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Basic Vacuum Technology*

\ Chamb
S: pumping Speed dV(\/CcI)tIumg L\uumﬁ aV
S |

dv(Volumg | (7

dt S
I C -

Q:Throughput: Pcil—\t/ torr—
S h._F:E & ¢ A/M

Q CP CPR PR
Q RS
Q RS

* Building Scientific Apparatus, Cambridge Fourth Edition

C:Conductance:

i i 1 Master
> o O Equation




Table 3.1 Air at 20 °C

Pressure Number Density Mean Free Surface Collision Time for
(torr)® (em™) Path Frequency Monolayer
(cm) (em~2s7H) Formation®
(s)
One atmosphere 760 27N 10 7% 107° 3 x 107 13X 10®
Lower limit of:
Rough Vacuum 10— 3.5 % 10" 5 4 x 10" 2.5 % 1073
High Vacuum 105 357 10'° 5% 10° 4 % 10" 2.5
Very High Vacuum 1G5 35 % 107 5% 10° 4 % 10" 2.5 % 10°
7Ulirzhigh Vacuum 102 3.5 x 10 5% 10° 4 x 107 2.5 % 10°

‘I‘ | torr=1.33 mbarr= 133 Pa

; - e . . —&
' assumes unit sticking coefficient and a molecular diameter of 3 X 107" cm

Air: made up of “molecules” with weights 30 amu

Mean Free path: Distance a particle needs to travel before colliding with

another particle

air at 20°C:
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Viscous Flow: is much SMALLER than dimensions of vacuum “tubing”

Molecular Flow: is much LARGER than dimensions of vacuum “tubing”

Conductance of a Cyclic Aperture
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Conductance of a Cylindrical Tubes
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D: Diameter in cm
L: Length in cm

Conductance of a Cylindrical Tube Network
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1.C,. 150> 15(001)> l
15 10°l /s
2' Qaper Caper P CaperPsampIe T
100orr 15 104/s ~ Q0tem 30 cm
| — < l 25 cm
015o0rr —
S ;—g
Pump
D* 25° S,=3000l/
3. 12— 12— P~ =
CTube L 30 U
6250/s
4 1 1 1 1 1 5 P Qasper 20(')1257torr
S 3000 6250
S Crune 74 10 Storr

S 2024/s



Differential Pumping
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Using Pulsed Nozzle the “load” is reduced and the densities increased

QPuIsed QCW f t

t: Time duration (typically 10-500 s)

f. repetition rate (10-2000 Hz)
www.parker.com/precisionfluidics

Pulse Valves Series 9

Newport BV 100

Dimensions

Series 9
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E. Grant & coworkers T O Conle
Rev. Sci. Instriim. 51. 1469 (1981)



30 mm

!

Pulsed valve components: http://www.even-lavie-valves.com/

Stainless gas inlet tube (1/16").

Tightening spring {180N) and pressure relief valve.

Kapton foil gasket {rear, 0.125 mm. thick).

Ceramic (Zirconia) guiding ferrule.

Return spring (Stainless alloy).

Thin walled pressure vessel (Stainless or Zirconia ceramic).
Reciprocating plunger {(magnetic stainless steel alloy).
Kapton insulated copper coil.

Permendure magnetic shield and field concentrator.

10. Ceramic (Zirconia) guiding ferrule.

11. Kapton foil gasket (front, 0.125 mm. thick).

12. Front flange and valve body (copper).

13. Conical (or trumpet) shape expansion nozzle (Zirconia ceramic or hardened stainless steel).
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D. Proch and T. Trickl,
Rev. Sci. Instrum. 60, 713 (1989).
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http://www.beamdynamicsinc.com/skimmer_description.htm



Charged Particle Optics

Figure 5.2 A charged-particle trajectory exhibits
“refraction” at a potential gradient. (The energies, E;
specified in the figure assume the particle originated at
ground potential with no kinetic energy.)

charged-particle analog of Snell’s law is

vV E1sin oy = +/ E5>Sin o.






EACH SURFACE CORRESPONDS TO
A 10% CHANGE IN POTENTIAL
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Figure 5.10 Typical "zoom-lens” curve. (From A Adams

LR |

and F. H. Read, "Electrostatic Cylinder Lenses|ll,” J. Phys.,
ES, 156; copyright 1972 by the Institute of Physics.)
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Figure 5.12 Protrusion of equipotential
surfaces through an aperture separating
regions of different field strength.
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Potential Energy

Potential Energy Surfaces

A *+

* Product Branching Ratios
A *

* Product Energy Distributions
AB+

« Control Chemical Reactivity




Potential Energy
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Imaging Spectrometer
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lon Imaging: D.W. Chandler and P.L. Houstah,Chem. Phys37, 1445 (1987).

Inverse Abe> I

Velocity Mapping: A.T.J.B. Eppink and D.H. Park&ev. Sci. Instrun®8, 3477 (1997)

lon Lens
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The inverse Abel Trnasform
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Kinematics of Conventional Imaging using DC fields

@ Backscattered
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Kinematics using Pulsed Extraction Fields

® Back-scattered

TIME LAG FOCUSING
W.C.Wiley and I.H. McLaremRev. Sci. Instrun6 1150(1955)



Slice Imaging Extraction Schematic
Gebhardet al Rev. Sci. Insturi2 3848 (2001)
Very Homogeneous field produced by usimgy high quality gridg>750 Ipi,
25 m spacing, ~50% transmittance)
Einzel lensis used fowvelocity mapping and zooming
Pulse Field rise time becomes critical for veryt faeticles likeH-atoms or e—
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Slicing Using Weak Extraction Fields (DC Slicing)
J. J. Lin, J. Zhou, W. Shiu,and K. LilRev. Sci. Instrurii4, 2495 (2003)
D. Townsend, M.P. Minitti ,and A.G. SuitRev. Sci. Instruri4, 2530 (2003)

Laser Slicing
K. Tonokura and T. Suzukihem. Phys. Letl, 224 (1994)

D.A. Chestakov et all. Phys. Chem. A08 8100 (2004)




New lon Optics Design allows bo81LICING and
Velocity Mappingto occur using &INGLE E FIELD
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"Doppler Free" Slice Imaging

Measure and slice image with both photolysis asdrl@olarizations parallel to the TOF
axis (Geometry ZZ)without scanning the probe laser wavelength
Measure slice images using 3 more polarization goas ZX,XX and XZ

Normalize angular distributions of ZX,XX and XZ tlwe angular distribution of ZZ
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Advantages
 Corrects for errors caused by detector inhomogeseand laser

fluctuations during Doppler scanning of probe laser
* Reduces signal averaging time as probe laseltisaamned



Extracting Scattering Information for Slice Images

Ir() TR )dx |[IR( ) 1g()

Hence we conclude that thHexel
Intensity of a Slice Image s
equivalent to the Inverse-Abel
result of conventional imaging

Angular Distributions Speed Distributions
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Works for Very Fast and Very Slow particles

HBr H+Br/Br*

VERY FAST VERY SLOW
H-atom, 16000 m/s Br-atom, 290 m/s



Resolutions effects of the REMPI process

—

¢

2+1 3+1
via via
2S State 2p state

[HBr  H+Br(?P,,)|

| H+Br*(2p,,) |




3+1 via the 2p state

KER 0,01 eV

Photoelectron Images

2+1 via the 2s state
KE=1,7 eV

—
4

H*recoil from the photoelectroﬁmH VH ‘ ‘meVe‘
KEe (eV) 0,01 1 1,5 1,712 2
Ve (m/s) 99174 991737 | 724727 | 774181 | 836842
VRion (m/s) 32 325 398 425 459
VIV (%) 0 4 5 5 6




The recoil splitting isminimalat 9® as the H-atom velocity and that
of the photoelectron are perpendicular to eachrothe
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Chem. Phys301, 209, (2004)



Micro -Channel Plate Particle Detectors
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Or. O.H.W. Siegmund
Experimental Astrophysics Group

Space Sciences Laboratory

University of California at Berkeley



Electron Detection (TOF)
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ION Detection
Ground Shield
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Imaging Particle Detection
Ground Shield
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Continetti and coworker Rev. Sci. Instrum. 70, 2268 (1999)



