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Fermilab is America's particle physics and accelerator laboratory.

Our vision is to solve the mysteries of matter, energy, space and
time for the benefit of all. We strive to:

= |ead the world in neutrino science with particle accelerators
= |ead the nation in the development of particle colliders and
their use for scientific discovery

= advance particle physics through measurements of the cosmos
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Juancito

Born in Argentina. Child number 6, in a family with 8 kids.
Grew up in USA, Austria, Brazil, Chile and Argentina. Lots of different schools, lots of

different languages, lots of different cultures. Could not really figure out what was going
on at school until ~7th grade...

Not a star student.
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University = Graduate School =» Fermilab

Continued at
Instituto
Balserio, by
the mountains
in Argentina.

B ek

"/ ¢Querés vivir una aventura
= cientifica en la Patagonia?

A -
b .

Started at Universidad de Buenos Aires in
Argentina. Public school, no tuition, 100%
admission rate. Awesome place!

Worked on Fermilab science as a
student in the Tevatron collider

Came to the US as a graduate student
to get my PhD in physics at University

of Rochester. _
3¢ Fermilab



Fermions: spin = 1/2 particles This is what we study at Fermilab
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Deceleratmg Universes =3 Coasting Universe

‘T I

This is the question that motivated me from very early as a student
in Argentina. What is the fate of the Universe?
24 years ago no experiments looking at this... (almost)



Dark Energy, big surprise!

Saul Pérlmtjtter Brian P. Schmidt Adam G; Rie‘ss

measurement in 1998
Nobel In 2011
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r Decelerating Universes 7 Coasting Universe

1998 it was observed that the expansion

Accelerating Universe

is accelerafthg



Fate of the universe IO
Three scenarios energy s up

causing it to

break apart
suddenly

Big 10 billion
Bang years ago Present  Future

EINSTEIN'S MODEL
The universe expands
more gradually, in
balance with gravity

Rate of expansion of the universe

Supernova =
\ iy M THE BIG CRUNCH
" e As dark energy
K\\g\\ weakens, gravity
7 & causes the
o ’ . universe
any precise to collapse

observations of
supernovae are needed
to determine which path
the universe will take.

Space Telescope Science Institute



How much matter in a galaxy?



Galactic Longitude

your neighborhood
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1980: Rotation curves points to Dark Matter

100

-
.
.
.
. v
@ S
oy
. b
.
ol
- " .
¢ -
.
.
.
-
. -
® - -~
»»
. .
- ! é
.. e -
- -
*

N

Observations

cm hydroge®

—

from 21 |
(1928 -2014])

M\@‘

—
-
——
- ﬁ-___-
—

T 20 30 0 4w S0

- ’ .
. ». d . 3" 8 o . - . . ® *
. . « ® N



Cosmic Tue oF War Pt o oter NI

The gravity of dark matter tries to pull

the universe together, while dark energy

tries to push it apart. Dark matter

dominated the early universe, but dark

energy began to dominate about five

billion years ago. As the universe gets \\1 ! : - —
larger, dark energy’s domination I/ Dark Energy 68.3%

increases.

The dynamics of the universe
iIs dominated by a repulsive

force we do not understand ,
Dark Energy.

The part we do understand
(gravity) is coming from a
particle that is not part of our
standard model, Dark Matter.

({A‘
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Supernovae
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9 billion years ago 5 billion years ago Present L 3 Ferm I Iab
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At Fermilab we build intruents t masure the effs of dark tter and dark
energy. Dark Energy Camera in Chile. Images of 300 million galaxies.
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Dark Energy Spectroscopic Instrument (Arizona, Kitt Peak)

i | gomiontom Measure the spectrum for 35

New Upper Ring, mi”ion gaIaXieS

New 6-lens wide- Spider, Cage
field Corrector on

Hexapod 50-meter, 10-

cable fiber run
Ten thermally-

controlled 3-channel
Spectrographs
360-980 nm

Mayall
Telescope

Fiber View
Camera

2= Fermilab



Dark Matter

density: 6x10-28 kg/cm-3

let’s assume that it is formed by
particles with the mass of a proton
(1.7 x10-27 kg)

It should be everywhere..., but
moyving fast, velocities ~ 200 km/

f ingredients:

seécC. , 300 dark matter
joarticles ¥




At Fermilab build very sensitive
detectors and install them

underground to search for dark matter
particles.

Dark .
Matter \\
N

N
A:«' N \\

\\ -
\\ !‘ \‘\“ \\ /\' *. IEDetector
‘.\ b

j . 'u
M’A, ('M" '\ “’M M‘

MH I\“

2= Fermilab



Direct Dark Matter search in Collaboration with digital cameras

CCD
coherent elastic scattering ,

pixel
I

i lllelectron

holes

nuclear
recoil

|9



Particle identification in a CCD image

electrons and diffusion limited hits.

20



we also build and operate
detectors 1 mile deep underground
to look for Dark Matter particles.

21

DAMIC experiment
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Phys. Rev. Lett. 125, 171802 — Published 20 October 2020

New results of the SENSEI
experiment. Leading the search for
low mass dark matter particles.

Have not been able to find dark
matter yet, but we are building more
powerful tools year after year.

We find a one-electron event rate of
(1.6+0.10)x10-4 events/pixel/day, less
than 1 gram of active mass.



Darkness satellite to mount CCDs in space for direct dark
matter search (FNAL, JPL, UIUC, SBU)

357+002(0.03) ‘MM-MOS -
\L Full Sample 1

looking for potential signature of DM decay in
our galaxy

... Bulbul et al 2014

Residuals  Flux (cnts s ' keV)




it has been great fun... every day a new challenge
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STEM at FNAL.:

A true privilege to work on the mysteries of the Universe, and to build
tools to go after the most important questions in physics.

Fermilab is one of the few places in the world where this science is
done, it is great that you have access to it as a young student.

There are many ways to join the STEM fun at Fermilab... ask as about
this during the conference
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