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Beam transport in the blowout regime

* The situation concerns typical external g |,
injection blowout scenarios § é%
- Linear focusing channel LTIS* E?f;)
— A preexisting beam following a fe R B x[c;wp] : :
driver generating a wakefield ) Il_m i
* Emittance preservation and analysisis ~ — 2 ‘ §§Z§ =
a crucial aspect in these acceleration S 0000 A
scenarios Ee v B h}
* Driver and witness were assumed to ‘40 et I‘gﬁig |

have no offset in respect to each other

T. Mehrling et al., Plasma Phys. Control. Fusion 56 084012
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Scenario | - single slice without energy gain

* Single slice with predefined Twiss
parameters moving through the ion
channel

* No energy gain

* Use field information obtained from
Particle-in-Cell simulations:
sufficiently small macroparticle
distribution placed at the zero crossing
of the longitudinal electric field

* (Cross-checked with a semi-analytic

numerical model (SANA)*
*T. Mehrling et al, NIM A 2016.01.091 (2016)
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Scenario | - the formulas

* The basis is the differential equation for the transverse position of a single electron
in a homogeneous ion-channel:

* With the solution, ignoring energy gain

z(t) = g cos[p(t)] + —22— sin[p(t)]
m~yoWwWs,0

* With wg,0 = wp/+/270, and the phase advance defined as:
p(t) = wpt
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Scenario | — from particle to distribution

« Assuming a phase-space distribution fo(Zo, Dx,0,Y0) without correlation between
initial transverse offset xg, the transverse momentum pz o and energy:

fo = f1(x0,px,0)f~(7), /fodxodpx,od% — |

* The relevant distributions can then be obtained by averaging over the phase-space
together with the Gaussian energy distribution, fy, = (vV2mo,) ™" exp(—dy*/207)

(22)(t) = /_OO (z2(t)) fodzodps oddy
W20 = [ G20 fodnadpe.oddy —
o w = Pe
(@) (t) = | @@pa(0) fodzodpaoddy .
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Scenario | — a closer look at the emittance
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With b = Ay? /2y, Ay = 0./, giving a time frame for emittance growth saturation as tw,] >> 10

For FLASHForward parameters (7o = 2000, Ay = 0.1%), z > 1.0m

With matching conditions for plasma environments, (zu),, = 0,(z?) = €0\/2/70, (u2) = €o
based on G, =0, B = V27 /kp, Am = kp/ /2%
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An interesting property is the final emittance value,
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Scenario | - comparison between models

—— simulation sana —— theor —_— Enw
«  PIC simulation with HiPACE: ?
~ Driver: 1 =3 kA, Q = 240 pC, s
ov/y =0.1%, E = 1.0 GeV, E 2]
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(ov/y=10%, E=1.0GeV, e =2pm,0 =5pum)
at the zero-crossing of £, to avoid energy gain
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o

- A homogeneous plasma density distribution

(xpx)[um/mec]

*  SANA calculation with same witness beam
parameters, assuming E =0

* Analytical formula evaluation for same initial witness
beam parameters
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Scenario | - comparison between models

—— simulation —— sana —— theory
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Scenario Il - single slice with energy gain

* Single slice with predefined Twiss
parameters moving through the ion
channel

* Moderate energy gain

* Use field information obtained from
Particle-in-Cell simulations:
sufficiently small macroparticle
distribution placed at E =-0.5 E

* (Cross-checked with the SANA model
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Scenario Il - revisiting the basic formula

* Revisiting the DGL d2x i da

— =0

ATVLpB AT i WhT =
* The single-particle solution now includes an amplitude term

Pz,0 i
x(t) ~ xgA(t) cos|p(t)] + : A(t) sin|p(t
(#) = 20 A(®) coslp(t)] + £ A(t) s (1)

+ With wg,o = wyp/ /270, = [yo/v(t)]4, ¥(t) =75 + Et + 07, € = w,E. /Ep

* Together with the add|t|ona| element of acceleration we can introduce a
distribution-based phase advance:

_ 0y WB)
)= [ wadt = .
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Scenario Il - comparison between models
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Scenario Il - comparison between models
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Summary & Outlook

* Analytical models were obtained, allowing to describe the evolution of beam
moments and the emittance for two scenarios:

— No energy gain for beam slice
— Energy gain for beam slice

* The analytical descriptions are in agreement with the results provided by simulations
and numerical models for the long-term emittance evolution, with minor deviations

* Possible next steps:
- Include plasma density variations described by an analytical formula

- Whole-beam description

Alexander Aschikhin | EAAC17 Working Group 6 | 26.06.2017 14



References

T. Mehrling et al, Mitigation of the Hose Instability in Plasma-Wakefield Accelerators, 10.1103/PhysRevLett.118.174801

T. Mehrling et al, Efficient numerical modeling of the emittance evolution of beams with finite energy spread in plasma wakefield accelerators,
NIM A 2016.01.091 (2016)

T. Mehrling et al., HIPACE: a quasi-static particle-in-cell code, Plasma Phys. Control. Fusion 56 084012

T. Mehrling, Theoretical and Numerical Studies on the Transport of Transverse Beam Quality in Plasma-Based Accelerators, PhD Thesis, DESY-
THESIS-2014-040

Aschikhin et al., The FLASHForward Facility at DESY, NIMA 806 (2016) 175-183
P. Chen et al., Acceleration of electrons by the interaction of a bunched electron beam with a plasma, Phys. Rev. Lett. 54 (1985) 693-696

T. Mehrling et al., Transverse emittance growth in staged laser-wakefield acceleration, Phys. Rev. ST Accel. Beams 15, 111303 (2012)

Alexander Aschikhin | EAAC17 Working Group 6 | 26.06.2017 15



Questions?
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The scenario and applicable parameters

* Trace-space variables: , x = dZE/dZ — 37/2 — p:c/pz

Courant-Snyder (Twiss) parameters:

pote) g )

» Trace-space emittance: € = \/(x2> (x'?) — (xx’>2

Normalized transverse phase-space emittance:

en = ——1/(22) (p2) — (2p,)’

MeC
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SANA - semi-analytic numerical approach

< 2>k—2 (TP )y [k
D1 (wpa)y, = (P2, /16 — ka(t) (%),
O (p3), = —2ky (t) (xpa)

Oy = F.(Ck,t)

- d n(z)
kx — % (Ea: By) r=0 — 2—?7,()
FGo) = 5 (”;ﬂ (-G - 12 db)

*T. Mehrling et al, NIM A 2016.01.091 (2016)
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Scenario | - the formulas used

) )
w(t) = Dz,0 sin (t (1 — ——l) w5,0> + g cos (t (1 — ———l) wg,
YomelWgs 0 270 270

0 , 0
Pz(t) = pa,0 COS (t (1 — —l) 5,0) — ToYoMeWs,0 SIN (t (1 — —l

™
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Scenario Il - revisiting the basic formula

d’z  Adx 5
140 — 0
a2 Ty TRt

Pz.0
me~oWs, o

wpo =wp/v27, A@) =[/YOI'*, () =W+ Et+8y, €=w,E./Ey
2 0y Wp
pt)= | wpgdt =9 |1 - ————

5= 2(wpo/wp—1) ___ W _E (_ 3)
€ N W Ey To

x(t) ~ o A(t) cos[p(t)] + A(t) sin[p(t)]
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