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Light of longer wavelength (i.e., less energetic)

Radio Infrared Optical

[Kitt Peak / NASA / JPL-Caltech / GSFC / JAXA]
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Also the Sun, but now seen in
neutrinos (v), not light!

~100 billion v
Cross every cm?

of your body
every second

... but only a
handful collide
with our
detectors!

[Super-Kamiokande]
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Normal matter is made of

neutrons, @
rotons,
i

<3 Y
and electrons

Neutrinos are not part of
normal matter

HiggsTan
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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
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Stopping something that is almost not there

High-energy v




Light comes
from the surface

R Nuclear
fusion keeps

. ->

Neutrinos (v) come
from deep within

[NASA]
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Neutrinos from the Sun
Nuclear fusion:

p+p+p+p— He+ He + energy + neutrinos

p+p-2H+e* +v. (PP p+p+e —»2H+ve (Pep)
99.75 % ‘ 0.25%
0.00005 %
2H+p_’3H9+",V e — 3Help >4He|e*|ye
(hep)
86 % ‘ 149
*He + °He - *He + 2p ®He + *He > 'Be + y
99.89 % ‘ 0.11%
"Be+e - 'Li+ve Be+p—°®B+y
Li+p—-2%e 88 . 8Be" + et + v,

8Be* - 2 *He
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What did we learn?

» Nuclear fusion powers the Sun

» The v flux strongly depends
on the core temperature T:

v flux oc T2

By detecting v, we found

T ~ 15 million K

[NASA]



2002 Nobel Prize in Physics 2015 Nobel Prize in Physics

Photo from the Nobel Photo from the Nobel Photo from the Nobel

© Nobel Media AB. Photo: A. © Nobel Media AB. Photo: A.
Foundation archive. Foundation archive. Foundation archive. Mabitrisid Mbirisud
Raymond Davis Jr. Masatoshi Koshiba Riccardo Giacconi Takaaki Kajita Arthur B. McDonald
Prize share: 1/4 Prize share: 1/4 Prize share: 1/2 Prize share: 1/2 Prize share: 1/2
“... one half jointly to Raymond Davis Jr. and “... 'tor the discovery of neutrino
Masatoshi Koshiba “for pioneering contributions oscillations, which shows that
to astrophysics, in particular for the detection of neutrinos have mass.” ”
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[Australian National University]
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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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IceCube: The largest neutrino telescope

= » Km?® in-ice Cherenkov detector in Antarctica

» > 5000 PMTs at 1.5-2.5 km of depth
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™. 2(020s (we are getting there):
More source candidates

Characterize the v flux precisely
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2030s (under planning): S ™ 20205 (we are getting there):
Discovering EeV neutrinos INesslilsasss More source candidates

Characterize the v flux precisely =&

§ TeV-PeV v discovered §

74 First possible sources

i 3 R o= e =z




_— 2030s (under planning): £ 2020s (we are getting there):
« ® __ Discovering EeV neutrinos Il More source candidates

Characterize the v flux precisely =&
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Everywhere

<sq\

(L L)
LTI
(LL]

0.0 e
; .
L
548 Ol L
"
- LI
»

July 5-9, 2021
Niels Bohr Institute, Copenhagen

Information & registration: www.nbia.dk/neutrino2021
Registration deadline: March 31, 2021

This summer school aims to bring PhD and advanced MSc students up to date with the

VILLUM FONDEN

latest developments in neutrino physics, from theoretical issues to experimental results, <
including astrophysical and cosmological aspects.
) UNIVERSITY OF

Guest lectures: COPENHAGEN @
Neutrino Theory & Phenomenol logy b
Joachim Kopp (Johannes Gutenberg-Universitat, Mainz) _ATTINON

p Taarens The Niels Bohr
Neutrino Cosmology ABIRIIL jnemnational Academy
Olga Mena (Instituto de Fisica Corpuscular, Universidad de Valencia)

. . Local organizers:
Neutrino Astrophysics & Astronomy Markis Ablers

Foteini Oikonomou (Norwegian University of Science and Technology, Trondheim)

» Neutrino theory & phenomenology
Neutrino cosmology
Neutrino astrophysics & astronomy
+ Topical seminars
+ Student talks

» Slides: www.nbia.dk/neutrino2021
(Go to timetable; click on “Detailed view”)

» Videos on dedicated YouTube channel:
search for “INBI Neutrino School”

» Keep an eye out for the 2022 school!


http://www.nbia.dk/neutrino2021
https://www.youtube.com/channel/UCYAN7o4WtgzjxbeJf0SqZnw
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PUCP
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» High Energy Physics Group A4
» 4 papers (+ proceedings) — key to apply to PhD
» 7 local & international conferences and schools

» 6—12-month research visits during MSc
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» Be exposed to other styles



Undergrad & MSc: PUCP, 5+3 yr PhD: Wiirzburg & DESY, Germany, ~3 yr

» High Energy Physics Group A4 PUCP » Had a young, motivated PI as supervisor

» 4 papers (+ proceedings) — key to apply to PhD =l > Main work: modeling high-energy

» 7 local & international conferences and schools astrophysical particle production

» 6—12-month research visits during MSc » Some work on testing new particle physics

» Carried over research experience from PUCP

» Started looking for postdocs well in advance

ET(y,
s

» Meet future colleagues

» Meet future mentors

» Learn the state of the art
» Be exposed to other styles



Working with experimental collaborations

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

Theorist Experimentalist



Working with experimental collaborations

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

K»Please measure this j

Theorist Experimentalist



Working with experimental collaborations

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

K»Please measure this j

Theorist Experimentalist

KPlease make sense of these data‘J



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
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» Had a young, motivated PI as supervisor

» Main work: modeling high-energy
astrophysical particle production

» Some work on testing new particle physics

» Carried over research experience from PUCP

» Started looking for postdocs well in advance
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Postdoc #1: Ohio State, USA, 3 yh

» Center for Cosmology and Astroparticle Physics
» Transitioned to more particle physics ~ #57-%%

» Started work with experimental
collaborations

» Started refereeing papers: improves writin

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

» Started building my own researcher identity:
experimentally minded theoretical perspective
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Undergrad & MSc: PUCP, 5+3 yr

» High Energy Physics Group

» Meet future colleagues

» Meet future mentors

» Learn the state of the art
» Be exposed to other styles

Today <g=—
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&5 PUCP

» Had a young, motivated PI as supervisor
» 4 papers (+ proceedings) — key to apply to PhD =l > Main work: modeling high-energy

» 7 local & international conferences and schools
» 6—12-month research visits during MSc

astrophysical particle production
» Some work on testing new particle physics
» Carried over research experience from PUCP
» Started looking for postdocs well in advance

PhD: Wiirzburg & DESY, Germany, ~3 yr

» Main focus: particle physics with
high-energy astrophysical neutrinos §

» Built up publication portfolio
+ international collaboration net O

» Gave lots more talks! e versiry on

» Refined my writing style COPENHAGEN

/Postdoc #2: NBI, Denmark, 3 yr Postdoc #1: Ohio State, USA, 3 yh

» Center for Cosmology and Astroparticle Physics

» Transitioned to more particle physics é;?‘\“/v \

» Started work with experimental ~ /&{ ;
collaborations Qﬁﬁiy‘ 4

» Started refereeing papers: improves wrltm .

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

» Started building my own researcher identity:
experimentally minded theoretical perspective
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Becoming an independent researcher



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



Undergrads

» First direct
exposure to research

a9

: : 2018 2020 2021 > Solutions defined
» Well-defined project SigiaoMu  Niels Gustav  Jonathan by the student
» ~4 months (Caltech) Willesen Balthazar
> Topics closelv linked Unitarity Unitarity Decay of > ~1year
top1cstc (ise y linke bounds of bounds of high- » Topics firmly
0 content courses astrophysical ~ astrophysical energy beyond courses
neutrinos neutrinos cosmic » Paper
PRD 2018 JCAP 2021 neutrinos
PhD 2020-2023 o

» State-of-the-art research

» Well-defined general plan
» Freedom to explore

» ~3 years

» Several papers

» Prepare for a career
in academia if desired

Students at NBI

MSc

\Vah
i
m\

Victor Valera
Pushing neutrino
physics to the cosmic
frontiers
Undergrad: UNI
MSc: ICTP Trieste

‘

» Project led by student
» Well-defined goal

2019-2020 2020-2021 2021-2022
Charlotte Kjartan Marie
Rosenstrem Masson Hansen
Bounds on secret Secret Interactions
neutrino interactions interactions  between high-
from high-energy of ultra- energy cosmic
astrophysical high-enerqy  neutrinos and
neutrinos neutrinos axions
PRD 2020
2021-2024

Hiring underway
High-energy neutrino
physics
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» Doing research is a craft:
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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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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

-
PhYSICS See Synopsis: Neutrino Probes of Long-Range Interactions

Deutsches Elekironen-Synchrotron DESY
A Research Centre of the Helmhaoltz Assoclation

2015/04/10
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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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Reporting on international
high-energy physics
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NEUTRINOS | NEWS
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.
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Giant neutrino telescope to open
window to ultra-high-energy universe
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Mauricio Bustamante
mbustamante@nbi.ku.dk
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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?
» Contact cientificos.pe
» Contact PuntoEdu PUCP
» Organize an event yourself!
(e.g., Astronomy on Tap)

» Down the road: 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
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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.
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Coloquios de Fisica PUCP
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: arXiv
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: arXiv
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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
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Animated explanations  Physics, animated  Short talkson  Videos produced Science outreach on a
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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
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IceCube-Gen2
arXiv:2008.04323

Surface Array
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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
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https://arxiv.org/abs/2012.07945

TAMBO
arxXiv:2002.06475
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https://arxiv.org/abs/2002.06475

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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