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   Institute of the U. of Copenhagen, Denmark

 ▸ Theoretical astroparticle physicist
   (astroparticle = astrophysics + particle physics)

 ▸ My work is mainly on high-energy neutrinos

 ▸ Born and raised in Lima, Peru 

 ▸ Sometimes I give public outreach talks

 ▸ I’ll talk mainly out of my own experience

 ▸ Professional webpage: mbustamante.net

https://mbustamante.net/


My academic trajectory



My academic trajectory
Undergrad (5 years) y Master (3 years):
PUCP (High Energy Physics Group)



My academic trajectory
Undergrad (5 years) y Master (3 years):
PUCP (High Energy Physics Group)

PhD (< 3 years): 
Uni. Würzburg / DESY (Germany)



My academic trajectory
Undergrad (5 years) y Master (3 years):
PUCP (High Energy Physics Group)

PhD (< 3 years): 
Uni. Würzburg / DESY (Germany)

Postdoc #1 (3 years):
Center for Cosmology and Astroparticle Physics,
Ohio State U. (EE.UU.)



My academic trajectory
Undergrad (5 years) y Master (3 years):
PUCP (High Energy Physics Group)

PhD (< 3 years): 
Uni. Würzburg / DESY (Germany)

Postdoc #1 (3 years):
Center for Cosmology and Astroparticle Physics,
Ohio State U. (EE.UU.)

Postdoc #2 (3 years): 
Niels Bohr Institute, U. Copenhagen (Denmark)



My academic trajectory
Undergrad (5 years) y Master (3 years):
PUCP (High Energy Physics Group)

PhD (< 3 years): 
Uni. Würzburg / DESY (Germany)

Postdoc #1 (3 years):
Center for Cosmology and Astroparticle Physics,
Ohio State U. (EE.UU.)

Postdoc #2 (3 years): 
Niels Bohr Institute, U. Copenhagen (Denmark)

Asistant Professor (2020–): 
Niels Bohr Institute, U. Copenhagen (Denmark)



  
ATLAS



  

DESY



  

DESY



  Very heavyVery light

Weakly
interacting

Mass

“Interactivity”

neutrino

electron protonphoton

dark matter

Strongly
interacting All particles: more strongly interacting

the higher their energies

Neutrinos are very light and very anti-social



  

Neutrinos are quintessential quantum particles

νe
electron
neutrino

muon 
neutrino νμ

tau 
neutrino ντ

A neutrino is created
with one definite flavor, e.g.,

“flavor oscillations”
(Nobel Prize 2002, 2015)

Neutrinos travel long
distances to detector

There are three types, or flavors, of neutrinos:

But may be detected with a
different flavor, with some 

probability

νe νe νμ ντ

We use quantum mechanics to compute probabilities over macroscopic distances!
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Potassium-40 has a half-life
of ~ 1 billion years:

Some of the potassium
in bananas is radioactive

4000+ neutrinos emitted each second by a 70-kg person

e- +   K →   Ar + νe
         K →   Ar + e+ + νe + γ

         K →   Ca + e- + νe
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Neutrinos are everywhere: even you make them!
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Neutrino physicist
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PhD years

▸ 2012-2014: U. Würzburg + DESY (Germany)

▸ Had a young, motivated PI as supervisor 

▸ Main work on modeling high-energy particle
   production in extreme astrophysical sources

▸ Some work on testing new particle physics

▸ Carried over the research experience from PUCP

▸ Finished before 3 years

▸ Started looking for postdocs well in advance



Postdoc years: becoming an independent researcher

Postdoc #1 (2014-2017): 

  ▸ Center for Cosmology and Astroparticle Physics 

     (CCAPP), Ohio State U., USA

  ▸ Continued work on high-energy neutrino astrophysics

  ▸ Progressively transitioned to more particle physics

  ▸ Starting working close to experimental collaborations

  ▸ Started refereeing papers – helps improve one’s writing

  ▸ Gave lots of talks (~40 significant ones)!

     Starting building my own researcher identity: an experimentally minded theoretical perspective



Postdoc years: becoming an independent researcher

Postdoc #2 (2017-2020): 

  ▸ Niels Bohr Institute, U. of Copenhagen, Denmark

  ▸ Main focus firmly on particle physics with high-energy 

     astrophysical neutrinos

  ▸ Built up publication portfolio

    + international collaboration network

  ▸ Gave lots more talks!

  ▸ Refined my writing style

Ready to make the jump to a faculty position
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Working with experimental collaborations

▸ I’m a theorist, but I work in close proximity to experimental collaborations

Theorist Experimentalist

Please measure this

Please make sense of these data

▸ Plan the next generation of large-scale neutrino telescopes for the coming 10–20 years 



IceCube-Gen2
arXiv:2008.04323

https://arxiv.org/abs/2008.04323


arXiv:1810.09994

https://arxiv.org/abs/1810.09994


POEMMA:
Probe of Extreme
Multi-Messenger Astrophysics
arXiv:2012.07945

https://arxiv.org/abs/2012.07945


TAMBO
arXiv:2002.06475

https://arxiv.org/abs/2002.06475


Today: Faculty position

  ▸ Assistant Professor, Niels Bohr Institute, U. of Copenhagen, Denmark

  ▸ Starting research grant from the Danish Villum Fonden (~1.5M USD)

  ▸ Building my own research group (students + postdocs)

  ▸ My time is divided between my students, my own research, and grant applications

  ▸ Key skill: Time management  (Too many things to do, too little time!)

  ▸ Working with students is a rewarding time investment



Students: undergraduate

2018: Siqiao Mu (Caltech)
Unitarity bounds of astrophysical neutrinos
PRD 98, 123023 (2018)

2020: Niels Gustav Nortvig Willesen
Unitarity bounds of astrophysical neutrinos
arXiv:2009.01253

2021: Jonathan Balthazar
Decay of high-energy cosmic neutrinos



Students: undergraduate

2018: Siqiao Mu (Caltech)
Unitarity bounds of astrophysical neutrinos
PRD 98, 123023 (2018)

2020: Niels Gustav Nortvig Willesen
Unitarity bounds of astrophysical neutrinos
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 ▸ Very well-defined project

 ▸ ~4 months to develop project

 ▸ Topics closely linked to 
   content courses

 ▸ Main goal: first direct 
   exposure to research
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2019–2020: Charlotte Rosenstrøm
Bounds on secret neutrino interactions from
High-energy astrophysical neutrinos
PRD 12, 123024 (2020)

2021-2022: Marie Hansen
Interactions between high-energy cosmic
neutrinos and axions

2020–2021: Kjartan Másson
Secret interactions of ultra-high-energy neutrinos

 ▸ Well-defined goal, but 
   steps and solutions defined 
   (in part) by the student

 ▸ ~1 year to develop project

 ▸ Topics that require going 
   firmly beyond courses

 ▸ Main goal: first full project 
   led by the student

 ▸ Should result in a paper
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Students: PhD

2020–2023: Víctor Valera
Pushing neutrino physics to the cosmic frontiers
Undergad: UNI
MSc: ICTP Trieste

2022-2024: ??
High-energy neutrino physics

 ▸ Well-defined general plan,   
   but freedom to explore

 ▸ 3 years to develop project

 ▸ Main goal: perform original, 
   state-of-the-art research

 ▸ Several papers associated

 ▸ Prepare to pursue a career in 
   academia if desired
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Take-aways
 ▸ Doing research is a craft: always improved, never perfected

 ▸ It’s ok for the focus of your research to shift in time – but settle eventually

▸ Study and research, not study then research

▸ Build your own identity as a researchers
   What interests you?  What is your competitive advantage?  What do people associate you with?

Learn everything
in your field Do research Have a solid basis Do research

Learn what you need 
when you need it

No Yes

Lascaux, 15000 BC Da Vinci, 1490 Tiepolo, 1773 Kandinsky, 1911
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Why do we do research in science?

 ▸ Curiosity 

 ▸ Long-term growth of a country

 ▸ Combat pseudoscience

As a species As individual

 ▸ Curiosity

 ▸ To test out abilities

 ▸ Altruism

 ▸ Competition

 ▸ Collaboration

 ▸ All of the above

Science is the best method that we have to learn about the world while keeping ourselves honest
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Academic success is a multidimensional function

If any of a, b, or c are zero, V is zero

E.g.,
visibility

E.g., 
productivity

E.g.,
impact

Success:
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Most important: Make good science

 ▸ Practice your presentation skills
   Academic social contract: 
   the audience gives you 20-40 minutes of their time – make it worth it

Second most important: Communicate it effectively!

 ▸ Explaining sharpens your understanding
   Richard Feynman (1965 Nobel): “If you can’t explain something in simple terms, you 
   don’t understand it”

 ▸ Presenting your results is not enough, make them into a narrative
   Humans are fascinated by a good story

 ▸ Practice the art of the elevator pitch
   Explain the core of your work in the span of a minute
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 ▸ Better expressed by the dedication of the  
   text book Gravitation, by Misner, Thorne, 
   and Wheeler

We dedicate this book
To our fellow citizens
Who, for love of truth,
Take from their own wants
By taxes and gifts,
And now and then send forth
One of themselves
As dedicated servant,
To forward the search
Into the mysteries and marvelous simplicities
Of this strange and beautiful Universe,
Our home

 ▸ How to do it?
    ▸ Contact científicos.pe
    ▸ Contact PuntoEdu PUCP
    ▸ Organize an event yourself!
     (e.g., Astronomy on Tap)

 ▸ Down the path: consider a TEDx event
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     As important as items 1–9
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arXiv
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For the neutrino enthusiasts:

All things neutrino
Curated by Fermilab – neutrinos.fnal.gov

Neutrino Unbound
Papers on neutrinos, curated by Carlo Giunti – www.nu.to.infn.it

arXiv
The global repository of preprints – arxiv.org
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Find these slides at

mbustamante.net/talks

Feel free to contact me at mbustamante@nbi.ku.dk

http://mbustamante.net/talks
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