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Abstract -

We suggest that the mass ]ﬁera.rchy is first generated in a sector of heavy isosinglet

- fermions due to r.a.dia.tivé effects and then projected in the inverted way to the usual
quarks by means of a universal seesaw. The simple left-right symmetric gauge model
is presented with the P- and CP-parities and the exact isotopical symmetry which
are softly (or spontaneously) broken in the Higgs potential. This approach naturally

explains the observed pattern of quark masses and mixihg, providing the quantitatively
“correct formula for the C;,bibbo angle. Top quark is predicted to be in the 90 — 150
GeV range. ’ o
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Recently [l] a new ‘approach to the fermion mass problem was suggested the mass

hlerarchy is ra.dxatlvely generated ina hrdden sector of the hypothetlcal heavy fermions and

| ‘then transfered to the visible quarks and leptons by means of umversal seesaw mecha.msm |

[2]. Provxdmg a quahtatlvely correct picture of quark masses and mixing, this a.pproach

solves many principal problems of previous models [3,4] of radiative mass generation. In

‘particular, the correct value of the Cabbibo angle can be accomodated without trouble for
- the perturbative expansion and, thus, for the idea of radiative mass generation itself, which

' was the generic problem [5] of previous approaches. Moreover, within the seesaw approach

the effective low energy theory, after 1ntegratmg out of the hea.vy sector, is simply the
standard model with definite Yukawa couplings [2]. Thus, the dangerous flavour changing

phenomena, typical [4] for the direct models of radiative mass generation, are naturally

' suppressed

The key idea of the model [1 ] is to suppose the existence of weak isosinglet heavy fermions

(Q-fermions) in one-to-one correspondence with the light ones. The model [1] has a field

- content such that only one fa.mlly (na.rnely the first) of Q-fermions becomes massive at the
. tree level, whereas the 2"¢ family at the 1- loop level and the 3™ only at 2 loops. Due to

- seesaw features [ 2] the mass of any usual quark or lepton appears to be inversely proportlonal

to the mass of its heavy partner, so that the mass hierarchy between the families of light

fermions is inverted with respect to the hierarchy of Q-fermion families. This pattern is

attractive for the reason that we experimentaly observe the small mass splivtting within the

A 'lightest quark family (u ‘and d) and then increasing splitting from family to family, with

the up-quark masses growmg faster: mu/md L mefm, K mg/mb The latter fact can be
related with the difference of the perturbatxon theory expansion parameters in the up and

down quark sectors.

In the present letter we show, that the sunplest and most economlcal version of the

~ model [1] provides a predlctlve ansatz for the quark mass matrices. We assume ‘that the

"isotopical” discrete symmetry fyp between up and down quark sectors, as well as the left-

A right symmetry Prr and C’P-irlvariance, is violated only in the loop expansion, due to soft
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. | (or sponta.neous) breakmg in the nggs potentlal The a.ppeara.nce of both the mass sphttmg ' -
~within the hghtest family (mgq/m, = 1. 5 2) and the Iarge compa.red to other mlxmg a.ngles iy
o value of the Cabibbo angle (VL, ~ 0 22) is related to the fea.tures of seesaw prOjeCthIl 'y

without the trouble for the perturbatlon theory. The model leads to certain predxctlons for

“the quark mass a.nd mlxmg pattern, whlch we will discuss below

Let us consider the simple left-rlght symmetnc model based on the gauge group GLr =

SU2)L®SU2rU(1)L®U(1)r®U(1)5-f, suggested in [1 ] The left- and nght handed |

components of usual quarks ¢; = (u;, d,-) and their heavy partners Q; = U;, D; are taken m.

- the following representations:

‘qu(le=1/2, B=L=1/3), qa{lr=1/2, B~

1/3)

Un(Vi=1, B-L=1/3) -vm(ya:l,;é— =3 W

Dpi(Yy = -1, B- L =1/3), Dgi(Yr=—1, B-L=1/3)

- where i=1,2,3 is the family mdex (the indices of the colour .S'U (3). are omltted) 1 Only the -

nonzero quantum numbers are shown in the brackets: I L,R are the SU (2) LR weak 1sospms o o

and YL R are the U(1)Lr hypercharges Let us. introduce also one additional family of

fermlons w1th B L=1/3 and followmg hypercha.rges

pL(‘YL = ~1/2, Ya=3/2), pa(Yy=3/2 Ya=—-1/2)

~np(Yy =1/2, Ya=-3/2), ngr(Yo=-3/2, Yr=1/2) S
The scalar sector of the theory consists of | “( |
HL(IL_I/Z Ye=1), = Ha(r=1/2, Yi=1)
Tu(Yo=-2, B-L=-2/3), . Tur(Ya=-2, B-L=-2/3) Y
Tu(Yo=2 B-L=-2/3),  Tw(Yr=2 B-L=-2/3) )

(Y = 2 Yr = =2), (p(YL =1/2,Yr = -1/2), Q(YL,YR = 1/2 B L =-1)

: where T-scalars are supposed to be colour tnplets Let us 1mpose also OP Prr and Iup

d1screte symmetries. Ppg, which i is essentia,ly parity (7], and CP act in the usual way. The

1The inclusion of leptons i in this model is stnghtforward and will be presented elsewhere. In fact U(1) B-L

can be unified with SU (3),, w1thm Pati-Salam [6 (6] type SU(4). The U(l)L®U(1)r® Iup part can also be |

enlarged to SU(2)L ®SU (2) r» in which case the 1sotop1cal symmetry is obvxously continuous.
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‘ fisotopica,lﬁ”up—dqwn’_»’ symmetry Iyp is d‘eﬁnédv by

- ULre DLRr, pLR* nLR, HLr ¢ Hyr=inH]p, ) ‘

Tin o Tin 0¥, po¢’, Alpo-Alg

‘ :where AL g. are the gauge bosons of U (1)L R Then the most general Yukawa couphngs

.. consistent with gauge invariance, fyp, PLr and CP are

L= I‘,‘j((ﬁ,{ Ur;j Hy +qui DRj'HL) +(L e R)+ h.c
Ly = Nj(ULiCUL;Tur + DriCDyiTa) + (L  R) + hec. | (5)
L3 = h(prpr®* + AiLnr®) + hi(Uripre* + Drinrp) + (L & R) + h.c.

where C is the charge conjugation matrix. The coupling constants k, k;, Ai;, T'i;(¢,7 = 1,2, 3)

are real due to CP-invariance (A is antisymmetric, A = —A, since the T-scalars are colour

triplets). In what follows we do not make any particular assumption on their structure. We

~ only suppose that they are typically O(1), as well as the gauge coupling constants. Without .

. loss of generality, by suitable redefinition of the fermion basis we can always take hz, hz = 0,

Az =0, Ty, F13, I';3 = 0, which we use in the following.

Let us supposje that the discrete symmetries C P, Py and Iyp are softly broken only 'by

the bilinear and trilinear terms in the Higgs potential 2. The latter are the following

AuTJLTuRQ + AdT;LTmcb" +he (6)

| where the couplmg constants Aud are generaly cornplex, v1ola.t1ng thereby both CP and’

PLR mvarxa,nces

- The VEVs (®) = vg and (cp) = v, Vg > v,, break U(l)L®U(1)R down to U(I)L+R (the

kVEVonthenbreaksU(I)L+R®U(1)B 1 to the usual U(1)p_ : B—L = Y, +Ya+B-L).

The fermlons,p and n become massive, M, = M, = hve, and the Q-fermions of the first

family, Uy and D, get masses M = h?vl/hvg due to their seesaw mixing with the former . -

~ ones (interact‘ionsﬁ- L'3 in (5), see Fig.1). At the same time the coloured scalars Ty, — Tur and

2Actualy, this symmetnm can. be spontaneously broken at the price of introduction of PLR -

and Iyp—odd real scalars (1.




TdL-TdR get mixed due to mteractxon terms (6) At thls pomt the ra.dxatwe mass generatlon 5
proceeds following the cham U — Uz — Us, Dy — Dy — D; and the Q ferrmon mass‘ j :

‘matrices generated from the loop correctlons (see Flg 2) due to Lz in (5) can be presented -

in the following form:

Myp = M(Px + ﬁ;iw""’ fy,d A Pl A+ Ou,dﬁi,d \2 Pl P +b'v‘ ) ‘ | (7) o
- where P = dz"ag(i,0,0) is a l-dimeneionel projector and wu;; = ~ka’.r‘g A,q4. The loop ’,

expansion factors are

Mq

& = g}ﬁ sinzaq logRq; - Ry = (M+) ’ " o 5 | (8) ;‘

where M{, MI are the eigenvalues of mass matrices of the scalars Tz, — Tyr, ¢ = u,d, end |

@y are the corresponding mixing angles. Ina reasoﬁeble‘ range of ‘parameters (1 <R< 10)
the 2-loop factor C(R) = C(1/R) is pra.ctmaly constant Cud ~ 0.65 [4]Eq(8) is valid in
‘the natural regime M < M+,M I < M - ' |

Apa.rt from small (~ el d) 1-3 mixing, the matrices MU D are dlagonal and the mass

hierarchy between three families of Q- fermions is givenby 1:z7¢yq: €2 " where we denote "

r = +C CAxs/ 2 and Eud = \/— /\12)\23£u,d ~ 0"2 — 10! are the effectlve perturbatlve . o

expansmn parameters for the up and down sectors, respectlvely

The VEVs (Hi) = (0, vL)'and (HR‘) = (0, vr), vR > UL = (2\/-GF) 1/2 175 GeV, ‘
break the mtermedlate SU(2), @ SU(2r®U (I)B-L symmetry down to U (Dem- Then the : ,
ordmary quarks q = u,d acquu'e masses due to their seesaw mixing with heavy ferrmons

R=U, D (1ntera.ct10ns L, in eq.(5), see Flg 3) ‘The whole ma.ss ‘matrix wrxtten in the block E

v [ 0 Top Y[ u}) - | | v | -
(ﬁ’U)L(@ " : ) ( ) o e (9)° :
. » I‘v}q MU \ U ! r : 7 . ;

for up-type quarks and analagously for the down- type quarks When MUD > vR,vL, the““

form is

' resultmg mass matrix for the hght states is glven by seesaw formula

| Mﬁ;,ﬁ,; vaRPM{},}_)f‘ S '(10) L
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- Substituting here eq.(7) We find in the explicit form |

L o ¢527¥1 - e 711’)’21 . e? 711731 ‘_ |
lght = 53 | E*mym eze® “yd + €M 5-’58""’722732 + et m (11)

2y19a1 s:ce' 22732 + 62721’731 1+ Ea:c"‘"/ + ey )

where m = I13314‘1,0}!1\"1 ) 'fu = Fu/ r 33 and ’731 = Y31 + VvC 7l € = Eyd, W= Wy fOf th‘?

up and down quarks respectxvely

It is obvious from (11) that &, < €4 < 1. The up quark mass matrix M he is almost

o dlagonal Neglectmg ~ €y corrections we have m,, = m'yn, me = mm7225‘1 and m, = me 2
, Thereby, the quark. mlxmg pattern is determmed essentialy by the down quark mass matrix

thht’ where m; ~ ‘me;2. | The contnbutlons to the parameters of the CKM matrix from

M, are typically suppressed by the factor ¢, /€4 and we neglect them After some a,lgebra

one can obtain:

— o :
1/u.s R — |1 ts ; ;
o VemyREn-Tel (12)
. mu \ S
Vi = 13-1',——» Vi o 24 (\/ Vs + 22 m ""“) : (13)
T1my my mq Y22 ™ ,

* where § = —wy+arg(ze™iy?, +sd7221) ~ —wq+arg(l+e™4) is a C P-violating phase. within
" uncertain (but supposed to be ~ 1) numerical factors the fdrmula.s (13) fit the experimental
' va,lkues'of %b a,ndf Ve (notice that fer I‘agi = 0 one has Vs [Ver = my[/mam, = 0.11 - 0.15).

" _Their smallness implies that corresponding mixings cannot affect significantly the diagonal

elements of M,mm As for 1-2 mixing, the situation is dlfferent The mass splitting between

" uand d quarks requu‘es some spread in Yukawa couphng constants (i.e. fluctuations around
1 w1th1n factor 2 — 3), which is perfectly acceptable. I /Tn = \/*——,/m,, =7-9,
| T 2/l = \/;/e—d etc. This in turn automatically leads to the Cabibbo angle iﬁ the needed .
* range. T‘he comparison of (12) with experimental value V, ~ 0.22 reqﬁires the large C P-

. _phase, 6 ~ 1, in accord with the recent data.

From the mass matrices (11) ‘one can also derive the relations

€y mam, | My

Ea_mume [ | )

5
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Whlch allow to calculate the top quark mass usmg the known masses [ ] of other quarks T |

The large value of the former requlres ‘that one ha.s to take lnto account also the seesaw

correctrons [9] to the formula (10), whxch rmply for the physrcel top quark mass

S : m —mt [1+ (F33UL) :l P | - , | »V ' (15) |

0 ;

"where my is would be” physrcal mass, calculated from eq (14) Obvrously, the analogous -

corrections are neghglble for other quark masses since we dernand all [’s to be ~ 1. On the

other hand, frorn (11) one can easxly derive tha.t I'n /I"aa eg 1/mdm,/mum5 > 0 1764

In order to be consistent w1th perturbatlon theory (i.e. to avoide the appearance of La.ndau |
poles below the scale M, ») one has to assume that all Yukawa coupllng consta.nts 1ncludmgf ‘
Ty and A s are less than 2, which implies that Fas < 1. Consequently, using the known:"_
values of u,d,s,cand b quarks from (14) and (15) we obtain m; = 50—150 GeV The large ‘7
' sprea.d here is related mainly w1th the uncerta.mtres in the hght qua.rk masses. Obvrously, o
the lower limit is not interesting in view of the recent CDF limit mt > 90 GeV. One can’

even turn the logic a.round and say that the experimental lower bound on the top quark .

mass favours the lower values of Mg/ my and m, from those allowed in [8]

La.st but not least we wish to remark that in our approa.ch the strong CP- problem

can be automaticaly solved W1thout axion. Owing to P and/or C P-lnva.ria.nces the mltw,l |

©gcp = 0 and so called Ogrp = arg DetM arising from the whole mass ;rnatrxx M of all

fermions ¢, @ and p,n is also vanishing at tree level due to seesaw pattern [10] The loop :

~ corrections can provide, however, 0=10"°- 10"“’, whlch makes thxs scena,no in prmcrple

accessible to the search of the DEM ON - “dipole electrrc moment of neutron.
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B Flg 1 Tree level dlagram generatmg the mass of the heamest up~type Q fermwn U;. An R

analogous dxagram gives the same mass to D1 ‘

'Fig.Z'l- and 2~.loop' diagrfa,ms generating. the nvl‘kas‘sesl for ithe?“_‘ an.dk 3*"v;fa;n1ilies, _(Sf Q-

fermions.

: Flg 3 Seesaw dxagram generatmg the mass matnx of the ordma.ry up-t.ype quarks u,, 1= __::

- 1,2,3. An analogous diagram generates the mass ‘matrix of down-type quarks

o
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