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Upgrade phases

Phase 0: Maximum performance with hardware changes

IR magnets & layout

Crossing angle

Protons per bunch N, up to ultimate intensity

High harmonic RF system 1200MHz -> bunch shortening

Phase 2: Maximum performance with major hardware
changes (HPS, SC PS etc.)

Current scheme

SPS 200MHz > 450 GeV
Injected into LHC on 400MHz

CERN

time scale of an LHC upgrade

courtesy J. Strait
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(1) life y of LHC IR q P is to be <10
years due to high radiation doses
(2) the statistical error halving time will exceed 5 years by 2011-2012

(3) therefore, it is reasonable to plan a machine luminosity upgrade based on
new low-B IR magnets before ~2014

luminosity

Current scheme

6 PS Booster bunches > PS

Successive bunch splittings in PS > 72 LHC bunches
Bunches with 25ns spacing captured on 40MHz (h=84)
80Mhz used for bunch length compression

Closer bunches

All RF manipulations asumed to be done in the PS
12.5 ns spacing: 12.5 ns is not a whole number of 200 MHz
RF periods

PS: one more splitting to be done, needs more RF voltage at
80 MHz for bunch length

SPS: 200 MHz no longer works, so need a new RF system (160
or 240 MHz)

LHC: need a new capture RF system in LHC (200 MHz no
longer works)

10 ns spacing:
no changes in SPS
new RF system in PS (95.4 — 100 MHz)
ns spacing:
no changes in SPS
new RF system in PS (63.5 — 66.7 MHz)




RF upgrades and tentative cost for
different LHC bunch spacings

(F. Ruggiero, LHC-LUMI-05 — Session 2: High Intensity Effects)

Closer bunches — other issues

Beam brilliance ( Brilliance = N/t ,)) 12.5ns

Ultimate intensity requires increase of beam brilliance in the PS: double RF voltage at 80 MHz ~ 2 MSfr

PSB by 1.7 (brilliance = N /&) sl ore RF power and new RF cavities at 160 or 240 MHz ~ 75 MSfr
Reduced bunch spacing requires increase of brilliance in PSB new Faraday cage and infrastructure ~?

by a similar factor LHC: new capture cavities at 160 or 240 MHz (2x3MV)  ~ 5 MSfr

new BPM electronics (MSfr + manpower + time)

Various schemes to increase brilliance (batch compression in -
PS, LINAC4 160 MeV > PSB) TOTAL (125ns) > 82 Msfr

10 or 15 ns
In the SPS more problems with e-cloud (V-emittance blow- PS: new RF system at 66 or 100 MHz ~ 5 MSfr
up) and coupled bunch instabilities. double RF power at 200 MHz + new couplers ~ 20 MSfr

Beam loading in SPS RF 200 MHz and 800 MHz systems o new capture cavi
tests with high power pulsing over % ring
upgrade of power plant and couplers

TOTAL (10 or 15 ns) ~ 25 Msfr

Any bunch spacing shorter than 25 ns requires new electronics for the LHC BPM
system, upgraded transverse feedback, collimation, cryogenics, beam dump, ...




