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Fermilab Campus
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Fermilab Accelerator Complex
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PIP-II (Proton Improvement Plan II)
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Fermilab Recycler Ring
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RECYCLER RING

MAIN INJECTOR



Fermilab Recycler Ring
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Tune Diagram for PIP-II Intensities
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Fermilab Recycler Ring
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Low Intensity Studies
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Global Third Order RDTs
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Measurement of Global RDTs
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Transfer Matrices

𝑁𝐴𝐹𝐹(ℎ!") 

▪How to measure RDTs?
▪ Start from BPM data (104 BPMs)
▪ Estimate momentum coordinates 

from BPMs transfer matrices
▪ Get normalized phase space
▪ Get spectral decomposition of 

resonance basis



Compensation Scheme
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▪Use 4 dedicated normal 
sextupoles for compensation 
of 3𝑄! = 76	
▪Use 4 dedicated skew 
sextupoles for compensation 
of 3𝑄" = 73	
▪Scan sextupole currents 
and record RDT sensitivity 
(ℎ!""" and ℎ""!")
▪Build linear system to cancel 
out bare machine RDTs
▪Previously installed 
sextupoles were located so 
chromatic effects are 
canceled out
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Compensation Scheme
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▪Real part and imaginary part of ℎ!"""
($%&') can be retrieved for each 

normal sextupole 
▪Coupling to RDT from sextupoles can be retrieved from slope



Dynamic Loss Maps (Experimental)
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Dynamic Loss Maps (Experimental)
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Dynamic Loss Maps
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High Intensity Studies
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High Intensity Loss Map
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Measurement of Space Charge Tune Shift
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Measurement of Space Charge Tune Shift
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Static Tune Scans at Low Intensities
(Experimental)
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Static Tune Scans at High Intensities
(Experimental)
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Static Tune Scans with Wide Beam
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Static Tune Scans with Wide Beam
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Transverse Dampers and Resonances
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High Intensity Operation
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RECYCLER RING

MAIN INJECTOR



MI effect on RR
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MI effect on RR
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Conclusion and Future Work
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▪Cancellation of global third order RDTs allows to mitigate the harmful 
effect of third order resonances in the Recycler Ring 
▪At higher intensities, this compensation scheme is also beneficial to 
the beam survival ratio 
▪The incoherent space charge tune shift complicates things when 
trying to use beam-based measurements 
▪Further investigation is needed as to how the transverse dampers in 
the RR excite betatron resonances at high intensities 
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