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A Transverse De ecting RF-Structure (TDS) for FLASH
A Short History of the Transverse De ecting RF-Structure “L OLA”.

Transverse De ecting RF-Structure (TDS) “LOLA”
1960's: Originally designed at SLAC for particle separation by RF elds .
2003: Transported to FLASH (formerly TTF2) for longitudinal beam diagnostics.
2010: New position with a dedicated sliced-beam-parameter setup.
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A Transverse De ecting RF-Structure (TDS) for FLASH

FLASH and the TDS Setup Before Shutdown

Accelerating Structures Collimator

RF gun
¢ " / SASE Undulators
Bunch Bunch Transverse
Laser Compressor Compressor de:laevt;;ng Bypass FEL

Experiments

315 m

Drawbacks of the Old Position

Measurements not directly in front of
the undulators.

No dedicated setup for longitudinal
phase space measurements.
Lattice prevented good longitudinal
resolution during FEL operation.
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Longitudinal Beam Diagnostics Using a TDS

Operation Principle
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TDS translates longitudinal coordinate into transverse coordinate. (Vertical: y)
Shear parameter Sdetermines the strength of this translation.

In combination with a dispersive section (dipole spectrometer) ) “Longitudinal Phase Space”

Dipole spectrometer translates energy into transverse coordinate. (Horizontal: x)
Dispersion D determines the strength of this translation.
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Longitudinal Beam Diagnostics Using a TDS

Resolution and Bunch Parameters

Longitudinal Resolution

y (9 p_ 1 1 . . .
= = pc pPer—+——— ( important for lattice design
) ¢ () sin( ) &WK
Example: y = 100 mand S= 10:) = 10 m (30fy).

Relative Energy Resolution

x (9 p_— () . ) .
= = important for lattice design
DA(9 * Dy ¢ P g
Example: x = 100 mand Dx = 1000 mm ) =1 10 4

Obtainable Bunch Parameters
Bunch current and length.
Energy spread (slice and projected).
Transverse emittance (slice and projected).
Transverse phase space by tomographic methods.
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Longitudinal Beam Diagnostics Using a TDS

Example Measurements (ret: [1): FEL Operation

0.1

-0.15

-02

Figure: Horizontal phase space (projected).
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Figure: Left: Bunch current, Right: Longitudinal phase space.
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FLASH Upgrade
Shutdown Activities: Sept. 2009 - Feb. 2010

New RF 3rd harmonic SFLASH +
gun accelerating module redesigned electron beamline

DJ!'!W@
- = Kl I

Exchanged 1st 7t accelerating Transverse deflecting
accelerating module module cavity LOLA +
spectrometer arm

Third-harmonic RF cavity for longitudinal phase space linearizations.
New Sliced-Beam-Parameter measurement setup directly in front of the undulators.

Special Requirements on the Setup
Parasitic TDS measurements during FEL operation.
Dipole spectrometer for longitudinal phase space investigations.
Both with much improved resolution.
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The New Sliced-Beam-Parameter Measurement Setup for FLASH

Lattice Design and Theoretical Resolutions
Undulator Quads Quads Kicker BPM BPM

Screens Dipole Quads TDS Quads

beam direction

Figure: Generic layout as template.

Special requirements on the setup.

General Requirements

Flexible lattice in order to match into the undulators (different energies and focusing options).

Standard diagnostics like beam position/charge monitors and beam imaging systems.

Steering magnets for suf cient obit corrections.

Theoretical Resolutions

Longitudinal resolution: below 6 m (20fs) .
Relative energy resolution: 1 10 # (D/ 1000 mn).
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The New Sliced-Beam-Parameter Measurement Setup for FLASH

Limitations on Resolutions (ret. [2))

Longitudinal Resolution
Beam optics and RF power.

Energy Resolution

CSR effects in the spectrometer ) minor impact.
The TDS itself ) can be a large effect.

The TDS induces energy spread due to longitudinal electric elds. (Panofsky-Wenzel Theorem) J

6

Relations —_ 5
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Induced energy spread: = p(c’ y 83
Induced energy spread is inversely g )

proportional to the longitudinal resolution.

Analytical results: checked by simulations 1 ! : \\.\
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The New Sliced-Beam-Parameter Measurement Setup for FLASH

Final Layout

Figure: Latest design installed actually in February 2010.

OTR Stations: g
Equipped with scintillator screens. But: z
saturation and size blurring. (Ref.: [3,4]) 2
OTR-1: additional spectroscopy in the THz g
and visible wavelength range. 2
Kicker: extract two individual bunches. (THz 0 s 07 oo 11 13 15 17
spectrometer and TDS in combination.) A um)

Figure: Spectral measurements of C(O)TR. (Ref.: [5])
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HGHIENTIENE (I Gy
Longitudinal Phase Space Linearizations.

Figure: Top: Nonlinear compression, Bottom: Linearized compression. (Ref.: [6])

Three dimensional particle tracking simulations using ASTRA and CSRtrack. J
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Third-harmonic RF Cavity

Simulations on the Diagnostics Performance (ret: 7))

Figure: Simulated Measurement: Longitudinal phase space (left), Bunch current and energy spread (right).

Simulated Measurements
Same procedure as in reality.
Transverse beam pro les.
Calibrations: Sand D

Particle Tracking

Up to the TDS: ASTRAand CSRtrack .
TDS to the screen: elegant

Energy spread: In agreement if the TDS-induced energy spread is taken into account.
Longitudinal beam pro le: In good agreement. J
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Third-harmonic RF Cavity

Future Challenge at FLASH

Commissioning of FLASH including the third-harmonic RF cavity for longitudinal phase space
linearizations. J

The New Sliced-Beam-Parameter Measurement Setup

Essential for the commissioning of the third-harmonic RF cavity.
Integration as online monitor for the longitudinal bunch pro le.

In Preparation for COTR
Spectrometer in the visible wavelength range for veri cati on.
Optical Iter as blockade.
Additional scintillator screens for prevention.

Electron Beam Diagnostics using a TDS at FLASH FLS-2010 Workshop at SLAC 14/16



Third-harmonic RF Cavity

The End

Thank you for your attention! ]
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