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The color-triplet partner of the Higgs doublet, called a T -particle, is a universal feature of Grand
Unification. It has been shown some time ago that this particle can be accessible for direct produc-
tion in collider experiments. In this paper we point out that the T -particle represents a simultaneous
low-energy probe of baryon number violation as well as of the origin of the neutrino mass, linking
the mediation of proton decay with oscillations of the neutron into a sterile neutrino. We point out
a triple correlation between its collider signatures, proton decay measurements and the searches for
the magnetic resonance disappearance of free neutrons in cold neutron experiments. In this way,
the T -particle can provide a diversity of correlated experimental windows into Grand Unification.

I. INTRODUCTION

The goal of the present paper is to show that a light
color-triplet partner of the Higgs doublet, predicted in
[1, 2], can serve as a low energy window to Grand Unifi-
cation via correlated signatures in different categories of
experiment.

Grand Unified Theories (GUTs) provide a symmetry-
based framework for the idea of the unification of forces.
The minimal structure is provided by the SU(5) model
of Georgi and Glashow [3] which embeds the GSM =
SU(3)c × SU(2)w × U(1)Y symmetry of the Standard
Model (SM) in its compact covering group SU(5). This
gauge symmetry is Higgsed (“broken”) down to the SM
group at the GUT scale, MG. The precise value of this
scale depends on the low-energy particle content of the
theory as well as on the threshold corrections from the
physics at the scale MG. Already in the minimal case,
the running of the coupling constants shows that the
GUT scale is typically very high, MG ∼ 1015−16GeV
[4]. This is also in accordance with the phenomeno-
logical bounds on proton decay mediated by the X and
Y gauge bosons corresponding to the broken generators
from SU(5)/GSM .

The universal feature of Grand Unification is the pres-
ence of the color-triplet partner of the SM Higgs dou-
blet, H. We shall denote this particle by T . Due to the
GUT symmetry, the T -particle is forced to participate in
the SU(5)-invariant Yukawa couplings with quarks and
leptons along with H. Correspondingly, in the limit of
an unbroken SU(5)-symmetry, it mediates processes that
violate baryon and lepton numbers. A particularly im-
portant process is proton decay which is subject to very
stringent experimental bounds, with a lifetime longer
than ∼ 1034yr.
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In order to accommodate such bounds, ordinarily, the
T -particle is assumed to have a mass ∼ MG. This goes
in contrast with the mass of its Higgs partner which is
around ∼ 100 GeV. This mass difference is traditionally
referred to as the “doublet-triplet splitting” problem.
However, this is only a naturalness issue, rather than a

consistency one: since the GUT symmetry is broken, the
mass splitting can be easily arranged via fine-tuning. The
extensions of the theory can allow for more natural solu-
tions either based on symmetry (e.g., within the context
of supersymmetric extensions of GUTs) or a cosmological
relaxation of the Higgs mass [5]. In this work, we shall
not enter into the naturalness issues of the mass-splitting
scenarios which generate a large mass for the T -particle.
From an observational point of view, a universal draw-

back of such scenarios is that they eliminate any chance of
direct detection of the T -particle in collider experiments.
However, an alternative realization of the theory exists in
which such detection is possible. The idea, originally pro-
posed in [1, 2], is that, instead of the masses, the splitting
can take place among the Yukawa couplings of H and T
particles. As shown in this work, the breaking of GUT
symmetry allows for a very strong relative suppression
of the Yukawa couplings of the T -boson with ordinary
quarks and leptons. This eliminates the necessity of a
large mass splitting, thereby liberating the T -boson to
be nearly degenerate with the SM Higgs.
As a result, in this scenario the T -boson emerges as a

light particle, with mass mT ∼ TeV, but with suppressed
baryon and lepton number violating couplings. This al-
lows for the T -particle to be potentially accessible at col-
liders, without conflicting with other phenomenological
bounds.
This setup opens up the possibility of a direct detection

of GUT’s most universal feature in particle collisions as
well as the correlation of its collider signatures with other
observations.
In the present paper, we point out some new implica-

tions for baryon and lepton number violating processes
involving the neutrino sector. In particular, we point out
a triple correlation between the signatures in the follow-

ar
X

iv
:2

41
1.

14
05

1v
1 

 [
he

p-
ph

] 
 2

1 
N

ov
 2

02
4

https://orcid.org/0009-0005-0920-379X
mailto:gdvali@mpp.mpg.de
mailto:otari.sakhelashvili@sydney.edu.au
mailto:anjast@mpp.mpg.de


2

ing three classes of experiments: 1) a direct production
of the T -particle at high energy accelerators; 2) the pro-
cesses mediated by the T -boson in proton decay measure-
ments; and 3) the resonant transitions of a free neutron
into the sterile neutrino, induced by the T -particle, po-
tentially accessible in experiments with cold neutrons.

Before proceeding, we would like to refer to two parallel
complementary papers exploring implications of the T -
particle for flavor physics [6] and for cosmology [7]. We
would also like to point to various other implications of
the T -particle with split couplings [1, 2, 8–17].

II. THE SETUP

For simplicity, we shall work in SU(5) theory with min-
imal field content and a single generation of fermions. In
SU(5) the SM fermions are arranged in a 5̄-dimensional
and a 10-dimensional representation in the following way:

5̄F =
(
dcr dcg dcb e− −ν

)
(1)

and

10F =
1√
2


0 uc

b −uc
g −ur −dr

−uc
b 0 uc

r −ug −dg
uc
g −uc

r 0 −ub −db
ur ug ub 0 e+

dr dg db −e+ 0

 . (2)

Here, the superscript c stands for denoting anti-particles,
and r, g, b are the three colors of QCD. All fermions are
written in the left-handed basis.

In addition, for generating the mass of the neutrino we
introduce an SU(5)-singlet fermion νc, also written in
the left-handed basis. In the left-right basis, this would
play the role of a right-handed (sterile) partner of the
active left-handed neutrino ν.
The SM Higgs is embedded in a fundamental represen-

tation

5H =


Tr

Tg

Tb

H+

H0

 , (3)

where the SM Higgs doublet H sits in the lower two com-
ponents and a new triplet T in the upper three.

As usual, the breaking of the SU(5)-symmetry down
to the SM group is achieved by a Higgs scalar in the
adjoint representation which we denote by 24H . This
field acquires a vacuum expectation value (VEV)

⟨24H⟩ ∝ MG diag
(
1, 1, 1,−3

2
,−3

2

)
. (4)

This VEV reduces the symmetry of the vacuum to GSM .
The second stage of the symmetry-breaking is achieved
by the VEV of the Higgs doublet ⟨H0⟩ = v, living in the
5H -plet, ⟨5H⟩ =

(
0 0 0 0 v

)
.

This field generates masses of fermions via the SU(5)-
invariant Yukawa couplings. The minimal set of renor-
malizable couplings that can provide masses to all the
fermions, including neutrinos, is given by the following
structure:

Lfermi = Yd 5
∗
H10F 5̄F + Yu 10F 10F 5H +

+Yν 5H 5̄F ν
c +mRν

cνc , (5)

where Yd, Yu, Yν are the Yukawa couplings. The structure
of SU(5) and Lorentz indices is obvious and is not shown
explicitly. The first row is responsible for the masses of
the charged fermions, whereas the second row generates
the mass of the neutrino. Depending on the values of mR

and Yν , the mass of ν can be either Dirac or Majorana
type. In particular, for mR ≫ Yνv, the Majorana mass
of the active neutrino, mν ∼ (Yνv)

2/mR, is generated via
the Seesaw mechanism.
Decomposing the above operators in terms of SM par-

ticles, we immediately discover that the couplings of T
and H are related. In such a case, the mass of T must be
very large in order not to conflict with the experimental
bounds on baryon and lepton number violating processes.
This is the logic behind the standard assumption of the
doublet-triplet mass splitting.
However, notice that the masses of ordinary fermions

generated from the above Yukawa couplings are not phe-
nomenologically viable. In particular, there is a wrong
prediction of equal masses for down quarks and elec-
trons [18]. This rules out the simplest theory.
To obtain viable masses, one necessarily needs to go be-

yond the minimal structure by adding higher-dimensional
operators [18]. These operators must involve the 24H -
Higgs. This is necessary for communicating the mes-
sage about the breaking of the SU(5)-symmetry to the
Yukawa sector. In a similar spirit, the effective non-
renormalizable operators can affect the unification of the
gauge couplings [19] (for a recent analysis in this direc-
tion, see [20]).

Now, the idea of [1] is that the high-dimensional op-
erators with 24H necessarily undo the SU(5)-relations
among the couplings of H and T . As a result, in the low
energy theory these couplings appear as independent pa-
rameters. In particular, the couplings of the color-triplet
T with the fermions can be arbitrarily suppressed. This
liberates the mass of the T -particle, allowing it to be
within the range of direct experimental accessibility at
colliders.

For example, to the lowest order in 24H , there exist
the following operators that correct the structure of the
Yukawa couplings,

L5-dim ⊃ g1
Λ
5∗H10F 24H 5̄F +

g2
Λ
5∗H24H10F 5̄F+

+
g3
Λ
10F 10F 24H5H +

g4
Λ
24H10F 10F 5H+

+
g5
Λ
5H24H 5̄F ν

c ,

(6)

where Λ is a cutoff scale and the gi-s (i = 1, 2, ...5) are
numerical coefficients. It is clear that upon inserting the
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VEV of the 24H (4) in the above operators, we get the
effective low energy theory in which the SU(5) relations
among the Yukawa couplings are completely shattered.

For example, already the addition of the g2-operator
splits the SU(5) invariant coupling 5∗H10F 5̄F between T

and H as Yd+g2
MG

Λ and Yd−g2
3MG

2Λ respectively. Other
couplings undergo similar splittings. This shows that the
effective coupling of the T -particle can suppress proton
decay to the observable level while accommodating the
required Yukawa couplings of the Higgs.

In general, one has to include all possible higher-order
operators. Their precise structure depends on the cutoff
Λ and the specifics of the fundamental theory operating
above it. However, there are some general consistency
arguments indicating that the cutoff cannot be arbitrarily
far from MG.
In particular, in any theory propagating N particle

species, gravity imposes a universal non-perturbative up-
per bound on the cutoff scale given by Λ < MP /

√
N ,

where MP is the Planck mass [21, 22]1. Notice that al-
ready within the SM, N ∼ 100, and in GUTs it is nat-
urally even higher. This brings the upper bound on Λ
at least an order of magnitude below the Planck scale.
This fact is important as it tells us that, already from
pure gravity, the corrections to the low-energy couplings
cannot be ignored.

In practice, Λ can be even lower than the species scale
and not far from the GUT scale. In particular, the oper-
ators of the type (6) can be obtained from renormalizable
interactions after integrating out multiplets with masses
around MG. The explicit realizations of such scenarios
can be found in [1, 2]. However, specifying the struc-
ture of the high-energy theory is beyond the scope of
the present paper. Instead, we shall treat the Yukawa
couplings of the T -particle as free parameters of the low
energy theory, and study certain interesting ranges of the
parameter space.

With all generality, we parameterize the interactions of
the T -particle and the ordinary Higgs doublet, H, with
the SM fermions by the following effective Lagrangian:

L ⊃ gTud T
∗ ucdc + gTQL T ∗ QL +

+gTue T ucec + gTQQ T QQ + gTdν T dcνc+

+Y ′
d H∗ Qdc + Y ′

e H∗ Lec + Y ′
u H Quc +

+Y ′
ν H Lνc.

(7)

In the limit of an exact SU(5)-symmetry, we would have
gTud = gTQL = Y ′

d = Y ′
e , gTue = gTQQ = Y ′

u and gTdν =
Y ′
ν . However, through high-dimensional operators of the

type (6), the VEV of 24H splits them arbitrarily.

1 This bound originates from the consistency of black hole physics
and is fully non-perturbative in nature. It is therefore exact
and cannot be removed by any resummation of the series. The
perturbative arguments supporting it can also be given (e.g., see
[23, 24]).

The couplings of the doublet are fixed by the Higgs
VEV (v) and the masses of corresponding fermions in
the usual way: Y ′

d = md/v, Y
′
e = me/v, Y

′
u = mu/v.

The analogous relation for the neutrino coupling/mass
depends on the value of mR and will be discussed below.
The couplings of the triplet shall be constrained by

various processes with baryon and lepton number viola-
tion.

III. T -PHENOMENOLOGY

A. Proton and Neutron decays

The exchange of the T -particle can mediate baryon and
lepton number violating processes. Let us first consider
the processes of baryon (proton or neutron) decay. Such
decays require an exchange that on one hand converts
a quark into a quark and on the other hand a quark
into a lepton. Correspondingly, the amplitudes of such
processes are governed by the different cross products
of the couplings of the type T -quark-quark (gTud, gTQQ)
and T -quark-lepton (gTue, gTQL, gTdν).
For a clearer visualization, it is useful to write down the

set of corresponding baryon and lepton number violating
effective four-fermion operators obtained by the tree-level
exchanges of the T -particle,

Leff ⊃ gTQQgTue

m2
T

QQuc∗ec∗ +
gTudgTue

m2
T

ucdcucec +

+
gTudgTdν

m2
T

ucdcdcνc +
gTQQgTQL

m2
T

QQQL +

+
gTudgTQL

m2
T

ucdc Q∗L∗ +
gTQQgTdν

m2
T

QQdc∗νc∗ ,

(8)

where mT is the mass of the T -particle and the star
stands for conjugation. These operators can mediate pro-
ton and neutron decay in various channels. For example,
consider a proton decay via the channel p → e+π0. A
representative exchange diagram is given in Figure 1.
Taking the mass of the triplet around its current col-

lider bound, mT ∼ TeV, the experimental bound on the
proton lifetime, τp > 1034yr [25], implies the following
constraint on the cross products of T -quark-quark and
T -quark-lepton couplings,

(T− quark− quark) · (T− quark− lepton) < 10−26 ,
(9)

where the product runs over (gTud · gTue), (gTQQ ·
gTQL), (gTud · gTQL), (gTQQ · gTue).

2

Other processes of the proton decay into a charged
lepton, such as p → e+γ, give weaker bounds.

2 We note that throughout the paper the displayed bounds on the
parameters of the theory must be understood as order of magni-
tude wise relations with numerical factors not shown explicitly.



4

u

d

u

e

u

u

T

u

u

d

u

d

ν

T

1

FIG. 1: An example of a proton decay process mediated
via the T -particle.

Likewise, the above operators generate the process of
neutron decay into a charged lepton n → e+π−. These
are within experimental bounds provided the couplings
satisfy the proton decay constraints (9).

We now turn to the processes that involve the neu-
trino sector. For this let us first identify the neutrino
mass eigenstates. The neutrino mass originates from the
following Yukawa coupling with H,

Y ′
ν H Lνc + mRν

cνc . (10)

For a non-zero Majorana mass, mR, the νc entering this
coupling is not a mass eigenstate. Instead, it is a super-
position of the mass eigenstates νc′ and ν′ of the sterile
and active neutrino flavors. For mR ≫ Y ′

νv, the mixing
angle can be approximated as ϑ ≃ Y ′

νv/mR and can be

expressed via mass eigenvalues as ϑ ≃
√

mν/mR, where
mν ≃ (Y ′

νv)
2/mR is the mass of the active SM neutrino.

The interaction and mass eigenstates are therefore re-
lated as

νc ≃ νc′ +

√
mν

mR
ν′ , ν ≃ ν′ −

√
mν

mR
νc′ . (11)

Next let us turn to the couplings of the T -particle that
can mediate proton decay with a neutrino in the final
state:

gTQQ T QQ + gTQL T ∗ QL +

+gTud T
∗ ucdc + gTdν T dcνc.

(12)

The corresponding four-fermion operators obtained by
T -exchange come from the second and third rows of (8).
For clarity, we shall present them here explicitly in terms
of their neutrino entries,

gTudgTdν

m2
T

ucdcdcνc +
gTQQgTQL

m2
T

uddν +

+
gTudgTQL

m2
T

ucdc d∗ν∗ +
gTQQgTdν

m2
T

uddc∗νc∗ .
(13)

The participation of the neutrino mass eigenstates in
these couplings goes via the substitutions according to
the equation (11).

For mR > mp, the sterile neutrino participates in the
proton decay only as a virtual state. We shall focus on

u

d

u

e

u

u

T

u

u

d

u

d

ν

T

1

(a) via gTQL

uc

uc

dc

uc

dc

ν

T

νc

1

(b) via gTdν

FIG. 2: Examples of diagrams responsible for proton
decay into a pion and an active neutrino via different

couplings.

such a case. The couplings in (12) and the corresponding
effective operators (13) lead to the processes of proton
decay in the channel p → π+ν′.
Some examples of representative diagrams are given

in Figure 2a and Figure 2b. The effective operators in
(13) involving the coupling gTQL lead to the following
lifetimes of the proton,

τ ′p ∼ C
m4

T

m5
p

, (14)

where the parameter C is set by the coefficient of the
corresponding operator as C = (gTQQ gTQL)

−2 or C =
(gTud gTQL)

−2. Analogously, the operators involving
gTdν give the lifetimes,

τp ∼ C
mR

mν

m4
T

m5
p

, (15)

with C = (gTQQ gTdν)
−2 or C = (gTud gTdν)

−2.
Here we distinguish the would-be lifetimes by a prime

in order to differentiate between the processes involving
the couplings gTQL and gTdν . Obviously, to have a neu-
trino in the final state, one of these couplings is neces-
sary. The processes that go through gTdν exhibit an extra
enhancement of the proton lifetime by a factor mR/mν

which comes from the mixing angle in (11).
The experimental bound on the proton lifetime in the

decay channel p → π+ν′, τp > 1032yr [26], translates into
the following bounds on the coefficients in (14) and (15)
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respectively,

C > 1050 and C
mR

mν
> 1050 . (16)

Notice that if we assume the SU(5)-relation, gTdν =
Y ′
ν , in the expression (15) the coupling and mR can be

traded for the known parameters of the SM such as the
Higgs VEV, v, and the neutrino mass mν . This gives

τp ∼ (Cg2Tdν)

(
v

mν

)2
m4

T

m5
p

. (17)

Taking mν ∼ 10−2eV, the experimental bound τp >
1032yr [26] implies

gTud , gTQQ < 10−12 . (18)

The above constraints also satisfy the bounds on neutron
decay.

The Majorana mass of νc can also lead to a process
of double proton decay pp → π+π+ (see Figure 3).
However, the experimental bound on this process is
1031yr [27], which puts weaker bounds on our parame-
ters as compared to the bounds discussed above.

u

u

d

u

dc

ν

T

νc

u

d

u

dc

νcR

u

T

p

p

π+

π+

νc

uL

dR

dL

νcR

γ

T

1

FIG. 3: Double proton decay

B. Neutron oscillations into the sterile neutrino

We now wish to point out that the light T -particle
can induce the interesting process of neutron oscillations
into the sterile neutrino. This is possible if mR is close
to the mass of the neutron mn. The triplet exchange
generates a mixing mass term between n and νc′, which
we shall denote by mnνc . This mixing term induces the
oscillations of a free neutron into the sterile neutrino with
the period τnνc = m−1

nνc . The remarkable thing is that
the transition process is correlated with the process of
proton decay in the channel p → π+ν′, essentially with
no free parameters involved.

Indeed, all processes leading to this decay have coun-
terparts that generate the mixing term mnνc . For exam-
ple, a pair of corresponding representative diagrams is
depicted in Figure 4.

The induced oscillation periods are in one-to-one corre-
spondence with the expressions for the proton lifetimes.
The difference is that the processes that go through the

uc

dc

dc

νc
T

u

d

d

νc
T

ν

1

(a) via gTdν

uc

dc

dc

νc
T

u

d

d

νc
T

ν

1

(b) via gTQL

FIG. 4: Examples of diagrams mixing neutron with
sterile neutrino via different couplings.

coupling gTQL exhibit a relative enhancement by a fac-

tor
√

mR

mν
in neutron oscillation period versus the proton

lifetime, as compared to the processes that go via gTdν .
To be more explicit, for processes mediated via gTQL,

we have the following relation between the two time-
scales,

τnνc ≃

√
τ ′p
mν

, (19)

whereas for the processes mediated via gTdν , the analo-
gous relation is

τnνc ≃ m−1
n

√
τpmν . (20)

In both expressions we took mR = mn = mp. It is clear
that for τ ′p and τp at the current experimental bound on
the proton lifetime, the expression (20) gives a shorter
oscillation time. Taking τp ∼ 1032yr [26], we get for
the oscillation period of a free neutron into the sterile
neutrino τnνc ∼ 102 − 103s.
This time-scale is within the range of interest for the

experiments that measure the disappearance of cold neu-
trons into hidden species [28, 29]. Both experiments are
set up for testing the transition of a neutron into a nearly
degenerate fermion. Therefore, they are ready-made for
probing the proposed transition of the neutron into the
sterile neutrino. These experiments place the ultracold
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neutrons in a magnetic field B which changes the en-
ergy of the neutron proportional to its magnetic moment
µn, ∆E = µnB. When the energies of the neutron and
the partner particle are nearly degenerate, a resonance
increase in the neutron disappearance probability takes
place. Ban et al. [29] performed a scanning of the mag-
netic field in steps of ∆B = 3µT within the range of
50 − 1100µT. Correspondingly, they were able to put a
bound on the neutron disappearance time τnn′ > 1s for
a mass splitting 2 − 69peV. In the present context this
bound translates as the corresponding constraint on τnνc

for the “resonant” regime mn +∆E ≃ mR.

If the splitting between mn and mR is significant, the
transitions of the free neutron into νc are suppressed.
However, for certain values mn > mR, the mass mR can
come in resonance with some energy levels En of a bound
neutron inside the nucleus. In this case, the bounds on
the couplings of T become more stringent in order to ac-
commodate the neutron disappearance bounds from the
nuclei, which gives the time-scale > 1030yr [30, 31].

Notice that for having a resonant transition, it is suf-
ficient that the difference between mR and the neutron
energy level En is within the binding energy of the neu-
tron ∆En ≡ mn − En which is ∆En ∼ MeV. The rea-
son is that in such a case the neutron can transition
into a sterile neutrino with a momentum p such that
En =

√
m2

R + |p|2. This is because, for |p| <
√
∆EnmR

the momentum can be absorbed by the recoil of the nu-
cleus.

Since the would-be oscillation period is much longer
than the nuclear de-excitation time as well as the escape
time of νc, the inverse transition is not possible. Corre-
spondingly, the outcome of the process will be a transi-
tion of the “host” atom into an isotope with fewer neu-
trons. This transition will be accompanied by the emis-
sion of photons of nuclear energy. The non-observation
of this effect puts the bound on the disappearance time
∼ 1030yr [30, 31].

Notice that once the resonant n − νc transition for a
nuclear neutron satisfies this bound, the corresponding
two-body decays of the neutron and the proton, such as
p → π+ν and n → π0ν, are well below the experimental
limits.

To summarize, for various resonant values of mR with
neutron energy levels, the T -particle can mediate tran-
sitions between the neutron and νc for a free as well as
for a bound neutron. This provides a new set of low en-
ergy probes of Grand Unification linked with the neutrino
mass. In principle, the resonant values can be scanned
by the external magnetic field. One can say that in this
setup the neutron energy levels provide a spectroscopy of
the sterile neutrino.

Of course, in this setup we treat the mass of the ster-
ile neutrino as a parameter of the effective theory and
derive its observable consequences. The exciting feature
is that it gives a chance to probe GUT physics in low
energy measurements with some spectacular signatures
and correlate it with other observations.

C. Neutron-anti-neutron transitions

Since in the above parameter space νc is a Majo-
rana fermion, its mixing with the neutron automati-
cally induces a mixing between the neutron and the anti-
neutron, see Figure 5. The corresponding transition time
for a free neutron is

τnn̄ ∼ τ2nνcmn ∼ 1030s , (21)

which is very far from the latest experimental limits,
τnn̄ > 0.86× 108s [32].
For a neutron that is in a bound state inside a nucleus,

taking into account the additional suppression due to a
level splitting between n and n̄, this gives a transition

time τ
(nucl)
nn̄ ∼ 1075yr which by many orders of magnitude

exceeds the current experimental bound τ
(nucl)
nn̄ ∼ 3.6 ×

1032yr [33].
Thus, for the “resonant” regime mn ≃ mR, the domi-

nant process allowed by the proton stability constraint is
the oscillation between a neutron and a sterile neutrino 3.
In general, in this regime the n− n̄ oscillation period τnn̄
is additionally enhanced by the factor τnνcmn relative to
τnνc . This is because the n − n̄ transition has to go via
an intermediate νc state.

uc

dc

dc

uc

dc

dc

T νc νc T

1

FIG. 5: An example of a diagram generating the
neutron-antineutron transition.

D. Correlations with T -production at LHC

The T -particle can be pair-produced at the LHC in
the collision of ordinary hadrons. Early discussions of
its production mechanisms and collider signatures were
given in [1, 2, 10, 15, 35, 36]. More recent studies of
bounds on new colored particles in the light of LHC data
[37–42] set the lower bound on the mass of the T -particle
around TeV.

3 The correlation with proton decay is an important constraint on
n − n̄ versus n − νc transitions exhibited by the present GUT
framework. This goes in sharp difference with alternative exten-
sions of the SM such as the n − n̄ oscillations via mirror copies
of the neutron [34] where such correlations are absent.
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For this mass, the correlations between various baryon
number violating processes were discussed above. These
processes constrain the lifetime of T , which is important
for its LHC phenomenology.

For example, assuming that the dominant couplings
are given by the second row of (12), the T -triplet can
decay either into an up and a down quark or into a down
quark and a sterile neutrino. The dominance of the chan-
nel depends on the relative strength of the couplings,
gTud versus gTdν . In the simplest case, in which the cou-
plings of the doublet and triplet to the sterile neutrino
are given by the SU(5)-relation, we can estimate,

gTdν ∼
√
mνmR

v
∼ 10−8. (22)

The T -quark-quark coupling is then constrained by the
proton decay as,

gTud < 10−12 . (23)

The corresponding lifetime of the T -particle is

τT ∼ 10−11s ∼ 1mm . (24)

Since this time-scale is much longer than the QCD length,
the T -triplet will have plenty of time to hadronize and
to form a color-singlet state. In particular, it can form
a “T -baryon” state with two fermions of the same color
(Tqq, T ∗qcqc), or a “T -meson” state with a fermion of an
anti-color (Tqc, T ∗q). Notice that, since the T -particle is
a scalar, with such a definition, the T -baryon is a boson,
whereas T -meson is a fermion.

Assuming that upon its production the T -particle is
moderately relativistic, the hadronized T -particle will de-
cay via a displaced vertex. Depending on the precise val-
ues of the parameters, the decay can take place within the
detector. For example, for a T -meson the decay products
can be an ordinary QCD meson and a sterile neutrino,
e.g.,

(Tdc) → π0 + νc . (25)

Analogously, for a T -baryon the decay can take place into
an ordinary baryon and a sterile neutrino, e.g.,

(T ∗ucdc) → n̄+ νc . (26)

Of course, for more suppressed values of its couplings,
the decay can take place outside of the detector, in which
case the T -hadron will appear as a stable particle. The
various parameter regimes require more precision stud-
ies. However, the general message is that for the light
GUT color-triplet scenario [1, 2], the searches for pro-
ton decay on one hand, and the cold neutron oscilla-
tions/disappearance experiments on the other hand be-
come correlated with each other as well as with the pro-
duction of a long-lived T -hadron states in colliders (see
Figure 6).

T-boson

LHC

Proton decay
experiments

Cold neutron
experiments

FIG. 6: A schematic representation of correlations
between various experimental searches.

IV. CONCLUSION

The color-triplet partner of the Higgs doublet is a
model-independent property of any GUT. Therefore, an
experimental detection of the T -boson would be direct
evidence of Grand Unification.
As originally pointed out in [1, 2], the T -particle can

be part of the low energy spectrum of the theory with
the mass potentially accessible at collider experiments,
such as LHC. The reason is that already the lowest or-
der operators involving the VEV of 24H are capable of
suppressing the baryon and lepton number violating cou-
plings of the T -boson to the levels compatible with the
current experimental bounds.
This opens up an avenue for simultaneous searches of

the signatures of the T -particle at high energy colliders as
well as in the experiments looking for baryon and lepton
number violating low energy processes.
In particular, in the present paper we have pointed out

the potential correlations among the searches at three
very different sets of experiments. The first one comes
from the link between proton decay and the oscillations
of a cold neutron into a sterile neutrino. Namely, the cur-
rent bounds on the proton lifetime put the T -mediated
neutron-to-sterile neutrino oscillation processes within
the ballpark of sensitivity of cold neutron experiments
[28, 29].
In general, due to its vanishing SM gauge charges, the

neutron represents an interesting probe of feebly-coupled
new physics. The early examples of such effects include
the neutron transitions into its hidden copies [43–45]. It
was shown recently [46] that within the framework of
large extra dimensions [47], the “disappearance” or oscil-
lations of a cold neutron into the extra dimensions is a
rather generic phenomenon. Moreover, this effect can be
linked with the extra-dimensional origin of the neutrino
mass [48, 49].
The analysis of the present work shows that a sim-

ilar phenomenon can take place in GUTs. Moreover,
here too the cold neutron transition is linked with the
origin of the neutrino mass. Namely, via T -exchange a
neutron can oscillate into a sterile neutrino which gen-
erates the Majorana mass for the SM neutrino. Thus,
the GUT framework with a light T -particle can correlate
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the T -mediated proton and neutron decay processes with
the oscillations of cold neutrons into the sterile neutrino
species. In this way, the cold neutron experiments can
potentially turn out to be simultaneous probes of Grand
Unification and of the neutrino mass.

In addition, the parameter space predicting the signa-
tures for both the above types of measurements, at the
same time, is linked with the direct production of the
T -particle at the LHC. Thus, the T -boson, which repre-
sents an intrinsic part of any GUT, can manifest itself
in the correlated signatures in three different types of
experiments.

Although we have illustrated the effect within the
minimal SU(5) with a single generation of fermions, it
is straightforward to see that it persists in the general-
izations to higher GUTs such as SO(10) or SU(6), as
well as, in their supersymmetric extensions which have
been formulated previously [1, 2, 8, 16, 17]. Moreover,
the inclusion of couplings of the T -particle with heavier
generations of fermions provides additional baryon decay
channels and correlated transitions of the neutron into
the corresponding flavors of the sterile neutrinos.
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