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OUTLINE

1. Landau Damping of higher-order modes
(intra-bunch oscillations)

2. Landau Damping, Instability Drive &
Decoherence: octupoles, RF Quadrupole

Vladimir Kornilov, ICFA Workshop, Sept 18-22, 2017, Benevento, Italy



Tra nsve,rse Sta-bl|l»l')/ /
_

F o _
I¥, = +500A
0.2 —IP, = 4+500A 0.04 ! ! ! . .
s 0.035 - -
—~ 01 Ff \ = o 003 -
¥ % >
o | = 0025 | -
- X
x of - - 002 -
g b g 0015 - -
< 01 E 001} -
“ 0.005 | -
-0.2 : : : 0
02 01 0 01 02 06 -04 -02 0 02 04 06
AQ, (x1073) Re(AQ) (x107%)
FCC-hh
For the AQ_,,,—Damping as in LHC:

3554 LHC-octupoles.

508 Advanced-technology octupoles. V.Kornilov,

FCC Week 2017, Berlin

Tune spread provides Landau damping
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Dispersion Relation

¢

L.Laslett, V.Neil, A.Sessler, 1965
D.Mo6hl, H.Schonauer, 1974
J.Berg, F.Ruggiero, CERN SL-96-71 AP 1996

1 CIUN
AQcoh J dJ dJ, =1

complex coherent tune shift for The solution: collective mode frequency Q

the beam without damping for the given impedance and beam

This dispersion relation has been used for the planning
of the LHC octupole scheme.
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| Dispersion Relation
k ‘
But this is a 2D dispersion relation.
What about Gaussian bunches and intra-bunch oscillations?
Not known so far.

local dipole moment
local dipole moment

How many octupoles for the higher-order modes?
The k=0 mode is easier to damp by a feedback system.
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Bunch offset (arb. units)
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e Start with a small eigenmode perturbation
* Apply an impedance (resistive-wall here)
* Apply octupoles
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V.Kornilov, O.Boine-Frankenheim, arXiv:1709.01425 (2017)
V.Kornilov, O.Boine-Frankenheim, PRSTAB 13, 114201 (2010)
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Two channels of damping in beams

decoherence Landau damping
(phase-mixing) wave € particles
interaction
dwg 8f/8J.|
w=8ohn

tune spread, distribution function,
other effects tune shifts AQ(J,,J,)

affects the beam bulk affects a few
—> emittance blow-up resonant particles
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A, (arb. units)

| | | |
Octupoles:

AQ(c,)=0.5e-3
6Qps=2.5€-3
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Surprising agreement

10 0 10 20
Re(AQ) (x 107%)

e 2D dispersion relation vs. 3D Gaussian bunches

e Stability due to Landau damping and phase-mixing
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A, (arb. units)
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Intra-Bunch oscillation produce a small global offset
The growth rates are smaller than for the k=0 mode.

Here: factor 4 for k=1, factor 6 for k=2
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octupole tune spread 6Q__,

. dispersion relation prediction for AQ;

| e—® o

growth rate AQ,, . of the
0.5 | strongest stabilized mode: —

results of simulations

0 ! ! ! ! !
0 1 2

mode index k

Tune ( x 10_3)

The octupoles provide a similar stability to the high-order modes

The instability growth rate and the tune spread are related (DR!)
Basically, a 2D modeé=>particles interaction all along the bunch

®
Vladimir Kornilov, ICFA Workshop, Sept 18-22, 2017, Benevento, Italy 11




| 7 - Y 7/ "
i : ‘ % .

‘ H

«,‘ .. : * 4 {' ‘

part 2
Landau Damping,
Instability Drive,

Decoherence:

octupoles, RF Quadrupole
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R RF Quadru =
A.Grudiev, PRSTAB 17, 011001 (2014)

A.Grudiev, et.al., HB2014, East Lansing, USA, (2014)
M.Schenk, et.al., HB2016, Malmo, Sweden (2016)

For LHC:

L =0.15 m, 6 cavities
E=46 MV/m
w =800 MHz, A=0.375m

The incoherent tune shift:

k2
AQrrq(z) = __'iﬂ_ cos(wz/c)

o(mm) The related tune spread should provide
Landau damping
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Figure 1: Magnetic field distribution in the transverse
plane of the TM quadrupolar mode cavity of the RFQ.

=N -—
13

Vladimir Kornilov, ICFA Workshop, Sept 18-22, 2017, Benevento, Italy



it

RF Quadrupole
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AQrrq(z) = AQorr cos(wz/c)

Tune spread (rms 8Q,;,=0.4 AQqg,)

Global tune shift (average AQ,;, = 0.6 AQqg)

Modification of the chromaticity effect

— Affects the instability drive

* Tune spread is longitudinal: in every slice zero spread
EEI;[
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Bunch Offset (arb. units)
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Particle tracking simulations:
RF Quadrupole can provide stability
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AS) = AS—ZRe + t7Ydrive + t"Ydamping

use and enhance the

change the parameters of the

damping mechanisms

driving mechanism

| stable m=0

An example:
chromaticity for the head-tail modes

F.Sacherer, CERN/PS/BR 76-21 (1976)
\ CmAw

! unstable ——-)
B /coasting-beam

b)
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16 L RFQ tune spread 6Q,;, |
needed to stabilized the modes:
m"‘ 14 - results of simulations
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mode index k
The needed RFQ tune spread is much bigger (factor =5-10)

RFQ can provide stability (like &). Does it provide Landau damping?
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Dispersion relation
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Strength of Landau Damping is proportional (or related)

to the tune-spread

Vladimir Kornilov, ICFA Workshop, Sept 18-22, 2017, Benevento, Italy




Amplitude distribution before an after
decay of a perturbation (with an impedance) due to OCTUPOLES
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Modification of the amplitude distribution:

particles are driven to larger amplitudes

Vladimir Kornilov, ICFA Workshop, Sept 18-22, 2017, Benevento, Italy




Amplitude distribution before an after

RFQ

before
after

decay of a perturbation (with an impedance) due to
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NO Modification of the amplitude distribution:

just an emittance blow-up
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We know at least two examples where:
1. Head-tail modes and the chromaticity tune-spread
2. Nonlinear space-charge in coasting beams

1tk -

* there is a tune spread
* the coherent frequency overlaps
with the incoherent spectrum
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still, there is NO Landau Damping!
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AQ/dQ

a tune spread does not automatically means Landau Damping

*
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Summary
VNG R . D T s T
* The classic 2D dispersion relation provides reasonable
predictions for the k=0 modes (Landau damping, Phase-mixing),
and for the higher-order modes.

 RF Quadrupole can provide stability.
» the needed tune-spread is much larger than that for the
Landau damping
» emittance blow-up (phase-mixing) and no distribution
modifications (phase-mixing LD channel?)
» instability drive affected (only?)
» tune-spread does not automatically means Landau Damping

 Comparisons and detailed studies are a great instrument to learn
about Landau damping in beams
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