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Abstract

Little Higgs models with T-parity have a new source of lepton flavour violation. In this
paper we consider the anomalous magnetic moment of the muon (g — 2),, and the lepton
flavour violating decays p — ey and 7 — pvy in Little Higgs model with T-parity [1].
Our results shows that present experimental constraints of y — e~y is much more useful to
constrain the new sources of flavour violation which are present in T-parity models.
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1 Introduction

Electroweak precision data suggests that the physics of electroweak symmetry breaking is weakly
coupled, therefore, in order to have a natural theory, the Higgs mass needs to be protected from
radiative corrections. As a means to solve this problem a number of extensions of the Standard
Model (SM) have been proposed. In the effective theory approach the collective symmetry
breaking mechanism of the Little Higgs (LH) models is an interesting possibility [2]. For earlier
attempts to solve these issues see reference [3]. Note that a detailed review of LH models can be
found in reference [4] (see also chapter 7 of reference [5]). Also, as the electroweak sector of the
SM has been tested to a very high accuracy, an important test of the validity LH models through
a comparison with precision data (for reviews treating this subject see references [6,7]). Note
that there exists many studies in the literature concerning the LH model and its implications to
electroweak corrections (see for example reference [8]) and flavour physics both in hadronic [9]
and leptonic sector [10].

The most serious constraints result from the tree-level corrections to precision electroweak
observable due to the exchanges of the additional heavy gauge bosons present in the model, as
well as from the small but non-vanishing vev of an additional weak-triplet scalar field. As a
result, the fine-tuning of the Higgs boson mass is re-introduced. In order to forbid dangerous
tree-level contributions to the electroweak observable, and avoid the appearance of a new fine
tuning between the electroweak scale and the scale of the model, several new variants were
proposed [11]. Particularly interesting is the implementation of a Z, symmetry called T-parity
[12]. T-parity explicitly forbids tree-level contribution from the new heavy gauge bosons to
the observable involving only SM particles as external states. It also forbids the interactions
that induce triplet vev contributions. In T-parity symmetric LH models (LHT), corrections to
precision electroweak observables are generated exclusively at loop level. Due to T-parity the
lightest T-odd particle becomes stable. Since this lightest T-odd particle is electrically and colour
neutral with O(100)GeV it could be a candidate for dark matter [13, 14].

LHT predict heavy T-odd gauge bosons which are the T-partners of the SM gauge boson
and also heavy T-odd SU(2) doublet fermions. This structure is unique to LHT, and as the new
particle masses can be relatively low, the next generation of colliders such as the Large Hadron
Collider (LHC) has the great potential to directly produce the T-partners of the SM particles
[15]. The peculiar structure of these models can also be tested using precision data, present and
future colliders [16]. In particular the flavour structure of the model can be constrained both in
the quark sector [17] and in the lepton sector.

The neutrino oscillation data from experiments is proving the existence of small neutrino mass
and large neutrino flavour mixing. If the small neutrino mass as hinted by experiments is the
only source of lepton flavour violation (LF'V), then the LFV processes like n — ey , 7 — ppupu ete.
would be heavily suppressed because of lepton sector GIM. The presence of new sources of LFV
can enhance these processes to the level of present experimental limit. Little Higgs model with
T-parity have a possible source of lepton flavour violation. In the following we shall concentrate
on the mirror lepton sector, and on the interplay with the heavy T-odd gauge bosons sector of



the Little Higgs model with T-parity, by studying the anomalous magnetic moment of the muon
(9—2), and the lepton family violating decays y — ey and 7 — py , 7 — ey, 7 — ppp, T — pM
(semi-leptonic decay) etc..

2 Littlest Higgs model with T-parity

In this section we shall briefly review the Littlest Higgs model with T-parity of reference [12],
in order to present our notation. We follow here, for the leptons, a notation similar to the one
used by Buras et al.[17] in the analysis of non-minimal flavour violating interactions in the quark
sector for LHT. Note that the model is a non-linear chiral-type Lagrangian based on the coset
SU(5)/SO(5).

The first stage of symmetry breaking is at a scale f in the TeV range, and is due to the
vacuum expectation value (vev) of an SU(5) symmetric matrix ¥, that is:

001
So=|010], (2.1)
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where 1 is the 2 x 2 identity matrix. This breaking simultaneously breaks the gauge group to
an SU(2) x U(1) subgroup, which is identified with the SM group. The origin of this symmetry
breaking is not specified in the model but merely imposed. Therefore LHT are effective theories,
valid up to a scale A ~ 47 f, as can be established in analogy with similar arguments in chiral
Lagrangians. The generators, 7%, of the unbroken SO(5) symmetry, are those which satisfy the
relation 793 + Xo(T*)T = 0. The broken generators, X, of SU(5)/SO(5), satisfy the relation
X% — So(X9)T = 0. The SU(5)/SO(5) breaking gives rise to 14 Nambu-Goldstone bosons;
four of the fourteen Goldstone bosons are absorbed by the broken gauge generators, and the
remaining ten Goldstones are parameterized as:

rt/v2  of
II=| h/V2 VORI (2.2)
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where h is the SM Higgs doublet and ® is a complex SU(2) triplet:

b= < qﬁ;@ q>+q§0¢§ ) | (2.3)

The second stage of symmetry breaking takes place as in the SM via the usual Higgs mechanism,
at a scale v = 256 GeV.

The effective theory at low energy is described by a chiral-type Lagrangian with the appro-
priate gauging (a [SU(2) x U(1)]? subgroup of the global SU(5) symmetry is gauged). T-parity
exchanges the two SU(2) x U(1) factors. The symmetric tensor describing the low energy theory
is:

Y eiﬂ/fzoeiHT/f — 62iﬂ/f20 =Y+ %HZO + O(l/f2) ’ (2'4)



where f is the scale of symmetry breaking we have just described; similar to f, in the case of
chiral Lagrangians. The kinetic term for the ¥ field can be written as:
f2
Liin =g T {D (D) (2.5)

where

D% = 0,5 — i%; [, WHQ5E + 2QT) + ¢ B;(V;Z + XY;) (2.6)

In the above j = 1,2, the (); and Y; are the gauged generators, B; and W} are the U(1); and
SU(2); gauge fields, respectively, and g; and g} are the corresponding coupling constants.

2.1 Gauge bosons sector

In the gauge boson sector the gauge boson eigenstates are identified as:

W+ Wy B+ B
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where L refers to the light (and T-even) states and H the heavy (and T-odd) states. The mass
eigenstates are then given, at O(v?/f?), by the following combinations of gauge boson eigenstates:

e By (2.7)

(2.8)

1 112

Wi = % , 71, = cos Oy W; — sin Oy B, Ap = sin Oy W; + cos O By, ,(2.9)
L WL FaW? ; v? v

WH = T, ZH:WH“‘IL'HFBHa AH:—xHFWH‘I’BH’ (2'10)

where 6y is the weak mixing angle and xy = 5g¢’/4(59 — ¢"*) with g and ¢’ being, respectively,

the SU(2) and U(1) gauge couplings. The gauge boson masses are then given at O(v?/f?) by:
U2 fg/ 5,02

- — My, = M, My, == 1———]. 2.11
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The masses of the T-even gauge bosons are zero after the first stage of symmetry breaking and
obtain a mass only through the second breaking, their masses being:
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2.2 Mirror fermion sector and mixing

MWH :fg (1

For each SM SU(2), doublet, a doublet under SU(2), and another under SU(2), are introduced.
The T-parity even linear combination is associated with the SM SU(2); doublet, while the
T-odd combination is given a mass of order of the scale f. This is required for a consistent



implementation of T-parity in the fermion sector [12]. The fermion doublets are embedded into
the following incomplete representations of SU(5), and introduce a right-handed SO(5) multiplet

11 0 VR
v, =1 0 |, Uy=1 0 |, Up=|xr |, (2.13)
0 iy VYR
with
¢i=—02fi:—‘72(“)¢dia ¢R:_i02(u)HRdHR (2.14)

and (i = 1,2). Under T-parity these fields transform in the following way:
\Ill — —20\112, \112 — —20\111 s \IIR — —\I/R, (215)

and the T-parity eigenstates of the fermion doublets are:

_h—f fit+ [
V2 V2 o
fr are the left-handed SM fermion doublets (T-even), and fg are the left-handed mirror fermion

doublets (T-odd). The right-handed mirror fermion doublet is given by 1. The mirror fermions
obtain a mass of the order of the scale f [15]:

fr

fu = (2.16)

mb, = V2kif = muy;, (2.17)
v? v?
my; = \/ﬁf‘fif <1 - 8—f2> = Mpu; (1 - 8—f?> ) (2.18)

where k; are the eigenvalues of the mass matrix x. The additional fermions ¢ and Yz can be
given large Dirac masses, and we assume that they are decoupled from the theory.

In a similar way to what happens for standard fermions, the mirror sector has weak mixing,
parameterised by unitary mixing matrices; two for mirror leptons and two for mirror quarks:

Ve, Vav, Viu, Vi, (2.19)
which satisfy the following physical constraints:
Vi, Ve = Veuns , Vi Via = Ver - (2.20)

Furthermore, this implies that one can not turn off the new mixing effects, except with a universal
degenerate mass spectrum for the T-odd doublets. In the following we shall set the Majorana
phases of Vpyrns to zero, as no Majorana mass term has been introduced for the right-handed
neutrinos. The mixing in the lepton sector will be the main focus of our phenomenological
analysis. Note that a detailed discussion of the parameterisation of the mirror lepton mixing
matrices is given in section IV.



3 Analytical results of (¢ —2), and p — ey

In this section we shall summarize our analytic results for the anomalous magnetic moment of
the muon (g — 2), and the two lepton family violating decays y — ey and 7 — pvy from the
Littlest Higgs model with T-parity.

3.1 Anomalous magnetic moment of the muon

For the (g — 2), in LHT we have the following additional contributions:
e The Wi contribution.
e The Zy contribution
e The Ay contribution.
e And the ® (triplet Higgs) contribution.

As such, the additional diagrams which will contribute to (g — 2), (at one loop level) are given
in Fig (1), and where the contribution to the a, due to the new particles can be written as:

aﬁH = au(WH) + au(AH) + au(ZH) + au(q)). (321)
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Figure 1: Diagrams of the additional contributions to the (g — 2), arising from LHT



Note that the contributions due to triplet Higgs (®) can be neglected, as their coupling to SM
fermions and T-odd fermions is of order (v/f)? (see Appendix A of reference [17]). As such, the
diagrams Fig (1 ¢), and (1 d) will give contributions at the (v/f)?* level (as these diagrams have
two vertices involving the triplet Higgs). In order (v/f)? calculations we can therefore neglect
any such contributions. This means we shall only consider contributions due to heavy gauge
bosons given by diagrams Fig (1 a) and (1 b).

The various contributions due to gauge bosons in the unitary gauge are:

g2 m2 * MVH- ?
i) = 55 3 (Vi Vi () whese = (2] a2
2 2 M 2
g- m * L,
() = e & Vi, VaPan) . where = () 29
g/2 m2 » MZHi 2
a’N(AH) = 80072 ME;LLH e (VHZ)Zi (VHZ)ZZ' FZH (ZZ) ) where Zi = (MAH ’ (324)

and where the functions Fx(x) have been defined in Appendix B.
In the next section we shall generate plots of aﬁH for various values of f and mirror lepton
masses.

3.2 Lepton family violating decays

We shall now consider the lepton family violating decays of the form fi(p1) — fo(p2)v(q), with
q = p1 — p2- In these calculations we shall take the fermions f; and f, as having masses m;
and my respectively. As the external fermions are on mass shell, we also have that p? = m?,
p3 = m3. As such, the amplitude for the decay can can be written as ee (@) M*, where € (q) is
the polarization vector of the emitted photon. The most general M* for an on-shell photon! can
be written as [18]:

MM =ity [0"q, (o, Py + orPRr)] u1, (3.25)

where P, = (1 —;)/2, Pr = (1 +75)/2 and o, og are the respective coefficients. From the
expression given in equation (3.25) we get the partial decay width for f; — foy as:

r_ (m —m3)’ (

S (0wl + lowl?). (3.26)

Assuming the fermions f; and f5 interact with a neutral or charged vector boson, B,, and
with another fermion F', the gauge interaction part of the Langrangian can be written as:

2
L= |B,Fy" (LiPy + R;Pg) fi + By fiy" (L; Po+ R} Pr) F|, (3.27)

=1

IBy an on-shell photon we mean €,.(q)gu = 0.



where L; and R; are coefficients of the operators (model dependent). In our case (LHT), from
Table 1 in Appendix A, we can see that we do not have any right-handed currents contributing
to the process. As such, R; = 0. Equation (3.27) then becomes, for our case:

L= |B.FY"LiPLfi + Byfiy" L} PLF) . (3.28)
=1

Note that we shall again assume that the Higgs exchange diagrams will not contribute, as they
are higher order in (v/f)2.

Y
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Y

Figure 2: The Feynman diagrams for 4 — e+ in LHT

In the LH model we will also have contributions from loops containing mirror fermions, Wy, Zy
and Ag. Their contributions to oy, and og (as defined in equation (3.25)) can be defined as:

oL = (oL)wy + (00) 2y + (0L) Ay
OR = (O’R)WH + (UR)ZH +(UR)AH- (329)
Where the expressions for the ¢’s above are given in Appendix C. However, as one final note, in
our case (with T-parity) equation (3.27) can be expressed as, using the vertices given in Table 1:
! 2

9 (9 g v ;
L= 7 %: Ui, Yu P (Vie) il Wi + 1 <_E + l_oxHﬁ> %:KHNMPL(VHZ)U@ZI‘?

(g g v 7 I vt
il Tt ;ngiVuPL(VHZ)ijngH_'_O 1) (3.30)

In the next section we shall study how the branching ratios for the decays p — ey and 7 — uvy
change for different values of the parameter f, and for various mirror lepton masses.



4 Numerical Analysis & Discussion

For our numerical results we shall use the standard parameterisation the of Vp,ys matrix, which
can be written as:

1 0 0 Cret 0 Srcte_iér Csol  Ssol 0
VPMNS = 0 Catm  Satm 0 1 0 —Ssol Csol 0
0 —Satm Catm _srctei(sr 0 Cret 0 01

= U(eatm)U(erct)U(esol>v

where the 0,,,, 0, and 6,, are the atmospheric, reactor and solar mixing angles. From neutrino
oscillation experiments we have Am?2, ~ 8 x 107°eV 2, sin?20,, ~ 0.31, [Ami;| ~ 2.6 x 1073eV?,
5in*20,4m ~ 1.0 and sinf,; < 0.2 (for our calculations we have taken sinf,, = 0.2). From
WMAP constraints we also have that >, 5 3m; < 2eV (that is, the sum of the masses of the
three SM neutrino species). As such, the structure of the leptonic sector mixing matrix, Vpeans,
which is analogous to the quark sector CKM matrix, can give rise to the lepton flavour violating
processes (such as p — ey , 7 — puy , 7 — p(n,K), 77 — p~(e")uTu~ etc.) within the SM.
Where, to reiterate, these flavour violating processes, within the SM, will be dependent upon
the structure of the mixing matrix (Vpyyg) and the neutrino masses. Note that the smallness
of neutrino mass, as indicated by WMAP data, ensures the suppression of these processes to a
level which cannot be probed even in foreseeable future. Furthermore, the lepton sector GIM
mechanism suppresses the branching ratio of 1 — ey to a value less than 107%° within the SM.
As such, we shall refer to this situation as Minimal Flavour Violation (MFV).

As discussed earlier, in LHT we can have a new mechanism for lepton flavour violation,
where, in the T-parity model the LF'V can come from the flavour mixing in the mirror fermion
sector. The mixing in that mirror fermion sector can, furthermore, give rise to a TeV scale GIM
mechanism. Note that this has been extensively discussed in the case of hadronic decays [17].
The possible implications of this TeV scale GIM mechanism, in the case of lepton sector, has
been stressed in the T-parity model [1]. There is a possibility of large enhancement of LFV
decays in the T-parity model, despite the presence of a TeV scale GIM mechanism in the lepton
sector. As such, we shall quantify this by calculating some definite values of the mixing matrix
and other LH parameters.

The new mixing matrix which gives rise to flavour violation in the lepton sector (Vy,), in
general, has four parameters; namely three angles and one phase. The presence of this mixing
matrix arises from the possibility of a departure from MFV, which was present within the SM.
We therefore parameterise this mixing matrix with three mixing angles (612, 53, 613) and a phase

(0) as:

1 0 0 ci3 0 8136_i5 c12 S12 0
VHZ = 0 Co3 S23 0 1 0 —S12 C12 0
0 —S923 Co3 —Slgei(s 0 C13 0 01

= U(b3)U(013)U(012).



At this point we would like to stress that for the departure from MFV, within the SM, the
following conditions need to be satisfied:

(1) The matrix Vi, should be different from the Identity matrix.
(2) And that the three generations of mirror fermions should not be degenerate in mass.

From the above structural considerations of the mixing matrices, where as a benchmark we will
show the results of LF'V processes for the following cases:

Case A: Where we assume that Vyy is related to Vpyns, such that no additional new
parameters, except those of the masses of mirror fermions, will be needed.

Case B: Where we assume the hierarchy of the mixing angles to be:

S19 K S13 K So3. (4.31)

Case C: And finally, where we assume that the hierarchy of the mixing angles is:

S12 K 893 K S13. (432)

We shall now analyze the effects of the above cases on our observables for (g —2), , 4 — ey and
T — vy , where the present experimental bounds for the observables are[20]:

da, = 22(10) x 10717,
Br(p—ey) <12x 107" [90% C.L.],
Br(t — uy) < 6.8 <107 [90% C.L.].

Firstly, we shall present the results for da,, in the case where the mirror leptons have degenerate
mass. In this case we only have two parameters in the model, namely; the LH scale (f) and mass
of the mirror leptons. The results are plotted in Fig (3). As mentioned above, this is the MFV
case of the SM, and hence y — ey and 7 — py will stay at their SM levels. Note that, as we
can be observed from the graph, although da, shows substantial variation as a function of the
LH scale, its value is still much lower than the present experimental bounds.

4.1 Case A

In this case we shall consider Vy, as being related to Vpyns. In this case we do not introduce
any additional parameters, except the masses of the mirror fermions. For Vp,ns we take the
standard parameterisation with parameters given by the neutrino experiments. Furthermore, we
shall discuss the four cases, in analogy to the discussion given in reference [19], namely:

I: Vo= Vpuns -

II VH@ == U(eatm)U(erct) .
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Figure 3: da,, where we have assumed my,, = m,,,, i.e. the same mass for all the mirror fermion
doublets

T : Vigp = U(Outm) -
IV : Vg =1.

Case A - I : We have presented our results of case I in Fig (4). As can be seen from the figure,
in this case the branching ratios are very sensitive to the mass splitting of the mirror leptons.
Furthermore, in this case the experimental measurement of y — ey practically rules out any
substantial mass splitting between all three generations of the mirror leptons. For this case we
have also shown a scatter plot of the correlation between p — ey and 7 — py in Fig (7). In
this plot we have varied the masses of the mirror leptons in the range 500-600 GeV. As can be
seen from this figure, the y — ey decay practically rules out most of the region where there
is splitting between the mirror lepton masses. However, there are still some regions where we
can have a fairly high (although still within the experimental limits) rate for the 7 — pvy decay.
Note that any improvement in the 7 — uy decay rate in the future would further constrain these
parameters.

Case A - IT & III : In these cases there is no significant change in the rate of the 1 — e~y decay
for the range of mirror lepton masses considered here. The reason for this is due to these cases
corresponding to the the situation where Vg, = Vpyrns, and s19 = 0 for case 11, and s;9 = s13 =0
for case III. In this case we do not have any appreciable mixing in the first two generations of the
mirror leptons, and hence no great change in the predictions of the y — ey decay. However, the
rate of the 7 — py decay can be substantially changed. We have plotted the rate of the 7 — uy
decay as a function of LH scale for case II and III in Fig (6). As can be seen from these plots in
Fig (6), the predictions are still below the present experimental bounds. However, if data for the
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Figure 4: Case A - I (Vyy = Vpyns): i — ey (1 — w7y ) as a function of f in the left (right)
panel for different values of the second generation mirror lepton mass. The masses of first and
third generation mirror leptons are 400 GeV and 500 GeV respectively.

T — w7y decay were improved in future, from high luminosity SuperB factories, this would help
to constrain the possibilities greatly.

Case A - IV : This is the MFV limit of the LHT model. In this case as there is no mixing in
mirror lepton sector hence there will not be any contribution to LF'V processes.

4.2 Case B

In this case we have assumed the pattern sj5 < s13 < s93. In Fig (7) we have shown the results
for the fixed values of the angles, as given by:

So3 ~~ 02, S13 002, S12 0.002.

This pattern assures a very small mixing in the first two generations of the mirror leptons, which
ensures we keep the u — ey decay rate rather low. However, in this case we can still have
sufficient mixing in the second and third generations to have a higher rate (although still within
the present experimental bounds) for the 7 — u~vy decay.

4.3 Case C

In this case we are assuming a hierarchy sj5 < s93 < $13, where in Fig (8) we have plotted for
specific values of the angles, given by:

S93 "~ 002, S13 02, S12 0.002.

In this case the mixing matrix Vp, is essentially diagonal. As such there is very little mixing
between the mirror leptons, which results in a lower value for the decay rates of y© — ey and

T — Wy .

11
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Figure 5: Case A Co-relation between the T — py and pu — ey decays (left panel) and the
pn — ey and (g — 2),, (right panel). Masses of the heavy (mirror) leptons are varied randomly in
the range 500 < my,, < 700 GeV and f = 600 GeV.

To summarize, the precision constraints on the anomalous magnetic moment of muon (da,)
does not constrain the LHT. However, as T-parity models have new source of lepton flavour
violation one can extract useful constraints on model parameters from various lepton flavour
violating processes. In this paper we have analyzed the effects of these new flavour violations in
T-parity models on the decays u — ey and 7 — py . From the experimental results of the p — ey
decay, rather strong constraints on the texture of the new flavour violating mixing matrix, and
the mass splitting of mirror leptons is given. Note that there are practically no constraints from
the 7 — p7y decay on the model parameters from present experimental results, however, the
future SuperB factories, which may observe the 7 — py and 7 — ey decays at rates of 10710,
might provide us very useful constraints on the model parameters.
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A Feynman Rules

In this appendix we list all the relevant Feynman rules for our analysis, which have been sum-
marized in Table 1 [17].

12
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Table 1: where zy = 4(552973;],2). Vertices taken from Buras et al.[17]

B Functions for (g —2),

The functions used in the determination of the LH contribution to (¢ — 2), are [21]:

20*(1+y) — 2,2y — 3y* + y*) — 2,y (y — 1) (B.33)
Y+ 2, (y? —y) + (1 —y) ’

1 —
Fiv, (z:) = [ dy

'@ =) =D =5 (e + %) + (@ = a?))

Fyy (yi) = /0 (=) +a,(2° —2) + yia , (B.34)

2
with z, = (Mm—vél
In the limit z, — 0, that is, where we neglect the p mass when compared to My, , the above

integrations can be analytically expressed as:

10 — 43z; + 7822 — 4922 + 4} + 1823 Log(x;)
- 1

Fw, (x;) = , (B.35)
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Figure 7: Case B: The u — ey (1 — w7y ) decay as a function of f, in the left (right) panel, for
different values of the second generation mirror lepton mass. The masses of the first and third
generation of mirror leptons are 400 GeV and 600 GeV respectively.

 —8+38y; —39y7 + 14y2 — 5yZ + 18y22L0g(y2)

(B.36)

C Functions for y — ey and 7 — uy

In determining the branching ratio for the decays u — ey and 7 — p7vy , we have made use of
the following expressions [18]. Firstly note that apon comparing equation (3.28) with equation
(3.29) for the u — ey decay the coefficients L; will have values:

Wy contribution : (LWH) = Tg VHZ)Qla (Lm); = - iTQ (VHZ);
Zg contribution : = ( + fODSH f2) (VHé)zp (LeZH);k = —1 f ‘|' 1093H f2) (VHZ);
Ag

Ay contribution : (Lﬁ”)z = (10 + :L"H f2) (Vie)g;, (LEH); = —i 1—0 + 1095H f2) (Vie);, s
(C.37)

where the index ¢ sums over the three generation of mirror fermions, where analogous expressions
for the decay 7 — uy are given by selecting the appropriate elements in Vy,. Defining now the

product:
Y = (LX) (LX):, X =Wy, Zy, Ag, (C.38)

the LH contributions to o, as defined in equation (3.29), can be written as:

Wy loop:  (or)wy = Qwy XV ga(m,,, mwy),  (Or)wy = Qwy XV gi(m,,,, mwy),

Zyloop:  (01)zy = Quy A i 2 ys(my,  mz,), (0r)zy = Quy A i 2y (my, mz,),

Ap loop : (UL) Ag — QZH i y2(mZH7mAH)7 (UR> Ag — QZH i y1<m£H7 mAH)7
(C.39)

14



1le-10

1e-10 p—

| 400GeV —— " 400 Gev ———
500 GeV
500 GeV 1e11 B 600 GEV ---eevenne J
600 Gev ...........
le-12
le1l ¢
= =
> 2 1e13f
T 1 -
2 £ lemsf
o M
le12
le-15
lel6¢ T
1e_13 1 1 1 1 1 i 1e_17 1 1 1 1 1 1
600 800 1000 1200 1400 1600 1800 600 800 1000 1200 1400 1600 1800
f (GeV) f (GeV)

Figure 8: Case C: The u — ey (1 — 7y ) decay as a function of f, in the left (right) panel, for
different values of the second generation mirror lepton mass. The masses of the first and third
generation of mirror leptons are 400 GeV and 600 GeV respectively.

where Qy,, is the charge of Wy and (), is the charge of heavy mirror lepton. The loops and y

functions are given as:

2 2

[ m m
yl(mp,mB):ml 2&"‘401"‘202"‘2611—|—2f+m—g(—02+d1+f)+m—22(02+d2+f) y
L B B |
i 2 ? -
yz(mp,mB)zmz 2a+201+402+2d1+2f‘|’m—Q(_Cl‘l'dz‘l‘f)“‘W(Cl“‘dl“'f) ,
L B B |
_ o Lo LoF L ME o s my o]
yi(mp,mp) = my 202+2d1+2f‘|‘—2(0—201—02+d1+f)+—2(—C2+d2+f) )
L mp mp _
- . R o ? R
Ga(mp,mp) = my |26 +2dy + 2f + —£ (a— &1 — 2+ dy + f) + — (—&1 + dy + F)(C40)
mag mp J

Where in the above equations we have used:

1

_ 2 2 2 2 2 2
a = 2CO(m17q 7m27mB7mF7mF)7
167
1
_ 2 2 2 2 2 2
1 = zcl(mluq 7m27mB7mF7mF)7
167
1
_ 2 2 2 2 2 2
Co = 202(7711,61 7m2amBamF>mF)>
167
1
_ 2 2 2 2 2 2
dl - 2cll(m17q 7m27mB7mF7mF)7
167
1
_ 2 2 2 2 2 2
d2 — 167T2022(m1>q >m2>mB>mF>mF)a
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?

W012(m%>q2>mg>m23>m%>m%)a (041)

f =
and where Cy, C, Cy, C11, Cay and (o are the PV functions. If we now use the approximation

that m? = m2 = 0 and ¢*> = 0 the above PV functions can be written in terms of ¢ = m2%/m% as
[18]:

) —1 Int
“ T Tommmg o1 (t—1)21’
i [ t-3 Int
R i el TR AT 1)3] ’
i [+ Tt 11 Int
dh=d=2f=d= T6n2md | 180 — 17 ' 3(i— 1)41 !
S 1t ]
16m2m% [t—1  (t—1)%]’
G — oy — o i [ 3t-1 it 1
16m2m% [4(t—1)2  2(t—1)3]’
- - - i [11#2 =Tt +2 t3int
1=dy=2f=d= 1672m% | 18(t — 1; T 3(t— 1)4] ' (C42)

Using equation (C.39), and equation (3.29) in equation (3.26), we can obtain the branching
ratio.
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