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Weinberg Operator & Neutrino Mass

Weinberg operator(s)

1 L5 ∝ 1
Λ
LLHH ⇒ mν ∝ v2

Λ

2 L5+2n ∝ 1
Λ2n+1 LLHH (H†H)n

⇒ mν ∝ ε
(

1
16π2

)# (
v
Λ

)d−5 v2

Λ

1 L5 at tree level −→ classical seesaws

for y ∼ O(1), Λ ∼ (1014 − 1015) GeV
⇒ direct tests impossible.
for Λ ∼ O(1) TeV, y ∼ O(10−12)
⇒ philosophically displeasing.

2 L9 at tree level

y ∼ O(0.1) as well as Λ ∼ O(1) TeV

⇒ philosophically pleasing & collider testable.

L = LSM + Ld=5︸ ︷︷ ︸
dominant

+ Ld=7︸ ︷︷ ︸
subdominant

+ Ld=9︸ ︷︷ ︸
subsubdominant

How to make L9 contribution to mν dominant?

1 Introduce a discrete symmetry

2 Choose the particle content such a way
that it doesn’t allow to complete lower

order operator ⇒ genuine models
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A Genuine Quintuplet Seesaw Model

Exotic fields: JHEP 12 (2018) 066

ΣL,R =
(
++,+, 0

)
L,R
∼ (1, 3, 1)

∆L,R =
(
++,+, 0,−

)
L,R
∼ (1, 4,

1

2
)

ΦR =
(
++,+, 0,−,−−

)
R
∼ (1, 5, 0)

Relevant Lagrangian:

LY = Y23 ΣLHL̃ + Y34 ∆RΣLH
† + Y ′34 ∆LΣRH

†

+Y45∆LΦRH + Y ′45 ∆R Φ̃RH

LM = MΣΣRΣL + M∆∆R∆L +
1

2
MΦΦ̃RΦR

Light neutrino mass:

mν ≈
v6

48
Y †23M

−1
Σ Y ′†34M

−1
∆ Y ′45M

−1
Φ Y ′T45 M−1

∆ Y ′∗34 M
−1
Σ Y ∗23

=
v2

2
Y †23M

−1Y ∗23

Casas-Ibarra parametrisation: Nucl. Phys. B 618 (2001) 171

Y ∗23 =

√
2

v
UM

√
M̂R

√
m̂νU

†
PMNS (RTR = 1)

A Simplified Model:

MΣ = diag(mΣ,mΣ,mΣ)

M∆ = diag(m∆,m∆,m∆)

MΦ = diag(mΦ,mΦ,mΦ)

Y ′34 = diag(y34, y34, y34)

Y ′45 = diag(y45, y45, y45)

R = I3×3
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LFV, Production and Decays of Exotic Fermions

LFV: `α → `βγ, `α → `β`γ`δ and µ→ e conversion. The most stringent bounds
result from µ→ e conversion on Gold from SINDRUM-II collaboration.

m2
∆mΦ

v 3|y ′34y
′
45|2

. O(107) ⇒ |y ′34y
′
45|2 > (0.05)4

Drell-Yan: q q′ → γ/Z → χ++χ−−/χ+χ−/χ0χ0, qq′ → W± → χ±±χ∓/χ±χ0.

Photon-photon fusion: γγ → χ++χ−−/χ+χ−

Heavy state transition: χQ → χQ−1π+, χQ−1K+, χQ−1`+ν, χQ−1π+ρ

SM 2-body decays:

χ++
i → `+

j W
+ χ+

i → `+
j Z/h, νW

+ χ0
i → `±j W

∓, νZ/h

χ++→ `+W+ χ+→ νW+, `+Z , `+h χ0→ `±W∓, νZ , νh
χ−−→ `−W− `−`+W−W + `−νW−W + `−`+W−Z `−`+W−h – – –
χ−→ νW− ν`+W−W + ννW−W + ν`+W−Z ν`+W−h ν`±W−W∓ ννW−Z ννW−h
χ−→ `−Z `−`+ZW + `−νZW + `−`+ZZ `−`+Zh `−`±ZW∓ `−νZZ `−νZh
χ−→ `−h `−`+hW + `−νhW + `−`+hZ `−`+hh `−`±hW∓ `−νhZ `−νhh
χ0→ `±W∓ – `±νW∓W + `±`+W∓Z `±`+W∓h `±`±(∓)W∓W∓(±) `±νW∓Z `±νW∓h
χ0→ νZ – ννZW + ν`+ZZ ν`+Zh ν`±ZW∓ ννZZ ννZh
χ0→ νh – ννhW + ν`+hZ ν`+hh ν`±hW∓ ννhZ ννhh
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Multilepton Final States Search by CMS

A recent CMS search (137.1 fb−1) excluded triplet fermions below 880 GeV at 95% CL in the
simplified type-III seesaw model. JHEP 03 (2020) 051
This limit is not straightforwardly applicable to the present model. However, because of
similar multilepton final states signatures, this search is expected to be sensitive as well in
probing the present model.

Search implementation steps:

MadGraph5 (MC event generation) → Pythia8 (decays, ISR, FSR, showering,
fragmentation and hadronization) → Delphes (object reconstruction and
selection, defining SRs and event selection)

For the ‘Delphes’ step, we rigorously follow the said CMS seach strategy.

Based on # leptons, # and mass of OSSF lepton pairs, the selected events are categorised into
several mutually exclusive SRs.

Label Nleptons NOSSF MOSSF (GeV) pmiss
T (GeV) Variable and range (GeV) Number of bins

3L below-Z 3 1 <76 — LT+pmiss
T [0, 1200] 6

3L on-Z 3 1 76–106 >100 MT [0, 700] 7
3L above-Z 3 1 >106 — LT+pmiss

T [0, 1600] 8
3L OSSF0 3 0 — — LT+pmiss

T [0, 1200] 6
4L OSSF0 ≥4 0 — — LT+pmiss

T [0, 600] 2
4L OSSF1 ≥4 1 — — LT+pmiss

T [0, 1000] 5

4L OSSF2 ≥4 2 —
>100 if both LT+pmiss

T [0, 1200] 6
pairs are on-Z
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Validation of Our Implementation of CMS Search

To validate our implementation, we reproduce expected 95% CL upper limit on the
triplets in the simplified type-III seesaw model.

Since the relevant SM backgrounds in our analysis are exactly same as that of CMS
search, we do not simulate the backgrounds, instead we use distributions of expected
SM backgrounds and observed events provided by CMS.

In doing so, we use a hypothesis tester to estimate exclusion significance.
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95% CL Limit on Exotics, and Displaced Vertex
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Exotics with masses below 720, 970, and 1200 GeV are excluded for triplet, quadruplet

and quintuplet, respectively.

Displaced vertices, LLPs, vanishing charge track signature, etc. may result for
smaller values of the lightest neutrino mass i.e. m1(m3) → 0 for NH(IH).

3++(4++){5++}[3+] 4+(5+) 4−/30/40/50

cτmax (in mm) 0.04 (0.22) {0.43} [1.0] 3.6 (16.0) arbitrarily large

where to look for LHeC, FCC-he HL-LHC, LHeC, FCC-he MATHUSLA

S. Ashanujjaman, K. Ghosh Quintuplet Seesaw February 19, 2021 7 / 8



Summary and Outlook

A genuine model (potentially testable, and hence falsifiable at collider)
generating neutrino masses at tree-level via O9 has been presented.

This model possesses several new SU(2)L fermionic multiplets and thus a rich
phenomenology at the LHC.

Pair production of exotics for masses below 720, 970 and 1200 GeV are excluded
for triplet, quadruplet and quintuplet, respectively.

Exotics of the model could also be long-lived leaving disappearing track signatures
or displaced vertices at detector.

Final states discussed in this work are common to a large class of (seesaw-inspired)
models. Once a positive search is found, one will have to identify whether it
corresponds to heavy neutrinos (type-I seesaw), scalar triplets (type-II seesaw),
fermionic triplets (type-III seesaw) or any other seesaw-inspired model like the
present one —type-V seesaw.

The Yukawa coupling of the exotics with the SM lepton doublet is large enough.
Therefore, one would expect better prospect of this model at lepton colliders.
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