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» Assistant Professor at the Niels Bohr
Institute of the U. of Copenhagen, Denmark
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» Theoretical astroparticle physicist +Bef VD
(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
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Neutrinos are very light and very anti-social

Strongl
interac%ir}{g All particles: more strongly interacting
the higher their energies
electron ‘ @ proton
“Interactivity”
Weakly :
interacting ~-&NeUtrino 4,4 matter

Very light Mass Very heavy



Neutrinos are quintessential quantum particles

There are three types, or flavors, of neutrinos:

electron muon | | fau
neutrino [A%8 neutrino neutrino v
A neutrino is created But may be detected with a
with one definite flavor, e.g., different flavor, with some

probability

Neutrinos travel long

distances to detector pr—
- 0o 6]
Ve . V. i m ° \&
“flavor oscillations

(Nobel Prize 2002, 2015)

We use quantum mechanics to compute probabilities over macroscopic distances!



Neutrinos are everywhere: even you make them!

Some of the potassium * A P
f\ 4 in bananas is radioactive \ N Py . 4
- <
Potassium-40 has a half-life ... WK .

of ~ 1 billion years:

- IRt S

e+ K —GArt+v, .. ..
OK S 0Ar+et v,y N

K ECatetv, v

4000+ neutrinos emitted each second by a 70-kg person
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» Fermilab, USA (6 months) [1 paper]

» Started the PUCP Physics colloquia in 2010
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PhD years

» 2012-2014: U. Wiirzburg + DESY (Germany)

» Had a young, motivated PI as supervisor

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

107[0

E$,/(GeV-sr~'-s7!.em™?)

» Some work on testing new particle physics

/1086, 10y extrapolated) "

10* 10° 10° 107 108 10°

. . Eo [GeV]
» Carried over the research experience from PUCP e

» Finished before 3 years

—-—— [Mpc]

b

cE

» Started looking for postdocs well in advance
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Postdoc years: becoming an independent researcher

POStdOC #1 (2014'201 7): Std. mixing y (A AAN

0,8¢cp: BF,16,3c 01 all free
M (1:2:0)
(0:1:0)
(1:0:0)
(1:1:0)

» Center for Cosmology and Astroparticle Physics

(CCAPP), Ohio State U., USA

0.9y 7ceCube 2015

» Continued work on high-energy neutrino astrophysics |

Neutrino lifetime 7,, 75 [s]

rarchy (active only; v, stable)
5 / T

i
75 s e -

0 01 02 03 04 05 06 07 08 09 1

feo
» Progressively transitioned to more particle physics
108 T T T T T T T
1 1 . . 5109 GRa limit
» Starting working close to experimental collaborations 1§ ™ v ’
~ 1010} J
. . - T 101
> Started refereeing papers — helps improve one’s writing ¢
9 10-13¢ No multiple collisions “;
» Gave lots of talks (~40 significant ones)! i) Jf 7 mEmeemmm
” S """ 50% reconv. to EX

15
102 163 164 165 1(IJ6 1(|)7 1(I)8 169 1010
E [GeV]

J, (all flavors) [GeV ecm™2s™" st

Neutrino mass m,, m, [eV]

E == 683%C.L.

IceCube 2014

— Best fit

== 954% C.L.
99.7% C.L.

10" 10®  10° 10" 10"
E[GeV]

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



Postdoc years: becoming an independent researcher

Center-of-mass energy /s [GeV]
10°

T A
Tevatron |

10* 10°
TA A
LHC FCC

10—31

Postdoc #2 (2017-2020):

10732 L

» Niels Bohr Institute, U. of Copenhagen, Denmark 7 | i

L *  IceCube 6-year 3
A 5 HESE showers
s -==+ Gandhi 98
10-3L 1/ Comnolly 11 4
b/ ==== Cooper-Sarkar 11
------- Block 14 v

----------- Argiielles 15 v

ection (055 +055) /2 [em?]

» Main focus firmly on particle physics with high-energy

=

Neutrino-nucleon CC cross s

5 | . | . . L
10* 10° 10 107 10° 10° 101 10M
Neutrino energy E, [GeV]

astrophysical neutrinos
» Built up publication portfolio S———
+ international collaboration network
» Gave lots more talks! Sun (107¢) @

» Refined my writing style

Milky Way (10%¢)

Not to scale

Ready to make the jump to a faculty position

Mediator coupling log;,(ga«)
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fes

L
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Working with experimental collaborations

» I'm a theorist, but I work in close proximity to experimental collaborations

K»Please measure this j

Theorist Experimentalist

&Please make sense of these data‘J

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



IceCube-Gen2
arXiv:2008.04323

Surface Array
Main Array
Core (PINGU)
lceCube-86, IceTop
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https://arxiv.org/abs/2008.04323

Giant Radio Array for Neutrino Detection
arXiv:1810.09994



https://arxiv.org/abs/1810.09994

POEMMA:
Probe of Extreme
Multi-Messenger Astrophysics

arXiv:2012.07945

POEMMA-Stereo

525 km

~500 km

<— Shutter Doors —
o

Infrared Camera

Focal Surface PFC + PCC
Deployment Mechanisms
Primary Mirror
SPACECRAFT

<—— Solar Panel Data Processor

POEMMA -Liunnb



https://arxiv.org/abs/2012.07945

TAMBO
arxXiv:2002.06475

ROCK

>4 KM SHIELDING FROM
BACKGROUND MUONS

SRR v,
EAWA |

/n N <\

’

N O

SEPARATION o L
= CHARGED-CURRENT

LWATER CHERENKOV - INTERACTION
DETECTOR ARRAY ——

~M® EACH

DEEP VALLEY

TAU AIR-SHOWER MOUNTAIN-BASED OBSERVATORY (TAMBO) - COLCA VALLEY, PERU



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

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

Ui 2021: Jonathan Balthazar
» ~ ’ Decay of high-energy cosmic neutrinos

» Main goal: first direct
exposure to research

» Very well-defined project

» ~4 months to develop project

» Topics closely linked to
content courses



Students: MSc

Bounds on secret neutrino interactions from
High-energy astrophysical neutrinos
v 7 | PRD 12,123024 (2020)

i 2020-2021: Kjartan Masson

Secret interactions of ultra-high-energy neutrinos

2021-2022: Marie Hansen

Interactions between high-energy cosmic
neutrinos and axions




Students: MSc

/ '_ ‘-, 2019-2020: Charlotte Rosenstrom

Bounds on secret neutrino interactions from
High-energy astrophysical neutrinos
PRD 12, 123024 (2020)

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

2021-2022: Marie Hansen

L Interactions between high-energy cosmic
neutrinos and axions

» Main goal: first full project
led by the student

» 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

» Should result in a paper



Students: PhD

A" 2020-2023: Victor Valera
3 Pushing neutrino physics to the cosmic frontiers
Q<788 Undergad: UNI
B  MSc: ICTP Trieste

2022-2024: ??
High-energy neutrino physics




Students: PhD

o ) » Main goal: perform original,
PR Y 2020-2023: Victor Valera state-of-the-art research
e Dushi trino physics to th c fronti
o Utrisdérrlgargygll\;ﬁ) physics to the cosmic frontiers » Well-defined general plan,
S\ MSc: [CTP Trieste but freedom to explore
> » 3 years to develop project
2022-2024: ?? » Several papers associated
High-energy neutrino physics
» Prepare to pursue a career in
) academia if desired
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Take-aways
» Doing research is a craft:

AR B v o
= - prc) ug
o R
B an
e SR i IS
4

always improved, never perfected

Lascaux, 15000 BC Da Vinci, 1490 7 Tieplo, 1773 Kandinsky, 1911

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

» Study and research, not study then research
Learn what you need __

when you need it
x No Yes T

Learn everythin
in your field

& g Do research Have a solid basis —# Do research <@—

» Build your own identity as a researchers
What interests you? What is your competitive advantage? What do people associate you with?
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Why do we do research in science?

Science is the best method that we have to learn about the world while keeping ourselves honest

As a species As individual
» Curiosity » Curiosity
» Long-term growth of a country » To test out abilities
» Combat pseudoscience > Altruism

» Competition
» Collaboration

» All of the above
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Soft skills are crucial!
Most important: Make good science

Second most important: Communicate it effectively!

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

» 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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Universe’s Worth of Electrons to Probe Long-Range Interactions of
High-Energy Astrophysical Neutrinos

Mauricio Bustamante and Sanjib Kumar Agarwalla
Phys. Rev. Lett. 122, 061103 — Published 12 February 2019

-
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Gamma-ray bursts as cosmic particle accelerators
Study provides new insights into the universe's most powerful explosions

This approach can not only explain the observed strong variations in the light curves of gamma-ray bursts. A
consequence of this model is also that neutrinos, cosmic rays and gamma-rays must be produced in completely
different regions of the jets. This can explain, why the expected flux of neutrinos could not be found. “We expect
that the next generation of neutrino telescopes, such as IceCube-Gen-2, will be sensitive to this minimal flux
that we're predicting”, says Bustamante. In contrast to earlier models, this estimate is more robust and does
only weakly depend on the characteristics of individual gamma-ray bursts.
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The case of the disappearing neutrinos

15 January 2018

In an additional analysis of six years of IceCube data, Amy Connolly and Mauricio
Bustamante of Ohio State University employ an alternative approach which uses 58
IceCube-contained events (in which the neutrino interaction took place within the
detector) to measure the neutrino cross-section. Although these events mostly have

well-measured energies, their neutrino zenith angles are less well known and they are

also much less numerous, limiting the statistical precision.

 EurekAlert!

SEARCH ARCHIVE Q

D SEARCH

AVAAAS

HOME NEWS RELEASES MULTIMEDIA MEETINGS PORTALS ABOUT LOGIN REGISTER

NEWS RELEASE 28-OCT-2019
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“Blazars could maybe make neutrinos in a wide energy range, or maybe it could
be something else making these higher-energy neutrinos,” Mauricio

Inside Earth

scheme?
Bustamante, editor of the experiment’s white paper and a postdoc at the Niels

Bohr Institute in Copenhagen, told Gizmodo. “We hope it’s as interesting as

by Emerging Technology from the arXiv

Could Reveal Cavities

Geophysicists want to use neutrinos to ‘x-ray’ the Earth, a technique
that could reveal undiscovered oil fields. But how practicalis such a

Might Shatter Modern Physics

“It was clear from the start that if the ANITA anomalous events are due to
particles that had propagated through thousands of kilometers of Earth,
then those particles were very likely not SM particles,” said Mauricio

Bustamante, an astrophysicist at the Niels Bohr Institute at the University

Feb1,2012

possible.”

of Copenhagen, who was not an author on the new paper.
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» How to do it?
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» Contact PuntoEdu PUCP
» Organize an event yourself!
(e.g., Astronomy on Tap)

» Down the path: consider a TEDx event
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c Start doing research early
Remember: study and research, not study then research

Approach professors, postdocs, advanced students
Ask them about their work

6 Attend seminars and colloquia
Undergrad: do not pick topics narrowly (attend PUCP Physics colloquia!)
Grad: specialized seminars + weekly colloquium of your department

e Give talks to promote your work
Undergrad: in class, local conferences (e.g., Simposio Peruano de Fisica)
Grad: local + international conferences

Start reading scientific articles early (undergrad)
» Different from reading a non-scientific text
» Key skill: single out main results quickly



Ten tips for beginner researchers 2/2



Ten tips for beginner researchers 2/2

Code - you will need it
» Python or Python + C
» Mathematica (optional)



Ten tips for beginner researchers 2/2

Code - you will need it
» Python or Python + C
» Mathematica (optional)

Learn statistical methods
These are the tools that we use to report results



Ten tips for beginner researchers 2/2

Code - you will need it
» Python or Python + C
» Mathematica (optional)

Learn statistical methods
These are the tools that we use to report results

@ Keep yourselves updated
» Read arXiv daily (arxiv.org)
» Not necessary to read all articles in detail


https://arxiv.org/

Ten tips for beginner researchers 2/2

Code - you will need it
» Python or Python + C
» Mathematica (optional)

Learn statistical methods
These are the tools that we use to report results

@ Keep yourselves updated
» Read arXiv daily (arxiv.org)
» Not necessary to read all articles in detail

g Practice scientific writing
Key to expressing your ideas clearly and for your results to be adopted by others
Writing Science, by Joshua Schimel


https://arxiv.org/

Ten tips for beginner researchers 2/2

Code - you will need it
» Python or Python + C
» Mathematica (optional)

Learn statistical methods
These are the tools that we use to report results

@ Keep yourselves updated
» Read arXiv daily (arxiv.org)
» Not necessary to read all articles in detail

g Practice scientific writing
Key to expressing your ideas clearly and for your results to be adopted by others
Writing Science, by Joshua Schimel

@ Be mindful of your mental health
As important as items 1-9


https://arxiv.org/
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» When can I start to do research?
Towards the end of your undergraduate years

» How do I start to do research?
Talk to your professors, get to know the research groups in your department

» When should I start thinking about graduate studies?
Start thinking about this in your penultimate undergrad year

» Are the undergrad and grad programs competitive internationally?
Yes! You get a solid foundation to continue your academic career

» Do I need to choose early in my undergrad between theory and experiment?
Not at all. Yo can explore both to find what you prefer to do in your grad studies.

» As a physicist, do I have job opportunities in the industry?
Yes! In finance (banks, stock market), software development, consulting, design of new
materials, efc.



Want more good science content? Start here

How to become a good theoretical physics, by Gerard ‘t Hooft (1999 Nobel):
webspace.science.uu.nl/~gadda001/goodtheorist/index.html

Coloquios de Fisica PUCP
@’PUCP Videos of colloquia since 2011 — sites.google.com/site /fisicapucp

Cientificos.pe
Interviews, resources, opinion articles — cientificos.pe

: arXiv
The global repository of preprints — arxiv.org

CientI’ﬁCOs-PE



http://webspace.science.uu.nl/~gadda001/goodtheorist/index.html
https://sites.google.com/site/fisicapucp/
https://www.cientificos.pe/
https://arxiv.org/

Want more good science content? Start here

How to become a good theoretical physics, by Gerard ‘t Hooft (1999 Nobel):
webspace.science.uu.nl/~gadda001/goodtheorist/index.html

Coloquios de Fisica PUCP
@’PUCP Videos of colloquia since 2011 — sites.google.com/site /fisicapucp

Cientificos.pe
Interviews, resources, opinion articles — cientificos.pe

: arXiv
The global repository of preprints — arxiv.org

For the neutrino enthusiasts:

CientI’ﬁCOs-PE

= @2 things All things neutrino
— ENeutino  yirated by Fermilab — neutrinos.fnal.gov

v Neutrino Unbound

Papers on neutrinos, curated by Carlo Giunti - www.nu.to.infn.it


http://webspace.science.uu.nl/~gadda001/goodtheorist/index.html
https://sites.google.com/site/fisicapucp/
https://www.cientificos.pe/
https://neutrinos.fnal.gov/
http://www.nu.to.infn.it/
https://arxiv.org/

Want more good science content? Start here

Kurzgesagt
Animated explanations
about science and more
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Animated explanations  Physics, animated  Short talkson  Videos produced Science outreach on a
about science and more interesting topics by magazine variety of topics
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Mindscape, by Sean Carroll The Lonely Pipette
In-depth interviews Tips from scientists for how
about many topics to do better science



Want more good science content? Start here

YouTube:
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=z - MINUTE
PHYS\CS
Kurzgesagt Minute Physics TED New Scientist ~ El Robot de Platéon
Animated explanations  Physics, animated  Short talkson  Videos produced Science outreach on a
about science and more interesting topics by magazine variety of topics
Podcasts: Instagram:
<\LTOY‘\\2\9/=,
et
7
Mindscape, by Sean Carroll The Lonely Pipette @astrocarlaa
In-depth interviews Tips from scientists for how Astronomy and astrophysics,

about many topics to do better science explained



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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