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Outline 
Set up of simulations tool:  
Ø from LHC to HL-LHC 
Ø mask file to produce Footprints 
Ø PySSd for stability analysis 
 
Footprints: 
Ø Optics impact: LHC versus ATS   
Ø Optics impact + LR: HL-LHC scenario 
 
Stability Diagrams: 
Ø Optics impact  
Ø Beam beam LR impact 

Summary and Outlook 
 

	
  



Hi-Lumi mask file Madx 

Version	
  for	
  beam-­‐beam	
  studies	
  for	
  Hi-­‐Lumi	
  
	
  
•  Three	
  input	
  file	
  for	
  beam-­‐beam	
  seGng:	
  
1.  beamDefinition!
2.  collisionConfiguration!
3.  collisionPath!
!

•  Octupole strength 
•  Beam-beam macro from Werner Herr 
!
!
!
!

	
  



Hi-Lumi mask file Madx: 0 crossing 
angle problem 

IP2	
  

IP3	
  

Collision	
  in	
  IP1	
  and	
  IP5	
  



Hi-Lumi mask file Madx: 0 crossing 
angle problem 

Trying	
  to	
  change	
  the	
  tune:	
  

Sort	
  of	
  coupling?	
  

Qx=62.26	
  	
  	
  Qy=60.32	
  Qx=62.29	
  	
  	
  Qy=60.32	
  



Crossing	
  angle	
  of	
  5	
  μrad	
  	
  
HO	
  IP5,	
  IP1	
  	
  

HO	
  in	
  IP5	
  with	
  0	
  crossing	
  angle	
  
crossing	
  angle	
  in	
  IP1	
  

HO	
  in	
  IP5	
  with	
  0	
  crossing	
  angle	
  
0	
  crossing	
  angle	
  in	
  IP1:	
  

S/ll	
  under	
  inves/ga/on!	
  	
  



ATS optics 

ATS	
  LH-­‐LHC	
   ATS	
  LH-­‐LHC	
  

LHC	
   LHC	
  



ATS: optics impact 
Footprint	
  	
  comparisons:	
  LHC	
  and	
  LHC	
  ATS	
  2015	
  case	
  

LOF	
  nega/ve	
   LOF	
  posi/ve	
  

No	
  much	
  gain	
  on	
  the	
  footprint	
  for	
  LHC	
  ATS	
  2015	
  



ATS optics: Stability Diagrams 
LHC	
  (nominal)	
  vs	
  	
  LHC	
  ATS	
  2015	
  (I=1.3E11,	
  ε=3.75	
  μrad)	
  

ΔQoct	
   β(s)	
  2	
   ≈1.05	
  β(s)LHC	
  ATS/β(s)LHC	
  2	
   2	
  

LOF	
  posi/ve	
   LOF	
  nega/ve	
  

qualita/ve	
  es/ma/on...	
  



ATS: optics impact 
Footprint	
  	
  comparisons:	
  LHC	
  and	
  LH-­‐LHC	
  case	
  

LOF	
  nega/ve	
   LOF	
  posi/ve	
  

Strong	
  impact	
  for	
  HL-­‐LHC	
  case	
  with	
  respect	
  to	
  LHC	
  with	
  same	
  intensity	
  and	
  emifance	
  



ATS optics: Stability Diagrams 
HL-­‐HLC	
  	
  	
  vs	
  	
  	
  LHC	
  (I=2.2E11,	
  ε=2.5	
  μrad)	
  

ΔQoct	
   β(s)	
  
2	
  

≈2.5	
  β(s)HL-­‐LHC/β(s)LHC	
  
2	
   2	
  

qualita/ve	
  es/ma/on...	
  

LOF	
  nega/ve	
  LOF	
  posi/ve	
  

larger	
  than	
  the	
  LHC	
  case	
  



HL-­‐HLC	
  case	
  (only	
  octupoles)	
  

ATS optics: Stability Diagrams 

For	
  single	
  beam,	
  larger	
  stability	
  diagrams	
  for	
  nega/ve	
  polarity	
  	
  	
  



Betatron squeeze for HL-LHC optics 

Nega/ve	
  LOF	
   Posi/ve	
  LOF	
  

Due	
  to	
  the	
  lack	
  of	
  intermediate	
  op/cs,	
  the	
  betatron	
  squeeze	
  has	
  been	
  simulated	
  by	
  
increasing	
  the	
  crossing	
  angle:	
  star/ng	
  point	
  	
  590μrad	
  (d=12.5σ	
  and	
  β*=0.15m)	
  	
  

Evolu/on	
  of	
  the	
  betatron	
  squeeze	
  with	
  LR	
  beam	
  beam	
  

12.5	
   12.5	
  



Betatron squeeze: footprint at 12.5σ 

LR	
  +	
  nega/ve	
  LOF	
   LR	
  +	
  posi/ve	
  LOF	
  



Betatron squeeze for HL-LHC optics 

Nega/ve	
  LOF	
   Posi/ve	
  LOF	
  

Un/l	
  ≈	
  20σ	
  separa/on	
  the	
  nega/ve	
  polarity	
  is	
  preferred	
  
At	
  ≈15σ	
  separa/on,	
  posi/ve	
  polarity	
  starts	
  to	
  give	
  a	
  greater	
  stability	
  diagrams	
  
	
  	
  	
  



Betatron squeeze for HL-LHC optics 

At	
  ≈15σ	
  separa/on,	
  posi/ve	
  polarity	
  starts	
  to	
  give	
  a	
  greater	
  stability	
  diagrams	
  thanks	
  
to	
  LR	
  contribu/on	
  
	
  	
  	
  



Betatron squeeze for HL-LHC optics 
PACMAN bunch 

Nega/ve	
  Polarity	
   Posi/ve	
  Polarity	
  

Evolu/on	
  of	
  the	
  betatron	
  squeeze	
  with	
  LR	
  beam	
  beam	
  for	
  PACMAN	
  bunches	
  



Betatron squeeze for HL-LHC optics 
PACMAN bunch 

Nega/ve	
  Polarity	
   Posi/ve	
  Polarity	
  

PACMAN	
  bunches:	
  greater	
  SD	
  in	
  case	
  of	
  nega/ve	
  polarity	
  



Betatron squeeze for HL-LHC optics 
PACMAN bunch 

Larger	
  SD	
  for	
  posi/ve	
  polarity	
  at	
  12.5σ	
  
sep	
  (β*=0.15m)	
  for	
  nominal	
  bunch	
  	
  

Larger	
  SD	
  for	
  nega/ve	
  polarity	
  at	
  
20σ	
  sep	
  for	
  both	
  PACMAN	
  and	
  
nominal	
  

PACMAN	
  bunch:	
  same	
  SD	
  for	
  nega/ve	
  and	
  posi/ve	
  LOF	
  at	
  12.5σ	
  	
  



Outline 
Ø Simulation tools: set to perform HL-HLC studies  
Ø Footprints and Stability Diagrams have been calculated 

with octupoles and during the betatron squeeze 

Ø For single beam negative LOF more beneficial on SD, 2.5 
larger than the LHC case (thanks to the high β(s) in the 
arcs) 

Ø For HL-LHC scenario with β* leveling until H-O collision (≈20σ) 
negligible LR         Negative LOF is preferred 

Ø At	
  12.5	
  σsep	
  (β* =15cm)        Positive LOF is preferred 

Ø Simula/on	
  tools	
  will	
  be	
  set	
  to	
  to	
  perform	
  HO	
  collision	
  studies
(crab	
  cavi/es,	
  bunch	
  slices)	
  	
  



Backup slides 



ATS optics: footprint  



ATS optics: footprint  


