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:=n 1 100..:=Zeroes of Bessel Function J_0:

Diffusion and Lifetime...
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rms beam size evolution:
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Syphers
Here, Initial Distribution is Uniform



0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

1.2

fscld Z 0.01,( )

fscld Z 0.05,( )

fscld Z 0.1,( )

fscld Z 0.2,( )

fscld Z 0.5,( )

fscld Z 1,( )

g Z( )

urms_asy

rap Z⋅

rap 1=

0 0.5 1 1.5 2
0

0.5

1

urms_asy
urms τ( ) rap⋅

τ

urms_asy 0.393=

0 0.25 0.5 0.75 1
0

0.15

0.3

urms_asy
2

urms τ( ) rap⋅( )2

τ

4 MJS   September 2002

Syphers
Here, Initial Distribution is Uniform
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:=Asymptotic lifetime:
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d⋅:=Series coefficients:

eV 1.6 10
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f0 Z( ) α e
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Initial Distribution:

α
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2
:= *rap 1.2:=Ratio of aperture to beam sigma:

nmax 99:=Max order of summations used:
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Diffusion and Lifetime of Antiprotons in the Tevatron ...
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τ 2 6 hr⋅:="Root-t" fit (by hand) to data --
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Ng0 33.8:=Np0 64.8:=Scale factors to fit to data:

t4tau 5.76 hr⋅:=Set time scale for diffusion process:
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hr⋅:=Data READPRN "DA-1886-1.txt"( ):=
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τ2 6hr=
4 eV⋅ sec⋅
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6.061hr=W/R   =   a check:

So, perhaps the mechanism is not transverse, but 
longitudinal.  Beam loss could be due to a 4 eV-sec bucket 
(as we have at 150 GeV) which was more or less uniformly 
populated (coalescing) and a 0.6 eV-sec/hr  longitudinal 
emittance growth rate forcing particles out of the buckets 
(which we know to be happening)
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Thus, if transverse distribution were Gaussian with a ~ 3σ0, 
then would need to have a VERY large emittance growth 
rate in order to be consistent with the time scale of the data
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However, if the transverse distribution were Gaussian with 
an aperture a ~ σ0, then would see very dramatic beam loss 
(~60%) immediately at injection
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τ           =     2 [ (dε/dt)/ε ] (σ0/a)2 t 

and simultaneously is consistent with a ratio a/σ0 ~ 1.2.   Thus, we look at mechanisms which 
would correspond to these conditions...

.0435( ) t4tau⋅ 15.034min=

Thus, the outcome is that the diffusion taking place for this store is consistent with time scales 
given by  τ ~ 0.04 corresponding to ~ 15 minutes  
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ap⋅:=

Tracking Verification of the Diffusion Equation

nonlinear tune with amplitude: ν0 0.581883:= k 0.05:= ν a( ) ν0 k a
2⋅+:=

aperture: ap 2:= rms scattering angle: σθ 0.1:=

1-turn matrix: M a( )
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Nturns 400:= Npart 2000:= n 0 Nturns..:= i 0 Npart..:=

Initialize the distribution (uniform): Track the particles:
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