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Outlook

1. ESS principles, 

2. Piezo based cavity characterization in FREIA,

3. Initial LFD detuning compensation study,

4. Summary  
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ESS principles
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European Spallation Source – European Resarch Infrastructure Consortium

The European Spallation Source Design

Roland Garoby et al 2018 Phys. Scr. 93 014001 



Initial ESS prototype High Beta cavity piezo based 

characterization and first LFD compensation 

experiences
Wojtek Cichalewski et. al,                             wcichal@dmcs.pl

ESS principles - ACC collaboration
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The European Spallation Source Design

Roland Garoby et al 2018 Phys. Scr. 93 014001 
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ESS principles - Linac
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European Spallation Source – European Resarch Infrastructure Consortium

The European Spallation Source Design

Roland Garoby et al 2018 Phys. Scr. 93 014001 
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ESS principles – H-beta cavity
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ESS HIGH-BETA CAVITY TEST PREPARATIONS AT 

DARESBURY LABORATORY, P.A Smith et all., SRF2017
The European Spallation Source Design

Roland Garoby et al 2018 Phys. Scr. 93 014001 
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Piezo based cavity characterization
• Main goals:

1. Piezo driver (MTCA.4 version) evaluation,

2. Cavity parameters determination for cavity 

simulator configuration  

• Tests scope

• (G1) Maximum piezo DC excitation,

• (G1) Different piezo configurations tests 

(actuator/actuator, acturator/sensor, sensor/sensor),

• (G1) Sensor signal acquisition system verification, 

• (G1) Actuator operation with different excitation 

(continuous sin wave, arbitrary waveform, defined 

periods qunatity/freq sin wave, etc.), 

• (G2) Single (and both) piezo frequency scan,

• (G2) Lorentz Force Detuning coefficient

determination. 
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Frequency sweep tests 
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Single piezo excitation. Sin wave amplitude ~0.1 V

Frequency sweep range 1Hz – 1kHz:

• Different freq. identified 197, 240, 249, 270, 326, 360, 504 Hz,

• Probable mechanical modes 240Hz, 504 Hz

Frequency sweep range 1kHz – 10kHz:

• Detected resonances rather not related to the cavity modes 

(fixture modes?),

• ~7kHz resonance can be dangerous for the setup,

• one need to be cautious about initial testing (low voltage can 

show resonances but will not damage the system).  
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Piezo tuning range study
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Piezo 1 Actuator:

- DC voltage range -80V to 80 V 

- Tuning range: -620 Hz to 390 Hz ->~1kHz

Piezo 2 Actuator:

- DC voltage range -80V to 80 V 

- Tuning range: -580 Hz to 360 Hz ->~0.95 kHz

Piezo 1 & 2 :

- DC voltage range -80V to 80 V (each piezo) 

- Tuning range: -850 Hz to 1100 Hz ->~1,9kHz

- Range doubled in comparison to single piezo 

operation,

- Significant hysteresis (backlash) visible (not 

sure what is the source, to be verifed in future).  
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Initial LFD compensation study
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~60 Hz
~280 Hz

Cavity operation parameters:

- GDR mode, 

- Pulse length close to nominal, 

- Gradient conditions ~15 MV/m.

No piezo compensation
With piezo compensation 

(single period with 100Hz freq and Amp. ~60V)
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Summary

11

• Main goals achieved:

1. Succesful piezo driver (MTCA.4 version) evaluation,

2. Cavity parameters have been determined (and 

measured during other tests),

• Performed frequency sweeps revelated possible candidates

for mechanical modes, 

• Achieved piezo regulation range (and linearity) to be 

confirmed during further studies (in ESS/Lund), 

• Prove of principle concerning LFD compensation with 

installed piezos, 

• Good starting point for furhter work towards fine frequency

regulation – just beginig.


