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Projections for after LS1
After the first run in 2010 [1], the LHC (Large Hadron Collider) continued its heavy-
ion operation with collisions of lead nuclei in late 2011. The beam dynamics of 3.5Cak"i:tzdlandMeasmdImualLummOSlty’FIH?SI * Running conditions after LS1:
those high intensity lead beams are strongly influenced by intra-beam scattering 30 L+Data j T | - higher E=6.5Z TeV and lower #* = 0.5m.
(IBS), especially on the injection plateau. Each train injected from the SPS (Super :E ;5) ****** g;j;ﬁ ***** e Mf ***** ~+ Estimate peak luminosity at start of collisions:
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Proton Synchrotron) spends a different time at injection, introducing significant 5 Lsp o ffe (14 ; Hfﬁjﬂ - Model based on 2011 bunch-by-bunch
changes from train to train. Within the trains there is an even larger spread 51.0555555 / 555 fi-H ﬁ;; luminosity, predicts peak Lgynch as @
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imprinted by the SPS injection plateau. This results in a spread of the luminosity L, ! | Tl i function of position inside the beam.
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bunch length g, evolution was analysed bunch-by-bunch and compared with - 2011 filling scheme.
simulations. Based on this analysis, estimates of the potential luminosity Cateutted il Lominosts ot 652 TeV and 0 — Scaling to £ = 6.5Z TeV yields
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performance at 6.5Z TeV, after the present shutdown (LS1), are given. 20 Lpeak = 1.8 X 10%’cm™?%s™1
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* Pbionsinjection chain: source - LINAC3 - LEIR - PS - SPS - LHC. 20 IS , & / Pacing
g L . . o 3 Do = L8E2T e s 1§ increase total number of bunches.
* Significant bunch-by-bunch pattern within a LHC train builds up at the 0 500 1000 1500 2000 2500 3000 , 27 _ _o2 _q
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injection plateau of the SPS:
— Inject 2 bunches from PS into SPS — 12 injections to construct LHC train.
— While waiting for remaining injections form PS, bunches are strongly
affected by IBS (o< y~3) at low energy.
= Emittance growth and particle losses. Luminosity
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the last bunch in a train. to last bunch in a train. behaviour as Ny,. * Collisions of equivalent bunches (with similar N, and €y).
* Lgunch Varies by a factor 6 along a train - introducing different lifetimes.
* Slope between last bunches of trains introduced by IBS at LHC injection plateau.
e Particle losses during collisions are dominated by nuclear EM processes,
— leading to non-exponential N}, decay and short lifetimes at £ = 3.5Z TeV.
Single Bunch Evolution at Injection

 Simulation Code: Collider Time Evolution (CTE) [2]. . y
 Tracking of 2 bunches of macro-particles in time in a collider. Evolution of Colliding Bunches

 Simulation of IBS, radiation damping, but, eg, no beam-beam.

* 3simulation runs with varying initial €y to account for calibration uncertainties.

* Lossesin N, are overestimated by the simulation, due to assumption of
Gaussian longitudinal profile.

* The calibrated €y seems to be underestimated by about 10%.

L, ey and g, fit very well to the simulation for +10% initial €.

e Evolution of 4 single Pb bunches at injection (E = 450GeV).

* Horizontal IBS growth stronger than vertical due to horizontal dispersion,
— no vertical dispersion in model (for speed).

* Additional growth in vertical €y due to coupling.
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