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The Tevatron
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Tevatron (150-1000	GeV)

protons

Main	Injector	(8-150	GeV)

Recycler		(anti-p@	8	GeV)

anti-proton
source

anti-protons

Highest energy proton-antiproton collider, CMS energy ≈ 2 TeV, 1986-2011
CDF

Dzero
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Vladislav Simak

Many contributions from Czech groups to 
Dzero detector components and physics:
• Muon HV system
• Silicon and luminosity detectors
• Computing
• Jet physics
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The Dzero Detector

Tracking:
Silicon Microstrip Tracker 
Central Fiber Tracker 
2 T Solenoid

Calorimeter:
Liquid Argon Calorimeter
Scin=llator Pre-shower 

Muons:
DriC Tubes 
Scin=llators
1.8 T Toroid
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A rich physics programme

QCD Top B physics

New Phenomena Electroweak Higgs
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A rich physics programme

QCD

xT = 2� 700 GeV/1.96 TeV = 0.7
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A rich physics programme

Top Electroweak producBon, single top

97 variables
24 channels

17 events

19 events
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From the energy to the intensity frontier: neutrinos

Making a neutrino beam 
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Target Focusing Horns
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675 m

νµ 

νµ 

15 m 30 m

120 GeV/c 
p’s from MI

Neutrino mode 
Horns focus π+, K+ 

νµ  91.7%  
νµ    7.0% 
νe + νe    1.3% 
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K. Lang, U. of Texas at Austin, MINOS , Neutrino Telescopes, Venice March 12, 2013 
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NOvA baseline: 810 km
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• NuMI beam: νμ or ν̅μ
• 2 func1onally iden1cal, 

tracking calorimeter detectors
– Near: 300 T underground
– Far: 14 kT on the surface
– Placed off-axis to produce a 

narrow-band spectrum

• 810 km baseline
– Longest baseline of current 

experiments.

NOvA Experiment
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NOvA is on the surface..

• 14 kt Far Detector
• Equivalent Near Detector
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NOvA Detector

muon

Hadronic recoil

West

East

Up

Down

Beam direc*on

NOvA uses ConvoluBonal Neural 
Networks (CVNs) to reconstruct 
images.
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νμ and ν̅μ disappearance at the NOvA Far Detector

νμ

211 events, 8.2 background 105 events, 2.1 background

νμ̅
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• Electron-neutrino appearance is sensitive to the CP phase.
• Mass ordering effect depends on electron density Ne.
• Simultaneous determination of mass ordering and CP phase only 

possible with long-baselines by fitting the energy dependence of 
the flux modulation.

To give you a “flavour”
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• Current data are inconclusive –
expect some improvements with 
further running.

• Need next-generation experiments 
to discover CPV and resolve mass 
ordering.

NOvA and T2K

Prague - 17 Oct 202219
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DUNE in a Nutshell

FD

ND

1300 km 

1. A high-power, wide-band neutrino beam (~ GeV energy range).
2. A ≈ 70 kt liquid-argon Far Detector in South Dakota, located 

1478 m underground in a former gold mine.
3. A Near Detector located approximately 575 m from the neutrino 

source at Fermilab.

May 2018

Prague - 17 Oct 202220
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DUNE – a global collaboration
1317 collaborators from
208 ins*tu*ons in 33 countries (plus CERN)
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Proton Improvement Plan (PIP-II)
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L/E = 500 km/GeV ⇒ L = 1300 km



DUNE Caverns

24 Prague - 17 Oct 2022



Central Utility Cavern Pilot Drift Breakthrough

Prague - 17 Oct 202225

12 Feb 2022
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Sanford Underground Research Facility (SURF)
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• Experimental facili2es at 
1478 m (about 1 mile)

• Two ver2cal access sha@s

Davis Campus:
• LUX
• Majorana
• …
• LZ

new excavation for DUNE
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Four cryostats filled with liquid argon

External Dimensions: 19 m x 18 m x 66 m               

Each of the four cryostats contains 17,000 tons of liquid argon at 89 K (-184°C or -299°F)
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Horizontal Drift Detector (FD Module 1)

ANODE CATHODE ANODE CATHODE ANODE
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Photon Detection

• Argon scin=lla=on light is very 
abundant (40k photons/MeV)

• Arapuca technology with SiPMs
for read-out

• Provides =ming and event 
reconstruc=on

• Complementary to charge 
readout
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A ProtoDUNE-HD Data Event

34 Prague - 17 Oct 2022

Reconstruction of events performed by PANDORA framework 
with the use of Grid computing resources, both areas UK-led.
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DUNE: Sensitivity to CP Violation

Prague - 17 Oct 202236

Phase II of DUNE will 
add Modules 3 and 4

DUNE produc=on jobs 2021

Czech ins*tutes are major contributor 
to compu*ng for NOvA and DUNE.



Neutrino Observatories

Prague - 17 Oct 202237

• Rich non-accelerator physics programme studying 
neutrinos from a supernova, solar, atmospheric neutrinos..

• Measurement at early times tests mass ordering and 
Detector requirements different from beam physics.

CC, 20 MeV
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• Czech particle physicists have made (and continue to make!) 
important contributions to the science programme at Fermilab.

• The Tevatron’s rich physics programme included the discovery 
of the top quark and world-leading measurements of the W 
boson mass. It also made important contributions to Higgs 
boson physics.

• NOvA and DUNE provide pioneering measurements at the 
intensity frontier, searching for CPV with neutrinos. DUNE will 
also be an observatory for supernova neutrinos.

Fermilab – from the Tevatron to DUNE


