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I.

Minimal HNLs
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NR 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

L =
g√
2

VαNj
l̄αγµPLNjW−

Lµ
+

g

2 cos θW

X

α,i,j

V L
αiV

∗
αNj

NjγµPLνiZµ,

⇒ This L (+mass): “Minimal HNL”

⇒ Experimentally we know: VαNj
≪ 1 (for mN ≤ 1 TeV)
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⇒ This L (+mass): “Minimal HNL”

⇒ Experimentally we know: VαNj
≪ 1 (for mN ≤ 1 TeV)

Note:

⇒ this makes no reference to any model

⇒ gives no explanation for mass of N

⇒ Does not specify N 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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Forecast searches
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L = 3/ab:

Cottin et al.;

PRD98 (2018) 035012

and

R. Beltrán et al.;

JHEP01 (2022) 044

Complementary

to far detectors!
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II.

EFT and NR

R. Beltrán et al., JHEP01 (2023) 15

Red LHC workshop, Madrid; May 10, 2023 – p.7/17



Effective field theory

SMEFT:

Standard model symmetries

and standard model fields:

Li, eRi
, Qi, uRi

, dRi

+ H, Bµν , Wµν , Gµν

Below mW :

LEFT

Integrate out t, H, Wµν , · · ·
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SMEFT:

Standard model symmetries

and standard model fields:

Li, eRi
, Qi, uRi

, dRi

+ H, Bµν , Wµν , Gµν

Below mW :

LEFT

Integrate out t, H, Wµν , · · ·

Add fermionic singlets:

NRSMEFT + NRLEFT
For NRSMEFT results, see:

R. Beltrán et al.; JHEP01 (2022) 044

G. Cottin et al.; JHEP09 (2021) 039
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4F operators in NRLEFT

d = 6 operators with pairs of NR:

Name Structure nN = 1 nN = 3

LN
C

OV,RR
dN

“

dRγµdR

”

`

NRγµNR

´

9 81

OV,RR
uN

(uRγµuR)
`

NRγµNR

´

4 36

OV,LR
dN

“

dLγµdL

”

`

NRγµNR

´

9 81

OV,LR
uN

(uLγµuL)
`

NRγµNR

´

4 36

LN
V

OS,RR
dN

“

dLdR

”

`

Nc
R

NR

´

18 108

OT,RR
dN

“

dLσµνdR

”

`

Nc
R

σµνNR

´

0 54

OS,RR
uN

(uLuR)
`

Nc
R

NR

´

8 48

OT,RR
uN

(uLσµνuR)
`

Nc
R

σµνNR

´

0 24

OS,LR
dN

“

dRdL

”

`

Nc
R

NR

´

18 108

OS,LR
uN

(uRuL)
`

Nc
R

NR

´

8 48

lepton number

conserved

lepton number

violated
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⇒ For single NR operators, see:

R. Beltrán et al., JHEP01 (2023) 15 and De Vries et al., JHEP 03 (2021) 148
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LNV NRSMEFT operators

In NRSMEFT ∆(L) = 2 lepton number violation

appears in d =odd operators:

d
=

7
(L
N
V
) OQNdH

`

QNR

´ `

Nc
R

dR

´

H 18 162

OdQNH H†
“

dRQ
”

`

Nc
R

NR

´

18 108

OQNuH

`

QNR

´ `

Nc
R

uR

´

eH 18 162

OuQNH
eH† (uRQ)

`

Nc
R

NR

´

18 108

For the LNV pair-NR operators, the matching conditions read:

cS,RR
dN,ij

= − v

2
√

2
V ∗

kiC
kj
QNdH

, cS,RR
uN,ij

= − v

2
√

2
Cij

QNuH
,

cS,LR
dN,ij

=
v√
2

VkjCik
dQNH , cS,LR

uN,ij
=

v√
2

Cij
uQNH

.

c6LNC ⇔ C6
LNC ∝ 1

Λ2
c6LNV ⇔ vC7

LNV ∝ v

Λ3

Thus, NRLEFT ⇔ NRSMEFT:
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Mesons at LHC

Meson production at LHC for L = 3/ab:

D0 D± D±
s B0 B± B0

s

4.12 × 1016 2.16 × 1016 7.02 × 1015 1.58 × 1015 1.58 × 1015 2.73 × 1014
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Mesons at LHC

Meson production at LHC for L = 3/ab:

D0 D± D±
s B0 B± B0

s

4.12 × 1016 2.16 × 1016 7.02 × 1015 1.58 × 1015 1.58 × 1015 2.73 × 1014

Meson decay via NRLEFT operators:

For example: B0 → NN B+ → π+NN
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Brs for meson decays

One example operator only:

⇒ Note: c = 10−3/v2

⇒ Case LNC, operator OV,RR
dN

, index “31”

⇒ At small mN 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:

⇒ Note: c = 10−3/v2

⇒ Case LNV, operator OS,RR
dN

, index “31”

⇒ 2-body decay dominates
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Projected sensitivities

3-dimensional

parameter space

fix, as example:

c = 10−3/v2
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Projected sensitivities

Example LNC operator:

⇒ Rough estimate, LNC scales as 1/Λ2:

c ∼ 10−4(10−5) → Λ ∼ 100(300) TeV
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Projected sensitivities

Example LNV operator:

⇒ Rough estimate, LNV scales as 1/Λ3:

c ∼ 10−4(10−5) → Λ ∼ 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 (!!), MATHUSLA,

FASER, CODEX-b, ANUBIS · · ·

⇒ If EW scale NR exists, it should be long-lived

⇒ Large discovery potential or improvement of existing limits by

several orders of magnitude

⇒ NRLEFT operators can be probed up to Λ < (100 − 300) TeV (LNC)

and Λ < (10 − 20) TeV (LNV)
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