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I.  In troduction  

 

 H igh  energy physics is a  branch  of science tha t  is concerned with  the 

const ituen ts of mat ter  and their  in teract ions. The par t icle accelera tor  is a  

tool tha t  is u sed to help the h igh  energy physicist  probe the st ructu re of 

mat ter . An  accelera tor  provides a  h igh  energy beam of pa r t icles tha t  can  be 

used to un lock shor t -lived suba tomic pa r t icles. For  a  number  of years , the 

method of choice used by accelera tor  labora tor ies was to direct  the beam of 

pa r t icles on to a  sta t ionary, or  “fixed” ta rget . In  the 1970’s a  new method of 

crea t ing the collisions was developed, colliding a  beam with  its an t imat ter  

coun terpar t  in  the same accelera tor . By colliding beams of pa r t icles head -on , 

the cen ter  of mass energy of the collisions was doubled. 

 The first  genera t ion  of colliders accelera ted electrons and posit rons. It  

wasn’t  un t il the ea r ly 1980’s tha t  CERN (The European  par t icle accelera tor  

labora tory Conseil Européan  pour  la  Recherche Nucléa ire, or  “European  

Organ iza t ion  for  Nuclea r  Research ”) first  collided protons with  an t iprotons. 

Since the proton  is much  more massive than  the electron , h igher  energy 

collisions cou ld be ach ieved (a lthough  electron -posit ron  collisions have the 

advan tage of being much  “cleaner”). The SPS accelera tor  a t  CERN was used 

as th eir  fir st  collider . The cen ter  of mass energy of the collisions was in it ia lly 

540 GeV (270 GeV on  270 GeV), then  was la ter  increased to 630 GeV (315 

GeV on  315 GeV). With  the switch  to colliding beams, the SPS became the 

h ighest  energy accelera tor , su rpassing Fermilab’s Main  Ring which  was then  

a  400 GeV fixed ta rget  mach ine. CERN wouldn’t  possess the h ighest  energy 

accelera tor  for  very long, in sta lla t ion  work for  the Teva tron  was being 

completed back a t  Fermilab. 

 The Teva tron  began  opera t ion  as an  800 GeV fixed ta rget  mach ine in  

1984, bu t  the even tua l goa l was to use it  a s a  proton -an t iproton  collider . 

Bu ilding on  the CERN innova t ions and exper iences, Fermilab began  

construct ion  of its own  an t iproton  source. The first  colliding beams in  the 

Teva tron  were established la te in  1985 dur ing a  study p er iod following a  

Fixed Target  Run . The Antiproton  Source completed commission ing and the 

first  Collider  Run  began  in  la te 1986. With  a  cen ter  of mass energy tha t  grew 

from 1.80 TeV (900 GeV on  900 GeV) to 1.96 TeV (980 GeV on  980 GeV), the 

wor lds h ighest  energy accelera tor  was aga in  found a t  F ermilab. CERN has 
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since bu ilt  and opera ted the LEP (Large Electron  Posit ron ) accelera tor  and 

has fin ished its successor , the LHC (Large Hadron  Collider). The LHC, a  

proton -proton  collider  with  a n  even tua l cen ter  of mass energy of 14.0 TeV 

(7.0 TeV on  7.0 TeV), has ended the Teva tron’s 20 year  reign  as  the wor lds 

most  powerfu l accelera tor . 

 Luminosity is a  measure of the ra te of collisions a t  an  exper imen t . 

Through  a  ser ies of improvements to Fermilab’s accelera tors, there has been  

a  steady increase in  the Teva tron’s luminosit y since 1986. Dur ing the 1988-

89 Collider  Run , the design  luminosity of 1.0x10
30

cm
-2
sec

-1
 was ach ieved. 

Since tha t  t ime the luminosity has increased by a  factor  of near ly 300, 

su rpassing 3.0x10
32

cm
-2
sec

-1
. 

 The la rgest  bot t leneck in  a  proton -an t iproton  collider  is the t ime requ ired 

to accumula te an  adequa te number  of an t iprotons. The process is inheren t ly 

inefficien t , typica lly for  every 10
5
 protons st r iking a  ta rget , on ly abou t  2 

an t iprotons a re captu red and stored. Considerable t ime and money has been  

spen t  improving the accumula t ion  ra te. Between  the first  Collider  Run  and 

Collider  Run  1b, the peak stacking ra te improved by an  order  of magn itude.  

Between  Run  1b and Run  II, there has been  another  factor  of 3  increase in  

the peak stacking ra te (and a  factor  of 5 increase in  the average stacking ra te 

with  the use of the Recycler ). Despite the improvements, it  st ill takes hours 

to bu ild up a  su itable stack to use for  a  colliding beams store. The 

performance of the Antiproton  Source and Recycler  grea t ly a ffects the qua lity 

and dura t ion  of stores in  the Teva tron . 

 The FNAL Antiproton  Source is comprised of a  ta rget  sta t ion , two r ings 

ca lled the Debuncher  and Accumula tor  and the t ranspor t  lines between  those 

r ings and the Main  In jector . The following sequence of even ts is repea ted to 

accumula te enough  an t iprotons for  a  proton -an t iproton  colliding beams store.  

•  Every 2.2 seconds or  so, a  “slip-stacked” single ba tch  of 

protons with  an  in tensity of 8x10
12

 or  more is accelera ted to 120 

GeV in  the Main  In jector . The Main  In jector  cycle is u sua lly 

shared with  NuMI. 

•  At  Main  In jector  fla t top, the 82 or  so bunches con ta ined 

with in  the ba tch  a re rota ted 90° in  longitudina l ph ase space. 

The rota ted bunches a re extracted from the Main  In jector  and 

t ravel down the P1, P2 and AP-1 lines.  
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•  Quadrupoles a t  the end of AP -1 focus the beam to a  very small 

spot  a s it  en ters the Target  Vau lt . The beam str ikes the Inconel 

product ion  ta rget  in  the Target  Vau lt  and produces a  shower  of 

secondary par t icles 

•  The resu lt ing cone of secondary par t icles is focused and 

rendered para llel by means of a  lith ium len s. The bunch  

st ructu re of the beam coming off of the ta rget  is the same as 

tha t  of the pr imary proton  beam. 

•  A pu lsed dipole magnet  bends a ll nega t ively-charged par t icles 

tha t  have a  kinet ic energy of approximately 8 GeV in to the AP2 

line. Most  of the other  pa r t icles a re absorbed with in  a  beam 

dump.  

•  Pa r t icles tha t  su rvive the jou rney down the AP2 line a re 

in jected in to the Debuncher , where the momentum spread of the 

8 GeV an t iprotons is reduced th rough  bunch  rota t ion  and 

adiaba t ic debunch ing. Both  beta t ron  (t ransverse) stochast ic 

cooling and momentum (longitudina l) cooling is applied to 

reduce the beam size and momentum spread. 

•  J ust  before the next  pu lse a r r ives from the ta rget , the 

an t iprotons a re extracted from the Debuncher  and in jected in to 

the Accumula tor  via  the D to A line. Successive pu lses of 

an t iprotons a re stacked in to the Accumula tor  'core' by means of 

RF decelera t ion  and stochast ic momentum cooling. The 

an t iprotons in  the core a re main ta ined there by beta t ron  and 

momentum stochast ic cooling systems. 

•  Per iodica lly, enough  an t iprotons have been  accumula ted to 

in it ia te a  t ransfer  via  the Main  In jector  to the Recycler . Groups 

of 4 bunches of an t iprotons a re unstacked from the densest  

por t ion  of the stack known as the core. The pbar  bunches a re 

extracted from the Accu mula tor , and t ranspor ted to the Main  

In jector  via  the AP3, AP1, P2 and P1 lines. After  a  small energy 

adjustmen t  in  the Main  In jector , the an t iprotons a re t ransfer red 

to the Recycler .  

 


