*1 F Fermi National Accelerator Laboratory

FERMILAB-Pub-89/204-A
September 1989

ON THE POSSIBLE TEST OF QUANTUM FLAVORDYNAMICS
IN THE SEARCHES FOR RARE DECAYS OF HEAVY PARTICLES

Z. G. Berezhiani**), M. Yu. Khlopov®#*), R. R. Khomeriki¥?

1} Institute of Physics of the Georgian Academy of Sciences, Thbilisi 380077, USSR

2) Special Astrophysical Observatory of USSR AS Stavropol Territory, N. Arkhyz,
357147, USSR

3) Keldysh Institute of Applied Mathematics of USSR AS, Moscow, 125047, USSR
4) Thilisi State University, Thilisi 380000, USSR

*) Visitor to the Department of Astronomy and Astrophysics, The University of
Chicago, Chicago, IL 60637, USA, and the NASA /Fermilab Astrophysics Cen-
ter, Fermi National Accelerator Laboratory, Batavia, IL 60510, USA

Submitted to the Soviet Journal of Nuclear Physics.

# Operated by Universities Research Association Inc. under contract with the United States Department of Energy



1. The planning electron-positron collider with the center of mass energy ~
10 GeV will open new possibilities in the studies of the physics of heavy particles
(of leptons and of mesons, containing b quark). These possibilities are of special
interest in the light of the recenily developed models of quantum flavordynamics,
including the broken symmetry of quark and lepton families. In particular, in the
recently proposed model [1-3], based on the concept of spontaneously broken local
chiral horizontal symmetry SU(3)g (3] with natural addition of global U(1)y sym-
metry (see also [4]), the breaking of the latter one results in the prediction of the
Goldstone boson &, a familon [5,6] having both flavor diagonal and flavor nondiago-
nal couplings. In the most attractive version of this model - in the so-called model
of the inverse hierarchy — o turns to couple most strongly with quarks and leptons of
the third generation. The analysis [2] of cosmological and astrophysical consequences
of the model opens the possibility for the scale 7 of U(1)y symmetry breaking, which
determines the strength of a interaction with fermions, to be about 10° GeV. To
the mentioned value of the scale 5 the predicted probability of 7 ~+ ga and b — sa
corresponds, being accessible to the experimental search. It is the aim of the present
note to discuss the possibilities of such a search for two-particle familon decays in
their dependence on the possible parameters of the model.

2. Quark and lepton masses are induced in the considered model [1,2] by their
“see-saw” mixing with hypothetical superheavy fermions, getting their mass directly
via their Yukawa couplings with Higgs scalars, arranging the family symmetry break-
ing. So the structure of superheavy fermion mass matrices M is determined with

the accuracy of respective Yukawa coupling constants by the structure of vacuum

expectation values (VEV) of these scalars ¢ (n = 1,2,3)
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{where “+” or “—" correspond to the choice of SU(3)y sextet and triplet scalars



¢(12) respectively) and the mass hierarchy of heavy fermions masses My, M;, Ms (of
the eigenvalues of the matrix M) is in the direct dependence on the V EV hierarchy
(1) 1 > p1 2 73 2 p2 > p3 > T3, determining the hierarchy of horizontal symmetry

breaking
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The mass matrices m of ordinary quarks and leptons are in this case inversed relative
to respective matrices M: m « M-~! and, consequently, their masses are inversely
proportional to the masses of respective superheavy partners: my : mg:mg = My ' :
M;': M;1,ie. they are in the inverse dependence on the hierarchy (2) of symmetry
breaking. Assuming the Fritzsch [7] structure for the VEV matrix (1) r; = ra =
p3 = 0 and, correspondingly, for the mass matrices M of superheavy fermions [1,8]

we obtain the inversed Fritzsch structure for mass matrices m.

R My M, 0 mis/mas 0 3
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0 T Mja 0 T3 +mz; ma3

In this case one can estimate with the accuracy to Yukawa constants the hierarchy
(2) of symmetry breaking.

1 (me/m)V? 2 (m, fm.) Y3 (me/m, )2 = 1: 60 : 240
nim i~ 1:(my/mg)t/?: (mb/md)llz(mb/m.)”z =1:30:150 {(4)
1: (my/m )Y (my/my )3 (me/m)? = 1:100 : 650(m, = 60GeV)

where 1 = vy; ) = v2; 2 = .

The pointed inverse dependence of ordinary fermion masses on the hierarchy of
the symmetry breaking takes place in the model [1,2] both for up-type and down-type
quarks, and for neutrinos and charged leptons.

The diagonalization of mass matrices 7 is performed with the use of unitary

transformations. For example, one has for up-type and down-type quarks:



- A ] ~ dia .
My, — Vu"'muV,_l = m; % = diag(m,, me,m)

A L) ! ~ dig .
Mg — 1/d-i-'rr"'dl'fd = dl S = d"a’g(mdv mnmb) (5)
For symmetric matrices 7 one has V' = V*. If nondiagonal elements of m are

antisymmetrical, V' = diaeg(1, —1,1) - V*. Note, that the symmetry or antisymmetry
of nondiagonal elements of matrices i is determined, respectively, by the choice of
sextet or triplet SU(3)u representation of scalar fields, acquiring V EVs n;, and 7.
The breaking of global U(1)y (U(1)%) symmetry results in the appearance of
Nambu-Goldstone boson a, the familon with both flavor diagonal and flavor nondi-

agonal couplings, having, c.f., for down-type quarks the form:

L = 1ag;;d;(1 sin &5 + ¥4 cos &i;)d; + h.c.
(4,5 = d,5,b; i # j) (6)

where

2
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Here 5;; (¢, = d,s,b) are the angles of the down-type quark rotation matrix V,; and
the phases ¢;; arise owing to complexity of mass matrix elements and depend on
the details of its structure. In the case of Fritzsch structure of the matrix M (and,

respectively, of inversed Fritzsch structure of the matrix M) ¢ay = ¢ = 5, ¢a» = 0

and the constants g;; are expressed in the terms of quark masses as follows

my [, my Mg My m, |[mg (T4
oo = — s Obd = g f— (_—) 3y Jde = —f— \ —— (8)
my M Ny My \M, ny ™M, \Tp

Note, that in the general case ¢;; # 0 the Lagrangian (5) leads to CP violating

effects in the familon decays.

Familon interaction with up-type quarks and with charged leptons has the form

similar to (6)-(8).



3. The possibilities of experimental search for 4 — ea decay were discussed in
Ref. [9]. According to [9] the differential probability of this decay is

dT - - . =,
dcosﬂ(u — ea) = -;—I‘,, 1- &6, F2(€ n)(€.n) (9)

where the total probability of decay is given by

1

Fo = 'ig;gfgemﬂ . (10)

Here 7 is the direction of the outgoing electron and EE and Z“ are p and e polarization
vectors, respectively.

To discriminate this decay from the background of the leptonic decay p — ev.v,
_both high energy resolution in the electron spectrum measurement is to be achieved,

determining according to [9] the signal/background ratio:

Eman ar’ 6r?gl, 1 AE
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and the dependence (9) on g and e polarization is to be taken into account.

The data [10] on the searches for p — ea decay Br{p — ea) < 2-107° lead to
the restriction g, < 1.8- 107!, giving, c.f., for inversed Fritzsch structure of charged
lepton mass matrix the constraint 7 > 5.10% GeV. Differential and total probabilities
of 1 — pa and 7 — ea decays the form similar to (11) and (12) with the substitution
of respective masses and constants. The predicted branching ratios of these decays

are:
Br(r — po) = 3 - 1073(10°GeV /) (gru/ 95, )?
Br(r — ea) = 7-107%(10°GeV /7)*(g../95.)? , (12)

where numerical estimations are given for Fritzsch parametrization (9) with g;; = gf.

The modern experimental restrictions are Br(r — p(e)a) < 2.7- 1072 [11].



In the further discussion of familon decays of mesons we’ll restrict ourselves by
consideration of two-body decays only, which are preferable from the viewpoint of
their pure kinematical signature (for meson at rest familon from its decay is not ob-
served and one detects only monochromatic meson in the final state). To describe
these decays the information on respective hadronic form factors is to be involved.
The standard approach to obtain such an information is based on the ideas of chiral
theory and on the estimations, using QCD sum rules. We'll base our further discus-
sions of this approach. However, there is another approach [12] in the estimation of
hadronic form factors, leading, as we'll show, to significantly different predictions of
the probability of respective transitions.

4. Only scalar familon o interaction contributes X — wo decay, induced by
s — da transition. For pseudoscalar a coupling the matrix element < K|3vysd|m >

vanishes owing to P-parity selection rules. For scalar « coupling one has

< K|3d|r >= (m, — mq)™! < K|8,5y.d|7 >=

= (m, — ma) " Ypk — pr)u(Fr(prc + Pr)u + fo(Pr — Pr)u) = f+Tj{, (13)

where px and p, are momenta of K and = mesons, respectively, f1(0) = 1, m, =
(175 £ 50)MeV, mq = (9 £ 3)MeV, and in the final expression (px - p«)* = m2 >~ 0
is taken into account. One obtains from Eqgs. (8) and (13), that the branching ratio
of K — ma decay is

Br(K — wa) = %Z—%f;ﬁ(f() = 2.65 - 107 %sin?¢y, (%)2 (&?){-)2 (14)
Comparison with the experimental restriction Br(K — wa) < 3.8 - 1078 [13] results

in the lower limit

2
SN Dyq (El) > 3.10°GeV (15)
n



This limit is the most strong: n > 7-10%GeV for inversed Fritzsch structure of the
matrix 1, when ¢,4 = 7. For relatively large (22) - element of matrix 7h ¢,4 may be
equal to 0, and the lower limit (15) is removed.

5. ¢ — ue transitions induce the decays D — wa (via the scalar interaction) and

D — pa (via the pseudoscalar interaction). The probabilities of these decays are:

stnly. 2 mD

(D
(D = ma) = —> f+
2
I(D - pa) = “"38 f“‘ g2 mpF? (16)

Putting into these expressions the values for f, and F, f. ~ f. ~ 0.6 +0.7 {14] one

obtains for the branching ratios of these decays the following estimations:

2 8 2
Br(D — ma) = 1.3+ 107 sin"¢u. (g_) (M)
ae 7
g\’ (10°GeV®
BT(D - pa) = 10—8C082¢uc (—1;;_) (—) (17)
guc n

Taking into account possible variation of g,., the experimental search for these
decays with the branching ratio 107% <+ 1077 is of interest.

6. Consider decays, induced by & — da and b — sa transitions. For scalar
coupling of o these are B — 7 and B — Ka decays, for pseudoscalar one these
are B — pa and B — K*d, respectively. The estimation, similar to (18) gives for

branching ratios of these decays

2
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7
where ['g = 101% 1/s is the total width of B meson and for numerical estimation of f,
and F, the following values there taken in accordance with [14]: fzx+ ~ Fpg-y ~
0.4 + 0.5 and fgr+ ~ Fppy ~ 0.3 + 0.4, Experimental data [15] provides the upper
limit Br(B — Ka) < 0.35.

7. Note, that there is another approach [12] in the estimation of formfactors of
the transitions, considered in pp. 4-6. This approach is based on the generalization
of PCAC for the case of broken global flavor symmetry. It leads to the prediction,
that the constants fp of two-body leptonic decays of pseudoscalar mesons P are
proportional to the sum of masses m; and m, of constituent quarks, forming the

meson, so that [12]

my + mg

fP - f‘lr (19)

My + M4
and to the sum rule, generalizing the Callan-Treiman relation and putting one-to-one
correspondence between these constants and formfactors f, and f_ of three-body

semileptonic decays P, — P, + £+ & {12], giving

12 _ ffz’l +f;2:, _ (fP1 —fP:)z . rl2 fP; sz
o 2fP1fP2 = 2fP1sz ,f— szlfP: (20)

Putting into Eq. (19) the values of constituent quark masses m, = mq = 350 MeV,
m, = 500 MeV, m, = 1400 MeV, m; = 5 GeV, one obtains for formfactors f, and

F. = fi (the latter is fulfilled automatically in the approach [12]) the following

estimations:
K'u'_flzf-}_fg_ (.fK_fW)z__
2 T o T e, M
Do px TP (fo — f)*
B = = Nt T T afor, M



FBE" — BK__f§+f§f_1+M:3 (21)

Y 2fpfk 2fefx
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Moreover, the approach [12], changing the view on the quark equations of motion,
leads to the change in Egs. (13), (14) the current quark mass by the corresponding
constituent quark mass, decreasing, respectively, the total probability of K -+ ma
decay (14) and weakening the restriction (15). On the other hand, the enhancement
of formfactors (20) increases significantly the predicted branching ratios of familon
decays of [} mesons and, especially, of B mesons.

It should be noted, that the value of formfactor fP¥ = 1.2, predicted in the
approach [12], contradicts the estimations of this value f?¥ < 0.8, obtained in [14]
on the base of the data [16]. Detailed check of these data in the measurements of the
widths of semileptonic decay Dt — K°f*v, and of leptonic decay D+ — u*v, makes
it possible to test the validity of approach [12].

8. So, the above discussion shows, that even the most conservative estimations of
widths of two body familon decays of B mesons and 7 leptons gives the opportunity of
effective search for such decays at the scale  ~ 108-+-107 GeV. In the combination with
further searches for 4 — ea, K — wa and D — w(p)a decays, whose probability is
predicted at the level accessible to the sensitivity of the modern experiment, the search
for familon B and 7 decays turns to be an important source of direct information
on the structure of matrices V,, T:’d, V; of quark and lepton mixings (both on the
rotation angles s;; and on phases ¢;;) and, consequently, on the structure of their
mass matrices. In the contrast to Kabayashi-Maskava matrix of quark mixing in the
charged weak current Vipy = 17“+f’;, detailization of which provides .the information
on the combination of V, and V; matrices parameters only, without fixing each of

them separately, the discovery and study of meson familon decays will give direct



information on each of these matrices. In its turn it makes possible to determine the
mixing in the currents violating the conservation of baryon number, what will give
more reliable predictions for the lifetime and partial widths of proton decay.

On the other hand, familon decay searches may be viewed as experimental test
of physical foundations of the cosmology of massive unstable neutrino, originating
from the quantum flavordynamics with low scale of horizontal symmetry breaking
[2]. Provided that this scale is 7 ~ 108 + 107 GeV, nontrivial cosmological scenario of
successive v, — v,o and v, -+ v.a decays of v, and v,, dominating in the Universe
at 10° = 10'%s and ¢t ~ 10'2 + 1095, respectively. This scenario, providing the physical
grounds for description of the large scale structure of the Universe, gives an interesting
example of the combination of attractive features of cold dark matter and unstable
dark matter scenarios, predicting the presence of the two characteristic scales R, ~
100 kpc and Rg ~ 30 Mpc. In the framework of the approach (2] realization of this
scenario in the cosmological evolution is unambiguously related with the prediction

of B and 7 familon decays at the level of estimations, given in the present paper.

This work was completed at Fermi National Accelerator Laboratory under the

auspices of NASA grant NAGW-1340.
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