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Accelerating Lumgx Bunches Through Transition

e bunches observed to be ragged early in cycle (Yang)

e lumpiness causes higher peak currents for given emit-
tance

e strength of most collective instabilities directly proportional
to peak current

e Booster already close to NMI threshold for smooth bunches

e v, jJump may be good enough to avoid NMI problem (work
In progress)

e A respectable high-brightness injector synchrotron would
have a functioning ~, jump system.



Booster Parameters

ring radius 75.47 m
Injection energy (kinetic) 400. MeV
extraction energy 8.0 GeV
Yo 5.446

gy, initial 0.0947 eVs
harmonic number 84

max. rf volts 1.2 MV
rf frequency 37.9-52.8 MHz
sinusoidal ramp 15 Hz
maximum p 374 GeV/c/s

number of protons 5.1012




Transition Parameters
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Booster transition, Smooooth beam
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charge profile for smooth bunch of 0.0947 eVs with 6 - 1010
protons using 8.25 M macroparticles early in Booster cycle



Booster transition, Smooooth beam
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as above at 15.4 ms into cycle



Booster transition, Smooooth beam
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same as above at 17.3 ms — just after transition



Booster transition, Smooooth beam
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ESMp2003

a few of 8.25 m phase space points just after transition — evi-
dence of high collective voltage noticeable on contour. Notice

nonlinear single-particle problem(s).



Booster transition, Smooooth beam

Iter 9600
1.731E-02 SEC

0.3

0.2

AMPLITUDE

0.1

OLW\AW%M o

100 200 300 400 500

HARMONIC NUMBER

ESME2001 18—Sep—2003 09:01

the Fourier spectrum of the beam current just after transition
— most excitation below 15 GHz



transition, Smooooth beam
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the collective voltage resulting from the previous beam current
spectrum — enough to perturb distribution noticeably



Booster transition, Lumpy beam
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charge profile for lumpy bunch of 0.0947 eVs with 6 - 1010
protons using 8.25 M macroparticles early in Booster cycle



Booster transition, Lumpy beam
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as above at 15.4 ms into cycle



Booster transition, Lumpy beam
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same as above at 1.73 ms — just after transition



Booster transition, Lumpy beam
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a few of 8.25 m phase space points just after transition —
marked evidence of high collective voltage on contour. Notice

nonlinear single-particle problem(s) also.



Booster transition, Lumpy beam
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the Fourier spectrum of the beam current of the lumpy bunch
just after transition — most excitation below 15 GHz, but ex-
tending higher at detectable levels



Booster transition, Lumpy beam
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the collective voltage resulting from the lumpy bunch current
spectrum — enough to perturb distribution noticeably



Summary

e Ragged bunch profiles obtained by Lucas are in qualita-
tive agreement with observations of Yang.

e The details of injection do matter much later in the cycle.

e Negative Mass Instability is a relevent problem for near
term.

e The v, Jump deserves respectful attention.

Acknowledgement. Thank you Peter Lucas for a beautifully
lumpy distribution.




