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HIGH INTENSITY/DENSITY IN THE PSBHIGH INTENSITY/DENSITY IN THE PSB
What is known? What is known? 

which tests to benchmark simulation which tests to benchmark simulation 
progprog’’ss??
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Protons Multiturn injection (1mm septum + Protons Multiturn injection (1mm septum + 
decreasing bump) with decreasing bump) with mismatch,Dinjmismatch,Dinj=0, =0, 
misteeringmisteering in in VplaneVplane and coupling at injection to and coupling at injection to 
fill the H+V acceptances (low fill the H+V acceptances (low VrfVrf))
Inc. tune shift >0.5 (transverse dist.+ bunch Inc. tune shift >0.5 (transverse dist.+ bunch 
shape h=1+2). shape h=1+2). VertVert. . CohCoh. Tune shift~0.13.. Tune shift~0.13.
Dynamical WP for high N starts (4.28,5.56) down Dynamical WP for high N starts (4.28,5.56) down 
to  (4.17,5.23)to  (4.17,5.23)
Dynamical Working point changes depending on Dynamical Working point changes depending on 
N and emittances(vertical)N and emittances(vertical)

TUNE SHIFT TUNE SHIFT andand WPWP’’ss for N>8 10for N>8 101212
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ISOLDE TYPE BEAMISOLDE TYPE BEAM
Linac >165mALinac >165mA
Routinely possible around 3700E10 Routinely possible around 3700E10 
4 rings equal,4 bunches, about 4 rings equal,4 bunches, about 
3200E10 with (3200E10 with (εεhh,,εεvv)(2)(2σσ) ) 
=(20,13)=(20,13)ππmmmradmmmrad
Max ever obtained 4200E10(not Max ever obtained 4200E10(not 
operational)operational)
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DynamicDynamic tune tune effecteffect
injected and accelerated number of particles 

tunes=4.26,5.56
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injected and accelerated number of particles 
tunes=4.26,5.29
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CoherentCoherent tune(1)tune(1)

hcor tune versus N particles at 20ms
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If the beam is oscillating as a whole(rigid body), the image curIf the beam is oscillating as a whole(rigid body), the image currents rents 
(vacuum (vacuum chch., magnets) give additional force on the whole beam and ., magnets) give additional force on the whole beam and 
change its coherent tune. change its coherent tune. 
Due to density change along the bunch there is a Due to density change along the bunch there is a cohcoh. tune dist.  In the . tune dist.  In the 
case of h=1+2, two peaks appear.case of h=1+2, two peaks appear.
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CoherentCoherent tune (2)tune (2)

qv-qv diagram
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EmittancesEmittances(1)(1)
MeasurementsMeasurements takentaken afterafter accelerationacceleration, in ML, in ML
DifferenceDifference betweenbetween normal/normal/sievesieve isis onlyonly important in V planeimportant in V plane
CalculatedCalculated zerozero--amplampl tune tune isis mademade withwith somesome assumptionsassumptions , , 
thethe acceleratedaccelerated emittances emittances andand N!!!N!!!
ExtrapolatedExtrapolated isis dqdq sievesieve*N normal/*N normal/NsieveNsieve

Nparticles and emittances versus number of turns with(dashed)
 and without sieve
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EmittancesEmittances(2)(2)
mf01, 13 tours, horizontal, avec passoire
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MF01,13 tours, horizontal, no passoire
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MF01,13 tours, vertical, no passoire
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EmittancesEmittances(3)(3)
One One turnturn injectedinjected as as turnturn 1 to 131 to 13
Note Note thethe emittance emittance withwith sievesieve seemsseems ‘‘‘‘followsfollows’’’’ thethe large amplitude large amplitude 
oscillation for large N (oscillation for large N (filamentationfilamentation presentpresent))
Note Note thethe densitydensity effecteffect whichwhich seemsseems to to indicateindicate thatthat thethe beambeam isis a a 
rigidrigid body (body (nono filamentationfilamentation))
TheThe large oscillations large oscillations withoutwithout sievesieve continue for ms continue for ms andand are are 
dampeddamped!!!!!!

Ninjected and emittances with one turn injected at turn i=1..13  with 
sieve in and out
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ResonancesResonances(1)(1)
2 2 QvQv=9/11 =9/11 nono pbpb for compensationfor compensation
ThirdThird orderorder

HIGH wp PB WITH 3 Qv=16!
Low WP ...no syst then less pb with external rings.

CouplingCoupling
qh-qv=-1 used for coupling injection and fast stop (HWP)
qh-qv=0 compensated (LWP)
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IntegerInteger resonances(2)resonances(2)

QhQh=4 =4 notnot possible/possible/successsuccess
QvQv=4 =4 notnot triedtried
QvQv=5 possible =5 possible 
((dipoledipole++quadquad++sextsext.) but .) but nono
positive positive effecteffect onto onto thethe
beambeam andand performancesperformances
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WhichWhich measurementsmeasurements systemssystems(1)(1)

Tunes Tunes calculatedcalculated(N=1), (N=1), measuredmeasured(N>>1) and tune dispersion(N>>1) and tune dispersion
EmittancesEmittances
Oscillations and Oscillations and dampingsdampings
Quad oscillations (Quad oscillations (incoherentincoherent tunes)tunes)
WithWith//withoutwithout sievesieve
BunchBunch shapeshape, , bunchingbunching factorfactor
BeamBeam position position alongalong bunchbunch
BeamBeam H/V H/V atat highhigh freqfreq. (. (widewide band PU connections band PU connections modifiedmodified))
Spectrum/network Spectrum/network analysersanalysers

SameSame parametersparameters for simulationsfor simulations



Section meeting 05/03/2007

WhichWhich teststests
Tune, tune shift/Tune, tune shift/spreadspread, emittances versus ...., emittances versus ....
Evolution of Evolution of beambeam on on ftft, , bunchedbunched//coastingcoasting
Tests Tests bunchingbunching factor versus factor versus losseslosses
Are Are therethere electronselectrons in the in the beambeam (vacuum (vacuum 
influence)...influence)...getget ridrid of of themthem
Damper Damper efficiencyefficiency (H,V)(H,V)

Tests Tests integerinteger resonancesresonances
Tests Tests otherother WP (3.7,3.7)...(3.2,6.3)WP (3.7,3.7)...(3.2,6.3)
Tests Tests effecteffect of of rampingramping raterate
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WhichWhich energyenergy

Most Most atat 50 MeV, on 50 MeV, on rampramp or on FT(hard or on FT(hard 
to to keepkeep beambeam stable)stable)

Tests 160MeV...for extrapolationTests 160MeV...for extrapolation
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SpaceSpace charge versus tunecharge versus tune
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