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This upgrade would require the development of a low-energy (~50 eV) ~ Focusing g 7/, , D Beam
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charged particle beamlines. Here, we explore the feasibility of using a 700 800 900 1000 1100 1200
proposed electrostatic beamline design to transport H- ions from a PELLIS- Figure 2. Diagram showing a cross-section of the proposed beamline design to z [mm|
type ion source into ALPHA's various particle traps. transport H-ions into the ALPHA experiment from a PELLIS-type ion source.
\_ Y. Figure 5. SIMION simulation showing H- ion trajectories through the decelerating
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H- ions to 50 eV and transport them into ALPHA's various particle traps.

- The PELLIS source is connected to the transport beamline through ar Before entering ALPHA's existing beamline, H- pulses are decelerated to
electrostatic quadrupole deflector (the ’‘switchyard’). The switchyard is 50 eV usin 3250 rm lon d:igft tube as, shos)vn Figure 2. The drift
intended to maximise the flexibility of the beamline, so that additional ion rube voltagegis cwitched fror?w 4 OF Loy tc; ground within%OO ns.. ~s the beam

* sources and particle traps can be installed in future without further . . . T e
nodifications th)> the 7 arztus transits along its length. Since the ions lose 99% of their initial kinetic
t0 Switchyard PP ' energy upon entering the drift tube, care must be taken to avoid blow-up of
. . . . : : the beam profile inside the narrow (20 mm radius) electrode. A series of
The transport beamline, mcludl'ng the swVFChyar.d, Was glmulated \15Ing deceleratiFr)\g lenses were added before the drift tube to prevent large
Caraday SIMION [4]. Figure 1 shows the simulated trajectories of H"ions through the transverse electric fields from rapidly defocusing the beam. Figure 5 shows
Cup adrupole deflector. A quadrupole triplet was added immediately after PIETY J TS
| i NN P 9 P P Y th fi ti f these | d their effect on the H- trajectori
Filament Chamber Einzel Lens i +chvard - Ularise th . " X X e configuration of these lenses and their effect on the rajectories
a5 at 5 x 10-2 mbar e switchyard to circularise the beam. Figure 4 shows the transverse phase :
M2 gas at 5 x 107 mb Parallel Plates . . . calculated using SIMION.
space of the beam immediately after the tfinal quadrupole.
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Figure 1. Diagram showing a cross-section of the PELLIS ion source, together with

e extraction ontics installed inside the differential bumbing chamber . | | sg 0= +0.894, 5—0.195 mm/mrad, £ =4.614 mm - mrad Upon leaving the drift tube, each 50 eV H- pulse has a normalised
P PUMPING ' emittance of 0.019 mm mrad, indicating some emittance growth during
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The PELLIS ion source [2], originally developed at JYFL, is a filament-driven _ RTI N =) Rt T suggests that only < 1% of ions are lost in transit, primarily due to

multicusp ion source that produces H- beams with low emittances and E 50‘* ER \magnetic mirroring effects and ballistic losses within the drift tube section. /
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energies of 5 — 15 keV. PELLIS could be used as an H- source for ALPHA

due to its modest beam current (up to 50 pA) and low extraction energy. |
In this study, the source has been configured to operate at 5 keV. 50| \ , | - | oo References
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Figure 1 shows the PELLIS source and its extraction optics, which were eor . . . . . h ol | | | | [1] M. Ahmadi et al. (ALPHA Collab.) 2018 Nature 557 71-75

modified slightly for this modification. The H- beam leaves the puller SIS0 S0 eS0T 0 S0 0o - - x[n‘;m] : © Nom. [2] T. Kalvas, O. Tarvainen and J. Komppula 2013 AIP Conference
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5 mm aperture using a set of parallel.plates. This aperture acts as botb a Figure 3. SIMION simulation showing Figure 4. Simulated transverse [3] T. Kalvas, O. Tarvainen, T. Ropponen, O. Steczkiewicz, J. Arje and H.
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system. Pulsing the voltage on the parallel plates will chop the ion beam the quadrupole switchyard. The beam after the final focusing - | N
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