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High-energy polarized electron beams from the ionization of isolated spin polarized hydrogen atoms
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We propose a laser-based method for the preparation of high-energy polarized electrons, from the ionization of
isolated spin polarized hydrogen (SPH) atoms. The SPH atoms are prepared from the photodissociation of hydro-
halide molecules, using two consecutive UV pulses of ps duration. By appropriately timing and focusing the
pulses, we can spatially separate the highly polarized SPH from other unwanted photoproducts, which then act
as the target for the acceleration lasers. We show how elastic collisions define number density » and polarization P
regimes for the prepolarized targets, and use particle-in-cell simulations to demonstrate the method’s feasibility.

DOI: 10.1103/PhysRevA.111.053119

I. INTRODUCTION

Polarized electron and positron beams are powerful experi-
mental tools, used in a diverse set of disciplines, ranging from
studies of atomic and molecular structure [1,2] and material
science [3,4], to nuclear and high-energy physics [5], where
electrons accelerated to relativistic energies can be used to
test new physics beyond the standard model [6-8]. Producing
intense beams of highly polarized, high-energy electrons can
be done using conventional acceleration methods involving
accumulation in storage rings [9,10], as well as emerging
methods involving filtering of polarized electrons [11,12]. Al-
ternatively, high-energy polarized electrons can be produced
using polarized photocathodes [13,14], or through laser ion-
ization of noble gases [15—17].

Laser-plasma based acceleration of electrons [18], com-
bined with recent laser methods for the preparation of
high-density SPH [19-21], open a new potentiality for orders-
of-magnitude higher electric currents: that of accelerating
electrons resulting from the ionization of prepolarized tar-
gets. Following this, a variety of recent proposals predict
the production of high-energy spin-polarized electron beams
utilizing such targets [22-25], predicting up to kA electric
currents [23].

The direct use, however, of such SPH atoms as targets for
electron acceleration is limited by several factors. The pres-
ence of the halide atoms means that their valence electrons
(which are only weakly polarized by the photodissociation)
and inner-shell electrons (which are unpolarized) are also
liberated and accelerated, lowering the total polarization of the

*Contact author: sofdim@uoi.gr

2469-9926/2025/111(5)/053119(8)

053119-1

accelerated electrons to very low values. It could be possible
to ionize the halide atom and subsequently remove the ions
using electric fields [25], however, this is quite challenging to
achieve within the timescales required for laser acceleration.
Finally, dissociation of H, molecules at wavelengths below
100 nm, which would not suffer any halide atom presence, has
not been experimentally tested and the percentage of direct
molecular ionization has not been evaluated [23].

Additionally, the SPH polarization depends on the parent
molecule bond orientation, resulting in a cos?6 spatial distri-
bution of the polarization, a fact that sets an upper limit for the
free-space value for polarization of 40%. Bond orientation,
which can lift this limitation, can be achieved using a strong
IR pulse. However, apart from the complication or using an
extra pulse of different wavelength (MIR), bond alignment
cannot be 100% successful for moderate IR pulse intensities
needed to avoid unwanted multiphoton or even field ionization
effects. Finally, the hyperfine structure of hydrogen atoms
causes the polarization to oscillate from the electron to the
proton and backwards, with a period of 0.7 ns, meaning that
any manipulation aimed to removing the unwanted halide
atoms or to achieving bond orientation, has to be synchronized
with this oscillation to avoid further reduction of electron
polarization. Proposed solutions lead to experimental compli-
cations, ultimately limiting the method’s feasibility.

Here, we propose a simple and intuitive method, which
circumvents all the limitations mentioned above. The method
takes advantage the kinematics of the dissociation process,
the angular distribution of the polarization of the atomic
fragments and the shape of the dissociation laser beams, to
produce pure targets of highly polarized SPH, without the
presence of the unwanted halide partners.

©2025 American Physical Society
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In the next paragraphs, we describe the proposed method
and use a numerical model to predict the density and
polarization of the SPH atoms in the target, as a function
of time and in the absence of collisions, resulting from the
photodissociation of HCI, HBr, and HI at 213 nm. Next,
we describe how elastic collisions define the polarization-
density-dimensions regimes and describe the effect of elastic
collisions on the density and polarization of the SPH target.
Finally, we use particle-in-cell (PIC) simulations to demon-
strate the feasibility of laser acceleration with these isolated
SPH targets.

II. THEORY

A. Pulse sequence for isolating the SPH atoms

In the first step, we illuminate a hydro-halide sample using
a focused UV laser to dissociate all molecules within the laser
focus and along the Rayleigh range of the laser beam. The
halogen and H atomic fragments will acquire large velocities,
that will cause them to exit this volume within a few tens of
ns, creating a volume devoid of atoms or molecules, hereafter
referred to as hole. In the second step, a second dissociation
pulse of larger spatial dimensions (but of same wavelength
and pulse duration as the first), dissociates molecules in a
larger volume around the hole, hereafter called the reservoir.
SPH atoms will now fly from the reservoir to the hole volume
(much faster than the heavier halogen atoms), where they can
be ionized to produce accelerated electrons by an acceleration
pulse in the third step. The narrow velocity distributions of the
fragments and the available dissociation laser beam geome-
tries allow tailoring the hole and reservoir geometries, so that,
in the third step, only hydrogen atoms of high polarization are
contained inside the hole.

We consider dissociation pulses 1 (DP1) and 2 (DP2),
of the same wavelength and duration (around 200 nm and
100 ps for example), but with different spot size, intensity, and
synchronization. The pulses are directed towards a molecular
beam containing, for example, HCI molecules (Fig. 1). The
molecular beam moves with a velocity around 1000 m/s per-
pendicular to the direction of propagation of the dissociation
pulses; for simplicity, we use the reference frame of the mov-
ing molecular beam.

At t = 0, the pulse DP1 will dissociate all HCI molecules
in the volume of the hole, which is shaped as a prolate ellip-
soid, with semiaxes a, b (10 um), and ¢, which are parallel to
x,y, and z axes, respectively. We choose the Rayleigh range to
be larger than the width of the molecular beam; this way, the
hole is truncated, i.e., the front and back ends of the ellipsoid
defining the hole are cut, and consequently no HCIl molecules
are in front or after the area of the target. Dissociating HCI
at A = 200 nm results in H atoms with speed vy =~ 17 km/s
and Cl atoms with speed ve; & 0.47 km/s [Fig. 1(b)]. Thus,
the H atoms will leave the volume of the hole in a few ps,
and subsequently, the Cl atoms will also exit in few tens of ns,
leaving the volume of the hole devoid of atoms and molecules.
After ~45 ns, DP2 can be fired, which will produce fast SPH
atoms in the reservoir, which will then rapidly fill the hole
after ~1.42 ns (twice the hyperfine beating time).

Following dissociation, fast moving SPH atoms move to-
wards all directions, with a large number of them ending up
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FIG. 1. (a) Experimental setup, showing the gas jet and laser
beams. (b) Velocities associated with the dissociation process.
(c) The stages of the experiment: (i) complete photodissociation only
in area of hole; (ii) hole empties of atoms; (iii) complete photodisso-
ciation in reservoir around hole; (iv) hole fills with SPH.

in the volume of the hole. The polarization of these atoms
depends on their recoil angle: ns laser dissociation of HCI re-
sults in narrow velocity distributions for the atomic fragments
[26]. For dissociation at A = 213 nm, the velocity distribution
is a function of the angle 8, while the polarization of the SPH
atoms along the z direction is also a function of 6. In both
cases, 0 is the apex angle used in spherical coordinates [shown
in Fig. 1(b)], i.e., the dissociation laser beams propagate paral-
lel to the z axis with & = 0. Note that, following dissociation,
the polarization of the SPH atoms oscillates due to coupling
with the nuclear spin (1/2 for the proton), via the hyperfine
interaction [20], as shown in Fig. 3(a). So, in general, the
SPH polarization depends on (i) emission angle and (ii) time,
given by Pyg(t) [shown in Fig. 3(a)]. We refer to the emission-
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angle polarization as geometric polarization (Pg), and the total
(observable) polarization as Piot = Pg X Pup(?).

B. Geometrical polarization Pg

When an HI, an HBr, or an HCI molecule is photodissoci-
ated using circularly polarized light at A = 200 nm, the recoil
probability and polarization distribution are given by [26,27]:

1(0) = N(1 4 3Px(cos0)) (1)

with P,(x) being the second Legendre polynomials and N a
normalization factor. The polarization of the SPH atoms along
the z direction is:

P(6) = cos®6. 2)

To acquire the overall geometrical polarization of a large
sample of H atoms generated using UV photodissociation, we
need to integrate the product of these distributions over all
space, and divide with the number of atoms. Since the recoil
distribution and the polarization solely depend on the polar
angle 6, P; will be:

Sy P(O)I(6)sinddo .
G — )
Sy 1(0)sindd

where 6O,y and 6,0x are the limiting angles for the integration
(0 < Omax, Omin < ). By setting Oin = 0 and O, = 7 for
example, one easily obtains the free-space value of 40%.

If, however, free space can be tailored, for example by
choosing particular geometries for the volume from which
H atoms originate and accumulate to, as is done here, the
limiting angles can change, and so will Pg. It is easy to
show that the photodissociation geometries used, where the
hole and reservoir lasers propagate in the same direction, the
limiting angle 6,;, will remain constant and equal to zero
while 6, will vary from zero to /2 as a function of loading
time. Conversely, Omin Will vary with time and 6y,,,x will remain
constant and equal to & /2 if instead of a parallel, a crossed
orientation is chosen between the hole and reservoir beams
[parallel and crossed schemes shown in the insets of Fig. 2(a)].
In Fig. 2(a) we show the evolution of P; as a function of either
Omax (parallel case) and 6, (crossed case), as well as the
free-space value. We see that choosing the parallel geometry
allows for polarization maximization for small values of the
limiting angle Opax-

This, of course, comes with the expense of reducing the
density of the sample, since now, entire directions of space are
removed from contributing to the sample density in the hole.
The density as a function of 6, in the parallel case is shown
in Fig. 2(b) (gray curve, left and lower axis). Regardless of
any specific geometrical arrangements, the maximum density
(as a percentage of the initial density of the parent molecule)
for which a specific polarization can be achieved is shown in
Fig. 2(b) (dashed black curve, right and upper axis).

The detailed numerical model, which takes into account
the geometry of the hole and reservoir, (including the laser
intensity profile, or the hole and reservoir truncation due to
the limited size of the molecular beam) calculates the density
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FIG. 2. (a) Evolution of P; as a function of 0,,,x (parallel case)
and 6y, (crossed case) and free space value. (b) Evolution of the
target density ny, as a fraction of the initial density of the parent
molecules, with respect to the evolution of the limiting angle 6y«
for the parallel case (gray curve, left and lower axis). Geometric
polarization P; as a function of the density inside the hole in the
parallel case (dashed black curve, right and upper axis).

of the target at a function of time as:

_ 3 [ 10V 6. ¢, 1)sinodode

T 27 . (4)
Jo ST 1©)sinddod g
while the target polarization as
b J& JST POI©)V (O, ¢, 1)sinddbdg )
T ST 1OV 6. ¢, 1)sinddodp
while
VO, ¢,t)=H(#R(F + vt) (6)

is the time-dependent volume defined by the overlap of the
volumes of the hole H(#) and the reservoir R(7# — Ut) at a
given direction, without considering collisions [28]. If we
consider one collision per atom at t = t. (With tefy = Ingp /vy
with [y, being the collision mean-free path and vy the speed
of the H atoms), then instead of V (6, ¢, t), one must consider

b4 2
vell@, ¢,1) = / H(F)R'[} + Vg
0 0
+0'(t — ter)1d0'd g’ (7

with R'(?) = R(? + Vt.)[1 — H(#)] being the volume of the
reservoir atoms, which have not entered the target area
before f.g.
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FIG. 3. (a) Polarization evolution of the hydrogen electron due
to the hyperfine interaction. (b) Density of SPH atoms target atoms
nr inside the hole, over the initial density of the reservoir ng, as a
function of time after firing DP2, in the absence of collisions. (¢) Pg
(dashed lines) and total polarization (solid lines) of the hydrogen
atoms inside the hole as a function of time after firing the DP2, again,
in the absence of collisions.

III. RESULTS AND DISCUSSION

We can simulate the preparation of an isolated SPH target;
we choose to employ 213 nm pulse to create a target of
moderate width of around 20 um, and we choose to explore
employing HCl, HBr, and HI dissociation. We exclude HF
from our considerations, since the photodissociation cross
section is very small for this molecule at 213 nm, and
while it has been shown theoretically that HF gives SPH
from photodissociation near 157 nm [29], the feasibility of
the photodissociation process has not been experimentally
demonstrated.

In Fig. 3(b), we see the ratio of the target density nr
of the SPH entering the hole over the initial density of the
parent molecules in the reservoir ng, as a function of time
after firing DP2, in the absence of collisions (green, brown,
and red lines correspond to the dissociation of HCIl, HBr,
and HI, respectively). The density of the SPH atoms rises
fast, reaching close to half the initial density of the parent
molecules in the molecular beam atr ~ 0.5 ns, and afterwards
is gradually reduced.

In Fig. 3(c), we show the values for P; (dashed lines) and
P,: (solid lines) as a function of time. We see that the P; curve
starts around 40% (the free-space value), and increases to
~80% at t ~2 ns. This polarization increase is to be expected:
the hole is shaped as a prolate ellipsoid with its large axis
parallel to the laser propagation. SPH atoms recoiling at large
angles with respect to the laser propagation axis have low
polarization [P(6 ~ 7 /2) & 0], and exit the hole very quickly.
In contrast, highly polarized SPH atoms with small recoil
velocities stay in the hole longer, since they transverse a much
larger distance to exit [28].

In Fig. 3(c) we see that the electron polarization is
maximized at t+ = 0.7 ns, i.e., the hyperfine period of the
electron-proton system and all integer multiples of this time.
For the case of HCI dissociation, the overall electron polar-
ization at = 1.42 ns is close of 70% with a loss of a factor
of ~1/5 in density [shown in Fig. 3(b)], while at ¢t = 2.12 ns
the polarization surpasses 80%, with an almost double cor-
responding reduction in density. If instead of HCIl, HBr, or
HI photodissociation is considered, the resulting polarization
can reach more than 75% and 80%, respectively. Note that
the solid curve reaches zero at r = 0.35 ns (half the hyperfine
period for the electron-proton system) and integer multiples
of this time. At this point all polarization is transferred to the
proton nuclear spin, offering a target for laser acceleration of
polarized protons.

A. Limitations due to elastic collisions

The maximum density in which such a prepolarized target
can be prepared is limited by elastic collisions. Note that de-
polarizing H-halogen collisions are negligible in comparison,
as the H-Cl depolarizing cross section has been measured
to be orders of magnitude smaller than the corresponding
elastic collision cross section [30]. However, even nonde-
polarizing collisions, change the SPH recoil trajectories and
ultimately break the correlation between the recoil angle and
polarization.

We estimate the number of elastic collisions by considering
the collisions mean-free path /5, and the mean-free time be-
tween collisions #;. We can calculate the time it takes for the
last SPH atom coming from the reservoir to exit the hole, and
compare it to 7. More generally, by setting 7%m = 1.5 X fq

we obtain a ~ (lsf;’;&, with a being the small axis of the
2

ellipsoid defining the hole, o the collision cross section, ng the
density of the parent molecules in the molecular beam, and g
the ratio ”7’* of the diameter ay of the reservoir laser PD2 over
the diameter of laser PD1. In this way one can obtain the lines
shown in Figs. 4(a), 4(c) and 4(e), for the dissociation of HCI,
HBr, and HI, respectively, while combining with Eq. (5) we
can obtain the lines shown in Figs. 4(b), 4(d) and 4(f), again
for the dissociation of HCI, HBr, and HI, respectively.

The target density and polarization depend both on the
size and the angular dependence of the elastic collision dif-
ferential cross section (DCS) [31]. We have found that for
an isotropic DCS, a useful rule of thumb for estimating the
target polarization as a function of its density and dimensions
is to set the density so that #,cc & 1.5 X f.g, an arrangement
that keeps collisional depolarization limited to the outer parts
of the target. The target diameter, density and polarization
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FIG. 4. (a) Maximum SPH prepolarized target diameter as a function of the target density, for the photodissociation of HCI at 213 nm,
for various degrees of polarization. The red dot shows the conditions in which PIC simulations were performed. (b) Maximum polarization as
a function of density for various choices for the target diameter D, again, for the photodissociation of HCI at 213 nm. (c) and (e) Similar to
(a) but for the photodissociation of HBr and HI at 213 nm, respectively. (d) and (f) Similar to (b) but but for the photodissociation of HBr and

HI at 213 nm, respectively.

regimes resulting such a criterion are shown in Fig. 4. The
maximum target diameter at a given density and polarization
is approximately inversely proportional to the total elastic
collision cross section. When the target polarization is chosen
to be close to the thermal value of 40%, the criterion #,.. ~
1.5t.5 can be relaxed even further to allow a few consecutive
collision events.

For a target polarization around of 40%, the target polar-
ization no longer limits its size; however, new limitations arise
from collisions during the first step, that of creating the hole
using DP1. In this step, only halogen-to-halogen elastic colli-
sions can delay the emptying process by forcing the halogen
atoms into a random walk. This weak limitation is visualized
using the gray dashed lines in Figs. 4(a), 4(c) and 4(d), which
mark the onset of one, five, and ten average halogen collisions
during the step of emptying the hole using DP1.

ng=8x10"¢ cm™

ng=4x10"" cm™

x/y (um)

FIG. 5. (a) Density distribution of the target SPH atoms ny att = 1.42 ns, for ng = 4 x 10'7 cm—3(solid gray line) and ngz = 8 x 10'® cm~

] (®) g0 ‘ .

We can choose to simulate the preparation of a ~20 wm
wide target, using HCI dissociation at 213 nm. The H-H
polarized elastic collision cross section is calculated to be
around op.g ~ 130 a.u. [31-33], while an additional elastic
collision cross section oy.c; ~ 160 a.u., related to elastic H-Cl
collisions is expected.

In Fig. 5(a), we show with the solid gray line, the target
density nr at f,.c = 1.42 ns, when the reservoir density (i.e.,
the initial density of the molecular beam) has been chosen to
be ng = 8 x 10' cm™3. This density corresponds to Iy, ~
17 wm and fy ~ 1 ns. Looking at Fig. 3(b), we see that
by this time, the maximum density inside the hole has been
reached, and it is starting to decline. This means that the by
this time, most of the atoms will have entered the area of the
hole, which lies in a lower density, and therefore they will
experience almost no collisions. The evolution of the density

J

nr=2x10" cm™

P (%)

x/y (um)

3

(dashed black line). (b) Polarization distribution of the target SPH atoms at t = 1.42 ns, at ny = 10'7 cm™ (solid blue line) and n; =

2 x 10'® cm™3 (dashed blue line).
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inside the hole will mostly resemble the one shown in Fig. 3(b)
where no collisions have been taken into account. Similarly,
the polarization, shown in Fig. 5(b) with the blue solid line,
will have an evolution similar to what is shown in Fig. 3(c),
as only few atoms in the borders of the hole will have been
affected by collisions.

If we assume however a higher density, for example equal
tong =4 x 10" em™3, then Iy, ~ 3.5 um and 75, ~ 0.2 ns.
At this time, most SPH atoms will still be outside the vol-
ume of the hole, and therefore collisions have to be taken
into account. Collisions randomize the emission direction and
while they do not significantly change the density fraction of
the atoms ending up in the hole at 7,.. = 1.42 ns, [shown in
Fig. 5(a) with a dashed black line], the polarization has been
almost totally randomized and reduced to near its free-space
value of 40%, as we see in Fig. 5(b) with the dashed blue line.
Note that both the density and the polarization distributions
are homogenized in direction z, the laser propagation direc-
tion, for most of the target’s length.

B. PIC simulations

To investigate wake-field acceleration of polarized elec-
trons with such targets, we conduct two-dimensional PIC
simulations with the code VLPL [34,35]. The simulations uti-
lize a grid resolution of A, = 0.02A, i, = 0.05A. As we utilize
the rhombi-in-plane Maxwell solver [36], the time step is
chosen as At = h,/c. The wavelength of the driving laser,
which is the normalization constant for our simulations, is
chosen as A = 1.6 um. Wake fields driven by CO, laser pulses
or pulses in the midinfrared range have been the subject of
several theoretical studies such as Refs. [37,38] showing that
self-trapping at lower plasma densities can be achieved, mak-
ing use of the fact that the threshold for self-trapping in wake
fields depends on the critical density, which is lower for larger
wavelengths.

We model our target as a slab, consisting of Gaussian-
shaped HCI walls with a density of 3.5 x 10!7 cm™3 and a
central channel containing the spin polarized hydrogen (and
electrons), at a density of 107 cm™3 and a channel width of
20 um. For simulation purposes, we choose a target length of
240 wm and consider the SPH as being preionized (potential
spin-dependent effects during ionization are discussed inter
alia in Ref. [39]). The electrons are prepolarized in z direction.

We use a driving pulse (moving in +z direction) with
ay = 6, focal spot size of 3A and a duration of 61 /c. As shown
in Fig. 6, polarized electrons are guided and accelerated in the
channel structure induced by the laser pulse. Due to targetry
restrictions, the choice of laser parameters is rather limited:
while stronger pulses are of interest for self-trapping, higher
intensity will lead to increased spin precession and a loss of
polarized electrons to the HCI walls. For the aforementioned
laser and target parameters, we are able to accelerate 3.9 pC
up to approximately 4 MeV over the target length and up to
48% of the initial target polarization is preserved. Considering
an initial polarization around 45% for the isolated SPH target,
we result in a final polarization for the accelerated electron of
~22%. These electrons can be injected into a second wake-
field stage (similar to Refs. [40,41]) in order to obtain higher
energies. If the Lorentz factor becomes sufficiently large dur-
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FIG. 6. PIC simulation results. (a), (b) show the unpolarized and
polarized electron density, respectively. (c) shows the phase space of
only the polarized electrons, while (d) shows the transverse electric
field. The color bars are clipped for better visibility.

ing the first stage, the precession of spins according to the
T-BMT equation becomes negligible [42].

The laser parameters and injection scheme could be further
tuned for different target densities: wider holes of SPH are
possible to generate, however, at lower densities, as shown
in Fig. 4. One scheme previously proposed for polarized HCI1
targets has been that of colliding-pulse injection [24,43]. In
these theoretical considerations, however, a fully prepolarized
target with 10'® cm™> density and much larger dimensions
was used for simulations. Further optimization of this target
for wake-field acceleration could consist of implementing
density ramps, for example by intensity shaping [44] the reser-
voir laser beam (see Appendix A). Finally, THz acceleration
might offer the possibility of efficient acceleration at lower
target densities, due to the scaling of critical density with the
acceleration pulse wavelength [45,46], and allow accessing
regimes of higher target polarization (see Fig. 4).

IV. CONCLUSIONS

We have shown how, by combining the optical properties
and the stereodynamics of the photodissociation process, one
can prepare an isolated target of highly polarized SPH atoms,
to be used in laser initiated electron acceleration experiments.
We have demonstrated how a sample suitable for a simple
wake-field acceleration scheme can be prepared to allow MeV
energies, which can be brought well into the GeV regime
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FIG. 7. Cuts of the density distribution inside the hole along the x/y plane, showing contributions from atoms entering the hole at t < #.¢ for
a normal Gaussian laser (a) and a shaped Bessel beam (b) utilized as PD1. (c) Polarization distribution in the hole at t = 1.42 ns. Comparison
between a Besselian and a Gaussian intensity distribution for the photodissociation lasers.

using a subsequent acceleration stage. Owing to the simplicity
of the proposed method and the universality of the photodis-
sociation dynamics, a large variety of similar prepolarized
targets can be designed to fit the needs of other acceleration
schemes.
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APPENDIX A: BEAM SHAPING

It is clear that the loading dynamics depend not only on the
overall size by also the exact shape of the hole and reservoir.
In particular, the shape of the hole-reservoir border depends
on the intensity distribution of the dissociating pulses. Laser
beams follow Gaussian optics, however, plenty of additional
geometries are available through advanced beam intensity-
shaping methods. For example, by modulating the spatial
spectrum of a Bessel beam [44], we can engineer its intensity
profile, achieving a top-hat-like distribution along the propa-
gation direction, and a very narrow, Bessel-like distribution in
the transverse direction.

Bessel-like intensity distributions permit sharper hole-
reservoir borders. In Fig. 7(a), we show a slice of the density
distribution of SPH inside a hole, using parameters identical to
those used in Fig. 3. The parameters used for the calculations

shown in Fig. 3(a) correspond to a Besselian intensity distri-
bution, while the ones used in Fig. 3(b) to a usual Gaussian
distribution. As we see in Fig. 7(b), the polarization of the
target atoms is slightly reduced when a Gaussian laser beam
is considered.

Beam shaping can be used as an additional engineering tool
to fine tune the method into providing with optimal prepolar-
ized acceleration targets. The potential of using shaped beams
seems even greater when considering schemes, which can al-
low for designing prepolarized targets with nontrivial density
distributions, to accommodate advanced plasma-acceleration
schemes.

APPENDIX B: MOLECULAR BEAM REQUIREMENTS

The molecular beam requirements can be estimated on
the first step, that of emptying the hole, since this is the
most time-consuming step in which thermal motion can play
a significant role. For a hole such as the main example of
the main document, with a width close to 20 um, the time
required after firing PD1 to reduce the density by an order
of magnitude is close to 45 ns. Any residual velocity Av, ,,
due to, for example, thermal motion, will blur the borders
between the hole and reservoir, leading to an effect similar
to the one discussed in the previous paragraph. If we require
for this blur to be at most 0.15 x a, with a being the hole ellip-
soid small axis, we find Av,, = 50 m/s, corresponding to a
translational temperature of around 10 K. This requirement
does not change when considering larger diameter for our
hole, up to few hundred um. Note that rotational temperature
is irrelevant, and highly polarized SPH and SPD atoms from
room-temperature photodissociation have been demonstrated
[20]. Av,,, should also take into account the molecular beam
divergence: it should remain below &~ 3°, which, for a molec-
ular beam velocity of 1000 m/s, corresponds to a spread of
5 cm over the course of one meter.
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