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Abstract. The observation of three events for the decay X — pu™p~ with a dimuon invariant mass of
214.3+ 0.5 MeV by the HyperCP Collaboration implies that a new particle X may be needed to explain the
observed dimuon invariant mass distribution. We show that there are regions in the SUSY-FCNC parameter
space where the Al in the NMSSM can be used to explain the HyperCP events without contradlctlng all the
existing constraints from the measurements of the kaon decays, and the constraints from K%-KO mixing are
automatically satisfied once the constraints from kaon decays are satisfied.

PACS. 14.80.Cp; 12.60.Jv; 14.20.Jn

1 Introduction

Recently, there has been a great deal of interest [1-10] in
the interpretation of the observed three events for the de-
cay X7 — puTp~ with a dimuon invariant mass of 214.3 +
0.5 MeV, which were reported by the HyperCP Collabora-
tion [11]. The branching ratio based on the three events for
this process is (8.67% +£5.5) x 1078 [11]. It has been ar-
gued that in the framework of the standard model (SM) it
is possible to account for the total branching ratio when
the long-distance contributions are properly included, but
all three events that are around 214 MeV cannot be ex-
plained [11,12]. If no new evidence supports the SM expla-
nations in the future experiments with more events, the in-
terpretation of the three events with the existence of a new
particle, X, beyond the SM is most likely correct. However,
an explanation in terms of a new particle for the HyperCP
events seems too radical because there are not earlier ex-
periments that observe such a 214 MeV new particle. If this
new light particle does indeed exist and does contribute to
hyperon decay, it may also contribute to the kaon and B-
meson decays. So, the fact that lots of experiments at this
low-energy region did not observe the new 214 MeV par-
ticle means that strong constraints have been imposed on
the new particle explanation for the HyperCP events.

The authors of [8] proposed an argument to explain
the HyperCP events for the hyperon decay with the new
particle X without contradicting the constraints on the
X from the low-energy experiments. As shown in [8], in
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addition to the flavor-changing two-quark contributions,
there are also four-quark contributions arising from the
combined effects of the usual SM |AS| =1 operators and
the flavor-conserving couplings of X, which are compara-
ble with the two-quark ones and cancel sufficiently to lead
to suppressed rare kaon decays rates, while combining the
above two kinds of contributions yields X — pu™pu~ rates
within the required bounds.

Based on the analysis in [8], the authors of [7] pointed
out that a light pseudoscalar Higgs particle A} in the next-
to-minimal supersymmetric standard model (NMSSM)
[13-15] can be identified with X. In fact, the mass of the
light pseudoscalar Higgs particle A9 in the NMSSM may
be as small as 214 MeV in the large tan 3 limit. Under some
assumptions, it has been shown in [7] that there are regions
in the parameter space where A} may satisfy the following
constraints:

B(K* —r*AY) <87x1077,
B(K,—»m"A}) $1.8x1077,

B(B— X,AY) $8.0x1077, (1)

which are obtained in [8] from the measurements of the
kaon and B-meson decays [16-20], and these simultan-
eously explain the HyperCP events.

However, the author of [7] only considered contribu-
tions from the SUSY charged current, i.e., contributions
arising from the exchanges of a chargino and a squark,
not including contributions arising from SUSY-flavor-
changing neutral currents (FCNC). It is well known that
the SUSY-FCNC couplings can yield important (and,
sometimes, even dominate) contributions to low-energy
flavor physics, so further investigation of the possibility of
the SUSY-FCNC mediating HyperCP events is needed. In
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this paper, we show that the SUSY-FCNC effects also can
explain the HyperCP events and satisfy all the constraints
n (1). We adopt the mass insertion method [21-24] to pa-
rameterize the flavor-changing effects and calculate SUSY-
FCNC contributions to the branching ratio of X — pA?
and rare kaon decays. This method introduces the super-
CKM basis for the quark and squark states. The couplings
of quarks and squarks to the neutral gauginos are flavor
diagonal, while the flavor-changing SUSY effects are exhib-
ited in the off-diagonal terms of the squark mass matrix
denoted by (A;)rs, where I, J = L, Rand 4, j = 1,2,3 in-
dicate chiral and flavor 1ndlces respectlvely, and ¢ = u,d
denotes the type of quark The squark propagator is then
expanded as a series of (J7;)r; = (A )17/mM?2, where m is
the average squark mass. U]smg the mass insertion method,
we can perform calculations of the SUSY-FCNC contribu-
tions to X — pA? and rare kaon decays. Since the relevant
)1 does not involve B-mesons decay, we do not con-
s1d7er the constraints from B-mesons decay. It is well known
[23-29] that the parameters (6¢,);; used in our calcula-
tions also yield important contributions to K°-K° mixing;
however, our calculations will show that measurements of
the K1, — Kg mass difference and the indirect C'P violation
observable e€x do not lead to more stringent constraints
than the ones from kaon decays.
We organize our paper as follows. In Sect. 2 we give
a brief summary of the NMSSM. In Sect. 3 we calculate
the two-quark flavor-changing contributions to the X' and
kaon decays arising from the SUSY-FCNC effects medi-
ated by neutralinos and gluinos. In Sect. 4 we combine our
two-quark contributions with the four-quark contributions
n [8] to give numerical results and a discussion. Feynman
rules and analytical expressions for the four-quark contri-
butions are collected in Appendices A and B, respectively.

2 NMSSM

In order to make our paper self-contained, we start with
a brief description of the NMSSM and the relevant cou-
plings considered in our paper. The superpotential of the
NMSSM is given by [13-15]

W = QY H,U + QYyHyD + LY, HyE + N\HyH,N

L3

ShN?, (2)
where H, and Hg form the SU(2) doublet with hyper-
charge 1/2 and —1/2, being responsible for the up- and
down-type quark mass, respectively. The ratio of the vac-
uum expectation values (VEVSs) of H,, and H, is defined as
tan 3, just like those in the minimal supersymmetric stan-
dard model (MSSM). Compared with the MSSM, there is
one more gauge-singlet Higgs field N with hypercharge 0
and VEV z in the NMSSM. After breaking of the super-
symmetry, there are seven physical Higgs bosons in the
NMSSM, including two charged Higgs bosons, three neu-
tral scalar and two pseudoscalar Higgs bosons.
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The Higgs potential of NMSSM is [30]
Viiggs = Veots + Ve + VD,
where
Viote = iy, [ Hal? + iy, | H,?
— (AAAHdHuN — ék:AkNQ +h.c.> ,

= |A]? (IHd|2+ |H,[?) [N|? + |AHzH, — kN?|*

_g+g”

g° 2
s -2 i,

2

Vb (1Hal? — |Hu|?) (4)
The above Higgs potential has a global U(1) g symmetry in
the limit of vanishing parameters Ay, Ay — 0 [31]. If the
global U(1) g symmetry is broken slightly, the lighter pseu-

doscalar A9 has a natural small mass:

2 1
Mg = 3kxzAx+ O (—tanﬂ . (5)

In the large tan § limit, M 40 can be as low as ~ 100 MeV
[30, 31].

The Lagrangian describing the couplings of A? to the
up- and down-type quarks and to the leptons are given

by [7]

B - iA9
—(lymyGysu + lgmadysd) —~

(6)

'CAqq =

and

igemy
Loae=

TysL A, (7)

respectively, where

(8)

L= - v A)\ —2kx . ld
AT r \Antkz )0 T tan’ 8
Note that [,, can be neglected in the large tan 3 limit. The
four-quark contributions can be deduced from the inter-
actions in (6) combined with the operators due to W ex-
change between the quarks [7].

It has been shown in [7] that an A of mass 214.3 MeV
decays dominantly to a muon—antimuon pair, and B(A9 —
put ™) ~ 1 can be assumed. In addition, the constraint im-
posed by the anomalous magnetic moment of the muon is
given by [4]

gl S12. (9)

Moreover, the neutralino sector of the NMSSM is differ-
ent from that in the MSSM. There are five neutralinos in
the NMSSM, and the Lagrangian for the mass term of the
neutralinos can be written as [15]

1
Loy =5 @)V +he, (10)
where Y is the symmetric neutralino mixing matrix; its ex-
pression can be found in [15]. The masses of the physical
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neutralinos can be obtained by diagonalizing Y by a uni-
tary 5 x b matrix N:

*
quéij = NimYmn]\rjn .
7

(11)

3 The SUSY-FCNC effects

The full hadronic amplitudes for the kaon decays in (1) and
Y — pAY all can be written in the following form:

Mean = qu + M4q ,

where My, arises from the SUSY-FCNC interactions at

(12)
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FCNC Lagrangian for s — dAY:
-1— -1
L asa =1CLd 2% sAY+iCrd —;75 sAY +h.c.,
(13)
with
o g
Crry = OL(R) + CL(R) ) (14)

-0 .
where C’f( R) and C’i( R) denote contributions from neu-

tralino and gluino exchange, respectively. They are given
by

5
the quark level, and My, arises from the four-quark in- P« 5 oL RE . — I3 Los R
teractions. Using the method shown in [8], we calculate ‘L = 4 Z_:l {(0%) e [LiymaLaiRs; — I'maLai R,
the four-quark contributions, and their expressions and nu- =
. . . . . . +I'm (mzL R* _ L R*)]
merical results are given in Appendix B. In this section, i T\ g L2i Iy Lifto;
}Ne mailnly concentlzate on 1tEhe hadr(glic aurnplitudes1 ngl +(6%) LR [I;mgmsLy; Ry — IP'mgm Lo Ry,
rom the two-quark contribution and give our analytica 14 o o
results. In general, there are two kinds of FCNC contri- L ;ndms(th“ +L21f’2i)]
butions arising from neutralino and gluino exchange, re- + (612)RL [IileiR;j —I7Ly;R5;
Spectiv.ely. The relevan‘F Feynman diagrams for the s —d + I (m2 Loy RS, +m2 Ly R, )]
transitions are shown in Fig. 1. Note that there are five 5 o LR — Lo R*
kinds of neutralinos in the loops in the NMSSM. Calculat- +(012)rr ij s Lridtyy = i Ms bttty
ing these Feynman diagrams, one can obtain the two-quark +I'mg(miLyiRY; — LyiRy;)]
51/’><\(ZJ 51, X Ldy
s / vody d s ST \ d
L | I
T f
X g | | Xih 3
A A
| |
(a) (b)
S )Z?vg d S )2957 d
T 1 T 1
\ / ('j § \ /~
51\\\ />< J I><~\ ///d.]
\:_ . d‘]‘:'
| |
| |
A A
(c) (d)
S1 e >< RN dNJ
// A
s | \l d
I—
oN
|
|
AV

Fig. 1. Feynman diagrams for |AS| =1
transitions, with I,J =L, R, and i,j =
1...5
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-0

5
o * *
C;é = _7'(' Z {((5?2)[,[, [IizjmngiLQj +Ii3msR2iL2i

ij=1
+ Ii'm(Ro; L}; —m3 Ry, L)
+(6%) LR [I; Rai LT, + I} Roi L
— I}(m3Ry Ly, + m2Ry; L) |
+ (%) re [IEmams Ry Ly; + IPmamg Ry Ly,
+ I'mamg(Ro; Ly, + Ri; LY;)]
+(6%2) rR [IfjdeuLIj +IPmgRy; LY,
+ Iima(RaiL1; —miRuiL3)] },
Y = ;—;Cpmg [2V44aC1(y3)(6%2) re
1
+VA&Jm_§_
;—;Cpmg [2V44aC1(y5) (6%2) R

D1 (yz)(ma(deltady) oL + mS(agd)RR)] ;
cy =

_VA&J%DI (yg) (ma(6%y) R + ms(égd)LL)] ,
' (15)

with

g P
2mw cos
g
2mywy cos 3

Vada =
M(v2Uf3 +2Uf,y) — ApUf;]

(16)

Vaid =

N1 1
3\/_CW
Nl,3
V2mw sw cos 8
Ry =15,
swiV;1 — 3ewlV; 2
3\/§Cw.’>“w

" My, Mx. "

L = Da(yir y) Ry + — == Da(yi, ) Riyj »
d

miimij

Ly =

Lo; =

Ry = (17)

I3 = Da(yi, y) Riij + — 5 Da(yi, y) Ri;
d
I? = 2Vagamyg, C1 (vi)

m-~ .
I = VAd”(Zm—élDl(yi)a (18)

(19)
d d

where U? is used to diagonalize the pseudoscalar Higgs
mass matrices [15], the matrix N;;,4,j=1...5isthe 5 x5
unitary matrix defined in Sect. 2, cyw = cos Oy, where Oy is
the Weinberg angle as usual, and

R;,g‘ [(Ull cos B+ Ui, sin 3)

x(i(N %+ NjaNjs) — V2A(, i5Njy + Njs N; ))
cw
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+ (U, sin 3 — U cos 3)

(L (N N2 + VNN + M) ) |

— V2RUE, (NisNjs + NjsNz;)
R/E— _R'Lx

1ij 15

(20)

The loop functions C1(z), D1(z) and Da(z,y) are defined

Ci(z) = %‘T;;gw’
Dife) = L TR
Ds(z,y) = - i x)l(l —y) _:U;());g((;l)_ )

The quark level effective Lagrangian in (13) can be
mapped onto the chiral Lagrangian at the leading order [8]:

La= bD<B{hA,B}> —|—bF<B[hA,B]> —|—b0<hA><BB>

1
+ 5f,EBo<hA> +h.c., (22)
where
1 0 +
EE 4: A 1 Z]0 1 b
B = {'7 _ﬁEH_F %/1 7’21
g g _\/_EA

represents the baryon fields, f; =92.4 MeV is the pion de-
cay constant, and (---) = Tr(- - -) in flavor-SU(3). Also, we

have
ha=—i(CrEThE + Crene)AY, (23)
where
000
h=Ts+iT7=100 1| ;
000
this is used to specify the s — d transition,
gzeiﬂ/fw 7 E:ffzemﬂ/f“, (24)
and
1.0, 1 ot +
L v Y L + a1 I;{(O
i1 W U

is the pion octet.
The two-quark amplitude My, can be deduced from
L 4 plus the usual chiral Lagrangian L for the strong inter-
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actions of hadrons, which is expressed by [32—35]

Ls =i(By"D,B) —mo(BB)+ D(By"ys{A,, B})
—|—F<B’y“'y5[AH,B]>—|—bD<B{M+,B}>
+br(B[My, B)) +bo (M )(BB)

+ 3720210, 5) + 5 2B (M),
with
DMB =09"B+[V*, B,
H= S (eone —glore),

H= J(eonel +elore),

¢ = &M eMe,

where M = diag(7h, 7, mys) is the quark mass matrix in the
My = Mg = m limit.

Using the mass relations myx — mp =2(bp —bp)(ms —
m), m% —m?2 = Bo(ms —m) and m2. = Bo(ms +1m) , the
amplitudes for the different decay modes can be written
as [8]

Moy (KT — 7T AY) = —vV2 My, (K° — 70 A9)
i (Csx) 5, )
Cr+Cgr\ Bo(mz—my) _
0 D +
Mag(E* — pAY) = ( 5 ) e 0
+i(D—F) (LEC’%)
xiBO(;”E“Lm”) s 5T (27)

MK~ My

where By = 2031 MeV [4].

4 Numerical results and discussion

In this section we present our numerical results. The Higgs
sector of NMSSM is described by the six independent
parameters A, k, Ay, Ak, tan 8 and pu, where yp = —Az. For
convenience, we will take m A9 and the coupling of down-

type quarks to A9, l4 1nstead of k and X. We follow [7]
in setting ly = 0.35, —Ar =150 GeV and tan 8 = 30. Ay
and Ay, are set 0.001 and 0.002, respectively. The mass
of AY is set 214.3MeV to satisfy the HyperCP data. We
set the mass of gluino and average down-type squark mass
200 GeV and 350 GeV, respectively. With our input, the
masses of the neutralinos are around 100-800 GeV. Numer-
ically, contributions from the exchange of the gluinos and
squarks are larger than contributions from the exchange
of the neutralinos and squarks, i.e., CY 7.r are larger than

C’z‘  in most regions of parameter space. This is due to the
effects of ag.

Our numerical results are shown in Figs. 2—6. We first
assume that the (6'2);; are real. The allowed regions in
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(6:’2)LR= (5%)p, (<107

-15 -1 05 0 05 1 15 2
(372),, = (87 (x 10°)

Fig. 2. The allowed values of (6%5) 1 r = (6%) g as a function
of (6%y) 11 = (8%3)rR. The gray area is the region where A9
can explain the HyperCP events, when the constraints from
rare kaon decays are considered; the allowed region is greatly
reduced to the dark one

o2 T L
0.1F
o
-0.1F
-0.2F
-0.3F
-0.4F
-0.5F
-0.6F

(35, (x10°)

HuuhuﬂuuluuMHHHHMHMHHT

17 0.806 04 0270 0.20.4 0.6 0.8
(83)q (< 107)

Fig. 3. The allowed values of (6{,) 11, as a function of (6{5) g,
The gray area is the region where A(l] can explain the HyperCP
events, when the constraints from rare kaon decays are consid-
ered; the allowed region is greatly reduced to the dark one

1

0.6
0.4
0.2

-0.2
-0.4
-0.6
-0.8

(37, (< 107)

[N N FET N A R A

O T[T T[T [T T[T T[T [TrryT

Lo

ol b b b b ]
0 02 04 06 08 1
(33, (x 107)

P R B
-0.4 -0.2

Fig. 4. The allowed values of (6%5) g1, as a function of (6%5) 1.k,
The gray area is the region where A(l) can explain the HyperCP
events, when the constraints from rare kaon decays are consid-
ered; the allowed region is greatly reduced to the dark one

parameter space are shown in Figs. 2-4, where the gray
areas are the allowed regions for AY to explain the Hy-
perCP events. When the constraints obtained from the
kaon decays are considered, the allowed parameter space
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dy _ (xd -8
Im((5%,), = (%), ) (< 10%)
o
T N T T N T T N T T T N T T N T
0
1 l 1111 l 1111 l 1111 l 1111 l 1

-0.5 0 g 0.5d 1 1.5
Re((612)LR= (51 2)RL) (x 10-8)

Fig. 5. The allowed values of Im{(6%)rr = (6%s)rL} as
a function of Re{(6%) .z = (6%) rr,}. The gray region denotes
the survival region for explaining the HyperCP events alone. In
the dark region, the A(l) can explain the HyperCP events and
51multaneously satisfy the bounds originating from kaon decays
and K9-K° mixing

d d -6
Im((8%), = (3%) ) (x 10)
o
JTTTT‘TTTT{TTTTNTTTT‘TTTT{TTTTL
(]
‘11lll11llllllllllllllllllllllll‘

-2 -1.5 -1 -0.5 0 0.5
Re((37,), = (83,),,) (x 10°)

-1.5

Fig. 6. The allowed values of Im{(6%)r7 = (0%)rR} as
a function of Re{(6%y) . = (6%) rr}. The gray region denotes
the survival region for explamlng the HyperCP events alone. In
the dark region, the Al can explain the HyperCP events and
51multaneously satisfy the bounds originating from kaon decays
and K%~ K° mixing

is greatly reduced to the dark regions. From Figs. 2—4, the
constraints on the combinations of the parameters can be
obtained as follows:

(512)LL RR) (512)LR(RL) <

3.9x 107 (without kaon bounds),

3.7x107*? (with kaon bounds),
(612)LL(0%2) R <

3.9x107% (without kaon bounds),

1.8 x 107 (with kaon bounds),
(6f2)cr  (0fs)reL <

2.7-16 (without kaon bounds),

0.9x107'"  (with kaon bounds) . (28)

It has been widely studied in the literature that SUSY-
FCNC effects have a great impact on K°-K° mixing if the
relevant (0% )7 are complex. So we further investigate the
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possible constraints on (6¢,)7s from the K1, — Kg mass dif-
ference Amy and the indirect C'P violation parameter ex.
However, the constraints shown in (28) are roughly several
orders smaller than those given in the literature involving
the SUSY-FCNC mediated K°-K° mixing [23-29], where
(6¢))rr and (0%,)rr(rr) are around O(107'-1073) and
O(1073-107*), respectively. This fact indicates that the
constraints from K% K° mixing may be automatically sat-
isfied once the constraints from X — pAY and the rare kaon
decays in (1) are satisfied. Our numerical results do indeed
confirm that the constraints from K% K° mixing do not
lead to more stringent constraints than the ones given from
the kaon decaysin (1) .

Figures 5 and 6 show the constraints on the complex
(6%,) 17 from X — pAY and rare kaon decays in (1). The cor-
responding constraints on the combinations of parameters
are given by

Re(8%5) L r(rr)Im(85) Lr(rL) <

2.7x107*® (without kaon bounds),
1.5x 107! (with kaon bounds),
Re(6%5) L(rr)Im(0%s) LL(rR) <
1.8 x107!?  (without kaon bounds),
1.8x 107! (with kaon bounds). (29)

From Figs. 5 and 6, it can be seen that the gray areas are
the allowed regions of the SUSY-FCNC parameters for A9
to explain the HyperCP events and the gray regions are
greatly reduced to the dark ones when the constraints from
rare kaon decays are considered. Even so, there are still re-
gions in the SUSY-FCNC parameter space, where A9 in
the NMSSM can be used to explain the HyperCP events
without contradicting the constraints from the rare kaon
decays and K% K° mixing.

In conclusion, we have calculated the two-quark contri-
butions to the decay X+ — pu™ ™ arising from the tran-
sition s — dAY via the SUSY-FCNC couplings. Combining
the two-quark contributions with the four-quark contribu-
tions, we show that there are regions in the SUSY-FCNC
parameter space where the A} in the NMSSM can be iden-
tified with a new particle of mass 214.3 MeV, X, which
can be used to explain the HyperCP events while satisfy-
ing all the constraints from the measurements of the rare
kaon decays. Once the constraints from the kaon decays are
satisfied, the constraints from K°-K° mixing are automat-
ically satisfied.
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Appendix A

We give the Feynman rules used in our ca}culations in
Fig. 7, where V, 35, Vaad, L(R)1(2); and REPT are defined

11]
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~ N Xi X 4m? —3m2)sg —v2(2m2% —mi)c
d; dr (dmic = 3my) : \[2( =mi)en | (B.1)
U : G(mn’_mA(l))
A9 m2 —m2 —m2 \m?2
,Z(A?Q)IJ = 72(012)1‘]7711 ‘ M4q (KO _} 7TA(1)) _ lld’YS ( K 27\' A;l)) T
o R
Ri;; P+ By Pr + [(2m%< + mfr — 3m?4(1))c9 — \/g(m%{ — m72r)89]
" (4m§{ — 3m,%) co + ﬂ(?m%{ — 771(2))39
J db 0 d 6v2 (mi? —m})
+ [(2mrf< + mfr - 3m2A?)89 + \/g(m% - mi)ce]
+ di + dr y (4m%( — Smi)se» — ﬂ(?m%( — 771(2))69 (B.2)
. N _ A . ) Ny
iV29.(01rPr = 012 Pr) T, Ze[(L“(S”? - mdLZl_o”’)PL where 73 = —7.8 x 1078, sy and ¢y are shortcuts for sin 6
+ (mgR1i01r + R2idr1) PrR] 0
and cos 6, where § = —19.7°. The four-quark contributions
to the X — pAY process are
d d i i M4q(2+ —>pA?) = iﬁ(ApA(l) - BpA<1375)E+ , (B3)
‘ - T T T with
\ \
AV AY
| 1 | 1 A oo ldf_7r Ao m2
| | PAY v 2 mi(l) —m2
—maVaddVs maV34(61.55 — 61rdyL) n (4m%( — 3m3r)c§ + \/5(2m%( — fn%)cese
Fig. 7. Feynman rules used in our paper m% - m‘24(1)
(4m§{ — 3m72T)s§ — ﬂ(?m%{ — 771(2)) CoSp
in (16), (17) and (20), respectively. Also we have m2, — m,240
n 1
5 1 I=J, (B.4)
IJ=
0 I#J. and
fr Bpﬂo m2
B 0=1lsg— T
. pAY T T m? o —m2
Appendix B 1
(4m§( — Smi)cg + \/5(2m§( — mg)@se
We collect expressions of the four-quark amplitudes for the m2 — mio
different decay modes in this appendix. A detailed descrip- 1
tion can be found in [8], we cite the re§ults of this reference (4m3 —3m2)s3 — V2(2m3 —m3)cose
here. As pointed out in [7], the couplings of A? to the up- e —m2 )
type quarks tend to zero in the limit of large tan 3, so we n A9
neglect terms that are proportional to [,,. (B.5)
The four-quark contributions for the kaon decays are as 7 _
fOHOWS: Where Apﬂ'o = —325 X 10 s Bpﬂ.O = 2667 X 10 .
l Numerically, the above amplitudes are
Mug(K+ = 7t A9) =118 o I
My, (Z — pA(l)) = iﬁ( —6.96 x 10~ ldT
2
_ Mg 2 2 o 2 _ 2 2
y + [+ mi = 3mig) o = V8 (mic —m2) ) — (5.71 % 10‘6)ldf—”75>2+ :
v
2 9.2 2 _ =2 2
" (4mK 3m7r)00 + \/5(2mK m0)89 M4q(K+ _} 7T+A?) — _i1.08 x 10—7ld% ’
6(m2 —m?,) Y
! 0 0y _ —7; Mk
n [(2m§{+m3r_3m?4?)89+\/g(m%{_m3r)69] Myy(K® = mA7) =11.12x 10 ldT' (B.6)
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