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LhARA Stage 2 Injection Line Performance

 LhARA is a proposed multi-stage accelerator that will serve a radiobiological + The injection line has |J
research program aspiring to underpin the future of radiotherapy [1,2]. been redesigned to: [ 50 = 2508 m tHominan ",
 Stage 1 will generate proton and ion bunches via the transverse normal sheath . Prevent the ring T et /o
acceleration (TNSA) mechanism in a laser-target scheme: crossing colliding ™| - &0 - et miremsiched) o
« Design proton energies of 15 MeV +2% with the FFA 60 -=- Dx (Rematched)
« 10 Hz repetition rate (laser limit) magnet due to 0. 0.0
« 10° protons per bunch the change in the = E
« Plasma lens capture spiral angle. = 05 ©
« Controllable bunch radii between 1-3 cm in diameter. « Allow sufficient o
» A downstream section will enable more beam delivery schemes. space for 204 o\ 10
« Stage 2 will employ a 10-cell single spiral scaling fixed field alternating gradient installation and L. N ,
accelerator (FFA) to accelerate protons up to 127 MeV, and will be capable of maintenance of |
fast and variable enerqgy extraction. injection magnets. . . . . - - .
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Fixed field accelerator ring Beam to the o
Beam to the high S— ‘.‘ low energy in - The injection line starting conditions (g8, ,=25m, a,,, D, =0) could not be met
e ;i"o‘r"'tm raction o oadaN 'l‘._,j | | vitroend when optimizing stage 1: | |
o line A= s o + An emittance growth to approximately 4.3 x 10-¢ m rad occurs during

transit through the Gabor lenses.

 Optimizing can meet a smaller g, ,of ~ 18 m.

 The injection line quadrupoles are then re-optimised in MADX [7], showing
good agreement with the nominal design

« The injection is therefore considered strongly flexible.

- I - : .
e !3 -}'

Injection
Line

RF cavities for l »
longitudinal ‘
phase space

manipulation

."-(.

~ Extraction
In vivo beam line matching
line matching o

.-"-‘-{/.

Stage 1 Beam Delivery Schemes

| Matching and

energy . . .
foss mhe' X selection  To improve magnetic mini- — Ny R =
in vivo end Asey Capture beam generation, the ——
) source 0.0035 1 ¥ 0, N=5.0E+03
station quadrupole doublet scheme [8]
has been modified to two 00030
triplets both in a D-F-D 0.0025 1
configuration: E 4 0020-

« Triplet 1: magnet lengths of °

. . . . 0.1 m, K, strengths of
« Our source description uses a parametrized model from which energies for 3026 m-2 & -53.40 m-2. 00010

Monte Carlo particle tracking can be via inverse transform sampling. The
kinetic energy spectrum is given by [3] :

0.0015 A

« Triplet 2: magnet lengths of oo

0.04 m, K, strengths of 00 > o o 08
AN _ neocstiaser Sonearn [ 2K ! b of rotonsors 302.56 m~2 & -551.73 m-2,
_ N, . hot electron density ° I ~
dK 2KT3 Te } T,: hot electron temperature Bezm S1Z€5 Of O-x ~ O|74 mm_ ”
| | | < e N
+ The high energy cut-off, which has been experimentally e lacer pulse duration ant_ ?_y t%46 _m_mbon y partially
- - : S hoath hich th SAtisTties e Mmini—-peam
demonstrated, is given by [4]: TNSA mechanism occurs o
7 ' ion charge Cr|ter|0n (O- S 0-5 mm)-
P Haser 1 1 1 1+ X m, . electron mass
Kmax — XZZZmeCZ\/f laser ! =X (1 + 51 X2) + Zln(l X) c : speed of light ]
PR ‘o - - f - energy conversion efficiency | _ « Octupoles are chosen to deliver
P...r . laser power, : : . . . - . - .

. - - _defi _ _ Py : relativistic power unit ' transverse uniformity whilst minimising
Combined with a user-defined low-energy cut-off, the ot sidered ot to the deliverable dose
generated and theoretical spectra agree well. as ballistic. P _ '

« They are most effective under strong
i .
E [ Generated Distribution transverse asymmetry.
& — Required Distribution « The uniform width is maximized when
- the phase advance to the target is
3

approximately n%.

« The mini-beam quadrupoles can be
tuned to achieve the necessary
asymmetry and phase advance.

 Modelled in BDSIM [9], an octupole
strength of K3 = —3905 m~% achieves
the target (95 = 0.5) % uniformity
within the predicted 1.88 cm width,
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FFA Magnet Design and Performance

Tune Diagram of LhARA

« The FFA magnet is achromatic to o N = | !
avoid resonance crossing in tune \ P ondRes capturing, 55.7% of the beam.
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space resulting in beam loss. el AT\ — 15227 Mev

« The magnetic field is arranged _ﬁw Summary

on the midplane with the scaling .

law. ) The most recent updates to the LhARA accelerator design have been presented. The
- It is generated by a distribution ° \ /P Stage 1 design remains strong with the presented efforts demonstrating LhARA'’s
of trim coils that cross the pole N flexibility. Stage 2 remains the primary focus going forwards, with the FFA magnet
face and return on the pole side. \ s design highlighting the excellent promise of the design.
« Our baseline spiral angle is now 11- "
53.9 degrees to improve the References
vertical focusing. o
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« The FFA magnet is designed in Opera 3D:
« The main and trim coil currents are
optimized for two energy ranges.
« Beams were tracked through 3D field
maps in Fixfield [5].
» Working tune points avoid resonances Contacts
up to the fourth order.
« A more detailed description of LhARA’s t Speaker Email: tk1218@ic.ac.uk

FFA magnet design can be found in [6]. Author Email: william.shields@rhul.ac.uk
Website: www.lhara.org
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