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BeamOTuning

PhysicalOlayout

ModelOqsimplified)

DefinitionOofO,GoodOBeam,Oqinc.Oconstraints)

Non-linearOOptimiser

HandOtuning

DifficultOtoOincludeOmisalignments,Oion-source,OionOtraps,Oetc.

CanObeOveryOcomplex

RequiresOrealisticOstartingOpoint

ToOaccountOforOgeometryOerrors,OimpreciseObeamOdefinition,Oetc.



BeamVTuning

PhysicalVlayout

DefinitionVofV:GoodVBeam:V(faradayVcup)

Non-linearVOptimiser

(HandVTuningVnotVneeded)

VeryVsimple

RealisticVstartingVpoint:VuseVpreviousVtune

ImperfectionsValreadyVaccountedVfor



Choice of Optimiser
Nelder-Mead simplex algorithm

n-dimensional tetrahedron

n  independent parameters

user-defined step size for each parameter (δa0, δa1, δa2, δa3... )

( a0, a1, a2, a3... )

n+1 vertices ( a0, a1, a2, a3... )
( a0 + δa0, a1, a2, a3... )
( a0, a1 + δa1, a2, a3... )
( a0, a1, a2 + δa2, a3... )
...






Results: short beamline

14

12

10

8

6

4

be
am

 c
ur

re
nt

 [p
A

]

time [min]

2

0
20151050

simple-medium9 parameters and 156 iterations

Short beamline (4 quads, 4 steerers, 1 octupole)
Starting point near to optimum tune
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Results: short beamline
Starting point far from optimum tune

250

200

150

100

50

0

be
am

 c
ur

re
nt

 [p
A

]

time [min]
1086420

simple-far6 parameters and 98 iterations

42x gain in transport



Results: short beamline
Starting point near to optimum tune
13% gain in transport
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simple-near15 parameters and 123 iterations



Higher Dimensions
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0aWRA0W+WTrap-inj10WparametersWandW140Witerations

10Wparameters

140Witerations

Trap injection:

GainW25xWW.R.TWde-tunedWstart

GainW+0.2XWW.R.TWnominal

REXWauto-tuningW1



7[parameters

70[iterations

Trap ejection (1):

Gain[+35j[W.R.T[de-tuned[start

Gain[+7.4j[W.R.T[nominal
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7cparameters

70citerations

Trap ejection (2):

Gainc+44(cW.R.Tcde-tunedcstart

Gainc+3.6(cW.R.Tcnominal
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REXcauto-tuningc3



106parameters

1056iterations

Beam-Transport Section:

Gain6+14]6W.R.T6de-tuned6start

Gain6+25]6W.R.T6nominal

REX6auto-tuning64
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62parameters

572iterations

EBIS injection:

Gain2j35[2W.R.T2de-tuned2start

Gain2-0.3[2W.R.T2nominal

REX2auto-tuning25
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6gparameters

93giterations

EBIS ejection:

Gaingj87[gW.R.Tgde-tunedgstart

Gaingj10[gW.R.Tgnominal

REXgauto-tuningg6
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92parameters

812iterations

Separator Section:

Gain2+140A2W.R.T2de-tuned2start

Gain2+8.7A2W.R.T2nominal

REX2auto-tuning27
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13cparameters

72citerations

RFQ:

Gainc-74cW.R.Tcnominal

REXcauto-tuningc8
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80parameters

750iterations

"IH" section:

Gain0d14]0W.R.T0nominal

REX0auto-tuning09
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7cparameters

53citerations

"7-gap" and 9-gap sections:

Gainc+1.34cW.R.Tcnominal

REXcauto-tuningc10
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9bparameters

51biterations

"7-gap" and 9-gap sections:

Gainb+0.64bW.R.Tbnominal

REXbauto-tuningb11
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8bparameters

131biterations

Fine-tuning of Deflectors:

Gainb+1.94bW.R.Tbnominal

REXbauto-tuningb12
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Multi0Phase(Tuning

100 parameters tuned in 12 phases:

Strictly(no(human(intervention(beyond(loading(pre0defined(configurations

97I(increase(in(beam(transmission(WRT(nominal(parameters
E(392x(increase(in(beam(transmission(WRT(de0tuned(parameters(B

Injection(and(extraction(for(2(ion0traps
LEBT
Linac(optics

Final(linac(transmission(88I(Emanual(tuning(85I(0(87I(typical(bestB

Total(98/(iterations(over(117(minutes

Parameters(not(auto0tuned(:((trapping(potentials(:(electron(beam(:(RF



Conclusions



ResultsMofMAuto-Tuner

AutomatedMtuningMisMrobustMevenMwithMcomplexMbeam-lines

ResultMcanMbeMsimilarMtoManMexperiencedMhumanMoperator

AlmostManyMparameterMcanMbeMauto-tuned

ProcessMisMmuchMfasterMthanMaMhumanMoperator

Auto-tuningMmayMbeMsetMtoMrunMcomplexMsequencesMatMantisocialMhours

OptimisationMisMpurelyMstatisticalM:MnoMmodelMisMrequired

MuchMofMtheMbeam-tuningMtaskMisMroteMandMmayMbeMautomated



Caveats

Auto-tuning does not replace skilled human operators

Not all parameters can be auto-tuned (eg. cathode-heating)

A scripted tuning sequence must be written for each beamline

A "sensible" starting point must be provided



Development



Rigorous comparison with human operators

Development

real beam variations
Intelligent restarts if convergence fails

Robust termination condition which can distinguish instrument noise from

Reliability testing



Development

PreGscripted)tuning)sequences)for)major)beamlines

A)userGfriendly)sequencer

Sophisticated)tune)quantifiers)CegH)narrow)beam)at)separator)fociiE

Figure)of)merit)=)2)x)narrowGwindow
G)wide)window

SOURCE DESTINATION

GPS

HRS

LA0
LA2
RA1

Tapestation

COLLAPS
CRIS
etcHHH

Tune)separator

Tune)beamline



Auto-tuning can save physics time

Improved use of skilled personnel

-- thanks to --

Emiliano PiselliJake Palmer
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