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Sterile neutrinos and right-handed currents in KATRIN

James Barry∗, Julian Heeck†, Werner Rodejohann‡

Max-Planck-Institut für Kernphysik,

Saupfercheckweg 1, 69117 Heidelberg, Germany

Kurie-plot experiments allow for neutrino-mass measurements based on kinematics in

an almost model-independent manner. A future tritium-based KATRIN-like experiment

can be sensitive to light sterile neutrinos with masses below 18 keV, which are among

the prime candidates for warm dark matter. Here we consider such keV neutrinos in

left–right symmetric extensions, i.e. coupled to right-handed currents, which allow for

an enhanced contribution to beta decay even for small active–sterile mixing, without

violating astrophysical X-ray constraints. The modified spectral shape is in principle

distinguishable from the standard contribution—especially for sterile neutrino masses

below 9 keV, which can lead to a distinct peak. We compare the sensitivity to constraints

from the LHC and neutrinoless double beta decay.

1 Introduction

Neutrino oscillations have established the existence of massive neutrinos beyond any doubt, provid-

ing precise data on the two mass-squared differences ∆m2
21 ≃ 7.5 × 10−5 eV2 and |∆m2

31| ≃
2.4 × 10−3 eV2 [1]. Different types of experiments are, however, necessary to measure the abso-

lute neutrino mass scale, e.g. the mass of the lightest neutrino. The arguably cleanest observation

can be expected from beta-decay experiments [2], which rely on the purely kinematic impact of

neutrino masses on the electron’s energy spectrum; the tiny sub-eV masses of active neutrinos are

best detected at the endpoint of the electron spectrum, where neutrinos are most non-relativistic.

The upcoming Karlsruhe Tritium Neutrino experiment (KATRIN) promises a sensitivity down to

neutrino masses of 0.2 eV via precise measurement of the tritium beta-decay spectrum near the

endpoint at Q ≃ 18.6 keV [3, 4]. To achieve this goal, a spectrometer filters out all electrons with

energies E < Q − O(10 eV) in order to focus on the relevant spectral part for eV neutrino mass

measurements.

KATRIN could however be upgraded to probe the full beta spectrum with electron energies

0 ≤ E ≤ Q. In order to handle the significantly enhanced electron rate of about 1011 s−1, a

modified detector system is required, and a slight decrease in energy resolution is expected from

the spectrometer [5]. The expected resolution of such a KATRIN-like experiment depends, of

course, largely on this new detector (e.g. differential or integral measurements), running time,

etc. Leaving the experimental details to the experts, let us briefly outline why a measurement
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of the beta spectrum in a future tritium-based KATRIN-like experiment would be worthwhile.

In complete analogy to active-neutrino mass searches, the full beta spectrum carries information

about neutrinos with masses up to 18.6 keV, belonging to so-called sterile neutrinos. These appear

naturally in many models that aim to make active neutrinos massive, the most famous example

being the right-handed neutrinos of the seesaw mechanism [6–9]. Depending on their mass, the

additional sterile neutrinos can not only provide an explanation for the baryon asymmetry of our

universe via leptogenesis [10], a weakly mixed keV-scale sterile neutrino is even a perfect candidate

for warm dark matter, ameliorating the structure-formation problems of cold dark matter (see

e.g. Ref. [11]). Since the mass ms of this dark matter candidate is required to be O(keV) in order

to satisfy astrophysical constraints, it is of obvious interest to pursue a detection at KATRIN, which

probes the same mass range. The search for heavier neutrinos in beta decay has been suggested in

Ref. [12], and the expected spectral change due to an active–sterile mixing angle θs can be found in

in Ref. [13]. A dedicated discussion of the sensitivity of a KATRIN-like experiment to a keV state

is currently in progress, with expected reach down to [5]

sin2 θs = ǫ ≃ 10−6–10−8 , (1)

for 1 keV . ms . 17 keV. The expected reach ǫ depends on the experimental details, for example

differential vs. integral measurement, and the sterile neutrino mass, but is expected to lie in the

range 10−6–10−8, which we will use as reference values throughout this paper. The sensitivity to

the sterile neutrino mass goes down for values close to Q or 0 on statistical grounds, and we will

optimistically assume the range 1 keV . ms . 17 keV to be testable. Note that current limits from

kink-searches in nuclear beta decay are only of order sin2 θs < 10−3 [1]. See also Ref. [14] for a

recent evaluation of this approach, and Refs. [15, 16] for an overview of other new-physics effects

in beta decay. Lastly, the discussion here is of course not limited to the KATRIN experiment, but

qualitatively applicable to any precise measurement of beta spectra. For example, the Project 8

experiment, currently in development, aims to measure the electron energy in tritium beta decay

via cyclotron radiation very precisely [17]. Since it is designed to measure the full beta spectrum,

it can also be used in the search for keV sterile neutrinos.

The vanilla case of a keV sterile neutrino interacting only via small active–sterile mixing may,

however, not be the full story. A theoretically very appealing explanation of the seesaw mechanism

is given by left–right symmetric models based on the gauge group SU(2)L×SU(2)R×U(1)B−L [18–

22]. These provide a dynamical origin for parity violation and connect the sterile neutrino masses

to the scale of B − L breaking. The right-handed neutrinos are then strictly speaking no longer

sterile, but rather part of a right-handed SU(2)R doublet, residing in a right-handed current jµR
coupled to a charged vector boson WR in complete analogy to the left-handed case. We will still

refer to the right-handed neutrino counterparts as sterile neutrinos in the rest of this paper. We

stress that the additional interactions, mediated for example by the new gauge boson WR, still

allow for the keV neutrino to be dark matter, albeit with a modified production mechanism behind

it [23] (see Ref. [24] for a recent evaluation of warm dark matter in low-scale left–right symmetric

theories). We are in the following not concerned with the precise production mechanism, which

can provide additional constraints, but only the experimental detection of warm dark matter keV

sterile neutrinos at KATRIN.

The impact of additional right-handed current interactions in KATRIN has been studied for

active neutrinos in Refs. [25–27], but never for keV sterile neutrinos. Our goal in this paper is to

amend this glaring omission and study the impact of right-handed currents on the detection of a

keV sterile neutrino in a future KATRIN-like experiment. After briefly introducing the left–right
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model in Sec. 2, we will show in Sec. 3 that the interference of left- and right-handed currents gives

rise to a modified spectral shape on top of the beta spectrum, in principle distinguishable from the

standard case. We estimate possible KATRIN limits on the left–right parameters in Sec. 3.2 and

collect existing limits in Sec. 4. Sec. 5 provides a rough comparison of the expected limits to those

from neutrinoless double beta decay. Finally, we conclude in Sec. 6.

2 Model context

The left–right symmetric model (LRSM) has been well-studied in the literature; we report here

only those equations relevant for our purposes and refer the reader to Ref. [28] for a more com-

prehensive discussion and definitions. The introduction of right-handed neutrinos with both Dirac

and Majorana mass terms allows the type I+II seesaw to be naturally accommodated in the model,

so that the full neutrino mass matrix

Mν ≡
(

ML MD

MT
D MR

)

(2)

is diagonalized by the unitary matrix

W ≡
(

U S

T V

)

(3)

to W †MνW
∗ = diag(m1,m2,m3,M1,M2,M3), where mi (Mi) are the light (heavy) neutrino

masses. Here MD is the Dirac mass matrix whereas ML and MR are the symmetric left- and

right-handed Majorana mass matrices. The diagonalization equation leads to the useful relations

ML = Um̃νU
T + SM̃RS

T , MD = Um̃νT
T + SM̃RV

T and MR = Tm̃νT
T + V M̃RV

T , (4)

where m̃ν ≡ diag(m1,m2,m3) and M̃R ≡ diag(M1,M2,M3). The unitarity conditions W †W =

16×6 = WW † further yield

UT † + SV † = 0 = S†U + V †T and UU † + SS† = 13×3 = TT † + V V † . (5)

The mixing matrices U , S, T and V can be expanded as

U ≡
[

13×3 −
1

2
MDM

−1
R (MDM

−1
R )†

]

Vν , V ≡
[

13×3 −
1

2
(MDM

−1
R )†MDM

−1
R

]

VR,

S ≡ MDM
−1
R VR, T ≡ −(MDM

−1
R )†Vν ,

(6)

where the unitary matrices Vν and VR are defined by

mν = ML −MDM
−1
R MT

D = Vν diag(m1,m2,m3)V
T
ν ,

MR = VR diag(M1,M2,M3)V
T
R .

(7)

mν is the light neutrino mass matrix after the heavy right-handed neutrinos have been integrated

out. Note that one usually assumes a discrete symmetry in addition to the gauge symmetry, which

means that (in the case of a charge conjugation symmetry)

MD = MT
D and ML =

vL
vR

MR , (8)
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Figure 1: Feynman diagram for beta decay in the Standard Model with three massive neutrinos

(i = 1, 2, 3), mediated via left-handed currents.

in the latter case up to complex phases. vL,R are the vacuum expectation values of the left- and

right-handed triplet, respectively (see Ref. [28] for details). In this case the left–right mixing can

be written as [29]

MDM
−1
R =

√

vL
vR

13×3 − Vνm̃νV T
ν V ∗

RM̃
−1
R V †

R , (9)

which gives eight possible solutions.

The flavor neutrino states emitted in beta decay can be expressed as

ν ′L = UνL + SN c
R , (10)

ν ′R = T ∗νcL + V ∗NR . (11)

which are linear combinations of the light and heavy mass eigenstates, νL and NR, respectively.

The mixing matrices S and T denote the left–right or light–heavy neutrino mixing, given roughly

by the ratio of Dirac and Majorana mass scales [cf. Eqs. (6) and (9)]. In this way it is possible

to have heavy neutrino mass states emitted in beta decay, as long as they are lighter than the

available energy (the Q-value for the decay).

3 Beta decay with right-handed currents

3.1 Differential electron spectrum

The differential electron spectrum in beta decay with left-handed currents only (the standard case

shown in Fig. 1) is determined by simple phase-space arguments to be
(

dΓ

dE

)

std

= K ′
∑

i

|Uei|2(E +me)peEνipνi

= K ′(E +me)pe(E0 −E)
∑

i

|Uei|2
√

(E0 − E)2 −m2
i Θ(E0 − E −mi) ,

(12)

where light antineutrinos of mass mi, mixing matrix U , and energy Eνi = E0 − E are emitted in

the process. Here, E is the kinetic energy of the electron with total energy E+me and momentum

pe =
√
E2 + 2Eme, and E0 ≡ max(E) is the endpoint energy. K ′ includes the Fermi function

F (Z,E) as well as the nuclear matrix elements and relevant prefactors, i.e.,

K ′ =
G2

F cos2 θC
2π3

|M|2F (Z,E), (13)
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Figure 2: Beta decay channels in the LRSM, with left- and right-handed currents at either or both

fermion vertices. We use the flavor eigenstates ν ′L,R, which are superpositions of the

mass eigenstates νL and NR [see Eq. (11)], so that the final result contains different

combinations of the mixing matrices U , S, T and V .

where θC is the Cabibbo angle andM is the dimensionless nuclear matrix element [2]. The Heaviside

step function Θ(E0 − E − mi) ensures that only physically allowed regions of the spectrum are

considered. Since the recoil energy of the nucleus does not change much in the region of interest

one can apply a constant recoil energy correction Erec and define E0 = Q − Erec, where Q is

the energy released in the decay. We can divide out the factors that are independent of neutrino

parameters by defining the Kurie function

K(E) ≡
√

dΓ/dE

K ′(E +me)pe
, (14)

which is linear in energy for massless neutrinos, i.e., K(E)|mi=0 = E0−E. Nonzero neutrino masses

modify this behavior and result in a premature drop-off of K(E); knowing that KATRIN is only

sensitive to the quasi-degenerate neutrino mass regime m1 ≃ m2 ≃ m3 & 0.2 eV, one can pool

all three neutrino contributions into one parameter, the effective electron-neutrino mass in beta

decay [30, 31],

m2
β ≡

∑

i

|Uei|2m2
i ≃ m2

1 . (15)

The last relation follows from the unitarity of U in the three-flavor scheme. In this limit, all three

active-neutrino kinks fall together, resulting in the modified Kurie function

K(E) ≃ (E0 − E)
4

√

1−
m2

β

(E0 − E)2
Θ(E0 − E −mβ) . (16)

A precise measurement of the electron’s energy spectrum close to the endpoint E0 is hence sensitive

to the neutrino mass parameter mβ.
1

In the left–right symmetric model with equal gauge coupling constants (gL = gR = g), the process

can also proceed via right-handed currents with the exchange of right-handed gauge bosons, WR,

as well as via WL–WR mixing. The three possible diagrams are shown in Fig. 2; one also has a

1The quasi-degenerate neutrino mass regime to be probed by KATRIN implies that the sum of neutrino masses
∑

j
mj is larger than 0.6 eV, seemingly already excluded by cosmological measurements [32]. The latter are

however highly dependent on the combination of datasets and correlated with other parameters, so KATRIN’s

region of interest is far from excluded and will provide important complementary information.

5



modified version of the diagram in Fig. 1 with the replacements νL ↔ N c
R and Uei ↔ Sei. Diagrams

with left-handed lepton vertices [Figs. 1 and 2(a)] lead to the differential spectrum
(

dΓ

dE

)

LL

= K ′(E +me)pe(E0 − E)[1 + 2C tan ξ cosα] (17a)

×
∑

i

[

|Uei|2
√

(E0 − E)2 −m2
i Θ(E0 − E −mi) (17b)

+|Sei|2
√

(E0 − E)2 −M2
i Θ(E0 − E −Mi)

]

, (17c)

where C = (g2V − 3g2A)/(g
2
V + 3g2A) ≃ −0.65. The second term proportional to tan ξ in the square

brackets in Eq. (17a) comes from the interference between Figs. 1 and 2(a). In this case the new

physics diagram still has a left-handed lepton vertex, whereas the hadronic side is right-handed.

The two different terms in Eqs. (17b) and (17c) correspond to the production of light or heavy

neutrino mass eigenstates, respectively. The heavy neutrinos of mass Mi will only be emitted if

Mi < E0, so that for tritium beta decay only right-handed neutrinos at the keV-scale or below can

be produced. Note also that U is no longer unitary [cf. Eq. (5)] but we rather have
∑

i

|Uei|2 = 1−
∑

i

|Sei|2 , (18)

so the non-unitarity is of the same order as the sterile neutrino contribution but of opposite sign.

There will also be contributions from interference between the standard diagram and those in

Figs. 2(b) and 2(c), i.e.,

(

dΓ

dE

)

LR

= −2K ′mepeRe

{[

(

mWL

mWR

)2

+ C tan ξ eiα

]

(19a)

×
∑

i

[

UeiTeimi

√

(E0 − E)2 −m2
i Θ(E0 − E −mi) (19b)

+SeiVeiMi

√

(E0 −E)2 −M2
i Θ(E0 − E −Mi)

]}

. (19c)

Here the new physics diagram has a right-handed lepton vertex, which leads to a different mass and

energy dependence from the contraction of lepton traces. The two prefactors in square brackets in

Eq. (19a) come from Figs. 2(c) and 2(b), respectively. Since we have ξ < 0 in the heavy WR limit

we are interested in, and furthermore | tan ξ| ≤ m2
WL

/m2
WR

[28] and C ≃ −0.65, the prefactor in

Eq. (19a) will be largest in magnitude for a vanishing CP phase, α = 0. Overall, (dΓ/dE)LR can,

of course, have either sign due to the various mixing-matrix elements present in this interference

term.

Once again one can have both light [Eq. (19b)] and heavy [Eq. (19c)] neutrino mass eigenstates in

the final state. As a consequence of left–right interference, fermion mass flips are required for both

the electron and the neutrinos, effectively replacing E +me by me and E0 −E by mi or Mi in the

LL formula in Eq. (17a). Since the neutrinos are Majorana particles, these mass flips are sensitive

to the Majorana phases contained in, e.g., U , as can be seen by a closer examination of (dΓ/dE)LR.

This is contrary to the standard case in which the spectrum is proportional to |Uei|2, independent
of Majorana phases and hence insensitive to the Dirac vs. Majorana nature of neutrinos.

As an aside, it is interesting to note that if one expands the two square roots in Eqs. (19b) and

(19c) in the limit E0 − E ≫ Mj ,mj, corresponding to the region of parameter and phase space
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where all emitted neutrinos are highly relativistic, the leading terms can be combined into one

effective mass parameter
∑

i

UeimiTei +

light
∑

i

SeiMiVei, (20)

similar to mβ in Eq. (15). In case all right-handed neutrinos are lighter than E0, this effective

neutrino-mass parameter is simply [MD]ee [using Eq. (4)], reminiscent of the neutrino mass para-

meter relevant for neutrinoless double beta decay [Mν ]ee. In that sense these terms probe the

(1, 1) element of the Dirac mass matrix, which comes from the fact that one needs a helicity flip

on the external neutrino line in order for the left- and right-handed diagrams to interfere in the

first place.2 In the same way, the dependence on the electron mass in Eq. (19a) comes from the

helicity flip on the electron line. This is punishment for the mass flip, but very mild due to the

borderline non-relativistic nature of the electrons in the region of interest for keV sterile neutri-

nos (E/me . 18.6/511 ≃ 0.04). The mass flip is only dangerous for relativistic particles, i.e. the

very light active neutrinos, whose contribution can be dropped in Eq. (19b) (seeing as it is further

suppressed by Teim
2
WL

/m2
WR

).

Finally, there is the contribution to beta decay purely by right-handed currents, (dΓ/dE)RR.

Since we are only interested in the effects of keV sterile neutrinos on the beta spectrum, we omit

the RR contribution to the light neutrinos and to lowest order simply obtain

(

dΓ

dE

)

RR

≃ K ′(E +me)pe(E0 − E)

[

m4
WL

m4
WR

+ tan2 ξ + 2C
m2

WL

m2
WR

tan ξ cosα

]

×
∑

i

|Vei|2
√

(E0 −E)2 −M2
i Θ(E0 − E −Mi) ,

(21)

stemming from the diagrams in Figs. 2(c) and 2(b) and their interference. Having derived the

spectral contribution of keV neutrinos to second order in the small parameters Sei, m
2
WL

/m2
WR

,

and ξ, we can define a modified Kurie function via

K(E) =

√

(dΓ/dE)LL + (dΓ/dE)LR + (dΓ/dE)RR

K ′(E +me)pe
, (22)

which reduces to the standard one from Eq. (14) in the absence of right-handed currents. The small

kinks at E = E0−Mi in the beta spectrum are illustrated in the logarithmic plot in Fig. 3; it might

be possible to see the effects of keV-scale sterile neutrinos in KATRIN, as long as the sensitivity

is high enough (see for instance Ref. [13]). In Fig. 3 we indicate the full beta spectrum and the

much smaller total contribution of the sterile neutrinos. The latter can be further divided into the

standard active–sterile mixing contribution given by |Sej|2 in (dΓ/dE)LL, the purely right-handed

current mediated production given by |Vej|2 in (dΓ/dE)RR, and the intermediate LR interference

terms given by SejVej from (dΓ/dE)LR. Depending on the parameters, either the active–sterile or

RR contribution can dominate, while the total effect on the spectrum is, of course, expected to be

small.

Let us derive some analytical approximations to get a better feeling for the expected signatures.

2The next term in the expansion, proportional to neutrino mass cubed, can in the same way be written as
[

|ML|2MD +MDM†
DMD +MLM

∗
DMR +MD|MR|2

]

ee
.
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Figure 3: Differential energy spectrum dΓ/dE of the electron in the presence of three sterile neut-

rinos, divided by known functions. The full spectrum including right-handed currents

is shown in black; the small kinks from right-handed neutrinos (red) are the sum of the

active–sterile contribution ∝ |Sej |2 (green dot-dashed), the RR coupling from Eq. (21)

(black dotted), and the LR interference from Eq. (19a) (blue dashed). Here |Vei| = |Uei|,
mWR

= 3.5TeV, ξ = −5 × 10−4, M1,2,3 = {7, 4, 1} keV, and |Sei| = 10−3 (|Sei| = 10−4)

in the left (right) plot. CP phases have been set to zero.

Since |(dΓ/dE)LR|, (dΓ/dE)RR ≪ (dΓ/dE)LL, we can approximate K(E) in the form

K(E) ≃
√

(dΓ/dE)LL
K ′(E +me)pe

(

1 +
1

2

(dΓ/dE)LR
(dΓ/dE)LL

+
1

2

(dΓ/dE)RR

(dΓ/dE)LL

)

. (23)

Even more useful, however, is to expand in all the small quantities, namely m2
WL

/m2
WR

, |ξ|, |Sei| ≪
1, resulting in the modified Kurie function

K(E) ≃ K(E)std

{

1 +
1

2

∑

i

Gi(E,mi)Θ(E0 −E −mi) +
1

2

∑

i

Fi(E,Mi)Θ(E0 − E −Mi)

}

.

(24)

The energy-dependent coefficients Gi(E,mi) and Fi(E,Mi) parametrize the shape and height of

the bumps and kinks that appear on top of the standard Kurie function K(E)std ≃ E0 −E due to

the neutrino mass eigenstates νi and Ni, and can be read off our expressions for (dΓ/dE)LL,LR,RR.

A similar expansion can be made for the full spectrum dΓ/dE (in analogy to Ref. [13]) instead of

the Kurie function, without any qualitative differences:

dΓ

dE
≃
(

dΓ

dE

)

std

{

1 +
∑

i

Gi(E,mi)Θ(E0 − E −mi) +
∑

i

Fi(E,Mi)Θ(E0 − E −Mi)

}

. (25)

We are not concerned with the spectral changes close to the beta endpoint E0, seeing as those have

already been studied in Ref. [25]. We can therefore ignore the coefficients Gi, or redefine them into
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(dΓ/dE)std, without disturbing our analysis. Let us rather discuss the behavior of the spectrum in

presence of keV sterile neutrinos and right-handed currents, for which we find the coefficients

Fj(E,Mj) ≃
[

|Sej|2 + |Vej|2
(

m4
WL

m4
WR

+ tan2 ξ + 2C
m2

WL

m2
WR

tan ξ cosα

)]

√

1−
M2

j

(E0 − E)2
(26a)

+
Mj

E0 − E

[

Re

{

−2SejVej

(

m2
WL

m2
WR

+ C tan ξeiα

)}]

√

1−
M2

j

(E0 − E)2
, (26b)

to second order in m2
WL

/m2
WR

, |ξ|, and |Sei|, further neglecting terms of order (m2
WL

/m2
WR

)(E/me).

The term ∝ |Sej|2 in Eq. (26a) is again just the standard active–sterile mixing contribution from

(dΓ/dE)LL in Eq. (17c) (green dot-dashed line in Fig. 3), present even without right-handed cur-

rents. The terms ∝ |Vej |2 in Eq. (26a) originate from the diagrams in Figs. 2(c) and 2(b) and their

interference, calculated in (dΓ/dE)RR in Eq. (21) and illustrated as black dotted lines in Fig. 3.

Finally, the LR interference terms ∝ SejVej in Eq. (26b) arise by interference of the standard dia-

gram (Fig. 1) with the right-handed current diagrams in Figs. 2(b) and 2(c), calculated in Eq. (19a)

[(dΓ/dE)LR]. Those require a neutrino mass-flip and therefore have a different energy-dependence

than the LL and RR terms. In the next section we will discuss the effects of this modified beta

spectrum and compare it to existing constraints.

3.2 Shapes and expected limits

In the previous section we derived the beta spectrum in the presence of keV sterile neutrinos

and right-handed currents. As expected, the standard active–sterile contribution ∝ |Sej|2 is now

accompanied by right-handed current mediated terms such as |Vej |2m4
WL

/m4
WR

, as well as left–right

mixing interference terms ∝ VejSejm
2
WL

/m2
WR

, which can be of similar magnitude. An interesting

feature of the right-handed current contribution is the different energy dependence of the two terms

in Eqs. (26a) and (26b), which stems from the required neutrino mass flip.3 As a result, the shape

S(E) on top of the standard beta spectrum is described by a two-parameter function in the presence

of right-handed currents

S(E) ≡ dΓ/dE − (dΓ/dE)std
(dΓ/dE)std

≃ 2
K(E)−K(E)std

K(E)std

≃
(

a+ b
M

E0 − E

)

√

1− M2

(E0 − E)2
Θ(E0 − E −M) ,

(27)

assuming for simplicity just one keV neutrino with mass M . For abbreviation purposes we defined

a and b as the terms inside the square brackets in Eq. (26a) and Eq. (26b), respectively. Since

the b term originates from interference terms (to be specific: LR interference), we always have

0 ≤ |b| ≤ a.

Depending on the relative size and sign of a and b, a variety of different shapes arise, illustrated in

Fig. 4. Destructive LR interference, i.e. b < 0, merely flattens the spectrum. In particular, complete

destructive interference is not possible because of the additional factor M/(E0−E) < 1 in Eq. (27).

For b > 0, an interesting qualitative change can occur: Compared to the standard active–sterile

contribution, the right-handed-current interference term decreases for small E, i.e. large neutrino

energy Eν = E0 − E, because of the required mass flip M/Eν . As a result, the left–right mixing

3This was already noted in Refs. [25, 26] for the right-handed-current contributions to active neutrinos.
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Figure 4: Modified beta spectrum S(E) = [dΓ/dE − (dΓ/dE)std]/(dΓ/dE)std from Eq. (27) due

to a sterile neutrino with mass M . The overall magnitude is in arbitrary units, setting

a = 1, while b/a ∈ [−1,+1] parametrizes the LR interference, be it constructive (b > 0,

blue) or destructive (b < 0, red). The black line denotes the standard shape without

right-handed currents, just active–sterile mixing.

contribution can lead to a maximum in the electron’s spectrum S(E), a unique feature of the

right-handed currents under consideration here. The maximum appears for b > 0 at

E0 −E

M
=

a+
√
a2 + 8b2

2b
. (28)

For the maximum to lie in the physical range of the spectrum, i.e. in 0 ≤ E ≤ E0, the values must

further satisfy the inequality

M

E0

≤ 2(b/a)

1 +
√

1 + 8(b/a)2
=

{

1/2 for b = a ,

b/a+O(b3/a3) for b ≪ a .
(29)

In particular, only sterile neutrinos with mass M ≤ E0/2 ≃ 9.3 keV can result in a spectral peak

in the electron spectrum S(E) at KATRIN, and that is under the assumption of full constructive

interference of the left- and right-handed contributions (a ≃ b).4 Even then, the maximum can

easily be too shallow to be observable, especially for large M , as can be seen in Fig. 4 (left) for

M = 7keV. For partial interference, say b/a ∼ 0.1, a peak is only possible for M . 1.8 keV

neutrino masses. The right-handed current induced peak in the sterile neutrino kink is hence

a good discovery tool only for small masses and large constructive interference. If there is no

background effect/systematics that could lead to such a peak in the spectrum S(E) [5], this would

make it the prime discovery channel for right-handed currents. Also note that, due to the mass

flip factor M/Eν , the maximal enhancement at b = a does not yield the factor 2 one could expect

from constructive interference, but rather 3
√
3/4 ≃ 1.3 at maximum (see Fig. 4).

Without a dedicated experimental sensitivity study in the parameter space a–b–M , we have

to satisfy ourselves with estimates. For b = 0, we can immediately translate the expected limit

from Eq. (1) to include the additional left–right interactions, since they share the same energy

dependence: a < ǫ. Nonzero b introduces a different energy dependence that complicates matters;

ignoring the modified shape, we can approximately estimate the height of the kink as a+ bM/E0,

following the Taylor expansion

a+ b
M

E0 − E
= a+ b

M

E0

+ b
M

E0

E

E0

+ . . . (30)

4Including the terms of order E/me that we dropped in our analytic approximation lowers the neutrino mass required

for a maximum further to 9.1 keV.
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For the shapes which feature an actual maximum at E = Emax 6= 0 [given in Eq. (28)], one could

define the height of the kink at that point. This would increase the height by at most a factor

1.3, and subsequently lower the expected reach by 1/1.3 ≃ 0.77 compared to our height definition

at E = 0. The true reach should be somewhere in between. So, in the presence of right-handed

currents, we expect a sensitivity to the height of the kink

a+ bM/E0 ≃ ǫ , (31)

potentially improved by a shape analysis. For small masses M and large positive b ≃ a, the

sensitivity might be better, as discussed above, up to ǫ/1.3. Note that the limit now depends

explicitly on the sterile neutrino mass M . Inserting the left–right parameters for a and b from

Eq. (26) makes the expression a little messy, so we omit it. Nevertheless, Eq. (31) is the main

result of this work; it provides an estimated reach of a future KATRIN-like experiment to right-

handed currents, given that it has a sensitivity ǫ to the standard active–sterile mixing [cf. Eq. (1)].

For small M , b increases/decreases the height by only a factor of order 1, so we can estimate a . ǫ

even for b 6= 0. The effect (and limit) on a is then identical to the standard case of active–sterile

contributions studied in Ref. [5], so we expect possible limits from a KATRIN-like experiment of

order

θ2eff ≡
[

|Sej|2 + |Vej |2
(

m4
WL

m4
WR

+ tan2 ξ + 2C
m2

WL

m2
WR

tan ξ cosα

)]

∼ ǫ (32)

for sterile neutrino masses in the range 1 keV . Mj . 17 keV, depending on the experimental setup.

Here we defined the parameter θ2eff (a in the above analysis), which approximately describes the

height of the sterile-neutrino kink and replaces the standard active–sterile neutrino mixing angle

in the presence of right-handed currents. Having neglected the LR interference terms, i.e. b, the

above limit should be fine for the cases of LL dominance (|Sej | ≫ |Vej|m2
WL

/m2
WR

), RR dominance

(|Sej | ≪ |Vej|m2
WL

/m2
WR

), for small interference due to the phases

2

∣

∣

∣

∣

∣

Re

[(

m2
WL

m2
WR

+ C tan ξeiα

)

SejVej

]∣

∣

∣

∣

∣

≪ |Sej |2 + |Vej |2
(

m4
WL

m4
WR

+ tan2 ξ + 2C
m2

WL

m2
WR

tan ξ cosα

)

,

(33)

and, order-of-magnitude wise, for small sterile neutrino masses, say M ≪ 5 keV. The cases of

large masses and strong interference require the full usage of the expected limit from Eq. (31), and

preferably a dedicated experimental study. We will in the following naively employ the expected

sensitivity on θ2eff from Eq. (32), as this allows for an easier comparison to existing constraints.

4 Existing limits

Let us collect some constraints on the parameters in θ2eff [Eq. (32)] in order to evaluate the potential

impact of KATRIN’s limits, as derived in the last section. We first focus on the case without right-

handed currents: for a keV sterile neutrino Nj to be stable enough to be dark matter in the first

place, the mixing angle has to be sufficiently small to suppress the decay Nj → 3ν. An even

stronger bound can be obtained by considering the loop-induced decay Nj → νγ [Fig. 5 (left)],

as it would produce a mono-energetic photon with energy Eγ ≃ Mj/2 in the X-ray range. The
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Figure 5: Neutrino decay Nj → νiγ via active–sterile mixing (left) and left–right mixing (right).

The photon line couples to any of the charged particles (ℓ or W ), the crosses denote either

WL–WR mixing (proportional to ξ) or a charged-lepton mass insertion (proportional to

mℓ).

non-observation of such a spectral X-ray peak from astrophysical objects with large dark matter

density then puts limits on this decay rate. A simplified bound sufficient for our purposes reads [33]

Γ(Nj → νγ) ≃ 9G2
Fαem

256π4

∑

α

|Sαj |2M5
j . 10−26 s−1 , (34)

a more detailed overview of limits can be found in Ref. [34]. This translates to the parameters of

interest as

θ2j ≡
∑

α

|Sαj|2 . 1.8 × 10−5

(

1 keV

Mj

)5

. (35)

This holds in particular for the electron component relevant for θ2eff due to |Sej|2 ≤ θ2j . Without

right-handed currents, the effective mixing angle θ2eff relevant for KATRIN is thus always smaller

than the effective mixing angle θ2j relevant for Nj → νγ decay: θ2eff ≤ θ2j . Depending on the

DM production mechanism, additional lower bounds on the neutrino mass can be obtained from

phase space arguments or structure formation; the most important (and robust) for our case being

the Tremaine–Gunn [35] bound Mj & 1 keV [33]. With the X-ray bound from Eq. (35) in mind, a

sensitivity ǫ of 10−8 (10−6) to θ2eff = |Sej|2 in KATRIN can only probe sterile neutrino masses below

4.5 keV (1.8 keV). Recent tantalizing hints [36, 37] for a dark matter particle with mass M ≃ 7 keV

and mixing angle θ2eff ≤ θ2 ∼ 10−10–10−11 are therefore unfortunately beyond KATRIN’s expected

sensitivity. As we will see in the following, the inclusion of right-handed currents can nevertheless

lead to detectable signals in KATRIN, even in the case of such small active–sterile mixing angles.

Turning on the right-handed currents, we find a stringent constraint from supernova cooling for

light (Mj . 1MeV) right-handed neutrinos [24, 38], which equates to

|Vej |2
(

m4
WL

m4
WR

+ ξ2

)

. 10−10 . (36)

Such tiny values would render the direct RR contribution invisible in KATRIN and also severely

suppress the LR interference terms. (A corresponding supernova bound on Sej is far more difficult

to establish, only bounds on Sτj have been obtained in Ref. [39].) Let us nevertheless carry on

with our analysis, looking for more robust constraints on the relevant left–right parameters. The

additional interactions can lead to an increased rate for Nj → νγ, subject to the X-ray constraints

mentioned above. For ξ = 0, the right-handed gauge bosons WR generate the additional radiative
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decay channel Nj → νγ, with tiny branching ratio

Γ(Nj → νγ)

Γ(Nj → νγ)
≃

m4
WL

m4
WR

(V †TT †V )jj
(S†UU †S)jj

≃
m4

WL

m4
WR

, (37)

using T ≃ −V S†Vν from Eq. (6). The RR contribution to neutrino decay is hence automatically

sufficiently suppressed if Eq. (35) holds, independent of e.g. Vej. For ξ 6= 0 on the other hand,

left–right interference can significantly enhance the decay rate, because the required mass flip on

the charged-fermion line contributes a factor m2
ℓ/M

2
j ≫ 1 [23] (see Fig. 5):

Γ(Nj → νγ) ≃ 9G2
Fαem

256π4
M3

j

∑

ℓ=e,µ,τ

∣

∣

∣

∣

SℓjMj −
8

3
ξeiα V ∗

ℓjmℓ

∣

∣

∣

∣

2

. (38)

Barring cancellations, this leads to stringent bounds on the W boson mixing angle:

ξ2 . 9× 10−19 m2
τ

∑

ℓm
2
ℓ |Vℓj |2

(

1 keV

Mj

)3

. (39)

Due to the (approximate) unitarity of V ,
∑

ℓ |Vℓj|2 ≃ 1, the bound is weakest for the flavor structure

Vej = 1, Vτj = Vµj = 0, with ξ2 . 10−11(keV/Mj)
3. Even then, the ξ2 contribution to KATRIN’s

θ2eff is far below the expected sensitivity. Also note that the combination of parameters relevant for

beta decay, in particular the LR interference terms, can be found in the electric dipole moment of

the electron, which depends at one loop on the parameters [40]

de ≃ 4× 10−32e cm

(

ξ

10−5

) 3
∑

j=1

(

Mj

1 keV

)

G

(

M2
j

m2
WL

)

Im
(

SejVeje
iα
)

, (40)

with a loop function 1/2 ≤ G(x) < 2. The contribution of a keV sterile neutrino is suppressed

far below the current limit of |de| < 10−27e cm [1], so this constraint is not directly relevant for

KATRIN, seeing as it furthermore depends strongly on CP phases.

Collider searches for the missing energy of a light sterile neutrino Nj following the decay WR →
eNj can be sensitive to the matrix element Vej we are interested in. If all three right-handed neut-

rinos Nj are much lighter than the WR, unitarity results in the 95% C.L. limit mWR
& 2.5TeV [41],

independent of the entries Vαj . In this case, the product relevant for KATRIN

θ2eff ⊃ |Vej |2
(

mWL

mWR

)4

≃ 1.1× 10−6 |Vej|2
(

2.5TeV

mWR

)4

(41)

is within the expected sensitivity ǫ.5 In case of a spectrum M1 ≪ mWR
< M2,3, the branching

ratio WR → eN1 is no longer ≃ 1/12, but depends on the entry of interest in the form ≃ |Ve1|2/10.
A small Ve1 then allows for a smaller mWR

, e.g. mWR
& 1.8TeV for |Ve1| ≃ 0.28. In this case,

the product relevant for KATRIN is still within reach, |Ve1|2m4
WL

/m4
WR

≃ 3 × 10−7. Note that

these collider limits are derived under the assumption that the right-handed quark mixing matrix is

identical to the left-handed one (up to phases), in particular with large ud entry |V R
ud| = |V L

ud| ≃ 1.

This assumption can be relaxed in more general left–right models without an additional discrete

charge conjugation or parity symmetry [44], and would loosen the above constraints. Overall, we

5Preliminary results from the full
√
s = 8TeV LHC run indicate improved limits around mWR

& 3.3TeV [42, 43].

This corresponds to m4

WL
/m4

WR
≃ 3.5× 10−7, still within KATRIN’s expected reach.
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therefore expect KATRIN to provide limits on keV sterile neutrinos with right-handed currents

competitive with current LHC limits. In particular, KATRIN can probe the purely leptonic right-

handed currents, without any assumptions on the right-handed quark mixing matrix.

This concludes our survey of existing constraints on the parameters relevant for KATRIN’s

keV sterile neutrino search. If taken seriously, the astrophysical X-ray and supernova constraints

from Eqs. (39) and (36) would render the left–right contribution to KATRIN’s θ2eff parameter

unobservably small, and consequently restrict the parameter space to be probed in KATRIN to

large active–sterile mixing |Sej| &
√
ǫ ≃ 10−4–10−3 [corresponding to small masses Mj . 4.5 keV

with Eq. (35)]. Since the supernova cooling bound from Eq. (36) arguably suffers from unknown

systematic effects, we will ignore it in the following; in any case, it would be desirable to probe

the Vej coupling in a terrestrial, well-understood environment, which is precisely where KATRIN

comes in, as it can probe the relevant parameter |Vej |2m4
WL

/m4
WR

to ǫ ≃ 10−6–10−8 (compared to

10−10 from supernovae and ∼ 10−6 from LHC [41]). Without the supernova bound, there is still the

more robust X-ray limit on ξ from Eq. (39), which is to be taken seriously. We will consequently

neglect ξ compared to m2
WL

/m2
WR

, further simplifying our expression for θ2eff from Eq. (32).

Loosening the supernova cooling bound from Eq. (36) then allows for kinks over the entire mass

region sensitive in KATRIN, say 1 keV . Mj . 17 keV, dominated for the most part by RR

contributions

θ2eff ≃ |Sej |2 + 1.1 × 10−6 |Vej |2
(

2.5TeV

mWR

)4

. (42)

We stress again that the RR contributions do not have any significant impact on the sterile neutrino

decay rate probed by X-ray searches, and is hence not subject to those constraints. They are

independently constrained by LHC searches for WR, though. In effect, the right-handed currents

allow for KATRIN’s effective angle θ2eff to be larger than the effective active–sterile mixing θ2j
relevant for X-rays, contrary to the case without right-handed currents. This makes beta decay

interesting even if a warm dark matter signal with seemingly too small mixing angle were to be

established by an X-ray line, the latter being insensitive to right-handed currents. Beta decay

can therefore provide important limits using well-understood laboratory experiments. In the next

section we will discuss how these limits compare to existing and future bounds from neutrinoless

double beta decay experiments.

5 Comparison to neutrinoless double beta decay

It is interesting to compare the signatures of right-handed currents in beta decay with their analog-

ous effects in neutrinoless double beta decay (0νββ), which were recently studied in Refs. [28, 45].

There are various possible ways that the process can occur, which can be seen by simply connecting

the neutrino lines of two single beta decays from Figs. 1 and 2. The “standard” case in which light

active Majorana neutrinos are exchanged has an amplitude given by

Aν ≃ G2
F

∑

i

U2
eimi

q2
≡ G2

F

〈mee〉
q2

, (43)

where |〈mee〉| = |∑i U
2
eimi| is the effective mass [compare with Eq. (15)] and |q| ≃ 100 MeV is the

typical scale of momentum transfer in the process. In the LRSM with right-handed neutrinos the

structure of the amplitude is determined by the mass of the right-handed states relative to |q|, since

14



the neutrino propagator behaves differently for Mi ≪ |q| and Mi ≫ |q|. The different amplitudes

were discussed in Ref. [28], where the focus was on the case of TeV-scale right-handed neutrinos

with large mixing. The authors of Ref. [45] also examine the case where some of the right-handed

neutrinos are above and others below the scale |q|, which leads to interesting phenomenology. It

is precisely this case that is relevant to our study of right-handed currents in KATRIN, since only

neutrino states with mass below the Q-value of Tritium can be produced in the experiment.

The amplitudes for 0νββ can be divided in terms of the chirality of the final state electrons. We

give the most general expressions and then focus on a specific right-handed neutrino mass spectrum;

in each case “light” (“heavy”) refers to right-handed neutrinos with Mi ≪ |q| (Mi ≫ |q|). With

both electrons left-handed, the leading terms of the amplitude (neglecting terms with gauge boson

mixing) are

ALL ≃ G2
F

[(

3
∑

i=1

U2
eimi +

light
∑

i

S2
eiMi

)

1

q2
−

heavy
∑

i

S2
ei

Mi

]

, (44)

whereas with both electrons right-handed the amplitude is

ARR ≃ G2
F

(

mWL

mWR

)4
[(

3
∑

i=1

T ∗
ei
2mi +

light
∑

i

V ∗
ei
2Mi

)

1

q2
−

heavy
∑

i

V ∗
ei
2

Mi

]

. (45)

For illustration purposes we suppress the nuclear matrix elements that accompany each term; these

depend on the neutrino mass and helicity of the final states. Mixing between light and heavy

neutrinos as well as gauge boson mixing leads to diagrams with mixed helicity final states, their

amplitude is

ALR ≃ G2
F

(

m2
WL

m2
WR

+ tan ξ

)[(

3
∑

i=1

UeiT
∗
ei +

light
∑

i

SeiV
∗
ei

)

1

q
−

heavy
∑

i

SeiV
∗
ei

q

M2
i

]

, (46)

where the prefactors (m2
WL

/m2
WR

) and tan ξ correspond to the so-called λ- and η-diagrams, re-

spectively. The expressions given in Eqs. (44), (45) and (46) can be further simplified depending

on the specific right-handed neutrino mass spectrum.

If one considers a scenario in which one right-handed neutrino (NR1) has a mass (M1) of several

keV whereas the other two are situated at the GeV scale or higher, the amplitudes become

ALL|M1≪|q| ≃ G2
F

[(

[ML]ee −
3
∑

i=2

S2
eiMi

)

1

q2
−

3
∑

i=2

S2
ei

Mi

]

≈ G2
F

(

vL
vR

[MR]ee −
3
∑

i=2

S2
eiMi

)

1

q2
,

(47)

ARR|M1≪|q| ≃ G2
F

(

mWL

mWR

)4
[(

3
∑

i=1

T ∗
ei
2mi + V ∗

e1
2M1

)

1

q2
−

3
∑

i=2

V ∗
ei
2

Mi

]

≈ G2
F

(

mWL

mWR

)4
(

V ∗
e1

2M1
1

q2
−

3
∑

i=2

V ∗
ei
2

Mi

)

,

(48)

ALR|M1≪|q| ≃ G2
F

(

m2
WL

m2
WR

+ tan ξ

)[

−
3
∑

i=2

(

SeiV
∗
ei

1

q
+ SeiV

∗
ei

q

M2
i

)

]

≈ G2
F

(

m2
WL

m2
WR

+ tan ξ

)(

−
3
∑

i=2

SeiV
∗
ei

1

q

)

,

(49)
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where we have used Eqs. (4) and (8) as well as the fact that (barring cancellations) we expect the

terms proportional to |S|2/Mi, |T |2mi and |S|/M2
i to be suppressed. The final halflife, putting the

nuclear matrix elements back in, will be

[T 0ν
1/2]

−1 = G0ν
01

{

|M0ν
ν |2|ηLL|2 + |M0ν

ν |2|ηlightRR |2 + |M0ν
N |2|ηheavyRR |2 + |M0ν

λ ηλ +M0ν
η ηη|2

}

, (50)

where the phase space factor G0ν
01 and matrix elements M0ν

k (k = ν,N, λ, η) can be found in Table 2

of Ref. [28], and the dimensionless LNV parameters with their corresponding limits are given by

|ηLL| =
1

me

∣

∣

∣

∣

∣

vL
vR

[MR]ee −
3
∑

i=2

S2
eiMi

∣

∣

∣

∣

∣

. 7.1 × 10−7, (51)

|ηlightRR | = 1

me

(

mWL

mWR

)4

|Ve1|2 M1 . 7.1 × 10−7 , (52)

|ηheavyRR | = mp

(

mWL

mWR

)4
∣

∣

∣

∣

∣

−
3
∑

i=2

V ∗
ei
2

Mi

∣

∣

∣

∣

∣

. 7.0× 10−9 , (53)

|ηλ| =
m2

WL

m2
WR

∣

∣

∣

∣

∣

−
3
∑

i=2

SeiV
∗
ei

∣

∣

∣

∣

∣

. 5.7× 10−7 , (54)

|ηη | = tan ξ

∣

∣

∣

∣

∣

−
3
∑

i=2

SeiV
∗
ei

∣

∣

∣

∣

∣

. 3.0× 10−9 . (55)

The current limits on each parameter have been calculated as in Ref. [28], using the half-life limit

from the KamLAND-Zen experiment and neglecting interference terms.

Following the arguments in Ref. [45], it turns out that only the RR and LR contributions are

important here, since usually vL ≪ vR and the mixing S is small so that the LL contribution is

suppressed. If we assume that only one contribution dominates at a time we can get limits on the

mass and mixing parameters of the right-handed neutrinos and thus show the correlation between

half-lives in 0νββ and the differential electron spectrum in KATRIN, since both depend on the

same parameters.

With the current limits on the left–right contributions to 0νββ at our disposal, we can perform

a comparison with the expected sensitivity of a future KATRIN-like beta-decay experiment to a

keV neutrino Nj, as given in Eq. (32), for convenience repeated here

θ2eff =

[

|Sej|2 + |Vej |2
(

m4
WL

m4
WR

+ tan2 ξ + 2C
m2

WL

m2
WR

tan ξ cosα

)]

. ǫ . (56)

Here ǫ = 10−6–10−8 is subject to an O(1) fudge factor rooted in ruthless approximations (see

discussion in Sec. 3.2). The most interesting quantity from 0νββ is ηlightRR from Eq. (52), as it

depends on the same parameters as the dominant RR contribution in KATRIN

|Vej|2
(

mWL

mWR

)4

=
me

Mj
|ηlightRR | ≃ 3.6× 10−4

(

1 keV

Mj

)

(

|ηlightRR |
7.1× 10−7

)

, (57)

and is well within the expected sensitivity of 10−6–10−8. Future 0νββ experiments such as GERDA

phase-II might push the bound on ηlightRR by another order of magnitude, but KATRIN (and the

LHC) can easily provide better limits on this quantity. The other limits from 0νββ depend on the
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Figure 6: Effective beta-decay mixing angle θ2eff as a function of 0νββ lifetime in 76Ge for some

sterile neutrino masses Mj and active–sterile mixing angles Sej in the presence of right-

handed currents, following Eq. (58). The spread comes from uncertainties in the nuclear

matrix elements. The horizontal lines denote the expected reach of a future KATRIN-like

experiment, the vertical lines the lifetime limit from GERDA [48] and expected phase-II

improvement. The shaded yellow area θ2eff −|Sej|2 & 10−6 is excluded by the LHC bound

mWR
& 2.5TeV [41].

KATRIN parameters only indirectly, e.g. via unitarity or seesaw formulae, which makes a direct

comparison of these two approaches more involved. In particular, it is unavoidably necessary to

specify the parameters for the two heavier right-handed neutrinos. We leave a detailed parameter

scan for future work. Nevertheless, one can expect that the additional interactions in the form of

right-handed currents allow for a more testable signal of keV-ish warm dark matter neutrinos in

double beta decay than without them. Recall that the decisive quantity for the process in case

of the standard light neutrino exchange is U2
eimi, currently limited to about 0.3 eV [46]. Without

right-handed currents, the contribution of, say, a M = 7keV neutrino to the process corresponds

to an effective mass of θ2M ≃ 70µeV, where θ2 ≃ 10−10 is the mixing parameter extracted from

the recent hint for an X-ray line [36, 37]. Including right-handed currents, and recalling that the

X-ray constraints are essentially left untouched by them, gives a contribution corresponding to

(mWL
/mWR

)4 |Vei|2M , which can be up to 0.008 eV, a value not out of reach for future experi-

ments [47].

To show one example of a possible correlation, let us assume that 0νββ is dominated by ηlightRR ,

i.e. by the keV sterile neutrino Nj . Neglecting further the W boson mixing ξ in accordance with

the X-ray bound from Eq. (39), we find a direct relation between the effective beta-decay mixing

angle θeff and the 0νββ lifetime, purely due to right-handed currents:

θ2eff = |Sej |2 +
me

Mj
|M0ν

ν |−1
(

G0ν
01

)− 1

2

(

T 0ν
1/2

)− 1

2

. (58)

We show this expression in Fig. 6 for the germanium isotope 76Ge for a variety of mixing angles and

masses. Here we indicate a θ2eff sensitivity of 10−6 (horizontal line) or 10−8 (dashed horizontal line),
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for simplicity independent of the sterile neutrino mass. (A virtually identical plot can be made with

regards to the 136Xe lifetime.) For the values chosen in Fig. 6, the area above θ2eff & (1–2) × 10−6

is already excluded by the LHC limit mWR
& 2.5TeV [41].6 We see that a future KATRIN-like

experiment can provide important constraints on the parameter space of keV sterile neutrinos,

complementary to the LHC and beyond the reach of current 0νββ experiments.

6 Conclusion

Sterile neutrinos with keV masses are a well-motivated candidate for warm dark matter and require

an experimental discovery machinery very different from cold dark matter candidates. Due to their

mixing with active neutrinos they are expected to manifest themselves in well-known processes such

as beta decay, resulting in kinks in the electron’s spectrum. In this paper we discussed the impact

of right-handed currents on the beta-decay phenomenology of keV sterile neutrinos, specifically on

tritium beta decay at a future KATRIN-like experiment. The additional interactions in a left–

right model can enhance the height of the kink, and left–right interference can further modify the

shape of the kink, best visible for small sterile neutrino masses, say below 5keV. Since the direct

contribution to the spectral kink by right-handed WR bosons is not linked to the decay rate of

the sterile neutrino (as opposed to WL–WR mixing), appreciable signals in the beta spectrum can

arise even for small active–sterile mixing angles. This significantly increases the potential discovery

reach of KATRIN to warm dark matter keV sterile neutrinos, liberating it partially from X-ray

constraints. The expected sensitivity to the dominant new-physics contribution via WR exchange

is beyond upcoming 0νββ experiments, but complementary to current LHC results, making a

dedicated analysis of this scenario by our experimental colleagues worthwhile.
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