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§  E-cloud effects 

§  Destabilising effect of linear coupling 

§  Others? 

◆  Conclusions and recommendations 

Main subject of this talk 

Several observations  
and ongoing huge simulation 
work => To be discussed in 

the future 
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◆  It was clear in 2015 that an important e-cloud was still present at high 
energy and that it could drive the beam unstable => Can require high 
values of chromaticities and Landau octupoles current 

◆  However, e-cloud could not be the reason for the high values of 
chromaticities and Landau octupoles current in 2012 

◆  BTF (Beam Transfer Function) measurements to be continued / 
benchmarked to try and understand possible deformations of the 
stability diagram 

◆  Linear coupling should also be studied in more detail during all the 
LHC cycle  
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◆  INJECTION 

§  Octupoles (LOF) increased from 20 A to 40 A due to BCMS beam => 
Could be explained by e-cloud simulations (for vertical plane). Ongoing 

§  Laslett tune shifts corrected automatically (linked to coupling) 
§  Coherent tune shift along a batch measured with ADTObsBox => 

Consistent with e-cloud simulations 

◆  RAMP 
§  No coherent activity observed (with ADTObsBox) 

◆  SQUEEZE & ADJUST 
§  Some instabilities observed, not reproducible…: Ongoing (with 

ADTObsBox) => Importance of an automatic trigger!  

◆  STABLE BEAM 
§  Even in the presence of a large tune spread in stable beam (due to 

beam-beam), the beam can become unstable: “pop corn” instability 
•  Could be explained by e-cloud simulations. Ongoing 
•  Next: measure the coherent tune shift along a batch (ADTObsBox) 



Elias Métral, LMC, CERN, 05/10/2016  

EFFECT OF LINEAR COUPLING ON BEAM STABILITY 



Elias Métral, LMC, CERN, 05/10/2016  

EFFECT OF LINEAR COUPLING ON BEAM STABILITY 

◆  Why could linear coupling (between the transverse planes) be a 
problem for beam stability? 



Elias Métral, LMC, CERN, 05/10/2016  

EFFECT OF LINEAR COUPLING ON BEAM STABILITY 

◆  Why could linear coupling (between the transverse planes) be a 
problem for beam stability? 

=> Because the coherent tunes are shifted by linear coupling 
differently compared to the incoherent tunes (providing the Landau 
damping) due to the nonlinear fields (from octupoles to create the 
tune spread). Therefore in some cases a too strong coupling can be 
detrimental, leading to instabilities due to a loss of transverse 
Landau damping 
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spread introduced 
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=> Beam stability is reached when the coherent tunes are inside the 
tune spread (Landau damping)   

Large vertical 
amplitudes 

Large horizontal 
amplitudes 

Small transverse 
amplitudes 
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EFFECT OF LINEAR COUPLING ON BEAM STABILITY 
§  Reminder on linear coupling => Case of the PS machine (due to skew 

quadrupoles)   

= Closest tune approach 

C − = ΔQmin = 0.055
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SIMULATIONS C − = 0

L.R. Carver 

1 bunch 
6.5 TeV 
Collision tunes 
LOF: 500 A 
PyHEADTAIL code 
 
 

Important developments 
over the last few years  

(K. Li et al.) 
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SIMULATIONS C − = 0.006

L.R. Carver 

Landau damping is lost 
(coherent tune outside the 
tune spread) => |C-| ~ 0.005  

is critical! 
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To save time: 1 million 
turns simulated!  
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SIMULATIONS 

L.R. Carver 

Saturation still  
to be understood (could / 
should? be even higher… 

=> More turns to be 
simulated 
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SIMULATIONS 

Tune separation  
with collision tunes 

L.R. Carver 
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◆  Conclusion from simulations: A too strong coupling can lead to 
instability even in the presence of high Landau octupoles current 

◆  Recommendation: Keep |C-| at the ~ 0.001 level or increase the tune 
separation 
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Was later confirmed by 
the optics team with AC 

dipole + pilot 
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²  Bump of |C-| ~ 0.007 
²  Qu/Qv kept at 0.31/0.32 (tune feedback) => Qx ~ 0.312 and      

Qy ~ 0.318 => Qy – Qx ~ 0.006 (i.e. tune feedback is amplifying 
the coupling effect!) 

²  B2V instability observed with LOF = + 285 A, i.e. ~ 4 times 
higher octupole current than uncoupled threshold (~ 70 A) 
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§  2) At top energy (before the betatron squeeze) 

²  |C-| ~ 0.001 and Qsep = 0.03: 
=> Stability limit: LOF ~ 70 A 

²  |C-| ~ 0.01 and Qsep ~ 0.018 
=>  Stability limit: LOF ~ 310 A 

L.R. Carver 

i.e. 4.4 × 70 
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u  What about the B1 instabilities observed during the week-end 
23-25/09/2016? 

Sunday 25/09/16, Fill #5332 (600 bunches) 
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²  B1 linear coupling seems too big (below ~ 45 cm) and should be 
checked/confirmed by the optics team (due to possible BBQ 
issue with many bunches) 

²  LOF were at 470 A, Q’ ~ 15 units and ADT should be nominal 

β* 

B1H BBQ activity B1V BBQ activity 

Bump  
in |C-| 

Qx _FB_Trim 

Qy _FB_Trim 

Similar picture as during 
our dedicated study on 

linear coupling 
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INSTABILITY 

(600b) 

40 cm reached  
at 15:49:53  
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²  Warning for BBQ coupling    
=> Measurement from OMC 
team with AC dipole + pilot: 
²  ~ 0.005 before correction 
²  < 0.001 after correction 
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u  Could linear coupling have played an important role in the 
2011-2012 End Of Squeeze Instability? 
§  Info from RogelioT: In 2012, very few linear coupling 

measurements took place at 60 cm 
•  Commissioning in March => |C-| ≤ 0.002: OK 
•  Measurement during an MD on 12/10/2012: Huge coupling   

(~ 0.01)! => Was corrected for the MD but was not put in the 
nominal cycle after the measurement… 

R. Tomas 

α |C-| 

|C-| ≈ 0.01  
(before correction) 

There was no 
request from our 
side at that time! 
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CONCLUSIONS 

◆  Impedance-induced instabilities  
§  ~ As predicted or even better (some additional stabilising 

mechanisms being studied)  
§  An important margin should exist => Factor ~ 5 in Landau 

octupoles at high energy 

◆  Some recent instabilities observed during the 2.5 km physics run 
could be explained by 
§  Very small transverse emittance 
§  (Much) higher impedance due to closer collimator 
§  Transverse tails cut  

◆  Others? => Ongoing 
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CONCLUSIONS 

◆  Linear coupling has to be well corrected otherwise it can lead to 
instabilities even with maximum octupole current  
§  It can explain why a factor ~ 5 more Landau octupoles current 

might be needed to stabilise the beam 
§  The factor ~ 5 is the same as the one we have been looking for 

since 2012 (2011)  
§  OK when corrected 

=> OMC team is developing less invasive methods to 
measure and correct linear coupling 

 

◆  The other important mechanism (which can require high values of 
chromaticities and Landau octupoles current) is e-cloud => 
Instabilities observed from injection till stable beam 

Ongoing huge simulation work  
with very promising results => To be discussed 

in the future 

… with worries for future  
higher bunch brightnesses (BCMS) 
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RECOMMENDATIONS 

◆  Keep |C-| at the ~ 0.001 level (~ 0.005 is dangerous) or increase the 
tune separation => ABP looking (with simulations) at options to go 
through the squeeze with larger tune separation to gain more margin 

◆  Trim back the coupling to its value of the week-end 23-25/09/16 to try 
and confirm if this was (really) the cause of the instabilities...  

◆  Measure the tune shifts along batches at top energy => To deduce the 
e-cloud density close to the beam (important for beam stability) 

◆  Continue to check the margins in octupoles, Q’ and ADT gain along 
the cycle (priority list) 
§  In stable beam 

•  Reached already the goal of ~ 200 A in the Landau octupoles 
•  Next: Reduce Q’ and then ADT (in steps) 

§  Same thing then to be done i) Injection, ii) Flat top and iii) Ramp 


