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Masses in the standard model (SM)
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@ Massless neutrinos v ... i ( 7
L=
Lepton number is conserved... ¢

@ But it needs to be extended to
include neutrino masses!
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Seesaw Mechanism (Type |)

@ Incorporate sterile N; g
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what it thee (g

vSMEFT: Dim=6 simplified scenario Someking moce 2

@ EFT with Ng and SM fields Eredes BSM plysre
5 6 with N as Loy -
L=Lsy+ Ly + L+ L+ Ae;luo%{_m%m-k&

@ Discard the mixing term in the renormalizable lagrangian:
L, D TeLyed*Ng — 0~ Upy — 0

© Consider only one massive heavy N (N = Ng) with a Majorana
mass: it is a Majorana particle!

© Only dim 5 interaction with ONE N is Of\i; = Ng N§ ¢'¢:
reabsorb contribution to My in N physical mass my (See JHEP 09(2022)079, 2205.13550)

(ee]
Letf = Loy + (% Z ay(@ + h.c.)
=2 7

[1] F. del Aguila PLB (2009) 0806.0876, Liao PRD (2017) 1612.04527, Bhattacharya PRD (2016) 1505.05264
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Dim= 6 Operators with one heavy N

E 3 &wrlm < wmhma
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Boson currents
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Higgs dressed mixing
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Dim= 6 Operators with one heavy N

ONeg
e N
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Tree-level generated :
Ohs = i(6" eDue) (NI
OZLN/ = (aj’YMUj)(N’Yuli)

[1] F. del Aguila PLB (2009) 0806.0876, Liao PRD (2017) 1612.04527, Bhattacharya PRD (2016) 1505.05264
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Bounds on the couplings o (vSMEFT) —
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[**] Also see Fernandez-Martinez 2304.06772, JHEP(2023) and R.Beltran 2302.03216, JHEP (2023)
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Our agnostic benchmark: every operator ON

Why??
@ ...Different operators mix under renormalization between scales [2]
@ Allow N production and decay to depend on different physics
P =
We consider
@ Operators contributing to Ov35—decay (first family) set to

bound 2 my 1/2
ool 3.2 x 1072 (3508)

@ Every other operator set to the same numerical value «:
mostly second and third families flavors...

@ Scan on my and « values= Bowwd< v Coun
a-¢ % Plot «
L% K
A,z "‘N [2] Ardu 2407.16751, JHEP (2024)
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Lepton-trijet signals at the LHeC 3

@ Lepton Flavor violation: pe~ — jN —j 117 jj

@ Lepton Number violation: pe™ — jN —j 117 j
(omd flawr) N produchion
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[3] G. Zapata, T.Urruzola, O.A. Sampayo, L. Duarte 2305.16991, EPJC (2024)
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Lepton-trijet signals at the LHeC 3

[4] N decays: L.Duarte 1603.08052, EPJC (2016) 0.004 LHoC NG <13 ToV
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[3] G. Zapata, T. Urruzola, O.A. Sampayo, L. Duarte, 2305.16991, EPJC (2024) "
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vSMEFT Sensitivity prospects for LHeC:
“T(A=1TeV)

50-Discovery and 95% CLs limits at the LHeC: £ = 100 fb
from lepton-trijet signals. (BDT analysis)
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[3] G. Zapata, T. Urruzola, O.A. Sampayo, L. Duarte 2305.16991, EPJC (2024)
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vSMEFT Sensitivity prospects for LHeC: 3

95%CL Exclusion Limits
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[3] G. Zapata, T.Urruzola, O.A. Sampayo, L. Duarte 2305.16991, EPJC (2024)
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Lepton collider YSMEFT sensitivity prosSpects (4] workin progress

@ Single N production and leptonic @ Single N production and
decay semi-leptonic decay
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[4] L. Duarte, D. Chalencon, T. Urruzola 25XX.XXXXX: Work in progress
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Lepton collider YSMEFT sensitivity prosSpects (4] workin progress

Exclusion limits at the ILC: cut based analysis we already proposed in [5]

95%CL Exclusion Limits

95%CL Exclusion Limits
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[5] G. Zapata, T. Urruzola, O.Sampayo and L. Duarte, 2201.02480, EPJC (2022)
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Future CO”ider VSMEFT SenSitiVity prOSpeCtS [4] work in progress
95%CL Exclusion Limits
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[4] L. Duarte, D. Chalencon, T. Urruzola 25XX.XXXXX: Work in progress
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Take home message

@ vSMEFT: model independent info on new physics
contributions to heavy N (HNL) phenomenology (beyond seesaw
mixing!)

@ 95% CLs exclusion limits in O(EW) my — « plane show future
LHeC and ILC (or FCC-ee) could constrain the effective couplings
(muon family) to a region as tight as the bounds that are currently
considered for my < O(10) GeV

(See Fernandez-Martinez 2304.06772, JHEP(2023) and R.Beltran 2302.03216, JHEP (2023))

@ Lots of parameter space to be explored yet!

i Thanks for your attention!
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VSMEFT: (Backup)

e EFT with N, and SM fields
L=Loy+Ly+ L4+ L8+

@ Non-renormalizable operators (dim > 5) [1]:

a . _ Weia
OE/5V) = Z%LM & gt Ly +hc. (Opn) WL‘“VG

2% ))’— Msivm wossS

O;\Z)> _ Z (aN¢)U Ni,R Nch ¢T¢ 1 he. (ONNH) +N& Mq‘)ommss

= A ) 31 <N
I —————
N

©)_y (ang)i & c N digole
ONB = A N,'ﬁ Ouy Nj,Ff B*” + h.c. (ONNB) ?;
i Sty
[*] See: Graesser PRD(2007) 0704.0438, Aparici (PRD 2009) 0904.3244 and Caputo (JHEP 2017) 1704.08721,

See M s ONL\‘C ‘\'a\¥‘, Delgado JHEP 09(2022)079, 2205.13550 ¥ 231\ 4@} GHEPLZOM)
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Dim= 6 operators: renormalizable UV-realizations

OV - mediator :

[tree > Z { (/) vmw T PaN Wy >MW<9~ (‘,harc\)q,a
Vecko~

afj'&’}u(ujv Prdj liv, PrN)
O‘LNL/(ViPRN [iPrl; — 7;Pgl; [;PrN) u\afft(d owmd

O‘(CIPIQVL W"‘UJPLW 7iPrN) Natol Seaapg
aLNQd (djPrdj; ZiPgN — U;Prd; T‘-PF;N)
a(CI?}(I)Ld (UiPrN ;Prd; — d;PrN v;Prd;)

w 4d 4 ¥
N > “<(L, M> <A
o K renormalizable LU - emplekion is veeded for Mejorone N AL wheg

to work in HMadGreph D

See also: G.Zapata Eur.Phys.J.C 82(2022)6, 2201.02480 and G. Cottin JHEP 09(2021)039, 2105.13851
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