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Properties of beams for ion therapy

Stable intensity

beam

Beam from

1 - 30 seconds

Rapid changes

in energy

Beam quality closely depends on extraction: What properties to aim for?
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Properties of beams for ion therapy

Need to reliably

predict the beam with

each pulse

Active & passive

scanning over

minutes

Varying treatment

energy to change

dose depth

Beam quality closely depends on extraction: What properties to aim for?
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Properties of beams for ion therapy

Active & passive

scanning over

minutes

Varying treatment

energy to change

dose depth

Beam quality closely depends on extraction: What properties to aim for?

Beam stopped quickly [safety]

Fast dose delivery option [FLASH]

Multiple ion species [source]

Other desirable properties:

Need to reliably

predict the beam with

each pulse
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Beam out in 1 turn (μs)

Entire beam deflected

Used in LHC accelerator

transfer lines

Types of Extraction
Extracting Fast
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2 - 10 turns

Not discussed today

Multi-turn Extraction
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Beam out in 1 turn (μs)

Entire beam deflected

Used in LHC accelerator

transfer lines

Types of Extraction
Extracting Fast Extracting Slow

Thousands to millions of turns

Beam gradually shaved

Used in medical machines!
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2 - 10 turns

Not discussed today

Multi-turn Extraction

Resonant Multi-turn Extraction

Extracting Moderately



Components of Extraction:
Electrostatic Septum

A partition which separates

two field regions

No field outside of septum,

fixed field within septum.

Very thin septum foil to avoid

beam loss (100 µm)

Up to 300 kV electrode

[1]
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Components of Extraction:
Electrostatic Septum

A partition which separates

two field regions

No field outside of septum,

fixed field within septum.

Very thin septum to avoid beam

loss (100 µm)

Up to 300 kV electrode

2.5 mrad deflection

[1]
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Components of Extraction:
Magnetic Septum

Essentially a dipole magnet

Often have two of these

Thin & thick

Provides stronger kicks

towards the extraction line

Up to 0.5 T and 1 T respectively

Gives 0.05 rad & 0.15 rad
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beam closer to the

septa each turn.

Bumpers are

used to bring the 
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Components of Extraction:
Bumpers & Kickers



Extracting Quickly
Removing the whole beam in just one turn

Schematic inspired by M. Fraser [2]
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Extracting Quickly
Removing the whole beam in just one turn

Schematic inspired by M. Fraser [2]
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Purposefully make the beam unstable to gradually extract a few

particles from the beam each turn

Extracting Slowly

Beam forms an unstable

triangular shape

Introduce higher-order fields to shape

the instability

Back to it's original position every 3 turns

Put particle beam on third-order resonance

2
3

1
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Components of Extraction:
Sextupoles

Potential shapes the beam

distribution, into the triangular shape.

At large amplitudes, separatrices

form
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Sextupole image from CERN Database [4] xn
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Components of Extraction:
Sextupoles

Potential shapes the beam

distribution, into the triangular shape.

At large amplitudes, separatrices

form
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Components of Extraction:
Sextupoles

Notice that the

central core stays

stable?

Need to excite

these particles

into the resonance! 

Potential shapes the beam

distribution, into the triangular shape.

At large amplitudes, separatrices

form
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RF-KO ExcitationBetatron Core 
Moving the beam towards the

resonance

Changing the momentum of the

beam closer to the tune

Increasing the amplitudes of

particles

Introduce stochastic noise

exciting the particles
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Schematic inspired by A. Peters [5]



Final Extraction
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Beam Spill
Schematic inspired by PIMMS Part I [4]

Also known as particle flux. Describes

the number of particles per time period

time (s)time (s)
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Irregular flux, varying beam intensity, bad spill quality Regular flux, constant beam intensity, good spill quality
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Conclusions
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Extraction in medical machines

needs specific techniques to get

the beam out slowly.

Use sextupoles to shape the

resonance of the beam to form

separatrices.

Wide range of methods to excite

the stable particles of the beam

into the resonance.

Electric septa and magnetic septa

are used to divert the beam

towards the extraction line.

Purposefully make the beam

unstable to gradually extract a few

particles from the beam each turn.

Thank you for listening and I

welcome any questions!
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Exciting the stable beam 

StableUnstable /

A = 0

A = Max

Qx Qx+ΔQQx-ΔQ

Schematic inspired by PIMMS V1 [3]

Steinbach Diagrams
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RF-KO ExcitationBetatron Core 
Moving the beam towards the

resonance

Solenoidal coil varies the Δp/p

of the beam

Increasing the amplitudes of

particles

Introduce stochastic noise

exciting the particles
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Properties
of beams for
ion therapy

Stable

Beam

Beams from

1 - 100 seconds

Rapid changes

in energy

Stop the

beam quickly

Fast dose

delivery

Multiple particle

species


