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We propose a novel supersymmetric unified scenario of the triplet seesaw mechanism where the
exchange of the heavy triplets generates both neutrino masses and soft supersymmetry breaking terms.
Our framework is very predictive since it relates neutrino mass parameters, lepton-flavor-violation in the
slepton sector, sparticle and Higgs spectra, and electroweak symmetry breakdown. The phenomenological
viability and experimental signatures in lepton flavor-violating processes are discussed.
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Modern particle physics has been confronting the intri-
guing issue of neutrino mass generation and its phenome-
nological implications. The seesaw mechanism provides a
natural explanation for the generation of neutrino masses
and their suppression with respect to the other fermion
masses of the standard model (SM). In its most popular
versions, the seesaw mechanism is realized either by ex-
changing singlet fermions N [1], or a SU(2)y, scalar triplet
T with nonzero hypercharge [2], at a high scale M;. An
attractive feature of the supersymmetric version of the
above scenarios is that lepton flavor-violating (LFV) pro-
cesses (otherwise unobservable) can be enhanced through
one-loop exchange of lepton superpartners if their masses
do not conserve flavor. Regarding this aspect, most of the
literature has been focusing on the most conservative sce-
nario of universal sfermion masses at high energy, as in
minimal supergravity or gauge-mediated supersymmetry
(SUSY) breaking models. In such cases, flavor nonconser-
vation in the sfermion masses arises from renormalization
group (RG) effects due to flavor-violating Yukawa cou-
plings [3—5]. We recall that in the triplet seesaw the flavor
structure of the slepton mass matrix m% after RG running
can be univocally determined in terms of the low-energy
neutrino parameters [5]. This is in contrast with the singlet
seesaw where the structure of m% cannot be unambigu-
ously related to the neutrino parameters.

In this Letter we present a novel SUSY scenario of the
triplet seesaw mechanism in which the soft SUS Y-breaking
(SSB) parameters in the minimal supersymmetric exten-
sion of the SM (MSSM) are generated at the decoupling of
the heavy triplets and the mass scale of such SSB terms is
fixed only by the triplet SSB bilinear term By. This sce-
nario is highly predictive since it relates neutrino masses,
LFV in the sfermion sector, sparticle and Higgs spectra,
and electroweak symmetry breaking (EWSB).

The supersymmetric version of the triplet seesaw re-
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grand unified theory (GUT) [5] where the triplet states fit
into the 15 representation 15 = S + T + Z transforming as
S~ (6,1, —%), T~(1,31),Z~(@32, é) under SU(3) X
SUQ2)w X U(1)y (the 15 decomposition is obvious). The
SUSY-breaking mechanism is parametrized by a gauge
singlet chiral supermultiplet X, whose scalar Sy and aux-
iliary Fy components are assumed to acquire a vacuum
expectation value through some unspecified dynamics in
the secluded sector. It is suggestive to assume that the
SU(5) model conserves the combination B — L of baryon
and lepton number. As a result, the relevant superpotential
reads

1 o - .
WSU(S) = \/_E(YISS 155 + )\SHIS SH) + Y555H10

+ Y010 105, + Ms5,5, + éX1515, (1)

where the matter multiplets are understood as 5 = (d¢, L),
10 = (u¢, e, Q) and the Higgs doublets fit with their col-
ored partners, ¢, 7 like 55 = (t, H,), 5y = (7, H;). The B —
L quantum numbers are a combination of the hypercharges
and the following charges: Qg =1, Q5 = —2, Q5 =
_%, QgH = %, Q15 = g, QB :% and QX = —2. The
form of W (s) implies that the 15, 15 states play the role
of messengers of both B — L and SUSY breaking to the
visible (MSSM) sector thanks to the coupling with X.
Namely, while (Sy) only breaks B — L, (Fy) breaks both
SUSY and B — L. These effects are parametrized by the
superpotential mass term M;s1515, where M5 = &(Sy),
and the bilinear SSB term —BM,51515, with BM s =
—&(Fx). Once SU(5) is broken to the SM group we find
[5], below the GUT scale M,

W=W0+WT+WS,Z
WO = YeeCHlL + YddCHlQ + YMMCQHz + /.LH2H1
1

quires introducing the triplets as supermultiplets 7, T in Wr = \/E(YTLTL + AH,TH,) + M;TT

a vectorlike SU(2)y X U(1)y representation, T ~ (3, 1), )

T'~ (3, —'1). .In order to preserve successful gauge cou- W, = —=YsdSd° + Y,d°ZL + M,ZZ + MSS.  (2)
pling unification, we embed our framework in a SU(5) V2
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Here, W, denotes the MSSM superpotential, W, contains
the triplet Yukawa and mass terms, and Wy ; includes the
couplings and masses of the colored fragments S, Z. As in
[5], we have relaxed the strict SU(5) symmetry relations
for the Yukawa interactions and mass terms by allowing
SU(5) breaking effects, induced, for example, by adjoint
24-insertions, such as Y5 = Ygo) + Ygl) 24/A + ... with a
cutoff scale A > M. These insertions are necessary to
correct the relation Y, = Y/ and to solve the doublet-
triplet splitting problem. For the sake of simplicity, we
take My = Mg = Mz and Y, Y, < Y at M (possibly
due to 24-insertions), which does not alter the major point
of our discussion. The SU(5) scenario with Yg =Y, =
Y, implies correlations between LFV and quark flavor
violation; this case has been considered in detail in [6].
In Eq. (2), Wy is responsible for the realization of the
seesaw mechanism. Actually, at the scale M the triplets
act as tree-level messengers of lepton number and flavor
violation [7] via the symmetric Yukawa matrix Y7, gen-
erating the d =5 effective operator AY,(LH,)?/My.
Subsequently, at the electroweak scale the Majorana neu-
trino mass matrix is obtained

m = NH,)?YY /My, Lj=e uT (3)

In the basis where Y, is diagonal, it is apparent that all LFV
is encoded in Y7. Namely, the nine independent parame-
ters contained in m, are directly linked to the neutrino
parameters according to m, = U*m2U?T, where m? =
diag(m|, m,, ms) are the mass eigenvalues, and U is the
leptonic mixing matrix.

Regarding the SSB term one has, in the broken phase:
—ByM(TT + SS + ZZ) + H.c., where By = B,s. These
terms lift the tree-level mass degeneracy in the MSSM
supermultiplets. Indeed, at the scale My, all the states 7,
T, T, S, S, and Z, Z are messengers of SUSY breaking
to the MSSM sector via gauge interactions, as it happens in
conventional gauge-mediation scenarios [8]. However, in
our framework, the states 7, T also transmit SUSY break-
ing via Yukawa interactions. Finite contributions for the
trilinear couplings of the superpartners with the Higgs
doublets, A,, A,, A, the gaugino masses M,(a=1,2,3),
and the Higgs bilinear term —ByuH,H; emerge at the
one-loop level:

3B 3B
Ao=LYYY,, A, =LY\
167 167 @
_ By 3B;
A, =0, M Z By = AR,
d a 167 5 8a H ]67T2| |

(g, are the gauge couplings). As for the SSB squared scalar
masses, the leading O(F%/M?%) = O(B%) contributions do
not emerge at one-loop level [9], but instead at two-loop
[10]:
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2 4 4 _ 2 2 t
m; = 16727 |:1—Og1 + 7g2 <?gl + 21g2>YTYT
+3YIYTYEY, + 18(Y]Y,)?
+ 3Tr(Y}YT)Y}YT}
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+9|A2Tr(Y, Y) + 21|)\|4} (5)

The results (4) and (5) can be obtained either by diagram-
matic computations or from generalization of the wave
function renormalization method proposed in [11].
Notice that the generation of all gaugino masses requires
a complete 15 representation. More specifically, M, M,
and M3 arise from the exchange of (7, S, Z), (T, Z), and (S,
Z), respectively. Equations (4) and (5) hold at the decou-
pling scale M7 and therefore are meant as boundary con-
ditions for the SSB parameters which then undergo
(MSSM) RG running to the low-energy scale wgysy-

Observe that the Yukawas Y induce LFV to A,, to m%

and to a much less extent in m2. This makes the present
scenario different from pure gauge-mediated models [8]
where flavor violation is naturally suppressed (for other
examples of Yukawa mediated SUSY breaking, see, e.g,
[9,12]). We suppose that possible gravity mediated contri-
butions ~F/M,, (where F? = (|Fx|?*) + ... is the sum of
F terms in the secluded sector) are negligible. This is the
case if My < 10'® GeV&(Fy)/F. Furthermore, it is nec-
essary that &(Fy) < M% (or By < M7y) to avoid tachyonic
scalar messengers.

It is worth stressing that here the LFV entries (m%) i (i #
J)show up as finite radiative contributions induced by By at
M7, and they are not essentially modified by the (MSSM)
RG evolution to low-energy. This is different from a pre-
vious work [5] where a common SSB scalar mass mg ~
O(100 GeV) was assumed at M and the dominant LFV

contributions to m% were generated by RG evolution from

M down to the decoupling scale M. In such a case, finite
contributions like those in Egs. (4) and (5), also emerge at
My, but they are subleading with respect to the RG cor-
rections, since By is of the same order as m. Instead, in the
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present picture, there is a hierarchy between the SSB
parameter By and the remaining ones [see Egs. (4) and
(5)1, B7 > (Brg*/1672)* ~ m}. However, in both scenar-
ios the flavor structure of mlz: is proportional to Y;YT and
can be written by using Eq. (3) in terms of the neutrino
parameters (the terms & ng}YT are generically the lead-
ing ones):

My

(m3),; > (Y} ¥r);; ~ <)‘<T2>2

2
Jmdru'. ©
Consequently, the relative size of LFV in the different

leptonic families can be univocally predicted as

(m%)r,u, ~

(m3),,,

(m3)re

(m3),,,

P3523C23

$12€12€23

823

~40, -1 ()

€23

where p = (m3/m,)?, 6, and 6, are lepton mixing angles
and 63 = 0 is taken (here ¢;; = cos6;;,...). A hierarch-
ical neutrino mass spectrum is considered and the best-fit
values for the parameters are used [13]. Taking the present
upper limit on sinf;; = 0.2, the above ratios become 3 and
0.8, respectively, while varying the other neutrino parame-
ters within their experimental range affects these ratios by
less than 10% (see also [6]). The above relations imply that
also the branching ratios (BR) of LFV processes such as
l; — Lj7y can be predicted

BR(7 — uy)

BR(r—ey)
BR(u — evy)

= T 10 L
BR(u — ey)

~ 300, (®)
Other LFV processes and related correlations [14] have
been considered in [6]. (Connections between neutrino
parameters and other observables can arise also in different
scenarios, see, e.g., [15]). Without loss of generality, we
take By to be real since its phase has not physical effect.
However, a different approach was considered in [16]
where a complex B7 could generate sizable electric dipole
moments for quarks and leptons since there was a relative
phase between A, ;, and M, shown in Eq. (4). Moreover,
By could play arole in generating the baryon asymmetry of
the Universe within resonant leptogenesis [17].

We shall now discuss the phenomenological viability
taking M > 107 GeV so that the gauge couplings remain
perturbative up to M. Our approach follows a bottom-up
perspective where, for a given ratio My /A and tan, Yy is
determined at M7 according to Eq. (3) using the low-

=

014 10‘4

energy neutrino parameters. The Yukawa matrices Y, , 4
are determined by the related charged fermion masses,
modulo tanf3. Although the p-parameter is not predicted
by the underlying theory, it is nevertheless determined with
tanB by correct EWSB conditions. Therefore, we end up
with only three free parameters, By, My, and A. In Fig. 1
we show the (A, M7) parameter space allowed by the
perturbativity and EWSB requirements, the experimental
lower bound on the lightest Higgs mass [18] m;, and the
upper bound on BR(u — ey), for By = 20(50) TeV in the
left (right) panel. First notice the light-gray regions ex-
cluded by the perturbativity requirement which are inde-
pendent of By. For each value of My there is a minimum
value of A, which scales as ~2 X 10~4(M;/10'" GeV),
below which the couplings Y; reach the Landau pole
below M. Similarly, there is a maximum value of A
beyond which A itself blows up below M. The
EWSB constraint excludes a region for A ~1—1.2
and M; = 10'? GeV (independently of Br), which is
limited by the least achievable value of tang, tanf8 ~ 2.5.
As for the u-parameter (dashed lines), it slightly in-
creases with increasing My due to the large RG factor
which affects m?, (usysy) in the minimization condition,

w*(ususy) = —mi, (ususy), covering the range u ~
450-550 (1000-1200) GeV for By = 20(50) TeV. We ob-
serve that A < 0.6(0.7) for By = 20(50) TeV is required
by the constraint m; > 110 GeV. The related contour lies
on the correspondent minimum value of tan8 ~ 5(3.5) for
By = 20(50) TeV. When By = 50 TeV, the sparticle
spectrum is heavier. Hence the radiative corrections

~ log(#8%Y) to my, are larger and in the tree-level contri-
m,

bution ~M | cos2 8| smaller tan3 can be tolerated.

The present bound on BR(u — e7y) provides a lower
bound on A for each value of M. This stems from the fact
that the LFV entries (m?);; scale as (M7/A)* [Eq. (5)].
Consequently, the allowed A-range is wider for lower
values of M7 and, comparing the two panels, the whole
parameter space is larger for By = 50 TeV. In the allowed
regions, the lightest MSSM sparticle is typically a charged
slepton with mass around 100-200(300-450) GeV for
By = 20(50) TeV, although for small tanB there could
be a mass degeneracy with the lightest neutralino.
However, either the lightest slepton or neutralino would
decay into the gravitino which is most likely the lightest

>
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FIG. 1 (color online). The parameter
space constrained by the perturbativity
requirement (light-gray), correct EWSB
from the one-loop corrected Higgs po-
tential, lower bound on m,, and the upper
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FIG. 2 (color online). Branching ratios of the lepton radiative
decays. The horizontal lines indicate the present bound on each
BR [21].

supersymmetric particle in our framework. Finally, we
have checked that values of By < 10 TeV are phenomeno-
logically unacceptable. In Fig. 2 we display the branching
ratios BR(/; — [;¥) as a function of A for By = 20 TeV
and M; = 103(10°) GeV in the left (right) panel. The
behavior of these branching ratios is in remarkable agree-
ment with the estimates of Eq. (8). Hence, the relative size
of LFV does not depend on the detail of the model, i.e., on
A, By, or M7. This feature is not present for a very narrow
range of A where BR(7 — wvy) is strongly suppressed due
to a conspiracy of the various contributions in (m%)f "

which mutually cancel out [see Eq. (5)].

Before concluding, we briefly mention that the tree-
level exchange of the 7, T states also generates the
L-violating SSB operator AY;Br(LH,)?*/My which in-
duces a sneutrino/antisneutrino mass splitting Am3; =
Brm,, at the weak scale. Since By is much larger than
the weak scale, this could render interesting effects for
sneutrino oscillations [20].

In conclusion, we have suggested a unified picture of the
supersymmetric type-II seesaw where the triplets, besides
being responsible for neutrino mass generation, communi-
cate SUSY breaking to the observable sector through
gauge and Yukawa interactions. We have performed a
phenomenological analysis of the allowed parameter space
emphasizing the role of LFV processes in testing our
framework.
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