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3 upgrade options

• 12.5 ns spacing, ultimate intensity
• 25 ns spacing, 2x ultimate intensity, 

2x transverse emittance
• 75 ns spacing `4x intensity, long 

bunches

New!
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0.07 (0.7)0.11 (1.13)0.113 (1.13)0.06 (0.56)0.04 (0.38)Pgas [W/m]gas-s. 100 h (10 h) τb

0.963.741.870.330.15PIC [W/m]image current heat 
0.290.50.50.250.17PSR [W/m]SR heat load 4.6-20 K
0.26 2.56 (2.05)13.34 (7.85)1.04 (0.59)1.07 (0.44)P [W/m]e-c heat SEY=1.4(1.3)

6.68.58.512.015.0Trun,opt [h]
2.93.63.61.150.56Leff [1034 cm-2s-1]effective luminosity 

(Tturnaround=5 h)

9.412.012.017.021.2Trun,opt [h]
2.12.72.70.910.46Leff [1034 cm-2s-1]effective luminosity 

(Tturnaround=10 h)

4.57.27.21422τL [h]Initial lumi lifetime
510176884419events per crossing
8.99.29.22.31L [1034 cm-2s-1]peak luminosity

2.80.750.750.750.64θcσz/(2*σx*)Piwinski parameter
430630445315285θc [murad]full crossing angle
0.250.250.250.50.55β∗ [m]beta* at IP1&5
14.43.783.787.557.55σz [cm]rms bunch length
flatGaussGaussGaussGausslongitudinal profile

11.721.720.860.58I [A]beam current
752512.52525Δt [ns]bunch spacing
63.41.71.71.15Nb [1011]protons per bunch

3.757.53.753.753.75ε [μm]transverse emittance
backupalternativebaselineultimatenominalsymbolparameter
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due to the crossing angle, colliding long 
bunches does not mean the events are spread 
out over a large area

3.52.12.14.34.5σl [cm] w/o 
& w.crab cr. (10.2)*2.62.65.35.3

backupalternativebaselineultimatenominal

luminous region is largest for nominal LHC
*long bunch scenario assumes no crab crossing
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optimum run time, integrated luminosity, etc.
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σσ collisions, gas scattering

intensity evolution for collisions only

intrabeam scattering (IBS) growth 

burn-off collision lifetime with σ~100 mbarn, nIP~2: 
Lpeak=1034 cm-2s-1 in 2808 bunches, Nb~1.15x1011: 

τ~45 h (luminosity lifetime 22 h)
Lpeak=1035 cm-2s-1 in 5616 bunches, Nb~1.7x1011: 

τ~14 h (luminosity lifetime 7 h)
τgas > 100 h (luminosity lifetime 50 h)
τIBS~105 h (horizontal emittance growth time; 

luminosity lifetime 210 h)
burn-off dominates over gas scattering and IBS
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Collisions with Displaced Beams at Point 8

L~L0 exp (-Δ2/(4σ2))

if for nominal luminosity L0 an offset Δ=5σ is needed,
maintaining the same IP8 luminosity at 10x larger 
L0 requires ~6σ offset 

RHIC experiment suggests that one collision with 
5-6σ offset might already affect the beam lifetime;
observations from the SPS indicate lifetime degradation
due to single off-center collision, similar for HERA
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RHIC experiment May 2005, at 24 GeV

W. Fischer et al.single off-center collision
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Long-range beam-beam effect in RHIC at 100 GeV
• LR at s=10.6m
• Octupoles on in Yellow
• Blue beam moved

2006

measurement of losses vs. 
separation (Wolfram Fischer)
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proton background in SPS collider with 1 head-on and one off-center
collision as a function of beam-beam separation (K. Cornelis, LHC99)



Meeting on Machine-Experiment Interface Issues for the LHC Luminosity Upgrade, 6 October 2006, Frank Zimmermann

long-range beam-beam 
observations in HERA

• lifetime of proton beam drops from 50 h to 1-
5 h for a single off-center collision with 
beam-beam separation between 0.3 and 2 σ
(F. Willeke & R. Brinkmann, PAC 93’ T. 
Limberg, LHC’99)
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Feasibility of 50 ns Bunch Spacing
Of course feasible from the accelerator point of 

view, and such beam was already stored in the 
SPS (giving a ~2x higher e-cloud threshold)

The only reason why it is not considered for 
nominal LHC operation is that for 50-ns spacing 
there are no collisions at LHCB.

With the same bunch parameters as the 75-ns 
upgrade case, it would give 50% higher 
luminosity. For 18% less bunch current it will 
give the same luminosity at 22% higher total 
beam current, but with improved luminosity 
lifetime. Actually this is an attractive option, if 
electron cloud still ok. 
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0.09 (0.9)0.11 (1.13)0.113 (1.13)0.06 (0.56)0.04 (0.38)Pgas [W/m]gas-s. 100 h (10 h) τb

0.783.741.870.330.15PIC [W/m]image current heat 
0.360.50.50.250.17PSR [W/m]SR heat load 4.6-20 K

0.36 (0.1) 2.56 (2.1)13.34 (7.85)1.04 (0.59)1.07 (0.44)P [W/m]e-c heat SEY=1.4(1.3)
7.38.58.512.015.0Trun,opt [h]
3.13.63.61.150.56Leff [1034 cm-2s-1]effective luminosity 

(Tturnaround=5 h)

10.412.012.017.021.2Trun,opt [h]
2.32.72.70.910.46Leff [1034 cm-2s-1]effective luminosity 

(Tturnaround=10 h)

5.57.27.21422τL [h]Initial lumi lifetime
340176884419events per crossing
8.99.29.22.31L [1034 cm-2s-1]peak luminosity

2.80.750.750.750.64θcσz/(2*σx*)Piwinski parameter
430630445315285θc [murad]full crossing angle
0.250.250.250.50.55β∗ [m]beta* at IP1&5
14.43.783.787.557.55σz [cm]rms bunch length
FlatGaussGaussGaussGausslongitudinal profile
1.221.721.720.860.58I [A]beam current

502512.52525Δt [ns]bunch spacing
4.93.41.71.71.15Nb [1011]protons per bunch

3.757.53.753.753.75ε [μm]transverse emittance
backup IIalternativebaselineultimatenominalsymbolparameter
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