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We study the properties of time evolution of the K% K? system in
spectral formulation. Within the one-pole model we nd the exact form of
the diagonal matrix elements of the e ective Hamiltonian for this system. It
appears that, contrary to the Lee Oehme Yang (LOY) result, these exact
diagonal matrix elements are di erent if the total system is CPT-invariant
but CP-noninvariant.

PACS numbers: 03.65.Ca, 11.30.Er, 11.10.St, 14.40.Aq

1. Introduction

This paper has been inspired by the results presented in [1]nd [2].
Paper [1] analyses the problem of equality of particle and diparticle masses,
whereas [2] describes an exactly solvable model of the patté antiparticle
system in this particular case K©° K?©. The mostimportant properties of
antiparticles follow from the CPT symmetry. This symmetry, also known as
the CPT theorem [3], determines the properties of the trangion amplitudes
under the action of the product of C, P and T transformations (charge
conjugation, space inversion and time reversal, respecty). According to
the CPT theorem, the transition amplitudes describing any physical process
must be CPT-invariant. From this we conclude that the full Hamiltonian H
of the system under consideration must be invariant under tle product of
the C, P and T operators. Another conclusion which can be drawn here is
that stable particles and their antiparticles must have the same mass. This
property of the particle antiparticle pair is true for stab le particles and the
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same is usually assumed of unstable particleee(g. K° and K 9). Such an
extension of a law true for stable particles to unstable paiicles is questioned
in [1]. The reason for the widespread belief that this exterisn is correct is
most probably the Lee, Oehme and Yang (LOY) approximation am the
conclusions which follow from it and more specically, the properties
of the e ective Hamiltonian, H oy ; governing the time evolution in the
subspaceH: In our caseH, is the subspace of the total Hilbert space of
states H, spanned by state vectors oK %; K °© mesons.

Following the LOY approach, a nonhermitian Hamiltonian H, is usually
used to study the properties of the particle antiparticle unstable system [4 9]

He M - 1)
where
M=M"*; = (2)

are (2 2) matrices acting in H,. The M -matrix is called the mass matrix
and is the decay matrix. Lee, Oehme and Yang derived their apprax
mate e ective Hamiltonian H, H_oy by adapting the one-dimensional
Weisskopf Wigner (WW) method to the two-dimensional case orrespond-
ing to the neutral kaon system. Almost all properties of thissystem can be
described by solving the Schrddinger-like equation

|@{ Jtig = Hyj tig; (t to> 1 ), (3)
(where we have used-= c=1). The initial conditions for Eq. (3) are
Kj ;t=toixk=1; | ;tg=0i,=0; (4)

wherej ;t = tgi, belongs toH, (Hy H ) and H is spanned by orthonor-
mal neutral kaons states:jK % j 1i, jK% j 2i. Thus H, = PH, where

P j 1ihlj+ j2ih2j: (5)

According to the standard result of the LOY approach, in a CPT invari-
ant system, i.e. when
H '=H; (6)

(where =CPT ) we have
hif¥ = h35Y ©

and
MEPY = Mg ®
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where: MY = <(h;9") and <(z) denotes the real part of a complex
number z (then =(z) is the imaginary part of z), and hf®Y = HjHiovjj i
(i=12).

The universal properties of the two particles subsystem desibed by the
H ful lling the condition (6), may be investigated by the use of the matrix
elements of the exact evolution operator foH;; instead of the approximate

one used in the LOY theory. This exact evolution operator,U,(t), can be
written as follows: Uy(t) = PU(t)P, where U(t) e ™ s the exact
evolution operator acting in the total state spaceH.

Assuming that the CPT symmetry is conserved in the system undr
considerations one nds that the matrix elements

Aji (t) = HjUb)jki h jjuiki ik =1;2); 9)
of the exact U (t), obey
Apr(t) = Az(t): (10)

General conclusions concerning the properties of the di emce of the
diagonal matrix elements(hy;  hyp) of the exactH,, (which can in general
depend on timet [10]), where

hjk = HjHki ik =1;2) (11)

can be drawn by analyzing the following expression derivedi[1] for CPT
invariant systems
|

@A @A) , . .
ha(t)  haa(t)  or 0 @t A1o(t) ot Axn(t) ©  (12)
In [1] it is shown that
hi1(t) hzo(t) 60 (13)
when (6) holds and
[CP;H]6&O0 (14)

that is in the exact quantum theory the di erence (h11(t) hy»(t)) cannot
be equal to zero with CPT conserved and CP violated. In Sectio 3 we
will consider this relation in the context of an exactly sohable model. This
problem is important because realistic calculations are aaied out with the
use of simpli ed and approximate models. Not all of them conbrm to the
requirements of the exact (not approximate) quantum theory

The aim of this paper is to calculate the di erence of the diagnal matrix
elements of the e ective Hamiltonian, (12), in a CPT invariant and CP
noninvariant system for the approximate model analyzed in 2], that is in



1904 J. Jankiewicz

the case of the one-pole model based on the Breit Wigner ansati.e. the
same model as used in Lee, Oehme and Yang theory.

The paper is organized as follows. In Section 2 we review brjethe spec-
tral formulation for the neutral kaon system and a model desadbed in [2]:
one pole approximation. Section 3 investigates the diagohanatrix elements
of the e ective Hamiltonian and their di erence in the CPT in variant and
CP noninvariant system in the case of the one-pole model. In&ttion 4 we
present our conclusions and we estimate the numerical regubf the investi-
gated di erence for the K® K0 system. Appendix A contains the relevant
integrals and derivatives used in Section 3. In Appendix B weagive the exact
formulae for expressions appearing in Section 3.

2. The model: one pole approximation

While describing the two and three pion decay we are mostly iterested in
the jK si and jK | i superpositions ofjiK % and jK %i: These states correspond
to the physical jKsi and jK i neutral kaon states [2,11,12]

jKsi = piK% + gK%; jK_i=pK% qK?O: (15)
We assume that these physical states are the initial physidastates of the

CPT-invariant system, i.e. at the instant of creation of neutral kaons. We
have

MKsjKsi = KUK | pi?+jg2=1; (16)

KsiKLi = MKjKsi j pi2 j 2% « 60: (17)

The time evolution of K9 and K° can be concisely presented in the
following way:

K ()i = e MK i

A k (DK i+ A (DK i+ Qe MK i;  (18)

whereK = K9 K%andH is the full hermitian Hamiltonianand Q=1 P,
Ak k (0= HK je MK i h K jK (t)i: (19)

Let us notice that amplitudes Ak k (t) for K ;K = K% K?9 corre-

spond to the previously de ned amplitudes Ajk (t); wherej;k =1;2, (9).

1 Amplitudes Ay ok o(t); etc., correspond to Py ok o (t); etc. respectively used in [2].
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Consequently we may write
Agoko(t) hK%e ™ iK% = nje ™j1i  Apn();
Agoro(t) hK%e ™ iK% = nje ™ j2i Ap(t);
Agoro(t) hK%e ™ KO = rRje ™ jli  An(t);

Agogo(t) hK%e ™ KO = rRje ™ j2i  An(t): (20)
Using the spectral formalism we can write unstable stateg i as
X
ji= 1t (gja (21)

q
and thenj (t)i as

. . def itH : X . . .
j@i=e™ji= " jo@)it (q9; (22)
q
wherejg(t)i = e ™ jgi and vectorsjgi form a complete set of eigenvectors
of the hermitian, quantum-mechanical Hamiltonian H and! (q) = hg i:
If the continuous eigenvalue is denoted bym, we can de ne the survival
amplitude A(t) (or the transition amplitude in the case of K®$ K©)in

the following way: .

A(t) = dme ™ (m); (23)
SpecH)

where the integral extends over the whole spectrum of the Haittonian and
density (m) is de ned as follows

(m)=j! (m)j?; (24)

where! (m)= hmj i:

The above formalism may be applied tojKsi and jK i by introduc-
ing a hermitian Hamiltonian with a continuous spectrum of decay products
labelled by ; etc,

Hi (mi=mj (m)i; h (MY @m)i= (m® m): (25)

In accordance with formula (22) the unstable statesK s and K may now
be written as a superposition of the eigenket$ (m)i;

2

X
iKsi dm 's (M) (m)i; (26)

2
dm e (m)j o (m)i: (27)

KL
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Thus
_ 2 X _
Ks)i = e ™jKsi= dm Ig (me™j (m)i; (28
0
2 x
K@i = e ™jkii= dm 1 (me™j m)i: (29
0

Using (28) and (29) we can write

A
X .
KsiKs()i=  dm i (m)iZe ™ T Ak (1)
0
A2
- - X 2 imt def
PKLKe@®)i= dm  jl; (m)jie ™ = Ak k(1)
0
A
. . X i def
KK ()i = dm Lg (M) (me ™ = Axek, (1)
0
A
. . X i def
KL jKs(t)i = dm Lo (m)ls (m)e ™ =0 Ag kg(t): (30)
0
From (15) we can obtain
.0 .. ..
KO = 20K si + KL (31)
and
iK% = i('K i Kpi): (32)
J = qu sl ] Kipl):

Now, using formulae (20), (28) (30), we can expressAgoko(t) etc. in
terms of quantities describing physical states, that is though the ampli-
tudes Ak (k <(1), Ak k<(t) etc. (seee.q.[2])

Ag o o(t) 4piq[AKSKS(t) Ak (®  Axker ®+ Ak ke®] (33)
Acoko®  — [Akeka()  Akik, O+ Acek, () Ax ko] (39)

4pq
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One can also nd that
Aksks + Ak k. = 2(JpPAkoko(t) + joi®A ok o(t)) : (35)
Assuming (6) and using (16), (35) we get
Akoko(t) = Aoko(t) 3 (Aksks(t) + Ak k (1) : (36)

It follows from (31), (32) and (33) (36) that the probabilit ies Ay ok o(t) etc.
can be written in the following way:

2
Agogo(t) = Agogo(t)= dm yogo(m)e ™
0
1ZL X PO ,
= 5 dm jits M2+l j2m) e ™ (37)
0
Z- .
Ay oko(t) = dm goko(m)e mt
0
2
1 X n
g dm Y, (m)j© j e (m)je;
0 (0]
L (M), M+ ! (m)s (m) e™; (38)
2
AKOKO(t) = dm KOKO(m)e imt
0
BN S Mie M 1 (2
4pq S b
o .
+Hlg (ML (m) 1 (m)isg (m) e™: (39
The Breit Wigner ansatz [13]
1 _ A
Bw (M) = — > 1 1 (m)j (40)

2 (m mg)2+ v
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leads to the well known exponential decay law which followsrém the survival
amplitude

2

. . A
Agw(t)= dme ™ py(m)=e Mote 2 JU: (41)

1
(Note that the existence of the lower bound for the energy (mas) induces
non-exponential corrections to the decay law and to the surval amplitude

(41) see [2].) Itis reasonable to assume a suitable form for! 5. and! . .
More speci cally, we use [2]

r_
_ sAs, (Ks! ),
l's, (M) = z—m (42)
r__
I (m) = LA (KL ) (43)

2 m me+it’

whereAs. and A_. are the decay (transition) amplitudes. It is convenient
to use the following de nitions:

S L
s 5, L —5 m m ms; (44)
X 2 x
S jAs, % L JAL; 7 (45)
X X
R <(AS; AL; ); I :(AS; AL; ): (46)

In the one-pole approximation (42), (43)Ak ok o(t) can be conveniently writ-
ten as

Akoko(t) = Ag OKé(t) 0 1
2 Ws=s . A .
— 1 im st € I Sty € ! Sty
= Z—?e %) dy7y2+1+ dy7y2+l£
0 0
0 19
T iy 2 Lty 2
im_t € - € LY .
ve Mt Wt Wt X> L (47
0 0 ’

Collecting only exponential terms in (47) one obtains an expession analo-
gous to the WW approximation

Agoko(t) = Agoko(t) = 3 e Mste st+ e Mile 11 + Nyoo(t): (48)

HereN ok o(t) denotes all non-oscillatory terms present in the integralg47).
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3. Diagonal matrix elements of the e ective Hamiltonian

This section constitutes the main part of the paper. Using the decompo-
sition of type (48) and the one-pole ansatz (42), (43), we ndthe di erence
(13), which is now formulated for the K® K © system. It can be written as
follows

) P = ) (49)

where
xw=i SAla 0 R (50)

and
YO = Acoko@Ageko() Ay oxoAgoo(1): (51)

To calculate (38), (39) we use the following relations [2]

2 X 1 m
dm jls (m)jfe ™ = Ze Mt IO g — + KO
0 S
(52)
and
¢ .
dm = lg (m)' . (m e™
0
__ 2
= pi dm am’+ bym + ¢ imt
[(m mg)2+ ZIm my)2+ 7]
P—"  imsgt
- sL & DO 3O & DS kO

S S |

m
+ sC JO o —SS + KW gt)

im|_t m
€ FO 00 ¢ M L kO

L L
)

LG IOt ﬂ) + KOy (53)
L

+
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where ag;by;¢; and C;; DY FP are de ned in Appendix B and J©(a; );
JMO(a; ); KO(a); K®(a) in Appendix A.

Using the above mentioned formulae from Appendixes A and B (ihout
any additional simpli cations and approximations) we get, for example

1+ : im st t
Agogo(t) = e "ste SH1+ kg]
8p ¢ o
e Mle L1 k] +Ngogo(t); (54)
where
P S L

ks = — 2i sC+D? F?; (55)
kk= —L 2i ¢, DP+FQ; (56)

L

and N ok o(t) is the non-oscillatory term containing the exponential integral
function E; and it has the following form:

(

1 i .
e Msle S'Ej( st+imst)(1+ gks)

8ip q
+e Mite LE[( t+imit)( 1+ k)
+e iMmstg stEi( st + imst)

Nk ok o(t) =

. 1
1+P—5T 2ic,+ =( DY+ FY
S

+e Mite LUE{( Lt+imt)

)
1+P<57 2c+ Lo0 Py (57)
L

Using the expression (A.9) for the derivative ofE; (Appendix A) we can
nd the derivatives which will be necessary for the following calculations,
for example

@A o o(t) 1+ " im st ty
= e Msle s im 1+ k
@t 8p ( s s . s))
+e Mite Yim. L@+ k))

+  Nygogo(t); (58)
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where Ny ok o(t) is de ned as follows:
(

1 : . .
e Mste SIEj( st+imst)( ims  s(1+ Ks))

8ip g

+e Mite B Lt+impt) imL L@+ k)

Nk ok o(t) =

+e Mstg StEi( st+ imsgst) imsg s
+PS5T( 2 ¢ DP+FY

+e imLte I‘tEi( Lt+imt) im L

+p IS |_(2I LC + DP F|O) . (59)

There are similar expressions for Agoko(t); Ngogko(t); W;
NK 0K o(t) .

The states jK i and jKsi are superpositions ofik % and jK % ((31),
(32)). The lifetimes of the jK i and jKsi particles may be denoted by |
and g, respectively, | = iL =(5:17 0:04) 10 8 s being much longer
than g= is =(0:8935 0:0008) 10 19s[15].

Below we calculate the di erence (49) fort |

_ Xt ).

hia(t 1) haot ) i O (60)
When we consider only the long living statesiK _i then we may drop all
the terms containing e stj; | as they are negligible in comparison with
the elements involving the factore t!'j;  : We also drop all the non-
oscillatory terms Ny ok o(t); Ny ok o(t); Nk ok o(t) (57) present in Ay o o(t)
(47), Ak ok o(t) and Ay ok o(t) (54), because they are extremally small in the
region of timet L [2]. Similarly, because of the properties of the expo-

nential integral function E;; we can drop terms like Ny ok o in @‘k@;’go and

Nk ok o (59) in @L"{O (58). This conclusion follows from the asymptotic
properties of the E; function (A.8) and the fact that Nygogxo; Ngogo
only contain expressions proportional toE;.

We may now calculate the products

Agoko(t) Agoko(t); Agokolt) Agoko(t);

@%OKO @/ROKO
@t @t

(t) Agokol(t); (t) Agokolt)
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that after the use of the above mentioned properties oN ok o(t), Ngoko(t)
and performing some algebraic transformations, lead to théollowing form
of the di erence (60):

2 Zp—s ) ) 7
hia(t 1) hao(t )= i 71 W 60; (61)
where
R A 242 +1h 2 1 0 0o 0.0
Z = 4jpifja° Yy 1+ S4LC|+_L( D F“+4D/F)
i
+4iC; (D, F,) 60; ' (62)

h i
W=2 Cm+D F +i 4c .+ L( D'+F) 60: (63)
L

4. Final remarks

Our results lead to the conclusion that in a CPT invariant and CP nonin-
variant system in the case of the exactly solvable one-pole odel, the diago-
nal matrix elements do not have to be equal. In the general casthe diagonal
elements depend on time and their di erence, for example at |, is di er-
ent from zero. This has been clearly demonstrated in the lastection: Z and
W in (61) are di erent from zero, so the di erence (h11(t) hoo(t))jr | 6 0:
From the above observation a conclusion of major importancean be drawn,
namely that the measurement of the di erence(hy1(t) hao(t)) should not
be used for designing CPT invariance tests. This runs counteo the general
conclusions following from the Lee, Oehme and Yang theory.

A detailed analysis ofhji (t), (j;k =1;2) shows that the non-oscillatory

elementsN . (t); N. (t) (where ; = KO;WO) is the source of the non-
zero di erence (h11(t) hao(t)) in the model considered. It is not di cult to
verify that dropping all the terms of N. (t); N. (t) type in the formula
for (h1a(t)  haa(t)) gives (ES(t)  hgs(t)) = O, where hg=X(t), (j = 1;2),
stands for hj; (t) without the non-oscillatory terms.

To obtain the numerical estimate the real and imaginary pars of
(haa(t L) hoo(t L)) itis necessary to put experimentally obtained val-
ues ofmg;my; s; L, etc, into (61) (63). According to the literature [5, 7],
if the total system is CPT-invariant but CP-noninvariant th en we have
(see,e.q, [14])

1+" 1"
P= P35 4= P35 (64)
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and hence we get
k =2<("); (65)

wherej"j' 10 2 [5,7]. Putting experimental values [15]

m = (3:489 0:008) 10 2 MeV; (66)
Ms ' ML’ Mayerage = (497:648 0:022) MeV (67)

and ; s;~into expressions (61) (63) for the neutral kaon system we ca
obtain the following estimations

<(hu(t 1) hp(t )" 4771 10 '8 Mev (68)
and
=(hy(t L) hxp(t L)' 7:283 10 ® MeV: (69)

So, the di erence of the diagonal matrix elements of the e etive Hamilto-
nian for the K® K9 system in one pole approximation is di erent from
zero. According to our evaluation

j<(haa(t L) hao(t L)) jmgo  Myoj

Maverage Maverage

10 21: (70)

Recent experiments give%# 10 18 [15]. So our estimation (70)
does not contradict the experimental results.

Deviations from the LOY result estimated in [2] have the orde of magni-
tude : These estimations refer to amplitudesAy «, and Ay« .- However,
these estimations could not be directly transformed into the calculation of
the dierence (h11( ) hoa( )); because the dierence depends not only

on amplitudes of type Ay «,; but also on their derivatives (see relations

(49) (51)). There are products of type WAKOK o(t) in the numerator
of the expression (49), whereas there are not any derivatigein the denomi-
nator of this expression. What is more, there is the di erene of expressions
of type %AKOK o(t) in the numerator of (49). So, it can hardly be
expected, that the order of deviations from the LOY result ofthe relatively
complicated expression (49) will be the same as the order obwections to
the LOY result of one of the following expressionsAy «, and Ay ¢ ,:

If estimation (70) is compared with a similar one obtained in[1,16 18]
one can see that the numerical value of our estimation is mucharger than
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the value of mentioned estimations. It is because the estintens given in
the mentioned papers were obtained using a di erent methoddr the Lee
Fridrichs model [19].

The results (h11(t) hox(t)) 6 0 and (68), (69) and (70) seem to be very
important as they have been obtained within the exactly sohable one-pole
model based on the Breit Wigner ansatz,i.e. the same model as used by
Lee, Oehme and Yang.

As the nal remark it should also be noted that the real parts of the
diagonal matrix elements of the mass matrixH; hy1 and hy,; are considered
in the literature as masses of unstable particlegli; j2i (e.g, mesonK g; K o).
The interpretation of the diagonal matrix elements of H,(t = 0) PHP
is obvious (see [18]). They have the dimension of the energyhét is, the
mass) andh;; (0) hjjHjji; (j =1;2): So their interpretation as masses of
particle 1 and its antiparticle 2 atthe instant t =0 seems to be justi ed.
Note that H has the following form ( [10, 16 18])

H(t) = PHP + V, (1); (72)
that is
Hi(t)  H(0) + Vi(t): (72)

The diagonal matrix elements of the operatorVy(t); i.e. vj (t) = hjVk(b)ijji,
also have the dimension of the energy and in general they depe on time.
So, the problem seems to be open: we can treat the matrix elemis of the
operator Vi (t) as a time-dependent correction to the energy or mass.

The author wishes to thank the Referee for many critical and mspiring
remarks and Professor Krzysztof Urbanowski for many helpfudiscussions
and comments on the subject treated in this paper. The authoralso thanks
Doctor Jaros?aw Piskorski for his help.

Appendix A

This appendix contains the relevant integrals and derivatves used in
Section 3.
Integrals K (M (a) and J(M(a; ) are de ned as follows [2, 20]

2 o
K (M (a) x5 e lax, (A.1)
0
Z n
X .
JM(a; ) dx e . (A.2)
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If we assumea ( s t) and ( %); for n =0 we get
p3
(0) = i s=Lty
KOCst) = dyyge
0

e s=Lt |§e SUE(sot) eSHEi( s t)

msZL= S=L
10(sqt; —) = dy5——ce ! sV
S=L y2+1
Q
1 . Mg
= = isgn Lo s
2 s=L
. m
+e SthEi =t 1 i S
S=L
. m
estIE; oyt 1+i S
S=L

e SthEi s t

+esE( st) ;

1915

; (A3)

(A.4)

where E; is the exponential integral function and sgn ( %) stands for

the sign of ( I5b).

S=L

Any other integral of K (™ (a) or J(M(a; ) for n > 0 can be obtained
from (A.1) or (A.2) by di erentiating (A.1) or (A.2) with res pect to a and

using the Fourier identity in (A.2) [2]. For n =1 we have

A

dyX

KO ( oy 1) v

e i s=Lty

1
|
(]
[2]
i
u
-

. 1
2 5 € SHE( st estE( s1l) ((AS)
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msZL= S=L
Mg .
J(l)( o= t, = dy e I s=L ty
- s=L y2+1
|I0
= 1- i sgn MsL s=Lt
2 s=L
) m
e stE; gt 1 i —
S=L
. m
estlE;, ot 147 —2
S=L
+e stUE; S=Lt#
+e stEi( st) (A.6)

The exponential integral function E; is de ned in the following way [2, 20]:

4 e Xt
Ei( xy)= e dty o <y > 0; x> 0: (A7)
0

We can use the very convenient asymptotic properties oE; given in [21]

Ei(O)= 1 ;
Ei(1)=1;
Ei(1 )=0;
Ei(il)=1;
Ei( il)= i: (A.8)

These properties ofE; have been used to obtain the nal result (61) (63).
In our calculations we have also used the formula for the derative of
E;. Its nal, general form is given below

dEi( XY) — Ee X

Y. A.
dx X (A-9)
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Appendix B

In this Appendix we collect from [2] the coe cients a;;b;;c; and Cy; DP;
F P which were used in Section 3.
p The calculations will be clearer if we write the sum of the praluct
's, 'L, inthe same way in which spectral functions de ned by (42),
(43) were used earlier in [2]

X P—
1o 1L = S L
’ [(m mg)2+ Z[(m my)2+ 7
BW
f (arm?+ brm+ cr) + i(aam?+ bhm + ¢ )g; (B.1)
where
a =1, bh=(s LR (ms+my)l;
¢ =(Lms sm)R+(msm+ s )l (B.2)

similar formulae may be found forag; br; Cr; Where

R= p=—(sS+ LL); (B.3)
2" s L
| = =" M (s L) (B.4)

and

(0]
|

=1+ —= + O(( s=Mg)?);
ms
L =1+ ——+0( .=m)}): (B.5)
m

Equations (B.5) result from performing the following integration
2 x 2 X
dm  jls j2= dm i j2=1: (B.6)
0 0

This integral follows from the initial conditions de ned by (15) (17).
This expression is now factorized

a|m2+b|m+c| _ Cim+ D + Eim+ F
[(m mg)2+ &l(m my)2+ 71 (m mg)?+ § (m myp)? +(B ;)




1918 J. Jankiewicz

which leads, as usual, to a linear system of equations whichllews us to
calculate the coecients C,;D,;E,;F

E, = G,
C m+D’+F2= a;
Cmi+ &) (m&+ ] 20P(m. 2F’ms = b ;
D(mZ + 2+ FAmE+ 2+ C[m(mi+ § mgmi+ )] = q:
(B.8)
In the last formula we have introduced new de nitions
Ei= C;
D Dy+Cm.; F° F Cim: (B.9)
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