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nobelprize.org

Image by B.Shuve

We have worked on long-lived particles predicted in neutrino mass models for 7 years 

LLP = a new BSM 
particle with

Image by H. Russel

Theory Exotic 
signatures 

https://www.nobelprize.org/nobel_prizes/physics/laureates/2015/popular-physicsprize2015.pdf
https://indico.cern.ch/event/607314/
https://indico.cern.ch/event/607314/contributions/2542309/attachments/1447873/2231444/20170424_LLPs.pdf


2017-2018
HNL DV Strategy first proposed in G. Cottin, J.C. Helo and M. Hirsch, PRD 97 (2018) 

Long-lived Heavy Neutral Leptons

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.055025


We then realized the same DV strategy 
is applicable to many models, and 
we’ve been refining it ever since

HNLs can be automatically long-lived!

G. Cottin, J.C. Helo and M. Hirsch, PRD 98 (2018) 

Diagram by R. Beltrán @symmetry

R. Beltrán, G. Cottin, J.C. Helo, M. Hirsch, A. Titov, Z.S. Wang, JHEP 01 (2022) 044, 2110.15096 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.035012
https://arxiv.org/abs/2110.15096


Science (2019)

The LLP mania started ! …

We were looking for 
LHC gaps in 

coverage and 
thinking of models 

predicting LLPs 
which were not yet 

tested ! 
A Hirsch on the 

hunt!

https://www.science.org/content/article/atom-smasher-could-be-making-new-particles-are-hiding-plain-sight


Growing collaborations with the Chileans ! … @ Chile 2019

… And pisco sour !…



@ Chile 2019But focused mostly on work :P



2020 - 2021 - 2022

Along came a worldwide pandemic …

● And a first faculty job for me (2020)
● And new collaborations !
● And a more systematic way to

understand LLPs in neutrino mass models
● And many more lessons from Martin 

 For d=6 four-fermion operators with pairs of HNL
 G. Cottin, J. C. Helo, M. Hirsch, A. Titov, Z. S. Wang, JHEP 09 (2021) 039

 d=6 four-fermion operators with a single HNL
  R. Beltrán, G. Cottin, J.C. Helo, M. Hirsch, A. Titov, Z.S. Wang, JHEP 01 (2022) 044

https://arxiv.org/search/hep-ph?searchtype=author&query=Cottin%2C+G
https://arxiv.org/search/hep-ph?searchtype=author&query=Helo%2C+J+C
https://arxiv.org/search/hep-ph?searchtype=author&query=Hirsch%2C+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Titov%2C+A
https://arxiv.org/search/hep-ph?searchtype=author&query=Wang%2C+Z+S


For operators with pairs of HNL G. Cottin, J. C. Helo, M. Hirsch, A. Titov, Z. S. Wang, JHEP 09 (2021) 039

● Production and decay dominated by the operator
● LLP ATLAS inspired DV search can probe so-far uncharted 

parts of parameter space

Example for operators with a single HNL 

New physics scales in 
excess of ~20 TeV 
could be probed at the 
LHC with 3ab-1 for 
HNL masses ~50 GeV 
for operators with 
electrons and muons

https://arxiv.org/search/hep-ph?searchtype=author&query=Cottin%2C+G
https://arxiv.org/search/hep-ph?searchtype=author&query=Helo%2C+J+C
https://arxiv.org/search/hep-ph?searchtype=author&query=Hirsch%2C+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Titov%2C+A
https://arxiv.org/search/hep-ph?searchtype=author&query=Wang%2C+Z+S


● More EFT and HNLs!

 Full simulation (solid lines) in R. Beltrán, et al, JHEP 01 (2023) 015
Reinterpretation (dashed lines) in R. Beltrán, et al, JHEP 05 (2023) 031

Example

2022 - 2023

Diagram by R. Beltrán

https://arxiv.org/abs/2210.02461
https://arxiv.org/abs/2302.03216


We met again in Santiago ! @ Chile 2023



And in Valparaíso ! @ Chile 2023



But again, mostly work ! 
@HEP2023 and 1st SAPHIR 
ARM23

“I am a 
Model Killer”
M.K. Hirsch



2023 - 2024

● A new faculty job for me (2023)
● A new project connecting LLPs with neutrino 

masses and dark matter phenomenology !
● And much more knowledge from Martin 

@James Webb Telescope

Carolina Arbeláez, Giovanna Cottin, Juan Carlos Helo, Martin Hirsch, Téssio B. de Melo, IN PROGRESS !

Model from C. Arbeláez, R. Cepedello,
 J.C. Helo, M. Hirsch and S. Kovalenko, 
JHEP 08 (2022) 023

https://link.springer.com/article/10.1007/JHEP08(2022)023


● Not so many sours !

Martin, it is an honor to be your collaborator!  Thanks for sharing your passion for physics, your 
knowledge, your assertiveness, your laughs, your patience, your respect, your wisdom and for 

making us better scientists !

2024 + ? ● 10 papers with 606 citations (~half from LLP whitepaper)

● ~100 zoom hours !

● Hopefully a much longer lived collaboration ! 
With cool physics and more fun :-)



2019-2020 2020-2022 2022 - 2023 2023 - 2024















Long-lived Particle Community, J. Alimena, G. Cottin,  et al, 
J.Phys.G 47 (2020) 9, 090501 

Image by G. Cottin

Standard 
Science (2019), IOP (2023)Exotic 

Image by G. Cottin reproduced from J. Beacham

LLP Image adapted from Heather Russel

HNL DV Strategy first proposed in G. Cottin, J.C. Helo and M. Hirsch, PRD 98 (2018) 
Updated in R. Beltrán, G. Cottin, J.C. Helo, M. Hirsch, A. Titov, Z.S. Wang, JHEP 01 (2022) 044

https://www.science.org/content/article/atom-smasher-could-be-making-new-particles-are-hiding-plain-sight
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.035012


Beyond Minimal HNL
HNL production occurs via meson decays for 
We can study them systematically in an EFT approach

Meson decay via operator, i.e 

Diagram by R. Beltrán

HNLs in EFT with LLPs at the LHC 
(d=5) A. Caputo, et al, JHEP 06 (2017)

(NRLEFT, singleN) Jordy de Vries, et al, JHEP 03 (2021)
(NRSMEFT, single N) G. Cottin, et al, JHEP 09 (2021) 
(NRSMEFT, pair N) R. Beltrán, et al, JHEP 01 (2022) 

(NRLEFT, pair N) R. Beltrán, et al, JHEP 01 (2023)

HNL decays via mixing in K. Bondarenko, et al, 
JHEP 11 (2018) 032 

T. Li, et al, JHEP 07 (2020) 152
M. Chala, A. Titov, JHEP 05 (2020) 139

F. del Aguila, et al, Phys.Lett.B 670 (2009)
A. Aparici, et al, Phys.Rev.D 80 (2009)

Y. Liao, et al, Phys.Rev.D 96 (2017)
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https://link.springer.com/article/10.1007/JHEP06(2017)112
https://link.springer.com/article/10.1007/JHEP03(2021)148
https://arxiv.org/abs/2105.13851
https://arxiv.org/abs/2110.15096
https://arxiv.org/abs/2210.02461
https://arxiv.org/pdf/1805.08567.pdf
https://arxiv.org/abs/2005.01543
https://arxiv.org/abs/2001.07732
https://arxiv.org/abs/0806.0876
https://arxiv.org/abs/0904.3244
https://arxiv.org/abs/1612.04527


For operators with pairs of HNL 

● Production dominated by the operator
● HNLs decay only via mixing with the active neutrinos
● DV strategy proposed for ATLAS inner tracker (similar 

than for minimal HNL model)
● Probability of displaced decay in fiducial volume in far 

detectors (extending model space coverage)

G. Cottin, J. C. Helo, M. Hirsch, A. Titov, Z. S. Wang, JHEP 09 (2021) 039

https://arxiv.org/search/hep-ph?searchtype=author&query=Cottin%2C+G
https://arxiv.org/search/hep-ph?searchtype=author&query=Helo%2C+J+C
https://arxiv.org/search/hep-ph?searchtype=author&query=Hirsch%2C+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Titov%2C+A
https://arxiv.org/search/hep-ph?searchtype=author&query=Wang%2C+Z+S
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R. Beltrán, et al, JHEP 05 (2023) 031

https://arxiv.org/abs/2302.03216



