Three-dimensional betatron oscillation and radiation reaction in plasma accelerators
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Introduction

Plasma-based accelerator offers high acceleration gradient and strong transverse focusing electromagnetic field to accelerate electrons. The electrons in the wake emit
axial synchrotron radiation because of betatron oscillation (BO), which leads to the energy loss of electrons and in return affects beam properties [4]. Such effect is called
the radiation reaction (RR). To study this process, we reestablish the BO model with RR [2, 3, 4, 5] by a considering the oscillations in two transverse and one longitudinal
directions. In our three-dimensional model, long-term equations (LTE), with information in the betatron time scale being averaged out, are obtained and compared with the
original equations by numerical methods and the particle tracking code PTracker (PT)[6]. Use our model, the energy evolution, the BO amplitude, as well as the BO phase
shift, with arbitrary initial polarization, can be predicted without resolving the BO period. This work can be of great value for future plasma based high-energy accelerators
and colliders.

Theoretical model and long-term equations The value of parameters
We use the plasma normalization units. The classical expression of radiation reaction (RR) is the Lorentz-Abraham-Dirac Parameters
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Neglect the interaction between the beam particles, the electromagnetic field provided by the wake can be modeled as
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Then, from the Lorentz-Newton equation, we derive the long-term equations (LTE) about the relativistic factor of electron
v, the amplitude of BO, phase and angular momentum

. 1 3 |
(7) = — L2080 — gff’eﬁig (7)? (52 + 5y) ) Initial Values
L'H.EE | = —_—— 7 I'. =t
RN S S R R $(g 4+ g UV | @y Gs | Baof ()] (C)
() =5% =50 "= 2 (St 5y, Fig 1[1.12|0.87|7/6| 0] 0 [100-0.03
dsS, 1 5, 1 o 4—cos2Ad 171 9 . Fig 2| L1210.87|=/6] 0 | 0 100 0.00
= —_— e 2 S I st - [_)\ >0 2 1 - 2)\ SajS QA(I), . -\ - I.' y
i 1) ( : 3 y) 3 [P0 = (1= 20 () 755y sin Fig 3| 1.12[0.87|x/6] 0 | 0 |100]-0.07
] L 1 b 1 » 1 _s Fig 4[1.12[0.87[=/6] 0 ] 0 [100]-0.05
O, = —r.k° ()29, sin 2AP+—\[. S. + S, cos 2AD)——k* S, +2\S, + (1 —2)\) S, cos 2AP|——k\ 2 : L - .
o (7)? Sy 6l B0 (1) | Y ) 16 () Y ( ) 5y | A () Fig 5/ 1.12]0.87]7/6] 0| 0 |10°|-0.80
dAD 1 1 1 |AG, _ . PN FEET T Y B i
T <7>§ (S, + S,)sin 2AP + — B0 K2 (1—2X0)| (7) ; (S, — S,) sin2 AP Fig 6|1 12)087 (= /6 0 O 107 0.00
dt 24 5| 4 i Fig T|L12{10.87|=/6) 0 | 0 [10"|-0.80
where, S, is the areas (divided by 27) of the ellipses encircled by the particle trajectory in + — p,. phase space. Analogous Fig 8]1.12]0.87|7/6] 0 0 (107 -0 20
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