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A) What iz a Bessel Fanction?
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* U we limit the discasscon o the wndulator pficturne we have

«an oscillating field orthogonal te the electron trajectory ‘
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Bi-tormonic Undubators
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ervor diaguostic tool
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PRL 109, 194801 (2012) PHYSICAL REVIEW LETTERS 9 NOVEMBER 2012

Observation of Picometer Vertical Emittance with a Vertical Undulator

K. P. Wootton,""* M. J. Boland,'? R. Dowd,” Y.-R. E. Tan,” B.C. C. Cowie,”
G.N. Taylor,! and R. P. Rassool'
!School of Physics, The University of Melbourne, Melboume VIC 3010, Australia
Australian Synchrotron, 800 Blackburm Road, Clayton VIC 3168, Australia
*European Organization for Nuclear Research (CERN), BE Department, 1211 Geneva 23, Switzerland - Measured vertical undulator pinhole flux
(Received 11 July 2012: published 8 November 2012) E -

Y. Pa]:-:ipl'lili]:n]:-ou,3

Using a vertical undulator, picometer vertical electron beam emittances have been observed at the
Australian Synchrotron storage ring. An APPLE-II type undulator was phased to produce a horizontal
magnetic field, which creates a synchrotron radiation field that is very sensitive to the vertical electron
beam emittance. The measured ratios of undulator spectral peak heights are evaluated by fitting to
simulations of the apparatus. With this apparatus immediately available at most existing electron and
positron storage rings, we find this to be an appropriate and novel vertical emittance diagnostic.

tor harmonies 6 — 15. [K.P. Wootton, et al., Phys. Rev. Lett., 109 (19),
(2012). (© 2012 American Physical Society.
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Figure 2.2: Figure-eight dynamics of a charged particle in an electromagnetic wave, as seen in
the oscillation center frame. The trajectory in the xy-plane, where x is the propagation direction
of the laser pulse, and y is the polarization direction, is shown for a = 0.5 (solid), 2 = 1 (dotted),
a = 10 (dashed), and 2 = 100 (dashed-dotted). Asa increases, the amplitudes k% and k7 approach
the calculated values 1/4 and /2, respectively.
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* JB7 ana

Weak light field
(normal light, synchrotron)

Single-photon absorption

P~ |[(1r- E0)®

Strong light field
(laser pulses)

Multiphoton absorption

perturbative or
nonperturbative
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Q ——
Q =y

Classical electron in a monochromatic laser field

Equation of motion: |i(#) = —Ejsin(wt)
(using dipole approximation; E sin(wt) = electric field, linearly polarized)

2 2
ineti : — Udrift - Eo By o2
Velocity: ©(1) = vaug + % cos(wt) Kinetic energy: T'(t) = —5 T Vdritt * 7 cos(wt) + 5,2 8 (wt)

Position: r(t) = ro + Vasiet + 22 sin(wt . 2. B
(1) oA sin{wt) Average kinetic energy: | T = —Udélft + ﬁg

X

Ariit+ osclllation — Define ponderomotive potential: |/, = =%

\/ If field amplitude is position dependent, there will be a
/\ ponderomotive force F,, = —VU,(r).
1

Oscillation amplitude: a = E;/w?
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