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Abstract

We study supersymmetric models of lepton and baryon number

violation based on an abelian family gauge group. Due to possible

lepton-Higgs mixing, the lepton violating couplings are related to the

Yukawa couplings and may be generated by them even if they were

absent in the original theory. Such terms may be dominant and are

not given by the naive family charge counting rules. This enhancement

mechanism can provide an alignment between lepton-number violating

terms and Yukawa couplings: as a result they conserve quark avour.

A natural way of suppressing baryon number violation in this class of

models is also proposed.
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Most of the phenomenological discussions on R-parity violations in the

supersymmetric extensions of the Standard Model assume that there is a

single R-parity violating coupling, at least to leading order. This is often

presented in parallel with the situation among the Yukawa couplings where

the top Yukawa coupling is clearly leading. But if this argument has any

truth in it, any theory of fermion masses should account for the relative

size of R-parity violating couplings as well. In this paper, we will assume

the existence of an abelian family symmetry which explains the observed

hierarchies and mixings in the quark and charged lepton sectors and discuss

its consequences for the R-parity violating couplings [1, 2, 3, 4, 5].

It is well-known that the simultaneous presence among R-parity violat-

ing couplings of unsuppressed couplings violating lepton number as well as

baryon number leads to dangerously fast proton decay. We will in most of

what follows assume the existence of a discrete symmetry such as a bary-

onic parity which ensures baryon number conservation: the only allowed

couplings violate lepton number. We will however relax in the end this as-

sumption and show that family symmetries may yield a natural suppression

mechanism for such couplings.

In the general approach using an abelian family symmetry to constrain

the order of magnitude of Yukawa couplings [6], one describes the breaking

of the family symmetry by the small parameter � �< � > =MF where �

is a �eld of family charge normalized to �1 and MF a typical avor sym-

metry scale. For example denoting by �i the family charge of the super-

�eld �̂i, the coupling �̂i�̂j�̂k is not allowed by the family symmetry if

xijk � �i + �j + �k 6= 0, but �̂i�̂j�̂k�xijk is. Thus, once the family symme-

try is spontaneously broken by < � > 6= 0, the superpotential may include

W 3 �ijk�̂
i�̂j�̂k; (1)

with

�ijk � ��i+�j+�k : (2)

This sort of naive power counting is actually not exact if, for some rea-

son, the low energy �elds, which we will denote by �i do not coincide with

the �elds �̂i of de�nite family charges �i. There is a possible enhancement

of the low energy couplings with respect to the naive estimate (2). A stan-

dard example occurs precisely in the case of R-parity breaking: the weak

doublets of hypercharge �1 and given family charge may not coincide with

the Higgs doublet Hd and the lepton doublets Li of the Standard Model. If

they do not correspond exactly, the rotation to the low energy states {which
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are not eigenstates of the family symmetry{ may yield a di�erent order of

magnitude for the low energy couplings (2) in the case where the �eld redef-

inition is nonholomorphic. We will illustrate this enhancement mechanism

precisely on the R-parity violating couplings and show that it is accompa-

nied with an alignment of these couplings along the direction of diagonal

Yukawa couplings.

To be more precise, let us �rst write the superpotential in terms of the

�elds which have de�nite charges under the abelian family symmetry: be-

sides the standard low energy quark and lepton super�elds Qk, Uk, Dk and

Ek, the Higgs doublet Hu and the Standard Model singlets �Nk of respec-

tive family charges qk; uk; dk; ek; hu; nk (k = 1; 2; 3), we introduce four left-

handed doublets L̂� of hypercharge �1 and family charge l� (� = 1; 2; 3; 4).

The superpotential reads:

W = ��L̂
�Hu +Mij

�N i �N j

+�E��kL̂
�L̂�Ek + �D�jkL̂

�QjDk + �N�kL̂
�Hu

�Nk + �UikQ
iHuU

k

+�00ijkU
iDjDk (3)

with �E��k = ��E��k and �00ijk = ��00ikj.

The standard Higgs super�eld Hd of hypercharge �1 is de�ned as the

combination of L̂� along which U(1)Y is broken.

More precisely, introducing v� �< L̂�0 >,

Hd �
1

vd

X
�

v�L̂
� (4)

where vd � (
P

� v�v
�)1=2.

The other interesting direction is along � = [��] (if it is not completely

aligned with v = [v�], as is generally the case). De�ning therefore w = [w�]

as the normed vector orthogonal to v in the (v, � ) plane, one introduces

the lepton super�eld:

L3 �
X
�

w�L̂
�: (5)

As we will see the corresponding neutrino acquires a mass through the L̂�Hu

terms in (3).

We can then write

L̂� =
Hd

vd
v� + L3w� + L�

?
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=
Hd

vd
v� + e�iL

i: (6)

where L�
?
=
P

a=1;2 e
�
aL

a is orthogonal to v and w and e�3 = w�.

We also introduce the angle � between w and v, i.e.

�� = � cos �
v�

vd
+ � sin �w�; (7)

where � � (
P

� ���
�)1=2.

The superpotential in (3) now reads:

W = � cos �HdHu + � sin �L3Hu +Mij
�N i �N j

+�EikL
iHdE

k + �DikQ
iHdD

k + �NikL
iHu

�Nk + �UikQ
iHuU

k

+�ijkL
iLjEk + �0ijkL

iQjDk + �Nk HdHu
�Nk + �00ijkU

iDjDk; (8)

where

�Eik � 2�E��ke
�
i
v�

vd
; �Dik � ��D�ik

v�

vd
;

�Nk � �N�k
v�

vd
; �ijk � �E��ke

�
ie
�
j ;

�0ijk � �D�jke
�
i ; �

N
ik � �N�ke

�
i : (9)

An obvious remark at this point, which will prove to be useful in what fol-

lows, is that the baryon number violating couplings �00ijk are not touched

by the �eld rede�nition and therefore stay independent of the Yukawa cou-

plings. For the time being, we will set them to zero by imposing for example

a baryonic parity 3 .

In the new basis (Hd; L
i), the two neutrinos corresponding to La; a = 1; 2

decouple from the other states and we are left with a �ve-by-�ve neutralino-

neutrino mass matrix which reads in the (~; ~Z; ~H0
u;

~H0
d ; L

0
3) basis:

M� =

0
BBBBB@

M1c
2
w +M2s

2
w (M2 �M1)swcw 0 0 0

(M2 �M1)swcw M1s
2
w +M2c

2
w mZ sin� �mZ cos � 0

0 mZ sin� 0 �� cos � �� sin �

0 �mZ cos � �� cos � 0 0

0 0 �� sin � 0 0

1
CCCCCA

(10)

3A simple way to obtain a baryonic parity is by the spontaneous breaking U(1)! ZN ,

which arises if the �eld � which breaks U(1) has a charge N normalized to the smallest

charge of the theory [7].
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where cw � cos �w, sw = sin �w and tan� � vu=vd.

The non-zero eigenvalue corresponding to the neutrino reads [8]

m�3 = m0 tan
2 �; (11)

with

m0 =
m2
Z cos

2 �(M1c
2
w +M2s

2
w)� cos �

M1M2� cos � �m2
Z sin 2�(M1c2w +M2s2w)

; (12)

where M1 and M2 are the usual U(1)Y and SU(2)L gaugino soft masses.

As is well-known [9, 10], such a neutrino mass is compatible with the

experimental limits only if the angle � is small, that is in case of approximate

alignment between v and �. We will consider this situation in what follows.

The family symmetry gives the order of magnitude of the couplings (3),

in the basis of family symmetry eigenstates. If we assume that the quadratic

terms are not present in the original superpotential and are produced from

the K�ahler potential through the Giudice-Masiero mechanism [11], then

�� � ~m�
~l� (13)

where
~l� � jl� + huj; (14)

~m is a typical supersymmetry breaking mass scale and � measures the break-

ing of the family symmetry (as usual we take it to be the sine of the Cabibbo

angle). Let us denote by ~l0 � hd the smallest of the ~l� and assume that

0 � ~l0 < ~li (i = 1; 2; 3). Then obviously

�i=�0 � �
~li�~l0 : (15)

The components of v depend on � as well as on the soft terms in the

scalar potential,

Vsoft = (B�)�L̂
�Hu +m2

HH
+
u Hu +m2

��L̂
�+L̂� + � � � (16)

where the order of magnitude of the parameters are as follows 4,

(B�)� � �
~l� m2

H � ~m2 m2
�� � �jl��l� j ~m2: (17)

4A more detailed determination of the soft parameters in theories with abelian family

symmetries and Giudice-Masiero mechanism is given in [12].
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Since ~l0 < ~li, the scalar potential can be minimized in some obvious approx-

imations and the � dependence of the v components can be easily obtained,

v0=vu � �
~l0 vi=v0 � �

~li�~l0 : (18)

Thus, within our assumptions,

vd � v0 � � �0

L̂0 � Hd L̂i � Li (19)

and tan � = (vu=vd) � ��
~l0 :

From (15) and (18), the alignement between v and � is controled by the

powers (~li � ~l0), so that

e�i � �j
~l��~lij: (20)

Since sin2 � can be written as

sin2 � =

P
�;�(��v� � ��v�)

2

2�2v2d
(21)

one easily obtains that

sin2 � � �2(
~l3�~l0); (22)

where ~l3 is de�ned by 0 � ~l0 < ~l3 � ~la (a = 1; 2). One thus checks that the

vector w� de�ned in (7) is of order �j
~l��~l3j in agreement with w� = e�3.

Let us consider the consequences of this mixing for the R-parity violating

interactions. The superpotential (3) is de�ned in terms of the family sym-

metry eigenstates. Its invariance under this symmetry implies that the cou-

plings are proportional to powers of � as given by (2) if charge �i+�j+�k � 0,

while its analiticity implies that they vanish if the total charge is negative.

From this and the � dependence of the mixings in (20), one derives relations

between the R-parity violating couplings and the Yukawa couplings as de-

�ned by (9). In the case where li < l0, the former come out larger than the

latter in contradiction with experimental limits. It is possible to escape this

conclusion by assuming su�ciently negative li charges, so that the couplings

�Eijk, �
D
ijk, �

N
ik in (3) vanish by analyticity5. Then, in all cases,

�ijk � �
~li�~l0�Ejk ;

�0ijk � �
~li�~l0�Djk ; (23)

�Nij � �
~li�~l0�Nj :

5If the gauge singlets Ni are included in the theory, this assumption is needed in order

to avoid large neutrino masses from the seesaw mechanism (cf. below).
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Notice that by the naive power counting the � factor in (23) would be

�li�l0 . Therefore, according to the values of the charges l�, we distinguish

four di�erent patterns in the relations (23), as follows.

(I) li + hu > l0 + hu � 0:

In this case, all couplings in (3) are non-vanishing (unless there are zeroes in

the corresponding fermion mass matrices) and, in the combinations given by

the r.h.s.'s in (9), all terms such that l� � li; are comparable in magnitude.

Then the naive power counting is preserved and the relations (23) are veri�ed

for any values of the indices, but the matrices �0i (�i) do not commute

with the Yukawa �E (resp. �D) matrix. Hence the R-parity violations are

avour changing in this case. These non-diagonal lepton number violations

are required to be extremely small by FCNC processes, in particular by the

limits on �K and �mK
6. However, in models which account for realistic

fermion mass hierarchies, it is su�cient to require li� l0 � 3 in order to ful�l

these constraints. This suppresses as well quark avour conserving R-parity

violations.

(II) l0 + hu � 0 < li + hu
This pattern of charges gives rise to an enhancement of avour conserving7

lepton number violation. Indeed, the naive power of � would be di�erent

from that in (23) since, in this case, ~li � ~l0 = (li � l0) � 2~l0: The R-parity

violating couplings are larger by a factor ��2~l0 : Furthermore, only the same

terms with � = 0 (or � = 0) in (9) contribute to this enhanced couplings as

well as to the corresponding Yukawa matrices. For example,

�Djk � �D0jk ; �
0

ijk � �D0jk�
~li�~l0 � ��2~l0�li+qj+dk (24)

and similarly for �Ejk and �ijk (�Nk and �Nik). Hence, the matrices of the

couplings of the H0 and all the Li's are approximately proportional, i.e.,

aligned in the avour space. The leading R-parity violations are predicted

to be diagonal in the quark avours. This can also be seen as a suppression of

the avour changing lepton number violations, which obey the naive power

counting, and a more comfortable ful�lment of the experimental constraints

6For a review on these limits see, e.g., [13]
7Notice that the alignment discussed here means that, for the mass eigenstates, the

�0

ijk matrix elements in (23) are non-vanishing for j = k, and that the six non-vanishing

antisymmetric purely leptonic couplings �ijk have j = k or i = k. For simplicity, we also

refer to the latter as avour conserving lepton number violation.
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from FCNC processes. In this case, the avour diagonal couplings �0i and �i

might be larger by a factor ��2~l0 as compared to case (I). This would result

in a factor of O(103) for the corresponding widths and cross-sections since,

as already discussed, ~l0 = 1 for intermediate values of tan�.

(III) li + hu < l0 + hu � 0

As explained above, in this case the charges li have to be su�ciently negative,

so that the non-vanishing couplings in the right-hand side of (9) have � = 0

or � = 0. One recovers the alignment in avour space as in (24). The

lepton number violating trilinear couplings are all driven by the mixing (6)

induced by the misalignment between v and � so that they are fully aligned

to the Hd couplings. The power of � in (23) is the opposite of the naive

counting one and the R-parity violations can be suppressed by the choice of

the charge di�erences, li � l0; and are not constrained by K �K mixing.

(IV) li + hu < 0 � l0 + hu
If the charges li are not negative enough to imply vanishing couplings by

analyticity, the lepton number violating couplings obey the naive power

counting while the Higgs couplings would get an enhancement factor of ��2~l0 .

There is no alignment and the R-parity violating couplings still supersede the

Higgs couplings by a factor �
~li�~l0 in spite of their enhancement. In order to

satisfy the phenomenological constraints, the li's have to be more negative,

and the pattern of lepton number violating couplings will be similar to case

(III) above, with alignment given in (24) and the failure of naive power

counting.

Therefore, in models with abelian charge assignments that satisfy the

experimental requirements, the lepton number violating couplings obey the

naive power counting in case (I), but not in the other three cases, where

they are aligned to the fermion mass matrices in avour space. Moreover, in

case (II) this property is due to an enhancement of avour diagonal R-parity

violation!

An important consequence of lepton number violation is the generation

of neutrino masses. At the tree-level, one neutrino gets a mass as given by

(11) and (12). If the gauge singlets Ni are not introduced in the theory, the

other two neutrino states get their masses and mixings at the one loop level.

This has been recently discussed [4] in detail for case (I), but the other cases

are quite similar (with the assumption made in case (III)). For completeness,

we just present the general expression for the neutrino mass matrix, which
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takes into account the loop contributions as well as the seesaw masses. It

can be written as follows:

(m�)ij = �
~li+~lj�2~l0(m0�i3�j3 +mloop +mseesaw): (25)

where mloop is a scale de�ned by the loop contributions [9, 14], which are

dominated by the b~b one, so that [4],

mloop �
1 keV

cos2 �

�
500 GeV

~m

�
; (26)

where ~m is the squark mass. The seesaw contribution corresponds to the

scale,

mseesaw � (1 eV)�2(l0+hu)
 
1013 GeV

MR

!
; (27)

where we have introduced the large scaleMR such that the Ni mass matrix in

the superpotential (3) is of the form Mij � �ni+njMR: For MR > 1010GeV,

the loop contribution dominates over the seesaw mechanism. For the sake

of comparison, we approximate (12) by

m0 � (100 GeV) cos2 �

�
500 GeV

~m

�
; (28)

and we recall that cos � � �
~l0 : In order to satisfy the cosmological limits

on the �� mass, we must require ~l3 � 7: We refer to [4] for a detailed

phenomenological discussion of these predictions, which extend to the three

cases above as already remarked.

It is worth noticing that the powers of � in the neutrino mass matrix

(25) are the same that appear in the relation between lepton number violat-

ing couplings and the Yukawa couplings in (23), providing relations for the

magnitudes of these physical quantities. For example

m�3 � m0(
�03jk

�Djk
)2 : (29)

We now come back to the problem of baryon number violation in this

class of models. We already noticed that there is a qualitative di�erence

between the couplings �
00

and �; �0. The latter, even if for some symmetry

reason they are absent from the superpotential, can be generated for lep-

tons and down quarks through the Higgs-lepton mixing that we discussed

8



previously. On the contrary, if a symmetry reason forbids the former (�
00

)

couplings in the superpotential and allow them in the K�ahler potential, they

will only appear after supersymmetry breaking through the Giudice-Masiero

mechanism [11]. More precisely, if ui + dj + dk < 0 for all i; j; k = 1; 2; 3,

then at high energy we have terms in the K�ahler potential of the type
1

MP
���(ui+dj+dk)U iDjDk. Then we get contributions in the low-energy ef-

fective superpotential

W �
~m

MP
�jui+dj+dkjU iDjDk ; (30)

where MP is the Planck mass. We therefore �nd suppressed couplings, of

order 10�17 to 10�19 depending on the speci�c model, for moderate negative

quark charges. Combining these values with the corresponding ones for �0 as

discussed previously, we �nd that the proton decay can be suppressed down

to acceptable values which could be tested in the forthcoming years. Of

course, not all the couplings (30) are equally dangerous and this discussion

can be re�ned in a speci�c model.

Because of the usual quark Yukawa couplings, this mechanism generally

asks for large positive qi charges and is constrained by the U(1) anomaly

cancellation conditions. We have searched for explicit solutions in models

based on a family U(1) symmetry [15], [16], [18] with anomaly cancellation �a

la Green-Schwarz [17]. By imposing anomaly conditions and using explicit

models [18] , we found that the mechanism can be implemented in cases

(III) and (IV) with the standard particle content. We give as an illustration

one model with the following charge assignements:

q1 = 6 ; q2 = 5 ; q3 = 3 ; u1 = 7 ; u2 = 4 ; u3 = 2 ;

d1 = �7 ; d2 = �8 ; d3 = �8 ; l1 = �8 ; l2 = �8 ; l3 = �8 : (31)

In this example, the relevant couplings mediating proton decay satisfy �0�00 �

10�16�16 � 10�26 for � ' 0:22, which shows the high degree of suppression

which can be obtained if such couplings are obtained through the Giudice-

Masiero mechanism. We emphasize that if we relax the anomaly cancella-

tion conditions (by allowing the presence of exotic particles in the spectrum)

models can be proposed with more moderate values of the charges and e�-

cient suppression of proton decay.
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