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Abstract

The observed sign of a deviation from the e-p universality in tau decays suggests family
gauge bosons with an inverted mass hierarchy. Constraints from the observed K°-K° and
DY-D° mixing are re-considerated in this case, and it is speculated that a mass of the
lightest gauge boson A3 which couples with only the third generation quarks and leptons

can be M3z ~ 1 TeV, because of its inverted mass hierarchy.

1. Introduction

We know three generations of quarks and leptons. It seems to be natural to regard those
as triplets of a family symmetry SU(3) [1] or U(3). However, so far, one has considered that,
even if the family gauge symmetry exists, it is impossible to observe such gauge boson effects,
because we know a severe constraint from the observed K%-K° mixing [2] and results from Z’
search [3] at the Tevatron. Nevertheless, it is interesting to consider a possibility that a family
gauge symmetry really exists and the family gauge bosons are visible at a lower energy scale. In
this paper, we pay attention to deviations from the e-u-7 universality, i.e. in the tau decays and
in the upsilon decays. And, we will give a reconsideration of the constraints from the K°-K?
and D°-D mixings.

From the present observed branching ratios [2] Br(r~ — p~v,v,) = (17.41 £ 0.04)% and
Br(t~ — e Uevy) = (17.83 £ 0.04)%, we obtain the ratio Rp, = Br(r~ — u~v,v;)/Br(t™ —
e Uevy) = 0.97644 4 0.00314. For convenience, we define parameters 6, and J. which are

measures of a deviation from the e-p universality as follows:

1+4, flme/m;)
amp = - = Tizl. 20 £+ 0.001 , 1
Ramp = 145 \/RB o) ~ 1:0020%0.0016 (1)

where f(z) is known as the phase space function and it is given by f(z) =1 — 822 + 82° — 28 —

1224 log 22. Then, the result (1) gives
§ =6, — 6. = 0.0020 % 0.0016. 2)

[The values of the deviation parameters §,, and é. depend on types of the gauge boson interac-
tions, i.e. (V — A), pure V, and so on. In Sec.3, we will discuss corrections for the parameters
d, and &, which have been defined by Eq.(1).]



Of course, from the value (2), we cannot conclude that we found a significant difference of
the deviation from the e-y universality. However, we may speculate a possibility of family gauge
bosons. We can consider that the deviation in the tau decays originates in exchange of gauge

bosons A% and A} which interact as 7 — A2+ p and 7 — AL +e, respectively, as shown in Fig.1.
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Figure 1: Deviation from e-y universality in tau decays

Here, let us notice that the observed ratio defined by Eq.(1) shows Rgpmp > 1, i.e. 0, > 6.
Since the deviations are considered as &; ~ g2 /M2 (i = 1,2), this suggests that the mass of
A} is larger than that of A%, i.e. M2 > M2, where M;; = m(Af) This suggests that the
deviation (1) is caused by family gauge bosons with an inverted mass hierarchy. (If the gauge
boson masses take a normal mass hierarchy, we will obtain ¢, ~ 0 because the gauge boson A3
will take the highest mass.) If it is true, the phenomenological aspect for family gauge bosons
will be changed drastically: (i) A family gauge boson with the highest mass is Ai, so that it
is in favor of a relaxation of the severe constraint from the observed K°-K° mixing. (ii) The
lightest family gauge boson A3 interacts with only quarks and leptons of the third generation,
so that the lightest gauge boson search has to be done by X — 7777, not by X — eTe™.
(The constraint from Z’' — 777~ search at the Tevatron [4] cannot be apply to this A3 search,
because the production rate of A3 is much smaller than that of the conventional Z’ boson.) (iii)
A large deviation from the p-7 universality may be seen in the upsilon decays. We consider that
it is important to investigate such a possibility phenomenologically.

Such a family gauge symmetry model with an inverted mass hierarchy has recently been
proposed by Yamashita and the author [5]. In the present paper, we investigate the possibility
on the basis of this model, because mass ratios M;;/M3s3 and gauge coupling constant gp are
fixed in the model as we give a brief review in the next section.

In Sec.3, we estimate the lightest gauge boson mass Ms3 from the tau decay data (1) and
also from the upsilon decay data. Regrettably, at present, we cannot obtain a conclusive value
of M33 because of the large errors. Usually, a sever constraint is obtained from the observed
K% K% and D%-D° mixing data. In Sec.4, we discuss the K°-K° and D°-D mixings which are
caused though quark-family mixings Uy # 1 and U,, # 1. Although the constraint become mild,
it is still sever if (Ug)21 and (Uy)21 are sizable. In Sec.5, we discuss a minimum reversion of the

model which gives M2 = km?,. Sec.6 is devoted to concluding remarks.

2. Family gauge boson model with an inverted mass hierarchy

The family gauge boson model with an inverted mass hierarchy has been proposed stim-
ulated by the Sumino model [6]. However, the Sumino model has the following problems: (i)
The model is not anomaly free because the charged leptons are assigned as (er,er) = (3,3%)

of a U(3) fam gauge symmetry (this assignment is inevitable in order to the so-called Sumino’s



cancellation mechanism [6]); (ii) Effective current-current interactions with AN¢,,, = 2 appear
because of the (er,er) = (3,3*) assignment; (iii) The Sumino’s cancellation mechanism cannot
be applied to a SUSY model, because the vertex type diagram does not work in a SUSY model.

Therefore, in order to evade the above problems, in the revised model [5], we assign the
U(3) fam quantum numbers as (er,er) = (3,3), so that the model is anomaly free, and the
ANyqm = 2 interactions do not appear at tree level. On the other hand, in order to realize the
cancellation mechanism, we must consider that masses M;; of the gauge bosons Ag are given as

follows:

m2(Ag'):M§j:k<1 + 1), (3)

Mej Mej

differently from those in the Sumino model, MZQJ = k(me; + Mej), where me; are charged lepton
masses. (Note that log M2 = +log me;+log 2k in the Sumino model, while log M2 = — log m.; +
log 2k in our model).
As well as the Sumino model, the family gauge coupling constant gz in our model is not a
free parameter because the cancellation mechanism:
G = 3¢ = 2C gy sin® O, 0

where gy is the weak gauge coupling constant given by Gr/v/2 = 912/11 / 8M3V, and ( is a fine
tuning parameter. In our model, the parameter ¢ is numerically given by ¢ = 1.752 ({ ~ 7/4) [5].
(Hereafter, in numerical estimates of g, we will use input values ¢ = 7/4 and sin? fy = 0.223.)
Only a free parameter in the model is the magnitude of M3 because the ratios M;;/Mss are fixed
by the relation (3): Mss : Mag : Moo : My : Myo : My = 1:2.98:4.10: 41.70 : 41.80 : 58.97.

The family gauge boson interactions are given by
Hpom = gF<éi7Mej)<Au>§" (5)

because the U(3) triplet assignment for charged leptons is given by (er, er) = (3,3) which gives
anomaly free configuration. Note that the interaction type is pure vector differently from that
in the Sumino model, in which the currents have been given by (V + A). (For example, a decay
BY — 77 4+ ut via an exchange of family gauge boson A% is forbidden. )

Note that the family gauge bosons are in the mass-eigenstates on the flavor basis in which
the charged lepton mass matrix is diagonal. In this model, a lepton number violating process
never occurs at the tree level of the current-current interaction in the charged leptons. As we
discuss in Sec.4, since quarks are not in the mass-eigenstates on the diagonal basis of the charged
lepton mass matrix, family number changing interactions appear in the quark-quark and quark-
lepton interactions. For example, the K°-KY mixing is cased only through the quark mixings.

The p-e conversion =~ + N — e~ + N is also caused through the quark mixings.

3. Mass of the lightest gauge boson
First, on the basis of the model with the gauge boson masses (3), we investigate a possible

deviation from the e-p universality in the tau decays, because the processes are pure leptonic, so



that they are not affected by quark family mixing. (Although the estimate was already discussed
in Ref.[5], the purpose was only to estimate an order of the energy scale roughly, and the relation
(5) was not used.) In the present model, the deviation from the e-u universality is characterized

by the parameters

2 /A2
0 _ 9/ Ms; (6)
" gy /8ME
where i = 1,2 (i.e. i = e, ) in the tau decays. Since (Mszz/M31)? = 0.00508 from the relation
(3), we neglect the contribution 6 compared with the contribution 62 hereafter. Since the
interactions (5) with the family gauge bosons are pure vector, our parameter 52 does not directly

mean the observed J,,. The effective four Fermi interaction for 7= — p~ v, is given by

HIT = ?/g {17, (1 = 5)v ) [7:7" (1 = 45) 7] + S (PLeypvip) (B0°7) } (7)

where we have dropped the term (Ur;v,Vr,) because vg have large Majorana masses. By using

Fierz transformation, we can express Eq.(7) as

e G 1o\, ) 1o ]
retf = aSEL (14 300) (a1 #7) = 08w ) | )

Therefore, the observed 4, is related to our parameter 52 as follows:

i " 9@u) \ o
= (1202 g, .

where g(z) = 1+ 922 — 921 — 2% + 62%(1 + 2%) log 2? and z,, = m,,/m,. Here, we have neglected
higher terms of 52. (For more details, for example, see Ref.[7].) The predicted value of d,, is
illustrated in Fig.2. Here, we have illustrated a curve of §,, versus Ms3 (not 6, versus Msy),
because our interest is in the lightest gauge boson mass M3z3. Present data 6 = 0, — 6. =

(2.0 £1.6) x 1072 give the lightest family gauge boson mass
M3z = 0.8775:57 TeV. (10)

However, at present, the numerical result (10) should not be taken rigidly, because, for example,
if we change the input value ¢ from the center value 6 = 0.0020 to § = (0.0020 — 1.250(9))
(o(6) = 0.0016), the predicted value of Msz will become Mss — oo.

At present we have another data of deviations from the e-u-7, i.e. the deviations from the
e-p~-T universality, i.e. data of upsilon decays Y(1S) — ¢t~ (¢ = e, u, 7). For the time being,
we neglect family mixing among quark families. Then, the bb sector couples only to the family
gauge boson Ag in addition to the standard gauge bosons (photon and Z boson) as seen in Fig.3.
Present experimental data [2] Br(Y(1S) — 7777) = (2.60 £ 0.10)%, Br(Y(1S) — ptp™) =
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Figure 2: Deviation from e-p universality in the tau decay versus the lightest family gauge
boson mass Msz3. The horizontal lines denote the present experimental value 6 = J, — 0. =
(2.0 £1.6) x 1072.
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Figure 3: Deviation from e-p-7 universality in upsilon decay

(2.48+0.05)%, and Br(YT(1S) — ete™) = (2.38+0.11)% gives R, = Br(Y = 7777)/Br(T —
ptp~) = 1.048 4 0.046, which leads to

Ramp =1+ 6,, = 1.028 + 0.022, (11)

where Rgmp has been defined by Ramp = v/ RBr/Rines

2
/i _ 1t 237
Rkine = m2 (12)
14278

Also, we obtain Rﬁf,/,fp =1+, = 1.021 + 0.051. However, hereafter, we will not utilize the
data on Br(YT(1S) — eTe™) because of its large error. Since the contributions from photon, Z
boson, and A3 boson, are characterized by 1/¢%, 1/(q? — M%) and 1/(¢> — M2;) with ¢*> = M%,
respectively, the sign of the deviation ., has to be negative considering naively, while the observed
result (11) has denoted that it is positive. Therefore, we assume that quark fields are assigned
as (qr,qr) ~ (3*,3%) of the U(3) family symmetry, differently from that in the charged lepton
sector, (er,er) ~ (3,3). [The model is still anomaly free in spite of this modification, differently

from the Sumino model with (3,3%).] Since we can neglect the Z boson contribution compared



with the photon contribution, the deviation parameter J, is given

o "
Te?/3MZ’
where the factor 1/3 has originated in the electric charge of b quark. The predicted value of
6r versus Masg is illustrated in Fig.3. The observed deviation d, = 0.028 4 0.022 gives M3z =
(112713%) GeV. This value is considerably small compared with the result (10) from the tau
decay data. However, the upper bound of Ms3 is sensitive to the input value of §.. If we take
a slightly smaller value of &, 0, = ™" — 1.35(J,), the experimental upper value of M3 will
become infinity.

Although we cannot obtain a conclusive value of Mss after all, it should be noted that
those results show that the determination of Mgz3 is within our reach. We hope to obtain more

accurate data on the deviation from e-pu-7 universality in near future.
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Figure 4: Deviation 0, from the p-7 universality in the upsilon decays versus the lightest family
gauge boson mass Ms3. The horizontal lines denote the present experimental value §, = 0.028 +
0.022.

4. Family-number violating processes due to quark mixing

So far, we have not discussed family mixing in the quark sectors. In the present model,
the family number is defined by a flavor basis in which the charged lepton mass matrix M,
is diagonal, while, in general, quark mass matrices M, and M, are not diagonal in this basis.
When we denote quarks in the mass eigenstates as u = (u,c,t) and d = (d, s,b), and those in
the family eigenstates as u® = (u§,uJ,u) and d® = (dY,d3,d3), the family mixing matrices are
defined as ¢) = Ufqy, (and also L — R) (¢ = u,d). Quark mass matrices M, are diagonalized
as (UM U}, = Dy, and the quark mixing matrix Vo [8] is given by Vo = (UH)TUL.
[Since (v4,e; )1 are doublets in SU(2)r,, we can regard the eigenstates of the family symmetry

as the eigenstates of weak interactions.| Since we know Vg # 1, we cannot take the mixing



matrices U} and Ug as U =1 and Ug = 1 simultaneously. Under this definition of the mixing

matrices, the family gauge bosons interact with quarks as follows:

Hipam = g8 > (@76 (A = g5 Y (A [UF)a U nauau) + (L= R)] . (14)
q=u,d q=u,d

In the investigation of the upsilon decays in Sec.3, we may consider that b-s mixing (i.e.
U¢, and U$,) is highly suppressed, considering the observed CKM mixing |V, ~ 1072 and
|Vey| ~ 1072, If the mixing is sizable, we would observe a decay Y — p*7F (the data [2] show
Br(Y — p*7F) < 6.0 x 107%). We can consider that the estimate in Eq.(11) with neglecting
the b-s-d mixing is reasonable.

The greatest interest to us is whether we can take a lower value of Ms3 without contradicting
the constraint from the observed K°-K°? mixing. The K°-K° mixing is caused by A}, A% and
A3 exchanges only when the down-quark mixing U]gl /R # 1 exists:

b

e 1 * 1 * * — —
HYT = g2, |:2(U?fll Ush)® + —5 (U US,)* + e (UEUL)?| (57ud)(57"d) + hec.,  (15)
i1

M M3,

where, for simplicity, we have taken Ug = Uf%. If we assume the vacuum-insertion approximation,

we obtain

Am]om = [(Unggzﬂ + (USUL)? % 5.95 x 1072 + (UHUL)? x 2.88 x 1074

x0.7738 x 10712/ M2, [TeV], (16)

where the value of Mss is taken in a unit of TeV, and we have used values fx = 0.1561 GeV,
ms(0.5GeV) = 0.513 GeV and my(0.5GeV) = 0.0259 GeV. On the other hand, the observed
value [2] is Amyg = (4.484 4 0.006) x 107!8 TeV, and the standard model has a share of
Amp ~ 2 x 10718 TeV (for example, see [9], and for recent work, for instance, see the second

one in Refs.[1]). If we consider U¢ ~ Vg s on trial, Eq.(16) takes the value
AmI™ =10.949375 x 107 +2.21129 x 10715 4+ 1.07122 x 10~ '7]/ M2, [TeV].  (17)

The dominant term is the A2 exchange term (the second term). In order to evade this constraint,
we have two options: (a) Mzz > 10? TeV, or (b) |U$;| < 1072, (The case (b), |Us;| ~ 0, does
not mean |Ufh| ~ 0. We can build a model with |Ug,| ~ 0 keeping |U| ~ |V,s|.) However,
even if we assume Ugj = 0, the third term (the A}l exchange term) is still in trouble. We have
to consider Mz3 > 10 TeV for a case |U{| ~ |Vis|. If we want Mss ~ 1 TeV, we must consider
UL <1071,

The most easy way to evade the constraint from K%K is to assume U? ~ 1. Then, the
constraint from the K9-K9 mixing disappears. However, instead of U¢ = 1, we must consider
U* = Vg xa- The, we will meet a similar problem on the observed DY-D° mixing: The D°-D°

mixing gives

AmP™ = (U5 U%)? + (U UR)? % 5.95 x 1072 + (Ui U)? x 2.88 x 1074]



x0.98974 x 10711/ M2, [TeV], (18)

where we have used (center values) fp = 0.2067 GeV, m.(m.) = 1.275 GeV and m,(2GeV) =
0.0023 GeV. If we take U" = V(];KM, the value (18) is given as

AmIf™ = [4.3287 x 10710 +2.8337 x 10~ + 1.37722 x 10~ '%) /M3, [TeV]. (19)

On the other hand, the present observed value [2] is Am®® = (8.383:3) x 10718 TeV. The
second term in Eq.(19) is again incompatible with an idea Ms3 ~ 1 TeV, so that we must
assume |U3; | < 1072

On the other hand, the model can clear the constraints from the observed values [2] of
Am"é’j and Am%lff, even for the case U% = Vog .

Concerning the magnitude of UY,, we are interested in the u-e conversion. The effective

Hamiltonian is given by

2
g * — k k3 —
Hil. = o [(Ust U (@y,u) + (Ust U1 (dypd) | (69°1). (20)
21
Estimate of Br(u~ 4+ (A,Z) — e~ + (A, Z)) has to be done carefully, because it depends on
a structure of the nucleus. Since the purpose of the present paper is to discuss the deviations
from the e-u-7 universality, here, let us roughly give order estimation of the u-e conversion. (A
more careful estimate will be given elsewhere.) The rate Br(u~ + (A,Z) — e~ + (A, Z)) is

characterized by a factor

2 2 \2 —10
9p/ M3, ) eera 12 rraerrg 2 3:00x 10
IELZ2L )\ gB 2 = UK UL x S 21
<g%v/8M3V o U™ = 10 Unl™ > G ey (21)

If we consider too small value of M33, then, even we suppose |Us;| < 1072, the p-e conversion
should already be found in the past experiments (for a review, for example, see Ref.[10]). We

are again interested in a case M3z ~ 1 TeV when |Ug,| is small, but it takes a non-zero value.

5. Minor change of the model

As seen in the previous section, if we want a model with M3z ~ 1 TeV, we must suppose
U] < 107! and |Ud,| < 107! in addition to the assumption |U%| < 1072 and |U$| < 1072.
However, since we know the observed values |Via| ~ |Va1| ~ 0.22, it is substantially hard to build
such a model. One of a way which evades the D%-D° and D°-D° problems is to consider that
M;i; and Mass are much larger than those given by the relation (3).

The relation (3) is derived as follows [5]: We assume a scalar ®¢ which is (3,3%) of
U(3)xU(3)" families and whose VEV (@) gives the charged lepton mass matrix M. as (M,);; =
ke<<i>fx><<1>]o‘) and (Pf') o dja\/Me;. We also consider another scalar ¥ whose VEV dominantly
gives family gauge boson masses (we have been assume |[(U)| > [(®)|) and satisfies a relation
(U)(®) < 1. If we give a minor change of the model in which the scalar ¥ is (6*,1) and the
VEV satisfies (®%)(®¥ ><<I>JT6 ) = k0P, we can obtain a revised mass relation

mZ(Ag)le?j_k< L )2, (22)

Mej Meyj



Then, M2, : M2, : M} is given by 1 :2.828 x 102 : 1.209 x 107. Then, the third term problem
is cleared, although for the second term we have still to take U, ~ 0.
However, in this revised model (Model II), the cancellation condition of the factor logm?

is given by

2 2 2 2 2 2 2 2
& = log 1 + CI log ( 11779243 ) — log % + CH log ( 117779243 > , (23)
' m3 M3 M3 M35 ), m3 M3 M3HM3s ) 1

with €; = 0. Here, in the second term, only m.;-dependent part is extracted. Here and hereafter,

we denote with a suffix “II” for quantities in Model II, and with a suffix “I” for those in the

original model (Model I). Since the gauge boson masses satisfy the relation

2 4
(- (2
M3z ) 1 Mss )’

the ¢ parameter defined by Eq.(4) satisfies

1

=CIs (25)

C11=2

By these modifications for g% and M;;/Ms3, we obtain a revised value of Mss,
(M33) 11 = 0.20615:57 TeV, (26)

from the observed deviation (2) in the tau decays, and (Ms3);; = 79773 GeV from the observed
deviation (11) in the Y(15) decays. Such small values of M33 cannot be ruled out from the
current lower bound [4] by the X — 717~ search at the Tevatron, because the production rate
of A3 is much smaller than that of the conventional Z’ boson. It is also attractive that two
values of (Ms3);; roughly agree.

However, these results Mz ~ 107! TeV are too low contrary to our expectation. If we
adopt such low values, the third term in Eq.(17) [and also in Eq.(19)] will become incompatible
with the observed value of Amg [and Amp]. Even in Model II, we again speculate Mss ~ 1
TeV, which is not ruled out from the result (26). Then, we can clear the constraints from the

observed values Amy and Amp by assuming |U$;| < 1072 and |U3| < 1072

6. Concluding remarks

In conclusion, as far as we notice the data on the deviations from the e-u-7 universality, it
looks that the data suggest family gauge bosons with an inverted mass hierarchy. Although we
cannot obtain a conclusive value of Ms3 after all, we would like to emphasize that those results
show that the determination of M33 is within our reach.

In the present model, the gauge bosons Ag are in the mass-eigenstates on the family basis
in which the charged lepton mass matrix is diagonal, while the quarks are, in general, not

in the mass-eigenstates, so that family-mixings U # 1 and U? # 1 appear. We have also



investigated K°-K° and D°-DY mixings. Even by taking the observed values of Amy and Amp
into consideration, we find that we can take Ms3 ~ 1 TeV as the lightest family gauge boson mass,
if we adopt a specific model with |U$; | < 1072 and |U3; | < 1072 (but with |Uf| ~ |U| = [Vis|).

We expect a direct search for Ag, for example, at the LHC. For the details of the direct search
for the lightest family gauge boson Ag at the LHC, we shall report elsewhere. Very recently, an
interesting decay mode via the family changing neutral gauge boson has been pointed out [11].
Thus, a family gauge boson model with the inverted mass hierarchy will offer to us fruitful new
physics in TeV and sub-TeV regions experimentally and theoretically. Further studies are our

future tasks.
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