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Muon transverse polarization in the K,,, decay in the standard model
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The muon transverse polarization in tke — u* vy process induced by the electromagnetic final state
interaction is calculated in the framework of the standard model. It is shown that one loop contributions lead
to a nonvanishing muon transverse polarization. The value of the muon transverse polarization averaged over
the kinematical region o, =20 MeV is equal to 5.68 1074,
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I. INTRODUCTION grams with final state interactions within the SM. The last
section summarizes the results and conclusions.
The study of the radiativé&K-meson decays is extremely
interesting in searching for new physics effects beyond the 1I. MUON TRANSVERSE POLARIZATION IN THE
standard moddISM). One of the most appealing possibilities K*—p*ry PROCESS IN SM
is to probe new interactions, which could leadG® viola-

+ + ; n
tion. Contrary to the SM, wher€P violation is caused by The K“—u"vy decay at the tree level of SM is de

. .7 scribed by the diagrams shown in Fig. 1. The diagrams in
f?eb presr?nl\(/:le l?f theKlvclzomplgx Ehféss 'ml t.he .Cab'bbol':igs. 1b) and Xc) correspond to the muon and kaon brems-
obayashi-MaskaweCKM) matrix, theCP violation in ex- strahlung, while the diagram in Fig(a corresponds to the

tended modelsfor instance, in models with three and more gy cyre radiation. This decay amplitude can be written as
Higgs doubletscan naturally arise due to the complex cou- ¢gjiows:

plings of new Higgs bosons to fermiofik]. Such effects can
be detected by using experimental observables, which are . G
essentially sensitive td-odd contributions. These observ- M:'eﬁ
ables, for instance, are theT-odd correlation {T
=(1MY)p, [p,Xp]} in theK* — 7% vy decay[2] and qy* »
muon transverse polarizationP{) in K*—u*vy. The _Z(qu) v(pL) =G, 1, @
search for new physics effects using theodd correlation
analysis in theK*—7°u* vy decay will be done in the Wwhere
proposed OKA experiment3], where an event sample of —
7.0 10° for the K+ — 7% vy decay is expected to be ac- l=u(p,)(1+ vs) ¥, (PL),
cumulated. v_; va _ v _pHgY

At the moment the E246 experiment at KEE&] performs GHP=iF 6" %0, (P) g~ Fal @7 (Pka) — kA", (2
the analysis of the data on thé"— u* vy process to put
bounds on theT-violating muon transverse polarization. It
should be noted that the expected value of new physics con
tribution to P can be of the order of=7.0x10 °-6.0
X102 [5,6], depending on the type of model beyond the
SM. Thus, when one searches for new physics contributions
to Py, it is extremely important to estimate the effects com-
ing from so called “fake” polarization, which is caused by
the SM electromagnetic final state interactions and which is a (@)
natural background for the new interaction contributions.

In this paper we calculate muon transverse polarization in
the K* — u= vy process, induced by the electromagnetic fi-
nal state interaction in the one-loop approximation of the
minimal quantum electrodynamics.

In next section we present the calculations of the muon
transverse polarization taking into account one-loop dia-

Pk (pu)"
(Pka@)  (P,Q)

Vieek| frm,u(p,)(1+ ys)

*On leave of absence from Institute for High Energy Physics, FIG. 1. Feynman diagrams for the"— ™ vy decay at the tree
Protvino, 142284 Russia. Email address: andre@ift.unesp.br level of SM.
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G is the Fermi constanty s is the corresponding CKM 1
matrix element, f, is the K-meson leptonic constant, p0=§e2G§|Vu3|2
Pk Pu Py ,d are the kaon, muon, neutrino, and photon four-
momenta, correspondingly, aeg is the photon polarization
vector.F, andF, are the kaon vector and axial form factors.
In Eq. (2) we use the following definition of Levi-Civita
tensor:1%3=+1. X

The part of the amplitude which corresponds to the struc- +4 RG(fKF’J)mﬁr,LX(k— 1)
ture radiation and kaon bremsstrahlung and which will be
used further in one-loop calculations, has the form

4m,2L|fK|2

N (1—N)

x2+2(1—rﬁ)(1—x

_u

] mo( Pl 2 |Fy 2 (y =20y = Ax+202)

r X
+4 Re(fKFg)mﬁr#( —2y+x+ ZTﬂ_XJFZ"

MK:IeTZVSSSZ me,u,U(pv)(l—’—’YS)
. +2 Re(FaF:)mﬁxz(y—Z)\er)\)] : ®
P 7"
(qu)—m 0PI =G B

Calculating the muon transverse polarizati®n we follow
the original papef7] and assume that the decay amplitude is
CP invariant, and form factor$y, F,, andF, are real. In
this case the tree level muon polarizatién=0. When one-
loop contributions are incorporated, the nonvanishing muon

The partial width of theK ™ — u " vy decay in theK-meson
rest frame can be expressed as

2 . . . .
E M| transverse polarization can arise due to the interference of
szT(Zw)“ﬁ(pK—pM—q—pv) tree-level diagrams and imaginary parts of one-loop dia-
K grams, induced by the electromagnetic final state interaction.
g3 g3 a3 To calculate the imaginary parts of formfactors one can
q Py Py ) o
X , (4) use theS-matrix unitarity
(2m)32E, (2m)32E,, (2m)32E,
sts=1 9
where summation over muon and photon spin states is per-
formed. and, usingS=1+iT, one gets
Introducing the unit vector along the muon spin direction
in muon rest framé'whgreéi (i=L,N,T) are the unit vec- Ta—T5=1> T5Tn (10)
tors along the longitudinal, normal and transverse compo- n

nents of muon polarization, one can write down the matrix

element squared for the transition into the particular muorwherei, f,n indices correspond to the initial, final, and inter-

polarization state in the following form: mediate states of the particle system. Further, usingTthe
invariance of the matrix element one has

IM[2= po[ 1+ (P e +Pyen+ Préer)-s], 5 1
__ * )
wherep is the Dalitz plot probability density averaged over Im T“_z 2 TatTni, 1D
polarization states. The unit vecto@s can be expressed in
terms of the three-momenta of final particles Tri=(2m)*6(Ps—P))My; . (12)
- f)# - f)#x(ﬁx 5#) - ﬁX 5# One-loop diagrams of the SM, which contribute to the muon

e ®  transverse polarization in thé" — u* vy decay, are shown

in Fig. 2. Using Eq.(3) one can write down the imaginary
parts of these diagrams. For the diagrams in Figa), 2(c)

==, eN— = = = y e—,—— = = .
M Ip.X(axp,)l laxp,l

With such definition oféi vectors,Pt, P, andPy denote

transverse, longitudinal, and normal components of the muofR"® has
polarization, correspondingly. It is convenient to use the fol- iea Gp
lowing variables: ImM 1=5— EV:Su(pv)(lJr ¥s)
2E 2E X+y—1-r m?
x= 2 y=oe ST &3k, dk,, .
Mg Mg X mi X 50, 20 o(ky+k,—P)R, (k,—m,)y*
(7) Y M
whereE, andE, are the photon and muon energies in the Xcﬁ—pﬂ—_mﬂyésgv(p ). (13
kaon rest frame. (q+p,)2—m2 a
The Dalitz plot probability density, as a function of tke
andy variables, has the form For the diagrams in Figs.(B), 2(d) one has
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in expressiong13),(14).

Using they PT Lagrangiari8], one can derive decay am-
plitudes for theK ™ — 7% " v and 7°— yy processes, which
contribute to the imaginary part of the diagram in Fi¢g)2

+ 0, + Gr— Noan
T(K' 7% )= = —U(p,) (1+ 75) (Bt o (p,.),

T( 770_) 77): Feﬂv)\akfe;kgeg’ (17)

whereF=132 MeV. It should be noted that(7°— yvy) is
written at O(p?) level. In addition, the amplitude differs
from the one in Ref[8] by the sign, since we used the
opposite sign of pseudoscalar octet of mesons. Froni1&y.
one can write down the imaginary part of the diagram shown
in Fig. 2(g):

G d*, d3
ImMg=—— J C

e
8\/§7TSF 2(")71' Zw,u

Epo’aﬁqae*k - R R
T”u(p»(lws)(pwkw)
Y

o(ky+k,—P)

X (k,—m,) y,0(p,). (18)

The details of the calculations of integrals entering E#3),
(14), (18), and their dependence on kinematical parameters
are given in Appendix A.

The expression for the amplitude including the imaginary
one-loop contributions can be written as

PK (pﬂ)“)

G - _
M=ie—=Vie*| Fym, u(p,)(1+ vs)

N (pc@)  (P,Q)

FIG. 2. Feynman diagrams contributing to the muon transverse Xv(p,)+Fau(p,)(1+ys)qy*v(p,) —G*1,|, (19)

polarization at the one-loop level of SM.
where
iea Gr 3, d,, o y
= — Gr'=iF ,gr"*P —Fa[g" - pka”].
ImM,=>— \/Evusu(pv)(1+ 75)f 20, 20, v8" o PK) g~ Fal 9""(Pka) — PkQ’] 0
K,—aq—m, Thetfy, F,, F,, andF, form factors include one-loop con-

_ K — Sk A T K
7oKy, = PR, (k, —my) y 8‘S(kﬂ_(;])Z_m/ZL tributions from diagrams shown in Figs.(a&2—2(f). The

choice of the form factors is determined by the matrix ele-

X Yo (P, (14)  ment expansion into set of gauge-invariant structures.
As long as we are interested in the contributions of imagi-
where nary parts of one-loop diagrams onlsince they lead
Py Vu to a nonvanishing value of the transverse polarization
Rﬂszm#((p—k)—m—)—iFUstB(ky)“(pK)ﬁyV we neglect the real parts of these diagrams and
Kyl e assume that Hg,ReF,,ReéF, coincide with their
+Fal v,.(PrK,) = (P) 1k, 1. (15  tree-level valuesfy,F,,F,, correspondingly, and g,

=—fxm,/2(p,q). Explicit expressions for imaginary parts
To write down the contributions of diagrams shown in Figs.of the form factors are given in Appendix B.

2(e), 2(f), one should substitute,, by The muon transverse polarization can be written as

R =f.m Y (K B Rﬂ’#
LK M, (k) 2(K,k)

w

(16 pr=2T, (21)
Po
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where

pr=2m3e?GE|V,d>x\\y—\2-r,

m, Im(fcF¥)

X

2y NE [
1_;+)\_X +mﬂlm(fKFv)()\—X—1—2R

r ~ = - =
+225Im(F ) (1= 0) +mix Im(FFH (A —1)

+m§x|m(|~:nﬁ3)(>\—1)] (22)
FIG. 3. The 3D Dalitz plot for the muon transverse polarization
It should be noted that E§20) disagrees with the expression as a function ok=2E,/my andy=2E, /m in the one-loop ap-
for pr in Ref.[9]. In particular, the terms containing IR},  proximation of SM.
are missing in the expression given in Ref9]. Moreover,
calculating the muon transverse polarization we took intoNote that in Ref[13] only the diagram shown in Fig.(§)
account the diagrams shown in Figge)2-2(g), which have was calculated and the result for that diagram does not coin-
been neglected in Ref9], and which give the contribution cide with ours.
comparable with the contribution from other diagrams in Fig.  As it was calculated in Ref9], the P, value varies in the
2. range of (-0.1-4.0)x 10 2 for cuts on the muon and pho-
ton energies 200 E,<254.5 MeV, 26<E,<200 MeV.
IIl. RESULTS AND DISCUSSION We have already mentioned above tliar the authors of
) ) i Ref.[9] did not take into account terms containing the imagi-
For the numerical calculations we use the following form nary part of theF,, form factor (contributing top+), which,
factor values: in general, are not small being compared with others,(@nhd
0.095 0.043 the authors of Refl9] omitted the diagrams, shown in Figs.
fk=0.16 GeV, F,= ey Fa=— o 2(e)-2(f), though, as was mentioned above, their contribu-
K K tion to Pt is comparable with the one of diagrams in Figs.
The f form factor is determined from experimental data on2(&—2(d), and (3) the authors of Refl9] did not take into
kaon decay$10], and theF, ,F, ones are calculated at the @ccount the diagram shown in Figg?
one loop-level in the chiral perturbation theofgl]. It All these points lead to serious dlsagreemer_n between our
should be noted that our definition fér, differs by a sign 'esults and results obtained in R¢€]. In particular, our
from that in Ref[11]. With this choice of form factor values C@lculations show that the value of the muon transverse po-
the decay branching ratio B(: — ™~ ), with the cut on Ianza_tlon has positive sign in thfe whole Dalitz plot region
photon energf =20 MeV, is equal to=3.3x 103, which and ths absolute value varies in the range (Of0—1.5)
is in good agreement with the PDG data. ><_10 , and thePT. dependence on the,y parameters is
The three-dimensional distribution of muon transverse podifferent from that in Ref[9].
larization, calculated in the one-loop approximation of SM is, e would like to remark that the muon transverse polar-
shown in Figs. 3 and 4Py, as function of thex andy ization for the same process was calculated in RRedl,
parameters, is characterized by the sum of individual contri¥here the contributions from diagramseg 2(f), and 2g)
butions of diagrams in Figs.(8&—2(f), while the contribu- were takep mtq account. However, our result dlffers f.rom'the
tions from diagrams @—2(d) [12] and Ze)—-2(f) are com- ©ON€ obt_alned in Ref[14]:_ Pt valu_e has opposite sign in
parable in absolute value, but they are opposite in sign, s6omParison to ours and in numerlcal ca_lculat|on thg author
that the totalP(x,y) distribution is the difference of these ©f Ref.[14] used constart instead off in Eq. (1). Since
group contributions and in absolute value it is about one

order of magnitude less than each individual one of those. TN ~__10 /) ‘\:

It should be noted that the value of muon transverse po- 0.9 a N T / ,
larization is positive in the whole Dalitz plot region. Aver- f
aged value of transverse polarization can be obtained by in- ~ 0-8 e 08
tegrating the function 2:/T'(K*—u*vy) over the 0.7 0.5
physical re.gi'on, and with the cut on photon energy - 1.0 \
>20 MeV itis equal to : \ \

(PS$M)=5.63x107%. (23 0.5 )/
0.2 0.4 0.6 0.8 1

Let us note that the obtained numerical value of the aver-

aged transverse polarization aRe(x,y) kinematical depen- FIG. 4. Level lines for the Dalitz plot of the muon transverse
dence in Dalitz plot differ from those given in Ref8,13]. polarizationP=f(x,y).

034012-4



MUON TRANSVERSE POLARIZATION IN . .. PHYSICAL REVIEW D66, 034012 (2002

the calculation is produced &i(p*) level, one needs to use o
fx, as have been done in our paper. The kinematical struc- J dpk§ki=a;.9"+ by PP,
tures for diagrams Figs.(&-2(g) in Ref.[14] coincide with
ours.
where
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APPENDIX A
For the integrals, which contribute to Eq44) and (15), J :f dp 1
we use the following notations: ' (Prk (P —ky)2—mi]
P=p,+q, (A1) _ w ((prM)Hl
_ Y M _
dp= 20, 2a), o(k,+k,—P).
1 m  ((Pp)+I;
We present below either the explicit expressions for inte- 32=J dpﬁ=—r|n Pp.)—1,/’
grals, or the set of equations, which being solved, give the (Pu—ky) —my, 2 Pu) 12
parameters, entering the integrals:
where
] jd T P2—mi
117~ pP==5 )
2 2
P 12=(pyp,)°—m2m2,
= | W (k) 21 (W ' 13=(Pp,)?~mP?.
where
f d —ki P*+b
=a a a ,
12=(Ppx)?—mgP?, STTErRCE
kg a (23
f 9P (pk,) ~ BuPi PP m2(P?—m2)Jp+ (Pp,) s

a]_: ’
: . 2((Pp,)?—m:P?)
Thea,; andb,; parameters are determined by the following

equations:

(Pp,)(P?—=m2)J,+ P2y,
2[(Pp,)?—m2P?]

1 1

AT 5
(Ppx)?—mgP?

J12
2 2_ 2
(P Ju= - (Pp(P —mﬂ)).
The integrals below are determined by the parameters, which
Jiz_, 2_ 2 can be obtained by solving the sets of equations:
M (PT—my) |,

—(PpK)z—mﬁPz(( Px)J11 2

k$ o (23
J’ =a;P*+bypg+capy,,

a__ a dp
| doks-appe, (P (k)P ]
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1
aZ(PpK)+b2m§+02(pr,u):‘J2- aZ(PpM)+b2(prﬂ)+CZmi:_§J12, a;P?+b,(Ppy) +c2(Pp,)=(p,a)Jd1,

kak”
f (p k )[(p —k )2 m ]_a39a.3+b3(PapE+ Pﬁpg)+C3(Papﬁ+ Pﬁpz)+d3(p(épﬁ+pﬁpz)
K u

+ esPﬁPﬁ"’ f3P*PA+g3pgpk .

4az+2b3(Ppy) +2¢3(Pp,,) +2d3(Pep,,) +gamg + e3m’, + f3P?=0,

Cs(pr,L)ﬁLb3m§+f3(PpK)_31:01 Cg(PpK)+d3mﬁ+e3(prM)—b1=0, 33+b3(PPK)+d3(pKPM)+93mi:0:

1 1
b3(pPkP,) +03mi+ fa(Pp,)=— Eblla ba(PPM)+d3mi+ 93(PkPL) = — 58,

azP?+2bsP?(Ppy) +2c3P%( Pp,)+2d3(Pp,)(Ppk)+es( Pp,u,)2+ fa(P?)2+ga( PPK)ZZ(p#Q)ZJl,

kak®
f dP p—k,)?—m a4gaﬁ+b4(Pap'B+ PPps, )+C4Pap'g+d4pﬂpw

1
ay+dym’ +by(Pp,)=0, bmﬁ+cAPgJ=—§m@ 4ay+2by(Pp,) +c4P?+d,m =0,
( 2_m2)2

a,P?+2b,P?(Pp,) +Ca(P?)?+dy(Pp,)?= 1

Js,

k2kPk?
f dpz———l—lil——f—adgaﬂpﬂ+95“pﬁ+gﬁép2%+bdg“BP5+95“PB+955P“)+cspipﬁpﬁ+d5P“PBP5

_ky)Z
+es(PYphp) +Popiph+PPplpt) + f5(P*PPp) + P°Pph + PAPpY),

1
2a5+Csm., +e5(Pp,)=0, asm’+bs(Pp,)=— Sa1, bs+ esm’,+f5(Pp,)=0,

1
dgpp#y+gnﬁ=-§bm, 6as+csm- +2e5(Pp,) + fsP?=0,
2 2\2 3 2,3 2 2 242 (Pz_mi)s
3asP (Pp#)+3b5(P ) +c5(Pp#) +d5(P%)°+3esP (Pp#) +3f5(P?) (PpM)z 8 Js.

For the rest of the integrals the following notations are used:

d3k,,

M —
0. 2w 5(k +k,—P).

1
_ 20 2 2
PkW—E(P +mr—my), dp=

In terms of this notation the integrals can be rewritten as follows:

L [d__ (Pq)Pk +2(Pq) JPKZ—mZP2—m2p? | J‘d Wl o
. = | dp=—5V(Pk,)2-m’P2
s k2 4Pgq " |2(Pg)Pk —2(Pq)PIE—m2P?—m PZ\ ! P p2

APPENDIX B

Here we present the expressions for imaginary parts of form factors as the functions of parameters, calculated in Appendix
A.
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~ o
Im Ty =5— [ —4aa(pa) +4a,m;, (PxQ) — 2bam;, (Pid) +4Comy, (k@) — 4C3M, (i) — 23my, () — 2€3M(Pica)

ImF,=5—fi| am’,+2c,m’ — cam’, — 2d;m? —e;m

- 2f3mi(qu) +4a,(pxq)(p,aq) —4bs(pkd)(P,d) —4C3(PkaA)(PLA) —4f3(PkA)(PLA)] +%Fa[8a4(qu)

—8as(p ) — 8bs( Pk ) +804m?(Pk) +4C4M: (i) — 2C5ME (P ) +4dami (i) — 2dsm (i)
—6e5m?(pka) — 6f5m: (pid) +1204(Pi@) (PLA) +8C4(Pka)(P,A) +4d4(Pkd)(P,A) —4ds(Pka)(p,.a)

o
—4es(pa) (P, a) ~ 8F5(Pkd) (P,A)]1+5—F ,[8a4(pka) —8as(Pka) — 8bs(Pka) +8DaM (Pcd) +4Cam; (Pka)

—2¢5m?2 (P ) +4dams (ped) — 2dsm (pid) — 6esm? (ped) — 6f5m2 (pid) +120,(picd) (P, A) +8C4(Pka) (P,.Q)
+4d4(pka)(PLa) —4ds(pkd)(PLa) — 4es(pkd)(P.d) —8fs(pka) (P,A) ],
@ , aim.  bym;  2b,m?  c,m’  dymd L@

L) (0,0 () (P (P 2w

—1205—2a;m’, + 4b,m? +5¢,m’, — Csm-, — d,m?, — 3dsm?, — 5esm? — 7fsm?, + 2a;(pyp,,) — 4ba(pkp,.)

—4c4(pxP,) +2ds(PkP,) +2€5(Pkp L) T 4F5(PkP,) +2a1(Pkd) — 2b4(Pkd) — 4C4(Pkd) + 2ds(pkd) + 2f5(pk)

o F,[8a,—4as

o
—4a3(p,,q) + 6ba(p,,q) +1004(p,.q) —6ds(p,,q) ~ 2€5(p,.q) ~8F5(P,q) ] +5—Fal —6a,+2a5+cam;, —dum,

"

—dsm? —esm’, — 2fsm?, + 22, (PkP,,) — 4ba(PkP,) —4Ca(PkP,) +2ds(PiP,) +2€5(PiP,) +4fs(PkP,.)
+2a;(pkq) — 2bs(pkq) —4cs(pkd) +2ds(pkq) + 2f5(pkq) + 2¢4(p,q) —2ds5(p,9) — 25 (p,q)].

o
5| 4aim,+2agm, +2bym, +bym,, — 2bsm, —2¢,m,, — J1om, — 2J,m,, — b,mgm,, +gzmgm, —2a,m’,

- szi"‘ Csmi+ f3mi— 2a,m,,(pkP,) —2bom,(pkp,)+2bsm,(pkp,) —2¢cm,(pkP,) +2dsm,(pkP,)

3 3 2 3 3
ay, Jllmu_alzmM 2a,m, Jllmﬂ_aanmﬂ 3a;m, 3b1mM

(0?2 (p@2 (P.D  (PuQ) T 2 ) (0

+23;m,(pkp,) +2bsm,(pkd) —

N bllmi _Zszi _ byim,(PkPL)  J12M,(PkP,) _ byim,(pkd)  J1M,(Pkd)
2(p,a)  (PuQ) (P.9) (P.Q) (P.9) (P.Q)

- 2a2m,u,( p,uq) + 2C3m/.1,( p,uq)

o
3 3 3 3 3 3
+2f3m,(p,a) +§F” 2a,m,—4asm, +2bsgm, —4bsm,—2a;m;, +c,m;, —csm, —dym;, —dsm, —3esm),

- 3f5mi+ 2a;m,,(pkP,) —2¢4m,(PkP,) +2dsm,(pkp,) +2dsm,(pkP,) +2esm,(pkp,) +4fsm, (pkP,)

3a;zm, . blsmi _ b1sm,(PkP L) _ b1sm,(Pkd)
(P2 (P9 (P.a) (P.a)

—2c4m,(pkq) +2dsm,,(pkd) +2fsm,(pkq) + —2a;m,(p,qd)

+2¢4m,(p,9q)—2d,m,(p,d)—2dsm,(p,q) —2esm,(p,q) —4fsm,(p,q)

o
+5Fa( —6aym,+8asm,—bigm,

+8bsm, —4b,m’ —2¢,m’, +csm’, — 2d,m’ +dsm’, + 3esm’ +3fsm’> + 2a;m,,(peP,,) — 2C4M,,(PkP,.)
+2d4m,(pkP,) +2dsm,(pkP,) +2€5m,(PkP,) +4fsm, (PP ) —2Cam,(pkd) +2dsm,(pkq) +2fsm,(pkd)

_ 3a;am, _ blSmi B b1sm,(PkP L) _ b1sm,(Pkd)
(P, 2(p,a) (PL.Q) (PL.Q)

- 6b4m,u( p,uq) - 4C4m,u( p,uq) - 2d4mM( p,uq) + 2d5m,u( p;LQ)

+2esm,(p,q)+4fsm,(p,q) |,
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2 2 2 2 2
a;m bym 2b,m csm d,m a
Zp R4~ B Lo — R BRI+ F,[6a,—2as—8bs+c,m?
o, (.0 (a0 (P (| T2 o0 2R BbsT A,

- d4mi— dsmi_ esmi_ 2f5mi— 2a;1(pkP,) +4bs(pkp,) +4c4(PkP,) —2ds(PkP ) —2€5(PkP,) — 4fs5(PkP )

o
ImF,=>—fi am’, + cam?2 +e;m
a

a
~2a3(PkQ) +2D4(pk@) +4C4(Pkd) — 2d5(Pkq) — 2f5(Pkd) +2€4(p,4) — 2d5(p,a) — 2T5(P, Q) ]+ 5 —F,[ —8a,
+4as+4bs+2a;m% — 4b,m? — 3¢,m> + csm? — dyms, + dsm? + 3esm: + 3fsm? — 22, (pip,,) + 4ba(PiP,.)
+4c4(pkP,) —2ds(PxP,) —2€5(PkP ) — 4fs(PrP,) —2a1(pxa) +2ba(pr) +4C4(pxd) — 2ds(pkd) — 2f5(pkq)
+ 4a1( qu) - 6b4( p,uq) - 6C4( p,u,q) + 2d5( p,uCI) + 295( p,uq) + 4f5( p,uq)] .

The contribution to imaginary parts coming from the diagram shown in K@. Bay be written as follows:

)G[PZ—(vame)z],

Im szo,
mE a (33m;  JmimZ  Jmim} 3J4mimfT+ Jzmem? +2J4(pﬂq)
mF,=— — -
8m°F | 4P?  8(p,q)°P? 8(p.a)°P® 8(p,a)P? 4(p,q)P? p?
ImF,=—ImF,,

. a [—33mm2 Jsm,ml Jmomi  Jymoml  5Jmomi Jzmim)
mf,=— + - _

" osxFl 2p? P?  4(p,a)?P? 4(p,a)°P? 4(p,a)P? (p,q)P?

”) o[ P?—(m,+m,)?].
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