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Unparticle induced baryon number violating nucleon decays
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Abstract

We study baryon number violating nucleon decays induced by unparticle interactions with the standard model particles. We find that the
lowest dimension operators which cause nucleon decays can arise at dimension 6 + (ds − 3/2) with the unparticles being a spinor of dimension
ds = dU + 1/2. For scalar and vector unparticles of dimension dU , the lowest order operators arise at 6+dU and 7 +dU dimensions, respectively.
Comparing the spinor unparticle induced n → Os

U and experimental bound on invisible decay of a neutron from KamLAND, we find that the

scale for unparticle physics is required to be larger than 1010 GeV for dU < 2 if the couplings are set to be of order one. For scalar and vector
unparticles, the dominant baryon number violating decay modes are n → ν̄ + OU (O

μ

U ) and p → e+ + OU (O
μ

U ). The same experimental bound

puts the scales for scalar and vector unparticle to be larger than 107 and 105 GeV for dU < 2 with couplings set to be of order one. Data on
p → e+ invisible puts similar constraints on unparticle interactions.
© 2008 Published by Elsevier B.V.
One of the outstanding problems of modern particle physics
it whether proton is stable or not. If proton decays, baryon num-
ber is violated. Baryon number violation is one of the necessary
conditions to explain why our universe at present is dominated
by matter if initially there are equal amount of matter and anti-
matter as shown by Sakharov [1]. It also provides a test for
grand unified theories. Experimentally, no proton decay has
been detected setting a lower bound of 1033 years [2] for proton
lifetime. The Standard Model (SM) Lagrangian does not allow
baryon number violating renormalizable interactions and there-
fore forbids proton or more generally baryon number violating
nucleon decays. Although non-perturbative effects can induce
baryon number violation in the SM, it is too small for any ex-
perimental observation. In grand unification theories, such as
SU(5) theory, baryon number can be violated and proton can
decay by exchanging heavy particles. The long lifetime bound
on proton pushes the scale of the heavy particle mass to the
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unification scale and rules out some grand unification models.
If non-renormalizable terms are allowed in the Lagrangian, it is
possible to have baryon number violation in the SM. The low-
est dimension operators of this kind have dimension six. When
going beyond the SM, it is also possible to have renormaliz-
able baryon number violating interactions at low energy, such
as in R-parity violating supersymmetric theories. It is of inter-
est to determine the constraints on the interaction strengths of
these operators. Such studies can provide information about the
scale where the new physics effects become important. Much
work has been done along this line. In this work we study pos-
sible effect of unparticle physics on baryon number violating
nucleon decays.

The concept of unparticle [3] stems from the observation
that certain high energy theory with a nontrivial infrared fixed-
point at some scale ΛU may develop a scale-invariant degree of
freedom below the scale. The unparticle kinematics is mainly
determined by its scaling dimension dU under scale transfor-
mations. The unparticle must interact with particles, however
feebly, to be physically relevant; and the interaction can be well
described in effective field theory. At low energy the interaction
of an unparticle OU with an operator composed of SM parti-
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cles OSM of dimension dSM can be parameterized in the form
λΛ

4−dSM−dU
U OSMOU . There has been a burst of activities on

unparticle studies [4–13] since the seminal work of Georgi [3].
An unparticle looks like a non-integral dU dimension invis-

ible particle. Depending on the nature of the original operator
inducing the unparticle and the mechanism of transmutation,
the resulting unparticles may have different Lorentz structures,
such as scalar (OU ), spinor (Os

U ) and vector (Oμ
U ) unparticles.

We use dU to indicate the dimensions of OU and O
μ

U , and
ds = dU + 1/2 to indicate the dimension of Os

U . When taking
the limit that dU = 1, the operators go to the limit of ordinary
scalar, vector and spinor fields. There are many unknowns when
writing down the effective interaction with unparticles even if
one assumes that it is a SM singlet with known spin struc-
ture [6]. Most of the phenomenological studies then focused
on constraining unparticle interactions with the SM particles
using various processes. In our study of unparticle interaction
induced baryon number violating nucleon decays we will also
use the effective field theory approach. We first identify all pos-
sible low dimension operators relevant and then constrain the
couplings.

In the SM, operators which can induce baryon number vio-
lating nucleon decays can only be generated at dimension six
or higher. With unparticles, the lowest dimension operators can
arise at 6 + (ds − 3/2) with the unparticles being a spinor. For
scalar and vector unparticles, the lowest order operators arise at
6+dU and 7+dU dimensions, respectively. We find that the re-
cent result on invisible decay of a neutron from KamLAND [14]
can put very stringent bounds on the relevant coupling. A reli-
able bound on proton decay into a positron and missing energy
can also put stringent constraints. We now proceed with details.

Let us begin by listing the dimension six operators which
violate baryon number in the SM,

ODUQ = D̄c
RURL̄c

LQL = D̄c
αRUβRL̄c

iLQγjLεαβγ εij ,

OQQU = Q̄c
LQLĒc

RUR = Q̄c
αiLQβjLĒc

RUγRεαβγ εij ,

O1
QQQ = (

Q̄c
LQL

)1(
L̄c

LQL

)1

= Q̄αiLQβjLL̄c
kLQγ lLεαβγ εij εkl,

O3
QQQ = (

Q̄c
LQL

)3(
L̄c

LQL

)3

= Q̄αiLQβjLL̄c
kLQγ lLεαβγ (�τε)ij (�τε)kl,

ODUU = D̄c
RURĒc

RUR = D̄c
αRUβRĒc

RUγRεαβγ ,

OUUD = Ū c
RURĒc

RDR = Ū c
αR

UβRĒc
RDγRεαβγ ,

OQQD = Q̄c
LQLν̄c

RDR = Q̄c
αiLQβjLν̄c

RDγRεαβγ εij ,

ODDU = D̄c
RDRν̄c

RUR = D̄c
αRDβRν̄c

RUγRεαβγ ,

(1)OUDD = Ū c
RDRν̄c

RDR = Ū c
αRDβRν̄c

RDγRεαβγ .

In the above the quantum numbers of the quark and lepton fields
under the SM SU(3)C × SU(2)L (numbers in the first bracket)
and U(1)Y (numbers in the second bracket) gauge groups
are: QL: (3,2)(1/3), UR : (3,1)(4/3), DR : (3,1)(−2/3), LL:
(1,2)(−1), ER : (1,1)(−2) and νR : (1,1)(0); α, β and γ are
SU(3)C indices; i, j , k and l are SU(2)L indices; Field f c in-
dicates the charge conjugated field of f ; εij and εαβγ are the
totally anti-symmetric SU(2)L and SU(3)C tensors; and O1
QQQ

and O3
QQQ indicate the spiner bi-product forming SU(2)L sin-

glets and triplets, respectively. We have omitted quark and lep-
ton generation indices. One can also insert σμν in the spiner
bi-products in the above equation to get another set of opera-
tors. The first six operators have been discussed a long time ago
in Ref. [15]. Here we have also included operators involving
right-handed neutrinos νR which may be needed for neutrino
mass in the Standard Model which resulting in the additional
three operators. Each operator is associated with a coupling
strength λi/Λ

2. Here Λ is the scale where the baryon number
violation is generated due to new physics effects. With a given
Λ, λi indicates the relative strength of each operator. The low-
est dimension operators which violate baryon number can be
constructed involve spinor unparticles. They are given by

Os
QQD = Q̄c

LQLŌs
UDR,

Os
UUD = Ū c

RURŌs
UDR,

(2)Os
DUU = D̄c

RURŌs
UUR.

Each operator is associated with a coupling λs
i /Λ

dU+1/2
U . These

operators look similar to the one with the spinor unparticle re-
placed by a right-handed singlet neutrino in form. However,
there is a crucial difference that with unparticle, one can talk
about a baryon decay into an unparticle, but not decay into an-
other particle. We will come back to this later.

For scalar unparticles, in order to have baryon number vi-
olation, one has to go to at least dimension 6 + dU . The low-
est dimension ones can be obtained by attaching a scalar un-
particle OU to the operators in Eq. (1), such as O

U(1,3)
QQQ =

(Q̄c
LQL)1,3(L̄c

LQL)1,3OU , with λi/Λ
2 replaced by λUi /Λ

dU+2
U .

For vector unparticles, one has to go to even higher order,
at least 7 + dU . The lowest dimension ones can be obtained
by attaching the unparticle to the operators in Eq. (1) and in-
serting O

μ

U , derivative ∂μ and the covariant derivative Dμ in
between the bi-spinors in Eq. (1) at appropriate places, for ex-
ample Q̄c

LQLL̄c
LσμνQL∂μOν

U . The associated coupling should

then be replaced by λ
μ
i /Λ

dU+3
U .

The above operators can induce baryon number violating
nucleon decays. Upper bound on relevant decay modes can
be used to put constraints on the corresponding parameters.
Since the unparticle behaves like an invisible object which car-
ries away energy and escape detection, the signature is missing
energy, the invisible part of the decay. We now study the con-
straints on the couplings of the above mentioned operators.

The baryon number violating operators with a spinor unpar-
ticle will induce n → Os

U decay. The experimental signature is
total invisible decay of a neutron. For this decay there is a strong
recent bound from KamLAND [14] with τ(n → invisible) >

5.8 × 1030 years. Using this bound we can put a very stringent
bound on the couplings. Let us take the operator Q̄c

LQLŌsDR

to show details.
The matrix element for this decay is given by

(3)M(n → U) = 2
λQQD

Λ
dU+1/2
U

αŌsRn,
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Fig. 1. Constraints on log10 λi as functions of dU for ΛU = 10 TeV and
|α| = |β| = 0.01 GeV3. The curves from bottom up are the upper bounds for
λs
QQD

, λU
QQQ

and λμ from the processes n → +Os
U , n → ν̄ + OU , and

n → ν̄ + O
μ
U , respectively.

where the parameter α is defined by αRn = −〈0|(ūc
βLdγ )×

Rdαεαβγ |n〉. Here R(L) = (1 + (−)γ5)/2.
Several other related matrix elements will be used later. We

summarize the definitions here. They are αLn = 〈0|(ūc
βRdγ )×

Ldαεαβγ |n〉, βLn = 〈0|(ūc
βLdγ )Ldαεαβγ |n〉 and βRn =

−〈0|(ūc
βRdγ )Rdαεαβγ |n〉. The absolute values of α and β are

almost equal to each other. These matrix elements have been
calculated on the lattice recently. Calculations in Ref. [16] give
α = −0.0118(21) GeV3 and β = 0.0118(21) GeV3, and cal-
culations in Ref. [17] give |α| = 0.0090(+5 − 19) GeV3 and
|β| = 0.0096(09)(+6 − 20) GeV3. In our later discussions we
will use 0.01 GeV3 for both |α| and |β|.

In calculating decay width, one should be careful with the
phase space of a unparticle which is dramatically different than
that for a particle. For a usual massless particle, the phase
space is given by 2πθ(p0)δ(p2)d4p/(2π)4, but for a unpar-
ticle it is replaced by [3] AdU θ(p0)θ(p2)ad4p/(2π)4. Here
Adu = (16π5/2/(2π)2dU )Γ (dU + 1/2)/(Γ (dU − 1)Γ (2dU )).
For scalar and vector unparticles, a = (p2)dU−2, and for spinor
unparticle [5], a = γμpμ(p2)ds−5/2 with ds = dU + 1/2.

Due to the unique phase structure of unparticles, a particle of
any mass can decay into an unparticle. For n → Os

U , we obtain

(4)Γ
(
n → Os

U
) = 4AdU

∣∣λs
QQD

∣∣2 |α|2
m5

n

(
mn

ΛU

)2dU+2

.

Here we have used parity conserving spin-sum of spinor unpar-
ticle field [5], γμpμAdU θ(p0)θ(p2)(p2)dU−2d4p/(2π)4.

We comment that in the limit of dU equal to 1, the above
decay width becomes zero since AU has a factor 1/Γ (dU − 1)

which goes to zero when dU → 1. Physically this is because
that in this limit AdU θ(p2)/p2(2−dU ) → 2πδ(p2) and the un-
particle behaves as a massless particle. When p2 = m2

n, the
delta function forces the width to be zero.

Saturating the experimental bound on n → invisible by the
above decay, one can constrain the unparticle interactions. In
Fig. 1, we show constraint on λs

QQD as a function of dU for
fixed ΛU = 10 TeV. We see that the constraint is very stringent.
If ΛU is set to be larger, the coupling becomes larger. In Fig. 2,
Fig. 2. Constraints on log10(ΛU /GeV) as functions of dU with λi fixed to
be one and |α| = |β| = 0.01 GeV3. The curves from top down are the lower
bounds for log10(ΛU /GeV), from the processes n → Os

U , n → ν̄ + OU , and

n → ν̄ + O
μ
U , respectively.

we show the bound on the scalar ΛU with λi = 1. Setting λQQD

to be of order 1, the unparticle scale ΛU would be required to be
larger than 1010 GeV (for dU = 1.5, Λs

U is around 1012 GeV).
Replacing 2λs

QQD by λs
UDD and λs

DDU in Eq. (4), one ob-

tains the decay widths induced by the operators Ū c
RDRŌsDR

and D̄c
RDRŌsUR .

The operators in Eq. (1) can induce p → e+ + π0, ν̄ + π+
and n → e+ +π−, ν̄ +π0 decays which have been studied. The
couplings are stringently constrained. When attaching an scalar
unparticle OU to the operators in Eq. (1), one would naturally
consider p → e++π0 +OU , ν̄+π++OU and n → e++π−+
OU , ν̄ + π0 + OU decay modes to constrain the interactions.
We find, however, that there are simpler decay modes such as
p → e+ +OU , and n → ν̄ +OU which can be used to constrain
the interactions. Let us take (Q̄c

LQL)1(L̄c
LQL)1OU to show the

details. We have the effective Lagrangian for these decays

L(p → e+ + OU ) = 2
λUQQQ

Λ
dU+2
U

βēc
LpOU ,

(5)L(n → ν̄ + OU ) = −2
λUQQQ

Λ
dU+2
U

βν̄c
LnOU .

When neutrino and electron masses are neglected, the formulas
for the decay width for p → e+ + OU and n → ν̄ + OU are the
same. We have

(6)Γ = AdU

|λUQQQ|2
16π2

|β|2
mNΛ4

U

(
mN

ΛU

)2dU
B(3, dU − 1),

where mN = mp and MN = mn for proton and neutron decays.
B(a,b) is the standard β-function.

The experimental bound on n → invisible from KamLAND
can be used to constrain n → ν̄ +OU since neutrino is not mea-
sured. We show the constraint on the parameter λUQQQ in Fig. 1.
It can be seen that the constraint is also very strong although
weaker than that for λs

QQD . Setting λUQQQ to be one, with

dU = 1.5, the scale ΛU is required to be larger than 108 GeV.
More details are shown in Fig. 2.



262 X.-G. He, S. Pakvasa / Physics Letters B 662 (2008) 259–263
The experimental signature for the decay mode p → e+ +
OU is p → e+ + invisible. If one takes the bound τ > 6 × 1029

years for p → e+ + anything from PDG [2,18] and saturate it
with p → e+ + OU , one would obtain similar constraints as
that from n → ν̄ + OU . The other operators will induce similar
decays, and the constraints are also similar.

Finally let us discuss vector unparticle induced baryon num-
ber violating decays. There are many operators at dimension
7 + dU which can induce such decays. For illustration we pro-
vide details for the operator (Q̄c

LQL)1(L̄c
LσμνQL)1∂μOν

U . This
operator will induce p → e+ + O

μ

U , and n → ν̄ + O
μ

U . The ef-
fective Lagrangian for these decays are given by

L(p → e+ + OU ) = 2
λ

μ
QQQ

Λ
dU+3
U

βēc
Lσμνp∂μOν

U ,

(7)L(n → ν̄ + OU ) = −2
λ

μ
QQQ

Λ
dU+3
U

βν̄c
Lσμνn∂μOν

U .

Neglecting neutrino and electron masses, we obtain the decay
rates for these decays

(8)

Γ = AdU

|λμ
QQQ|2
32π2

|β|2
Λ6
U

mN

(
mN

ΛU

)2dU 6dU + 9

dU + 2
B(3, d − 1).

Again using n → invisible data, one can constrain the cou-
plings. We show the results in Fig. 1. From the figure it is
clear that the constraint is weaker compared with previous con-
straints, but is still very strong. Setting λ

μ
QQQ to be one, with

dU = 1.5, the scale ΛU is required to be larger than 106 GeV
as can be seen from Fig. 2.

In summary, we have studied baryon number violating nu-
cleon decays induced by unparticle interactions with the stan-
dard model particles. We found that the lowest dimension op-
erators can arise at dimension 6 + (ds − 3/2) = 6 + (dU − 1)

with the unparticles being a spinor. For scalar and vector un-
particles, the lowest order operators arise at 6 + dU and 7 + dU
dimensions, respectively. For spinor unparticle, the dominant
decay mode is n → Os

U . Experimental bound on invisible de-
cay of a neutron from KamLAND puts very stringent bounds
on the relevant coupling. If the coupling is of order one, the un-
particle scale is required to be larger than 1010 GeV for dU < 2.
For scalar and vector unparticles, the dominant decay modes are
n → ν̄ +OU (O

μ

U ) and p → e+ +OU (O
μ

U ). Invisible decay of a
neutron bound also puts very strong constraints on the relevant
couplings and push the unparticle scales for scalar and vector
to be 107 GeV and 105 GeV for dU < 2, respectively. Data on
proton decay into a positron and missing energy can also put
stringent constrains.
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