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Superheores in STEM: Keynote



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:

▪ lead the world in neutrino science with particle accelerators
▪ lead the nation in the development of particle colliders and   
their use for scientific discovery
▪ advance particle physics through measurements of the cosmos



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.



University ➜ Graduate School ➜ Fermilab

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

Continued at 
Instituto 
Balserio, by 
the mountains 
in Argentina.

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

Worked on Fermilab science as a 
student in the Tevatron collider



 5 + gravity

This is what we study at Fermilab



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!

measurement in 1998 
Nobel in 2011



1998 it was observed that the expansion is accelerating



Space Telescope Science Institute



How much matter in a galaxy?



your neighborhood



its really a kids game



Vera Rubin 

  

(1928 -2016 )

1980: Rotation curves points to Dark Matter
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The dynamics of the universe 
is 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.

NASA
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At Fermilab we build instruments to measure the effects of dark matter and dark 
energy. Dark Energy Camera in Chile. Images of 300 million galaxies.

2012



Dark Energy Spectroscopic Instrument (Arizona, Kitt Peak)

Measure the spectrum for 35 
million galaxies



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 
moving fast, velocities ~ 200 km/
sec.

ingredients: 

300 dark matter 
particles



At Fermilab build very sensitive 
detectors and install them 
underground to search for dark matter 
particles.
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Direct Dark Matter search in Collaboration with digital cameras



muons, electrons and diffusion limited hits.

Particle identification in a CCD image

 20
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we also build and operate 
detectors 1 mile deep underground 
to look for Dark Matter particles.

DAMIC experiment



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)×10−4 events/pixel/day, less 
than 1 gram of active mass.

4
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FIG. 4. The 90% CL con-
straints (cyan shaded regions) on:
the DM-electron scattering cross-
section, �e, as a function of DM
mass, m�, for two di↵erent DM
form factors, FDM(q) = 1 (top
left) and FDM(q) = (↵me/q)

2 (top
right); the DM-nucleus scattering
cross section, �n, for a light media-
tor (bottom left); and the kinetic-
mixing parameter, ✏, versus the
dark-photon mass, mA0 , for dark-
photon-DM absorption (bottom
right). We also show constraints
on DM-electron scattering from a
SENSEI prototype detector [14,
15], XENON10/100 [19], DarkSide-
50 [20], EDELWEISS [21], CDMS-
HVeV [22], DAMIC [23], solar re-
flection (assuming DM couples only
to electrons) [24]; constraints on
DM-nucleus scattering from SEN-
SEI, XENON10/100/1T [12] and
LUX [25]; and constraints on ab-
sorption from SENSEI [14, 15],
DAMIC [23, 26], EDELWEISS [21],
XENON10/100, CDMSlite [9], and
the Sun [9, 27, 28]. Orange regions
are combined benchmark model re-
gions for heavy mediators from [2,
5, 29–33] and for light mediators
from [2, 5, 34, 35].

that are part of a cluster containing at least 5 e� (2 e�).
We do not remove the pixels of the cluster itself.

• Edge Mask. We remove 60 (20) pixels around all
edges of a quadrant for the 1 e� (�2 e�) analyses,
which corresponds to the Halo Mask (described below)
for any possible high-energy events occurring just out-
side of the quadrant.

• Bleeding Zone Mask. To avoid spurious events from
charge-transfer ine�ciencies, we mask 100 (50) pixels
upstream in the vertical and horizontal direction of any
pixel containing more than 100 e� for the 1 e� (�2 e�)
analyses. This distance is doubled for columns where
we observe a high bleeding rate.

• Bad Pixels and Bad Columns. We further limit the
impact of defects that cause charge leakage or charge-
transfer ine�ciencies by identifying and masking pixels
and columns that have a significant excess of charge.

• Halo Mask. Pixels with more than 100 e�, from high-
energy background events, correlate with an increased
rate of low-energy events in nearby pixels. We observe
a monotonic decrease in R1e� as a function of the radial
distance, R, from pixels with a large charge. We mask
pixels out to R = 60 pix (R = 20 pix) for the 1 e�

(�2 e�) analyses.
• Loose Cluster Mask. We find a correlation between
the number of 1 e� and 2 e� events in regions of size
⇠103 pix2. Since there is no reason for a 2 e� DM

event to be spatially correlated with an excess of 1 e�

events, we mask regions with an excess of 1 e� events.
We apply this mask only for the �2 e� analyses.

• Neighbor Mask. For the 1 e� and 2 e� DM analyses
only, we require the DM signal to be contained in a sin-
gle pixel and only select pixels whose eight neighboring
pixels are empty. We thus mask all pixels that have a
neighboring pixel with � 1 e�.

The e�ciencies of, and number of events passing, these
selection cuts are given in Table I, which also shows
the number of observed events and the inferred 90%
confidence-level (CL) upper limits on the rates.
DARK MATTER RESULTS. The results for the four
analyses are:

• 1e�: From the observed R1e� of (3.363 ± 0.094) ⇥
10�4 e�/pix/day, we subtract the (exposure indepen-
dent) spurious charge contribution of (1.664±0.122)⇥
10�4 e�/pix, to arrive at a R1e� of (1.594 ± 0.160) ⇥
10�4 e�/pix/day, or (450±45) events/g-day. The dark
current contribution to R1e� (from thermal excita-
tions) is expected to be more than an order of mag-
nitude lower than this rate (see Fig. 10 in SM), so it
is plausible that most of the observed 1 e� events are
linked to environmental backgrounds.

• 2e�: The 5 observed single-pixel 2 e� events imply
R2e�=2.399 events/g-day, with a 90% CL upper limit

Phys. Rev. Lett. 125, 171802 – Published 20 October 2020



Darkness satellite to mount CCDs in space for direct dark 
matter search (FNAL, JPL, UIUC, SBU) 
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Figure 6. 3�4 keV band of the rebinned XMM-Newton spectra of the detections.The spectra were rebinned to make the excess at ⇠3.57
keV more apparent. (APJ VERSION INCLUDES ONLY THE REBINNED MOS SPECTRUM OF THE FULL SAMPLE).

nax dwarf galaxies (Boyarsky et al. 2010; Watson et al.
2012), as showin in Figure 13(a). It is in marginal (⇠90%
significance) tension with the most recent Chandra limit
from M31 (Horiuchi et al. 2014), as shown in Figure
13(b).
For the PN flux for the line fixed at the best-fit MOS

energy, the corresponding mixing angle is sin2(2✓) =
4.3+1.2

�1.0
(+1.8

�1.7
) ⇥ 10�11. This measurement is consistent

with that obtained from the stacked MOS observations

at a 1� level. Since the most confident measurements
are provided by the highest signal-to-noise ratio stacked
MOS observations of the full sample, we will use the flux
at energy 3.57 keV when comparing the mixing angle
measurements for the sterile neutrino interpretation of
this line.

3.2. Excluding Bright Nearby Clusters from the Sample

looking for potential signature of DM decay in 
our galaxy

Bulbul et al 2014

FNAL payload
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it has been great fun… every day a new challenge



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


