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Overall layout 3 TeV



COLLECTIVE EFFECTS STUDIED/UNDER STUDY: 
Effects caused by the presence of a large number of particles in the beam leading to 
the creation of fields acting back on the beam

• SPACE CHARGE AND IBS
• ELECTRON CLOUD

– BUILD UP AND BEAM STABILITY
– BROAD BAND IMPEDANCE BUDGET

• SINGLE BUNCH INSTABILITIES
– HIGH FREQUENCY RESISTIVE WALL 
– BROAD BAND IMPEDANCE BUDGET

• COUPLED BUNCH INSTABILITIES
– LOW FREQUENCY RESISTIVE WALL 
– FAST IONS INSTABILITIES
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Damping Rings

WAKE FIELDS/IMPEDANCE

Estimate the instabilities thresholds
Limit the achievable beam current and the performance of the DR
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Damping Rings

WAKE FIELDS/IMPEDANCE Origin of wake fields
Geometric discontinuities
Pipe with finite conductivity

•The interaction of a bunch of charged particles
with the surroundings and therefore the energy
loss is expressed in terms of impedance
•Estimate the impedance of each element in the
ring

•Act back on the beam leading to instabilities,
energy loss
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• Simulation

• Analysis results

• Summary- conclusion

• Next steps
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Outlook



1. Broadband Model (DR): 

- First approximation

- Used to model the whole ring

- Scan over impedance to define an instability threshold Estimate the 
impedance budget

2. Thick wall in wigglers (Resistive wall model)

- Expected to be a strong impedance source (6.5 mm radius)

- Copper

- Stainless steel 

- Effect of coating

Check how much is the contribution to the total impedance budget
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Simulation Simulation



• Single bunch collective phenomena associated with impedances (or electron 
cloud) can be simulated with the HEADTAIL code

• Beam and machine parameters required in the input file

• Effect of the impedance is simulated as a single kick to the bunch at a certain 
point of the ring

• HEADTAIL computes the evolution of the bunch centroid as function of 
number of turns simulated
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Simulation Simulation



Methods : What to do with HEADTAIL outputs ?

1. Extract the position of the centroid of the bunch (vertical or horizontal) 
turn after turn simulated BPM signal

2. Apply a classical FFT to this simulated BPM signal (x)

3. Apply SUSSIX* to this same simulated BPM signal (actually x – j x x’ )

4. Translate the tune spectrum by Qx0=0 and normalize it to Qs

B.Salvant



Another visualization of the tune spectrum

for Nb = 3 109 p/b (Ib = 0.02 mA)

Displaying the Sussix spectrum on one line 
per bunch intensity

The dots are brighter and bigger if the 
amplitude is larger

B.Salvant



New update of the lattice design at 3 TeV

from Y. Papaphilippou, F.Antoniou

Simulation Parameters

• <βx> = 3.475 m (DR)

• < βy> = 9.233 m (DR)

• < βx > = 4.200 m (wigglers)

• < βy> = 9.839 m (wigglers)

• Bunch length 1σ = 1.8 mm

• Qx = 48.35, Qy = 10.40, 

Qs = 0.0057



• Model all the DR 

• Round (the impedance source is assumed to be identical in the horizontal and 
vertical plane)

• Average beta functions used: < βx > = 3.475 m, < βy>= 9.233 m

• Scan over impedance, from 0 to 20 MΩ/m, in order to define the instability 
threshold  estimate the impedance budget
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Broadband Model Broadband model



Horizontal  and vertical motion 
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• Centroid evolution in x 
and y over the number of 
turns, for different values 
of impedance
• Zero chromaticity

 As the impedance increases, an instability occurs

TMCI 18 MΩ/m TMCI 7 MΩ/m

Mode spectrum of the horizontal and vertical coherent motion as a function of 
impedance



Horizontal  and vertical motion
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Horiz.chrom. ξx 0.018

Vert. chrom. ξy 0.019

 Instability growth in both planes

• Operate with positive chromaticity

Mode spectrum of the horizontal and vertical coherent motion as a function of
impedance

• No mode coupling 
observed
•Higher TMCI 
thresholds
• Mode 0 is damped 
• Higher order 
modes get excited 
(m = -1)

Presence of chromaticity makes the modes move less, no coupling
Another type of instability occurs, called the head-tail instability
Instability threshold?
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• If the rise time < damping time, the 
instability is faster than the damping 
mechanism
• Damping time τx=2 ms

Threshold ~6.5 MΩ/m

Broadband Model 

 No TMCI instability (fast), therefore no direct observation from the mode 
spectrum of the impedance threshold
 Need to calculate the rise time (=1/growth rate) of the instabilities (damping is 
not implemented in HEADTAIL)
 The instability growth rate is calculated from the exponential growth of the 
amplitude of the bunch centroid oscillations

Rise time– x plane

Broadband model



 The goal is to operate at 0 
chromaticity which allows for a larger 
impedance budget (7 MΩ/m)

 But since chromaticity will be slightly 
positive, a lower impedance budget 
has to be considered, 4 ΜΩ/m

 SPS, 7 km, 20 MΩ/m

Chromaticity
ξx/ ξy

Impedance threshold
MΩ/m

x y

0/ 0 18 7

0.018/ 0.019 6.5 6

0.055/ 0.057 4 4

0.093/ 0.096 5 3

-0.018/ -0.019 4 5

-0.055/ -0.057 2 2

-0.093/ -0.096 2 2
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Broadband Model Broadband model

• Chromaticity make the modes move 
less, therefore it helps to avoid
coupling (move to a higher threshold)

• Still some modes can get unstable due 
to impedance

• As the chromaticity is increased, 
higher order modes are excited (less 
effect on the bunch)



 Because of the small aperture of 6.5 mm compared to 9 mm of the rest of the ring, 
the contribution of the wigglers is expected to take a significant fraction of the 
available impedance budget of 4 MΩ/m.

 Moreover, layers of coating materials can significantly increase the resistive wall 
impedance.

DR layout

16Y.Papaphilippou, 
F.Antoniou

Wigglers occupy ~ ¼ of the total ring…C = 427.5 m, Lwigglers = 104 m

Thick wall in wigglers
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Resistive Wall Impedance: Various options for the pipe

• Vertical impedance in the wigglers (3 TeV option) for different materials

 Coating is 
“transparent” up to 
~10 GHz

 But at higher 
frequencies some 
narrow peaks 
appear!!

 So we zoom for 
frequencies above 
10 GHz 

18N. Mounet, LER Workshop, January 2010



Resistive Wall Impedance: Various options for the pipe

• Vertical impedance in the wigglers (3 TeV option) for different materials: zoom
at high frequency

 Above 10 GHz the 
impact of coating is 
quite significant.

Resonance peak of ≈1MW/m at 
almost 1THz for C- coated Cu

19N. Mounet, LER Workshop, January 2010

• Layers of coating 
materials can 
significantly increase the 
resistive wall impedance 
at high frequency 
– Coating especially 

needed in the low gap 
wigglers

– Low conductivity, thin 
layer coatings (NEG, a-C)

– Rough surfaces (not 
taken into account so far)



• Amorphous carbon (aC) on stainless 
steel (ss) (0.0005 mm/ 0.001 mm)

• Non-evaporated getter (NEG) on 
stainless steel  (0.001 mm/ 0.002 mm)

• Amorphous carbon on copper (0.0005 
mm/ 0.001 mm)

• NEG on copper (0.001 mm/ 0.002 mm)
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Thick wall in wigglers

NEG 

Stainless steel

1.3x106 Ω-1m-1

6.5 mm 
half gap

Copper

5.9x107 Ω-1m-1

a-C 

Scan over intensity, from 1.0 109 to 29.0 109

Average beta for the wigglers: <βx> = 4.200 m, <βy> = 9.839 m
Neglect the effect of the broadband impedance (single kick due to resistive wall from the 
wigglers)

NEG (Non Evaporated Getter)
• Important for good vacuum
• EDR
•Same conductivity as ss

Amorphous carbon (a-C)  
• Important for the electron cloud
• PDR 



 Horizontal: Stable, mode -1 is 
moving up
 Vertical: Coupling of mode 0 
and mode -1 at 21x109

(~5 times the nominal intensity)
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x plane y plane

TMCI at 21x109

Example: Stainless steel (coated with NEG or a-C)

TMCI at 20x109

Coating with 0.001 mm NEG

TMCI at 17x109

Coating with 0.001 mm a-C
(less conductive than NEG)
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Results

Copper is better than ss
but also more expensive!
Adding a layer of 
coating  reduces the 
thresholds (the thicker, 
the more they are 
reduced)
Coating doesn’t have a 
big impact for the 
wigglers (still in the range 
of tolerance: 4.1 109 the 
nominal intensity)
Further study…

Materials TMCI thresholds

Stainless steel (ss) 21 x 109

aC on ss (0.0005 mm) 19 x 109

aC on ss (0.001 mm) 17 x 109

NEG on ss (0.001 mm) 20 x 109

NEG on ss (0.002 mm) 19 x 109

Copper > 29 x 109

aC on copper (0.0005 mm) > 29 x 109

aC on copper (0.001 mm) > 29 x 109

NEG on copper (0.001 mm) > 29 x 109

NEG on copper (0.002 mm) 26 x 109



• Give 3 or more kicks (more realistic)

– Coated wigglers

– Coated rest of the machine

– Broadband resonator

• Effect of 

– different thickness of the coating

– different radius of the pipe

• High frequency effects of resistive wall  calculate ε(ω), μ(ω), σ(ω) for hf of the 
coating material experimental methods

• Use the multi-bunch version of HEADTAIL (impact of the resistive wall on the multi-
bunch)

• Space charge study

• Do some real tune shift measurements in one of the existing rings (SLS, CesrTA) 
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Next steps



BB

RW

RW 
wigglers

RW rest of 
the ring

BB

Cavities

Kickers

Pick ups

etc
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Summary- conclusion

1 kick, <β>

1st approximation

Impedance budget 4 MΩ/m, for 
nominal intensity 
4.1 109

>3 kicks, <β>

Unstable at 17 109

aC on ss

~1 MΩ/m (25% of 
the total impedance 
budget)

 Add up all the different 

contributions

 Reduce the impedance 

budget 

 Impedance database with 

all the components
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Appendix



•This case (copper) is stable only for this intensity range

•Extend the intensity [30.0-110.0]109
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Azimuthal modes and 

impedance



Tune shift
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Resistive wall model
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Resistive wall model 2
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