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Outline
• General Information

      Parameter list (and evolution), initial design, upgrades
• Collider Ring

      Layout, insertions, energy boosting, transverse optics design,
       synchrotron radiation power

• Front End
      Source/injector, linac, pre-boosters, beam formation process

• Interaction Region 
      Layout, optics design, chromatic correction

• Special Topics 
      Magnet design, RF system, collective effects

Wednesday, February 24, 2010



General Information

BaBar

• PEP II is an e+ e- asymmetric B-factory collider located at SLAC
(Collaboration of SLAC, LBNL and LLNL)

– High Energy Ring (HER) stores 9 GeV e-  beam (PEP upgrade)
– Low Energy Ring (LER) stores 3.1 GeV e+  beam (new)
• One Interaction Region (IR): BaBar detector
• Each ring is 2.2 km long
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General Information

Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7

Retired 
4/7/2008
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Parameter Unit Design 2006 (Run 5) 2006 (Run 5) 2008 (Run 7)

Energy GeV 9 / 3.1 9 / 3.1 9 / 3.1 8-10.1 / 3.1

Beam current A 0.75 / 2.14 1.776 / 2.95 1.9 / 3 2.069 / 3.213

# bunches 1658 1722 1730 1732

RF voltage MV 14 / 3.4 15.6 / 4.35 16 / 4.05 18 / 6

Bunch length mm 15 / 15 11 / 12 12.5 / 13.5 10 / 12

Horiz. 
emittance

nm-r 49 / 49 30 / 50 73 / 36 50 / 29

Vertic. 
emittance

nm-r 2 / 2 0.8 / 0.8 1 / 1 0.3 / 0.3

β*y mm 15 / 25 9 / 10 11 / 10 9 / 10

β*x cm 50 / 50 40 / 105 74 / 21 30 / 105

ξy 0.03 / 0.03 0.062 / 0.047 0.074 / 0.058 0.05 / 0.065

Luminosity cm-2 s-1 3 x 1033 1.088 x 1034 1.2 x 1034 1.2 x 1034

Evolution of the Parameter List
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Parameter/Specification Value
CM Energy 10.58 GeV (4S resonance)
RF frequency 476 MHz
LER 8 RF cavities, 4 klystrons (1.2 MW, 476 MHz)
HER 28 RF cavities, 11 klystrons (1.2 MW, 476 MHz)
Design ΔE/turn LER: 0.75 MeV    HER: 3.6 MeV    
Design relative energy spread    LER: 0.77 x 10-3   HER: 0.61 x 10-3 

Design radiation power  LER: 1.62 MW     HER: 3.58 MW    
Design luminosity hourglass factor 0.9 (~0.8 actual)

Other Parameters and Specifications

Peak luminosity 1.2 x 1034  cm-2 s-1 4 x design
Integrated luminosity > 550 fb -1 2.5 x design
Maximum LER current > 3.2 A 2.5 x design
Maximum HER current > 2.0 A 1.5 x design

Major Accomplishments of PEP II
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Collider Rings
- LER: 3.1 GeV, stores positrons
- HER: 9 GeV, stores electrons
- LER on top of HER 
  (89 cm offset, except at IR @ HER level)
- Circumference: 2200 m
- 6 straight sections of 110 m
- 6 straight arcs of 255 m
- Areas are named as on a clock:
    Straight sections: 2, 4, 6, 8, 10, 12
     Arcs: 1, 3, 5, 7, 9, 11
- Interaction Region in Region 2
- Beam direction: 
     electrons:  clockwise
     positrons:  counter-clockwise
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LER: 3.1 GeV Positron Beam (up to 3A) 
- Sixfold symmetric
- 6 FODO arcs of 255 m
   (90o phase advance per cell in both planes)

- Beam direction: counter-clockwise
- Optical elements are mirror-symmetric
  about an axis between Regions 8 and 2

Design ΔE/turn 0.75 MeV (design) 
Relative energy spread    0.77 x 10-3 (design)
Radiation power 1.62 MW  (design)
Mom. compact. factor 0.00124 (Run 5)
Vertical tune 36.59 (Run 5)
Horizontal tune 38.505 (Run 5)
β*x 105 mm (Run 7)
β*y 10 mm (Run 7)

axis of 
symmetry
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HER: 9 GeV Electron Beam (up to 3.1 A) 
- Provision for octupole compensation of
  amplitude dependent tune shift effects
- Beta-beat scheme for semi-local chromaticity correction
   - enhances ratio βx/βy at sextupoles
   - allows use of weaker sextupoles
- In the arcs adjacent to the IP the beta functions are 
  enhanced to allow the use of non-interlaced sextupoles to
  compensate for chromaticity in the IR 
- Magnitude of horizontal emittance controlled
  by tailoring dispersion in 4 out of 6 arcs Design ΔE/turn 3.6 MeV (design) 

Relative energy spread    0.61 x 10-3 (design)
Radiation power 3.58 MW  (design)
Mom. compact. factor 0.00241 (Run 5)
Vertical tune 23.61 (Run 5)
Horizontal tune 24.503 (Run 5)
β*x 30 mm (Run 7)
β*y 9 mm (Run 7)
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Front End: Layout

BaBar

Source: e-gun and 200 MeV injector; positron source
Bend angle into rings: 0.575 mrad (LER), 0.35 mrad (HER)
Magnetic kicker: 0.55 m, 132 G (LER), 0.85, 123.5 G (HER)
Linac: on-energy injection
Dedicated transport lines to the rings (LEB & HEB)
North and South 1.15 GeV damping rings
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Front End: Beam Formation

- On one 60 pps time slot e- and e+ bunches are extracted from their respective
  1.2 GeV damping rings
- Both bunches are accelerated in Sectors 2 and 3
- 3.1 GeV e+  are pulse magnet extracted in Sector 4 and transported to LER via LEB
- e-  continue to be accelerated to 30 GeV & use to generate new e+ bunch at Sector 19
- Resulting 200 MeV positrons are returned to Sector 1 via PRL, accelerated to 
  12 GeV and stored in the damping ring for about 16 ms (then repeat)
- Interlaced with this sequence at 60 Hz is the generation, damping and acceleration 
  of the 9 GeV electron beam for HER (only one e-  bunch is in the damping ring at the time)
- A slow-pulsed (ms) magnet at Sector 8 used to extract e-  for HER (via HEB & NIT)
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Front End: Injection into HER and LER
- Injection into both rings will occur in the vertical plane.
  The most important reason for this choice is that it most effectively reduces the parasitic 
  beam-beam forces (beams passing but not at IP) which can cause beam blow up.
- The injection scheme employs two identical fast pulsed kickers (~l.5 μs) which generate a 
  fast closed bump, four DC dipoles for a slow closed bump, and two other magnets, a
  Lambertson septum and a current sheet septum magnet, for bringing the injected beam near the
  bumped stored beam.

Wednesday, February 24, 2010



Interaction Region: Layout
permanentHead-on collisions

  (later design allows for crossing
   angles < 0.05 mrad)
Beam separation:
 - initiated by dipole field from
   PM blocks (B1)
   (21-70 cm from IP)
 - completed by hybrid PM
   quadrupole-dipole (QD1)
   (90-210 cm from IP)
  - Q: vertical focus both beams
  - D: shift Q mag. ctr. 2cm horiz.
Vacuum chamber:
 - mask SR away from beam
   pipe located around IR
 - absorb power (70 kW) by SR,
   image current & HOM losses

Next element (QF2) at 2.8m form IP
Angular acceptance: 300 mrad
1.5 T solenoidal field
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Interaction Region: Synchrotron Radiation
Two types of synchrotron radiation (SR) generated:
  - “quadrupole” radiation due to beam going through a focusing element
  - “fan” radiation due to the entire beam being bent (100x higher)
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Interaction Region: Solenoid Compensation
• The following solenoid effects need to be corrected: 

1)  the coupling between x and y betatron oscillations
2)  vertical and horizontal orbit perturbations
3)  vertical dispersion distortion 
4)  solenoid focusing

• Goal was to cancel these effects at the IP and everywhere outside the IR. 
The asymmetry of the solenoid requires an independent local correction system 
on each side of the IP. 

• Generally, for each half IR the following is needed: 
1)  six skew quadrupoles to compensate the coupling and vertical dispersion 
2)  two vertical and two horizontal orbit correctors
3)  eight variable normal quadrupoles to match the Twiss functions and the 
     horizontal dispersion.
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Interaction Region: Chromatic Correction
• Low beta functions at the IP, together with the longitudinal and transverse 

emittances, make it difficult to correct the chromaticity produced by the large beta 
functions at the quadrupoles adjacent to the IP

• Two approaches to correcting this IR chromaticity semi-locally in the arcs closest 
to the IP:
  1.  interleaved sextupoles 
  2.  beta-beat (superior):
       -  enhances ratio βx/βy at sextupoles
        -  allows use of weaker sextupoles

• A fully-local correction scheme such as that used in linear collider final-focus 
schemes or that formerly used in the LER was not possible because of the limited 
space in the IR straight and the radiation from the strong bends that would be 
required for such a final-focus scheme

• The global (more linear) chromaticity is compensated by two families of 
sextupoles SD and SF in the other 4 arcs
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Special Topics
• Collective Effects:

– Electron-cloud instability
• Any intense positively-charged beam creates a cloud of electrons in the 

vacuum chamber
• e- cloud couples with transverse motion of the bunches, leading to 

instability
– Both LER and HER of the PEP-II are inherently longitudinally unstable due 

to the interaction between the beam and the fundamental mode of RF cavities
• RF feedback loops successfully control low-order longitudinal modes

• Dynamical Aperture:
– Verified using resonance basis Lie generators
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