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Photoemission Theory: for Metal Cathodes
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Comparison of QE with Thermal Emittance
Using a Consistent Theory. for Metal Cathodes
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Comparison of Expt. and Theory. for the Intrinsic Emittance
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FIG. 4 (color online).
laser spot size for 3 different wavelengths on copper. (Q < 1 pC:
solenoid scan method, Cu inset). Theory corresponds to Eq. (1)
= 4.3 eV (thermal effects not included).
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Thermal Emittance and Response. Time of GaAs
Lowest Intrinsic(Thermal) Emittance
Response.time and emittance. depend upon photon wavelength
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Cathode Surface Roughness
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The Brightest Beam Possible”™
- How much can the LCLS gun emittance be lowered s

Assume all linear and non-linear space charge effects can be corrected/compensated for,
assume the cathode is perfectly flat and the cathode physics is correct. Then the lower
limit on the emittance depends on the thermal emittance for the divergence and the
space charge limit for the beam size:
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Moael for Space Charge Emittance due to Emission Non-Uniformities

Basic Assumptions of Model fo ] ]
1. Charge is distributed in a regular array of tubes, beamlets. G) Beamlet Line charge density, O, )
Beamlets see radial space charge force until they overlap.
3. After overlapping the sc-force becomes small, the electrons are left
with radial velocity which becomes emittance.
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Space Charge Emittance Near the Cathode

time=-2.25e-012

The spatial frequency (modulations/radius),
in terms of the overall laser radius, R, and
modulation spacing or period, 4r,, is
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Which gives the emittance due to space
charge expansion of the initial modulation
with spatial frequency f:

Agn SC = O-X i
’ 27

T~ 1=10A

Space Charge Emittance (microns/mm)

|
—Ina
0.01

! ! ! !
IO 70 20 40 60 80 100

D. H. Dowell -- 2010 FEL Conference Spatial Freg (modulations/radius)

S




RF Emittance Contribution
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Chromatic Emittance (microns)

Assumes 1 mm rms beam size at solenoid
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Optical Aberrations: Chromatic Effects of the Solenoid

Correlation Plot 06-Jul-2010 18:15:04
T T

B
=]

155
wn
T

RMS Energy Spread (keV)
19 w
o (=}
T

(35
(=]
T

151

Projected Energy Spread |

250 pC, 6 MeV

5

10

Energy Spread (KeV-rms)

15

20

L
=35

L L 1 1
=30 =25 =20 -15
Laser phase wrt Gun RF Phase (degS)

Solenoid chromatic aberration is a significant
contributor to the projected emittance. For a
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slice energy spread of 1 KeV, gives ~0.02 microns
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Quadrupole Field Error of Gun Solenoid
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Relatively strong effect on the beam emittance,
especially at high charge.
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Aberration of Gun Solenoid with “Perfect” Axial Field
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Gun Solenoid with Quadrupole Field Errors
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Correcting Field Errors with Quad Correctors
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Emittance after solenoid with quad errors

Normal and skew quad correctors vs. quad corrector field,
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quadrupole phase angle (deg)

What are the Quad Correctors correcting?

g
1
|
|
1]
|
|
.
L
|
|

quadrupolefield (gauss)

[

The skewed quad fields produce emittance
growth due to coupling of the x- and y-
planes (see Paul’s talk),
and the quad correctors remove this skew:
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Summary and Conclusions

*Cathode Intrinsic Emittance
*Self-consistent analysis of QE and emittance data indicate the theoretical emittance is factor of
~2 lower than expt.
*Cathode surface roughness important at high cathode fields. Less than 20 nm peak-to-peak
required for sub-0.1 micron emittance.
*Lowest possible emittance given space charge limit of smallest possible size on cathode and
divergence due to intrinsic emittance.
*Transverse uniformity of laser + QE.
*Transverse non-uniformity drives the emittance during acceleration from rest to c.
*High spatial frequencies (>~50 periods/radius) are small contributors to the emittance
*RF emittance increases with charge due to longitudinal space charge
*Small for LCLS at 20 pC, ~ 0.01 microns
*Solenoid optical effects seem to be the most important (after the cathode)
*Emittance due to chromatic aberration
*@250pC the projected energy spread is 20 KeV => ~0.3 microns
*For a slice energy spread of 1 KeV => ~0.03 microns
*Emittance growth due to geometric aberrations appear to be small.
*Spherical and pincushion distortion contribute if beam is larger than 2 mm (FW)
*Coupling to space charge effects still need to be analyzed
*Solenoid field errors are important
*Skewed quadrupole field errors strongly affect emittance
*Although field errors are at ends of solenoid, long quad correctors are effective at
canceling growth
Everything is Important Below 0.1 microns!!



18
D. H. Dowell -- 2010 FEL Conference



