=q- [ﬁ, X 57,]/M Sis
studied at the tree and one-loop levels of the standard n{8d4)l. It is shown that at the tree level this decay
width is an even function of, 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 thé-odd contribution to th&K " — 7% " v,y andK* — 7%u ™ v,y 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 that lead to extremely interesting phenomenology. It was
shown[3] that the study of th@-odd correlation in the™*

The study of rare radiativé&-meson decays provides an — #°u " vy process allows one either to probe the terms that
interesting possibility to search for the effects of a new physare linear inC P-violating couplings, or to strictly confine the
ics beyond the standard mod&M). In particular, the search Weinberg model parameters.
for new CP-violating interactions is of special interest. In  In this paper, in the framework of the SM we analyze the
contrast to the SM, wher€P violation is caused by the K+—>7TO|+V|] decay width dependence on the kinematical
presence of the complex phase in the Cabibbo—KabayashVariable§=q~[p|><p,T]/M3. In the general case, the width
Maskawa(CKM) matrix, CP violation in extended models differential distributionp(£)=dI'/d¢ can be represented as
can naturally arise due to the presence of, for instance, netfie sum of event,.,, and oddf,qq, functions ofé. At the
charged Higgs bosons, which have complex couplings to fertree level of the SM the odd paftqq does not contribute to
mions [1], hypothe“caj tensor interactioniz], etc. the width distribution. We will show later that this effect is a
CP-violating effects can be probed with experimental 0b_c_iirect consequence of the followir]g ff_:\ct: in chiral pe_rturba-
servables, which are especially sensitiveTtodd contribu- tion theory the form factors contributing to the matrix ele-

tions. Such observables are the rate dependence dnatld ~ MeNt do not have imaginary parts. However, the SM radia-
. 3\ 2z + 0+ tive corrections due to the electromagnetic final state
correlation(é=(1/My)p,-[p.Xpi]) in the K* = 7°u~ vy

L ! interaction lead to the appearance of form factor imaginar
process[3] and transverse muon polarization in thke PP ginary

i X parts[7], which, in its turn, results in a nonvanishiggodd
— p~ vy decayq4]. The experiments conducted thus far do .ot tion in thek * — 701 "1,y decay width distribution.
not provide the sensitivity level that is necessary to analyz<?n this paper we analyze this effect at the one-loop level of
the differential distributions in th&*— 7%u"(e*) vy de- the SM. The matrix element of thé* — 70 * 1,y decay is
cays. However, new perspectives are connected V‘,"th thgalculated in the leading approximation of chiral perturbation
planned OKA exper|mer{t5],+whege t+he expected statistics theory, i.e., up to terms add(p®) [8].
g;gz)o?) elrcfifgegtzfec;;ﬁg%( a:aK/s’LiLs ;zt(:]eec?;gmai"dovéithe To probe theT-odd effect we introduce, in addition to
probe new effects or put strict bounds on the parameters C{ﬁndedd g;efglgi?//? metrical physical observable, which is de
the extended models. '
When searching for possibleviolating effects caused by N.—N
new interactions in th& ™ — 7% " vy decays it is especially A=t
important to estimate the SM contribution to tielistribu- £ONLEN
tion, which is induced by the electromagnetic final state in-
teraction and which is a natural background for new interacwhereN . andN_ are the numbers of events wig»0 and
tion contributions. £<0, respectively. One can see that, while &enominator
The Weinberg model with three Higgs doubl¢fs6] is  depends orf,yq(£€) only, the denominator is proportional to
especially interesting in the search for possibleiolation.  fg,en(£), Which makes this variable sensitive godd ef-
This model allows one to have complex Yukawa couplingsfects.
As we will show later, the “background” SM one-loop
contribution tof,qyq is severely suppressed with respect to
*Email address: andre@mx.ihep.su fepen (foda/fepen~10"%). This allows us to state that the
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A= | a0 TVET O AL ()K" (),
@

andF, is the matrix element of th; decay:

F,=(7%(p")|V} (0)|K* (p)). (5)

FIG. 1. The Feynman diagrams for the — 7%l *»y decay at  Herep’, py, d, p,, andp are the pion, leptony quantum,
the tree level of the SM. neutrino, and kaon four-momenta, respectively. In the lead-

ing approximation of chiral perturbation theo#y,,=0 and

proposed observables; and f,44, sensitive toT-odd con- the expressions fov,,, andF,, can be written as

tributions, provide a good chance to search@d®?-violating 1
effects beyond the SM. F,=—(p+p’),,
Another variable sensitive t€ P violation is the trans- o2 g
verse muon polarizatio®, which can be observed in the
K*—m%utvandK™— u* vy decayd4,7,9. As in the case w,q,
of the ¢ dependence of thi€ * — 7l " v,y rate, the presence Vuv:\/l( 9ur™ Tqw
of nonvanishing transverse polarization in the SM is caused
by the electromagnetic final state interaction. Although the
P+ value is sensitive tal-odd effects, its measurement in
experiment seems to be cumbersdr@)|. As for theA, and
foaq Vvariables, their experimental measurement is much W,=(p+p,),,
easier, which is one of the main advantages of these variables
in comparison with the transverse muon polarization. The
low event rate of the processes where these values can be V= —,
measured is considered to be the disadvantage of these vari- V2
ables. However, the anticipated statistics on tke
—7%ut vy process in the OKA experiment will definitely So the matrix element of the decay can be rewritten in the
allow one to use these observables to search for ne@llowing form:
CP-violating contributions.
In the next section we analyze tie" — 7% " v,y decay
width dependence on thBodd correlation at the tree level
of the SM. In Sec. Il we calculate SM contributions to the

VP

ny
2 pq

, _P'q
p/,:,qv_ qTNWMqV)

G _
T= 5 eVie (@) u(p,)

T-odd correlation induced by one-loop diagrams. The last A Pe (P Y fm
section contains the discussion and conclusions. X(1+ys)-| (p+p") 9~ (o) —(p+ )2(p|q)
Il. T-ODD CORRELATION AT THE TREE LEVEL OF +< ’y’u—&) u(py), (6)
THE STANDARD MODEL (pa)

The Feynman diagrams contributing to thé*(p)  and theK™— 7% " vy decay partial width can be calculated
—7%(p )1 (p)vi(p,)¥(q) decay at the tree level of the by integrating over the phase space.
SM are shown in Fig. 1. The tree-level amplitude for this In Figs. 2 and 3 we present the differential distribution of
process can be written §8] the decay partial width in th&-meson rest frame over the
three-momenta of the final particles and the angle between
G the lepton andy-quantum directions, calculated at the tree
_°F L) * _ — v _ level of the SM. For the case of the electron charigeé Fig.
T \/Eevssf (@7 (V= Au)u(P) Y (1= y5)v (1) 2) the bulk of the width value is collected in the region of
small values of the lepton ang-quantum momenta, maxi-
mal values of the pion momentum, and small angles between
the lepton andy-quantum momenta. In the case of the muon
channel(see Fig. 3 the bulk of the width is collected in the
region of intermediate values of lepton momentum, small
values of they-quantum momentum, maximal values of the
pion momentum, and small angles between the lepton and
y-quantum directions.
Imposing the kinematical cuts on thequantum energy
(©)] and leptons-quantum scattering angle in the kaon rest

F, — o
+mU(PV)’yV(l—'y5)(m|—p|—q)fyﬂv(pl) } (2)

where
szif d*xe™(m%(p )| TVEMX) V5~ "°(0)|K ™ (p)),
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FIG. 2. Branching differential distribution
over the pion, electron, ang-quantum momenta
and the angle between the electron anduan-
tum in theK-meson rest frame.

FIG. 3. Branching differential distribution
over the pion, muon, ang quantum momenta
and the angle between the muon apdjuantum
in the K-meson rest frame.
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wherefg,en(€) andf,qq(€) are the even and odd functions

%Br(K"’ — wetry)
of &, respectively. The functiof,qq(£) can be represented as

00s L . ] follows:

i 1 foaa=9(&9)E. (8)
0.06 ° 0 - . . . . :

It is evident that after integration of thg(&) function over

B e o 7 whole region of¢ only the f.,e(£) function contributes to
0.04 — the total width. In Fig. 4 we present thg £)/T 44 distribu-

L . . J tions for theK " — 7% v,y andK " — 7% " v,y decays. In-
002 o o i deed, one can see from Fig. 4 that at the tree level of the SM,
: o . where there are nd-odd contributions, the distributions, as

N o° . 7 one would expect, are strictly symmetric with respect to the
O'OO—OHM L 6(|)0| L1 ’9-6.“0—01 line £=0, i.e., the numbers of events Kf* — 7%l " v,y de-

cay with&>0 andé<0 are equal. This fact can be explained
3 as follows: in the case of the tree approximation of the SM
the matrix element squared is expressed via scalar products

d . .
#Br(K* = mptvy) of final particle momenta only, and, consequently, there are

L L B no contributions linear ovef. So thep (&) function is essen-

B pos . tially an even function of.
0.004 - ¢ — Analyzing theK*— 7% "1,y data, it is useful to intro-

- ¢ o - duce, in addition to the(¢) distribution, the integral asym-
0.003 o . i metry, which is defined as

I . . | A= N.—N- 9
0.002 i i ENL+N_ ©)

[ ] [ ]

0.001 - - whereN, andN_ are the numbers of decay events with

- d d - >0 andé<0. Itis easy to see that th nominator depends
0.000 —edes 0ot 1 111111 egedese on fyqq(€) only, which makes this variable highly sensitive

—0.01 0.00 0.01 to T-odd effects beyond the SM.
£

Ill. T-ODD CORRELATION IN THE STANDARD MODEL

+ op + ;
FIG. 4. £ dependence of th€™ — 7r°| " vy branching at the tree DUE TO THE EINAL STATE INTERACTION

level of the SM for the(@) electron andb) muon channels.
A nonvanishing value of th&, asymmetry as well as an
odd contribution top(&¢) can arise in the SM due to the
frameE,>30 MeV and6,,>20°, which are typical for the electromagnetic final state interaction at the level of one-loop
current and planned kaon experiments, one gets the followdiagrams. The most general expression for tKe
ing branching values: —a%l " vy decay amplitude taking account of the electro-
magnetic radiative correctiongmplying gauge invariange

BR(KT—me T vyy)=3.18x10 4,
BRK"—7u'v,y)=2.15<10°,

which are in good agreement with earlier calculati¢osse,
for instance[8]) and existing experimental resultl].

Looking for possibleCP-odd contributions, we will in-
vestigate the decay width distribution over the variable
=q-[p;Xp,]/M3, which changes sign und€Pp or T con-
jugation:

dr

p(é)= dE ()

This distribution is an “indicator” for T-violation effects.
The p(£) function can be rewritten as

P= feuen(§)+fodd(§)v

054038-4

can be written as follows:

Gr = , P
Tone |OOpIEEVSSE,,U(pV)(l+y5)- Cq P"=—p

pid
v p/q v v Pq v|Ar
+Cs| (p") —mﬁ)"‘cs(p —mm)p
Ay p,q v| A AV v
+Co| (P") B LdL +Colap"—(pa)y"]

+Cydap!— (pa) ¥"1+ Coala(p’)’ = (p'a) ¥"]
+C126WV+ C13E)’[E]p"— (pa) YV]+C14I3’[EJP|V
—(P1@) "1+ Cusp’[a(p")’ = (p'q) ¥"]

+Cy6p'qy"| v(p)), (10)
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where theC; coefficients are the kinematical factors due to [Tone |00d2: | Tepen 2+ | Toad % (11
one-loop diagram contributions. The matrix element squared

taking account of the one-loop contributions can be rewritten

in the following form: where

1 pq 1 p'q
Toud?=—2G2e?|V,,J2mi &l Im(Cy)m| 2— — 4 —Im(Cy)m;| 2— +4 +Im(C
| Toadl F€°[Vug “mi € Im(Cy)my pa (i)’ (Ca)m, RNTYE (Cs)
><4+22pq+1(2 —2m2+4pp' —4 4pq—4p’ 4’)+|(C)22p,q+mf’
mf—— myg—2m - —4pgq— - m mf—— +4—
| (p@)? P K =T 4PP —4PP—4pgq—4p p—4pq 7 I(p|q)2 D
2 ’
] ) ( pa _pp ( p'a  p'p _pp
+1m(Cq)| 8— —8—| +Im(C +8——8——8|+Im(C +8——8—"|+Im(C
( 9)( pg  pq (Cw)| 8 Pa o pq pq (Cw|8 pa P9 pq (Cro
2 2
Mk PP PP pq
sl 4™ g™ ) imcciam | 4 —4PP L imcc omil 44422 — 4™ 4P e
( Pq P (Cio '( pPqd P (Crom, Pq PA  Pq (Cigm
’ ’ ’ m2 ’ ’ m2
><<4|0|o _ e e +IM(Ceg 8+4__4_ 8pp gPP_ PP p'a |+8p|q) |
pd pd  pq PO pq pPg  pd  pPg pg  pd  pqg

(12

As one can see from Eq$ll) and (12), the nonvanishing nonvanishing contribution tb,44(£). It is useful to split the

contribution tof ,44(£) andA; (linear overé) is determined  whole set of one-loop diagrams into two groups. The first

by the one-loop electromagnetic corrections, which lead ta@roup contains the diagrams shown in Figs. 5a, 5¢, and 5e.

the appearance of imaginary parts of theform factors. The imaginary part of these diagrams can be written as fol-
To calculate the form factor imaginary parts one can usdows:

the S'matrix unitarity[7]:

o aGe 3., a3k,
s*s=1. " T2r 7SR 20, 20
Using S=1+iM, one gets X 8(ky+k—a—pp) - [R,(k—myp) y*
q+p—m
————Y’e5u(p). (14)
Mi—Mi=i2 MiM,, (13 (a+p)=—m
n

. . o The second group includes the diagrams shown in Figs. 5b,
where thei,f,n indices correspond to the initial, final, and 5d, and 5f. The corresponding imaginary part is

intermediate states of the particle system. Further, using the
T invariance of the matrix element one has

mT.— a Gg VO d3k,, d3k
m Z_Eﬁe usv(p 2 y2_w|
1
— * X ~ ~
MM =5 2 MMy, X 8k, ki~ - py)- Ry(ki~m)
A,u El m
Mgi=(2m)"8(P—P)Ty;. X —qrmm Y VP 19
One-loop diagrams that describe the electromagnetic cor-
rections to thek ™ — a1 vy process and lead to imaginary Where
parts of the form factors in Eq.10), thus contributing to
foaqd(€), are shown in Fig. 5. Using Ed2) one can write & _ . v
down the imaginary parts of these diagrams, that give the Ru=Vun=Au) " 2p o} FTYRALRLE m)y,. (16

054038-5
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FIG. 6. £-odd contributionsf, 44 to the branching differential
distribution for the(a) electron andb) muon decay channels.

0 H .
FIG. 5. The Feynman diagrams contributing to the imaginary K+_>7T M+’fu7- In Fig. 6b we present thé-odd contri-
parts of the form factoréL0) at the one-loop level of the SM. bution to the differential width distribution for the muon de-

cay channel. The characteristic variation interval for this dis-

The details of the calculation of the integrals entering Egstribution is (—4.0-4.0x1077, but the sign of foqq
(14),(15) and their dependence on kinematical parameters areoincides with the sign of. This results in a surplus of
given in Appendix A. The expressions for the imaginaryevents with positive values. The asymmetry value for this
parts of theC; form factors are given in Appendix B. channel is

IV. RESULTS AND DI ION
SULTS SCUSSIO AdK" —mptv,y)=1.14<10"%

Before discussing the numerical results, let us note that
when considering one-loop diagrams we neglected their con-
tributions to the even part of thedistribution, as these con-  This difference between thig,44 behavior in the cases of
tributions are considerably smaller than the nonzero contrithe electron and muon channels can be explained as follows:
bution to fo,e, from the tree approximation of the SM. for the muon decay channel the contributions from imagi-
However, in the case of,qq the tree SM contribution is nary parts of theC,, Cy;, Cy3, andCy, form factors be-
equal to zero; thus the contributions fgyq coming from  come essential, while in the case of the electron channel their
one-loop diagrams become essential. Analyzing Kie  contributions are negligiblethese contributions are propor-

— 7% * 1,y width dependence on the kinematical variaple tional to the mass of the leptpn _ _

we separately consider the two decay chann&l$ It should be noted that the difference in thgy behavior

— 9%t vy andK* —7Pu* vy, since the functionaf de- for the electron and muon channels could be used to disen-

pendence of the width in these two cases is essentially dif@ngle the SM radiative and new physics contributions: in

ferent. extended models, where tl&P violation can arise at tree
K*— %" vy. In Fig. 6a we show thé-odd contribu- level, the sign of th& dependence is insensitive to the lepton

tion to the differential width distribution that is induced by flavor, as occurs, for instance, in the Weinberg mddé!

the imaginary parts of the one-loop diagrams shown in Fig. We would I|!<e to underline that for_ both decay channels
5. In the kinematical region of thé parameter the value of the foqq value is four orders of magnitude smaller than the
the width distribution varies in the interval of-2.0-2.0) (ree contribution of the SM. This a||OWS us to state that
%1078, and the sign of .44 is Opposite to the sign of. As &-odd effects are sever_ely_suppressed in the SM. Thus, the
the total¢ distribution is the sum of the even and odd parts, Packground” SM contribution to the odd part of thede-

this leads to the fact that in an experiment one will observe&ndence leaves a “window” to discover nédP-violating

the surplus of the events with negatigevalues. The asym- €ffects in these decays up to the level of 10

metry value for this channel is Analyzing the situation with the integral asymmethy
one sees that for reliable observation&bdd effects from
AdK"—metvey)=—0.59x10"*. the asymmetry only one should have a data sample for these

054038-6
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decays at least at the level of ®l@vents. In this respect
analysis of the differentiaf distribution seems to be very

1

important.
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APPENDIX A

In calculating the integrals that contribute to E(s}) and
(15), we use the following notation:

P=p|+qv

—dsk?dsk'ék k — P
p_2(l),},2_(l)|(7+ |~ )

We present below either the explicit expressions for the in-
tegrals, or the set of equations that, being solved, give the

parameters entering the integrals:

m P?—m?
‘]llzf dPZE

P2
- 1 o (Pp)+1
J“‘f"”(pk»‘ﬁ'”((Pp)—l |

where
12=(Pp)2—mgP?,

a

k
dp—~=a;;p*+by,P".
J p(pky) 11P 11

The a;; andb,, parameters are defined as follows:

J
ay= (PZJH— 7”(Pp)<P2—m.2>),

(Pp)2—mzP?

‘]12

b1y (Pp)Jn_?mﬁ(Pz_mF))-

:(Pp)z—mﬁpz(

f dpk‘;zalZPa,
where

(P?—m{

a = ——
v op2

11,

where
12=(pp)2—mPmg,
15=(Pp)?—mP2.
j dp a ——=a,P*+Dbyp/",
(p1—k,)2—m?
_ mi(PP=mf) 3o+ (Pp)Jyy
2((Pp)2—mfP?)

a;=

_(PP)(P?=m{) 3+ P2y
2[(Pp)®~m{P?]

The integrals below are expressed in terms of the parameters,
which can be obtained by solving the corresponding sets of

equations:

kD(

Y

d
f P (oK) [(p—k,)P—m?]

- a2P“+ bzpa+ C2p|a y
ay(Pp)+bomi+ca(pp) =Jz,

1
ay(Pp)+ba(ppy) +comi=— 512,

aP2+by(Pp)+co(Pp) = (pia)d; .

koK
J dp 2.2
(Pk)[(pi—k,)=—my]

=a5g"F + by(P"p + Pp?)

+ca(Ppf+PPpy")
+ds(p*pf+p?pi")
+espy'pf + faPP?
+93p*p”,
4az+2bz(Pp)+2c3(Pp) +2d3(pp))
+gam2 +esmi+ f3P?=0,
Ca(ppy) +bsmi + f3(Pp)—a; =0,

ca(Pp) +dsmg +e3(pp) — by, =0,

054038-7
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ag+bs(Pp)+ds(pp)+gsmg=0, as+d,mP+by(Pp)=0,

1
b3(pp)) +cami'+ fa(Ppy) = = 5buy,

) 1
bami+ca(Pp) =~ 5212,

1
bs(Ppy)+dsm?+gs(pp)=— a1,

4ay,+2b,(Ppy) +c4P2+d,m2=0,

asP?+2bsP?(Pp)+2c3P?(Pp) +2d5(Pp)(Pp)
+e3(Pp)2+f3(PA)2+g3(Pp)?=(pa)2d;.

(P?—mp)?
a4P?+2b,P(Ppy) +Cy(P?)2+dy(Ppy) %= 2 J2
[ KKy
P 5 40,
(p—ky)?—m
+hy( Papig-f' Pﬁpf)‘) APPENDIX B
+c,PePP Here we present the explicit expressions for imaginary
" parts of theC; form factors via the parameters calculated in
+dapypf s Appendix A.

C]_:

C5:

ng

Ci0=

2

m

a 2 2 2 2 2 2 2 2 2 2
——m[4az+ bsmy + dsmy — 2a,m; + 2bsm{— 2c,my + 6¢c3my + 2dzm; + 3ezm; + 3f3my—bym —dzm

N
—2b3(p’pi—2d3(p"p;) —2bs(p'q) —2d3(p'q) —4ay(pq) +4bs(pq) —2¢,(pq) +8c3(piq) + 2d3(pia)
+2e3(piq) +6f3(p;a) +2bs(pp’) +2d3(pp’),

a
V2w

+4f5(pa)],

[4a;— 4a,m?+ 3bym? — 4c,mP + 4cgm?+ 3dsmi+ 2e;m?+ 2f sm? — 4a,(pq) + 4bs(p1q) +4c3(pq)

a 2 2 2 2 2 2 2 2 , ,
— —[2a3+bymg —a,m; +bsmy—com{+2csmy+damy+ 2f smf—bsm: — 2bs(p’ p;) — 2bs(p’q)

V2m

—2a,(piq) +2bs(piq) +2¢3(piq) +4f3(pia) +2bs(pp’) 1,

= L[—a1m|2_ bym? + 2b,mf +cum?+d,mf + 2a3(piq) +a;mi (pia) — Cmi(pia) — famz (piq)

V27 (Pia)

—esmi(pyq) + f3mi(piq) — azm2(piq) +csmz(piq) + fam2(pyg) — 2a2(p’ p) (i) +2¢5(p’ P (Pid)
+2f3(p’ 1) (P1a) —2a2(p’ q) (PiA) +2¢5(P’ A)(Piq) + 2f5(p’A) (Pyq) + 2f5(pi)*+ 28,(pA) (PP') — 2¢5(P )
X(pp')—2f3(pia)(PP’) —2ax(pya) (PP1) +2ba(pi@) (PP1) +2¢3(pa) (PP1) +2f3(pia) (PR — 282(Pya) (P Q)

+2b3(piq)(pa) +2¢c3(pia)(pa) + 2f5(pid) (pa) 1,
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Cio=

o m|

"G W[—Zalsz— 2J13m?— 22,14 p1q) — 4a4(pid) + 2313(p1G) — 21M&(P4) + bymE (pyq)
|

+8aym{(pyq) +8bym{(pyd) — 4bsm7 (i) — 2c4m7 (i) — 2d4m7(pid) — 4d,m7 (i) — bymZ (P )
—2by3(p’ 1) (P1G) —2b15(P' A)(Piq) +8ay(piq) >+ 4ag(piq) >+ 4b1(pyq) > — 4bu(pyq) — 4c4(pid)?
—435(pi9)?+ 2a,mg (1) 2= 2bmig (i) >+ 2Comg (i) + 2g3mg (i) + 8csmy(pyq) >+ 6esm; (pid)?
+2f3m(p0)®— 2a,m7% (i) — 2¢,m2(p)? — 4a(p' pr)(Pid)*—4c,(p' p) () —4az(p’ ) (pia)?
—4c,(p'a)(piq)+12c5(pq)°+ 4es(pa)*+4f5(pig) 3+ 2b13(pq) (PP') +4ax( @) *(PP') +4co(pi)*(pp’)
—2ay,(pi9) (PP —4b1a(PiA) (PP + 231 PiA) (PPY) — 8a2(Py ) (P P1) — 4b2(pi ) 2(PP)) +4b3(pia)*(pP)
—8c2(Pa)*(pp1) +8d3(piq)2(PPr) +431(PiA) (PP — 2812(PIA) (PA) — 4b1a(P1A) (P Q) +212(P1G) (P
—4a,(pi)*(pa) +4bs(piA)*(pa) —4c2(pig)*(pa) +4ds(piA) *(PA)],

o
= - _m|(2a2_b3+ 2C2_2d3),

2
o m|
= EW[231+2b1_4b4_204_2d4+az(p|Q)+303(p|Q)+2€3(D|Q)+f3(p|Q)],
(04
_4\/§7TW[_4alzm|2_4‘]11m|2_4alz(plcn_834(pIQ)+4311(p|CI)_Zallmﬁ(pIQ)"'lGalmlz(pIQ)
[

+1603m7 (i) + bym{ (i) — 8bam7 (i) — 4cami(pid) — 4dsm?(pia) —8J,m7(piq) + 16ay(piq)?
+4a3(p)?+8by(p )~ 8b4( P d) >~ 8C4(P1A)— 2312 p1A) >~ 8J(Pi) >~ 4b,mE (i) ° + 4gsmE (P )
— 2a,m{(piq)%— 2C,m7(pyq) >+ Acsmi(pyq)*+ 4esmi(p q)® — 4ap(piq) >+ dca(py )~ 2a4(pia) (PPy)
—4b13(piq)(pp1) +431APiA) (PP) —8a2(Pyd)*(PP1) — 8b2(piQ)*(PP)) +4b3(pid)*(PP) — 8Ca(PA) (PP
+8d3(piq)*(pPp) +831(Pia)*(PPr) — 2a11(PA) (PA) — 4b11(PyQ) (P Q) + 4312 P A) (PQ) +4b3(pid) *(pa) ],

C3=C7=C13=Cy5=0.
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