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Minimal RNLS
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ﬁ Ny or HNL?

From the experimental point of view a HNL is simply a heavy fermion singlet with
suppressed charged (CC) and neutral current (NC) interactions are
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= This £ (+mass): “"Minimal HNL"

= Experimentally we know: Van; <1 (formpy < 1TeV)
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= This £ (+mass): “"Minimal HNL"

= Experimentally we know: Van; <1 (formpy < 1TeV)
Note:

= this makes

= gives no explanation for mass of N

= Does not specify NV to be Majorana/Dirac

= gives no explanation for neutrino oscillations!

= Need to specify a specific seesaw variant to make contact
to light neutrino masses!
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Forecast searches
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i Forecast searches
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Complementary
tfo far detectors!
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EFT and Np

R. Beltran et al., JHEPO1 (2023) 15
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Effective field theory

A
E SMEFT:

A @ Matching >@ Standard model symmetries

and standard model fields:
lRunning
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Effective field theory
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v LEFT

2GeV =
Integrate out t, H, Wy, - -

Add fermionic singlets:

For NrSMEFT results, see:
. NRSMEFT 4+ NzLEFT

R. Beltran et al.; JHEPOT (2022) 044
G. Coftin et al.; JHEPO? (2021) 039
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ﬁ 4F operators in NyrLEFT

d = 6 operators with pairs of Ng:

Name Structure ny=1] ny=3
O | (dryudr) (Nryv*Nr) 9 81
S O (wrYuur) (NrY*NR) 4 36
- C’)C‘l/]’\%R (dL’YudL> (NR’y““NR) 9 81
OX]’\%R (uryuur) (N_Rfy“NR) 4 36
OS5 R (drdr) (NGNR) 18 108
O(Z]’VRR (dLa,u,/dR) (NI%U/“LVNR) 0 54
% Otk (@zur) (NENR) 8 48
Ol (@fouwur) (NGoH NR) 0 24
OFLE (drdr) (N Nr) 18 108
o LE (@rur) (NENR) 8 48
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= For single Nr operators, see:
R. Beltran et al., JHEPO1 (2023) 15 and De Vries et al., JHEP 03 (2021) 148
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LNV NrSMEFT operators

In NrSMEFT A(L) = 2 lepton number violation
appears in d =odd operators;
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For the LNV pair-Ng operators, the matching conditions read:

S,RR __
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Thus, NpLEFT < NpSMEFT:
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ﬁ Mesons at LHC

Meson production at LHC for £ = 3/ab:

DO D* DT BO B* BO
4.12 x 1016 | 2.16 x 1016 | 7.02 x 101® | 1.58 x 10'® | 1.58 x 10¥® | 2.73 x 1014
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Mesons at LHC

Meson production at LHC for £ = 3/ab:

DO D* DT BO B* BO
4.12 x 1016 | 2.16 x 1016 | 7.02 x 10¥® | 1.58 x 101° | 1.58 x 101° | 2.73 x 1014

Meson decay via NrLEFT operators:

N

N,v

For example: BY — NN BT - atNN
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Brs for meson decays

One example operator only:

-3
10 ETT T T[T T T T[T T T I [rrrrrrrig —— B S N+ N

E b d o = 107072 (LNO)

Branching ratio
||I||l|_|,| ||I||l|_|,| ||I||l|_|,| ||I||l|_|,| 1 1111

B K94+ N+N

0.0 05 1.0 15 20 25 3.0
my [GeV]

= Case LNC, operator O} index “31"

= At small m 3-body decays can dominate,
due to helicity suppression in 2-body decay
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Brs for meson decays

One example operator only:

m
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=
= Case LNV, operator 077, index 31"

= 2-body decay dominates

B! - K04+ N+ N
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Projected sensitivities
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Projected sensitivities

Example LNC operator:

[Vin]?=10"7 b—d cpyg (LNC)
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= Rough estimate, LNC scales as 1/A%:

c~1074(107%) — A ~100(300) TeV
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Projected sensitivities

Example LNV operator:

104 Vin[* =107 b—d iy (LNV)
103 C B® — inv.
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= Rough estimate, LNV scales as 1/A3:

c~107%4(107%) — A~ 10(21)TeV
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Conclusions

= Renewed interest in long-lived particles (dark matter & neutrinos)

= Many new proposals to look for LLPs at LHC: ATLAS/CMS (1), MATHUSLA,
FASER, CODEX-b, ANUBIS - - -

= If EW scale N exists, it should be long-lived

= or improvement of existing limits by
several orders of magnitude

= operators can be probed up to (LNOC)
and (LNV)
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