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TYPE-1I SEESAW MECHANISM

Extends the SM scalar sector by a complex SU(2), triplet

(Chakrabortty et al. ; Primulando et al. ; Fuks et al. ; Antusch et al. ; Aguila et al. )
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Yukawa
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Physical scalars: h, A°, A, A*, AT+

LY = Loy + Tr[D,ATD*A] — V(®, A) + LT ]

£$3ﬁawa 2 _(YA)ij'(ZEiA'(ﬁLj + h.c.

Quintessential in generating non-zero neutrino masses!
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Yukawa matrix: |Ya =




NUFIT CONSTRAINTS (NORMAL ORDERING)

\ Parameter H Best-fit \
Am3, [107° eV?] | 7551320
Am3, [1072 eV?] || 2.50 4 0.03

sin 61,/0.1 3.201929
012/° 34.5%17

sin 623/0.1 5.4710:%
053/° 47.7113

sin 613/0.1 2.16075 08
Or3/° 8.45%0,
§/m 1.21%52
§/° 218159

Best-fit constraints from the global fit of neutrino
oscillation data. (NUFIT 2018) 3



AN EXAMPLE YUKAWA MATRIX

C12C13 S12C13 5139_'5
Upwns = | —S12C23 — C12523513€'5 C12C3 — 5125235136’“S 523013
S125823 — C12C23513€'5 —C12523 — 512C23S13€'5 C23C13

Cjj = cos 9,‘j, Sjj = sin 9,‘,‘

Plugging in the NUFIT constraints:

0.0358 0.0018 0.0012
Ya = 10.0018 0.0438 0.0069
0.0012 0.0069 0.0416

va=1eV, m, =0.05eV
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TYPE-1I SEESAW MECHANISM
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The neutrino mass-mixing matrix (M, ) is diagonalised by
the unitary PMNS matrix,

M, = Upuns diag(m,,, my,, m,,) U]FL’MNS

M,
\/EVA

Constraints from neutrino oscillations: Upwys, Am3,, Am3,.
(NUFIT 2018)

Yukawa matrix: | Yo =




TYPE-1I SEESAW MECHANISM

[’\%Iﬁgwa (YA)UwL AwL +hc D> —= [(YA + Y )U Vi Vl]

\/Z

The neutrino mass-mixing matrix (M, ) is diagonalised by
the unitary PMNS matrix,

M, = Upuns diag(m,,, my,, m,,) U]FL’MNS

. M
Yukawa matrix: | Ya = —~
“ V2va
Constraints from neutrino oscillations: Upwys, Am3,, Am3,.

(NUFIT 2018)
Ya has 2 free-parameters: m,,, Va.



COLLIDER PHENOMENOLOGY

Production of A**: smoking gun signal for the Type-II
Seesaw Mechanism at colliders.

(CMS 2017; ATLAS 2018; ATLAS ); ATLAS 2023)
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COLLIDER PHENOMENOLOGY

Production of A**: smoking gun signal for the Type-lI
Seesaw Mechanism at colliders.

(CMS 2017; ATLAS 2018; ATLAS ); ATLAS 2023)

Strongest constraints: pp — ATTATT — [T[TT1T (=e,p 1)

(ATLAS 2018; ATLAS 2023)

100% branching forva ~1eV, m,, ~ 0.05 eV

Cuts and methodology: (Anisha, Banerjee, et al. 2022) 6



COLLIDER PHENOMENOLOGY

102
Mass exclusions: s

ol ATLAS bounds (95% CL)

---- LHC (30) bounds
ol Nl HL-LHC (30) bounds
[LHC: 2 870 GeV| z v
$ 10-1 LIRS

’HL—LHCZ < 1400 GeV‘ 102 \

1073
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(ATLAS 2023)



COLLIDER PHENOMENOLOGY

Mass exclusions: 107 _
pp— ATTATT =4l
---= FCC-hh bounds (95% CL)
10~

[LHC: 2 870 GeV |

gw*?

S
’HL—LHC: > 1400 Gev\ -
[FCC-hh: 2 8.5TeV| 10743 7 ; ; 10

Mazs [TeV]



THEORETICAL AND EXPERIMENTAL CONSIDERATIONS

- Vacuum stability
- Perturbative Unitarity
- Higgs data

- Electroweak Precision



THEORETICAL AND EXPERIMENTAL CONSIDERATIONS
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All constraints are within LHC-sensitivity!



THEORETICAL AND EXPERIMENTAL CONSIDERATIONS

(Primulando et al. 2019)
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- Vacuum stability

m osg=-2464%
v

sg=-246%
v

- Perturbative Unitarity

- Higgs data

- Electroweak Precision  ~40
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my+ [GeV]

All constraints are within LHC-sensitivity!

EWP Constraints after FCC-ee: | Ma++ = 105 GeV

(Fan et al. 2015) 7



LEPTON-FLAVOUR-VIOLATING (LFV) DECAYS
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LEPTON-FLAVOUR-VIOLATING (LFV) DECAYS
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Much of the parameter space sensitive to the HL-LHC is

already excluded!



IMPLICATIONS OF EFT-DEFORMATIONS

[BSM-EFT _ pBSM | | Z C 0(6 ]

- Motivation: The lightest non-SM particle lies close to
the EW scale.

- Complex singlets: (Cho et al. 2023; Oikonomou et al. 2024)

- 2HDM: (Anisha, Biermann, et al. 2022; Anisha, Azevedo, et al.
2024; Ouazghour et al. 2023)

- Triplet Extensions: (Padhan et al. 2022; Das et al. 2023)

- BSM-EFT basis: (Banerjee et al. 2021)
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IMPLICATIONS OF EFT-DEFORMATIONS

1
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IMPLICATIONS OF EFT-DEFORMATIONS
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BSM-EFT CONSTRAINTS FROM 1t — 3e (Ma = 500 GEV)
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BSM
Cronj = Gj

Since (Ya)ee >> (Ya),ue, We need bigger cancellations on

the diagonal Yukawas compared to the off-diagonal ones.
1
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IMPLICATIONS OF EFT-DEFORMATIONS (,u — Q’y’)
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CSMEFT _ (CSMEFT 75 0
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We can probe masses sensitive to the LHC through u — 3e/ex.
13



IMPLICATIONS OF EFT-DEFORMATIONS
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IMPLICATIONS OF EFT-DEFORMATIONS
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MODIFIED SEESAW AT COLLIDER EXPERIMENTS
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MODIFIED SEESAW AT COLLIDER EXPERIMENTS
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CONCLUSIONS

- The Type-Il Seesaw mechanism provides a natural, minimal
framework for neutrino masses.

- — 3e and p — ey can push the spectrum to mass scales
where collider sensitivity is difficult to obtain.

- TeV-scale modifications can readily bring down mass scales
to collider-relevant scales so that future discoveries can be
contextualised with low-energy experiments.

- A continued search for relevant new states at the LHC
remains a motivated effort!

Thank You!
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RGE-EFFECTS

RG E eﬂ:eCtS com puted (Celis et al. 2017; Fuentes-Martin et al. 2021)
for |u—3e| using e
DSixTools.
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BR(u — 3e) .
0.0002 0.0004 0.0006 0.0008 0.0010
|CBSM/A2| [Te\f—Q]

RGE effects are small, and don't affect our results
considerably. .
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