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Fermilab Accelerator Complex
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PIP-II Superconducting RF CW Linac, 800 MeV Consists of 

Five Types of Cryomodules
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PIP2-IT Accelerator Components
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PIP2 LLRF Systems

TotalStation

11

Station

10

Station

9

Station

8

Station

7

Station

6

Station  

5

Station

4

Station

3

Station

2

Station

1

HB650-

3,4

HB650-

1,2

LB650-

7,8,9

LB650-

4,5,6

LB650-

1,2,3

SSR2-

6,7

SSR2-

4,5

SSR2-

1,2,3

SSR1-

1,2

HWRRFQ,

B1-4

12512121212121010151686Number of 

cavities

650650650650650325325325325162.5162.5RF Freq 

(MHz)

S3 – SSR1-1,SSR1-2 S4-S11 – SSR2 (7),

LB650 (9), HB650 (4)



P.Varghese                                 PIP-II LLRF System7

4-cavity LLRF Station Rack – Components 1

LBL-Marble RFS

Xilinx – Kintex

FNAL- LLRF Controller 

Intel – Arria10 SOC 
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4-cavity LLRF Station Rack – Components 2

JLAB/FNAL

Resonance Controller 

(Marble FPGA)

Xilinx – Kintex
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PIP2 4-Cavity RF Station
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LLRF System Architecture 1 - Amp/Phs Control
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SEL System Architecture
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LLRF System Architecture 2 – I/Q Control
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Resonance Controller Architecture 
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Resonance Control Processing 
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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 Control Performance

Cavity 6 Cavity 7 Cavity 8

Detuning

Histograms

Cavity 4 Cavity 5

PIP-II Specifications
• Energy Stability(Linac) < 0.01%

• Amplitude Regulation(individual cavity) < 0.06 rms %

• Phase Regulation < 0.06 rms deg

• Maximum detuning < 20 Hz
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RF Cavity Parameters and Feedback Gains

Maximum Feedback

Gains computed 

for Stability with a

45 degree phase

Margin with 1 us

Loop delay
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SSR1 LLRF System with Piezo Tuner Control
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SSR1  Cryomodule Testing 

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

Cavity1 Cavity2

Cavity5

Cavity3 Cavity4

Cavity6 Cavity7 Cavity8

Microphonics Detuning Piezo Transfer Function – C1
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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

 Quench Detection is based on computing the dissipated power in 

the cavity. The dissipated power is compared against a threshold 

for quench detection

 RF overdrive is detected when the controller output saturation 

persists beyond a specified time (~ 1 sec)
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HB650 and LB650 Cavity Testing at STC
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LB650 Cavity Measurements

4/5π Mode, 625 kHz 3/5π Mode, 2.125 MHz Suppression with notch filters

GDR Mode at 17 MV/m LFD Coefficient = 2.4 Detuning Spectrogram
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HB650 Cavity Measurements

GDR Mode 15 MV/m Piezo Tuner Controls Tuner Waveforms

LFD Coefficient = 1.6df/dp = 6.0 Hz/Torr Piezo Transfer Function
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Prototype HB650 Cryomodule Testing at CMTF

40 kW SSA

SSA Non-linearity SSA Calibration SELAP Mode at 7 MV/m

pHB650 Cryomodule
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Prototype HB650 Cryomodule Testing at CMTF

GDR Mode at 5MV/m Piezo Waveforms 
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Labview
EPICS

ACNET
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• PIP-II LLRF System is in the Final Design Review Stage

• The design is closely aligned with the LCLS-II LLRF system

• Various hardware/software components have been tested at PIP2-IT 

and STC

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

• All the different cavity types(7) have been tested with the LLRF 

system

• Final design prototypes will continue to be tested at both facilities

• The EPICS user interface has been used in the test stands

• The Final Design Review is expected in early 2024
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Thank You!
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RFQ and B1 LLRF System

RFQ

Buncher1
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Beam Loading Compensation – B2 
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�� Measurement

HWR Cavity 5, �� = 2.07e6 SSR1 Cavity 5, �� = 4.11e6


