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DWA operates in the sequential pulse

traveling wave mode**
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Preliminary medical specifications for .Beam
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DWA proton therapy | [r— prv—

A Dose: 271 10Gy wi # B% adcuracy per
fraction

A Beam energy: 75-250 Me V. witt 16 O
spread

A Spot size (FWHM): 4§ 16 mm
A Maximum treatment time: 4 minutes

A Beam intensity: 1.8 x 108 protons (29 pC) per
pulse to the patient

A Repetition rate: 10 Hz
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Beam

HGI characteristics imply that the highest
gradients will be attained for the shortest pulses 'Research Program
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Spatial field profile of the virtual traveling wave at 2 o
ends of the DWA is Gaussian-like even for a square .Ree:‘gzmh Program}:\é&

temporal pulse
Away from the ends of DWA structure, a

stack of HGI with thickness L is excited
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Only a small stack of HGI is excited at the ends

Ez (z) from a single
Blumlein
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Challenges for the physics
design of the accelerator
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Transport with non-ideal acceleration field

A
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profile requires a short bunch

Provide simultaneous longitudinal and
transverse stability

- Develop focusing methods

- Minimize beam loss and neutron
production

- Simplify tuning

Flatten accelerator waveform to
reduce radial defocusing

Temporally compress injected bunch
Initial match and capture into the DWA
Maintain beam quality

Low energy spread

Low emittance

Produce a practical design

AE/z,1) > E(z,1) for z >3

U Longitudinally compressing
AE, >0

U Transversely defocusing

A
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AE/z,1) <E/(z,1) forz >z

U Longitudinally decompressing
AE, <0

U Transversely focusing
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Dispersive transverse kick limits proton
bunch length to sub-nanosecond range
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L FWHM spatial profile width

A Dispersion due to finite bunch length
leads to emittance growth

A The physical emittance growth is
insensitive to the acceleration gradient

A Lowering the initial acceleration
gradient minimizes the normalized
emittance growth

Assuming small radial kick
- small change in r after traveling a distance L
- proton bunch length acceptance t,.*
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* Should be able to relax significantly the bunch length requirement if
the dispersive transverse kick is mitigated
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Beam envelope determines the specifications at the
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Beam Envelope from DWA Exit to Patient at DWA exit
A DWA exit to patient: 1m 1.0 |
A Spot size at patient: 2 mm radius 08 !
A Unnormalized edge emittance: 1, 2, 3, £ 80 MeV
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Preliminary derived DWA .Beam
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|l njector 2Meé¢rgy: O

Bunch length at DWA entrance: 100 ps* (longer if emittance growth and beam
loss on HGI are tolerable)

Il ni ti al beam radi us3mmtt DWA entrance: O

Il ni ti al accelerationd4msol tage pulse I ength
Beam pipe radius: 1-2 cm at the entrance and 2 cm at the exit

DWA exit to patient: 1 m

Nor mali zed Lapostoll e emi8ptEBmmmmrad t he DW
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If no additional focusing lens used downstream
I Beam radius aflcnDWA exit O
I Beam convergence lamradDWA exit O

Conservative requirements

PIC simulation results with proper timing suggested significantly
relaxed requirements
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Schematic of the Baseline 'Beam
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(A No entrance grid or foil
I Beam travels through fringe fields
A No external focusing in the DWA
I Entrance fringe fields and timing shifts are employed
A Nominal 60 MV/m gradient with 1-cm Blumlein blocks
A Fixed beam parameters (goal) at DWA exit
I O1cm radius with-10mr O 1B@&r O
I 120MeV+ 2%
I 32pC
I
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