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Diffusion and Lifetime...

Zeroes of Bessel Function J_0: n:=1..100 A= a0
b« 3
0 x « root(JO(y),y,a,b)
0 0 x if n=1
1 2.405 .
otherwise
2 552 a « Ap—1 +0.05
3| 8654
4| 11.792 b« Ap—q +3.5
51 14.931 X « root(JO(y),y,a,b)
6| 18.071 X
A=17]21.212
8 | 24.352 .
9 [ 27493 Max order of summations used: Nax = 17
10| 30.635
11| 33.776 _ . rap2
12| 36917 Ratio of aperture to beam sigma: Tap = 10 a = T
13| 40.058
14 43.2
15| 46.341 - o —az
Initial Distribution: fo(Z) = ale

Series coefficients:

Beam Intensity evolution:

Intensity lifetime evolution:

Asymptotic lifetime:

(1) = 2
IR
dt
asy )
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max
Distribution function evolution: f(z,1) = Z anO(An&ﬁ)E 4
n=1
Plot Ranges: 1:=0,0.01..2
Z:=10,.001..1
60
40 I~ .
£(Z,0)
20 I~ n
0 | | | |
0 2 4 6 8 10
Scaled distribution function: fscld(Z’T) =1(z,1) (9,9.00)
(for plot comparisons) f(O,T)
! )
rms beam size evolution: J Z[ﬂ(Z,T) dz
- |\ )
urms(T) = ) \
Upms(0) = 0.1 2 J f(Z,T) dz
0 y
Uppe(4) = 0.393
1
_ _ J wI0(A ) du
asymptotic beam size: 1 Yo
3926 Urms_asy ‘= ED ) (o
frms_asy = = J uJ0(A @) du
0
Yrm
_IMS a8y _ 1.393
T,
a
P _(2—0.01\
2
204
Guassian distribution, for comparison: Sasy = Mgﬁ o(z) = e asy )[ﬂ(o,o_m)
rap
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N(1)

02
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0.75

11 (D)

05 ]
0 ] ] ] ] ] ] ] ]
0 0.11 0.22 0.33 0.44 0.56 0.67 0.78 0.89 1
T
40
f(Z,0.01)
f(Z,0.05)
f(Z,0.1)
£(Z,0.2)
f(Z,0.5)
£(Z,1) B
|
8 10
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40 i T

fo1q(Z,0.01)

£ o1d(Z,0.05) 30

£ q(Z.0.5)

fscld(z’ )
10
g(Z)
0

Urms_asy

Ung (D By 25 -

Urms_asy — 3.926

0
0 0.5 1 1.5 2
T
20 T
2
Urms_asy
15 - " """ " " " " " """ """ — —]
2 — pa—
) 10
= _
0 | | |
0 0.25 0.5 0.75 1
T
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N(T)

021 |
0 ] ] ]
0 0.25 05 0.75 1
2
Tasy = 0.692
15 ]
T 1 -
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Tasy
051 —
0 ] ] ]
0 0.25 0.5 0.75 1
T
15
f(Z,0.01)
12,009 44
f(2,0.1)
£(2,0.2)
f(Z,0.5) 5
£(z,2)
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feud(Z,001) 14

g2, 0.05)

fed(Z.0.1)

fudZ.02) 4

fogiZ,0.5)
4
fsaigZ: 1)
9(2) 2
0
3 |
Urms_asy
2 = —
Urmg(T) Mgy
1 Upms asy = 1963 7
0 | | |
0 0.5 1 1.5 2
T 2
Urms asy
L | r—_ T
3k _
2
(Urms(T)map) 2 I
1 _
0 | | |
0 0.25 0.5 0.75 1
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N(1)

11 (D)

£(Z,0.01)

£(Z,0.05)

0
0 0.25 0.5 0.75
T
2
Tasy = 0692
15| N

0.25

0.75
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4 T T
|
|
u. =
fe.14(Z,0.01) rms_asy Tap 2.5
|
------- |
fSCld(Z’ 005) 3 — :
............ |
|
fsc1d(Z:0-1) oy
)
.l
fse1a(2:0-2) 2+ G -
———— ) S N
| "\_ ‘-_\
foe1a(2,0.5) | N
! . RN
| hS Sl
fse1a(Z: D ! e
a— L= : \"\
g(2) : :
______ |
|
0 | A | |
0 0.5 1 1.5 2 2.5
7
2 T
L5 —
Urms_asy
Uy 1 i
Urms_asy — 0.982
0.5 —
0 | | |
0 0.5 1 1.5 2
T 2
Urms_asy
O —— | — | ——
2
(urms(r)map) 05 _
0 | | |
0 0.25 0.5 0.75 1
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N(t) 06

0 0.25 0.5

0.75 1

wm 1F

T,q, = 0.692

05

0 0.25 0.5

0.75 1

0.6

f(Z,0.01)
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0.6

fepoZ, 0.01)
- 0.48
gy 2, 0.05)

fodZ.0D) |

foyg(Z.0.2)

fs1d(Z:05) 024
foydZ: D)

0.12

Urmg(T) Mg 05 [

¥ Urms asy |
Urms asy = 0-393
0 | | |
0 0.5 1 15 2
T
0.3 I
2
Urms asy
2 L. 0000000
(Upme(0) Tgp) “0.35 N
0 | | |
0 0.25 05 0.75 1
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Here, Initial Distribution is Uniform

1.2

N(1)

0
0 0.25 0.5 0.75 1
T
2
Tygy = 0.692
15 -
T 1 ]
7777777777777777777777777777777777 Tasy
05 -
0 | | |
0 0.25 0.5 0.75 1
T
| === T  E—
£(Z,0.01) T
£(Z,0.05)
£(Z,0.1)
fz,02) ®
£(Z,0.5)
£(Z,1)
0 | | |
0 0.2 0.4 0.6
rapa/E
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Syphers
Here, Initial Distribution is Uniform


Here, Initial Distribution is Uniform

1.2

foeld(Z,001)

£ o1(Z.0.05)

............ 08
fscld(Z' 0.1)
fscld(z' 0.2) 0.6
fscld(z’ 0.5)

0.4
fscld(z’ )

L]

2(2) 0.2

urms(T)Eap 0.5 k Urms asy

Urms asy = 0-393
0 | | |
0 0.5 1 1.5 2
T
0.3 T
2
Urms_asy
: ... S
(Um0 Eyp) “0.15 =
0 | | |
0 0.25 0.5 0.75 1
T
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Syphers
Here, Initial Distribution is Uniform


Pbar intensity

33 -

324.

v
—
|

FBIANG[1], e9

decays after injection as exp(-t0'5)
; ; ' V.Shiltsev

m  data, store 1845
fit exp(-sqrt(t/6.4hr))
fit exp(-t/1.6hr)

010 015 0.20

0.05

time after inj, hrs



Diffusion and Lifetime of Antiprotons in the Tevatron ...

Zeroes of Bessel Function J_0:

2.405
5.52
8.654
11.792
14.931
18.071
21.212
24.352
27.493
30.635
33.776
36.917
40.058
43.2
46.341

O|loo| N|o|l | | wW[N] PO

Ay
o

[
=

-
N

[
W

[
H

[
o1

eV = 16010 19Eﬂoule .

Series coefficients:

Beam Intensity evolution:

Intensity lifetime evolution:

Asymptotic lifetime:

n:=1..100 An=la<0

b3
X « root(JO(y),y,a,b)
x if n=1

otherwise
a « )\n—l + 005

X « root(Jo(y),y,a,b)

X
Max order of summations used: Nmax = 99
2
: : fap
Ratio of aperture to beam sigma: fap = 12 o:=— 4
2
Initial Distribution: fo(2) = ae ° 'z *

1
c = ;ﬁ fo2)30(AHZ) dz

" 1(rn)? o

- ()‘n)ZD

n
max ¢
4

N(t) = 2 3 )\—:m(xn)@
=1

o () = N

S d )
dt

T = 4

asy -~
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— " " o (g _ [40]
Data:= READPRN("DA-1886-1.txt") t:= Data" [br prar .= Data
Set time scale for diffusion process: t4tau := 5.76[Hr
Scale factors to fit to data: NpO = 64.8 NgO = 33.8

NpOD}d(O) = 33.166 praro =34.186
"Root-t" fit (by hand) to data -- T, := 6lhr
_ x+0.001
2
a(x) := Ng()@
fap = 12 tdtau = 5.76 hr

35 T

20
0 0.012 0.023

0.035 0.047 0.059

t t

) , T
t4tau tdtau

MJS September 2002



0.6

0.53 —

0.47

N(T) 04
0.33

0.27

0.2
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

T,q, = 0.692

wm 1k I

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
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Thus, the outcome is that the diffusion taking place for this store is consistent with time scales
given by 1~ 0.04 corresponding to ~ 15 minutes

(.0435)[Ftau = 15.034 min

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

—~
]

2 [ (de/dtye ] (a/a)? t

255—
[é [ﬁ Eﬁr =0.043
200 \1.2)

However, if the transverse distribution were Gaussian with
an aperture a ~ gy, then would see very dramatic beam loss
(~60%) immediately at injection

16[-'171-[: 1 2 1
20— [é—\ Eé—mr =0.044
200 \3) (4 )
Thus, if transverse distribution were Gaussian with a ~ 30y,

then would need to have a VERY large emittance growth
rate in order to be consistent with the time scale of the data

0339ﬂ

= F— [€ [€—1 e = 0.041
4[8V[Sec 4 )

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)

a check: W/R = % =6.061hr Ty = 6hr

(0.66 L@ec\
hr

)
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Tracking Verification of the Diffusion Equation

nonlinear tune with amplitude:  v:= 0.581883  k:= 0.05 v(a):=vgp+k Da2

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

cos(2 O (a)) sin(2 O (a))

1+t frix:  M(a):=
urn matrix (a) (—sin(Z Onv(a)) cos(2 Onv(a)) )

Niurns = 400 Npgrt := 2000 n:= 0.. Ny i:= 0..Npart
Initialize the distribution (uniform): Track the particles:
% o)
1,0 — - .
=[|a 2 Chp len+1\_ 50 Chp) 2 2. 2
p. ) = if (Xi n) + (pi n) > ap
1,0 be?2 pi,n+1} 0 ) , )
while a2 + b2 > 1 otherwise
0 ~ rnorm(l,O,Ge)o
a « rmd(2) -1
b « md(2) - 1 pt—p ,*0
a\\ 2 2
v, v i)+
\% X. \
L i M(a) l:( 1,n
pt )
_ 2 2 2
Calculate number of particles within the aperture: Nleﬁn - Z[(Xi,n) * (pi,n) < ap}

i

1
Compute rms of distribution at each step: Gxn = leeft E{Z (Xi,n)2 |:[(Xi,n)z * (pi,n)2 < apzﬂ
2 5

1

Expected rms of Asymptotic distribution: Oasy := 0.393 Lhp Oasy = 0.786
2 Y ap’
Tygy .= | —— Diffusion lifetime: Nyiee = —— N ¢ = 400
asy (2'405) diff . ) diff
6]

1
2
A= 2.504 b= —F— DJ JO\A 3/Z) dZ
1 )\D]l()\) . ( D\/_)
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200

250

300

350
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o-X
n
0.5
0
0
2500
2000
Nleftn
XXX 1500 [~
_ n
J Ndiff 1000 [~
NpartIE
500 [~
0
0
2500
Nieft 2000
XXX
_ |t 1500
Ndiff
NpartIE
............ 1000
N
blm‘lp W diffTasy
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0.05
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400

freq(t) 200 [~

Pi,t

-2

-4

Xplot

t:= 100

400

freq(t) 200 [~

1

Pi,t

-2

-4

Xplot

t 1= 400
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