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In the littlest Higgs model with T-parity new flavor-changing interactions between mirror fermions and
the standard model (SM) fermions can induce various flavor-changing neutral-current decays for
B-mesons, the Z-boson, and the Higgs boson. Since all these decays induced in the littlest Higgs with
T-parity model are correlated, in this work we perform a collective study for these decays, namely, the
Z-boson decay Z — b5, the Higgs-boson decay & — b5, and the B-meson decays B — X, vy, B, — u ™,
and B— X,utu~. We find that under the current experimental constraints from the B-decays, the
branching ratios of both Z — b5 and i — b5 can still deviate from the SM predictions significantly. In the
parameter space allowed by the B-decays, the branching ratio of Z — b5 can be enhanced up to 1077
(about one order above the SM prediction) while 7 — b5 can be much suppressed relative to the SM

prediction (about one order below the SM prediction).
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I. INTRODUCTION

The fancy idea of little Higgs [1] tries to provide an
elegant solution to the hierarchy problem by regarding the
Higgs boson as a pseudo-Goldstone boson whose mass is
protected by an approximate global symmetry and free
from one-loop quadratic sensitivity to the cutoff scale.
The littlest Higgs model [2] is a cute economical imple-
mentation of the little Higgs idea, but is found to be subject
to strong constraints from electroweak precision tests [3],
which would require raising the mass scale of the new
particles to far above TeV scale and thus reintroduce the
fine-tuning in the Higgs potential [4]. To tackle this prob-
lem, a discrete symmetry called 7T-parity is proposed [5],
which forbids the tree-level contributions from the heavy
gauge bosons to the observables involving only standard
model (SM) particles as external states. However, in the
littlest Higgs model with T-parity (LHT) [5], there are new
flavor-changing interactions between mirror fermions and
the SM fermions (just like the flavor-changing interactions
between sfermions and fermions in supersymmetric mod-
els). Such new flavor-changing interactions can induce
various flavor-changing neutral-current (FCNC) processes,
which should be examined.

Among various FCNC processes induced by the new
flavor-violating interactions in the LHT model, the loop-
induced B-decays, such as B— X,y, B, — u"u~, and
B — X, ut ™, should be first checked due to the available
experimental data on these decays. Recently, these
B-decays have been intensively examined in the LHT
model, which were found to be sensitive to the new
flavor-violating interactions [6-9]. Note that in addition
to these B-decays, the loop-induced FCNC decays of the
Higgs and Z-boson, such as Z — b5 and h — b5 which are
strongly correlated with the FCNC B-decays, should also
be examined since they are sensitive to the flavor structure
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of new physics. In the future there may be at least two
avenues in which Z-bosons will be produced in much
larger quantities than at LEP. At the CERN Large
Hadron Collider (LHC) with an integrated luminosity of
100 fb~!, one expects 5.5 X 10° Z-bosons to be produced
[10]. In particular, with the GigaZ option at the proposed
International Linear Collider (ILC) with an integrated
luminosity of 30 fb~!, it is possible to produce more than
10° Z-bosons [11]. For the study of the Higgs boson, one
may expect the ILC to scrutinize the Higgs-boson property
after the discovery at the LHC.

These rare decays Z— b5 and h — b5 have been
studied in the SM [12] and in various new physics models
[13,14]. In the SM it was found that Br(Z — b5 + sb) ~
1078 [15], and Br(h — b5 + sb) ~ 1077 (10™°) for m,, =
100 GeV (200 GeV) [16]. The current sensitivity of the
measurement for the branching ratios of rare Z-decays
is about 107> [17]. In this work we will study these
decays in the LHT model. Since such decays are strongly
correlated with the induced FCNC B-decays (B — X7,
B,— u*u~, and B— X,u" u”), we will collectively
consider all these decays. We will first check the analytic
results of these B-decays given in [6-9] and then perform
their numerical calculations together with Z — b5 and h —
bs. We will show the constraints on the parameter space
from current B-decay experiments and display the results
for Z— b5 and h — b5 with and without the B-decay
constraints.

This work is organized as follows. In Sec. I we reca-
pitulate the LHT model and address the new flavor-
violating interactions which will contribute to the FCNC
decays considered in this work. In Secs. III, IV, and V we
examine the B-decays (B — X,y, B,— " u~, and B —
X, ut ™), Z-boson decay Z — b3, and Higgs-boson de-
cay h — bs, respectively. Finally, we give our conclusion
in Sec. VL.
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II. THE LITTLEST HIGGS MODEL WITH
T-PARITY

The LHT model [5] is based on a nonlinear sigma model
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down to a global SO(5) by a 5 X 5 symmetric tensor at
the scale f ~ O(TeV). From the SU(5)/SO(5) breaking,
there arise 14 Goldstone bosons which are described by the

describing the spontaneous breaking of a global SU(5) pion” matrix T, given explicitly by
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fields are T-odd. A subgroup [SU(2) X U(1)]; X
[SU2) X U(1)], of the SU(5) is gauged, and at the scale
f itis broken into the SM electroweak symmetry SU(2); X
U(1)y. The Goldstone bosons w’, @™, and 7 are, respec-
tively, eaten by the new 7-odd gauge bosons Z, Wy, and
Ay, which obtain masses at O(v?/f?)
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with g and g’ being the SM SU(2) and U(1) gauge cou-
plings, respectively.

The Goldstone bosons 770 and 7~ are eaten by the SM
T-even Z-boson and W-boson, which obtain masses at
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The photon A, is also T-even and massless. Because of the

mass of SM bosons corrected at O(v?/f?), the relation
between G and v is modified from its SM form and is

given by L = v2G (1 — 6”—;2).
The top quark has a T-even partner T quark and a 7-odd
T_ quark. To leading order, their masses are given by

2

where r = A;/A, with A; and A, being the coupling con-
stants in the Lagrangian of the top quark sector [5].
Furthermore, for each SM quark (lepton), a copy of mirror
quark (lepton) with 7T-odd quantum number is added in
order to preserve the T-parity. We denote them by ut,, d,,
v, Ii,, where i =1, 2, 3 are the generation index. In
O(v?/f?) their masses satisfy

2
my = Vaxyf, ) o
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Here «, are the diagonalized Yukawa couplings of the
mirror quarks.

Note that new flavor interactions arise between the
mirror fermions and the SM fermions, mediated by the
T-odd gauge bosons or T-odd Goldstone bosons. In gen-
eral, besides the charged-current flavor-changing interac-
tions, the FCNC interactions between the mirror fermions
and the SM fermions can also arise from the mismatch of
rotation matrices. For example, there exist FCNC interac-
tions between the mirror down-type quarks and the SM
down-type quarks, where the mismatched mixing matrix is
denoted by Vy,. We follow [18] to parametrize Vj, with

three angles 0%,, 04;, 6¢, and three phases 6%,, 84;, 8%,
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III. FCNC B-DECAYS

The decays B— X,y, B, — u u ,and B— X,u* ™
can be induced at loop level by the new flavor-changing
interactions in the LHT model and have been recently
studied in [8,9]. We check the results of [8,9] and make

[
the following brief descriptions about these decays without
giving the detailed expressions (all functions in our follow-
ing discussions can be found in [8,9]).
(1) For B — X,y the LHT contributions enter through
the modifications of the quantities
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TS = AP Dy(x) = =210 C8 (My), -
TSM = AYVE(x,) = =24 CY (M),

where the Cabibbo-Kobayashi-Maskawa (CKM)
factor A =V, V5. and CJ)', and CYy are
leading-order Wilson coefficients. With the LHT
effects T5M and T5M are replaced by Ty and T

Ty = Tg + To¢

o, Tp =T + T94, (8)

E/ »
where the superscripts “‘even’” and ‘“odd” denote
the contributions from T-even and 7-odd particles,
respectively. Note that for the LHT contributions we
only consider the leading-order effects while for the
SM prediction we consider the next-to-leading-
order QCD corrections. Actually, the SM prediction
for B — X,y has been calculated to NNLO [19].
The branching ratio of B, — u*u~ in the SM
depends on a function Ygy, and the LHT effects
enter through the modification of Ygy [8]. With
the LHT effects Yg is replaced by

podd

Y, = Yo + 7oV + 22 9)
AW

where Y¢'*" and Y9U represent the effects from
T-even and T-odd particles, respectively. The
branching ratio normalized to the SM prediction is
then given by

Br(B, —» u"u")
Br(B; — u* 7 )sm

with Br(B, — ut ™ )gy = 3.66 X 1077,

The branching ratio of B— X,u*u~ in the SM
depends on the functions Ygy, Zsy, and Dj(x,)
(Ysy and D}y are same as in By — u*u~ and B —
X,y) and the LHT effects enter through the modifi-
cation of these functions. The modifications of Yqy
and D, have been given above, and the modification
of Zgy 1s given by [8]

Y

Ysm

(10)

7odd
s
A

Z, = Zgy + Z°¥" + (11)

where Z°V" and Z9% represent the effects from
T-even and T-odd particles, respectively.

The experimental values of the branching ratios of
these decays modes are given by [20]

Br(B — X,y) = (3.52 = 0.23 + 0.09) X 10~*
(E, > 1.6 GeV),

Br(B, — utu")<75X%X1078,
Br(B— X,u"p") = 4.3%13 x 107C. (12)

Note that throughout this work we perform our
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calculations in the ’t Hooft-Feynman gauge, and
the SM input parameters involved are taken from
[21].

IV. Z-BOSON FCNC DECAY Z — bs

The relevant Feynman diagrams are shown in Fig. 1. The
LHT contributions are from both T-even and 7-odd parti-
cles. The contributions of 7-even particles include both the
SM contributions and the contributions of the top quark
T-even partner (T-quark). The diagrams of 7-odd particles
are induced by the interactions between the SM quarks and
the mirror quarks mediated by the heavy 7T-odd gauge
bosons or Goldstone bosons. The calculations of the loop
diagrams in Fig. 1 are straightforward. Each loop diagram
is composed of some scalar loop functions [22], which are
calculated by using LOOPTOOLS [23]. The relevant
Feynman rules can be found in [8]. The analytic expres-
sions from our calculation are presented in Appendix A.
We have checked that the divergences of T-even contribu-
tions are cancelled at O(v?/f?). For the contributions of
T-odd particles, the divergences are not cancelled at
O(?/f?) and arise from the diagrams with T-odd
Goldstone bosons. Such leftover divergence in the LHT
model was first found in the calculation of B, — u™ u™
and B— X,u*u~ in [8], and was understood as the
sensitivity of the decay amplitudes to the ultraviolet com-
pletion of the theory. In our numerical calculations we
follow [8] to remove the divergent term 1/& and take the
renormalization scale w = A with A = 47 f being the
cutoff scale of the LHT model.

About the parameters f and r, some constraints come
from the electroweak precision data [24], which, however,
depend on the masses of T-odd fermions and the parameter
6. (its value is related to the details of the ultraviolet
completion of the theory). Hence, in our numerical calcu-
lations we relax the constraints on the parameters f and r,
and let them vary in the range

500 GeV = f = 1500 GeV, 05=r=20 (13
In addition to the parameters f and r, the matrix Vg, and
the masses of d, (i = 1, 2, 3) are also involved in our
calculations. To simplify our calculations, we follow [8] to
consider three scenarios for these parameters:

(I) We assume Vy,; = 1 or assume the degeneracy for
the masses of dy, i.e., my =mgp = mg. In the
former case, we have no flavor mixing between
mirror down-type quarks and the SM down-type
quarks and thus the loop contributions of 7-odd
particles vanish. In the latter case, due to the relation
of Eq. (5), the masses of ul, are also degenerate.
Then, due to the unitarity of the flavor-mixing ma-
trices between mirror quarks and the SM quarks, the
loop contributions of T-odd particles vanish. The
remaining contributions from the loops of T-even
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FIG. 1 (color online). Feynman diagrams for Z — sb in the LHT model.
particles depend on two parameters, i.e., the break- X,ut ™ involve the mirror lepton masses m,;).
ing scale f and the ratio r. As shown in Eq. (5), the masses of mirror fermions
() We assume Vg = Vg In this scenario, in addi- are proportional to f, which are assumed as
tion to the contributions of 7-even particles, the
T-odd pa.rticles will also come into play. The pa- my =mp =my =0.5f,
rameters involved are then f, r, mgi , and m,, (the " " " (14)
loop contributions to B; — ,u+,u and B — mg = mg = 0.6f, mg = L4f.
10° S 107 — 1 10°r ]
r scenario| r scenario Il 1 r scenario lll 1

Br(Z—sb+bs)
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FIG. 2 (color online). Scatter plots for the branching ratio of Z — sb + b5 versus f. The bullets (blue) and the crosses (red) are
allowed and excluded by the 20~ B-decay constraints, respectively.
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We checked that the parameters taken here satisfy
the constraints from the four-fermion interaction
operators [25].

(IIT) We keep 85’3 as a free parameter, while for other
parameters in the matrix Vy, we assume

6‘152 = 5513 =0,

1
— = 3‘112 = 0.99,

NG

5X107° =s§, =2%X1074,
4% 1072 =54, = 0.6.

(15)

For the masses my; and m,; , we take the same

H
assumption as in scenario II.

We scan over the parameters in the ranges specified
above. For the three scenarios we obtain the scatter plots
in Fig. 2, where we also show the constraints from the
B-decays B— X;y, By — u u " ,and B— X,ut .

Figure 2 shows that the contributions are sensitive to the
scale f and for lower values of f the derivation from the
SM prediction is more sizable. The constraints from
B-decays are significant, with scenario-III being most
stringently constrained.

Figure 2 also shows that for all three scenarios the
branching ratio of the FCNC Z-decay is cut around 1077.
The reason is that for each scenario the LHT effects in the
FCNC Z-decay are strongly correlated with the effects in
the FCNC B-decays. Then when the Z-decay branching
ratio exceeds about 1077, the corresponding effects in
B-decays go beyond the 20 experimental region.

V. HIGGS-BOSON FCNC DECAY & — bs

The relevant Feynman diagrams involving 7-even par-
ticles in the loops can be obtained from the corresponding
diagrams in Fig. 1 by replacing the Z-boson with the

PHYSICAL REVIEW D 78, 075017 (2008)

Higgs-boson. For the contributions of 7T-odd particles,
the diagrams are more complicated. Note that the diver-
gence of T-odd contributions for 4 — bs is at O(1) and is
more severe than in B-decays or Z-decay where the diver-
gence appears at O(v?/f?). Such divergence is mainly due
to the absence of Fig. 1(i) with the down-type mirror
quarks in the loops since the Higgs boson does not couple
to the down-type mirror quarks. Since such leftover diver-
gences in the T-odd contributions appear at O(1), the
prediction is subject to severe theoretical uncertainty.
Unlike the uncertainty in Z-decay which is correlated
with the uncertainty in B-decays (and thus can be re-
strained by B-decays), the uncertainty in & — b3 caused
by such 7-odd contributions cannot be constrained by
B-decays since the contributions of the diagrams mediated
by the Higgs-boson can be neglected for the B-decays. To
avoid such large unconstrained uncertainty caused by
T-odd contributions, we perform numerical calculations
only for scenario-I where the T-odd contributions vanish.
The analytic expressions for the effective coupling hbs
from our calculation are presented in Appendix B.

To evaluate the branching ratio of &4 — b5 we need to
know the total decay width of the Higgs boson. In addition
to the decay channels in the SM, there arises a new im-
portant channel 7 — AzAy (A is a candidate for the
cosmic dark matter), which may be dominant in some
parameter space of the LHT model [26]. The total decay
width is given by

Ftotal = 1—‘h—>fermi0ns + Fh—»WLW,_ + Fh—»ZLZL + Fh—»A,.,AH‘
(16)

In Fig. 3(a) we scan over r and f in the ranges in Eq. (13)
and present the scatter plots for the branching ratio with
my, = 140 GeV. In Fig. 3(b) we show the dependence of
the branching ratio on the Higgs-boson mass by fixing the
parameters r and f allowed by the electroweak precision

10 F~ T~ T T T T "~ T "~ T 7

m,=140GeV ] F
-7
10 — sm B
sm 5
T r
@ I f=500GeV  r=1.0
3 2
87 - 1 R (R TR =500GeV  r=0.5
210 . — 210 ¢ 4
d 1 &0
Ny t N F
Q L Q r
b s
B 10
K £
10 -8 n n n n 1 -10 n 1 n 1 n 1 n 1 n 1 n 1 n 1 n
600 700 800 900 1000 1500 100 150 200 250 300 350 400 450 500

f(GeV)
(a)

FIG. 3 (color online).

m,(GeV)
(b)

(a) The scatter plots of Br(h — sb + b5) versus f for scenario-1. The bullets (blue) and the crosses (red) are

allowed and excluded by the 20~ B-decay constraints, respectively. (b) Br(h — sb + b3) versus m;, for fixed values of f and r.
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data and B-decays. In our calculations we kept the order up
to O(v/f) and checked that the divergences are canceled to
this order.

From Fig. 3 we see that the branching ratio in the LHT
model is below the SM prediction and the deviation is
significant for a low value of f. In the parameter space
allowed by B-decays at 20 level, the branching ratio can be
one order below the SM prediction due to the fact that in
some parameter space the decay h — AzAy may be domi-
nant and greatly enhance the total width.

VI. CONCLUSION

The littlest Higgs model with T-parity may have a flavor
problem since it predicts new flavor-changing interactions
between mirror fermions and the standard model fermions,
which can induce various FCNC decays. Since all the
decays induced in this model are correlated, we have
performed a collective study for the FCNC decays of
B-mesons, the Z-boson, and the Higgs boson. We found
that under the current experimental constraints from
B-decays, the branching ratios of both Z — b§ and h —
b5 can still deviate from the SM predictions significantly.
In the parameter space allowed by B-decays, the branching
ratio of Z — b3 can be enhanced up to 1077 (about one

order above the SM prediction) while # — b5 can be much
|
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suppressed relative to the SM prediction (about one order
below the SM prediction).

We remark that unlike the FCNC B-decays, it is quite
challenging to test these rare Z-boson and Higgs-boson
decays at collider experiments. For instance, to test this
rare decay of the Z-boson, we may need the GigaZ option
of the ILC. Theoretically, for the test of the LHT model,
these rare decays are complementary to the direct produc-
tion of the 7-quark [27] and the production of the top quark
or Higgs boson [28] whose cross sections can be sizably
altered by the LHT model.
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APPENDIX A: THE EFFECTIVE COUPLING
OF Zsb

Here we give the analytic expressions for the effective
coupling of Zsb in the LHT model. The effective coupling
of Zbs is similar and can be obtained by some simple
replacements. The effective coupling of Zsb is given by

I = Filf(a (7", u'(T)] + F%elf(a)[wo(n) dyl + qu]f(a)[w up] + qu]f(b)[WL’ u'(T)] + Fge]f(b)[AH(ZH): di;]
+ Fge”(b)[WH, ul ]+ Fge“(c)[ﬂ ul(T)] + Fge”(c)[a)o(n) diy]+ qult(c)[“) ui ]+ qu]r(d)[WL’ u'(T)]
T2 TAR(Za), dig) + T W ) + T [, (1), w(T)] + Ty [, 17), T(0)]
+ U5 g [0 (), diy, dig] + Ty p [0, uly, uly] + Ty o [We, 6! (T), u'(T)] + T g [Wy, ((T), T(1)]
+ FVF FZ[AH(ZH) dyy, diy] + FVF FZ[WH’ uy, uy] + FFSS[M (T), 7%, "]+ FFSS[”H’ 0’ 0]
+ Ty [l (T), Wi, Wi+ Ty luly, Wy, Wyl + Thy ([ul(T), Wy, =] + Thygluly, Wy, 07 ]

+ F?sv[” 1), 7w, W, ]+T SV[uH, o, Wy,

(AD

where the particles in the square brackets represent the particles which contribute to the vertex. The self-energy and vertex

contributions in the above equation are given by

ig 11 1 )
P = 167 cw(q2 — md) 7“[(‘ o gs%v)PL + gs%vPR:I(éb +my)(B,y” + dyBo)azb, P + a;b3Pp)
+ mpBo(a,as Py + bybsPg)|(q,, ms, mp), (A2)
T = — i 7“[(‘ ! + lS%v)PL + lS%va](db + my)[2B,y" + (2By — 1)¢f,)(cac3 Py + drdsPp)
self(b) 1677'2cW(c]127 — m?) 2 3 3
— 2mp(2By — 1)(c3dy Py, + cod3PR)(gp, my, mp), (A3)
ig ”
Fgu‘.;]f(c) = To6mc (02 =) [(B,y” + BsBy)asbyPy + a,b3Pg) + mpBy(asasPy, + bybsPg)]
W\F's b
1 1 1

X (Bs + mb)?’“[( 5 35w )PL gS%VPR:I(Ps, ms, Mr), (A4)
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T~ ig

self(d) =

B 1672 cy(p? — m?
1 1

1
X (ps + mb))’“[(_ i _S%V)PL + _S%VPR](psr my, mg),

2 3 3
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2)[(2BV7’V + (2By — Dp,)(cre3P;, + drd3P) — 2mp(2By — 1)(c3d2 P, + ¢2d3Pg)]

(A5)

i 1 : :
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+ mp, Y4 (b ZL P + ayZyPR)(d, + 4 + mp,)(asP; + b3PR)CO](qs’ qp, Mp1, Mg, Mp),

(A6)

i
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FSS — 1672 wrY 3020 T A03FR q4s T dp vY 3020 T A B3R
+[-2C, — (g5 + q,)*Coldp(azsb, Py + arb3Pg) + mp[—2C, — (g, + q,)*Col(araz Py, + byb3Pr)}
X (qb) qs) mS} mF) mS)) (A8)
I _ ich

T

(dsP, + csz){—4C,wv” oyt =20,y + qu)* + 2dmp — 24f,)C, + (Gmp — 241)(qs + 4)*Co

1 1
- [Cgpg’w - 5]7" = Cy"(dy + mp)y* — p7C,y"y* — bz(dy, + mp)y*Co — [Capg”" - 5]7“

+ CV’y'U”yV(ﬁZ - 43 - 4b) - 7”“(% + mF)CVYV + '}/M(ﬁb + mF)([ﬁZ - ds - 417)(:0}

X (C3PL + d3PR)(fIb, qs My, Mg, mV)) (A9)
I
oy = — 56‘;;_/5 Y*(coPp + dyPR)C,y” + (4, + mp)Col(azPr, + b3 Pr)(qp, g5, mg, mp, my), (A10)
i
Iy = %(CQPL + by PRIC,y" + (4 + mp)Coly*(c3PL + d3Pr)(qs, 5, My, mp, mg), (A1)

where g, = —py, g, = —ps, and Py p = (1 ¥ ys5)/2. The
functions B and C are 2- and 3-point Feynman integrals
[22], and their functional dependences are indicated in the
brackets following them. The tensor loop functions can be
expanded as the scalar functions [22]. In our calculation
the contraction of Lorentz indices is performed numeri-
cally. The parameters appearing above are from

Vsf: iy*(c, Py + dyPg),
S5f: aPy + byPp,

VFb: iy*(c3P; + dyPg),
Sfb 613PL + b3PR,
ZStS™: igvss(pg+ - P?—), ZV*SsT: gVVSg'uV’

Zf 1 far iyH(ZL Py + ZPp),

|
where V represents gauge bosons and S represents scalar
particles. These couplings represent the seven different
classes of vertices involved in our calculation. In each class
of vertices, the parameters a,, b,, as, b3, ¢», d>, 3, ds,
gvss»> vvss Z{, and Zf; take different values for different
concrete coupling. The analytic expressions of these pa-
rameters are complicated at @(v?/f?) and can be found in

[8].
APPENDIX B: THE EFF E_CTIVE COUPLING
OF hsb

We give the analytic expressions for the effective cou-
pling of hsb. The effective coupling of kb5 is similar and
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can be obtained by some simple replacements. The effective coupling of hsb is given by

Ui = Dsatl7m ™, ' (T)] + Tsapn)[Wr, ' ()] + Tl 7, ' (T)] + Tsap[Wr, w' ()] + Tsp g, [ 75, u'(T), u'(T)]
+ Usp,p, L7, ((T), T(0)] + Typ, g [Wr, u' (D), u!(T)] + Uy g, [Wp, ((T), T(0)] + Tps[u (T), ¥, 77 ]
+ Tpyylu!(T), Wy, W]+ Tryslu'(T), Wy, 7] + Trgy[u'(T), m*, W, ], (BD)

where

im
Leita) = W(dk + m)[(B,y” + dpBo)asbyP + a,b3Pg) + mpBy(ayas P + bybyPr)l(qp, mg, mp),
b s

(B2)

img
Lty = m(féb + my)[(2B,y" + 2By — Ddfp)(cac3Pp, + dadsPr) — 2mp(2By — 1)(c3d2 P + c2d5PR)]

X (qb? mV’ mF)r (B3)
im
Loy = BT v(ph )[(BVY + psBo)asby Py + ayb3Pr) + mpBo(ayas P + bybsPR)|(Bs + my)(ps, mg, mp),
(B4)
im
Certa) = 16 2v(ph )[(ZBW + 2By — D)p,)(crc3Py + dydyPr) — 2mp(2By — 1)(c3dyPp, + cd3PR)]
X (ﬁ? + mh)(ps» my, mF)’ (BS)
Cspp, = 1672 (a,Pp, + bZPR){mF [(g Py + gRPR)(4b + g + mg,)Co + (gLPL + gRPR)C ]
+ (fP gl POCLY )y + s+ mp) + (ghPy + gl PR)(Crvgh” — =
SREL T ELRIC LY \Yp s T MpE, 8rlL T 81LLR uv8 2
X (a3P; + b3Pg)(qy, qp mp,, Mg, mp,), (B6)

Lyver, = 16 ——(d,P + CZPR){(g{PL + 8]1;PR)[4CM(% + g)* +4C,, " — 4 —2mp,C, y*]

+ (g’RPL + g{PR)[szl (2mp, — 4y — 4,)Co — 2mp, C,, y* M3 P, + d3PR)(qs, qp mp,, my, mg,),  (B7)

im

Fpgs = ~Tom ’; (axPp, + byPR)[(dy + mp)Co + Cpy*1(azPy, + b3Pg)(qp, g5, Mg, mp, my), (B3)
ig’v

Lpyy = W(dsz + 2 PR)(dy — 2mp)Co + C,y*1(csP + d3PR)(qy, g5, my, mp, my), (B9)

1
Lpys = 32 =5 (d Py + Czpk)[ﬁh(éb +mp)Co + PrCuy* + Cuy gy + mp) + ( w8 — E):I

X (a3Pp + b3Pg)(qp, g5 Mg, mp, my), (B10)

075017-8
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ig
77.2

Upsy = 32—(612PL + bsz)[CMYM(ﬁh —dp —d) — p + mp)Cy* — (CMVgMV - %)

+ (dp + mp)By — 4y — ¢fs)Co](C3PL + d3PR)(qp, g5, my, mp, mg).

The parameters g{ and g‘,@ are from the couplings

hf1f2: i(g{PL + g{ePR),
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(B11)
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g{_%llrz%’ g],;= %" (for fy =1t f, =T);
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