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Advanced Photon Source
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Saturation Length [m]

Undulator Saturation Length vs. Photon Wavelength
and Beam Energy

0 Beam Energy [GeV] 1

1 | 1 |]IIII 1 1 1 l]lllll i

£, = 5 mm-mrad B
lpeax = 150 A -
- $=01%

£, = 2r mm-mrad
Ipeak =500 A
6=005% —-

100 —

£, = 1.5 mmm-mra
ipaah’. = 4'DDG A
H=0.02% —
/o BHE S

~> /00 jr e

-]

IiIIII|.

—e— Today's Electron Source (Simple) -
~—B— Tomorrow's Electron Source (Challenging) -
g —A— The Future's Electron Source (Difficult) B

| ! I||'|11|| T T Ill!rll T |f1lllfr L Ilrlilrl T 'IF'IIIii'T_"'"

0.01 0.1 1 10 100 1000

Wavelength [nm] S.- M'#.N




4th Generation Workshop Working Groap Summary
Argonne, IL April 6 - 9, 1999

LINAC Based FEL Working Group Il |

Theory and Sim

* Sensitivity of the FEL. Working Point to
Parameter Changes.

e Electron Beam Halos.
— Emittance good Figure of Merit ¢

* Trajectory Error Simulations.

Simulation Codes indicate:

* Required wiggler error tolerances are
achievable.

* More research is need in comparing several
simulation codes and in comparing simulations
with experiment.

* Code-Code Comparisons

— Initial Comparisons have been started with good
agreement in emittance, energy spread and peak
current dependence.

April 9, 1999 Group I Subgroup FEL Theory
and Simulations
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4th Generation Workshop Working Group Summary
Argonne, 1L April 6 - 9, 1999

FEL Theory and Simulations Subgroup Report, |

e Linear 3D FEL Theory

— Two Models
* Waterbag Model
e Gaussian Model

— Good agreement with simulation codes.

e Code-Experiment Comparison

— Few experiments available for test:
e Livermore (8 mm, 2mm)
e MIT (600 micron)
 UCLA/LANL (12 micron)
« BNL/APS (Smicron)
— Good agreement between experiment and

simulation code from the mm to the rinfrared
regime was found.

e Slice Parameters

Aprii 8, 1989 Group 1 Subgroup FEL Theory
and Simulations



4th Generation Workshop Working Group Summary
Argonne, L April 6 - 9, 1999

e High Gain Harmonic Generation.
— Will reduce undulator length by factor two.

— Reduced effects of wavelength.

* SASE FEL with powerful simultaneous
emission of multiple higher harmonics.

* Longitudinal Coherence

— Ideas exist for increasing longitudinal
coherence (Two undulator schemes with
monochromatization.)

April 9, 1
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and Simulations
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HARMONIC POWERS & GAIN LENGTHS

The scaling of the powers and gain lengths for the fundamental and
harmonics are shown in the Table. To within a very good approximation,
the gain lengths scale inversely with the harmonic number. The odd
harmonic powers are substantial and drop off relatively slowly with
increasing harmonic number, while the even harmonic powers are
relatively small. This is expected for planar wiggler geometries.

The scaling of the gain Harmonic No. | Gain Length (m) | Power
with the harmonic

number 1S I 0.592 95.5 MW
characteristic of the 2 0.335 4.28 kW
nonlinear mechanism, 3 0.201 797 kKW
and 1s a well-known 4 0.165 1.57 kW
phenomenon in TWTs. 5 0.124 47.5 kW
Of course, the linear 6 0.098 175 W
gain lengths decrease 7 0.089 32.5kW
with 1ncreasing 8 0.065 144 W
harmonic number. 9 0.072 31.8 kW
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1mmgap....

5 mm radius anode hole

.25 mm emitting spot, uniform current density
1MUY potential 1GY/m gradient




Current | Charge |Bunch length| Emittance Brightness
A
A nC ps . mm mrad (mm —mrad)’

100 1 10 0.16734 3571
100] 0.3 3 0.0882 12854
100 __ 01 1 0.062 26014
100 0.03 0.3 0.0728 18868
500 0.5 1 - 0.207 11668
250 0.25 1 0.132 14348

50 0.05 1 0.0386 33557

10 0.01 1 0.0446 5027
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INDUCED ENERGY SPREAD
AND EMITTANCE GROWTH

Example: Achromatid bend through angle 6.

Let AE = particle's energy change during bend.

AE # 0 AB = O(AE/E)

Naively expect emittance growth <AE__ .
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Example Application
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