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Tunes evolution in a space charge dominated beam

Relation between tunes and coord. phase space

Cuts
Single particle tunes modulation

Averaging
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Tunes evolution in a space charge dominated beam

1. Relation between tunes and coord. phase space

2. Cuts
3. Single particle tunes modulation

4. Averaging
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Relation between tunes and coord. phase space
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The cuts

What happens to the particles in the necktie if one
starts cutting the distribution in different sublets?

Bare tune
Small transverse amplitude
' macroparticles reach larger i
tune shifts than halo particles
9 395 4 405 41 415 42 425  4:

425
Subsets of macroparticles — transverse cut
42
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RED TRANSVERSE AREA + HEAD/TAIL CUT
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RED TRANSVERSE AREA + ZERO PHI CUT
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Tunes evolution in a space charge dominated beam

1. Relation between tunes and coord. phase space

2. Cuts
3. Single particle tunes modulation

4. Averaging
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Single particle dynamic behavior (tunes modulation)

* A double RF bucket simulation (with h=1 and h=2 in antiphase) close to the vertical integer Qy=4 in the PSB has been
taken as example for the analysis.

* The yellow particle (large synchrotron amplitude and relative small transverse actions) has been taken into account for
an accurate turn-by-turn analysis.
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single_particles_tunes_actions_trajectories_720turns.avi

Single particle dynamic behavior (tunes modulation)
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Tunes evolution in a space charge dominated beam

Relation between tunes and coord. phase space

Cuts
Single particle tunes modulation

. Averaging
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Averaging the phase advance over many turns...

* The tunes of each particle, averaged over 1 synchrotron period, are shown on the right.

%10 100k Particles (over 500k) Avg. phase advance over 1 synch. period (synch. period scatterplot)
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* The averaging is extremely useful to underline some specific phenomena in the next part of the talk, in
which the half-integer resonance has been studied to benchmark PTC-Orbit with the measurements.

PSB Experiments, 6D Tune evolution with SC
. Vincenzo Forte — Space charge meeting — CERN - 20/05/2014



Averaging the phase advance over many turns...
Particles with high (and less modulated) linear density over the synch. period

M.particles with max(AE) <= 0.535 MeV over 1 synch. period
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Measurements-simulations benchmark:
the half-integer resonance (2Qy=9)
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Measurements: intensity — programmed tunes — transverse profiles
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Measurements: longitudinal profiles

8kV/8kV in phase (short) 8kV/4kV in antiphase (long)
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Simulations: losses behavior for long bunch
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Simulations: losses behavior for long bunch and short bunch
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Short bunches lose more slowly and with different losses profiles.
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At C600, the short bunch decreases the losses (w.r.t. the long one) by a factor ~1.8.
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Simulations (with quad fields and misalign. errors): 200 ms transverse evolution

Vertical profiles
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'The beam size (1o gaussian interpolation) is preserved along the cycle, as in the measurements
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Simulations (with quad fields and misalign. errors): 200 ms waterfall evolution
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Simulations: tunes behavior for long bunch
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Tunes Simulations (with quad field errors): after ~35ms and ~115ms

C485 on the magenta curve C565 on the magenta curve

800 Turn #:115000
AQ_:-0.086 (~0.0906)
AQ :~0.1038 (~0.1128)

Lower threshold: 0.01% of # mp.

800 Turn #:35000
AQX:—O.1622 (-0.1613) "

AQy:—O. 1982 (-0.2001) 400

600 =4

400 -]
Lower threshold: 0.01% of # mp.

200+ % mp excluded (Q): 0.49171% of total mp.s
% mp excluded (Q): 2.236% of total mp.s
M— 0 % mp excluded (Qy): 0.71662% of total mp.s

% mp excluded (OV): 3.394% of total mp.s.

200 =

T T T T 1 4.1 4.2 4.3 4.4 4.5 46
4.1 42 43 4.4 45 46
4.6m 469 467
4.6m
4.5= 4.5 4.5=1
1y=13
4.4 4.4 4.4
#~
There is a valley on
434 43 4.3
the resonance...
42 42 4.2=
1 4.1
45 46 ! ! ! 4.1 T T T 1 41 T T 1
0 200 100 oo 41 4.2 4.3 4.4 45 46 0 200 400 600

+ PSB Experiments, 6D Tune evolution with SC ~
. Vincenzo Forte — Space charge meeting — CERN - 20/05/2014 LJ @



Tunes Simulations (with quad fields): after ~35ms and ~115ms

C485 on the magenta curve C565 on the magenta curve
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Tunes Simulations (with quad field errors)

C485 on the magenta curve C565 on the magenta curve
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Particles which interact with the resonance...
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Summary and conclusions

* Tunes evolution in a space charge dominated beam.
* Different positions in 6D phase space cause different location in the
necktie.
 The modulation due to the bunched motion is relevant for particles
performing large synchrotron oscillations.
* The single turn tunes computation differs from the averaged one.

 Measurements-simulations benchmark: the half-integer resonance (2Qy=9)

* Very good agreement between measurements and simulations.

* The quadrupolar fields and misalignment errors play an important role in
the simulations.

» Different longitudinal bunch shapes correspond to different losses
profiles.

* Tails (islands creation) arise from the simulations when the space charge is
highly reduced by losses.

*
#*
*
#*
*
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Appendix
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The particles as an ensemble
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Cutting the macroparticles in both planes, the blue (external) are the ones closer to the bare tune, having the larg
»amplitude. The red ones (that are mainly in the core of the bunch) can circulate all around the necktie, spreading because

: the longitudinal effect.
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pace charge dominated beam

. Ba,y(8) |
; % O il 8) [@(8) +O!/(S):(ls

* The time-varying quantities (at constant energy and optics) are:
* A, as the longitudinal linear density (protons/m), that is modulated in time for bunched beams
* o, as the transverse beam sizes (mm);
 The term inside the integral is, in a certain way, the inverse of the beam emittances along

4

the ring.

The direct space charge tune shift is directly proportional to A, and inversely proportional to
the emittances

* PTC-Orbit has been used for the analysis, from which is possible to extract the tunes necktie
and the raw data useful for the post-processing analysis. The simulations here presented
refer to the CERN PS Booster, Ring 2.

* Chromatic effects are a not negligible additive component to the space charge tune shift.
This must be evaluated because affects the motion of a single particle inside a necktie.

* The 4D formalism of the space charge can be seen as a constant linear density A(S) case.
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Single macroparticles behaviors

* Anincrease in Jy (vertical action) has place when the particles approaches the integer resonance Qy=4.

1 synch. period

. I I I I I I I
OX 42 e e T e o e e e e et R e e O R e T ................................................................................. i
3 | | | | | | |

0 100 200 300 400 500 600 700
Turns
4.2 I | | T I I |
0> Y N R e SN RN e P e M R . o S ....................................................................................... o]
38 | | | 1 | | |
0 100 200 300 400 500 600 700
Turns
T D (oo T B T B B B B A B B D S B B Y B B P e e g o D B O T s el T e e
[ s z
0 100 200 300

600 T -

f;** PSB Experiments, 6D Tune evolution with SC
Vincenzo Forte — Space charge meeting — CERN - 20/05/2014

3



Measurements: quadrupolar field and misalignment errors

Quad strength errors, Ring 2
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Simulations (with quad fields and misalign. Errors): 5-200 ms long. profiles
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Simulations (with quad fields and misalign. errors): 200 ms losses vs y position

profiles (long bunch)
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