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Abstract

A High Intensity ProtonSourceconsistingin an8 GeV
superconductingH-minus linac and transferline to the
Main Injector hasbeenproposed.The primary missionis
to increasethe intensity of the FermilabMain Injector for
the productionof neutrinosuperbeamsStart-to-endsim-
ulationsfrom the RFQto the strippingfoil usingthe sim-
ulation codeTRACK (ANL) is presentedn this paper In
particular we will studythe impactof jitter errorson the
H-minusphasespaceat the strippingfoil.

INTRODUCTION

The FNAL superconductingd-minuslinac is madeof
two major parts: an acceleratingsectionand a transport
line. ThebeamdynamicssimulationcodesTRACK [1] and
MAD [2] arethe maintoolsusedfor the designof theaccel-
eratingsectionandthetransporiine respectiely. We have
translatedthe MAD lattice of the transportline into TRACK
formatin orderto perform start-to-endsimulationsof the
completeaccelerator(~1.6 km). In particulay we study
with this codethe impactof jitter errorson the trans\erse
andlongitudinalbeamparameters.

ACCELERATOR LAYOUT

Accelerating section

A layoutof the acceleratingsectionis presentedn Fig-
urel:
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Figurel: Layoutof theacceleratingection.

The main elementf the acceleratingection(seeFig-
urel) arean H~ lon SourceaLow Enegy BeamTrans-
port (LEBT) to matchthe beaminto a Radio-Frequengc
Quadrupole(RFQ), a Medium Enegy Beam Transport
(MEBT) with 2 Room TemperaturgRT) bunchingcavi-
ties anda beamchopperfollowed by 16 RT Triple Spole

*Work supportedby Fermi National AcceleratorLaboratory oper
atedby Fermi ResearchAlliance, LLC underContractNo. DE-AC02-
07CH11359ith the United StatesDepartmenbf Enegy.

 carneiro@fnal.go

f dej@fnal.ge

Resonator{RT-TSR), 18 superconductingsingle Spole

Resonatoref Type 1 (SSR1)and 33 longerones(SSR2),
42 superconductinglriple Spolke ResonatorTSR), 56

SqueezedL C-type superconductingavities (S-I1LC) de-

signedfor Sz = 0.81 followed by an ILC type section.
The ILC-type sectionis divided in its first part (ILC-1)

by 9 cryomodulescontainingeach7 ILC cavities and 2

quadrupolesTwo optionsare understudy concerningthe

secondpart (ILC-2) : thefirst option[3] [4] consistin 28

cryomoduleswith 1 quadrupoleand8 ILC cavities percry-

omodulewhile the secondoption makesuseof 8 ILC RF

units. We definein this paper{5] anILC RFunitascontain-
ing 3 cryomodulesachwith 9 ILC cavitiesin thefirst and
third cryomoduleand8 ILC cavities with one quadrupole
in theseconccryomodule Thefocusingperiodis ~3times
longerin this secondoptioncomparedo thefirst one.

Transport line

The beamis transferedrom the acceleratingsectionto
the MI-10 locationin the FermilabMain Injectorby a ~1
km transporiine aspresentedn Figure?2:
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Figure2: Layoutof thetransportine.

Thetransportline is a regular FODO lattice (60° phase
adwanceper cell) madeof two oppositesignsarcsof 36
dipoleseach. The dipolesare ~6 meterlong. As pre-
sentedn Figure2, 6 collimatorsarelocatedin the match-
ing sectionupstreanthefirst arcand4 deluncherscavities
(necessaryo reducethe momentumspread)downstream
the secondarc. The dehunchercavities are 17 cell super
structureoperatingat roomtemperatureDownstreanthe
deluncher the beamentersa matchingsectionto getthe
desiredbetafunctionsat the strippingfoil.

Parameters at the stripping foil

Figure 3 presentsTRACK simulationsof the horizontal
betafunctionalongthe acceleratofor a 45 mA beamcur-
rent and the two options above-mentioned. Simulations
included3D spacechaige (2 - 10° macro-particles)n the
acceleratingsectionandan ideal lattice (no alignmenter-
rors or jitters). The longerfocusingperiodin the second
option leadsto a larger betafunction for the 8 ILC units.
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Figure 3: Horizontal betafunction for the two optionsof
theacceleratarBeamaveragecurrentof 45 mA.

As shovnin Table1, both optionspresentsimilar longitu-
dinal andvertical beamparameterst the strippingfoil at
the exceptionof the transerseemittance.In fact, a trans-
verseemittancedilution (~40%) occursin the secondop-
tion comparedto the first one. This is due to the weak
focusingin thelLC units.

Tablel: Beamparameterstthe strippingfoil for bothop-
tionsof theacceleratarBeamaveragecurrentof 45 mA.

Beam parameters | Option1 | Option 2
W [MeV] 8026 8006
o [keV] 401 320
oz [mm] 2.33 2.34
ez [keV-mm]| 869 725
ox | oy [mm] 1.15/1.21| 1.14/1.25
ex l ey [mm-mrad | 0.46/0.50| 0.62/0.70

STATISTICAL ERROR SIMULATIONS

This sectionpresentghe impactof RF errorsand mag-
netic field errorson the beamdynamicsfor the lattice of
the acceleratoincludingthe 8 ILC units (Option 2 above-
mentioned).The simulationswere performedwith TRACK
onthe Jazzclusterat ANL [6]. Threesetof RF errorsare
considered (0.5%,0.5), (1%, 1°) and(2%, 2°) with for
eachsetamagnetidield error (solenoidsandquadrupoles)
of 1- 1073, The RF errordistributionsare Gaussiartrun-
catedat +3 rms value and the magneticfield errorsare
uniform with extremevalues+ max. As for the "ideal”
casediscussedn the previous section(no errors),a beam
currentof 45 mA was consideredand 3D spacechage
wereimplementednto TRACK in the acceleratingsection.
Thesimulationswererepeate®4 timesstartingevery time
from a different seedfor the randomgeneratorand with
2 - 10° macro-particlesThe detunchercavities weresetto
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Figure4: Transwerse(left column)andlongitudinal(right
column) distributions at the stripping foil for 3 setof RF
andmagneticfield errors. Firstrow : (0.5%0.5° 1073),
secondrow : (1% 1° 10-3) andthird row : (2%2° 10~3).

minimize the enegy spreadandno collimatorswere used
in the beamline.Figures4 presenthe transwerseandlon-
gitudinalbeamdistribution at the strippingfoil with all the
seedssuperposedndTable2 the correspondingptatistical
(meanand RMS deviation) beamparameterst the strip-
ping foil.

Table2: Beamparameteratthestrippingfoil for threesets
of RF errors(magnetidield errorsof 1 - 1073).

Beam param. | 0.5% 0.5° 1% 1° 2% 20
W [GeV] 8006+0.5 | 8006+0.8 | 8006+1.6
og [keV] 342+36 378+78 9551788
oz [mm] 2.5+0.2 2.9+0.4 5.7+4.1
€z [keV-mm 827+81 | 998+182 | 5461+8046
ox [mm] 1.1+0.1 1.2+0.2 1.3+0.3
oy [mm] 1.3+0.1 1.4+0.3 1.6+0.5
ex [mm-mrad | 0.6+0.1 0.6+0.1 0.9+0.3
ey [mm-mrad | 0.7+0.1 0.7+0.1 1.0+0.3

We noticefrom Table2 thatRF andmagneticerrorshave
a significantimpacton the longitudinal parameter®f the
beam. It is interestingto noticethatevenwith a setof er
rors of (2% 2° 10—3) we think the bunch length will fit
within the Ml RF bucket (53 MHz, ~18.9ns). In factwe
want to inject into the central+-6 ns of the bucket (12 ns
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Figure 5: Fromtop left to bottomright : RMS horizontal size, RMS horizontalnormalizedemittance,RMS enegy
spread Beamlosses,Trans\erseandLongitudinaldistributionsat the strippingfoil. For a setof RF errorsandmagnetic
field errorsof (1% 1° 10~3) anda collimatedbeamof 45 mA.

total) whichis about4 linac RF buckets(325MHz, ~3 ns).
With (2% 2° 10~3) thebunchlengthincreasesip to ~150
mm which is only ~0.5 ns andthereforeshouldfit within
a Ml RF bucket. Concerningthe stripping foil, tempera-
ture considerationsiave seta spotsizeof about1.2to 1.5
mm RMS on the foil which is within the rangeof the set
(0.5%0.5° 10~3) and(1%1° 10—3). Theset(2%2° 10~3)
would requiresignificantcollimation. From thesesimula-
tionsit looks like we would be comfortablewith a setof
RF andmagnetidield errorsof (1%1° 10~3).

ERROR SIMULATIONS & COLLIMATION

Figure5 shavs TRACK simulationg24 seedsjor RFand
magneticerrorsof (1% 1° 10-3) with 6 collimatorsimple-
mentedbetweenthe acceleratingsectionandthe transport
line (seeFigure?2). Thefirst 2 horizontalandvertical col-
limators have an half-apertureof 6 mm andthe last ones
of 5.5 mm. This configurationcollimates~10% of the
beam. Comparedo the scenario(1% 1° 10~3) presented
in previoussection(no collimation),thehorizontalnormal-
ized RMS emittancedecreasedy ~20% (¢,=0.46+-0.04
mm-mrad)andthe vertical by ~40% (¢,=0.42+-0.04mm-
mrad),thehorizontaRMS sizeof thebeamatthestripping
foil by ~8% (0,=1.05+-0.15) and the vertical by ~30%
(0,=0.95+0.15). Impactof the collimation is shown is
Figure5 with adecreasef theRMS horizontalnormalized
emittanceanda squardik e shapdrans\ersebeamdistribu-
tion atthestrippingfoil. As expectedwe did notobsenea
significantimpactof thetrans\ersecollimationon thelon-
gitudinalbeamparameters.

CONCLUSION

Start-to-Endsimulationsof the FermilabHigh Intensity
ProtonSourcehave beenpresentedh thispaper Thesimu-
lationswereperformedwith thecodeTRACK for anaverage
beamcurrentof 45 mA, with 2 - 10> macro-particlesand
3D spacechageeffectsin theacceleratingection.Impact
of threesetsof RF errors(0.5%0.5"), (1% 1°) (2%2°) was
investigatedvith magnetidield errorsof 10~2 andalattice
of the acceleratoiincluding 8 ILC RF units. From these
simulationsit looks like we would be comfortablewith a
setof RF andmagnetidield errorsof (1% 1° 1 - 10~3)
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