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Motivation — Plasma-based acceleration
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Motivation — Plasma-based acceleration
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Leemans & Esarey, Physics Today, March 2009




Motivation — Plasma-based acceleration
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Motivation - Staging

e Staging is critical for the future development of plasma based

accelerators (PAs).

(a) (b)
High density injector RF-based TBT
Accelerator
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» Quadrupoles: the magnetic gradient G ~ 1000 T/m?

» Nonlinear plasma wake: the equivalent G [T/m]~ 3X10°n,[10" cm™]

I'T. Eichner et al., Phys. Rev. ST Accel. Beams 10, 082401 (2007); J. Harrison et al., Phys.
Rev. ST Accel. Beams 15, 070703 (2012).



Motivation — Mismatch between stages

* When the beam propagates between different stages, serious
transverse phase space mismatch may happen.
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“P. Antici et al., Journal of Applied Physics 112, 044902 (2012); T. Mehrling et al., Phys. Rev. ST accel. Beams
15, 111303 (2012); M. Migliorati et al., Phys. Rev. ST Accel. Beams 16, 01111302 (2013).



Motivation — Mismatch between stages

* Take two-stage laser-plasma accelerator! as an example
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1J. S. Liu et al., Phys. Rev. Lett. 107, 035001 (2011); B. B. Pollock et al., Phys. Rev. Lett. 107, 045001 (2011); A.
J. Gonsalves et al., Nature Physics, 7, 862 (2011).



The concept of using plasma as
a matching stage

 We can use plasma with a tailored density profile as a
transverse phase space matching components.

*W. Lu et al., Phys. Rev. Lett. 96, 165002 (2006); W. Lu et al., Phys. Rev. ST Accel. Beams 10, 061301 (2007).



How to solve the profile parameters
of the matching plasma?

Start from the transverse motion equation:

2vomcey

d2 2
d—; LKD)z =0, K(z)=—3¢

Linear Profile: np(z) = Ny (1 — %)

Exponential Profile: n,(z) = nyexp (—%)

. . B 2 x = C1EY?cos(sIn€) + C2E/%sin(sIn€)
Reciprocal Il my(2) = o) B { ¥ = C1E72[cos(s1ng) /2 — ssin(sIn))
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where 0 < 2 < L where & =z+1,s = |—g(kpol)?/2{W) + 1/4| /



How to solve the profile parameters
of the matching plasma?

* The evolution of the beam C-S parameters:
Bf = M7, B; — 2M11 Miscy; + M7y
ar = —Mi1 M8 + (My1 Mag + Mo Moy ), — MiaMagry;
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*S. -Y. Lee, Accelerator Physics (World Scientific Singapore, 1999.




The performance of the matching
stage with different profiles
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3D PIC simulations: Two-Stage LWFAs

* Parameters: vo = 200, 5; = 33.7um,a; =0
Bgoal = 337Tum, qgoar =0 = 1=49 pm,L =394 um
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3D PIC simulations: Two-Stage LWFAs

* Parameters: vo = 200, 8; = 33.7um,a; =0

Bgoal = 337um, 0goqt =0 = 1=49 um,L =394 um
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2D PIC simulations: External Injection

* Parameters: 70 = 950, Bgoar = Smm, agoar = 0

Bgoal = 0.12mm, Xgoal = 0 —=7=0.116 mm,L = 5.8 mm
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2D PIC simulations

* Parameters:vy = 4000, 3; = 1.06mm, a; =0
Bgoal = 10.6mm, agoqr =0 = 1=1.55mm,L = 13.3 mm
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Conclusions

e Catastrophic emittance growth may happen
when the beam propagates between plasma
and traditional accelerators.

* Alongitudinal tailored plasma structure is
proposed as phase space matching
components.

* Theoretical analysis and full 3-d PIC
simulations are presented.



Thank you for your attention!
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