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Outline 

•  Synchrotron radia4on damping and excita4on in HE‐LHC 
•  Intra‐beam scaYering 
•  Luminosity evolu4on model 
•  Beam‐beam simula4on 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Machine and beam parameters 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Beam energy  16.5 TeV 

Number of bunches  1404 

Number of IPs  2 

Bunch popula4on  1.3×1011 

Ini4al normalized transverse emiYance  3.75, 1.84 (x,y) µm 

Ini4al momentum spread  0.9×10‐4 

RF voltage  32 MV 

Beta‐func4on at IP  1.0, 0.43 (x,y) m 

Full crossing angle  175 µrad 



Parameters of synchrotron radia4on 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Synchrotron radia4on integrals 
computed for LHC op4cs V6.5 

I2=0.002245 m‐1 

I3=7.99×10‐7 m‐2 

I5=2.11 10‐8 m‐1 

Energy loss per turn  U0=206.3 keV 

SR power  P=67 kW 

EmiYance damping 4me  τx, τy=1.93 h 

τE=0.96 h 

Normalized SR equilibrium 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 εx0=0.01 µm 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momentum spread 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Parameters of diffusion 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Ladce parameters for LHC V6.5  Average βx=104.8 m 

Average βy=109.4 m 

Average Ax=2.29 

Horizontal IBS emiYance growth 4me  82 h 

Longitudinal IBS emiYance growth 4me  72 h 

Life4me due to scaYering on residual gas  900 h 

IBS in smooth op4cs approxima4on, for full descrip4on see 
hYp://lhc‐commissioning.web.cern.ch/lhc‐commissioning/presenta4ons/2010/
VL_LHC_LuminosityEvolu4on.pdf 



Luminosity evolu4on model 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Numerical solu4on of system of equa4ons 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Luminosity evolu4on model example. 
Tevatron store 6950 L0=3.5x1032 cm‐2s‐1 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Numerical solu4on of system of equa4ons 



Evolu4on of beam parameters 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Luminosity and luminosity integral 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Lumi integral for 10h store = 450 pb‐1 



Beam‐beam simula4on 

•  Weak‐strong, 5000 macro‐par4cles, 6D 
•  5×107 turns (1.23 h) – no long‐range collisions 
only 2 main IPs 

•  SR damping and IBS rates once per turn 
•  No par4cle losses due to luminosity, no diffusion 
due to scaYering at the IP 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Beam‐beam simula4on results 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No par4cle losses at ξ=0.01 



Tevatron beam‐beam parameter 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Lumi integral loss is ~5‐7% up to ξ=0.025 



Summary 

•  Synchrotron radia4on damping is a significant effect for HE‐
LHC 

•  Luminosity evolu4on model with IBS and SR confirms that 
luminosity integral of 450 pb‐1 is possible for 10 h store 

•  Simplified (no LR collisions) beam‐beam simula4on with IBS 
and SR predicts no losses. From Tevatron experience it is 
reasonable to expect ~5% loss of luminosity integral due to 
beam‐beam. 

10/15/2010  14 HE‐LHC'10, A.Valishev 


