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Outline

1. PIP2-IT Accelerator Components
2. LLRF Systems

a) RFQ and Buncher 1
b) Buncher 2 and 3
c) HWR Cryomodule
d) SSR1 Cryomodule

3. LLRF Testing and Calibration
4. Labview, ACNET and EPICS interfaces
5. Results and system performance 
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PIP2-IT Accelerator Components

RFQ, B1
VXI Crate
2 MFC cards

Buncher2,3
1 SOCMFC
Chassis

HWR
4 SOCMFC
Chassis
1 Tuner
Signal Cond
Module

SSR1
4 SOCMFC
Chassis
2 Resonance
Control Chassis

Ion
Source

30 keV 2.1 MeV 10 MeV 22 MeV
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PIP2-IT LLRF Systems

RFQ,B1 B2,B3 HWR SSR1
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PIP2 4-Cavity RF Station
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LLRF System Architecture
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RFQ and B1 LLRF System

RFQ

Buncher1
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Beam Loading Compensation – B2 
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HWR LLRF System with Pneumatic Tuner Control
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HWR Resonance Control Design

Physical Model

Control System Model Control System Simulation

Controller Implementation
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HWR Resonance Control Performance

Cavity 4 Cavity 5

Cavity 6 Cavity 7 Cavity 8

Measured Step Response

Cavity Tuning Range
Detuning

Histograms

Cavity GDR

Mode

Waveforms
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RF Cavity Parameters and Feedback Gains

Maximum Feedback

Gains computed 

for Stability with

45 degree phase

Margin with 1 us

Loop delay
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HWR Cavity Field Regulation
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SSR1 LLRF System with Piezo Tuner Control
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SSR1  Piezo Tuner Control – EPICS Interface
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SSR1 Cavity Detuning Histograms

Cavity1 Cavity2 Cavity3 Cavity4

Cavity5 Cavity6 Cavity7 Cavity8
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SSR1 Piezo Transfer Functions

Cavity1 Cavity2 Cavity3 Cavity4

Cavity5 Cavity6 Cavity7 Cavity8
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SSR1 Amplitude and Phase Regulation

Cavity Field Setpoint (MV/m)

Amplitude Regulation (rms) %

Phase Regulation (rms) deg

Feedback Proportional Gain

Feedback Integral Gain (rad/sec) 3,000,000 3,000,000 3,000,000

0.0093 0.0092 0.0076

1600

3,000,000

1600 1600 1600 1600 1600 1600 1600

3,000,000 3,000,000 3,000,000 3,000,000

0.0116

4.63 4.78 7.32 7.8

0.0289 0.0219 0.0157 0.014

0.0164 0.0118 0.0091 0.0088

4.88

0.0194

7.56 7.32 10

0.0158 0.0147 0.0124

Cavity6 Cavity7 Cavity8

SSR1 Amplitude and Phase Regulation
Cavity1 Cavity2 Cavity3 Cavity4 Cavity5
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RF Power Calibration
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RF Detune Calibration

▪ The cavity is operated in pulse mode with a cavity field ~ 1/2 FS 
magnitude and the cavity probe and forward waveforms are 
recorded.

▪ Numerical analysis of the acquired data provides cavity 
parameters such as half bandwidth and the detuning constants
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Cavity Quench Detection/ Overdrive Protection

▪ The cavity is operated in pulse mode with a cavity field ~ 1/2 FS 
magnitude and the cavity probe and forward waveforms are 
recorded.

▪ Numerical analysis of the acquired data provides cavity 
parameters such as half bandwidth and the detuning constants
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𝑸𝑳 Measurement

HWR Cavity 5, 𝑄𝐿 = 2.07e6 SSR1 Cavity 5, 𝑄𝐿 = 4.11e6
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𝐔𝐬𝐞𝐫 𝐈𝐧𝐭𝐞𝐫𝐟𝐚𝐜𝐞𝐬

Labview
EPICS

ACNET
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𝐒𝐮𝐦𝐦𝐚𝐫𝐲

• The LLRF systems at PIP2-IT met the project requirements 

• A Resonance Control System for the HWR cryomodule was developed and integrated into the 

LLRF controller 

• All LLRF systems had ACNET interfaces and the SSR1 LLRF system used an EPICS interface

for the resonance control system

• Automated ACL sequencers were used to turn on the various LLRF systems and transition them 

into GDR mode at their operating gradients

• Operation at 2 mA beam with a 550 us pulse was limited to a short period due to some issues 

with the MPS system – 10 us pulses were used toward the end of the run

• Beam loading compensation was demonstrated in the warm front end. The SRF cryomodules

were able to compensate for beam loading with their high feedback gains.

• A LBNL built LLRF controller based on the LCLS-II LLRF system was tested with the SSR1

cavities 7 and 8 and its various test features were exercised.  
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Thank You!


