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Abstract uniform density distribution at the target windovigach
of these systems is described in more detail below.

The APT highenergy beam transpo(HEBT) and

beam expandersconvey the 1700-MeV, 100-mA cw 2 HEBT AND EXPANDER LAYOUT

proton beam from the linac to the tritiutarget/blanket

assembly, or a tuning beam stop. THEBT includes 2.1 High Energy Beam Transport

extensive beam diagnostics, collimatoasd beam jitter ) )

correction, to monitorand control the 170-MWbeam ~ The HEBT consists of an8-meter-periodFODO

prior to expansion. Azero-degredeamline conveys the lattice, with a 72 zero-currenphaseadvanceper period.

beam to the beam stopnd anachromaticheandconveys This 8-meter periodicity is maintainethroughout the

the beam to the tritium production target. Nonlineeam HEBT and switchyard toboth end stations. The initial

expanders make use of higher-order multipole magnets afl§BT aperture isl6-cmdiameter, to ratch theaperture

dithering dipoles to expand the beam to a uniform-densitf} the superconductingSC) linac [2]. The first 29 m is

16-cm wide by 160-cm highrectangularprofile on the an adiabationatch from the SC linac focusing lattice.

tritium-production target. The overall optics desigill  This FODO lattice also includes beam diagnostics to
be reviewed, and beam simulations will be presented. characterize and monitor beam energy, beam current, beam

profiles, and abeam jitter control system to remove any
1 INTRODUCTION residual transverse beajitter and steering errors not
corrected by the beam steering control system in the linac.

The Accelerator foProduction of Tritium (APT) is & The peam  diagnostics focharacterizingthe linac is
1700-MeV, 100-mA cw protoraccelerator designed for gescribed elsewhere [3].

the production of tritium in a target/blanket assembly via  This HEBT section is followed by a 20-m-long

the reactior’He(n,p)T [1]. The beam from thE00-MHz  adjustable-aperturecollimator system toremove any
superconducting (SC) rf linac [2] is transported to either @xcessive beam halo that might result from mismatches,
4-MW low-duty-factor beam stop, or the tritium- beam turn-on transients, or component failure in the
production target by means of the higimergy beam linac. The collimator is specifically designed to absorb up
transport (HEBT), the switchyard and bend, and beam to about 1 kW of beam continuously, or individual pulses
expanders. of 5 kJ, corresponding taabout 30usec of full-power

The overall beamline layout is shown filg. 1. The beam. This unit is heavilghielded,and is specifically
approximate beamline length is 250 m from the linac tdesigned to allow remote maintenance.

the beam stopand280 m from the linac to théritium The remainder of the HEBT is @ntinuation of the
production target. same FODO lattice, but with thaperturereduced to 8-
) oroduction cm-diameter.
Eéﬁ:;i,‘i? target The nominal rms beam radius in tREBT is about
(17oMw) 1 mm, corresponding to a normalizemls emittance of
100 meters Beam 0.2rm=mm-mrad. The nominahperture to beam-size ratio
expander is 70:1 in the 16-cm dia. sectioand35:1 in the8-cm
:iEr:gicof Jitter  Collimator dia. section.
control Beam
/ Achromat Bearg (4533\/) 2.2 Switchyard and Bend
expander A . .
o 2 The switchyard includes 40-m section of the 8-m

Matching \ \ / Expansion FODO lattice, a FODO cell with a dipolasertion for
“meter FODO lattice directing the beam to either the target or the betop,
and a5-FODO period, 36Bzero current phasedvance,
Fig. 1. The overall layout of theAPT beam delivery 53.13 achromat. The dipolesre placed immdiately
system. downstream of D-quads toinimize the dispersion in the
The purpose of the beamelivery system is to achromat toabout 2.6 cmper % Ap/p. Each dipole is
transport the beam to either of the end stationseapdnd about 1.3-m long, with &eld of 1.2 T, andhas abend
it, to reduce the beam power densityaitceptabldevels. angle of 10.63 Eachquadrupolehas a GL product of
The HEBT includes beam diagnostics tharacterize and about 2.5 T. The beawperture othe dipoles is 11 cm
monitor the beam, a system t¢orrectbeamposition and horizontally, and 7.3 cm vertically, while thebeam
angle jitter, and a collimator to intercept beam halo. Theperture of the achromat quadrupoles isn® Theenergy
switchyard, which includes a 53713 5-FODO-period acceptance of the achromat-ig0 MeV.
achromat, directs the beam to either the beam stop or the The high-dispersiorareas ofthe achromatwill be
tritium-production target. Finally, thdoeam expanders used for both momentum collimation and for
transform the beam to &6-cm-wide by 160-cm-high measurement of beam energyd energy spreadBeam
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energy is also measured in the HEBT using time of fligr Y axis
diagnostics. Momentum collimators wilave adjustable
apertures to intercept off-momentum beam hata off-
momentum beams that may result from linac klystroi
trips. At the highdispersionpoints, the 2-MeVexpected
energyspreadcontributes about 2-mm to the horizontal
beam size, compared to the 2-mm width in zero-dispersit
areas. Thus both energy spread and energy changes cal
observed in these high dispersion regions.

If needed, asecond achromat can be inserted in th
FODO lattice 40-m upstream of the first one.

¥ Linear

Sheared

Y axis

2.3 Beam expander

The purpose of the beaexpander is to expand the
beam from its nominal 2-mm width to a uniform-density,— : -
16-cm wide by 160-cm high image on the target. Thel:lg. 3. The folding process for the nonlinear magnets.
nonlinear beanexpanderoptics includesabout 50-m of th b b | i th
magnetic optics that sequentially folds the vertical and _ Because ofthe concermnabout beam losses in the

horizontal tails of the nearly Gaussian beam prdfdek Small apertures ofthe nonlinearexpander, an alternate
onto the core, irorder to achieve a nearly rectangular €XPansion scheme using rastering is besnglied. This

expanded-beanhaving a unifirm profile with a 10:1 System isbased on &high frequencytriangle current-
aspect ratio [4]. The beamxpanderoptics, shown in Waveform modulatousing IGBTS (insulated gate bipolar
Fig. 2, include a 4-quadrupolematching section, a transistors) with ferrite dipoldeflectormagnets [6]. This
nonlinear magnet tdold the beam in the yiypha15e triangular current wavefornproduces auniform beam
space, atwo-quadrupole intermediatéens, a second POWer density on the target. Foindependently-powered
roninear magnet tdod the beam in the ixphase Sefectors cach bout 10.6ong, oo used n each plane
ipace,r:w 0 dltheﬁmg g|polgs 0 shake th|<|e expg\ nd?d f;earprorizontally This beam-expansion concept has a much
cm horizontallyand + 2 cm vertically,and afina : ' .

quadrupole-doublebbjective lens to focus thebeam larger beam apertutthan the nonlinear folding concept,

through two neutron backshine shields in theam and potentially improved control of the beam distribuion
expansion chamber. on the target (independent of the input beam), but has the

additionalrisk of thermal fatigue in the targeand the
possibility oftargetdamage inthe case of rastesystem

Dithering

Norinear magneg  magnets Neutron backshine failure. These issues are being addressed in the study.
MQ2 MO4 NL1 NL: Collimator (typ) .
boa MOL . MO3 Q EQ1 EQ2 EQ3 EQ) 2.4 Beam expansion chamber
O = Og \O O

Fig. 4 shows the 30-m longpeam expansion
5 F o ¢ F A0 \ D1D2 o _r chamber. In order to limit the backstreaming neutron flux
Matehing section auads e \>ander uads// from the target, the expansiochamber includes two
- pancere neutron backshine shields. These shiadsplaced at the
vertical waist in theexpanding beam, about 0.5 m
downstream othe lastquadrupoleand atthe horizontal
waist, about 11-mdownstream ofthe last quadrupole.
: - : . : These neutron shieldseabout 1.5-m-thick iron shields
stages, as illustrated in Fig. 3. First, thenlinear . . . ; '
magnetic fields, including octupoleand ~higher-order ygr?icil sv_girgt 21'22 ;’)’3_i%%r;wfyegg?ggug%cﬁgén?éuﬁz
terms, fold the beam phase-ellipse iri Yor x) space. %Iit at the horizontal waist. Their upstreaside will be

Then, when the beam drifts in a long field-free region, th ered with a boron-loaded material to absorb low-ener
beam ellipse shears iny (or x) space, causing the tails GRY wi : W 9y

the transverse profile téold back onto thecore of the nheuttr)ons. The egpectgd backstreagnngfr(;etljtrr??r/]nﬁsw%

beam. This folding is done sequentially in the yagd the the beamexpanderoptics |s.a out 3 x tOn/erls, an7

x-x" phase spaces. the annual neutrofiuence is ofthe order of 1 x 18

Two nonlinear (multipole) magnets suitable forneutrons/cri, becausehe neutron shields togethémit

beam folding at 800 MeV have bebuilt, and are now the view of the target from the beagxpander toabout

beingtested al_ANSCE in a prototype nonlinedream 2% of the target frontal surface area.

expander [5]. The beam expansion chamber includes extensive
multiwire beam diagnosticgsecondary emission and
resistance wires) to determimaad monitor the expanded
beam profile. These beam diagnossgstems,described
elsewher€g[3], are insertedhrough either of twobeam
diagnostics towers, shown in Fig. 4.

Fig. 2. Beam expander optics.

The beam folding in each plane is carr@d in two



Beam diagnostics towers

IR imaging tower (one of two)

Gate valves

"\ Vertical backshine shiekl

Horizontal backshine shiekd
Fig. 4. 30-m long beam expansion chamber.

3 BEAM SIMULATIONS

Beam simulations using space-charge codes
(PARMILA and TRACE-3D) show that the Sdinac
beam is easily matched into the 8pmriod FODO lattice
from the SC linac wihout any indication space-charge
effects in the transverse planes. Eperture torms beam
size ratio is about 70:1 in the 16 aiameterHEBT, and

35:1 in the 8-cm diameter section. The longitudinal bunch

length of the individual microbunchegows slightly in
the HEBT as expectedbut this is inconsequential. In
addition, the beansimulations through theachromat

show no space-charge effects. The maximum dispersion[i] P. W.

the achromat isabout 2.6 cnper %Ap/p. With a total
energyspread of 2 MV, the beam widthincreases by
about 2 mm in the achromat. The residual disperaftan
the achromat is near zero, and the beam showssidual
effects of the 53.13bend.

In the beamexpander,the 4-quadrupolematching

work is going on tancreasethe physicalaperture of the
nonlinear magnets [7].
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Fig. 5. Isometric plot of simulated particle distribution on
target. The horizontal width is 16 cm, and the verticalght
is 160 cm.

4 CONCLUSION

The conceptual design of the high energy beam
transport to the beam expanders is nearly complete,
and meets all the necessary requirements for the APT

project. Design of the nonlinear beam expanders is
still in progress, with the major effort being to
improving the models used in the beam simulations,
simulating a wide variety of off-normal linac
operating conditions, and increasing the expander
magnet apertures. A parallel effort is examining the
alternate expansion scheme based on beam rastering.
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