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TCBI in the LHC 

  Past work and predictions 

  Current work and predictions => PHD thesis of Nicolas Mounet on 
“The LHC coupled-bunch instability” 

  Recommendations and future work 

  Nicolas Mounet  
  Raymond Wasef (5-month trainee, who started on 01/05/11) => 

HEADTAIL simulation studies of Landau damping through 
octupoles in the LHC 
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  The TCBI was believed to be the most critical transverse instability, 
which could limit the nominal beam (25 ns etc.) to ~ half of its 
intensity per bunch (i.e. ~ 5E10 p/b) at 7 TeV/c without Transverse 
damper (TD)  

  When we discuss TCBI in the LHC, one should disentangle between 
  Injection & mode HT mode 0 (more critical than at top energy) => TD with 

possible issue of gain over 20 MHz (see later, more critical at top energy) 
  Injection & mode HT mode 1 (or higher) => Chromaticity as low as 

possible + Landau Damping (LD) with possible issue of space charge 
shifting the stability curves from natural nonlinearities (depending on 
the transv. emitt.!) 

  Top energy & mode HT mode 0 => LD with possible intensity limit (1st 
scenario studied) or TD with possible issue of gain over 20 MHz & noise 
in collision (2nd scenario, which was thought to be OK in 2009) 

  Top energy & mode HT mode 1 (or higher) => Chromaticity as low as 
possible + LD from controlled octupoles   
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Should be the  
more critical cases 
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25 ns 
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25 ns 
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Stability diagrams  
are proportional to the 
transverse emittance! 
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To enter into the 
stability diagram, one 

has to reduce the 
intensity / bunch and 

not the number of 
bunches! 
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  Remark concerning the stability diagrams  
  => Should be a conservative but realistic approach  

From the LHC design report (page 104) 

  Several cases with more tails were studied in Stability diagram 
for Landau damping with a beam collimated at an arbitrary 
number of σ (http://cdsweb.cern.ch/record/733611/files/
ab-2004-019.pdf) 
 => More stability could be achieved (as Landau damping 

heavily depends on then tails), but the tails are no so well 
controlled… 
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Up to 3.2 σ 

Up to 6 σ 

Up to ∞ 
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Up to 6 σ but  
with tails more 
populated than 

Gaussian 
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Much more stability 
in this region! 
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Similar rise-times over 
a large frequency range 

Nicolas Mounet 

- 1 MHz - 10 MHz - 8 kHz 
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Nicolas Mounet 

Less flat at injection 
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25 ns 
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25 ns 
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One additional  
complexity: Shift of the 
stability diagrams due  

to SC (2D) => Some 
additional LD comes from 

the long. profile (Ng) 

~ stability diagrams 
deduced from natural 

nonlinearities? 
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From the LHC design report (page 104) 

=> If the natural nonlinearities are very small (and DA better) and if the 
transverse emittances are smaller than nominal => We could add 
more Landau damping (see later), which could relax a little bit the 
constraint on the low chromaticity (not to excite too much the HT 
mode 1)   
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In fact there could also 
be some stabilizing 

effects (already without 
external nonlinearities) 

for HOM which were 
studied by Vladimir 

Kornilov & others 

Interesting region  
where the HT mode 1 

should be 
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  Nicolas extended the HEADTAIL code to multi-bunch operation (to 
study any filling pattern, which is not easily computable) 

  For the case of equi-populated equi-spaced bunches => Similar 
results as Sacherer or Laclare (which we used in the past) 

  Several predictions made and in particular for a train of 36 bunches 
both at injection energy and 3.5 TeV (and also for LD) => Nicolas 
could present all his results at some point 

  1st MD last Sunday at both injection and 3.5 TeV => Data being 
analyzed  

  Some interesting info => The instability rise time is not that different 
(within a factor ~ 2-3) for a single train of 36 bunches spaced by        
50 ns and all the machine (~ 1700 bunches, if possible…) => It will/
should be a bit more critical when injecting more bunches (or using 
trains of 72 instead of 36, or 108 instead of 72, or 144 instead of 108) 
but not that much!  
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  Some numbers for 3.5 TeV (from Nicolas): 
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  Some numbers for 450 GeV (from Nicolas): 

As suspected by 
Gianluigi => Importance 

of the TD gain 
adjustment at high f ! 
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  RECOMMENDATIONS: 
  Keep the chromaticity as low as possible (for HT mode 1 or HOM) 

both at low and top energy 
  TD work on the issue of the gain over 20 MHz (for 25 ns => 10 

MHz for 50 ns) as it should normally rapidly roll off 
  In case some more LD would be needed at injection (i.e. if we can 

not continue and reduce the chromaticity), we could perhaps use 
the octupoles with very low current (few A => min and max 
current being followed up with Massimo) or the octupolar spool-
pieces for the local b4 correction of the SC dipoles (also followed 
up with Massimo) 

  Comparison with some observations in 2011 => Seems in 
relatively good agreement (at least qualitatively) up to now… To 
be followed up to have more quantitative results (MDs etc.) 
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  FUTURE WORK 
  Follow-up and close collaboration with OP 
  Nicolas 

  Raymond Wasef 
•  The theoretical curves for Landau damping have never been 

benchmarked with a simulation code => Plan to do this with 
HEADTAIL 

•  Check in particular the effect of the transverse beam profile  


