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G Motivation: SM Neutrino EFT (v SMEFT )

e Lepton-trijet signals: LFV and LNV at LHeC

Lucia Duarte (UdelaR - Uruguay) FPCP 2023



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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vSMEFT: dim6 simplified scenario

@ EFT with Nz and SM fields
L=Loy+Ly+LO+L0+ -

@ 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) = Na N§ ¢'¢:
reabsorb contribution to My in N physical mass my (See JHEP 09(2022)079, 2205.13550)

@ Gain intuition!

[e.e]
1 d
Leoff = [,SM—FdZG (m ;Oéjoj = h.C.)
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Dim= 6 Operators with Majorana N

i ixi z Ne
Higgs dressed mixing %
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Effective operators with one N (dim=6) 1

ONes

. . » Tree-level generated :
e < " Nis = 1(67 eDud)(NY"I;)
W, W
ot i i OduNl = (dﬂ”U/)(N’m 1)
" Otha = (LN)(Qy))
o Outune; Ogunr, OLvgd, Oanid OQuNL y Q/U/) ( )
¢ N ° " Ognig = (QiN)e(L;d))
OLNLI (LiN)e(L;h)
et v w,d d, @

@ 4 — f operators with Majorana fields need renormalizable completion to
be implemented in FeynRules model

[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: renormalizable UV-realizations
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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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Bounds on the couplings af}') (vSMEFT)

—vmw ) @ We exploit the existing
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U~ 2 1TV
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Lepton-trijet signals at the LHeC: LFV and LNV

@ Lepton Flavor violation: pe™ — jN —j 11 jj LFV
@ Lepton Number violation: pe~ — jN —j 7 j) LAV
(owd flavoc 1)
@ Oneo N ?wt\uajf\'m
: o ateeteA b
¢ N J ovaz—&:%
w J bowds
u,d d,u

Ogune; Oqunr, OLngd, OgNLd

—é AQQ 'MA)ovLs l%s
consteined,

[2] G. Zapata, T.Urruzola, O.A. Sampayo, L. Duarte 2305.16991
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Lepton-trijet signals at the LHeC: LFV and LNV

Possible backgrounds:
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Multivariate analysis (BDT)

TMVA input variables my = 100 GeV, «
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vSMEFT Sensitivity prospects for LHeC: 1
50-Discovery and 95% CLs limits at the LHeC: £ = 100 fb~! (A = 1 TeV)

from lepton-trijet signals.
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[2] G. Zapata, T.Urruzola, O.A. Sampayo, L. Duarte 2305.16991
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vSMEFT B'decays bounds: w» Eur.Phys.J.C 79(2019)7, 1904.07175

trewiovs vesults  ( Lower M)
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@ Needs simulation improvement and update!

3
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[4] Belle Phys.Rev.D 98(2018)11,112016, 1810.12976, LHCb 1401.5361,PRL(2014). Shuve 1607.04258, PRD(2016)
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B — 7'177— vs. B— 7N (VSMEFT) LD Eur.Phys.J.C 80(2020)9,896, 2006.11216

@ Br¥?(B — 7v) = (1.09 + 0.24) x 10~* PDG, combined Belle and BaBar
@ Br"= (g, +Ts..n)/T8 = my,a, ABr = \/(ABrs¥)2 4 (ABrew)2
@ N escapes undetected: 7y > 10° ps — No ar: Sets 4,5,6
@ Region in the (my, o) plane consistent with the conditions:
BréX° — ABr < Br!" < Br®? 4+ ABr and 7y > 108 ps
@ Needs simulation improvement and update!
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Final thoughts

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

@ LHeC: pe™ — jN —j 1 jj (LFV)

@ LHeC: pe™ — j/N —j 11 ij (LNV)

@ 95% CLs exclusion limits in O(EW) my — « plane show the LHeC
could constrain the effective couplings (muon family) to a region

as tight as the bounds that are currently considered for
my < O(10 GeV) > also 2204. 06332

@ Lots of parameter space to be explored yet!

i Thanks for your attention!
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VSMEFT: (Backup)

@ EFT with N and SM fields
L=Loy+L,+L+L8+

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

awlw ;=%
Sy %L&L F & Ly, +he (Ou)
Lo

o) = Z (a N¢)u Nig N°g &'+ h.c. (Onnm)

5 (ans)j & e
05\152 = E A N Ouy N B* + h.c. (ONNB)
i#]
[1] See: Graesser PRD(2007) 0704.0438, Aparici (PRD 2009) 0904.3244 and Caputo (JHEP 2017) 1704.08721,

Delgado JHEP 09(2022)079, 2205.13550
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