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Seesaw Mechanism
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[Minkowski ’77; Mohapatra, Senjanović ’79; Yanagida ’79; Gell-Mann, Ramond, Slansky ’79; Glashow ’80]



Origin of B− L Breaking

Explained in UV-complete seesaw models, e.g. Left-Right, SO(10).

Spontaneous breaking of B− L involves some BSM Higgs sector.

Typically predicted to be at & multi-TeV scale.

May/may not have experimentally observable effects.

A new possibility: the neutral component of the scalar field associated
with the B− L breaking can be much lighter.

Theoretical and experimental constraints force its mixing with other
particles to be very small.

Necessarily long-lived.

Potentially interesting displaced vertex signatures at the LHC.
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Left-Right Seesaw

[Pati, Salam (PRD ’74); Mohapatra, Pati (PRD ’75); Mohapatra, Senjanović (PRD ’75)]

Based on the gauge group GLR ≡ SU(3)c × SU(2)L × SU(2)R × U(1)B−L.

Under GLR,
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uL
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)

i

:
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1
3
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,
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(
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i

: (1, 2, 1,−1) , ψR,i =

(
NR

eR

)

i

: (1, 1, 2,−1) .

RH neutrinos are an essential part of the theory (not put in ‘by hand’).

A natural UV-completion of (type-I) seesaw.

Can be realized at & 5 TeV scale, with many observable effects.



Minimal LR Higgs Sector

Φ =

(
φ0

1 φ+2
φ−1 φ0

2

)
: (1, 2, 2, 0),

∆R =

(
∆+

R /
√

2 ∆++
R

∆0
R −∆+

R /
√

2

)
: (1, 1, 3, 2).

SU(2)R × U(1)B−L → U(1)Y by 〈∆0
R〉 ≡ vR.

SU(2)L × U(1)Y → U(1)em by 〈φ〉 =

(
κ 0
0 κ′

)
.

Fermion masses arise from the Lagrangian

LY = ha
q,ijQ̄L,iΦaQR,j + h̃a

q,ijQ̄L,iΦ̃aQR,j + ha
`,ijψ̄L,iΦaψR,j + h̃a

`,ijψ̄L,iΦ̃aψR,j

+ fijψT
R,iCiτ2∆RψR,j + H.c.

The triplet scalar fields are hadrophobic.



Physical Higgs Bosons

φ0
1 = κ+

1√
2
φ0 Re

1 +
i√
2
φ0 Im

1 ,

φ0
2 = κ′ +

1√
2
φ0 Re

2 +
i√
2
φ0 Im

2 ,

∆0
R = vR +

1√
2

∆0 Re
R +

i√
2

∆0 Im
R .

14 scalar fields:
{φ0 Re

1 , φ0 Re
2 , ∆0 Re

R , φ0 Im
1 , φ0 Im

2 , ∆0 Im
R } , {φ±1 , φ±2 , ∆±R } , {∆±±R }.

Two singly-charged pair and neutral states are eaten by (W±,Z,W±R ,ZR).

8 remaining physical fields, denoted by {h, H0
1 , A0

1, H0
3 , H±1 , H±±2 }.

Rich phenomenology. [Gunion, Grifols, Mendez, Kayser, Olness (PRD ’89); Polak, Zralek (PLB

’92); Bambhaniya, Chakrabortty, Gluza, Kordiaczyńska, Szafron (JHEP ’14); Dutta, Eusebi, Gao, Ghosh,

Kamon (PRD ’14); Bambhaniya, Chakrabortty, Gluza, Jeliński, Kordiaczyńska (PRD ’14, ’15); Maiezza,

Nemevsek, Nesti (PRL ’15); BD, Mohapatra, Zhang (JHEP ’16)]



Scalar Potential

V = −µ2
1 Tr(Φ†Φ)− µ2

2

[
Tr(Φ̃Φ†) + Tr(Φ̃†Φ)

]
− µ2

3 Tr(∆R∆†R)

+λ1
[
Tr(Φ†Φ)

]2
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Tr(Φ̃Φ†)

]2
+
[
Tr(Φ̃†Φ)

]2
}

+λ3 Tr(Φ̃Φ†)Tr(Φ̃†Φ) + λ4 Tr(Φ†Φ)
[
Tr(Φ̃Φ†) + Tr(Φ̃†Φ)

]

+ρ1

[
Tr(∆R∆†R)
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+ ρ2 Tr(∆R∆R)Tr(∆†R∆†R)

+α1 Tr(Φ†Φ)Tr(∆R∆†R) +
[
α2eiδ2 Tr(Φ̃†Φ)Tr(∆R∆†R) + H.c.

]

+α3 Tr(Φ†Φ∆R∆†R) .



Neutral Sector
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Charged Sector
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Constraints on Masses

Bidoublet scalars (H0
1 , A0

1, H±1 ) are quasi-degenerate with mass√
α3vR & 10 TeV. [An, Ji, Mohapatra, Zhang (NPB ’08); Bertolini, Maiezza, Nesti (PRD ’14)]

C. Tree-Level FCNH Contribution and A Lower Bound on MH

In the LRSM, there is also a new contribution to the K0 − K
0

mixing mediated by the
FCNH. The FCNH boson is a complex field and can be expressed in terms of the two real
fields H0

1 and A0
1. The effective lagrangian follows from Eq. (48)

LFCNH =
GF√

2

⎡
⎣
(∑

i

λRL
i + λLR

i

2
mi

)2 [
(sd)2

m2
H0

1

− (sγ5d)2

m2
A0

1

]

−
(∑

i

λRL
i − λLR

i

2
mi

)2 [
(sd)2

m2
A0

1

− (sγ5d)2

m2
H0

1

]⎤
⎦ . (58)

The corresponding Feynman diagram is shown in Fig. 2. According to our previous discus-
sion, the two scalar fields H0

1 and A0
1 have the same masses, roughly corresponding to the

righthand scale, m2
H0

1
≃ m2

A0
1

≃ α3v
2
R. Therefore, it is convenient to rewrite Eq. (58) in a

more compact form

HFCNH ≃ − GF√
2m2

H0
1

∑

i,j

mimjλ
LR
i λRL

j

[
(sd)2 − (sγ5d)2

]
. (59)
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FIG. 2: ∆S = 2 effective interaction induced by flavor-changing neutral Higgses.

It is easy to check that the FCNH and the box diagram contributions have the same sign
because 4(1+lnxc)+ln η < 0, and thus they cannot cancel each other, even allowing possible
freedom in choosing the quark mass sign. Therefore, the lower bound on the righthanded-W
boson mass remains. One can also derive a lower bound on the masses of H0

1 and A0
1 using

∆MK . A straightforward calculation shows that if demanding the FCNH contribution is
less than the experimental data,

MH0
1
, MA0

1
> 15 TeV . (60)

which is about twice as large as in [5]. One can obtain this value presumably by a large α3

parameter in the Higgs potential. However, one cannot make α3 arbitrarily large. As we
shall discuss later, large α3 not only causes naturalness problem, but also leads to a large
SM Higgs mass which threatens the perturbative unitarity [25].

18

MH±±
2

& 500 GeV from LHC searches for same-sign dilepton pair.

2 2 The CMS Detector

Table 1: Branching fraction scenarios for the decays of F±±.

Benchmark Point ee eµ et µµ µt tt

BP1 0 0.01 0.01 0.30 0.38 0.30
BP2 1/2 0 0 1/8 1/4 1/8
BP3 1/3 0 0 1/3 0 1/3
BP4 1/6 1/6 1/6 1/6 1/6 1/6
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Figure 1: Feynman diagrams for the four (a) and three (b) lepton final states

The first experimental limits on the mass of F++ were derived from measurements at PEP
and PETRA e+e� storage rings [15–20]. Further limits were set at the MARK II detector at
SLAC [21], the H1 detector at HERA [22], and the LEP experiments [23–26]. The lowest mass
excluded by CDF was 112 GeV in the 100% µt final state [27, 28], and D0 excluded a mass of
127 GeV in the 100% µµ final state [29]. The most recent searches were performed by CMS
and ATLAS. ATLAS has performed searches utilizing both 7 TeV [30] and 8 TeV data [31]. The
8 TeV analysis places the highest limits on the mass of a left-handed doubly-charged Higgs
boson. They searched for 100% decays to ee, µµ, and eµ, which were excluded up to masses of
551 GeV, 516 GeV, and 468 GeV respectively.

CMS has performed a search utilizing the 7 TeV proton-proton collision dataset [7]. The analy-
sis searched for 100% decays to ee, µµ, tt, eµ, et, and µt, as well as the benchmark points listed
in Table 1. The lowest mass excluded was 169 GeV for tt, and the highest was 395 GeV for µµ.
The analysis presented here is a continuation of this search utilizing the 8 TeV proton-proton
collision dataset.

2 The CMS Detector
A superconducting solenoid is the central feature of the CMS detector, providing an axial mag-
netic field of 3.8 T parallel to the beam direction. A silicon pixel and strip tracker, a crystal
electromagnetic calorimeter, and a brass/scintillator hadron calorimeter are located within the
solenoid. A quartz-fiber Cherenkov calorimeter extends the coverage to |h| < 5.0, where
h = � ln[tan (q/2)]. Muons are measured in gas-ionization detectors embedded in the steel
flux return yoke outside the solenoid. The first level of the CMS trigger system, composed of
custom hardware processors, is designed to select the most interesting events using informa-
tion from the calorimeters and muon detectors. A high-level trigger processor farm decreases
the event rate to a few hundred hertz, before data storage. A more detailed description of

No available constraints (before our paper) on H0
3 and it can be much

lighter, depending on the scalar quartic couplings.



Light Scalar

Decoupling H0
1 ,A

0
1 from the neutral scalar mass matrix, we are left with

{h,H0
3} (where h is the SM Higgs):

Mneutral =

(
4λ1ε

2 2α1ε

2α1ε 4ρ1

)
v2

R .

In the limit of m2
H0

3
� m2

h, we get

m2
h ' 4λ1ε

2v2
R = 4λv2

ew ,

m2
H3
' 4ρ1v2

R − sin2 θ1 m2
h ,

with the h− H0
3 mixing angle sin θ1 ' α1

2λ1ε
, which is required to be small.

The H0
3 − H0

1 mixing is also suppressed: sin θ2 ' 4α2ε
α3

.

H0
3 talks to the SM sector only through these two mixings.



Possible Parameter Space
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Radiative Corrections
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Figure 2. Dominant loop corrections to m2
H3

from interacting with the heavy scalars � (H0
1 , A0

1,

H±
1 ), the heavy gauge bosons VR (WR, ZR) and the heavy RHNs Ni.

imprints at the TeV scale. Thus, not aiming to pursuit an ultimate UV complete theory

with parity in this paper, we retain at the realistic TeV scale and check how the mass mH3

would be a↵ected by interacting with other heavy particles in the LR model, i.e. the loop

corrections to H3 mass.

One similar example is the SM Higgs mass. if we neglect the one-loop fermion con-

tributions to the Coleman-Weinberg e↵ective potential [19], there would be a lower limit

of order of 5 GeV on the Higgs boson mass [20]. However, this bound goes away once the

top-quark Yukawa coupling is included. This approach for the LR models for the case of

doublet Higgs but without singlet fermions was carried out in Ref. [21], in which there is

a lower bound on the heavy neutral Higgs at the order of 900 GeV. Inclusion of fermion

contributions makes our results di↵erent from [21].

The 1-loop corrections to m2
H3

are mainly from the gauge interaction to the heavy WR,

ZR, the Yukawa interaction f with the RHNs, and the the interaction to the heavy scalars

H0
1 , A0

1, H±
1 and H±±

2 . All the interactions with the SM fields are suppressed by the small

mixing angles. The Feynman diagrams of loop corrections to m2
H3

of the heavy particle

loops are collected in Fig. 2, which sum up to

�
m2

H3

�loop ' 3

8⇡2


1

2
g4
R + (g2

R + g2
BL)2 � f4

�
v2
R . (4.11)

Without any tuning of the scalar, gauge and Yukawa couplings, th loop correction to

mH3 is expected to be of order vR/4⇡. However, with the minus sign in the equation

above, the bosonic and fermionic contributions cancel each other. With a tuning of order

GeV/vR
4⇡ ⇠ 10�2 for the parameters in Eq. (4.11), we could easily obtain a light scalar H3

at or below the GeV scale, as long as vR is at the TeV scale.

4.3 Couplings of H3

In order to study the consistency of light H3 and its production and decay in low and high

energy colliders and the early universe, it is essential to delineate its couplings to various

– 7 –

(
m2

H3

)loop ' 3
8π2

[
16
9
α2

3 +
3
2
α4

3 + (g2
R + g2

BL)2 +
1
2

g4
R − f 4

]
v2

R .

Fermion contribution can be canceled against the gauge and scalar terms to
keep the scalar light.



Decays to SM particles
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Decay Lifetime
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Experimental Constraints
3
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FIG. 2. Contours of H3 decay length at rest (dashed black lines) as
functions of its mass and mixing with the SM Higgs boson. Super-
imposed are limits (color-shaded) from meson mixing (K, Bd,s) and
rare meson decays (B± ! ⇡±H3, B± ! K±H3, K± ! ⇡±H3

and KL ! ⇡0H3, each followed by H3 ! ��). Also shown are the
SM Higgs mixing and invisible decay constraints from the LHC and
a future ILC.

Low-energy flavor constraints– Due to its mixing with the
SM Higgs h, as well as the heavy scalar H0

1 , the light scalar
H3 has induced flavor-changing couplings to the SM quarks,
which are severely constrained by the low-energy flavor data,
e.g. from K�K̄, Bd�B̄d and Bs�B̄s neutral meson mixing,
as well as rare K and B meson decays to lighter mesons and a
photon pair. Although the couplings originate from the FCNC
couplings of H0

1 , as the masses of H0
1 and H3 are independent

observables, the flavor constraints on H3 derived below are
different from those on the heavy scalar H0

1 [11].

Taking the K0�K̄0 mixing as an explicit example, we cast
the flavor-changing four-fermion interactions mediated by H3

into a linear combination of the effective dimension-6 opera-
tors of the form

O =

 X

i

mi�
RL
i

!2

O2 +

 X

i

mi�
LR
i

!2

Õ2

+ 2

 X

i

mi�
LR
i

! X

i

mi�
RL
i

!
O4 , (4)

where mi = {mu, mc, mt} the running up-type quark
masses, �LR

i = V ⇤
L, i2VR, i1 and �RL

i = V ⇤
R, i2VL, i1 the left-

and right-handed quark mixing matrix elements, and [20]

O2 = [s̄(1 � �5)d][s̄(1 � �5)d],

Õ2 = [s̄(1 + �5)d][s̄(1 + �5)d],

O4 = [s̄(1 � �5)d][s̄(1 + �5)d]. (5)

The effective Lagrangian we need is thus given by

LK
H3

=
GF

4
p

2

sin2 ✓̃2
m2

K � m2
H3

+ imH3
�H3

O , (6)

where GF is the Fermi constant and sin ✓̃2 = sin ✓2 + ⇠ sin ✓1
is the “effective” mixing angle, which also involves the mix-
ing with the SM Higgs, as h mixes with H0

1 with a small angle
⇠ ' mb/mt. Although the flavor-changing couplings of H3

arise from its mixing with H0
1 , the effective Lagrangian (6) is

not simply multiplied by a factor of sin ✓̃2; in particular, the
operators of form O2 and Õ2 are absent in the H0

1 case, which
are canceled by the CP -odd scalar A0

1 in the mass degenerate
limit of mH0

1
= mA0

1
. In Eq. (4), the charm quark contri-

bution mc� dominates (� being the Cabibbo angle), with a
subleading contribution ⇠ mt�

5 from the top quark.

To calculate the contribution of Lagrangian (6) to the K0 �
K̄0 mixing, we need the hadronic matrix elements when the
operators are sandwiched by the K0 states: hK0|Oi|K̄0i =
NimKf2

KBi(µ)R2
K(µ) , with i =2, 4, and N2 = 5/3, N4 =

�2, B2 = 0.679, B4 = 0.810 from lattice calculation [20]
and the kaon decay constant fK = 113 MeV. The mass ratio
RK = mK/(md + ms) is evaluated at the energy scale µ =
2 GeV. As the strong interaction conserves parity, we have
hK0|Õ2|K̄0i = hK0|O2|K̄0i. Then the K0 mass difference
can be estimated via �mK ' 2 Re ⌘i(µ)hK0|LK

H3
|K̄0i. The

NLO QCD factors for the hadron matrix elements are ⌘2 =
2.052 and ⌘4 = 3.2 at µ = 2 GeV [21].

The current experimental errors on �mK are at the level
of few mill. Requiring that the light H3-mediated contribu-
tion be consistent with the current data at the 2� C.L., i.e.
< 1.2 ⇥ 10�14 MeV [22], leads to an upper limit on the mix-
ing angles sin ✓1,2, as presented in Fig. 2 (solid blue line) for
✓1 (the limit on ✓2 is stronger by a factor of mt/mb). As
expected from the propagator structure in Eq. (6), the limits
on the mixing angles sin ✓1,2 are significantly strengthened
in the narrow resonance region where mH3

' mK . For
mH3

⌧ mK , the H3 propagator is dominated by the mo-
mentum term: (q2 � m2

H3
+ imH3�H3)

�1 ' q�2 ' m�2
K ,

and the limit approaches to a constant value, whereas for
mH3

� mK , the limit scales as m
1/2
H3

.

The calculation of flavor constraints from Bd and Bs mix-
ing are quite similar to those from K0, with the QCD cor-
rection coefficients ⌘2 = 1.654 and ⌘4 = 2.254 [21]. The
B-parameters for the effective operators are respectively [23]
B2(Bd) = 0.82, B4(Bd) = 1.16, B2(Bs) = 0.83 and
B4(Bs) = 1.17. Unlike the K0 case, the top-quark contri-
bution dominates the effective coupling

P
i mi�

LR, RL
i and

strengthens the corresponding limits on the couplings of H3

to the bottom quark. Requiring the H3 contributions be within
the 2� error bars of �mBd

(4.6 ⇥ 10�12 MeV) and �mBs

(2.8 ⇥ 10�11 MeV) measurements [22], we obtain the mix-
ing limits as shown in Fig. 2 (solid red and dashed cyan lines,
respectively). The B mesons are 10 times heavier than the
K meson, and the absolute values of error bars for �mB are
much larger than that for �mK ; this makes the B-mixing lim-
its weaker than K-mixing limit for mH3

⌧ mB . However,
this could be partially compensated by the large effective cou-
pling

P
i mi�

LR
i when H3 is heavier. Thus for mH3

& 1
GeV, the limits on sin ✓1,2 from the Bd-mixing turn out to be
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Production at the LHC
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Figure 5. Representative Feynman diagrams for the dominant production processes of H0
3 : (a)

the associated production with the SM Higgs, pp ! h⇤/H
0 (⇤)
1 ! H0

3h; (b) pair production, pp !
h⇤/H

0 (⇤)
1 ! H0

3H0
3 ; (c) heavy VBF, qq ! H0

3 jj mediated by a pair of VR (= WR, ZR) in the

t-channel; and (d) Higgsstrahlung process, qq ! V ⇤
R ! H0

3VR. In (a) and (b), the LO e↵ective hgg

vertex is predominantly from the top-quark loop induced SM coupling.
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Figure 6. Dominant production cross sections for the neutral hadrophobic Higgs boson H0
3 in the

minimal LR model at
p

s = 100 TeV pp collider. Here we have chosen vR = 10 TeV, ↵1 = 0.01 and

↵2 = 0. The VBF (H0
3 jj) and Higgsstrahlung (H0

3VR) cross sections are shown for three di↵erent

values of the gauge coupling ratio gR/gL (in parenthesis).

coupling [cf. Table 4] and the heavy charged gauge boson mass [cf. Eq. (2.10)]. The e↵ect

of the RH gauge coupling gR on this production process is also illustrated in Figure 6.

It is clear that in our benchmark scenario for a light H0
3 with MH0

3
. 500 GeV, the

production at 100 TeV collider is dominated by the SM Higgs portal. When H0
3 is heavier,

either the heavy VBF or the Higgsstrahlung process takes over as the dominant channel.
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Displaced Photon Signal
4

more stringent.
A light H3 could also be produced in rare meson de-

cays via the flavor-changing couplings, if kinematically al-
lowed. The corresponding SM decay modes are either for-
bidden or highly suppressed by loop factors and the CKM
matrix elements; thus these rare decay channels are also ex-
pected to set stringent limits on sin ✓1,2. We consider the
decays B± ! ⇡±H3, B± ! K±H3, K± ! ⇡±H3 and
KL ! ⇡0H3, each followed by H3 ! ��, with the invari-
ant mass of the diphoton m�� ⇠ mH3

. In contrast, the SM
process B± ! K±⇡0 ! K±��, for instance, produces a
similar signal as B± ! K±H3, but with the diphoton invari-
ant mass around m⇡ . Without dedicated peak searches in the
continuous m�� spectrum, the error bar on the branching ra-
tio BR(B± ! K±⇡0), which is of order 10�6 [22], can be
used to set conservative limits on the couplings of H3. This
is shown in Fig. 2 (solid purple line), along with the future
limit for BR(B± ! K±⇡0)  10�8. Similar limits are also
shown in Fig. 2 for other meson decays B± ! ⇡±H3 (solid
brown), K± ! ⇡±H3 (dotted orange) and KL ! ⇡0H3

(solid magenta). Conservatively, for the B meson decay, we
set a decay length at 30 cm, while for the charged and neu-
tral K mesons, they are respectively 10 m and 1 m [24]. The
Lorentz boost factor b ' mmeson/2mH3 is also taken into
account. From Fig. 2, it is clear that the meson decay con-
straints for mH3

are more stringent than those from meson
mixing data when H3 is lighter than the meson mass.

High-energy collider constraints– The existence of a light
scalar could induce unusual decay modes for the heavier SM
particles, such as the top quark, Higgs and W, Z bosons. Thus,
the electroweak and Higgs precision data can be used to set
limits on the H3 couplings. Firstly, the SM Higgs measure-
ments at the LHC constrain the h � H3 mixing sin ✓1 <
0.22 [25], as shown by the solid yellow line in Fig. 2. Future
measurements at a linear collider such as ILC could improve
this up to 0.13 [26] (dashed yellow line). For mH3

< mh/2,
the decay mode h ! H3H3 opens up for the SM Higgs. A
long-lived H3 would escape from the detector without leaving
any signal, which would thus contribute to the invisible decay
of h. An integrated luminosity of 300 fb�1 at LHC14 could
constrain the invisible branching ratio to be smaller than 9%
at the 95% C.L. [27], and it can reach up to 0.26% at

p
s = 1

TeV ILC with an integrated luminosity of 1000 fb�1 [28].
The corresponding limits on sin ✓1 are respectively 0.49 and
0.083, shown as solid and dashed green lines in Fig. 2. The
limits from other rare decays, such as Z ! �H3 [29] and
t ! cH3 [30] with H3 ! �� are much weaker and are not
shown in Fig. 2.

Displaced diphoton signal at the LHC– When H3 is heavy,
the constrains on sin ✓1 get much weaker [cf. Fig. 2], and H3

could be produced at the LHC through the SM Higgs por-
tal [7]. However, for a GeV-scale H3, the h � H3 mixing
is so severely constrained that it could only be produced via
the gauge coupling through heavy vector boson fusion (VBF):
pp ! W ⇤

RW ⇤
Rjj ! H3jj, with a subleading contribution

from ZR fusion [7]. The associated production of WRH3 is
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FIG. 3. Predicted numbers of displaced photon events from H3 decay
within the ECAL of ATLAS and CMS with a luminosity of 100 fb�1

at
p

s = 14 TeV, for gR/gL = 0.6, 1 and 1.5.

further suppressed by the heavy gauge boson mass in the final
state. When mH3 . 10 GeV, the VBF production rate is al-
most constant for a given vR, and is sensitive only to the gauge
coupling gR. For a smaller gR < gL, the WR boson is lighter
and the production of H3 can be significantly enhanced.

Limited by the flavor data, a light H3 decays mostly into
the diphoton final state at the LHC after being produced and
flying over a distance of L = bL0. For a GeV mass, the
decay-at-rest length L0 is of order of cm; multiplied by a
boost factor of b ⇠ 102, the actual decay length is expected
to be of order of m, comparable to the radius of the Elec-
tromagnetic Calorimeter (ECAL) of ATLAS and CMS detec-
tors, which are respectively 1.5 m [31] and 1.3 m [32]. The
final-state photons from H3 decay are highly collimated with
a separation of �R ⇠ mH3

/EH3
. Thus, most of the pho-

ton pairs can not be separated with the angular resolution of
�⌘ ⇥ �� = 0.025 ⇥ 0.025 (ATLAS) and 0.0174 ⇥ 0.0174
(CMS) [31, 32], and would be identified as a high-energy
single-photon jet. Counting conservatively these single pho-
ton jets within 1 cm < L < RECAL, we predict the number
of displaced diphoton events from H3 decay in ATLAS and
CMS for an integrated luminosity of 100 fb�1 in

p
s = 14

TeV LHC. Our results are shown in Fig. 3 for three benchmark
values of gR/gL with vR = 5 TeV. Here we have applied the
basic trigger cuts pT (j) > 25 GeV and ��(jj) > 0.4 on the
VBF jets and have assumed the SM fake rate for the displaced
diphotons to be small [33]. We find it promising that for a
GeV-scale H3, one could find up to O(100) displaced pho-
ton events at the LHC, which would constitute a “smoking
gun” signature of the H3 decays as predicted by the minimal
LRSM. For mH3 . 1 GeV, the decay length exceeds the size
of LHC detectors, but could be just suitable for future dedi-
cated long-lived particle search experiments, such as MATH-
USLA [34]. More details will be presented in Ref. [19].

Summary– We have pointed out that, searches for light neu-
tral scalars via high energy displaced photon searches at the
LHC could provide a new probe of the TeV scale left-right
seesaw models. We have derived the low energy flavor con-
straints on such particles, and have given the predictions for



Conclusion

Discussed the possibility of a light neutral scalar field associated with the
local B− L breaking in a Left-Right seesaw framework.

Low-energy constraints require the mixing of the light scalar with the SM
Higgs sector to be small.

Makes it necessarily long-lived at the LHC.

Smoking gun signal: displaced, collimated di-photons.

Good signal sensitivity at
√

s = 14 TeV LHC.


