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Photo Emission

First observed by Heinrich Hertz in 1887
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Another reason to use lasers is...
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Neutral Atom

Most sources rely on electron impact ionisation




lonisation

Neutral Atom

Most sources rely on electron impact ionisation

lonisation

Positive lon

Most sources rely on electron impact ionisation
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Basic Plasma Properties

Density, n (per cm?)

n, = density of electrons H® =g =+]
n; = density of ions Pb3*— g=+3
n, = density of neutrals H — g=-1

Temperature, T (eV)
T, = temperature of electrons

R 7 = temperature of ions

T, = temperature of neutrals

Temperature Distribution
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distributions -
should follow S 7

velocity of ions, i = 157\!%
Maxwell Boltzmann
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Magnetic Confinement

Particles spiral along magnetic field lines

AUAN Yo
Dipole field

— g

Solenoid field

Hexapole
S

Multicusp Confinement

Collisions

Concept of mean free path does not work in a plasma

The average time it takes for a particle to be
deflected by 90 °

\
\-

by their neighbours electric fields
>90°

Charged particle trajectories are constantly af

Relaxatioh time = 90° deflection time
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Plasma Pioneers

Julius Pliicker

Heinrich GeiBler
Mid 1850’s University of Bonn

Gas discharge tube and
mercury displacement pump

just less than 1 mBar magnetism could move the glow discharge

-0 01 &

Drawing of Geissler tubes from 1860’s French physics book




Canal Ray Source

In 1886 Eugen Goldstein discovered canal rays
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The emission “surface” is critical
to the quality of the beam

Plasma Mencius

...is not actually a surface

because of Debye length, it has a thickness,

but it is a useful concept when considering the optics of extraction...

Plasma Mencius

Plasma  Extraction Plasma  Extraction Plasma  Extraction
Electrode  Electrode Electrode  Electrode Electrode  Electrode

Convex

Beam
Beam

Flat Concave
Not including space charge effects

Space Charge

Plasma  Extraction
Electrode  Electrode

Optimum =
slightly
concave

I 0% I ~95%

Percentage compensation

Plasma Electrode

Plasma

Extracted Beam

Suppressor Electrode

Suppression Electrode
Ground Electrode

Compensating particles
reflected by the Suppression
Electrode

v (kv)

Z(mm)

Emittance of Real Beams

Halo Effect
- Plasma boundary
- Fringe fields

How big is this
beam?

v 95% emittance
rms emittance




Brightness

|

Be careful- Some definitions include factors of 2, 8 and rt
Are the emittances normalised?
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ITEP Laser source at CERN

ITEP Laser source at CERN

TWAC at ITEP Moscow

7 mA, 10 ps pulses of C**

BNL and RIKEN
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SILHI Microwave Source

Rafael Gobin
CEA Saclay
Late 1990s
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Electron Beam lon Sources
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Negative lon Sources

Ripping electrons off is easy!

- It is much harder to add them on....
Not all elements will even make negative ions
Hydrogen has an electron affinity of 0.7542 eV

H~has a much larger cross section than H°
30 times for e” collisions
100 times for H* collisions

H-are very fragile!

Applications

Tandem accelerators

— P yeme H- ion

Cyclotron extraction

St o

Neutral Beams

Multi-turn injection into rings
Stripping ..
foil- :

Protons . I |

H- from Linac




Early attempts at producing negative ion beams:

1. Charge exchange of positive beams in gas cells
- very inefficient

2. Extraction from existing ion sources
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Penning SPS

Invented by Dudnikov in the 1970’s
Very high current density > 1 Acm-?

* Low noise

Does not work without ceasium
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Which Source?

¢ Type of particle

e Current, duty cycle, emittance
* Lifetime

¢ Expertise available

* Money available

* Space available




Reliability —is King!

* Operational sources should deliver >98% availability
¢ Lifetime compatible with operating schedule

¢ |deally quick and easy to change

¢ Short start-up/set-up time

cryogenic timing machine communication
systems systems interlocks systems
Reliability also depends on: low voltage

Everything Else!

human error hydrogen vacuum systems

compressed air

temperature high voltage supplies
controllers power supplies
control systems
mains power
personnel material purity laser systems

interlocks

Developing Sources

Driven by demand for
— Increases in current, duty cycle and lifetime
— Improvements in beam quality

Development strategy
¢ Simulations
* Test stands
* Diagnostics

The Development Cycle

Hardware

Experiments Simulations

Summary

¢ Particle sources are a huge interesting subject
¢ A perfect mixture of engineering and physics
¢ We have only scratched the surface

Thank you for listening






