
Elias Métral, LHC Collimation Working Group Meeting, 15/03/2010                                                                                                                                                    /31 1 

Answers to Jeff and Liling concerning the 
simulations of trapped modes of the SLAC Phase 2 
collimator, and news on impedance for the Phase 1 

and 2 at CERN 

  Reminder on the trapped modes simulations performed in 2003 by A. 
Grudiev for a LHC Phase 1 secondary collimator (http://cdsweb.cern.ch/
record/911962/files/ab-note-2005-042.pdf) 

  Trapped modes of the SLAC Phase 2 collimator: Answers & comments on 
the talk by Liling at the last LCWG held on 01/03/2010 (and data sent) 

  News on the impedance for the Phase 2 at CERN 
  News on the impedance for the Phase 1 at CERN (or in fact for the 

rest of the machine) 
  Status of the answers to our actions => Assess (1) when (beam 

intensity) transverse dampers have to be used, and (2) at which 
beam energy the octupoles have to be switched on   
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Trapped modes of the LHC Phase 1 secondary collimator (1/8) 
  Simulations performed in 2003 by A. Grudiev for a LHC secondary 

col l imator (http: / /cdsweb.cern.ch/record/911962/f i les/ab-
note-2005-042.pdf) 
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Trapped modes of the LHC Phase 1 secondary collimator (2/8) 

  HFSS and GdFidL used 



Elias Métral, LHC Collimation Working Group Meeting, 15/03/2010                                                                                                                                                    /31 4 

Trapped modes of the LHC Phase 1 secondary collimator (3/8) 

  Longitudinal 
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Trapped modes of the LHC Phase 1 secondary collimator (4/8) 

Meas. by F. Caspers 
and T. Kroyer 
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Trapped modes of the LHC Phase 1 secondary collimator (5/8) 

Divide by 2  
for rings! 

  In the paper from AG, it was proposed to add ferrite to reduce the RF 
finger heating (as there was a maximum power dissipation in the RF 
finger which was given at that time) 

  As we were not sure with AG if the ferrite was really installed, I 
checked with O. Aberle on 05/03/2010: “there are no Ferrites on the 
single beam LHC collimators (TCP, TCS, TCT), only on the two-beam 
design collimators TCTVB and TCLIA  



Elias Métral, LHC Collimation Working Group Meeting, 15/03/2010                                                                                                                                                    /31 7 

Trapped modes of the LHC Phase 1 secondary collimator (6/8) 

  Transverse 
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Trapped modes of the LHC Phase 1 secondary collimator (7/8) 
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Trapped modes of the LHC Phase 1 secondary collimator (8/8) 

The transverse shunt 
impedances are < few 0.1 

MOhms/m 
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Longitudinal trapped  
modes => Gap = 2 mm 

Trapped modes of the SLAC Phase 2 collimator (1/11) 

  See talk by Liling at the last 
LCWG held on 01/03/2010 
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Longitudinal trapped  
modes => Gap = 60 mm 

Trapped modes of the SLAC Phase 2 collimator (2/11) 
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Trapped modes of the SLAC Phase 2 collimator (3/11) 

Resonant power losses are due to the excitation of these trapped 

modes.  Assuming all bunches are in phase with them and mode 

decay is lower from bunch to bunch (Td>>Tb):  

Resonant Heating from Trapped Modes 

L. Xiao 
14 

Seems to be quite similar to 
what AG obtained (13 W for 
the 2nd most critical mode) 
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Trapped modes of the SLAC Phase 2 collimator (4/11) 

Transverse trapped modes  
=> Gap = 2 mm 

€ 

R
Q

 

 
 

 

 
 
t
×Qt = Rt

= 5.52 × 106 × 684
= 3.8 GΩ/m!
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Trapped modes of the SLAC Phase 2 collimator (5/11) 

L. Xiao 
22 

Two Jaw Gaps – Transverse Modes 

The transverse modes have strong R/Q_T for fully inserted jaws than for fully 

retracted jaws. 
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Trapped modes of the SLAC Phase 2 collimator (6/11) 

  Transverse trapped modes stability criterion for the LHC at top 
energy (from Landau octupoles) => http://cdsweb.cern.ch/record/
1208149/files/CERN-ATS-2009-035.pdf 

€ 

Ncoll ×
βcoll
βavg

 

 
  

 

 
  × Rt << 1 GΩ/m

Number of collimators 

Effect of the transverse 
betatron function 

=> Should aim to values smaller than few MΩ/m  
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Trapped modes of the SLAC Phase 2 collimator (7/11) 

  Example of computations performed in the past for the trapped 
modes from the TCTV   
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Trapped modes of the SLAC Phase 2 collimator (8/11) 
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Trapped modes of the SLAC Phase 2 collimator (9/11) 
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Email sent to Jeff and Liling on 05/03/2010 

Trapped modes of the SLAC Phase 2 collimator (10/11) 
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Email sent to Jeff and Liling on 10/03/2010 

Trapped modes of the SLAC Phase 2 collimator (11/11) 
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News on the impedance for the Phase 2 at CERN (1/6) 

  Reminder from the “Conceptual Design Review LHC Phase II 
Collimation”, CERN, 2009, (http://indico.cern.ch/getFile.py/access?
contribId=7&resId=1&materialId=slides&confId=55195):  
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News on the impedance for the Phase 2 at CERN (2/6) 
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News on the impedance for the Phase 2 at CERN (3/6) 
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News on the impedance for the Phase 2 at CERN (4/6) 
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News on the impedance for the Phase 2 at CERN (5/6) 
  Recent results from B. Salvant (https://impedance.web.cern.ch/

impedance/documents/TMCI%20for%20LHC%20collimators.ppt: 
Ongoing work => Preliminary) => To be continued by B. Salvant + 
H. Day Example of TMCI for a Phase 1 graphite collimator (gap=6 

sigma) in IR7 

TMCI between modes 0 and -1 

Instability threshold at ~1014 p/b 
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News on the impedance for the Phase 2 at CERN (6/6) 

This is for 1 
collimator => To be 

careful! 

Possible proposition  
at some point 

Current situation 
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News on the impedance for the Phase 1 at CERN  
(or in fact for the rest of the machine) (1/4) 

=> See https://impedance.web.cern.ch/impedance/documents/
PossibleIssuesWithTheLHCBeamScreens.pdf   

2 is an upper limit! 
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News on the impedance for the Phase 1 at CERN  
(or in fact for the rest of the machine) (2/4) 

  Effect of the longitudinal weld in the beam screen => The effect for 
the longitudinal impedance (and associated power loss) was re-
d iscussed for the LHC IR Upgrade Phase 1 : h t tps : / /
i m p e d a n c e . w e b . c e r n . c h / i m p e d a n c e / L H C /
PumpingSlots_AnswersToNicolaasKos_Final.pdf 

  The transverse plane was not discussed much in the past and it is re-
investigated in detail => Carlo Zannini is performing some EM 
simulation  
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News on the impedance for the Phase 1 at CERN  
(or in fact for the rest of the machine) (3/4) 
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News on the impedance for the Phase 1 at CERN  
(or in fact for the rest of the machine) (4/4) 
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STATUS OF THE ANSWERS TO OUR ACTIONS 

  Assess when (beam intensity) transverse dampers have to be used 
⇒  Still to be assessed, but it is a difficult question as it depends on the 

natural damping (and therefore the natural nonlinearities)… 
⇒  In the SPS for instance (which is a very linear machine), the 

transverse dampers need to be set up after 12 bunches spaced by 25 
ns! Reminder: There are 924 possible (25 ns) buckets in the SPS and 
4 × 72 = 288 bunches will be sent at maximum in 1 batch to the LHC 

⇒  Our current plan is to estimate the number of bunches in the LHC 
which yields a similar instability rise-time as the one of the SPS when 
it starts to be unstable => Waiting to have a better model of the LHC 
(with the correct beam screens and welds): Ongoing (N. Mounet)   

  Assess at which beam energy the octupoles have to be switched on 
⇒  At the moment (see also the conclusion of my talk at the “Conceptual 

Design Review LHC Phase II Collimation”), the idea is to use the 
octupoles only at top energy in case of problem with the transverse 
dampers (transverse emittance blow-up induced by too much noise)  


