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Abstract:

Provided herein are articles of manufacture, systems, and methods employing a gas-deflector plate in
low to ultra-high vacuum systems that use differential pumping (e.9., gas-target particle accelerators,
mass spectrometers, and windowless delivery ports). In certain embodiments, the gas-deflector plate
is configured to be positioned between higher and lower pressure regions in a pressurized system,
wherein the gas-deflector plate has a channel therethrough shaped and/or angled such that jetting gas
moving through the channel enters the lower pressure region at an angle offset from the vertical axis
of the gas-deflector plate andfor the channel. In other embodiments, a jet-deflector component is
employed such that the jetting gas strikes such jet-deflector component and is re-directed in another
direction.
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GAS JET DEFLECTION IN PRESSURIZED SYSTEMS

The present application clamns priority to US. Provistonal application serial number

62/876,1106, filed July 19, 2019, which is herein incorporated by reference in 1ts entirety.

FIELD

Provided herein are articles of manubacture, systemns, and methods employing a gas-
deflector plate in low to ultra-high vacuum systems that use differential pumping {e o, gas-target
particle accelerators, mass spectrometers, electron-beam welding, and windowless delivery
ports). In certam embodiments, the gas-deflector plate 1s configured to be positioned between
higher and fower pressure regions in a pressurized system, wherein the gas-deflector plate has a
channel therethrough shaped and/or angled such that jetiing gas moving through the channel
enters the lower pressure region at an angle offset from the vertical axis of the gas-deflector plate
and’/or the channel. In other embodiments, a jet-deflector component ts emploved such that the

jetting gas strikes such jet-deflector component and is re-directed in another direction.

BACKGROUND

Target designs for particle accelerators can take the form of solid, liquid, or gas/plasma.
High pressure gas from the target will naturally flow towards lower pressure portions of the
accelerator system where high vacuum is required. Vacuum windows can be used to separate the
target material from the high vacuum environment of the beamline while permitting the high
energy particles to pass through. In the case of high-flux, continuously operated accelerators the
thermal stresses on the window become unmanageable and such an approach is ineffective.

An alternative approach is io focus the beam into the target chamber through a narrow-
diameter aperture. To combat this natural transport of gas escaping the target, differential
pumping systems are emploved composed of pumping stages separated by additional coaxial
apertures — permitting pressure ratios in excess of 10” within the beamline. In this approach, high
pressure target gas expanding through the target aperture will accelerate while transiting 1nio the
adjacent differential pumping stage. In the case of a linear beamline in which all the pumping
apertures are coaxial, this phenomenon can result in a considerable portion of the jetting gas to

coherently traverse an adjacent pumping stage. Consequently, higher pressures will be

i
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propagated further up the course of the beamline and may interfere with beam transport by
increasing charge exchange, scatter and/or decreasing the focusing ability and overall

effectiveness of the accelerator.

5 SUMMARY
Provided herein are ariicles of mamifacture, sysiems, amnd methods emploving a gas-
deflector plate that may be combined with an asymmetric nozzle in low io ultra-high vacuum
systems that use differential pumping {(e.g., gas-target particle accelerators, mass spectrometers,
electron beam welding, and windowless delivery ports). In certain embodiments, the gas-

10  deflector plate s configured to be posttioned between higher and lower pressure regions in a
pressurized system, wherein the gas-deflector plate has a channel therethrough shaped and/or
angled such that jetting gas moving through the channel enters the lower pressure region at an
angle offset from the vertical axis of the gas-deflecior plate and/or the channel In other
embodiments, a jet-deflector component s employved such that the jetiing gas strikes such jet-

15  deflector component and is re-directed in another direction.

In some embodiments, provided herein are articles of manufacture comprising: a gas-
deflector plate, wherein the gas-deflector plate comprises a top surface, a bottom surface, and a
channel extending through the gas-deflector plate, wherein the gas-deflector plate: 1) has
longitudinal and iateral axes that extend through the gas-deflector plate that are paraliel to the top

20 and bottom surfaces, and n} a vertical axis that 1s perpendicular to the longitudinal and lateral
axes, wheremn the gas-deflector plate 1s configured 1o be positioned between a higher pressure
region and lower pressure region in a pressurized system {e.g, as described in U S, Patent
8,837,662, heremn incorporated by reference in its entirety) such that the top surface faces the
lower pressure region and the bottom surface faces the higher pressure region, wherein the

25  channel comprises: 1) a top opening 1n the top surface of the gas-deflector plate, and 11} a bottom
opening 11 the bottom surface of the gas-deflecior plate, and wherein the channel 1s shaped
and/or angled such that jetting gas moving through the channel from the higher pressure region
to the lower pressure region enters the lower pressure region at an angle offset from the vertical
axis.

30 In certain embodiments, provided herein are systems comprising: a) any of the gas-
deflector plates described herein, and b) a jet-deflecior component comprising a first surface,

wherein the jet-deflector component is configured to be posstioned in the lower pressure region

(R
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such that the jetting gas entering the lower pressure region strikes the first surface and is re-
direcied 1n a different direction. In particular embodiments, the first surface has a shape selected
from the group of: flat, concave, convex, and textured. in other embodiments, the jet-deflector
component further comprises first attachment components {e.g., screws, rods, holes, nuts, etc.},
and wherein the gas deflector plate further comprises second attachment components (e.g.,
screws, rods, holes, nuts, etc.}, and wherein the firsi and second attachmeni components allow
the jet-deflector component to be attached to the gas deflector plate (e.g., using bolkts and
openings for the bolts).

In some embodiments, provided herein are systems comprising: a) a pressurized sub-
svstem comprising: ¢} a higher pressure region, and 1) a lower pressure region; and b) a gas-
deflector plate, wherein the gas-deflector plate comprises a top surface, a bottom surface, and a
channel extending through the gas-deflector plate, wherein the gas-deflector plate: 1) has
longitudinal and lateral axes that extend through the gas-deflector plate that are paraliel to the top
and bottom surfaces, and i1} a vertical axis that is perpendicular to the longitudinal and lateral
axes, wherein the gas-deflector plate 1s positioned between the higher pressure region and the
lower pressure region such that the top surface faces the lower pressure region and the bottom
surface faces the higher pressure region, wheremn the channel comprises: 1) a top opening in the
top surface of the gas-deflector plate, and i1} a bottom opening in the bottom surface of the gas-
deflector plate, and wherein the channel i1s shaped and/or angled such that jetting gas moving
through the channel from the higher pressure region to the lower pressure region enters the lower
pressure region at an angle offset from the vertical axis. In certam embodiments, the systems
further comprise: ¢} a jet-deflector component comprising a first surface, wherein the jet-
deflector component 1s positioned in the lower pressure region such that the jetting gas entering
the lower pressure region sirikes the first surface and 1s re-directed in a different direction.

In other embodiments, provided herein are systems compnising. a) a pressunizable sub-
system comprising: 1} a first region, and 11) a second region; and b} a gas-deflector plaie, wheremn
the gas-deflector plate comprises a top surface, a bofttom surface, and a channel extending
through the gas-deflector plate, wherein the gas-deflecior plate: 1) has longitudinal and lateral
axes that extend through the gas-deflector plate that are parallel to the top and bottom surfaces,
and 11} a vertical axis that is perpendicular to the longitudinal and [ateral axes, wherein the gas-
deflector plate 1s postiioned between the first region and the second region such that the top

surface faces the second region and the bottom surface faces the first region, wherein the channel
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comprises: 1} a top opening in the top surface of the gas-deflector plate, and 11) a bottom opentng
in the bottom surface of the gas-deflector plate, and wheremn the channel is shaped and/or angled
such that jetting gas moving through the channel from the first region to the second region enters
the second region at an angle offset from the vertical axis.

In other embodiments, provided herein are methods comprising one or more of: a}
positioming a gas-deflector plate between a first region and a second region of a pressurizable
system, wherein the gas-deflector plate comprises a top surface, a bottom surface, and a channel
extending through the gas-deflector plate, wherein the gas-deflector plate: 1) has longitudinal and
lateral axes that extend through the gas-deflector plate that are parallel to the top and bottom
surfaces, and it} a vertical axis that 1s perpendicular to the longitudinal and Iateral axes, wherein
the sas-deflector plate is positioned between the first region and the second region such that the
top surface faces the second region and the bottom surface faces the first region, wherein the
channel comprises: 1) a top opening in the top surface of the gas-deflector plate, and 11} a bottom
opening in the bottom surface of the gas-deflector plate, and b) activating the pressurizable
system such that the pressurizable sub-system becomes pressurized and the first region s at a
higher pressure than the second region thereby causing jetting gas to move through the channel
from the first region fo the second region and enter the second region at an angle offset from the
vertical axis.

In certain embodiments, no physical component obstructs said jetting gas coming out of
said channel into said low pressure area. In certain embodiments, the angle of the jetting gas 15
at least S or [0 degrees offset from the vertical axus {e.g., atleast ... 10 .. 15..,.25 .35 .45
55..65..75 .. or 85 degrees). In some embodiments, the angle of the channel is offset from
the vertical axis at least S or 10 degrees{e.g,atleast5 .. 10 . 1325 .35 .. 45..55 .. 65 ..
75 ... or 85 degrees). In other embodiments, the top opening comprises an asymmetric opening,
In further embodiments, the asymmetric opening is formed from first and second portions of the
channel, wherem the first portion 15 across the asymmetric opening from the second portion, and
wherein the second portion has a greater angular offset from the vertical axis than the first
portion.

In some embodiments, the pressurized system comprises a differential pumping system.
In certain embodiments, the pressurized system comprises a particle accelerator system which
COMPrisSEs. i} an 10n sOurce, 11) an 1on accelerator, 11} a differential pumping system, and v) a

target chamber. In some embodiments, the particle accelerator system comprises some or ail of

4
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the components of the systems found in U.S. Patent 8,837,662, which is herein incorporated by
reference in s entirety. In further embodiments, the gas-deflector plate 1s configured to be
posttioned between the target chamber and the differential pumping system. In other
embodiments, the target chamber comprises the higher pressure region and the differential
pumping system compnses the lower pressure region. In further embodiments, the pressurized
system comprises a mass specirometer. In other embodiments, the mass specirometer comprises:
1} a sample chamber, 11) a differential pressure stage, and 11t) an tomization chamber. In some
embodiments, the gas-deflector plate is positioned between the sample chamber and the
differential pumping stage. In other embodiments, the sample chamber comprises the higher
pressure fegion and the differential pressure stage comprises the lower pressure region.

In certain embodiments, the channel has a diameter of about 2.5-90mm{eg., 3.5 ... 4.5
L. 50...535..65...79 ... 9.0mm)along most or all of its length. In particular embodiments,
the length of the channel 1s about 4-6 times the diameter of the channel. In certain embodiments,
the length of the channel is about 15-35 mm (e.g., 15 .. 20 .. 25 .. or 35 mm). In other
embodiments, the top opening has a diameter of about 2 times the diameter of the channel, or
about 6-18mmeg., 7 ... 10 . 15 .. 17 mm). In further embodiments, the gas-deflector plate
has a thickness between the top surface and the bottom surface of about 13-40 mm (e.g., 13 ... 25
... 34 .. or 40 mm). In other embodiments, the gas-deflector plate has a circular or generally
circular shape, or square or generally square shape. In other embodiments, most or all of the gas-
deflector plate is composed of metal. In further embodiments, the metal is selected from the
group consisting of. copper, tungsten, and stainless Steel.

In some embodiments, the gas-deflector plaie comprises one or more openings that alfow
attachment to the higher pressure region and/or the lower pressure region.

In certain embodiments, the jet-deflecior component 1s attached to the top surface of the
gas-deflector plate. In other embodiments, the pressurized sub-system 15 selected from the group
consisting of, pgas-target particle accelerators, mass spectrometers, and windowless delivery
ports. In other embodiments, the higher pressure region comprises a target chamber of a particle
accelerator, and the lower pressure region comprises part of a differential pumping system. In

certain embodiments, the gas-deflector plate i1s composed of heat-resistant materials.

LA
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows a gas-target particle accelerator with a pair of gas-defiector plates (30)
between components with different pressures. FIG. 1B shows a plate (50) with a uniform
channel (1) that 1s straight through the plate and does not reduce pressure.

F1G. 2 shows an exemplary schematic of a three-stage differential pumping configuration
with 3 uniform and straight channel {1}

FIG. 3A shows an exemplary gas-deflector plate (30) with a channel {70) with an
asyvmmetric aperiure (7) that causes the jetting gas (arrow; 8) to deflect from the vertical axas of
the gas-deflector plate. FIG. 3B shows the exemplary gas-deflector plate (30) from FIG. 3 A with
dotted lines to show the longitudinal axis {(40) and lateral axis {41}

FIG. 4 shows an exemplary schematic of a three-stage differential pumping configuration
with an asymmetric aperture {7) that causes jetting gas {arrow; 8) to deflect downwards. In
certain embodiments, the asymmetry m the aperture 1s positioned differently such that the jetting
gas is directed upwards, to the left, or to the right.

FIG. 5A shows an exemplary gas-deflector plate with an asymmetnic aperture {7} that
causes the jetting gas (arrow; 8) to deflect from the vertical axis. The jetting gas hits a jet
deflector (10} causing the jetting gas to deflect to a dafferent direction (arrow;, 12} FiG. 5B
shows the exemplary gas-deflector plate (30) from FIG. 5A with dotted lines to show the vertical
axis (42).

FI(3. 6 shows an exemplary schematic of a three-stage differential pumping configuration
with an asymmetric aperture and 3 jet deflector {10) that causes the jetting gas to travel ina
different direction {arrow; 12}.

F1G. 7 illustrates the use of a channel {70} with asymetric aperture {7) for gas jet
deflection in particle accelerator applications. The particle beam is shown as dotted line (14).

FI1G. 8 iHlustrates the use of a channel with an asymmetric aperture for gas jet deflection
N & Mass spectrometer,

FIG. 9 show an exemplary jet deflector (10} bolted to a gas-deflector plate {30} using
bolts (95).

Fi(G. 10 shows an exemplary gas-deflector plate {30) composed of two parts — an outer
housing and an inner replaceable “puck”. In certain embodiments, these parts are held in
postiton by other components such that leak paths between the high- and low-pressure regions

aie minimized.
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DETAILED DESCRIPTION

Provided herein are articles of manufacture, systems, and methods emploving a gas-
deflector plate in low to uitra-high vacuum systems that use differential pumping (e.g., gas-target
particle accelerators, mass spectrometers, and windowless delivery ports). In certain
embodiments, the gas-deflector plate is configured to be positioned between higher and lower
pEessure reglons in a pressurized system, wherein the gas-deflector plate has a channel
therethrough shaped and/or angled such that jetting gas moving through the channel from the
higher pressure region to the lower pressure region enters the lower pressure region at an angle
offset from the vertical axis of the gas-deflector plate. In other embodiments, a jet-deflector
component 1s employed such that the jetting gas strikes such jet-deflector component and is re-
directed 1n another direction.

in certain embodiments, the present discliosure provides a gas deflection techmigue to
deflect supersonic jetting in differential pumping applications. In some embodiments, the
deflection device s a gas-deflector plate with a channel with an asymmetric aperture. When high
pressure gas is expanded through the channel and asyvmmetric aperture, the resulting gas jet {(e.g |
SuUperscnic gas jet) gams an off-axis velocity component in the direction of the asymmetry. In
particular embodiments, the shape and/or angle of the channel diverts the direction of the gas jet
n a differential pumping system, decreasing mass transport {o lower pressure sections while
reducing pumping requirements {o maintain a given stage pressure. In certain embodiments,
deflection of the gas jet is further improved with the additton of a jet deflector component
positioned in the direction of the aperfure asymmetry.

In some embodiments, provided herein are systems, devices, and methods providing a jet
deflection technique that matigates the effects of supersonic and subsonic gas jetting 1n staged
differential pressure applications. In certain embodiments, provided heremn are gas-deflector
plates that are angled and/or shaped (e g., with an asymmetric aperture} which are combmed with
a jet deflector component 1o direct jetting gas off axis of the plate. In certain embodiments, such
gas-deflector plates reduce mass transport between differential pumping stages, thus reduocing
pumping demands and/or permithing lower base pressures for a given configuration.

In certain embodiments, provided herein are systems, devices, and methods that improves
the efficiency i differentially pumped systems. That is, using the systems, devices, and methods
herein allows, for example, for greater pressure differential if all things are eqgual, or allows the

same differential pressure using smaller and/or fewer pumps, or allows a greater aperture to exist

i
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between the high and low pressure regions. In certain embodiments, the systems, devices, and
methods herein aliows for larger aperture deameter to be used for a given pumping configuration,
Provided below 1s a description of certain exemplary embodiments depicted 1n the
figures. It is to be understood that the applications of this invention are not limited to the such
exemplary embodiments. Further, in particular embodiments, the gas-deflector plates and jet-
deflector components described below are emploved 1n an accelerator sysiem like the ones
described in U.S. Patent 8,837,662, which is herein incorporated by reference 1n its entirety.
Figure I A shows a gas-tarcet particle accelerator (25) with a pair of gas-deflector plates
(30} between components with different pressures. An i1on source (26) is connected to an
accelerator {27}, which is connected to a two differential pumping system with two stages (23).
Each stage is connected {0 a vacuum pump (29}, A target chamber (32), with an 10n confinement
magnet (31) therearound, 1s connected to the differential pumping system with a gas-defilector
plate (30) in between. The lateral axis {40) of the gas-deflector plate is shown with a dotted line.
Figure 1B shows a plate (50} with a uniform channel {1} that is straight through the plate.
Figure 2 shows the use of such a uniform channel (1) positioned between a higher pressure stage
{2) and a lower pressure stage (3). As a result of using a uniform channel {1), the gas jet (4)
from the higher pressure stage to lower pressure stage 1s not offset, and instead comes straight
into lower pressure stage (3} When an aperture 1 1s positioned between two stages of different
pressure with stage {2) being at a higher pressure than stage (3), the difference in pressure
between the two stages resulis in a gas flow between the stages that will tend to equalize the
pressure in the two stages. Pumps can be emploved that counteract this mass flow by
transporting the gas escaping mto the lower pressure stage back mto the higher pressure sfage,
maintaiming a pressure differential. Ultimately, the pressure diftferential that can be mamtained
between multipie commected regions depends on the pumping capacity of each region, and the
size of the apertures between the two regions. A commonly observed phenomena that reduces
the efficacy of coaxial differential pumping systems 1s the formation of gas jets between regions,
If the pressures are sufficiently different between any two siages, the gas coming from the higher
pressure region will form a jet as it enters the lower pressure region. The jet is a continuous,
coherent, and directional flow of gas that can traverse a given pressure region and emerge in the
subsequent pumping stage largely intact. The jet effectively “bypasses™ a given pumping stage

and, therefore, significantly decreases the efficacy of the differential pumping system.
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In the case of a three or more-stage system, a considerable portion of the jet can traverse the first
ditferential pumping stage {3}, reducing the efficacy of this stage while increasing upstream
pressure and pumping requirements in stages {5} and (0).
Such gas jet bypass issues are addressed by the devices, systems, and methods described
5  herein. The function of these devices, systems, and methods 15 to deflect the gas jet off axis and
reduce or destroy its coherence so that the pumps in anv given stage can act on the gas. For
example, the gas-deflecior plates herein with a channel angled or shaped (e.g., with an
asymmetric aperiure), results in a gas-jet with a velocity component off-axis direction of the
aperture axis and/or the gas-deflector plate. This velocity offset, for example, is in the direction
10 of the asymmetry shown by arrow (8) in Figure 3. The deflection limits the gas that 1s directly
mpecied into the next differential pumping stage. In some embodiments, multiple configurations
of this asymmetric aperture are placed in series between pumping stages to multiply this effect
{see Figure 1 A).
Figure 3A shows an exemplary gas-deflector plate (30) with a channel (70) with an
15  asymmeiric aperture (7) that causes the jetting gas {arrow; 8) to deflect from the vertical axas
{beam axis) of the gas-deflector plate. Figure 3B shows the exemplary gas-deflector plate {30)
from Figure 3 A with dotied lines to show the longitudinal axis {40) and lateral axis (41). The
longitudinal axis and lateral axas are perpendicular to the verfical axis (beam axis).
Figure 4 shows an exemplary schematic of a three-stage differential pumping
20 configuration with an asymmetric aperture (7} that causes jetting gas {arrow; 8) to deflect
downwards away from vertical {beam) axis. Boxes {3}, {5), and (6) show differential pumping
stages. Stage {2} 15 a higher pressure stage than stages {3}, {3}, and {6).
Figure 5A shows an exemplary gas-deflector plate with a channel {70) with an
asymmetric aperture (7) that causes the jetting gas {arrow,; 8) to deflect from the vertical axas
25  {(beam axis). The jetting gas hits a jet deflector component {10) causing the jetting gas to deflect
to a different direction {arrow; 12). Figure 5B shows the exemplary gas-deflector plate (30} from
Figure 3A with dotted hnes to show the vertical axis {42) (aka "beam axis").
Figure 6 shows an exemplarvy schematic of a three-stage differential pumping
configuration with an asymmetric aperture and a jet deflector component {10} that causes the
30  jetting gas to travel in a different direction (arrow; 12} offset from the vertical axis {beam axis).

Boxes (3}, (5), and (6) show differential pumping siages. Stage (2} 1s a higher pressure stage

CA 03143975 2022-1-13
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than stages (3), {5), and {(6). The addition of the jet deflector component provides additional
deflection of the gas jet shown by arrow {12}).
Figure 7 tllustrates the use of a channel (70} with asymmetric aperture for gas jet
deflection in particle accelerator applications. The particle beam is shown as dotted line (14).
5  Using a particle accelerator as shown in this figure, particles are accelerated into a high-pressure
gas {or plasma) target (13) of enough length to decelerate the particle beam shown by arrow (14}
The pressure in the target is higher than differential pumping stages (15), {16}, and {17)}. The
incorporation of a channel (70), with an asymmetric aperture between the target and adjacent
differential pumping stage, resulis 1n reduced pumping requirements and lower base pressures in
10 stages {15), (16}, and (17}. The incorporation of a jet deflector component further reduces the gas
transport between the target and connecied differential stages.
Figure 8 illustrates the use of a channel (70} with an asymmetric aperture for gas jet
deflection in a mass spectrometer. A mass spectrometer s composed of a sample chamber (19}
separated from an iontzation chamber (20) by differential pumping stages (21} and (22}. An
15  asymmeiric aperture located between stages {19) and (21) deflects gas, enabling the sample
chamber to operate at a high pressure, the tonization chamber to operate at high-vacuum levels,
while generally eliminating the gas jetting phenomenon which would ordinarily result between

stages {20), (21}, and (22).

20
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CLAIMS

We claumn:

1. An article of manufacture comprising:

a gas-deflector plate, wherein said gas-deflector plate comprises a top surface, a botiom
surface, and a channel extending through said gas-deflector plate,

wherein said gas-deflecior plate: 1} has longitudinal and lateral axes that extend through
said gas-deflector plate that are paraliel to said top and bottom surfaces, and i1} a vertical axis
that is perpendicular to said longitudinal and lateral axes,

wherein said gas-deflector plate i1s configured to be posittoned between a higher pressure
region and lower pressure region in a pressurized system such that said top surface faces said
lower pressure region and said boftom surface faces said higher pressure region,

wherein said channel comprises: 1} a top opening in said top surface of said gas-deflector
plate, and 11} a botiom opening m said bottom surface of sa:d gas-deflector plate, and

wherein said channel 15 shaped and/or angled such that jetting gas moving through said
channe! from said higher pressure region to said fower pressure region enters sawd lower pressure

region at an angle offset from said vertical axis.

2. The article of manufacture of Claim 1, wherein said angle 15 at least 15 degrees offset

from said vertical axis.

3. The article of manufacture of Claum 1, wherein said top opening comprises an

asymmetric opening,

4 The article of manufacture of Claim 3, wherein said asymmetric opening is tormed from
first and second portions of said channel, wherein said first portion 15 across said asymmetric
opening from said second portion, and wherein said second portion has a greater angular offset

from said vertical axis than said first portion.

5. The articie of manufacture of Claim 1, wherein said pressurized system comprises a

differential purmnping system.

11
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o The articie of manufacture of Claim 1, wherein sa1d pressurized system comprises a
particle accelerator system which comprises: 1} an 1001 source, i) an i1on accelerator, ni) a

differential pumping system, and iv} target chamber.

7. The article of manufacture of Claim 6, wherein sa1d gas-deflector plate 1s configured to

be between said target chamber and said differential pumping system.

3 The article of manufacture of Claim 7, wherein said target chamber comprises said higher

pressure fegion and said differential pumping system comprises said lower pressure region.

9 The article of manufacture of Claim 1, wherein said pressurized system comprises a mass
spectrometer.
10, The article of manufacture of Claim 9, wherein said mass spectrometer comprises: 1) a

sample chamber, 11) a differential pressure stage, and i) an 1onization chamber.

11 The article of manufacture of Claim 10, wherein said gas-deflector plate is configured to

be between said sample chamber and said differential pumping stage.

12, The article of manufacture of Claim 11, wherein said sample chamber comprises said

higher pressure region and said differential pressure stage comprises said Jower pressure region.

13. The article of manufacture of Claim 1, wherein said channel has a diameter of about 2.5 -

9.0 mm along most or all of iis length.

14. The articie of manufacture of Claim 1, wherein said top opening has a diameter of abowt
6-183 mm
15. The articie of manufacture of Claim 1, wherein said gas-deflector plate has a thickness

between said top surface and said boitom surface of about 13-40 mm.
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16, The article of manufacture of Claim 1, wherein said gas-deflector plate has a circular or

generally circular shape.

17. The article of manufacture of Claim 1, wherein most or all of said gas-deflector plate is

composed of metal.

18. The article of manufacture of Claim 17, wherein said metal ts selected from the group

consisting of. copper, tungsten, and stainless steel.

19. The article of manufacture of Claim 1, wherein said gas-deflector plate comprises one or

more openings that allow attachment to said higher pressure region and/or said lower pressure

region.
20. A system comprising:
a) the article of manufacture of any of Claims 1-19, and
b) a jet-deflector component comprising a first surface, wherein said jet-deflector

component 1s configured to be positioned in said lower pressure region such that said jetting gas
entering said lower pressure region strikes said first surface and is re-directed in a different

direction.

21. The system of Claim 20, wherein said first surface has a shape selected from the group

of’ flat, concave, convex, and textured.

22 The system of Claim 20, wherein said jet-deflector component further comprises first
attachment components, and wherem said gas deflector plate further comprises second
attachment componenis, and wheremn said first and second attachment components altow said jet-

deflector component to be attached to said gas deflector plate.

CA 03143975 2022-1-13
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23, A system comprising:
a) a pressurized sub-system comprising:
L} a higher pressure region, and
it} a lower pressure region; and
b) a gas-deflector plate, wherein said gas-deflector plate comprises a top surface, a

bottom surface, and a channel extending through said gas-deflector plate,

wherein said gas-deflecior plate; 1) has longitudinal and lateral axes that extend through
said gas-deflector plate that are parallel to said top and bottom surfaces, and i) a vertical axis
that is perpendicular to said longitudinal and lateral axes,

wherein said gas-deflecior plate is positioned between said higher pressure region and
said iower pressure region such that said top surface faces said lower pressure region and said
bottom surface faces said higher pressure region,

wherein said channel comprises: 1} a top opening in said top surface of said gas-deflector
plate, and i) a bottom opening in said bottom surface of sai:d gas-deflector plate, and

wherein said channel is shaped and/or angled such that jetting gas moving through sa:d
channel from said higher pressure region to said lower pressure region enters sawd lower pressure

region at an angle offset from said vertical axis.

24, The system of Claim 23, further comprising: ¢) a jet-deflector component comprising a
first surface, wherein said jet-deflector component 1s positioned in said lower pressure region
such that said jetting gas entering said lower pressure region strikes said first surface and 1s re-

directed in a different direction,

25. The system of Claim 24, wherein said jet-deflector component s attached to said top

surface of said gas deflector plate.

26. The system of Claimm 23, wherein said pressurized sub-system i3 selected from the group
consisting of gas-target particle accelerators, mass spectrometers, and windowless delivery

ports.
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27. The svystem of Claim 23, wherein said higher pressure region comprises a target chamber
of a particle accelerator, and said lower pressure regton comprises part of a differential pumping

system.

28, The system of Claim 23, wherein no physical component obstructs said jetting gas

coming out of saud channel into said low pressure area.

29 A system comprising:
a) a pressurizable sub-system comprising:
1} a first region, and
i) a second region; and
b) a gas-deflector plate, wherein said gas-deflector plate comprises a top surface, a

bottom surface, and a channel extending through said gas-deflector plate,

wherein said gas-deflector plate: 1} has longitudinal and lateral axes that extend through
said gas-deflector plate that are parallel to said top and bottom surfaces, and i) a vertical axis
that is perpendicular to said longitudinal and lateral axes,

wherein said gas-deflector plate 1s positioned between said firs region and said second
region such that said top surface faces said second region and said bottom surface faces said first
region,

wherein said channel comprises: 1} a top opening in said top surface of said gas-deflector
plate, and 11} a botiom opening m saird bottom surface of said gas-deflector plate, and

wherein said channel 1s shaped and/or angted such that jetting gas moving through sasd
channel from said first region to said second region enters said second region at an angle offset

from said vertical axis.

30, The system of Claim 29, wherein no physical component obstrucis said jetting gas

coming owt of said channel into said low pressure area.

15
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31. A method comprising:

a) activating said pressurizable system such that said pressurizable sub-system
becomes pressurized and said first region 1s at a higher pressure than said second region thereby
causing jetiing gas to move through said channel from said first region to said second region and

enter said second region at an angle offset from said vertical axis.

32. The method of Claim 31, further comprising, prior to step a), a siep of:
b} positioning a gas-deflector plate between a first region and a second region of a

pressurizable system,

wherein said gas-deflector plate comprises a top surface, a boftom surface, and a channel
extending through said gas-deflector plate,

wherein said gas-deflector plate: 1} has longitudinal and lateral axes that extend through
said gas-deflector plate that are parallel to said top and bottom surfaces, and i) a vertical axis
that is perpendicular to said longitudinal and lateral axes,

wherein said gas-deflector plate is positioned between said first region and said second
region such that said top surface faces said second region and said bottom surface faces said first
region,

wherein said channel comprises: 1} a top opening in said top surface of said gas-deflector

plate, and 11) a bottom opening in said bottom surface of said gas-deflector plate.

33, The system of Claim 32, wherein no physical component obstructs said jetting gas

coming out of sard channel into saxd low pressure area.
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