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Fermi National Accelerator Laboratory is
2.5 square kilometers in Batavia, Illinois,

(about 50 kilometers west of Chicago)
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NUMI Underground
Facility, with MINERVA
detector in background

D0 Experiment. One of  two 
Tevatron collider detectors, 
now used for liquid Argon R&D CDF Experiment. One of  two Tevatron

collider detectors. Now used for 
accelerator research

The European CALICE 
hadron calorimeter being 
installed at the Test Beam 
Facility

Building a silicon vertex 
detector at the Silicon 
Detector Facility

Liquid Argon Test stands at
Proton Assembly Building
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Standard Model of Particle Physics:

But what about: Dark Matter ? Dark Energy ? Inflation ?



The Fundamental 
Physics Research Program at Fermilab 

• New Particles
Partners of Higgs Boson
New Supersymmetric particles

• New Forces
Lepton Flavor Violation (e.g. µe)
Baryon Number Violation (nnbar oscillations)

• New properties of matter
Neutrino/anti-neutrino asymmetries
Neutrino magnetic moment

• New dimensions
e.g. super-symmetric amplitudes via EDM’s
Warped dimensions via kaon decays

• New technology
Muon based neutrino factory
3-dimensional integrated circuits
Accelerator driven nuclear reactions
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Examples of technology challenges in the ‘Frontiers’ of 
High Energy Physics that Fermilab is addressing

‘Energy Frontier’ :
In an upgrade to the LHC detectors, 
vertex sensors and triggers will need to 
withstand a flux of 1016 particles/cm2

‘Intensity Frontier’:
As an alternative to huge water Cerenkov neutrino 
detectors, the U.S. program is advancing neutrino 
detector research with large volumes of Liquid Argon

‘Cosmic Frontier’:
We need to reduce background 
rates in dark matter detectors 
down to a level of 1 nuclear recoil 
per ton per year 
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Energy Frontier Research



The Energy Frontier - CMS Detector

Co – discovery collaboration of Higgs Boson, at LHC



Particle tracks and showers in CMS



Fermilab Test Beam Pixel Telescope and 
Custom DAQ

CAPTAN STACK

CAPTAN DAQ, developed by Fermliab Computing Division, is reading 
out data from silicon detectors left over from construction of CMS 

Telescope consists of X Y X’ Y’ layers, with 5 micron accuracy

Used for testing efficiencies of new sensors – like diamond detectors!!
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3-Dimensional Integrated circuit program  

-Fermilab has led the formation of a large 
international group addressing this new technology 
for particle physics.

The thin layer to layer communication path makes 
these circuits very fast and noise free and low power

Conventional Monolithic 
Active Pixel Sensor

3 tier 3D stack for FNAL ILC vertex 
chip, fabricated by MIT-LL
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Intensity Frontier at Fermilab
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The Farthest Reach in Mass is 
through Rare or Forbidden Processes, 

not through Center-of-Mass Energy 

Proton Decay
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LBNE (Long Baseline Neutrino Experiment) 
Scientific Motivations:



Plan for LBNE Beamline and Far Detector

Long Baseline Neutrino Experiment:  
- 1500 kilometer baseline
- Beam is pointed into the ground towards 
South Dakota
- neutrinos oscillate their flavor at this 
distance 
- Eventually 2.2 Mwatt beam
- 34 kton Liquid Argon detector

* MINOSNOVA  *



Progress in Liquid Argon R&D:
Demonstration of Efficient Charge Collection
• ‘Liquid Argon Purity Demonstrator’ has 

demonstrated high purity in a non-
evacuated 30 ton volume.

• Now instrumented with the longest TPC in 
the U.S. (2.5 meters)
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Intensity Frontier: Muon Physics
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Muon Anomalous Magnetic Moment (g-2)

3σ discrepency
between theory 
and measurement 
at BNL.



Making the Move: BNLFNAL





µ  e Conversions:

κ

• The search for ‘charged lepton flavor violation’, or CLFV, is 
planned for Fermilab’s future:



Muon Beam Line and Mu2e Detector

• Production Target
– Proton beam strikes target, producing mostly pions

• Production Solenoid
– Contains backwards pions/muons and reflects slow forward pions/muons

• Transport Solenoid
– Selects low momentum, negative muons

• Capture Target, Detector, and Detector Solenoid
– Capture muons on Aluminum target and wait for them to decay
– Detector blind to ordinary (Michel) decays, with E ≤ ½mµc2

– Optimized for E ~ mµc2
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Importance of timing in Mu2e

Straw tube tracker only 
accepts large radium tracks

Two disks of hexagonal LYSO 
crystals for independent 
measure of timing and energy

Mu2e Tracker
• 21600 Straws

• 12.5 µm wall 
straws in vacuum

• 100 kHz per straw
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Accelerator Research at Fermilab



A New High-Intensity, Low-Energy 
Front-End Accelerator for Fermilab

• Unique facility with a plan for 3 GeV
continuous wave (CW) linear 
accelerator

• Has a staged approach
• Increases Fermilab low-energy 

proton flux by x100, with flexible 
timing patterns.  Ideal for rare decay 
experiments

• Experiments run simultaneously at 3 
GeV, and 60-120 GeV

• Delivers 2+ Mwatts to LBNE
• Can serve as front end for neutrino factory 

or muon collider
• Centerpiece of a world-leading Intensity 

Frontier program
• Crucial time now for R&D ongoing with 

international collaborations
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Illinois Accelerator Research Center

• A partnership between Department of Energy and the State of Illinois
 To encourage and enable Fermilab to work closely with industry and 

universities to solve problems of national importance
 To develop new accelerator technology-based products and high tech 

industries in the U.S. and in Illinois 
 To promote education in accelerator science & technology
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Final Assembly

HTSVTS

String Assembly 

Cavity tuning 
machine

FNAL Superconducting Radio Frequency 
(SRF) Accelerating Cavity Research
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Detector Testing at Fermilab
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Fermilab Test Beam Facility (FTBF)



New Test Beam User Facility

Note new low 
energy  tertiary 
beamline

Layout of the current facility

New facility being developed here



ArgoNeuT in NuMI beam (2009 – 2010)

arxiv 1111.0103 : First Measurements of Inclusive Muon Neutrino Charged Current Differential 
Cross Sections on Argon – J. Spitz (Yale) Thesis  (uses automated reconstruction)

Invaluable data set: 1000’s of ν interactions in Argon
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Digital Hadron Calorimeter (ANL) at Fermilab’s Test 
Beam

-This test device has more channels (400K) than CMS + ATLAS + LHCb calorimeters 
combined
- Argonne National Lab designed and built this wonderful calorimeter
- Fermilab designed the readout chip and trigger modules 
- May pave the way for a pointing calorimeter for high intensity decay experiments



Summer Internship at Fermilab



http://interns.fnal.gov





Example topics for SULI/IPM program

• Scintillator-photomultiplier tube calibration and noise reduction for the 
Neutron Incident Calibration Experiment using cosmic rays

• Design of a Silicon on Insulator Pixel Detector using a Charge Sluice 

• Measuring Longitudinal Bunch Shape in the Fermilab Linear Accelerator 
with a Feschenko Bunch Shape Monitor 

• Investigating the NuMI beam focusing uncertainties for MINERvA flux 

• Muon g-2 Straw Drift Chamber Tracking Detectors



Lee Tang Accelerator Internship



Thanks!   Any Questions
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