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Abstract guadrupoleseptum magnet [2] allows for larger beam
pipe radius than the more conventional dipole septum
magnet studied earlier. This increases the energy
acceptance othe transport line to the main beam dump.
Although desirable, we donot expect to include the

betweenLANL, LBNL andLLNL. DARHT Il is a 20- -nge-magnet’system described in the transport studies in
the beamline for the initial commissioning of the

MeV, 2000-Amperes, Rsec linear inductioraccelerator
. accelerator.
designed to generate short bursts of x-rays for the purpose: . . . .
of radiographingdenseobjects. Thedownstream beam he I_<|cker system |sde§cr|bedelsewhere in_these
. proceedings[3]. After the kicker system, there are 3

transport line is an 18-meter long regiertending from ,
the end of the accelerator tothe bremsstrahlung target quadrupole magnets to restore the beam to a round profile
‘and to compensate foredge focusing from the bend

Within .th's propos_ed transport I|n_e there are _17 elements (BM1, BM2, BM3, BM4 as shown in Figure 1.)
conventional solenoidjuadrupole andipole magnets; as .

. ; in the Chicane. Also, we have included beamline elements
well as several specialty magnets, which transport an ; : .
. in this region to allow energy and emittance
focus the beam to the targatdbeam dumpsThere is a ) " )
. C measurements of thé&kicked" pulses. Experience has
high power beam dump, which designed tcabsorb 80- . .
. : hown ejecta material from the target can travel the length
kJ per pulse during accelerator start-up and operation.

beamline vacuunchamberhas an 8-cndiameter aperture p_ethe accelerator. To keep this mat_e rial f““ac“'r?g the
R injector and acceleratorells we havencluded aChicane
and operates at an average pressure b aer.

system that does not allow direct line-of-sitetween the

1 INTRODUCTION target and the upstream elements.

_ . . . Finally the beam will be pinched to a tight focus at the
We are starting the engineering design fordbenstream target to provide an intense spot of x-rays rmiographic

components of the DARHT IlAccelerator [1]. Beam purposes. Work on the target is alg@sented in these
transport studies for this desigre describe@lsewhere in proceedings [4].

these proceedings [2]. Figure 1 shows pheposedayout
for the elements in the system. The beamline from the 2 MAGNETS

exit of the accelerator tathe target is about 18neters The magnets within the DARHT Il transport lizge al

long. Only four short (16 to 100 nsec) pulseparated by water-cooled conventional dc electromagnets with the

about 600 nsec are desired at the bremsstrahlung target.exce tion of the final focus solenoid maanet. which is
The function of the kicker system is to "kicktur P gnet,

. . pulsed. The magnets are listed in Table 1 along with their
pulses out from the main [&ec pulse leaving the .
. X i . design parameters.
accelerator. The kicker includesh&s dipole operated so . . .
. - The transport solenoids have external ishmoudswith
that the non-kicked parts are deflectedoff the main line . i .
: : . ) water-cooled copperoils. Solenoid coilsare woundnto
into the main beam dump, while th&ked partsaresent . .~ . .
. . . individual two-layer‘pancake”coils. Eachmagnet has an
straightaheadFocusing elementsetween the kicker and :
. . even number of thespancakecoils. The pancakes are
the septum would complicate operatiohherefore, to

. . . installed in an A-B-A-B orientation to minimize axitld
achieve a narrokeam waist at the septuraplenoid S3 . ) . L
. . . . errors. The inside diameters of the solenoid cadssized
must "throw" a waist to the septum. The first 3 meters o

beamline allow the beam texpandfrom its 5-mm arge enough to fit over the outsidemeter ofthe beam

matched radius irthe accelerator ta2.25-cm atsolenoid tu?riga'::]agnis'ort uadrunolnddipole maanets have solid
S3. The system idesigned tohave a 20% energy portq P P 9

acceptance tdransport to the main beam most of th Jron cores withwater-cooled copperoils. Thequadrupole

. : o Mmagnets are two-piece, solid-core construction. dipele
leading and falling edge of the pulse exiting the . : i .
. magnets are two-piece, solid-core, “H” style construction.
accelerator. The proposed system using a

The alignmentrequirements fothe transport magnets
are +0.4-mm positionaltoleranceand +3-mrad angular
tolerance. All transport magnelsmve fiducials mounted
on the outside of the iron. The magnats magnetically

This paper describegshe mechanical design of the
downstream beam transport line for gexondaxis of the
Dual Axis Radiographic Hydrodynamicest (DARHT II)
Facility. The DARHT Il project is a collaboration
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mappedandaligned onthe transport line withrespect to  The pumplocated atthe end ofthe accelerator is a 20-

the fiducials. cm diameter cryopump. A cryopump was selectedHir
location to pump the relatively high gémsadsfrom the
Table 1: Magnet specifications last acceleratorsegment. The remaining pumps in the
transport lineare 250 liters per secondturbomolecular
Magnet Name | Legth | Field | Bore Bend pumps becausethe gasloads in the transport line are
(m) | KG) [ (cm) (deg) lower and the axial conductance ofthe beamline is
Solenoid S3 0.25 3.0 22 - significantly less than in theccelerator. All vacuum
Quad Septum| 0.15 | 15.0 16 - pumps must pump the beamline through pumpgiregses
Dipole Setum [ 0.40 | 1.2 16 -35 equippedwith RF screens tominimize perturbations on
Quadryole QV | 0.15 1.0 16 - the beam.
Quadrpole QH | 0.15 | 1.0 16 - Throughout the beamline therare beam position
Qu_adrunole QS| 015 1.0 16 ) monitors (BPMs) tomeasurethe locationand angle of
Dipole EAM 040 | 15 16 -45, +90 .
Solenoid S5 0.25 3.0 22 : trajectory of _the beam. The BPMs moumgtween the
Dipole BM1 0.15 1.0 8 +6.6 flanges ofadjacgnttransport bear_n tu_b_es. Thﬂ:cur.ate
Dipole BM2 015 | 1.0 8 6.6 transverse location of the BPMs is critical to theeration
Dipole BM3 0.15 1.0 8 -6.6 of the transport line and it is their positiomabjuirements,
Dipole BM4 0.15 | 1.0 8 +6.6 which set the alignmentolerances for the beam line
Solenoid S6 0.25 3.0 22 - vacuum system. To satisfy the BPiMquirements, the
Solenoid SFF| 0.05 | 20.0 8 - transport line beam tubes must dlgned towithin 0.2
mm offset. Each beartube will be manufacturedwith

fiducials, which allow the survegrew to measure and
3 VACUUM SYSTEM position external to the centerline.

The vacuum chambers for the DARHT Il Transport Line
are circular beampipes constructedfrom 304L stainless 4 BEAM DUMPS
steel. The region from thend ofthe acceleratothrough There arethree beam dumpmicluded inthe DARHT I
the septum has a 16-cm bati@ameter. From the septum downstreamtransport system; a main beam dump, an
to the target, the bordiameter isreduced to 8&m. The energy analyzedump,and anemittance diagnostic dump.
vacuum sealsare madewith conflat style knife-edge The main beam dump absorbs the portion of heam
flanges withannealeccoppergaskets. RF sealsetween that is notdeflected bythe kicker magnet. The beam is
flanges are madewith copper “gaprings” which are initially deflected bythe bias dipole, it thenpasses
compressed between the conflat flangedfill the gap at through the septumuadrupole tahe septumdipole and
the inside bore of the beamline betwékea flanges. The into the main dump. The normal horizontal beam size at
use of all-metal seals isdriven by the potential the main beam collector is 8 crhlowever, the startup
requirement tan situ bake the transport vacuusystem. parameters for the beam will not be well known. kivast
In situ bake-out may be required to minimiadsorbed gas therefore providesome safety margin. Firstonsideration
on the beam tube walls, which may desorbed by beam is to keep the instantaneotammperature (temperature at
halo scraping the walls. the end of the isec pulse) of the impaetreabelow the
The vacuum design requirement for the transport line damagepoint for the material. At a 5 pulsger minute
10" Torr average pressure. Above this pressurerepetition rate we can managthe average temperature
predictions indicate that there will be detrimergtiects to increase. The beam'’s energy 88-kJ per pulse and the
the beam. In addition, the vacuum pressure at the targetverage thermal power is 6.67-kW. We aligsire to keep
desired to be inthe 10° Torr range. To meethese the neutron yield low to minimize activation of
requirements, a combination of cryopumps, andcomponents and simplify radiation shielding. The
turbomolecular pumpare employedalong the length of construction of the beam dump must be compatible with
the beamline. The pump sizeand spacing was high vacuum as explained in the previous section. Studies
determined bycalculating the vacuum pressure profileare looking at using graphite material tdecelerate the
along the beamline utilizing a one-dimensional pipelingeam electrons.
pressurecode [5].  For this analysis, the beamline is The energy analyzer dungmdthe emittance diagnostic
characterized as a series of discrete segments. Length, axighp are similar in design. These two dumps are
conductance, gasloadind pumping speed defineeach designed to absorb thécked portion of the beamwhich
segment. The pumpgpeedsand locations of the pumps is deflected toeither diagnostic for evaluation. This
were varied to determine timeost economical approach to beam’s energy is 4.0-kJ per pulsedthe averagethermal
vacuum pumping the transport line. Theessure profile power is 0.33-kW at 5 pulses per minute.
for the transport line is shown in Figure 1. Téeerage In addition tothe beam dumps, there is a beatop,
beamline pressure is 8.5 x&Torr (85 nTorr). which is a safety feature in the transport line. phepose
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of the beam stop is to allowcceleratoroperations to ~ Vacuum diagnostics include convectrand ion gages

continue while personnare working in the targetarea located at each pumping cross. Thareconvectron gages

outside theacceleratohall. The beam stop ifocated at located on either side of the beam line isolation valves to

the end ofthe acceleratorhall, within the penetration in prevent opening the valve when one side is “up to air”.

the 5-foot thick concretewall. The beam stop is a

composite absorbemade up of &3-inch thick graphite 6 REFERENCES

block, backed by 12-inches of tungsten.There is

additionalshielding surrounding the beam stop absorb [1] M.J. Burns, et al., "DARHTAccelerator Update an®lans for

radiation. A permanent magnet dipolgll be installed Initial Operation,” to be published in the proceedings tbis

administratively before the beam stopdeflectany beam conference.

accidentally transported beyond the diagnostic dumps. [2] A.C. Paul, et al., "The Beamline for the Second Axis of Bhal-
Axis Radiographic Hydrodynamic Test Facility," to be published in the
proceedings of this conference.

5 INSTRUMENTATION AND [3] Y.J. Chen, et al., "PrecisioRastKickers for Kilo-ampere Electron
DIAGNOSTICS Beams," to be published in the proceedings of this conference.

Beam diagnostics for the DARHT I transport limelude [4] S.E.Sampayan, et al., "Beam-Target Interaction Experiments for

BPMs which feed back to corrector magnets for steeringB%msstrahlung Converter Application,” to be published in the

spectrometer for measuring beam eneryy a “pepper- Proceedings of this conference.
pot” for measuring beam emittance [5] “A Method for Calculating Pressure Profiles in Vacuum Pipes,”

PEP-1I AP Note 6-94, March 1994.
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Figure 1. Proposed DARHT Il Downstream Beam Transport Layout and Vacuum Pressure Profile
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