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Motivation
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> The electron beam asymmetry was observed during emittance measurements at PITZ.
> The asymmetry is found for the beam transverse profile.

> The electron beam emittance shows additional undesirable tails which say about beam
asymmetry

Electron beam at the observation screen
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Coupler kick studies
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> REF field simulations (CST MWS):.

= The full model of the gun:
- the gun cavity
- the coupler
- simplified cathode

= Frequency domain solver (F-solver)

o

= Tetrahedral mesh (~108 elements) with 2" order curved elements
= Half structure symmetry

E-field distribution:

e-field {F=1299.999600) [1] {peak)
Cutplane name: Cross Section &
Cutplane normal: 1, 0,0
Cutplane position: 0
Component: Abs
Origntation: Qukside
2D Maximurn [Wm]: 23.62e+03

h-field (F=1299.999600) [1] (peak)

Qrient.ati

20 Maximum [A/m]: 27,
Frequency:

Phase:

Frequency: 1300
Phase: 135

The kick origin is:
= asymmetric transition for WR650 to coaxial waveguide
= Too short coaxial antenna
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Model for particle tracking
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Particle tracking in CST particle studio

The simplified model of the gun:

= 2 cylinders for particle tracking

= 2 simplified cathode models
Solver:

= Tracking (Trk)

= Particle in cell (PIC)

Hexahedral mesh (~1.2 -10° elements)

Imported RF fields for the limited v

Grid of the model for tracking

olume

Imported electrical RF field distribution

I Cathode model / Particle source
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Particle tracking in CST particle studio. Trk solver.
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Numerical effect x kick angle:
must be 0 —> w/0 solenoid: k, = 0.01 mrad

w/ solenoid: ky= 0.38 mrad

y kick angle:
w/o solenoid: k, = 0.66 mrad
w/ solenoid: k, = 0.27 mrad
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> Particle-in-cell solver

> Hexahedral mesh
(~4.7-10° elements)

> Imported fields for the limited

volume

> Particle source parameters:

= 0.6 mm radius
= 22 ps flattop pulse length
= 1 nC bunch charge

x kick angle: k, = 0.31 mrad

y kick angle: k, = 0.37 mrad

Detailed studies of the kick impact onto the
phase space (emittance) are ongoing.
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Conclusions ;

> CST MWS simulations of the realistic PITZ (XFEL, FLASH) RF gun setup have
revealed an RF field asymmetry within the coaxial coupler area. This
transverse kick onto the accelerating particles is considered as possible reason
of the electron beam asymmetry experimentally observed at PITZ

> Particle tracking studies using CST PS yield an estimation of the transverse
kick on to the beam centroid for the nominal PITZ (XFEL) gun conditions
(6.5MeV electron beam, solenoid on)

. Particle tracking (no SC) PIC (+SC)
Coupler transverse kick

w/o solenoid w/ solenoid w/ solenoid
k, (mrad) 0.01 0.38 0.31
ky (mrad) 0.66 0.27 0.37

> The RF kick together with solenoid field can introduce a X-Y coupling into the
phase space of electron beam. More detailed studies of this effect, its impact
onto transverse phase space have to be performed. The transient effect
(transverse to temporal coupling) has to be studies as well

> In order to avoid (reduce) the RF field asymmetry a re-design of the coupler

area is required
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symmetrical design

Only symmetrical
design of an RF
coupler can provide
symmetrical fields at
the gun cavity input.
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Thank you for your attention.
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Other Talks from PITZ:

Gaurav Pathak = Gas density measurement

Prach Boonpornprasert =» Start-to-End Simulations for a 100 um SASE FEL at PITZ
Georgios Kourkafas = Electron beam matching

James Good =>» 3D ellipsoidal laser system
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