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PIP-II Project 
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PIP-II is a 800 MeV 

SRF Linac to replace 

the current 400 MeV 

Linac



PIP-II Cryomodules 
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HWR X 1 SSR1 X 2

SSR2 X 7

LB650 X 11

HB650 X 4

Cavity f0 (MHz) f1/2 (Hz) QL Δfpeak (Hz)

HWR 162.5 24.6 3.3 x106 20

SSR1 325 28 5.8 x106 20

SSR2 325 22.6 7.2 x106 20

LB650 650 23.2 1.4 x107 20

HB650 650 23.2 1.4 x107 20



STC 650 Test Stand
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SSR1HWR LB650
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Test Stand Requirements
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• Qualify 650 MHz elliptical cavities(HB and LB) during 

horizontal test (with coupler, tuner, He vessel, 

magnetic shield) before cryomodule fabrication.

• Capability to support testing of 325 MHz β=0.22, 

SSR1 and β=0.47 SSR2 cavities.

• LLRF system with RF Field control, Cavity Resonance 

Control , Data Acquisition system and capability to 

measure cavity parameters.



Test Stand LLRF System
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Resonance Control
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• Cavity detuning computation

• Piezo control to cavity detuning modeling – Transfer 

Function measurement/estimation

• Microphonics measurement

• Controller simulation and design

• Resonance control testing and validation



Detuning Computation
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Cavity Envelop Equation Cavity Probe

Forward Power



Detuning Calibration
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 Apply short RF pulses followed by passive decay

 Record Probe and Forward power waveforms ��, �� 

 Store calibration constants ��, �� and β

 Compute the derivative
��	

�


 Solve for a (complex) and b(real)

 Computation block can pipeline the math efficiently 

and provide ~6kHz rate using minimal FPGA resources



FPGA Implementation

10/02/2019P. Varghese | Resonance Control for 650 MHz STC10



Transfer Function Measurement
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Model Fit using System Identification
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Controller Design and Simulation

13 P. Varghese | Resonance Control for 650 MHz STC 10/02/2019

Direct Feedback with proportional gain only



Controller as Inverse of Model
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DC Stability with Integral Control 
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Closed Loop Frequency Response

16 P. Varghese | Resonance Control for 650 MHz STC 10/02/2019

~11dB5 Hz Disturbance



Pole Zero Locations at Resonance Frequencies
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Pole Placement by State Feedback
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Bass – Gura Formula

Controller Canonical Form



Pole placement to Reduce Resonance Peaks
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Conclusions
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• A LLRF system for the 650 MHz Test Stand has been developed

• Resonance Control for multiple cavity types will be needed for the PIP-II

project

• The test stand and other PIP-II near term projects are a collaboration between

Fermilab and LBNL LLRF teams

• A few control design approaches have been explored

• PIP II offers many challenges to create Resonance Control solutions for a variety 

of cavity types.   

• Modeling the piezo to cavity detuning dynamics is a key to developing 

effective control algorithms.
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