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Preliminary model: TDR 1



Impedance model – TDR1



Impedance model – Re(Zlong)

CDR Model

TDR_1 Model

Sorted by strength 
of contribution 
(area on the plot)



Impedance model – Im(Zlong)

CDR Model
TDR_1 Model

Reduction of NEG layer from 1 
um to 0,5 um in the TDR_1 model



Impedance model - tracking



Tracking w/ model TDR1
(using v0356 lattice)



Bunch length vs current

𝜎 ≈ 27 𝑝𝑠 for 8 
bunch mode

𝜎 ≈ 33 𝑝𝑠 for the 
single bunch mode

𝜎 ≈ 14 𝑝𝑠 for the 
uniform filling mode 



Energy spread vs current

Convergence from 5e5 
macro particle in tracking

MWI threshold in 
between 2 mA and 3 mA



Bunch spectrum

The mode m=1 is constant because the (negative) incoherent
tune shift is compensated by the dynamic coherent frequency
shift for mode m=1 (Ng book p.68 & p.206)

The mode m=2 (slightly shifted downward) is visible in the MWI
regime.
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20 mA

Go from a sharp peak at zero current to a spread out bump at
higher current (MWI regime) at lower frequency (incoherent
tune shift).
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uniform mode @ 500 mA
(1,2 mA/bunch)



bunch length vs tuning 

The turning point corresponds to
the threshold of the l=1/PTBL
instability.

As expected (from the PTBL paper),
added bunch lengthening from the
impedance push the threshold
toward higher values.

With the effect of the impedance
added, the m=4 HC provide
sufficient margin compared to the
requirement for the main operation
mode (bunch length ~= 30 ps).



8 bunch mode @ 100 mA
(12,5 mA/bunch)



Filling pattern



bunch length vs tuning 

HC off
HC on

HC off

HC on

The instability w/ impedance is characterized by bunch position and bunch length 
oscillations (dipole + quadrupole)



Bunch spectrum for 3HC

Dipole-Quadrupole instability

3HC only 3HC + impedance



single bunch mode @ 20 mA



bunch length vs tuning 

The same kind of dipole-quadrupole
oscillations as in 8 bunch mode is
observed when impedance is added.

In addition, fast beam loss is
observed (w/ and w/o impedance)
due to the “fast mode coupling
instability” (?).

The fast beam loss happens sooner
(in 𝜉 and in detuning) when the
impedance is taken into account.



bunch length vs 3HC tuning 



4HC spectrum


