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The envelope of trajectories forms the caustics lines.
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J.F. Nye “Natural Focusing and Fine Structure of Light: Caustics
and Wave Dislocations”, (Taylor & Francis, Philadelphia, 1999).
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Caustics lines are an envelope of trajectories,
or the projection of that envelope on another surface.

Surface of

", (Taylor & Francis, Philadelphia, 1999).
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Outline

1. Introduction of caustics
2. Example of the usefulness of caustics

3. MAX IV experimental set up & results



Caustics in accelerator physics

Electron trajectories in a bunch compressor:
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Optical caustics:
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Caustics are singularities in the density of families of trajectories.
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Caustics fall into catastrophe theory
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Phase space evolution through a bunch compression
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Phase space evolution through a bunch compression
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Caustic expression
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Caustic expression for a chicane
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Example of caustics

Current horn suppression
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Current horn suppression
An S-band FEL Linac example
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Caustic current horn suppression
S-band FEL linac example

Gun Injector Linacl BC2
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Caustic current horn suppression

Without octupole:
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Experimental results from MAX IV



Electron guns
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MAX IV Linac
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* Photocathode and thermionic electron guns

* 2 double achromat bunch compressors (BCs)
* RF frequency 2.998 GHz
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MAX IV Bunch Compressors

Double achromat bunch compressors: = dipole

= quadrupole
sextupole
@ corrector

*  positive fixed R56 (energy chirp from falling
RF slope)

* natural T566 used for linearization,
self-linearizing

* weak sextupoles at the center of each

achromat used for fine tuning T566

Bx. By (m)
S

Position along accelerator, s (m)
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Zero-crossing method

RF phase at 402
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Zero-crossing method

RF phase at 402 SPE
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Experimental results — linearly ramped current profiles
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Illustration of compressed bunches
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The origin is found as being the
distance from one bunch edge to the
position within the bunch where the
accumulated integrated charge equals
half of the total charge.

Caustic expression:

 Rs66(2i) n Usess 0°(21) | 6()
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(Same expression as shown on slide 11, simply re-arranged)




Zc, caustic line (pum)

Mapping out caustic lines
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Z¢ , caustic line (pm)
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Where the caustic expression is undefined,
the longitudinal phase space is considered
well linearized, resulting in a short bunch

with a symmetrical current profile.

_ Ry66(2i) N Usess 0°(2i) | 0(2)
2 > 26/ (2)

Thee(2i) = ﬁzz) (_R56 — ﬁ — 3Us666 52(%))

ze(2:) = —2;



Conclusions

Caustics are a useful way that we can look at various types of focusing.
Demonstration of current horn suppression through manipulation of the
higher-order dispersion.

Preliminary experimental results show good agreement in shape with the
theory.

In addition to validating the caustic expressions, these measurements
demonstrate the effectiveness of optical linearization of the MAX IV bunch
COMPressors.
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