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Since 1996, the Fe}‘rr}ilab Booster is equipped with.tum-by-tum beam proﬁl'e ﬂx,max =33.7m B, =20.4m D,. =32m
measurements. This is the first attempt to systematically measure the evolution ’
of the beam emittances during the acceleration cycle, and their dependence on
the beam intensity. This effort is important because the demand of neutrino- . - '
. . * Superperiod=24 w
experiments: The proton demand on the Booster has increased from 7E15 to as ) ) g
much as 1.8E17 protons/hr because of the MiniBooNE and NuMI projects. * In ea?h period, four Combined- 3
function magnets. Length 2.889 m. 88
| Introduction Gradients are K,(F)=0.0542 m? and
' L . . K,(D)=-0.0577 m™. The integrated
2. Measurements and Modeling in emittance reduction . 4
. . . . focusing strengths are 0.313 m! and a7
3. Modeling by numerical simulations M
; —0.333 mL.
4. Conclusions i )
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Typical Injection scheme at the Fermilab

Booster: H- at 400 MeV from Linac is about o TBms Ionization beam profile monitors (IPM's) measure the beam profile
30 mA. Strip ll]IlJeCthIl into the Booster gives Coams aoo by collecting electrons from background gas ionization.
X —~ .
238“&44'\2] :}? proio?_s pefrrmjecuon, turn. At o < ntan Measurement accuracy will depend on the number of electrons
eV, the revolution frequency is = =
4.51x105 Hz. The Normal operation has 12 & * collect§d. Th'e number of electrqns collected depends on pressure,
injection turns, and the total intensity is about & bunch intensity, and data collection mode. The center-to-center
5x10'2 ppp at 15 Hz rep-rate. In fact, when 7 distance between microchannels is of the order of 0.2mm. Thus one
the injection turn is larger than 12, the , . . . can measure the beam width to within 0.5mm. For the IPM at
Booster loss problem becomes severe. 0 5 umsiected T % Fermilab Booster, the space charge correction has been shown to
8 T T be important [J. Amundsen et al PRSTAB 6 102801 (2003)]
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j Space charge effects: Linac delivers about 30 mA beam current to
& ] the Fermilab Booster, i.e. about 4.2x10!! particles in one injection
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The space charge perveance can be calculated from the beam
parameters, and there are three fitting parameters, a,,b,,b,.
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St = 3. The horizontal emittance and the off-momentum spread can
be separated by using different scaling law (energy
dependence).

4. The horizontal emittance is less affected by the space charge
a = I 25 _ force! Why
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Modeling algorithm:

We consider N-particle in Gaussian distribution and construct a model with

24 Superperiod FODO cells
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Space charge force is a local kick on every half cell:
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*  Sextupole nonlinearity on each half cell for nonlinearity in dipoles

e Linear coupling,
*  Random quadrupoles with zero tune shifts
* Random closed orbit error

*  Dynamical aperture of 80 by 50 pi-mm-mrad

X"+ K (s)Xx = by(s)  B(S),  als), 1h(S)

(x*—12%)
p o 2
2"+ K, (s)z=— Q6 b)), ald), be),,
PP p

Random number generators are used to generate b0, a0, bl, and al. The
quadrupole error is subject to a constraint with zero tune shift. The
integrated sextupole strengths are set to the systematic values: -0.0173 m?2
and -0.263 m? for focusing and defocusing dipoles respectively.

Orms(n) = Omms(1)Bg(n) (14 (G5 — 1)(1 —exp(—ay(n —ng)))

[1+ Ajexp(—ag(n —ng))sin(2m(n —ng) )],

(For n>n,=9600) G;=2, A;=0.5, £=1/150, a,=1/(15*150)
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Effect of dipole field errors:

Red curves: Ax’=0.000020 rad, Az’=0.000075 rad

Blue curves: No dipole error

Betatron tunes are regular operation tunes
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Montague Resonance: (No linear errors)
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Effect of a sum resonance!

We are able to fit experimental measured IPM data (vertical and
horizontal) to deduce the betatron emittances of the beam.

We note that the vertical emittance increases rapidly in the initial stage of
acceleration. The horizontal emittance seems to be less affected by the
space charge at the initial stage.

The bunch width oscillation after the transition crossing has been used to
deduce the bunch-mismatch factor, and the result is consistent with the rf
program in the Booster operation.

We use the rms space charge force model to carry out numerical
simulations. We are able to fit the observed data of emittance growth. The
emittance growth in the vertical plane has resulted mainly from the skew
quadrupoles, that induce a sum resonance at Q,+Q,=integer. This induces
emittance growth mainly in the vertical plane. The reason is that the
Montague resonance suppresses the growth of the horizontal emittance,
and enhance the vertical emittance by about 25%. The random dipole field
error also generates about 25% vertical emittance growth.

Need more work to understand more detailed mechanism of skew
guadrupoles in the presence of Montague Resonance!
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