An influence of plasma on the wakefield amplitude
excited in a dielectric structure by bunch train
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Introduction

Focusing Property of PDWA

At the previous EAAC2013 we have reported that difficulties with stabilization
of transverse motion of bunches in DWA can be resolved by filling of
accelerated channel with a plasma [NIMA, V.740, p.124-129(2014)]

— Axial force
— — Transverse force

. F(keV/m)

witness bunch

0 10 20 30 40 50
&=v t-z (cm)

F (KeV/m)
.

— Axial force
— — Transverse force &=7.56cm
2
B
ko}
s
=}
Drivebunch = =~ ~
00 02 04 06 08 10 12
r(cm)

A GHz PDWA (fo1 ~ 2.71 GH z) suitable for an experiment at KIPT:
OD=8.6cm, ID=2.2cm, ¢ = 2.1, L, = 1.7cm, 2r, = 1.9cm, Bunch
energy=5MeV, Q, = 0.32nC, f, ~0.9GHz (np = 10"%cm™2) ; ny/n, = 0.04
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Introduction

Motivation

o At optimal focusing regime fo1 > f, the amplitude of axial field is
mainly formed by the dielectric wave (DW), and the amplitude of
transverse field - by plasma wave (PW)

@ When an increasing plasma density an axial electric field of PW
increases, this could result in an increase the total accelerating field

o However, beforehand the optimal plasma density, when the
maximum of an accelerating gradient is reached, can't be predicted:

o An amplitude of the PW hasn’t monotonically increasing character -
it has the maximum when kya = wpa/vo =~ 2

o An amplitude of the DW at the accelerating channel axis decreases
when a plasma density increases

The results of studies E,(n,) are presented in this report
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Statement of the Problem

PDWA under investigation

PDWA unit. Isotropic plasma fills transport channel entirely. Drive
bunch/bunch train is in magenta; test bunch is in dark green, dielectric
tube is in green, and outer shell in grey is a conductor
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Governing Equations

Axial Field in Drift Channel

Having solved Maxwell equations we obtain next equations for the axial
field excited by drive bunch train in drift channel:

TbLb i=1
1/2 I( s
s a 0 HpT)
pu— R _
€, (T) <wle(Ws)> I()(F&ZCL)7 s(""b) ff‘;’f’b ez(Tb)7
Io(kpr)
el(r) = klrb Ig(k a)A (kpr, kpa), T <1
’ ﬁ(l]j: Z;Ao(k a,k Tb) r,<r<a
1
\Ilill’lﬁ(T = [sin(wp, s7)O(T) —sinjwp (T — 1)]O(T — 1))
Wp,sTh

@©G.V.Sotnikov et.al. EAAC2015, La Biodola, Isola d’Elba(ltaly)

Plasma-Dielectric VWakefield Accelerator



Governing Equations

Eigen Frequencies

w = wp = plasma wave

ep(ws) li(kpa) e Fi(kja, K5b)
ks Io(kga) K Fo(kja, kD)

D(ws) = = 0 = dielectric wave

T=t—2z/vo, To=Ly/vo, kp=uwp/vo,
S 1/2 s 1/2
W = [1 _ﬁggp(ws)] / ws/vo, kg = [ﬁg& = 1] / ws /v,
Bo =wo/c, ep(w
An(l',y) =

_ 2/ 2 2 _ 42
=1-w,/w*, w,=4me ny/m,

)
In(2) Ko(y) = (=1)" Kn(2)Io(y),

Fo(z,y) = (=1)" [Ju(2)Yo(y) — Ya(2)Jo(y)],
)
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Parameters for calculations

Initial structure 4+ changing np

Changing Inner Diameter + changing f,, + changing np
Changing Outer Diameter + changing fm + changing np

sovernir on
Numerical Analysis of Wakefield Amplitude

Initial Parameters of PWDA unit

OD of dielectric tube 8.6 cm
ID of dielectric tube 2.2cm
Relative dielectric constant, ¢ 2.1
Bunch energy 5MeV
Frequency of vacuum Ey; mode, fo1 2.71GHz
Bunch repetition rate, f, 271 GHz
Bunch charge 0.32nC
Bunch diameter 2.0cm
Density of drive bunch electrons, n, | 3.9-108 cm =3

Plasma density will be changed during the next analysis.

The structure with above parameters provides not high accelerating gradient,
however, it enables to track the base regularity how the wakefield amplitude
depends from plasma density. High accelerating gradients can be obtained by a
scaling of dimensions and plasma density.
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Parameters for calculations
Initial structure 4 changing np

. . . . Changing Inner Diameter + changing f;, + chan
Numerical Analysis of Wakefield Amplitude Changing Outer Diameter + changing f,, + changing np

) when keeping fixed dimensions and f,, — 1st case
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Reference case: Total WF = dielectric WF + plasma WF
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Parameters for calculations
Initial structure 4 changing np

. . . . Changing Inner Diameter + changing f,, + changing np
Numerical Analysis of Wakefield Ampllt‘ude Changing Outer Diameter + changing fr,, + changing 7t

Conclusion for the 1st unit

@ When using single bunch for a generation of WF: a plasma filling of
drift channel doesn't provide additional advantages in comparison
with a pure dielectric structure of a pure plasma one

@ When using bunch train: appreciable increasing of wakefield can be
obtained at resonant plasma density (w, = wp1) for not very long
train

@ The first reason of that behaviour is detuning between bunch
repetition rate and eigen frequencies of the PDWA (dielectric and
plasma )

@ The second reason is detuning between plasma wave and dielectric
wave

Let's start the tuning
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Parameters for calculations

Initial structure 4+ changing np

Changing Inner Diameter + changing f,, + changing np
Changing Outer Diameter + changing f,, + changing np

Numerical Analysis of Wakefield Amplitude

when changing ID — 2nd case
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Total WF (top left) = dielectric WF (top right) + plasma WF (bottom)
b=4.3cm, fo1 =2.84 +-28.4GHz
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Parameters for calculations
Initial structure 4+ changing np
Changing Inner Diameter + changing f,, + changing np

Numerical Analysis of Wakefield Amplitude Changing Outer Diameter -+ changing frm + changing 71,

when changing OD — 3rd case
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Total WF (top left) = dielectric WF (top right) + plasma WF (bottom)
a=11cm, for =0.9+28.4GHz
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Parameters for calculations
Initial structure 4+ changing np
Changing Inner Diameter + changing f,, + changing np

Numerical Analysis of Wakefield Amplitude Changing Outer Diameter -+ changing frm + changing 71,

Fz(n,) for the 1st DW mode when changing OD
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Dielectric WF of the first radial mode Ey:. Left axis is the F, for single bunch
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Parameters for calculations

Initial structure 4+ changing np

Changing Inner Diameter + changing f,, + changing np
Changing Outer Diameter + changing fm + changing np

Numerical Analysis of Wakefield Amplitude

Spectra of wakefields from single bunch — 3rd case

2
20 o )
~ — T bunch Max ofF2_iangmu
E 5 I b M of Fz_jangmar E £20 bunch Max of Fz_dielectric} £
s 1 bunch ax ofF2_dlecrc] 3 3 3
e & b Y
18
05
0 10 20 30 40 0 50 100 150 200
fs, GHz fs, GHz.
2
46
o 2 a9
44
£ € e I urch W of F_iangrur] £
£ E s oinh o £t S
342 bunch Vi ofF2_iangmur] 3 % 2 3
2 1 bunch Max of F2_dilectic £ 2 £
« s N o
[y P 5 o
- 19
18

0 50 100 150 200 250 300 350
fs, GHz

a) —np, =10, b) —n, =2-10", ¢) —n, = 10'2, d) - n, = 103 ecm ™

fs, GHz

ielectric Wakefield Accelerator



Conclusion

Conclusion

Amplitude of wakefield in PDWA can increased by tuning eigen
frequencies to bunch repetition rate by the way changing of inner or
outer diameters of dielectric tube

Maximum of wakefield amplitude is reached near the maximum of
plasma wave amplitude

There is a wide interval of plasma density where dielectric waves get
an appreciable input in total wakefield

For the case of changing of ID this interval is at low plasma density,
far from optimal one where maximum of total wakefield is reached

For the case of changing of OD this interval is wider and input of
dielectric wave is significant even at total wakefield maximum
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Conclusion

Thank you for your attention!
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