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Coupling constant evolution in a universal seesaw mass matrix model
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Stimulated by a recent development of the universal seesaw mass matrix model, the evolutions of the gauge
and Yukawa coupling constants are investigated under the gauge symmetries. > $B(&P) X SU(2)g
X U(1)y. Especially, an investigation is made as to whether this evolution can constrain the necessary inter-
mediate scales in these types of models and its viabjl80556-282(198)05317-X]

PACS numbg(s): 12.15.Ff, 11.10.Hi, 12.66-i

I. INTRODUCTION In contrast to the cas€l.2), for the case with the addi-
tional condition

Recently, the so-called “universal seesaw mass matrix
model” [1] has been revivef2,3] as a model which gives a
unified description of masses and mixings of the quarks and deM(=0, (1.3
leptons. The “seesaw mechanism” was first propolggdn
order to answer the question of why neutrino masses are so
invisibly small. Then, in order to understand that the ob-on the up-quark sectoF(=U), one of the heavy fermiorfs
served quark and lepton masses are considerably smallégay,F3) cannot acquire a mass of the order\af=\mjy, so
than the electroweak Sca|€‘\L=<¢E>=174 GeV, the that the seesaw mechanism does not work for the third fer-
mechanism was app“ed to quaﬂks:ll However, the obser- mion. Therefore, the mass genera’[ion at each energy scale is
vation of the top quark in 19985] raised doubt about the @as follows: First, at the energy scale=As, the heavy fer-
validity of the seesaw mechanism for quarks because th@ionsF, except forUs, acquire masses of the order Af.
observed factn,~ A means thaM 'mg is of the order of ~ Second, at the energy scale= Ag, the SU(2k symmetry is
1 in the seesaw expressid;=m M- *mg. On the con- broken, and the fermionir; generates a mass term of the
trary, it has recently been fourid,3] that the model can give ©Order of Ag by pairing withU, 5. Finally, atu=A,, the
an interpretation for the question of why only the top quarkSY(2). symmetry is broken, and the fermiop; generates a
acquires a mass of the order &f if we take an additional Mass term of the order of, by pairing withUgs. The other

condition deM =0 for the up-quark sector. fermionsf acquire the well-known seesaw masékg). The
In the universal seesaw mass matrix model, the mass m&cenario is summarized in Table I. We regard the fermion
trix for fermions (f,F) is given by pair (u 3, Ugs) as the top-quark state. Thus, we can under-
stand why only the top quark acquires the massn,
~0(my) [2,3].
0 m 0 Z On the other hand, for neutrino mass generation, at
M=l mgz Mg|=Mo| kZg AYg | (1.D  present, we have the following two scenarios as summarized
in Table Il. One(scenario A is a trivial extension of the

present model: we introduce a further large energy stale

wheref; (fermion sector namet=u,d,v,e, family numbers in addition to Ag, and we assume thaMg~Ag (F
i=1,2,3) denote quarks and leptoms, denote hypothetical =U,D,E), while My~A s (A,s>Ag). Another scenario
heavy fermionsF=U, D, N, and E corresponding tof (scenario B (see Table Il [6] is one without introducing
=u, d, », and e, respectively, and they belong tf such an additional energy scale. The neutral heavy leptons
=(2,1), fr=(1,2), F.=(1,1), andFr=(1,1) of SU(2) are singlets of SU(2)< SU(2)g and they do not have (@)

X SU(2)z. The matricesZ, , Zg, and Yr are those of the charge. Therefore, it is likely that they acquire Majorana
order of 1. The X3 matricesm, (~my=A,) and mg massesMy together with the Dirac massé8p=My at u
(~kmy=ARg) are symmetry-breaking mass terms of SY(2) =As. For example, we assumiéy =My [7]. Then, the
and SU(2), respectively, and those have common struc-

tures independent of the fermion sector nanfesOnly TABLE I. Fermion mass generation scenario.
Mg (~Amp=Ag) has a structure dependent on the sector
namef. For the casa> k> 1, the mass matril.1) leadsto  Energy scale d ande sectors u sector (#3)
the well-known seesaw expression
At p=Ag~Amqy m(FL,Fr)~As m(ULi,Uri) ~As
At p=Ag~xmy M(Urs,ULa)~Agr
_ -1
Mi=m Mg mg. 1.2 At p=A~m, m(ups,Urs)~ AL
m(f,.fr)~ As m(uL; ,Ugr) ~ As
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TABLE II. Neutrino mass generation scenariobl. =(N_ SU(2)r—U(1)gr at u=Ag, and they have demonstrated

=NR)/V2. that the model with\ 5,1~ 10*° GeV andAg~10° GeV is
, . consistent with the low energy phenomenology. The value
Energy scale Scenario A Scenario B Ar~10° GeV is favorable to the scenario B for neutrino
At p=A,g m(N, ,NR)~A s masses. However, in the present model, since there are many
- cy_ new fermionsF above the intermediate energy scalg,
At p=As MmN ,N3)~As . : .
At p=Ag m(vg,N_)~Ag their conclusion cannot be applied to the present seesaw
_ ' 2 mass matrix model straightforwardly.
At ,lL—AL ALAR AL . .
m(v, ,vg)~ A m(v, ,v0)~ e On the other hand, a phenomenological study of the uni-
vS

versal seesaw mass matrix model for the quark masses and
the Cabibbo-Kobayashi-Maskaw@KM) [11] matrix pa-
rameters has successfully been given by the present author
and Fusaok42]. In order to give explicit numerical predic-
tions, they have used some working hypotheses that | will
use here as well.

(i) The matriceszZ, and Zg, which are universal for
(1.4  Quarks and leptons, have the same structure

neutrino mass matrix for the conventional light neutrinos is
given byM,=m My 'm/, so that the masses, are given
with the order of

A2 1A AR

M= ATk As
Z =Zg=7Z=diag z,,25,23), (1.5

In order to explain the smallness of,, the model requires )

that the scale\r must be extremely larger than, (for with z7+z5+z5=1, where, for convenience, we have taken

example,k=Ag/A, ~10° [7]). This scenario seems to be @ basis in which the matrix is diagonal.

very attractive from the theoretical point of view, because we (i) The matricesyr, which have structures dependent on

can explain the mass hierarchy of the quarks and leptons bjie fermion sectorf=u,d,v.e, take a simple form(unit

the three energy scalés, , Ag, andAg only. On the other MatriX)+(a rank-1 matrix]

hand, in scenario A, there is no constraint on the value of

(however, the value must be larger thard0 because of no Yi=1+3bX. (1.6

observation of the right-handed weak bostis at present

iii) The rank-1 matrixX is given by the democratic form
so that the model allows a case with a lower value\gf. (i) g y

Since we can expect abundant new physics effects for the 1 1 1

case ofk~10[8], the case is also attractive from the phe- 11 1 1

nomenological point of view. X= 3 , 2.7
One of the purposes of the present paper is to see whether 1 11

a study of the evolutions of the gauge coupling constants of

SU(3)ex SU(2) X SU(2)rx U(1)y and of the Yukawa cou- i, e family basis where the matri is diagonal.
pling constants in the universal seesaw mass matrix model (iv) In order to fix the parameters, we tentatively take

can give any hint of the value of t.he |ntermed_|ate energybe:0 for the charged lepton sector, so that the parameters
scale A or not. For example, Shafi and Wetterit®] and are given by

Rajpoot[10] have considered an(@00) model and an SQ0)
model, respectively, with the symmetry breakings SO(10)

Z V4
—SU(3). X SU(2). XSU(2)rxU(1)y at mw=Agyr and ! 3

Z, 1
me VM, Vm. yme+m,+ m,
By taking b,= —1/3 (then detM ,=0), they have obtained
the following top-quark mass enhancement without the sup-

1.9

TABLE Ill. Quantum numbers of the fermion§ and F
and Higgs scalarg, , ¢r, andd.

15 IR Y 15 IR % pression factok/\:
uL +3 0 z Ug 0 +3 z 1
& -3 0o 5 4 0o -3 =73, a9
v +3 0 -1 VR 0 +3 -1
e -3 0 -1 er 0 -3 -1 together with the successful relatiam,/m.=3mg/4m,, .
UL 0 0 3 Ur 0 0 3 Furthermore, by takingoy=—e'#d (B4=18°), they have
D, 0 0 - Dr 0 0 -2 succeeded in giving reasonable values of the CKM matrix
N, 0 0 0 Ng 0 0 0 parameters together with reasonable values of the quark mass
EL 0 0 -2 E O 0 -2 ratios (not onlym{/m{', m¢/m¢, but alsom{'/m¢) with keep-
o +3 0 1 or 0 +3 1 ing the value of the parametemgx/\); in (mgx/\),
#° -1 0 1 2 0 -1 1 =(mgx/\)q. However, in order to fit the quark mass values
® 0 0 0 (not the ratiog to the observed quark mass values iat

=my, they have taken the parametengx/\); as
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TABLE V. Coefficients in the evolution equations of gauge

(Mox/N)y
=3. (1.10 coupling constants.

R(mz)= (Mok/N\)e

p=mz

A <upusAg Ar<usAg As<usAy

It seems to be natural to consider that all Yukawa coupling

constants become equal between quarks and leptons atS¥(3) by=7 by =19/3 by'=3

large energy scald . Therefore, another one of the pur- SU(2). by =19/6 b/'=19/6 bl =19/6
poses of the present paper is to see whether such a factor 89(2)r br=19/6 by =19/6
3 can be understood by the difference of the evolutions of th&(1)y b} =—41/10 b} =—43/6 by =—41/2

Yukawa coupling constants between quarks and leptons from
the energy scalge=Ay to u=m;.

In Sec. Il and Sec. Ill, we investigate evolution of the 1 1 S
gauge and Yukawa coupling constants, respectively, under aem(AL)=ar (AL)+§C“1 (AL) 24
the gauge symmetries SU(3)SU(2) X SU(2)xxX U(1)y
at one loop. We will conclude that it is possible to find the gnd
energy scaleAyy at which R(u) takesR=1 only for a
model with a valuec<10?. Although in Sec. Il and Sec. IlI 1 1 2
we consider the case that the symmetries SLX®U(2), z3a1 (Ap)=ar (Ar)+zar (Ar), 2.9
X SU(2)rxU(1)y are unbroken for the regiop>Ag, in
Sec. IV, we investigate a case that the symmetries SU(3)respectively, correspondingly to Eq@.2) and (2.1), where
XU(1)y are embedded into the Pati-Salam symméir§]  the normalizations of the U(4) and U(1), gauge coupling
SU(4)ps at u>As, so that we consider the case Of constants have been taken as they satigf @, = g in the
SU(4)psx SU(2) X SU(2)g in the r_eg'onA8<"’“$2AGUT' SU(5) grand-unification limit andx; =@ = agr= a3 in the
We will find that the model predicts\g=5X10? GeV, SO10) grand-unification limit, respectively. For conve-

~ 4 - 7 i
As=3x10" GeV, andAgyr=6x10"" GeV. Finally, Sec. pience, we use the initial values at=m, instead of those at
V is devoted to the conclusions and remarks. We will ﬂndIu:AL in region I: a(m,)=0.01683, ay (M,)=0.03349,

that there is no model which satisfids, ;= AgyT-

and a3(m;)=0.118. The values ofr; and @, have been
derived from[13] aqn(M,)=(128.89-0.09) * and sirfé,
Il. EVOLUTION OF THE GAUGE COUPLING =0.23165-0.00024. The value of3; has been quoted from
CONSTANTS Ref. [14]. We illustrate a typical case withg=10" GeV
The gauge symmetries SU(3JSU(2) xSU(2)x andar(Ag)=1/4m in Fig. 1.
XU(]_)Y are broken into the gauge Symmetries SL&(S) In the numerical Study, we have taken the value of the
X SU(2).XU(1)ys at u=Ag. The electric charge operator ParameteAgr/As=«/\ as

R kIN=Ag/Ag=0.02, (2.6
Q=Ig+I5+ 57 (2. which has been obtained from the observed value of the ratio
m./m, in Ref. [2]. Although the valug2.6) has been ob-
at u> AR is changed into tained in the model with the specific matrix forni$.5—

(1.7), the order of the valu€2.6) will be valid for any other
seesaw model with dét ;=0 because in such a model the

1
_ 1Ly Ty
Q=l3+3Y" (2.2 value ofk/\ is given by the order ofm,/m;.

2

in the regionA <u<Ag. Hereafter, we call the regions T
A <pu<Ag, Ag<u<Ag, andAg<us<Ayx (Ax=AgyuT
or Ax=Ayy) regions I, Il, and Ill, respectively.

The evolutions of the gauge coupling constagitat one
loop are given by the equations

d 1,
qra(mw=—5_biai(n), 2.3

whereg; Egi2/47r andt=In u. Since the quantum numbers of
the fermionsf and F are assigned as those in Table lll, the

=3

coefficientsb; are given in Table IV(Note that the heavy N U [Glg'\;] 1000
fermionsF, andFg except forU, 3 andUR; are decoupled :

for u<Ag and the fermionsig; andU, 5 are decoupled for FIG. 1. Behaviors ofr; *(u) (dot-dashed ling a *(u) (dotted
u<Ag.) The boundary conditions ai=A, andu=Arare line), ag*(u) (dashed ling anda; *(x) [a; (w)] (solid ling) in
as follows: the case with the input valuesg=10° GeV andag(ARg) = 1/4.
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As seen in Fig. 1, the (1) coupling constantv,(u) be- TABLE V. G andH terms in the evolution equatio(3.8). HY,
comes rapidly strong in region lllx(>Ag) because the Hg, andHg are given by the replacemenis-e andd— v in H{,
heavy fermionsE become massless in region Ill. We con- Hg. andHg, respectively.
sider that the unification energy scabg, of the Yukawa
coupling constants must be lower than an energy stélat I (Au<p=Ag) I (Ag<psAg Il (As<pu=Ayy)
which a; () becomes infinity. This condition willimpose a G=  47(8a,— 1)) 4 (8as—2ay)
strong restriction on the possible, search as we discuss HY = 3(yY12—1y9P?)
in the next section. Of course, in the grand-unification sce; 2L -

k= 0 2(lYRI>=1y&l)
nario, the W1) symmetry will be embedded into a grand- 0 3jyu2
unification symmetryG before the W1) coupling constant S vl
bursts. Such a case will be discussed in Sec. IV.
u u u
Ill. EVOLUTION OF y,yr/Ys R(M)EyL(“)yR(“)/ys(“)_ (3.6
YE(R)YR()IYS(p)

The 3X 3 matricesm_, mg, andM¢ are given in terms
of the vacuum expectation values = \/§(¢E), vr  The evolution of the ratidr(u) is approximately given by
=2($2), andvs=(d), and the matriceg and Y defined

_ . d
by Eqgs.(1.5—(1.7) as follows: alnR(,u)z

1672 H. S

1 1
f_ = f f_ = of _of
mL_\/EyLULZ' Mg= \/EYRszy ME=YysusYk. where
3.1 G=(G!+G4—GY— (G +G;—GY),
The evolution of the Yukawa coupling constants is given b
P Jveny H=(H{+ H— HY) — (HE + HE— HY).
(3.8

d i 1 foyf
ﬁln(yLz)_mWZ —GutHL, B2 The G and H terms are given in Table V. Since in the
present modelly!|2=|y?|2, |ye|?=]y!|?, and so on, differ-
ently from other models wherdyd/y'|=m,/m, and
—GR+HR), 3.9  |ylly{|=m,/m,, we can neglect thél, andHg terms in
Eq. (3.8). When we also neglect thég terms, the ratidR(u)
is approximately evaluated as follows:

dI () 1
an(YR )_16772

OI| Ye)=— (Th— GL+ 3.4
N(YsYe) =12 (Ts~ GstHY), 39 R(u)

R(m;)

b|3 —4lby
= + — —
1 27Ta’3(mz)|nmz)

where Tf, G, andH' denote contributions from fermion-

loop corrections, vertex corrections due to the gauge bosons, b'l 71100}
and vertex corrections due to the Higgs boson, respectively. X1+ ﬁai(mZ)lnm_ : (3.9
What is of great interest to us is to see whether the evo-
lutions can explain the valuB(m;)=3 or not; i.e., our in- | an!
terest exists not in the hierarchy amomg, m,, andm,, R(w) —| 1+ b_3a (A )Ini) °
but in the hierarchy among up-quark, down-quark, charged R(AR) 27 S URITAR
lepton, and neutrino sectors. Therefore, we neglect the scale 0
dependence of the matrk because we can regard the value '1' Mm by
of z3 aszz=1 from Eg. (1.8). We also neglect the scale X 1+Z“1(AR)|”A_R ' (3.10
dependence of the matriXg because the matricegé: are
expressed as R(x) I 9 — 4y’
) - 1+_C}.’3(As)|n
Ye=diag1,1,1+ 3by), (3.5 R(Asg) 2m A
1l
on the basis of which the matriX is diagonal, and we find '1” )i 1y
that the formsYg=diag(1,1,1) andY,=diag(1,1,0) are X 1+ﬁal(AR)I”AS (31D
scale invariant and/p=diag(1,1,+ 3e'Ad) is almost scale
invariant. For convenience, we still approximately use thefor regions |, Il, and lll, respectively. By using Eg&8.9)—

evolution equation of/sYy at u<Ag and that ofygZ at u (3.11, we can obtain the energy scate= Ay at which the
<ARr. Then, the ratioR(u) defined by Eq.(1.10 can be ratio R(u) takes the valu®R(Ayy)=1.

expressed in terms of the Yukawa coupling constants In Fig. 2, we illustrate the behavior ofy for a given
Yr, andyg as follows: value of Ag. For reference, we also illustrate the behavior of
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FIG. 3. Behaviors ofas *(u) [a; (u) for As<u<Agyt]

FIG. 2. Behavior ofAyy versusAg. The bold and thin solid  (dot-dashed ling a[l(M) [=a;{l(ﬂ) for uw>Ag] (dotted ling,
lines denote the cases of the input valuga§Agr)=a (Ar) and  anda; }(u) [a) *(u) for A<u<Ag] (solid line) in the case of
agr(AR)= 14w, respectively. For reference, the behaviora\gffor Pati-Salam type unification, wheré\g=>5.46x 102 GeV, Ag

the cases of the input valueg(Ag) = a (Ag) (bold dashed line  =237x 10 GeV, andAgyr="5.84x 107 GeV.
and ag(Ag) = 1/44 (thin dashed lingare illustrated. The physical

value of Ay must beAy <A7. | AR

(As)— ay (AL)+ A_
AT, at which a;*(u) takes the valuer; *(A5)=0. The L
value of Ay must be lower than the value of; . There- ! bl Ag
fore, as seen in Fig. 2, if we adhere to the constraint ) ap (AL)+_|nAL 2—| AR’
ar(AR)=a (Ag), we must abandon a model with a higher
k value (k>10%). Only a model withk~10 is acceptable. 4.3
However, if we admit a strong coupling of the right-handed b' An b" A
weak bosons aju=Ag, for example,ag(Ag)=1/4w, a as—l(A )= aj 1(AL)+ In—+—|n—, (4.9

model with a highe value also becomes acceptable.
Of course, from a similar study, we can find that the evo- _ ]
lution of Ru/d(u)E(yEy‘a/y”s)/(yEy%/yé) still  keeps respectively, the values dfg and A 5 are fixed at

Ry4(mz)=1. Therefore, the parametrizationmgx/\), An=546<102 GeV. A=2.73x10% GeV
= (mox/\)4 in Ref.[2] is justified. RO s ' 45

AL 27 Ag

under the condition$2.6) and (4.2). The unification scale

IV. EVOLUTION OF THE PATI-SALAM COLOR Agur is also fixed at

In order to avoid the burst of the () gauge coupling
constant, we consider that the U SU(3), symmetries
are embedded into the Pati-Salam (8JUsymmetry [12]
aboveu=Ag. In other words, the SU(4) gauge symmetry
is broken into SU(3)xU(1)y at u=As. Indeed, the a (Agut)= ar(Agut) = as(Agyt), 4.7
structures of the heavy fermion mass matridds are
flavor dependent. The fermions and F belong to f,  for example, for the embedding into €I) [8,9]. In Fig. 3,
=(2,1,4), fr=(1,2,4), F.=(1,1,4), andFg=(1,1,4) of Wwe illustrate the behaviors oii’l(/,L). Roughly speaking,

Agur=5.84x 10" GeV (4.6)

by the condition

SU(2)xSU(2)rXSU(4)ps at u=As. the valueAg~10'2 is favorable to scenario B for the neu-
In region Nl (As<u<Ay), a () and ag(u) are trino mass generation. _ .
evolved with the coefficients;'' andbl' given in Table IV, On the other hand, the evolution B() defined by Eq.
but a;(x) and az(x) are replaced Wltha4(,u) which is (3.6 is almost constant g=As, i.e., R(Ag)=R(Ayy),
evolved with the coefficient because there is no difference between quarks and leptons in
region Il (As<u<Avyy). Therefore, we obtain
1
b’ =2073, @D RIM)/R(Ayy)=R(Mp)/R(Ag)=23, (48
where the boundary condition at= A ¢ is and we fail to obtain our desirable relati®t(m;)/R(Ayy)

=3. If we adhere to the unification of the gauge symmetries
SU(3). X SU(2), XSU(2)xXU(1)y into a Pati-Salam type

ay(Ag)=az(Ag)=au(As). (42 ynificationG, we must abandon the idea that the discrepancy
R(mz) =3 between quarks and leptons in the model given in
Sinceaq(Ag) andag(Ag) are given by Ref.[2] comes from difference of evolutions between quarks
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and leptons, or we must consider that the magnitudes of thies effectd8], t' production, FCNC effects, and so on, in the
Yukawa coupling constants are different between quarks andear future colliders.

leptons from the beginning at=Agyt. Our numerical results have been obtained by the con-
straint Ag/A5=0.02 which has come from the observed ra-
V. CONCLUDING REMARKS tio of mc/mt under the Special model with EC{&S)—(].?)

Since the ratioAg/Ag is fixed by the ratiom./m; (or

In conclusion, we have investigated the evolution of them,/m;) as far as a universal seesaw model withMgt=0
universal seesaw mass matrix model under the gauge syns concerned, the value of the rathz/A 5 is, in general, of
metries SU(3)X SU(2), X SU(2)rxxU(1)y. The symme- the order of 102. Therefore, our conclusions will be un-
tries can be embedded into a unification symmetry of theehanged as far as the orders are concerned.
Pati-Salam type ah g ,v=5.84x 10" GeV. Then, the value In the present paper, we have not discussed a supersym-
Ar=5.46x 10'? GeV is favorable to scenario B for neutrino Metry (SUSY) version of the present model, although the
mass generation. However, we cannot explain the discref:ase is attractive from the point of view of grand unification.
ancyR(m,)=3 between quarks and leptons by the evolution/n Such a SUSY version, since the coefficieai;an G terms
of R(w) starting fromR(A 1) =1. in Eqg. (3.8 (also in Table V is changed for (16/3}3, the

On the other hand, if we abandon the grand-unificatiorf@S€ pushes the cnergy scalgy to an unlikely ultrahigh
scenario, the model has the possibility that the valuéneray scale ¥10% GeV). If we want to adopt a SUSY
R(m,)=3 can be understood by the evolution of the ver3|or_1_0f t_he present model, we must abandon the idea of
Yukawa coupling constants. As seen in Fig. 2, we requirdn® unification of the Yukawa coupling constants.

a (AR)=ar(AR), and the valueAy for the case which
gives R(m;)=3 must beAr<10* GeV. If we accept a
model with a strong SU(%)force atu=Ag, for example, The author would like to thank M. Tanimoto, T. Mat-
ag(AR)=1/4m, the regionA g<10'® GeV also becomes al- suoka, and N. Okamura for their helpful comments, espe-
lowed. We consider that the model with~10 is likely.  cially on the evolution equations. This work was supported
Although this case rules out scenario B for neutrinos, pheby a Grand-in-Aid for Scientific Research, Ministry of Edu-
nomenologically we can expect an abundance of new physeation, Science and Culture, Jap@p. 08640385
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