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STUDY OF THE ULTRASLOW EXTRACTION IN LEAR BY TRACKING

J. Bengtsson

1. INTRODUCTION

We study the ultraslow extraction in LEAR by tracking with DIMAT. Due to 
the introduction of sextupoles for chromaticity correction and excitation 
of the extraction resonance 3Q„ = 7, the motion in the two transverse 
planes are no longer independent. It is found that this coupling increases 
the emittance of the extracted particles and the apparent thickness of the 
electrostatic septum and therefore the losses due to limited acceptances in 
the vertical plane. It is also found that this coupled motion is mainly due 
to the systematic resonance QH + 2Qy = 8 which is close to the working 
point (Qy + 2Qy - 8 = -0,25]" so that the coupling may be reduced by 
compensating this resonance.
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2. THE ULTRASLOW EXTRACTION

Due to the long spill times (typically 1 hour) in LEAR, one is using 
stochastic extraction!!]. This method reduces the modulation of the spill 
rate due to ripple on the power supplies.

The extraction is done by exciting the resonance 3QH = 7. However the 
working point is kept around 2.325 for the stack. The particles are moved 
to the resonance by having nonzero horizontal chromaticity and accelerating 
the particles longitudinally with noise so that they make a random walk 
towards the resonance.

By tuning correctly the horizontal chromaticity together with amplitude and 
phase of the resonance, it is possible to get an alignment of the outgoing 
horizontal séparatrices for different horizontal emittances[2], [3], (4).

3. TRACKING AT THE EXTRACTION WORKING POINT

The working point at extraction is :

The chromaticities are tuned to :

Horizontal plane = 0.53
Vertical plane Ey = 0

and the extraction resonance 3QU = 7 is excited. H
The particles are also given a horizontal bump to approach them to the 
electromagnetic septum used for extraction. However this also means that 
they are going off center in some of the sextupoles. The particle will then 
be more influenced by the nonlinear fields.

We have done tracking with DIMAT[5], during these conditions. One particle 
has been tracked 1024 turns for different horizontal- and vertical 
amplitudes. We have then applied Fourier analysis[6], [7], [θ] to the 
horizontal and vertical position to obtain the frequency spectra and tune 
shift with amplitude.

The "action J* has been varied by :

Horizontal plane (21^) : 1 —♦ 30 mm.mrad 
Vertical plane (2jÇ) : 0 —♦ 30 mm.mrad

The results are shown in Appendix A.

In the frequency spectra we find big amplitudes for the frequencies.

Horizontal motion
Vertical motion



3

The corresponding resonances are[9]. [10] :
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We conclude that the systematic resonance + 2Q^ =8 is excited as is 
expected from the arrangement of the sextupoles. The other frequencies are 
due to the second order effects by sextupoles.

In appendix B we show the tune shift as a function of horizontal- and 
vertical action due to the nonlinear fields. We compare with calculated 
values from the HARMONtll], [12]. [13] module in MAD[14].

The reason of the bad correspondance is probably the coupling between the 
two transverse planes due to the excitation of the resonance Q„ + 2Q„ = 8. 
It also seems that HARMON does not recalculate the closed orbit with the 
bump.

However the error in the tune shift as a function of amplitude when 
neglecting the bump is expected to be small.

4. SIMULATION OF THE STOCHASTIC EXTRACTION

The tracking is in this case done under the same conditions as in 
chapter 3. However we now add an increment Δp/p to the particles 
longitudinal momenta for each turn. This simulates the longitudinal 
acceleration of the particle by noise, so it moves towards the extraction 
resonance. It is then following the séparatrices of the extraction 
resonance 3Q^ = 7 and is assumed to be extracted when it's horizontal 
position is bigger than the position of the electromagnetic septum.

We have simulated the extraction for 35 particles where the "action" has 
been varied in equidistant steps as :

2J^ : 1-10 mm.mrad. 5 steps
2Jy : 0-10 mm.mrad. 7 steps

The result is shown in appendix C.

In the first case without compensation of the resonance + 2Qy = 8. Due 
to the coupling between the horizontal planes, the outgoing séparatrices 
are not overlapping for different vertical "actions*.

In the second case with the resonance + 2Q^ = 8 compensated by adding 
two sextupoles, the coupling is reduced so that we recover the alignment of 
the outgoing séparatrices.

Finally in appenix D we show tracking of one particle around the machine 
just before extraction (Q^ ♦ 2Qy = 8 not compensated).



4

5. CONCLUSIONS

We conclude from the tracking that the systematic resonance + 2Q„ - 8 is 
excited in LEAR as expected from the arrangement of the sextupoles for the 
chromaticity correction. This leads to coupled motion in the transverse 
plane.

This coupling leads to an increase of the emittance of the extracted beam. 
The coupling may be reduced by compensation of the resonance with two extra 
sextupoles.
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APPENDIX A

Tracking at extraction in LEAR
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APPENDIX B

Tune shift as a function of horizontal- and vertical action.



Q 
H

Jv
0,5 5 10 15

0.5 2.3244 2.3245 2.3246 2.3248

5 2.3269 2.3267 2.3272 2.3272

10 2.3296 2.3290

15 2.3323

Q 
v

JV

0,5 5 10 15

0.5 2.7435 2.7463 2.7498 2.7538

5 2.7443 2.7470 2.7509 2.7553

10 2.7452 2.7479

15 2.7463

Where the unit for J is [J] = ir.mm.mrad.

The tune shifts due to a given sextupole configuration are given 
bylll], [12], [13] :

Calculated values from HARMON

Least square fit of the data gives :
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APPENDIX C

Simulation of the stochastic extraction in LEAR :

1) Without compensation of Q + 2Q . = 8 n V
2) QH + 2QV = 8 compensated 
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APPENDIX D

Tracking of the last three turns before extraction 
along the machine.
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