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Why do We Use Linear Lattices?

Integrable behavior
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Thisgives us...

Bounded trajectories
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The Strong-Focusing Synchroton—A New High Energy Accelerator®
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Strong [ocusing forces result from the alternation of lang posithee asd megative m-values in ssccesslve
seclors of 1he magnetic guide ficdd in a |:|||1I_'hllf|llﬁ_ This seduencs i il.ll:l'l'l.ﬁlrljl' h!-llh'-H'ﬂj."l,F and diverging
magnelic Enses of @peil ireagth & sl canverging, andd ledds e l]ﬂl'l.il-li.'J.l'lt reductions in asckllstion ﬂ.l'l1|'b1l
puie, kb for radlal and addal displecemenis. The mechanism of phase-stable spnchronous acceleration sbill
gpplies, with o lurge reduction in the amplitude of the associated radial synchronous mscillations. To ilbas-
trate, a design is proposed for & 30-Bev proton sccelerator with an orbii radiss of J00 i, and with & small
magn#k having an aperiure of 132 inche. Talerances on nearly all deslgn parameters are besa critical than
for the equivalent wniform-n maching, A peneralizuises ol this !m:ulillﬂ Fn'il'li.'ipli! leads in smsll, efFcient
[prusing magnets [or jon and elecins beama Relations Toe ibe focal lengih of a doubde-loousing magnat
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Controlled Nonlinear Lattices can
have Bounded Motion
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Controlled nonlinearity makes the Hamiltonian independent of “time”
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Hamiltonian becomes a conserved guantity

Now the task isto select a potential with desirable properties that can
be realized with free space magnetic fields



5y Nonlinear Integrable Opticss

Bertrand-Darboux Egn.
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Self-consistently with Maxwell’s equations yields...
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8V. Danilov and S. Nagaitsev, “Nonlinear lattices with one and two analytic
invariants”, Phys. Rev. ST - Acc. Beams 13, 084002 (2010).
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Beam Mismatch Sets Up Space Charge
Driven Resonances
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Linear Lattice Forming Beam Halo

QuickTime™ and a
GIF decompressor
are needed to see this picture.



Integrable Elliptic Lattice Suppresses Beam Halo
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Conclusion

- Nonlinearities can be your friend, if you know how to talk to them
- There are realizable lattices that are nonlinear and realizable with magnetic elements
- Beam halo is a direct consequence of linear lattices...

. ... but nonlinear optics mitigate the instability
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