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Introduction ()
Damping Rings

| CLIC DR parameters I

Parameters CLIC@3TeV

Energy [GeV] 2.86

Circumference [m] 427.5

Energy loss/turn [MeV] 4.0

RF voltage [MV] 5.1 .

Stationary phase [°] . A S9mall emittance  short bunch

Momentum compaction factor 1.3e-4 |ength and hlg hcurrent

Damping time x/s [ms] 2/1 . . .

Number of dipoles/wigglers 1005 A Riseto collective effectsw_hlch

Dlpole/W1ggler field [T} 1.0/2.5 candegradethe beamquality
gradientLUns m A Their studyandcontrol will be

Horizontal normalized emittance [nm.rad] 5 CrUCial

Vertical normalized emittance [nm.rad
Bunch length [mm]
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Introduction (I1)
Collective effects

Focuson instabilitiedrivenby impedance
Definethe conditionsto ensuresafeoperationundernominalconditions

Defineanimpedancédudget

To suppressomeof the collectiveeffectscoatingwill be used

A Positron Damping Ring (PDR) electron-cloud effects A amorphous

carbon(aC
A Electron DampingRing (EDR) fastion instabilitiesA need for ultra-low

vacuunpressureA Non-Evaporablésetter (NEG)

U Sincethe DR are under designonly some possiblescenarioshave been
simulatedso far
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Resistive Wall Vertical Impedance:

Various options for the wigalers pipe
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Y aC necessary for
e cloud mitigation

Y NEG for good

vacuum

Y Coatingis
otrans
~10 GHz

par e

Y But at higher
frequencies some
narrow peaks appear

Y Important to

define the

contribution of the

resistive wall

N.Mounet



First results (1)
Single bunch simulations without space charge to
define the instability  thresholds

HEADTAILcode

Simulatessingle/multibunch collective phenomenaassociated
with impedancesgor electroncloud)

Computesthe evolution of the bunchby bunchcentroid asa
functionof time over anadjustablanumberof turns

Goal
Estimate the availableimpedance budget for the various

elementsto be installedafter known impedancesourcessuch
us the broad-bandresonator,the resistivewall andthe kickers

are considered
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First results (I1)
Impedance budget with a 4 -kick
approximation

Estimating the

~— Straight section:
_II Ml 13 FODO

FODO cell B fending elements
| | F using quads
ocusing quads

Sextupu les

e e ARC ©Omm roung:

Dispersion suppressar - Dispersion suppressor -
Beta matehing cell Beta matching cell

157.96 m

\ DS 47 TME cells DS2
[

A A uniform coating of NEG, 2>m
thickness,was assumedaround the
ring madefrom stainless steel

A The contributions from the resistive
wall of the beam chamber were
singledout for both the arc dipoles
andthe wigglers

1st kick A broadband resonator (S;,=1m)

FODO
2"d kick A arc (L=270.2m, 9mm,
omm round round,<ox>=2.976m, <by>=8.829n§,,,=150m)
6mm flat 3 kick A wigglers (L=104m, 6mm, flat,
<bx>=4.200m, <by>=9.839n%,,~41.3m)
OF wiggler wiggler 4t kick A rest of the FODO (L=53.3m, 9mm

round,<bx>=5.665m, <by>=8.582n%,,=39.2m)
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X bunch centroid position

First results (1)
Estimating the machine impedance budget with a

4-kick approximation 0 single bunch simulations

N e § HEADTAIL output:
_1 |5 Position of the centroid
5 o over the number of turns
i S j
- é 1, FET/
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Number of turns Number of turns

Mode spectrum of the horizontal and vertical coherent motion as a function of impedat
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For zero chromaticity, the (remaining) impedance budget is estimated
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First results (1)
Single bunch simulations without space charge to

S define the instability  thresholds

e c
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U Another type of instability occurs, called the het@dl instability
U Compare the rise time of instability with the damping time to define the threshold

ANo mode coupling
observed
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1.5 1.5

Adigher TMCI
thresholds

AMode 0 is damped
AHigher order modes
get excited (m =1)

Alf the rise time < damping time, the
instability is faster than the damping
mechanism

ADamping time ,=2 ms
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For positive chromat|C|ty, the impedance budget is estimated naiM\dtvm
(4 Mw rn for the BB only)
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Material EM properties characterization

Y Measurement of material EM properties in the high frequency range of NEG-@rat a
high frequencieJLIC@ 500 GHz)

Y Establishing and testing a method to measure the properties of NEG

Y Combine experimental results with CST simulations bacterize the electrical
conductivity ofNEG

Y Powerful tool for this kind of measurements

Experimental method

CST MWS S|mulat|on

S24(s) (f,521) ,
_ - Study of
50 cm Cuvg Material Calculation instabilities
9-12 GHz properties > of the > with
Sy B > wake fields HEADTAIL
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Experimental Method (I)

Waveguide Method
First tested at low frequencies, frog12 GHz
Use of a standard Xand waveguide, 50 cm length
Network analyzer
Measurement of the transmission coefficiept S
—

\
i N

X band Cu waveguide
of 50 cm length
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Experimental Method (1l)

NEG coated Cu waveguide
Same Cu waveguide used before is now coated with NEG
Coating procedure

Elemental wires intertwisted together produce a thirdm-V film by
magnetron sputtering

Coating was targeted to be as thick as possible (9 um from firstys
results)

g -
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3D EM Simulations (1)
CST Microwave Studio

Software package for electromagnetic field simulations

The tool Transient Solver also delivers as results the S
parameters

CST Is used to simulate the Cu waveguide (same dimensions
as the ones used in the experimefyt simulating the
experimental setup

X band Cu waveguide |
smulated with CST MW pas
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3D EM Simulations and measurements (ll)
Conductivity of NEG

1. Use a spare Cu waveguide and check the reproducibility of the measurements
2. Use an existing stainless steel waveguide as a referentédefine the accuracy
of the method

X bandsswaveguide
of 50 cm length

As this frequency dependenpfysica? (repeat measurements with a spare Cu
wg to check reproducibility)

As there an important effect depending on the conductivity of NEG?

MRerun HEADTAILsimulations for \g;=1.6 1¢ S/m
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