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I will talk about…

• Fermilab accelerator complex, Tevatron 
Scenario, and general information

• Beam-beam effects , together with machine 
non-linearities, at injection at present 
machine conditions

• Beam-beam effects at collision at design 
machine conditons

• Conclusions



Jlab siminar, June 19, 2003 Meiqin Xiao

)HUPLODE�DFFHOHUDWRU�FRPSOH[
H- Ion source(25KeV)H-Æp

Protons are:
• combined 10-12 turns into one bunch at 
Booster, and injected into Main injector

•Coalesced 5-7 bunches at main injector into 
one bunch, and injected into Tevatron.

Anti-protons are:
• produced by protons at target, accumulated at
Accumulator, injected into Main injector, and 
then Tevatron.
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The scenario at Tevatron collision

For each pbar bunch:
Two Head-on interactions: beams collide at B0 and D0
70 long-range interactions
A01 and P01 meet at F0

36X36 p and pbar

Go through different closed 
Orbit(called Helix), separated
By electrostatic sepatators.

Central orbit

Proton Helix

Pbar Helix
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3 cogging stages at Tevatron
injection

Each pbar bunch experiences 72 long-rang interactions, and beam-beam effects are 
different for each pbar bunch in a train since the sequence of the long-range interations 
is different for each of them.
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Main parameters
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Comfort plot and beam lost in the Tevatron

2320227.5
pbar/bunch at 
low beta(E9)

1112814Pbar-loss on 
ramp(%)

44920
Pbar-loss at 
injection(%)

205180170140
P/bunch at low 
beta(E9)

23525
Pbar-loss in 
squeeze(%)

5967P-loss on 
ramp(%)

10

03/03

16

01/03

14

10/02

23

03/02

P-loss at 
injection(%)

Stage

Date
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General information

• Machine non-linearities:
(1)   Magnet field errors (ARC+IR) + 
(2)   Chromaticity Sextupoles +
(3)   Feeddown sextupoles

• Three concepts:
(1) Tune shift: experienced by zero amplitude particles 

one way to parameterize the strength of a kick with 
separated beams.

(2) Footprint: a good measure of the strength of the nonlinearity
(3) Dynamic Aperture(DA)

• Tracking codes
(1) MAD:   1-2 days(105 turns )
(2) SIXTRACK: 10 hours(105 turns )

105 turns Î 2 second in the Tevatron

θ=7.5o

σ: Beam size

x( σ)

y( σ)

Particle’s table 

Particle’s lost 

θ
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Dynamic Aperture of protons  at injection

Largest momentum deviation 
limited by RF cavity

DA  on central orbit       on  helix physical aperture 
uncoalesced protons(dp/p<1.E-4) ~ 10V ~ 8 V (4~6) V at C0
coalesced beam                                            ~  8 V ~ 5 V (4~6) V at C0
Proton lifetime(observed)                              4-6 hrs                     1.5-2 hrs 
Proton beam loss due to: 1) bunches are out of the RF buckets, 2) machine non-linearities.

Present parameter
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