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This short presentation gives some details about the ray-tracing montecarlo simulations performed
on the existing BGV geometry, and the new one proposed

Reference is made to the presentation “Beam Gas Vertex instruments for HL-LHC” by R. Kieffer, HL-
LHC WP13 Bl Meeting #3 of 2020, 10/2/2020, https://indico.cern.ch/event/881755/

e Theideais to go from this... - ... to this, using a highly collimated gas jet target
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In particular it deals with the “optimized” BGV target, which could be obtained applying
micro-mechanical manufacturing techniques, as described in https://doi.org/10.1038/541467-019-09647-3
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Cascaded collimator for atomic beams traveling
in planar silicon devices

Chao Li!, Xiao Chai', Bochao Wei', Jeremy Yangz, Anosh DaruwallaZ, Farrokh Ayazi2 & C. Raman'

Micro- and increasingly, nano-fabrication have enabled the miniaturization of atomic devices,
from vapor cells to atom chips for Bose-Einstein condensation. Here we present micro-
fabricated planar devices for thermal atomic beams. Etched microchannels were used to
create highly collimated, continuous rubidium atom beams traveling parallel to a silicon wafer
surface. Precise, lithographic definition of the guiding channels allowed for shaping and
tailoring the velocity distributions in ways not possible using conventional machining. Mul-
tiple miniature beams with individually prescribed geometries were created, including colli-
mated, focusing and diverging outputs. A “cascaded” collimator was realized with 40 times
greater purity than conventional collimators. These localized, miniature atom beam sources
can be a valuable resource for a number of quantum technologies, including atom inter-
ferometers, clocks, Rydberg atoms, and hybrid atom-nanophotonic systems, as well as
enabling controlled studies of atom-surface interactions at the nanometer scale.
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 What is the advantage of such a technology?

* Introduction: one tiny square channel only, with a high-pressure “reservoir” on one side,
generates a highly-directional molecular beam (a); htts//doiore/10.1038/541467019-09647-3
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* A similar configuration with 3 shorter channels separated by short “molecular sinks”, g, and
g,” (b): only the central part of the collimated (“beamed”) molecular flow reaches the exit
of the 3" tube; This configuration, called a “cascaded collimator”, helps reducing the
background of the molecules effusing at a larger angle; Even just one g. may be suffici
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* Typical mean-free path and density variation as a function of pressure (1 hPa = 1 mbar)

* Molecular flow conditions, i.e. “no inter-molecular collisions, prevail when MFP<< typical
vacuum component size (e.g. diameter in a tube)

(Ref. “The Vacuum Technology Handbook”, Pfeiffer Vacuum)
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Courtesy R. Kieffer, personal comm.
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* Under molecular flow conditions and small channel dimensions, the total gas throughput
may not be sufficient to guarantee the necessary integrated path density for the BGV; If we
want to localize the proton-gas jet interaction along a distance of, say, 1 cm, then we need
to have a much higher (~200x) molecular density as compared to the present ~2 m long

BGV, so aiming at ~10~ mbar range

* The solution is to be able to fabricate on a single Si substrate, a series of highly parallel

channels:
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Fig. 1 The planar concept for atomic beams. a In a fully planar vision, atoms propagate from a source region into a planar device that has been
lithographically etched into a silicon chip. Shown schematically are multiple sequential operations including beam formation by collimation, laser
deceleration and/or cooling, atom interferometry or other sensing protocols using guided atoms, followed by detection. Blue arrows indicate the direction
of the atomic beam propagation. b Rubidium atom beam collimation as the first nontrivial element demonstrated in this work. Adjacent image shows the
experimentally observed fluorescence output of 20 individually resolved collimation channels. € Optical and d scanning electron micrograph (SEM) end
images of the channels show the etched base wafer and sealing capping wafer. e-g SEM top images before bonding the capping wafer showing

@‘ https://doi.org/10.1038/s41467-019-09647-3
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Similar example: microfabrication of cooling plates
(courtesy R. Kieffer, personal comm.)
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« CAD model and 2D drawing for the
“optimized” high-density cascaded

collimator gas injection system (left)

* View of one Molflow+ ray-tracing simulation
for the same geometry (below); In the inset
the well-collimated angular distribution at
the beam position
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* Molflow+ simulation: 15t step is to generate angular distribution at exit of one 50x50 um?
tube, made up of one initial section of 0.5 mm-long, then one bigger pumping space (pumping
prob.= 50%) 0.2 mm-long, and then finally o short square tube 0.05 mm-long (left);
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* The angular plot at the exit (right) shows that the molecular beam is contained within +/-2°

2° angular divergence corresponds to ~2.9 mm across the 80 mm tube, towards the pump
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 The peakin front of the 20-channel gas injection array is underestimated in this plot, since
the bin size (224/100=2.24 cm) is far too big compared to the axial width of the injected Ne,
which is only ~ +/- 0.1 mm FWHM (see next slide)
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Alternative GaSJe
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Summary and future developments

* A new model, with a very collimated cascaded capillary array has been proposed
* It has been shown, via ray-tracing MC simulations, that such a configuration has the advantage of

allowing the creation of a ~3 orders of magnitude localized density spike, which in turn would allow
a better vertex localization, with a thinner exit window

2m gas target |
Long z acceptance region

Gas jet
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450 mm .

Further modelling needs to be carried out in order to evaluate the contribution of the p-Ne
interactions along the 450 mm-long conical plenum

A collaboration with a laboratory where the silicon array can be manufactured needs to be

~established (as far as | know it was EPFL when R. Kieffer was on the project) . HL )
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