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My qualifications to give this talk 
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¨  I came to FNAL in early 1985 as a University of 
Chicago postdoc on the CCFR neutrino experiment 

¨  I was a Wilson Fellow on the E665 muon scattering 
experiment 

¨  I later worked on NuTeV and MINERvA alternating 
with the D0 experiment 

¨  My knowledge of pre-TeVatron fixed target is 
limited to the historical record (Gallison etc.) and 
the oral tradition. 



Outline 
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¨  The early days 
¨  An aside on experiment #’s and series 
¨  Upsilon 
¨  TeV II overview 
¨  Conclusions 



Sources 

¨  Fermilab archives! Awesome 
resource 

¨  Gallison’s “How experiments 
end” 

¨  INSPIRE list of experiments 
¨  FNAL preprints/proposals/

theses online 
¨  http://conferences.fnal.gov/

tevft/book/ 
¨  Visual Media Services 
¨  Legends told by the elders 

(Drasko Yovanovitch)  
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Fixed 
Target 
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Every 20-60 sec 
ramp from 0-400/800 
GeV 
 
 
Deliver up to 3x1013 
protons/cycle 
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Why fixed target? 
Collider 
Tevatron I 

Fixed Target 

~1960 GeV ~40 GeV TeV II 
~ 30 GeV @500GeV 
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¨ Advantages 
¤ Higher Luminosity  

n 1013 p/min instead of 1013 pbar/day 
n  1036/cm2/sec vs 1034/cm2/sec @LHC 

¤ Longer, more flexible detector designs 
¤ Hot and cold running exotic particle beams 
¤ Smaller groups  



Achievements 
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¨  Discovery – b quark and ντ, confirmation of neutral 
currents 

¨  Nucleon spin and structure – anti-quarks and gluons 
¨  QCD tests at many scales 
¨  Fundamental constants (Vus, Vdc, αS, θW,...) 
¨  Charm Physics and new technologies 
¨  CP violation and rare kaon decays 
¨  Hyperons galore 



Design phase 1968 
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Main Ring groundbreaking 1969 
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200 GeV Beam arrives 
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Neutrino Area construction 1973 
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Raise the energy to 400 GeV 
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 Shirley Ann Jackson,  Ben Lee,  
Mary K. Gaillard, and Tony Pagnamenta 

THEORY GROUP 
1974 
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Fermilab Dedication 1974 
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Charged current 

Neutral current 

E1A Collaborators in 1973 
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15’ Bubble chamber being assembled  
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Bubble Chamber experiments are still a major source of information on neutrino interactions 



E21 
Caltech-FNAL 
 
Begat 
CCFR 
NuTeV 
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Neutrino begats 
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E288 proposal,  Feb 1974 
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“Drell-Yan” process 
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Collide	  protons	  on	  protons	  
Annihilate	  quarks	  and	  an7-‐quarks,	  	  
much	  higher	  luminosity	  than	  in	  e+e-‐	  
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E288 
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Physics beyond the Upsilon… 
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¨  If you can pick out a 
type of quark, you can 
measure its momentum 
fraction 

¨  Vital input to almost all 
collider physics 
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Parton Momentum Fractions  

EHLQ 



The adventure continues 
NUSEA(TeVII) and SEAQUEST(MI) 

Content	  
50%	  u	  	  
50%	  d	  Content	  

67%	  u	  	  
33%	  d	  
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Drell-Yan Cross Section Ratio and dbar/u-bar 
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Yikes 



The “Doubler” 

6/7/17 38 

¨  Build the TeVatron 
¨  Not just for collider physics 
¨  800 GeV high intensity beams  

¤ Muons at 500 GeV 
¤ Hyperons 
¤ Neutrinos up to 500 GeV 
¤ Protons and pions galore 
¤ High intensity photon beams for charm production 



1979 Funding for the “Energy Saver!” 
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Tevatron II (1983-2000) 
¨  43 experiments in many 

different beamlines 

¨  > 400 doctorates from 
>100 Universities in 18 
countries 

¨  More than 300 
publications as of 2012 

 

http://conferences.fnal.gov/tevft/  has it all 

Typical postdoc 



Chicago Cyclotron moves again! 

6/7/17 41 



6/7/17 42 

New Muon Lab 
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TeV II Experiments featured 
 
Actual floors 
Indoor plumbing 
Hot and cold running Helium 
 
 

E21 in the Wonder Building,1974 

Composite Photo of E665 in the Muon Lab 1991 
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CHARM Physics 
 
Silicon Detectors 
Computing 

Mike Witherell in the tagged 
photon lab in 1999 
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Generic detector (E687) 

Target 
Silicon microstrips 
Scint. Counters 
Tracking chambers 
Particle ID 
EM calorimeter 
Hadron calorimeter 
Muon detector 
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High statistics Charm 
physics 
Use silicon strip 
detectors to identify 
charm in humungous 
background E687 –  photon beam 

6/7/17 

Photon 
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E691? 



Charm rates at E791 
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¨  Pion beam at 2 MHz 
¨  The target consisted of 5 

foils: 
¤   A 0.5 mm Pt target and  
¤  Four 1.6 mm C (diamond) 

targets 
¨  Interaction rate of 40 kHz – 

10 kHz written to tape 
¨  Only 1/1000 of the events 

were charm 
¨  A total of 2 x 1010 events 

were recorded. 

D+ 

Ds 

Slides from M. Purohit 6/7/17 
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Before 

E791 

E791 
charm 
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KTeV: high intensity kaon beams 
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KTeV Pure CsI Calorimeter 
¨  3100 crystals, 1.9mx1.9m 
¨  27 X0 deep (50cm) 

¨  0.6% energy resolution  
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E731 lead glass 

KTeV CsI 

1.0 0.5 0.0 -0.5 -1.0

-1.0

-0.5

-0.0

0.5

1.0

100 120 140 160 180 200

-1.5

-1.0

-0.5

-0.0

0.5

1.0

1.5

6/7/17 52 



Example of Intensity 
Discovery of KLgπ+π-e+e- 

Branching fraction of 4x10-7     
 

•  5000 events observed, sensitivity < 10-10. 
•  Large T-odd, CP asymmetry observed.   

Phys. Rev. Lett. 96, 101801 (2006). 

Gray:  sinφcosφ<0;  Clear: sinφcosφ>0 

sinφcosφ  is 
T-odd 

KTeV 
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Beam Dump

Decay Pipe

Quad Magnets
BeO Target

Switchyard

Muon Shield (Berm)

Cockcroft-Walton

150 GeV

NuTeV Detector
Lab E

Tevatron
800 GeV

750 KeV H

Linac 200 MeV H

Booster 8 GeV p

Main Ring

1 kilometer

-

-

320 m

915 m

221 m

Right-Sign

Wrong-Sign
DUMPED

DUMPED

SSQT Sign
TrainQuadrupoleSelected

Protons
/,K

/,K

<	  0.1%	  an7-‐ν	  in	  ν
<	  0.3%	  ν	  in	  an7-‐ν

NuTeV Sign Selected beam 
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Use neutrinos to see 
strange quarks 
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Mike Shaevitz on top of  the 690 Ton target 
NUTeV luminosity was ~3000 fb-1 



Strangeness 

Neutrinos scattering can 
pick out strange quarks 
through the process 
 ν+sàµ-+c 

c decays to µ+ 

 
Dimuons at NuTeV 
measure 
•  Strange content s(x) 
•  s/anti-s difference 
•  Vsc/Vdc 6/7/17	  56 
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Strangeness 

Fun fact, we’re all about 
5% strange 

Neutrinos scattering can 
pick out strange quarks 
through the process 
 ν+sàµ-+c 

c decays to µ+ 

 
Dimuons at NuTeV 
measure 
•  Strange content s(x) 
•  s/anti-s difference 
•  Vsc/Vdc 6/6/17	  57 
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Discovery of the tau neutrino  (DONUT) 

800 GeV protons

Beam Dump

Ds τ
ντ

ντ

 Shielding

Emulsion Targets

τ
ντ

E-872  
Making ντ interactions 
from protonsMake a ντ beam Detect a τ decay 
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Emulsion modules and drift 
chambers 
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Emulsion plates interleaved with 
1mm steel plates: total target 
mass 260 kg (not kt !) 

Recycled drift chamber electronics 6/7/17 
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τ → 3h± + ντ

~80 GeV τ :  τ probability 0.99+ 
~9mm decay length 
digitized emulsion information shown  

Saw 9 candidates 7.52 vàτ + 1.48 background 
 

61 6/7/17 



Test Beams!! 
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¨  Facility upgraded in 2005 
¨  38 experiments as of 2005-2015 

 



LArIAT test beam 
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Conclusions   
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¨  FNAL Fixed Target Legacy 
¤ Led to detectors and computing used in all modern 

experiments 
¤ High intensity and highest energy ever in fixed target 

n Charm physics 
n Kaon physics to 10-10 

n Proton Structure 
n Precision Standard Model Parameters 

¤ Discoveries  

n Discovery of Upsilon and ντ



Not over yet 
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¨  Fermilab fixed target lives at 8 and 120 GeV 
¨  Neutrino physics at 8 and 120 GeV 

¤ Cross sections (MINERvA) 
¤ Oscillations (MINOS, NOvA, MiniBooNE, MicroBooNE, SBND, 

Icarus DUNE …..) 
¤  ??? 

¨  Proton Physics 
¤  SEAQUEST – son of NUSEA 

¨  Test beams !!!!  
¨  Your idea here 
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1990 1992 

2008 
6/7/17 

1999 
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E98 



DoNuT 

71 6/7/17 
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E760 



Meson building construction 
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Scanning Machine 
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Safety 
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LINAC construction 
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Fermilab Dedication 1974 
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E653 
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Dan Green 
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83-0582-15.hr.jpg 
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E186 


