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Hierarchy plus anarchy in quark masses and mixings

J. A. Aguilar-Saavedra
Departamento de Bica and GFP, Instituto Superior Teico, P-1049-001 Lisboa, Portugal
(Received 15 December 2002; published 29 April 2003

We introduce a parametrization of the effect of unknown corrections from new physics on quark and lepton
mass matrices. This parametrization is used in order to study how the hierarchies of quark masses and mixing
angles are modified by random perturbations of the Yukawa matrices. We discuss several examples of flavor
relations predicted by different textures, analyzing how these relations are influenced by the random perturba-
tions. We also comment on the unlikely possibility that unknown corrections contribute significantly to the
hierarchy of masses and mixings.
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I. INTRODUCTION In the lepton sector the situation is rather different. The

The observed quark masses and Cabibbo—Kobayashimasses of the charged leptons have been precisely measured,
Maskawa(CKM) mixing angles show a hierarchy,>m, but the knowledge about neutrino masses and mixings is still
>my, My>me>my, |V >|Ve/>|Vyp that points to an rather poor. After the measurement of atmospheric neutrino
underlying structure in the Yukawa couplings of up andoscillations, with SiRf,,=0.92, Am, = (1.6—3.9)x10 3
down-type quarks to the Higgs boson. This fact has motiGeV [7], it is clear that the pattern of lepton masses and
vated the introduction of several models of mass matricegnixings is completely different from the one in the quark
trying to reproduce the experimental values of the quarksector. In this direction, it has been suggested that the neu-
masses and CKM matrix elements using well-structuredrino mass matrices might be generated just from “anarchy”
Yukawa patterns. In general, these models consider that &8] (see also Refg[9,10]). A complete analysis is not yet
very high energies, and for some reason unknown at preseipssible in the lepton sector, for several reas¢nsome of
a weak basis is privileged among the infinite set of equivathe mixing angles have not still been measur@d;the neu-
lent weak bases related by rotations of the quark fields iririno masses remain unknown and only the differences of
flavor space. In this privileged basis, some flavor symmetrygquared masses can be extracted from oscillation diitg;
reduces the number of free parameters in the Yukawa matrthe Dirac or Majorana nature of the neutrinos is yet to be
ces, leading to relations among masses and mixing anglegtetermined, and in the first case Majorana-type mass terms
that can be experimentally tested. Examples of these mode&e not present.
include patterns with texture zerds], democratic Yukawa Our aim here is to study how the “anarchy” would affect
couplings[2] or other symmetriegsee for instancg3,4]). a hierarchical pattern, as the one found in the quark sector.

At lower scales, where the underlying flavor symmetry isWe first derive the formal structure of the unknown correc-
broken, the Yukawa textures are modified by renormalizatioriions to the mass matrices, both for the case of quarks and
group (RG) evolution and other radiative corrections, with leptons. We use this formalism to investigate how random
several contributions from standard mod&M) and new perturbations modify a given hierarchy of quark masses and
physics. These corrections are unknown, and constitute whatixings. Then we discuss the effect in some relations involv-
is called “anarchy.” The “anarchy” may in principle lead to ing masses and CKM matrix elements, which are predicted
modifications in the predictions of the original patterns. Thein several models of Yukawa patterns existing in the litera-
stability of these predictions, when the new contributions ardure. Finally, we explore the possibility of a significative en-
included, can be estimated with the addition of random perhancement of the hierarchy of quark masses due to the “an-
turbations to the Yukawa matrices in the Lagrangian. Ofarchy.”
course, the new physics contributions are not random in na-
ture, and could be computed if the complete theory were Il. ANARCHY IN THE MASS MATRICES
known. At any rate, a simulation with random perturbations
shows which quantities are stable and which are not, and to The starting point of our argument will be the observation
what extent they are modified in this case. It is alreadythat physical quantities cannot depend on the weak basis
known that the strong hierarchy of masses and mixings is ndthosen for the quark fields. In the SM, the mass terms of the
likely to originate from “anarchy’[5]. Recently, it has been Lagrangian are written as
argued 6] that in the quark sector the possible contributions o _
of the latter must be very small, in order to preserve a hier- Lm=—uvY'ug—d vY%g+h.c., D
archical structure. However, this result has been obtained for
a particular texture of Yukawa couplings and in a particularwith v =174 GeV the vacuum expectation val(éEV) of
weak basis. It would be desirable to obtain a basis anthe Higgs boson, and", Y the Yukawa matrices, of dimen-
model-independent result indicating, at least qualitativelysion 3X 3 in flavor space. In some SM extensions, for in-
how the “anarchy” could change the hierarchy of quark stance in the minimal supersymmetric standard model
masses and mixings. (MSSM), the masses are originated from the VEV's of two
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Higgs bosonsy, andvy, with v2+v3=v2. DefiningB by  right-hand side as one of the Yukawa matrices. For instance,
tanB=v,/vy4, the mass matrices for up and down quarks ardf X transforms under the change of basis in Egs.as
in this casevsind Y! and vcos3 Y9, respectively, with an

extra B-dependent factor. We later comment on how this X—UJXUZ, (7)
possibility modifies our analysis.
It is well known that under a change of basis this matrix would originate term¥X"Y" andXX"Y9 in Egs.
(6). However, if diagrams involvingK couplings gave sig-
up ug ur=URUg, nificant corrections to the Higgs Yukawa vertices with a new
d, YL d/]’ dg= U%d,; (2 flavor structure, analogous diagrams with a photon, gluon or
Z boson would give similar contributions to flavor-changing
the Yukawa matrices transform as processes, which are experimentally very suppressed. Thus
we disregard this possibility in the following.
YU UTYUUY, Ye—Ulveug. (3) It is worthwhile noting that the formal structure of the

perturbations to the Yukawa matrices, derived here from
Let us assume that some perturbations are added to the origf€ak-basis independence arguments, coincides with the ex-

nal Yukawa matrices, pression of the RG equations in the SM. Setting for instance
in Egs. (6)
YU YU SYY, Y9 vdy syd, (4)
1
The matricessYY, 5Y? are functions ofY!, Y¢ and other A= lGWZ[UBY”Y“TJF 3YdyaT 4 yeyer]

SM and new physics parameters. Under the change of basis
in Egs.(3), the perturbations must transform as

B

[ tr[3YUYUT+3YdYdt 4+ yeyer)

17 , 9
—(2—09§+Zg§+8g§
sYU—U[sYUus, sY9—uU[sYUS, (5)

since the physical observables must be independent of the _
choice of weak basisThese transformation laws imply that Ng= 16572
the perturbations have the form

1,9
SYU=N YU+ 2, YUYUTY U+ g Yoy dtyu gL - (ng+ ZQ§+89§) ] at,

SYI= Y+ gYIYaTYd 4 poyiytyd4 oo () ®

The dimensionless coefficienks, ¢;, », may be functions
of Y andY¢ that are invariant under SU(3) flavor rotations,
e.g., trYUYU" tr YAY9T etc. and of other SM and new phys- 1 (3
ics parameters as well. The higher-order terms are expected = {_] St,
to be smaller(if perturbation theory is valig thus in the 1672 2
expansions of Eqs(6) the products with five or more

Yukawa matrices have been omitted. The effect of Xhe 1 [ 3]

terms in Eqs(6) is to rescale the masses by common factors Nu=
(1+\,) for up quarks and (% \q) for down quarks, with- 16m°
out affecting the hierarchy and the mixing. Tieterms also

rescale the masses, but with different factors for each quark, 1 [ 3]

my—Mg(1+£mi/v?), and then they modify the hierar- Ng=
chies. Then; terms are the lowest-order ones that modify the
CKM matrix. . )
In principle, in SM extensions there may exist a ma¥ix the SM one—IooszG equations fqr the Yukawa coup!mgs are
(not necessarily squaref couplings between the quarks and recovered11,12.% In Egs.(8), Y© is the Yukawa matrix for
other particles, either transforming on the left- or on thethe charged leptongs, g, andg, are the coupling constants
of the gauge group SU(&)SU(2)®U(1) andt=logu the
logarithm of the renormalization scale.
These transformation properties f6Y" and 5Y¢ do not assume In the lepton sector the analysis is more involved, because

that the Lagrangian is invariant under the transformations in EqsOf the possible presence of Majorana fermions. In this case
(3) alone. Within the SM, the Lagrangian is invariant under theseth® mass terms of the Lagrangian read

transformations, but this does not happen in some of its extensions,

for instance in the MSSM. In addition, at very high energies, some

symmetry might single out a special weak basis. Below that scale, °Note that our Yukawa matrice¥ correspond toY' in Refs.

and in particular at low energies, this symmetry is broken. [11,12.
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- 1 M, oY’ VE TABLE |. Quark masses$in GeV) used in the numerical evalu-
Lon=—€vY%r— 5 vR) YT M ( v (9)  ations.
my 0.0016
The Dirac mass matricesY® andvY" arise from Yukawa Me 0.68
couplings to the Higgs boson. The Majorana mass maiix m; 175.6
can be included as a bare term in the Lagrangian, because the my 0.0033
right-handed neutrinos are singlets under the gauge group. m 0.067
The Majorana mass terid involving the left-handed neu- mz 29

trino fields can only exist at tree-level in a renormalizable
Lagrangian if a Higgs triplet is presefithis is practically
excluded by precision electroweak datandM, is usually
set to zero. BothM| and Mg are symmetric matrices. We

define M =AM, Mg=AgMg, with A_ and Ag con- the Lagrangian may imply, =0. The analysis of the effects

stants with the dimension of mass, in order t0 expi$s ot the “anarchy” in the lepton sector will be presented else-
and Mg in terms of dimensionless matrices. where[14].

Under a change of weak basis

Lagrangian, our argument allows a non-vanishiﬁ@}'lL
=)(,_YV|\A/IEYVT to be generated, though some symmetry in

, I\ ey lll. EFFECTS OF ANARCHY IN THE HIERARCHY
“lav |t ROORTRY (10) OF MASSES AND MIXING ANGLES
e e er=VReR

We first study how the “anarchy” may change a hierar-
chical structure in the Yukawa couplings. For our discussion

we have ) . .
we take as benchmark the SM Yukawa matrices in the modi-
Ye—>V[YeV§, YV—>VIY”V§, fied numeral subtraction (MScheme at the scaM; (since
the expressions in Eq5) are basis-independent, we can use
~ - ~ ST any basis for the evaluationsThe values used for the quark
ML=VIMVE, Mg— VR MRVR. (1D masses are collected in Table I. For the CKM matrix we use,

. in the standard parametrizatidd5], |V,d=0.2224,|V |
The F:omput?tlorl oi all the Aproducts up tq order thrge trans—_ 0.00362,|V,| =0.0402 ands=1.014,
forming asY®, Y”, M| andMg can be easily done with the e yse the perturbations to the Yukawa matrices given in

programs in Ref[13]. It is found that the perturbations to Egs.(6), with random coefficients;, ¢;, 7;. The moduli of

these matrices can be expanded as these six independent parameters are generated with a Gauss-
o ian distribution centered at zero, and for simplicity we as-
OYC=NeYo+ £ YOYETYo+ 7 Y'Y TYC+ M M| Ve sume that the standard deviations coincide:
e (IND2= (B 2= (13
SY =N, Y + LYY+ YeYety T4 o ZMLMIYV This is not a serious bias in the analysis, because the moduli
. . . . of the random parameters are not fixed to be all equal, and
+EAY'MEM g+ &M Y™ Mgt - - -, only the standard deviations of the distributions are assumed

to be the same. The phases are generated uniformly between
~ ~ N ~ 0 and 2r. The only effect of the\; terms is to change the
— T eyet |
ML=A ML+ G MMM+ 770, (YEYEIM, ratio my/m;; the mixing angles and the ratios of masses of
~ exveT S quarks of the same charge are not modified by them. Here it
FMLYEYE) + (Y TML is worth remarking that the situation when two different sca-
+MLYV*YVT)+XLYVMTYVT+ . (12) lars give masses to the up and down-type quarks can be
R ' reproduced with the substitutions

SMg=AgMg+ (gMgM Mg+ 7R(MRY?TY" YU—=YYsing, Y9—YYos8 (14)
Y TY* MR+ xrY MY+ in Egs.(6). This is equivalent to considering
where the \, ¢, 75, & x coefficients are functions of <|)\i|2>1/2: K,
e vv |\ . . ) .
Uinder the Hansiormations of G, Under addional ae. (Il 2= maf?) 2= i, 15)

sumptions, the number of terms can be reduced. For in-
: - : (18al)M2=(| mu|?)*?= kcoSB
stance, assuming thatl, =0 at tree-level, the terms with

ezs M2s €25 Ms £y M1y M2 @nd xg can be dropped instead of Eqs(13). The effect of ta is to modify the
from the expressions. Notice that even settvig=0 in the  standard deviations of the distributions of the random param-
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6 | =§umf'/v2 that are much larger for the top quark.

(2) The spread of the values af./m; increases with,
as it can be expected. The growth is linear for srraltiut it
is attenuated fok=0.5, as can be observed in Fig(dp).

W

:‘é The upper limit onm./m; reaches a “saturation” value for
o & x=0.5 and does not increase beyond this value. This can be
= understood as follows: As the corrections are larger for the
§u3 top quark, the ration./m; will generically be smaller, and
o the only chance to have a largag/m;, is with a cancellation

betweerm, andém; . For « sufficiently large, the probability
of this fine tuning to happen is practically constant.
(3) Most of the values oim./m; remain close to their

N

1 I I I ! original value. Even fork=1, 68.3% of the distribution is
0 025 . & b between the values 2x010"2 and 5.0< 103, very similar
0.10 to (m¢/my)q. It is noticeable the long tail of the distribution

in Fig. 1(down). For k=1, the largest value ah./m, found

- in the set is 0.15, for which the mass hierarchy is washed
away. Such values are reached only in an extremely small
fraction of the sample.

These plots must not be interpreted as providing any limit
] | on the size of the “anarchy,” on the basis of the experimental
value of m./m;. Instead, their meaning is that the ratio
m./m is very stable under perturbations and the mass hier-
archy is maintaineddue to points 2 and 3 abopdrom an
original value fm./m,),=3.9x10 3 and withk=1 we ob-
tain ratios between 2:010 2 and 5.0< 10 2 most of the
time.

0 0.002 0.004 0.006 0.008 0.010 The effect of the random perturbations in the ratig/ m,
m/m, (= 1) is practically the same, as can be observed in Fig. 2. Al-

though with different numerical values, this ratio shows the

same behavior under random perturbationsraém,, and

o ) ) ) the above comments apply in this case as well. The leading
eters. The qualitative behavior with two scalars is the sam@q rection to m/m, is due to the 74 term, om

as in the case discussed below, with only one Higgs. Th
guantitative behavior is similar, as long as fanl.
gous.
In the study of the consequences of “anarchy” the follow- The analysis of the two mass ratias, /m, and my/m
C S

ing procedure is applied: we fix a value efand generate a gp,5 that they do not change when random perturbations
set of random matrices, with a number of elements betweep o aqged to the Yukawa matrices, remaining at the values
2000 (for k=0) and 8000for k=1). We then select some (M, /my)o=2.3x10"3, (my/mJ)o=0.049. This is the same
quantity, for instance the ratimc/m,, and examine its dis-  pepayior as under RG evolutida6], where it is found that
tribution over the set. The d limits on this quantity are ihase ratios depend weakly on the scale. Here we find ex-
defiped as the boundaries of the 68.3% confidence Ieve! Ce%’mples wheren, /m, raises to 0.10, but this only happens in
tral mteryal, eva'luated. from.the s'ample of random matrices, negligibly small fraction of the sample. Therefore, the mass
We begin the discussion with this examplerof/m;. We  hierarchy between the first and second quark generations is
f!nd that this quantity remains fa|rly.stable, even for rela- 5150 maintained. The remaining independent retigm, ex-
“Ve'Y Ia_lrge values ok, e.g.,x=1. In Fig. 1(up) we plot _the hibits a different behavior, as can be readily noticed in Fig. 3.
Lo limits on mc/m,, for « between 0 and 1. In Fig. 1 The maximum of the distribution is displaced to smaller val-
(down) we plot the distribution of the values ofi./m; for 65 ofm, /m,, and additionally there is a long tail for larger
k=1. values of this quantity. This can be understood as follows:

Several comments are in order: Setting|Vp|=1, Eqgs.(6) imply for the third generation
(1) The distribution ofm./m; is peaked around the unper-

turbed value (., /m,)o=3.9x 103, because the random pa-
rameters are generated with a Gaussian distribution centered
at zero. It spreads over values larger and smaller than 3, 2 2
(m./m,)o, but with largerx the smaller values are favored. OMp=NgMy+ LgMp/v =+ 7gmpm;/v=. (16)
This can be observed in both plots, and evidences an average

increase ofm, with respect tan,, due to the larger Yukawa The enhancement for small values rof,/m; is due to the
coupling of the former. The ration,/m; is modified mainly large termg“umf/vz, while the long talil is a consequence of

by the ¢, term, giving correctionsémczgumgluz, om;  the term ndmbmf/vz, also important. The change of this

Probability
=)
3
1
I
1

FIG. 1. Effect of the random perturbations on the ratio/m; .

& pamemZ/v?, smy=nymym?Z/v?, and the effects are analo-

omy= N m+ L ,milv2+ gummi/v?,
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FIG. 2. Effect of the random perturbations on the ratig/m,, .

FIG. 3. Effect of the random perturbations on the ratig/m, .
ratio with respect to its original value is limited, though more

pronounced than in the previous cases. . ) .
The modulus of the CKM matrix elemei, is not af- test whether these relations are actually fulfilled by experi-

fected by the random perturbations. As happens for the ratigdental data. Such analysis should be carried out at a very
m,/m. andmy/m;, there are fine-tuned values of the ran- Nign chergy scale, of the order of the unification sddig
dom parameters for which the corrections yield a much™ 10" GeV (where a hypothetical flavor symmetry is unbro-
larger value, for instance/,J~0.4. We stress that this only ken), using the Yukawa matrices at that scale. Instead, our
happens in an insignificant fraction of the sample, and for théim is to investigate whether these relations are modified by
rest we find|V,4 almost fixed at its original value. The the “anarchy.” This analysis can be safely done at the scale
CKM phases does not change either. The moduli\gf, and ~ Mz. We prefer to perform the simulations at this scale be-
V,p change when the perturbations are added, but their ratieause the extrapolation to the unification sdsllg depends
remains constantBesides, this is the same behavior that ison the particle content of the theory betweds and My,
found for Vs, Vep, Vup and the phasé under RG evolu- and therefore it is different in the SM and its extensions. For
tion [16].) The distribution of values ofV.,| can be seen in instance, in the MSSM the running of some parameters, like
Fig. 4, and coincides with the distribution pf | up to an  |V,,|, depends strongly on the parameter@an

overall factor. Relation | is[17,1§
Comparing these plots with Figs. 1 and 2 we observe that

the effect of the “anarchy” on the moduli of the mixing

angles V., and V,, and in the ratios of masses my
m¢/m;, mg/my, m,/m; andmy/m, is similar. This fact is [V.d= g (17
due to the formal structure of the random perturbations, and s

has nontrivial implications in some flavor relations in the

next section. . . , .
predicted for instance by the five textures proposed in Ref.

[1]. There are additional small corrections to this equality
that we ignore. As neithdi/, 4 nor the ratiomy/mg change

We have selected nine simple flavor relations predicted byinder random perturbations, the accurémyinaccuracy of
several models in the literature. Here we do not pretend tghis relation is not modified. Relation Il is

IV. EFFECTS IN FLAVOR RELATIONS
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0 0.25 0.50 0.75 1
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Vg, k=1 0 0,5 1 1,5 2 2.5
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FIG. 4. Effect of the random perturbations Pr.p|.
FIG. 5. Effect of the random perturbations on the rafg ,

V_ub _ \/@ 8 defined in the text.
Vcb mc.
Y
It is predicted in textures 1, 2 and 4 of REL]. In this case, Ve = m,’ (22)
the ratiosV,,/V., andm,/m. do not change, and this rela-
tion also remains unaffected. Relation 11l is Correspondingly, we define
Vaol = o 19 1
ubl = IS me
my Ry=——"\— (22
. . . . V |Vcb| m;
predicted in textures 3 and 5 of R¢L]. In order to investi-
gate this relation, we define the ratio This quantity is plotted in Fig. 6. Since the ratimg /m, and
[Vuo/Vepl are not modified by the random perturbations, the
Ry = 1 A /ﬂ_ (20) behavior is similar tdR;, , up to a global factor.
Vel YV my Relations V and V[20] are very similar and involve only

] ] ) quark masses:

The effects of random perturbations on this quantity can be

seen in Fig. 5(Recall that herdR;, is evaluated at the scale m.m m. m
M. The test of this relation on the Yukawa matrices must be u__¢ d__5s
done at very high energies, using the RG equations for the
SM or the SM extension under consideration to evolve the
Yukawa couplings. The impact of the “anarchy” on them can be investigated

The plot in Fig. 5(up) shows that the perturbations with the analysis of the ratios

change this ratio from an initial valueR(;),=0.83 to an

interval between 0.55 and 1.56. This implies that the correc- m,m; Mgmy,

tions to the Yukawa matrices might hide an underlying rela- Ry= ”2 , Ry=——>—, (24
m

tion given by Eq.(19). Relation IV is[19]

—=—" == (23)
me mg Mg m,
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FIG. 7. Effect of the random perturbations on the rdaig,

FIG. 6. Effect of the random perturbations on the ra®g , ' )
defined in the text.

defined in the text.

which are plotted in Figs. 7 and 8, respectively. These quanThe nontrivial invariance of these relations under the “anar-
tities are (up to global factors th;a inverse of the ratios chy” is due to the formal structure adopted for the latter, Egs.
m./m; and mg/my, studied above. 6)

Relation VI [21,27] is analogous to Relation I in Eq. As remarked at the beginning of this section, the test of

Relations |-IX must be done at very high energies, where

(18), the flavor symmetry originating the Yukawa patterns is not
broken. In this context, we would like to point out that the
ﬂ — A /Mg (25) test of Relations I, I, VII, VIII, and IX, as well as other
Vis ms’ relations invariant under random perturbations, can provide a

better way to discriminate between different models of

Since the ratigV,,/ V.| and the phasé do not change with ~ Yukawa patterns. On the other hand, Relations Il IV, V, and
the perturbations, Relation VII remains unaltered as wellVI can be influenced by radiative corrections from new phys-

Relation VIII is [21] ics and hence their observation might be unclear.
Mg V. ENHANCEMENT OF THE HIERARCHY
[Veol =v2 . (26) . . -
b We want to investigate within our framework to what ex-

tent the “anarchy” might contribute téor even generajehe
In principle, both sides of this equality change when thepobserved hierarchy of quark masses and mixings. The guide-
random perturbations are added to the Yukawa matricesine of our analysis is the following: we reduce the hierarchy
However, the changes are correlated and the relation is n@ the parameters of the Lagrangian and then calculate the

affected. The same happens with Relation[2Z], probability that the hierarchy present in the SM is repro-
duced with the random perturbations. We have studied three
MgMs examples, corresponding to an enhancement of the hierarchy
Vol = — (27) in the up-type quark masses, down-type quark masses and
2my, CKM mixing angles, respectively.
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4.5 | unknown corrections. The two mixing angl¥g,, V., can
0 also be reduced by the corrections.
35 VI. SUMMARY
‘é 3.0 We have introduced a basis-independent parametrization
r in order to describe the effect of unknown corrections from
T a5 new physicg“anarchy”) in the quark and lepton mass ma-
o trices. With this parametrization we have explored the stabil-
2.0 ity of some properties of the quark Yukawa matrices against
unknown corrections. This has been done with the addition
L5 N of random perturbations to these matrices and a statistical
analysis of the effect of the perturbations.
105 055 050 05 1 We have shown that the quark mass hierarchies, namely
X the ratiosm,/m., m./m;, my/mg, mg/my, andm,/m; are
0.10 hardly affected by the random perturbations. Of these quan-
3 tities, m,/m, and mg/mg remain constant for most of the
values of the random parameters. The rest exhibit deviations
0.08+ ; . )
that in average lead to an enhancement of the original hier-
M archy, but without modifying it significantly. We have also
20.06F | 1 analyzed the effect in the mixing angles, concluding that
E L neither |V,4, nor the ratio|V,,/V|, nor the phases
= change appreciably with the random perturbations. The mix-
A 0.04r ing anglegV,,,| and|V,,| show deviations but still preserv-
ing the CKM hierarchy|V, > |V.p|>|Vysl. For some fine-
0.021 1 tuned values of the random parameters, the strong hierarchy
of masses and mixing angles is removed, but this only hap-
pens in a extremely small subset of the sample. We have also

0o 1 2 4 5 6 found that when the size of the random perturbatihe «

3
Ry (k=1 parameteris increased, the average effects do not grow lin-
early but their increase rate slows down.
FIG. 8. Effect of the random perturbations on the refig , We have selected nine simple flavor relations among
defined in the text. quark masses and CKM mixing angles, predicted by several

) . models in the literature, discussing the effect of the “anar-

(1) Inthe first case, we use thf’ same parameters as in S&Gy» on them. We have identified four relations which are
Il but replace the top mass by, =my/2. In this situation,  affected by the random perturbations. If these relations are
the ratio of massesn./m, is larger by a factor of two, fyffilled by the Yukawa matrices, as some theoretical models
(me/m{)o=7.7<10"° (that is, the hierarchy is reduced predict[1,19,20, the phenomenological observation may be
Setting k=1, we generate a sample of 10000 randomjeopardized by the “anarchy”: some flavor properties in the
Yukawa matrices. A good estimate of the likelihood to en-Lagrangian might not be apparent and the “anarchy” might
hance the hierarchy is given by the probability that the ratidblur or hide an underlying flavor relation. On the other hand,
m./m; after perturbations is smaller or equal than the valuahe remaining five relations discussed are not altered by the
m./m; obtained with the true top mass. This probability is “anarchy” and hence their analysis could provide a cleaner
only 8.3x107 3. insight into the structure of the Yukawa matrices.

(2) In the second example, we use the standard parameters Finally, we have used our framework to demonstrate that
but replace the bottom mass Ioy;,=m,/2. With the same the possibility that unknown corrections give large contribu-
procedure, we find that the probability that the ratig/m;,  tions to the hierarchy of masses and mixings is very unlikely,
after random perturbations is smaller or equal to the SMAS it has been pointed out before in the literature. We have
value is 0.12, more than one order of magnitude larger thaghown that if, for instance, one enhances the natjém, in
in the previous case. the Yukawa matrices in the Lagrangidtihus reducing the

(3) In the third example, we use the SM values of thehierarchy, the probability that the corrections bring it down
masses, the mixing ang)¥,4J and the phasé, multiplying  to the SM value is very small.
|Vuul @and| V| by 2. The probability that the ratid/c,/V, 4
after rf’;\ndom perturbations is equal or smaller than the SM ACKNOWLEDGMENTS
value is 0.12. .

With these examples we see that the observed large hier- | thank F. del Ayuila and A. M. Teixeira for a careful
archy between the second and third generations is not areading of the paper. This work has been supported by the
effect of the “anarchy”(as discussed in Ref5]), though for  European Community's Human Potential Program under
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