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Abstract

A High IntensityProtonSourceconsistingin an8 GeV
superconductingH-minus linac and transfer line to the
Main Injector hasbeenproposed.The primarymissionis
to increasethe intensityof the FermilabMain Injector for
the productionof neutrinosuperbeams.Start-to-endsim-
ulationsfrom the RFQ to the strippingfoil usingthe sim-
ulation code ��������	 (ANL) is presentedin this paper. In
particular, we will studythe impactof jitter errorson the
H-minusphasespaceat thestrippingfoil.

INTRODUCTION

The FNAL superconductingH-minus linac is madeof
two major parts: an acceleratingsectionanda transport
line. Thebeamdynamicssimulationcodes��������	 [1] and
 ��� [2] arethemaintoolsusedfor thedesignof theaccel-
eratingsectionandthetransportline respectively. Wehave
translatedthe


 ��� lattice of the transportline into ��������	
format in order to performstart-to-endsimulationsof the
completeaccelerator( � 1.6 km). In particular, we study
with this codethe impactof jitter errorson the transverse
andlongitudinalbeamparameters.

ACCELERATOR LAYOUT

Accelerating section

A layoutof theacceleratingsectionis presentedin Fig-
ure1 :
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Figure1: Layoutof theacceleratingsection.

Themainelementsof theacceleratingsection(seeFig-
ure1) arean ?A@ Ion Source,a Low Energy BeamTrans-
port (LEBT) to match the beaminto a Radio-Frequency
Quadrupole(RFQ), a Medium Energy Beam Transport
(MEBT) with 2 Room Temperature(RT) bunchingcavi-
ties anda beamchopperfollowedby 16 RT Triple Spoke
B
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Resonators(RT-TSR), 18 superconductingSingle Spoke
Resonatorsof Type 1 (SSR1)and33 longerones(SSR2),
42 superconductingTriple Spoke Resonators(TSR), 56
SqueezedILC-type superconductingcavities (S-ILC) de-
signedfor EGFIHKJML NPO followed by an ILC type section.
The ILC-type sectionis divided in its first part (ILC-1)
by 9 cryomodulescontainingeach7 ILC cavities and 2
quadrupoles.Two optionsareunderstudyconcerningthe
secondpart (ILC-2) : thefirst option[3] [4] consistsin 28
cryomoduleswith 1 quadrupoleand8 ILC cavitiespercry-
omodulewhile the secondoption makesuseof 8 ILC RF
units.Wedefinein thispaper[5] anILC RFunit ascontain-
ing 3 cryomoduleseachwith 9 ILC cavities in thefirst and
third cryomoduleand8 ILC cavities with onequadrupole
in thesecondcryomodule.Thefocusingperiodis � 3 times
longerin thissecondoptioncomparedto thefirst one.

Transport line

The beamis transferedfrom the acceleratingsectionto
theMI-10 locationin theFermilabMain Injectorby a � 1
km transportline aspresentedin Figure2:

Figure2: Layoutof thetransportline.

The transportline is a regularFODOlattice (60Q phase
advanceper cell) madeof two oppositesignsarcsof 36
dipoles each. The dipolesare � 6 meter long. As pre-
sentedin Figure2, 6 collimatorsarelocatedin thematch-
ing sectionupstreamthefirst arcand4 debuncherscavities
(necessaryto reducethe momentumspread)downstream
the secondarc. The debunchercavities are17 cell super-
structuresoperatingat roomtemperature.Downstreamthe
debuncher, the beamentersa matchingsectionto get the
desiredbetafunctionsat thestrippingfoil.

Parameters at the stripping foil

Figure 3 presents��������	 simulationsof the horizontal
betafunctionalongtheacceleratorfor a 45 mA beamcur-
rent and the two optionsabove-mentioned. Simulations
included3D spacecharge (RTSUOVJXW macro-particles)in the
acceleratingsectionandan ideal lattice (no alignmenter-
rors or jitters). The longer focusingperiod in the second
option leadsto a larger betafunction for the 8 ILC units.
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Figure3: Horizontalbetafunction for the two optionsof
theaccelerator. Beamaveragecurrentof 45 mA.

As shown in Table1, bothoptionspresentsimilar longitu-
dinal andvertical beamparametersat the strippingfoil at
the exceptionof the transverseemittance.In fact,a trans-
verseemittancedilution ( � 40%)occursin thesecondop-
tion comparedto the first one. This is due to the weak
focusingin theILC units.

Table1: Beamparametersat thestrippingfoil for bothop-
tionsof theaccelerator. Beamaveragecurrentof 45 mA.

Beam parameters Option 1 Option 2Y
[MeV] 8026 8006Z�[ [keV] 401 320Z�\ [mm] 2.33 2.34]^\ [keV-mm] 869 725Z�_ / Z�` [mm] 1.15/ 1.21 1.14/ 1.25]^_ / ]^` [mm-mrad] 0.46/ 0.50 0.62/ 0.70

STATISTICAL ERROR SIMULATIONS

This sectionpresentsthe impactof RF errorsandmag-
netic field errorson the beamdynamicsfor the lattice of
theacceleratorincludingthe8 ILC units (Option2 above-
mentioned).Thesimulationswereperformedwith ��������	
on theJazzclusterat ANL [6]. Threesetof RF errorsare
considered: (0.5%,0.5Q ), (1%, 1Q ) and(2%, 2Q ) with for
eachsetamagneticfield error(solenoidsandquadrupoles)
of OaSbOcJd@fe . TheRF errordistributionsareGaussiantrun-
catedat g 3 rms value and the magneticfield errorsare
uniform with extremevalues g max. As for the ”ideal”
casediscussedin the previoussection(no errors),a beam
current of 45 mA was consideredand 3D spacecharge
wereimplementedinto ��������	 in the acceleratingsection.
Thesimulationswererepeated24timesstartingevery time
from a different seedfor the randomgeneratorand with
RhSXOVJXW macro-particles.Thedebunchercavitiesweresetto

Figure4: Transverse(left column)andlongitudinal(right
column)distributionsat the stripping foil for 3 setof RF
andmagneticfield errors. First row : (0.5%0.5Q 10@be ),
secondrow : (1%1Q 10@be ) andthird row : (2%2Q 10@be ).

minimize the energy spreadandno collimatorswereused
in thebeamline.Figures4 presentthe transverseandlon-
gitudinalbeamdistributionat thestrippingfoil with all the
seedssuperposedandTable2 thecorrespondingstatistical
(meanandRMS deviation) beamparametersat the strip-
ping foil.

Table2: Beamparametersat thestrippingfoil for threesets
of RF errors(magneticfield errorsof OiS�OcJ @fe ).

.
Beam param. 0.5% 0.5Q 1% 1Q 2% 2QY

[GeV] 8006g 0.5 8006g 0.8 8006g 1.6Z [ [keV] 342g 36 378g 78 955g 788Z \ [mm] 2.5g 0.2 2.9g 0.4 5.7g 4.1] \ [keV-mm] 827g 81 998g 182 5461g 8046Z�_ [mm] 1.1g 0.1 1.2g 0.2 1.3g 0.3Z�` [mm] 1.3g 0.1 1.4g 0.3 1.6g 0.5] _ [mm-mrad] 0.6g 0.1 0.6g 0.1 0.9g 0.3] ` [mm-mrad] 0.7g 0.1 0.7g 0.1 1.0g 0.3

Wenoticefrom Table2 thatRFandmagneticerrorshave
a significantimpacton the longitudinalparametersof the
beam.It is interestingto noticethatevenwith a setof er-
rors of (2% 2QjOcJP@be ) we think the bunch length will fit
within theMI RF bucket (53 MHz, � 18.9ns). In factwe
want to inject into the central g 6 ns of the bucket (12 ns
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Figure 5: From top left to bottom right : RMS horizontalsize, RMS horizontalnormalizedemittance,RMS energy
spread,Beamlosses,TransverseandLongitudinaldistributionsat thestrippingfoil. For a setof RF errorsandmagnetic
field errorsof (1%1Q 10@be ) andacollimatedbeamof 45 mA.

total)whichis about4 linacRFbuckets(325MHz, � 3 ns).
With (2% 2QkOcJd@fe ) thebunchlengthincreasesup to � 150
mm which is only � 0.5 nsandthereforeshouldfit within
a MI RF bucket. Concerningthe stripping foil, tempera-
tureconsiderationshave seta spotsizeof about1.2 to 1.5
mm RMS on the foil which is within the rangeof the set
(0.5%0.5QlOVJd@be ) and(1%1QmOcJd@fe ). Theset(2%2QnOVJd@be )
would requiresignificantcollimation. Fromthesesimula-
tions it looks like we would be comfortablewith a setof
RF andmagneticfield errorsof (1%1QoOVJd@fe ).

ERROR SIMULATIONS & COLLIMATION

Figure5 shows ��������	 simulations(24seeds)for RFand
magneticerrorsof (1%1Q 10@be ) with 6 collimatorsimple-
mentedbetweentheacceleratingsectionandthe transport
line (seeFigure2). Thefirst 2 horizontalandverticalcol-
limatorshave an half-apertureof 6 mm andthe last ones
of 5.5 mm. This configurationcollimates � 10% of the
beam. Comparedto the scenario(1% 1Q 10@fe ) presented
in previoussection(nocollimation),thehorizontalnormal-
ized RMS emittancedecreasesby � 20% ( ]^p =0.46g 0.04
mm-mrad)andtheverticalby � 40%( ]^q =0.42g 0.04mm-
mrad),thehorizontalRMSsizeof thebeamatthestripping
foil by � 8% ( Z p =1.05g 0.15) and the vertical by � 30%
( Z p =0.95g 0.15). Impact of the collimation is shown is
Figure5 with adecreaseof theRMShorizontalnormalized
emittanceandasquarelikeshapetransversebeamdistribu-
tion at thestrippingfoil. As expected,wedid notobservea
significantimpactof thetransversecollimationon thelon-
gitudinalbeamparameters.

CONCLUSION

Start-to-Endsimulationsof theFermilabHigh Intensity
ProtonSourcehavebeenpresentedin thispaper. Thesimu-
lationswereperformedwith thecode��������	 for anaverage
beamcurrentof 45 mA, with RrSUOVJXW macro-particlesand
3D spacechargeeffectsin theacceleratingsection.Impact
of threesetsof RFerrors(0.5%0.5Q ), (1%1Q ) (2%2Q ) was
investigatedwith magneticfield errorsof OcJP@be andalattice
of the acceleratorincluding 8 ILC RF units. From these
simulationsit looks like we would be comfortablewith a
setof RF andmagneticfield errorsof (1%1QoOsS�OcJd@fe )

ACKNOWLEDGMENT

Theauthorswould liketo thankP. Ostroumov (ANL) for
many usefuldiscussions,B. Mustapha(ANL) for his help
onusing��������	 andJ.Valdes(ANL) for hisassistancewith
Jazz. The authorsalso wish to thank V. Shiltsev for his
supportwith thiswork.

REFERENCES

[1] V.N. Aseev, P.N. Ostroumov, E.S.LessnerandB. Mustapha,
“TRACK : Thenew beamdynamicscode”,PAC 2005.

[2] H. Grote,F. C. Iselin,TheMAD Program,Version8.10.

[3] G.W. Foster(Editor),Availableat :
http://protondriver.fnal.gov/SCRFPD v56.doc

[4] P.N. Ostroumov, “Physics design of the 8-GeV H-minus
Linac” , New Journalof Physics,8, 281(2006).

[5] A. Valishev, privatecommunication.

[6] JAZZ wwebsite: http://www.lcrc.anl.gov


