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Goals

• Create technical memo/physics note containing parameters of proton 
operations in IOTA. – Draft ready.

• Cite primary sources for all injector parameters. – Mostly.
• Make reasonable assumptions and calculate parameters in IOTA. – Done.
• Summarize values in data tables. - Done
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Injector parameters

Single turn injection from 
the IOTA proton injector.
• Bunch length: 0.3 ns -> 

6.6 mm
• Assuming 7 mA beam 

from injector, maximum 
intensity is !!"#""$%

#
=

8.16×10$%
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Cite-able References:
[1] E. Prebys, “RF Capture of Protons in the IOTA Ring”, Beams Document 
4837-v1, Fermilab, 2015.
[2] P. N. Ostroumov, V. N. Aseev, and A. A. Kolomiets, “Application of a new 
procedure for design of 325 MHz RFQ”, JINST vol. 1, no.04, P04002, 2006.

IOTA Proton Injector 
Specification Revision



Transverse rms emittance

Mostly depends on duoplasmatron 
source with less than 10% increase 
inside the RFQ.
1. The maximum incoherent tune 

shift due to space-charge for 
coasting beam seems to saturate 
around 0.25.

2. We can reach tune shifts above 
0.5 for bunched beam.

High rf voltages will allow realization 
of high tune shifts even if source yield 
is low. – Relevant for proposed bunch 
compression experiment.
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W. M. Tam, “Characterization of the proton ion source 
beam for the high intensity neutrino source at Fermilab”, 
PhD Thesis, Indiana University, Bloomington, 2010.



Lattices for proton operations

I assume that the lattice with the Danilov-Nagaitsev non-linear magnet 
will be used to commission protons in IOTA.
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- 1IO
- ECool ensemble
- ECool reference



Longitudinal dynamics in IOTA

Start with bunches with rms length of 0.3 ns, and separation 3.08 ns.
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E. Prebys, “RF Capture of Protons in the IOTA Ring”, Beams Document 4837-v1, Fermilab, 2015.
K. Y. Ng, “Continuous multiple injections at the Fermilab Main Injector”, Phys. Rev. ST Accel. 
Beams vol. 5, 061002, 2002.
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Residual gas scattering depends on pressure

• Single scattering events 
lead to a finite lifetime. 
8 mins @ 4.2 x 10-8 Torr 
measured in atomic 
hydrogen equivalents.
• Multiple scattering 

events lead to emittance 
growth independent of 
intensity. 20-30 seconds 
@ 4.2 x 10-8 Torr

Baking can reduce residual 
pressure and increase 
lifetime.
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No aperture 
restrictions

No aperture 
restrictions

1IO

ECool

V. Lebedev et al., “Report on Single and Multiple Intrabeam Scattering Measurements in IOTA Ring 
in Fermilab”, Beams Document 8837-v1, Fermilab, 2020. 
V. Lebedev and S. Nagaitsev, “Particle Scattering in the Residual Gas”, Beams Document 8859-v1, 
Fermilab, 2020.



Intra-Beam Scattering depends on intensity

We calculate ranges of 
emittance growth rates 
due to IBS for the entire 
range of energies, 
emittances, momentum 
spread, rf voltage and 
intensity.
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1IO

ECool

Transverse

Longitudinal



Space-charge dynamics with realistic injection

Simulated 10000 turns after proton injection using the 2.5 D space-
charge model in PyORBIT.
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Transverse 
Emittance growth

Beam Loss



Space-charge effects as a function of intensity

• Transverse emittance 
growth rates and final 
values after 2000 turns 
depend on intensity.
• More loss at intermediate 

intensities. Why?
• More loss during the 

adiabatic bunching process 
since some particles are 
not captured.
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1IO Bunched

1IO Coasting



Space-charge simulations in multiple codes
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Also, IMPACT-X [John], MAD-X [Ben]

Xsuite [Mike]
PyORBIT



Cumulative emittance growth rates

RGS dominates at low intensities, IBS at intermediate and SC at high 
intensities.
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Tables are all you need
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Next Steps

• Trace the source of loss and explain the dependence on intensity.
• Add anything missing. Feedback welcome!
• Publish report as technical memo/physics note.
• Write similar report for electron cooling. – In progress.
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Appendix: Un-corrected linear lattice 
perturbations
Tolerances in position: 0.1 mm, angle: 1 mrad and quad field: 1%
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Not considered in parameter 
range calculations.

A. L. Romanov, G. T. Kafka, S. Nagaitsev, and A. Valishev, “Lattice Correction Modeling 
for Fermilab IOTA Ring”, in Proc. IPAC'14, Dresden, Germany, Jun. 2014, pp. 1165-1167.


