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Over the past decade the production of multi-gigaelectrons from laser-driven and electron-bunch-driven plasma
accelerators has been successfully demonstrated. However, applications require improvements of accelerated bunch size
and its energy spread. One promising candidate to satisfy these requirements is to externally inject an electron bunch
into an electron-bunch-driven plasma accelerator. We present studies on the optimization of the self-consistent
distribution of an accelerating wakefield of plateau type, which can lead to improvement of final quality of the externally
injected and accelerated electron bunch, using simulations with the particle-in-cell code LCODE. We quantified the
effect of the injected bunch density on the plateau formation in the blowout regime.

PACS: 29.17.+w; 41.75.Lx

INTRODUCTION

Plasma wakefield accelerators have the ability to sustain
accelerating gradients to 100 GV/m [1, 2]. In conventional
accelerators, due to breakdown which occurs on the walls of
the accelerating structure at high electric fields, accelerating
gradients are currently limited to approximately 100 MV/m
[3] due to breakdown. Successful experiments on electron-
bunch-driven wakefield acceleration have demonstrated
acceleration of GeV-class electrons [2] and have therefore
confirmed the relevance of this acceleration method. Because
the plasma accelerators provide large accelerating gradients
the plasma [4-21] accelerators are intensively investigated.

However, the quality of electron bunch produced in
plasma accelerators is not yet sufficient for the realization
applications. Precise control over the injected electron bunch
properties is a key problem for plasma wakefield accelerators.
One promising strategy towards the improvement of final
quality of the accelerated electron bunch is the use of an
electron beam from a conventional electron linac. Well-
developed technologies of radio-frequency linacs allow
electron bunches of good quality: small size and small energy
spread to be provided.

It has been proposed to use the beam loading effect [18,
19] to compensate the energy spread of an electron beam in
plasma wakefield accelerators.

In this paper, we report on numerical investigations on
optimization of the self-consistent distribution of an
accelerating wakefield of plateau type, which can lead to
minimizing the bunch quality degradation during acceleration
by an electron-bunch-driven plasma wakefield accelerator
with external injection. By analyzing the dependence of
distribution of an accelerating wakefield on accelerated bunch
density in the blowout regime, we have found a mechanism to
compensate the energy spread.

We present results of numerical simulation of plasma
wakefield excitation in blowout regime by a driver-bunch and
of wakefield modification by witness-bunch, made with 2.5D
code LCODE [22] that treats plasma electrons and bunches as
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ensembles of macro-particles. We consider the bunch,
electrons in which are distributed according to Gaussian in the
transverse direction along the radius. We use the cylindrical
coordinate system (r, z) and draw the plasma and beam
densities and longitudinal electric field at some z as a function
of the dimensionless time =wyt or £&=V,,t-z, V,, is the bunch
velocity. Time is normalized on electron plasma frequency
e distance — on oy, bunch current I, — on l,=nmc?/4e,
fields — on mcwy/e. e, m are the charge and mass of the
electron, c is the light velocity.

INVESTIGATION OF THE PLATEAU
FORMATION ON THE DISTRIBUTION OF
AN ACCELERATING WAKEFIELD IN A
PLASMA BY AN ELECTRON BUNCH

To begin with, we consider the wakefield excitation

in plasma in blowout regime by short electron bunch
(Fig. 1).
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Fig. 1. The on-axis wakefield excitation E, (green line)
by electron bunch-driver. The mean field E, is shown to
be red as a function of the coordinate £ along the
plasma. Density of bunch-driver n, on the axis is shown
by red. Plasma electron density is shown by blue. The
length of uniform bunch-driver is equal to 0.08 of
bubble length. The maximum current of bunch-driver is
equal to 1,=12.24 kA. The direction of movement of the
bunch-driver is shown by a one-way arrow. The area
(a) of 1st bubble is shown by a double-headed arrow
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One can see that the electrons have not completely left
bubble (see the distribution of plasma electron density
ne(€) in region (a) in Fig. 1, &=z-Vyt). However, this
case is good because on the acceleration interval, a
linear longitudinal distribution of the accelerating
wakefield E,(&) is observed. Then, if we achieve the
formation of a plateau on E,(&) at some point &, then the
plateau will be maintained at all points & in the process
of witness acceleration and its shift inside the bubble.
Indeed, in Fig. 2 one can see that witness-bunch of a
certain charge leads to the formation of a plateau at
E,(¢) at the bubble periphery. It also leads to the
formation of a plateau on E,(&) at its shift inside the
bubble (Figs. 3, 4)
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Fig. 2. The on-axis wakefield excitation E, by bunch-
driver and plateau formation on E,(&) by bunch-witness,
&=z-Vyt. Densities of bunches n, on the axis are shown
by red. Plasma electron density is shown to be blue as a
function of the coordinate £ along the plasma. The
parameters are the same as in Fig. 1. The maximum
current of bunch-witness is equal to 1,=1.0 kA. The
arrow shows the plateau
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Fig. 3. The on-axis wakefield excitation E, by bunch-
driver and plateau formation on E,(&) by bunch-witness.
Densities of bunches n, on the axis are shown by red.
Plasma electron density is shown to be blue. The
parameters are the same as in Figs. 1, 2. The arrow
shows the plateau
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Fig. 4. The on-axis wakefield excitation E, by bunch-
driver and plateau formation on E,(&) by bunch-witness.
Densities of bunches n, on the axis are shown by red.
Plasma electron density is shown to be blue. The
parameters are the same as in Figs. 1, 2. The arrow
shows the plateau

CONCLUSIONS

The evolution of the distribution of an accelerating
wakefield of plateau type has been investigated during
acceleration through bubble in blowout regime by an
electron-bunch-driven plasma wakefield accelerator using
2.5D PIC simulations by LCODE. The final quality of the
accelerated bunch strongly depends on the distribution of an
accelerating wakefield. The investigations presented here
show that the accelerated bunch density and its shape can
support plateau type distribution of an accelerating
wakefield during acceleration through bubble in blowout
regime. This can lead to energy spread decrease.
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YUCJIIEHHOE MOJEJINPOBAHUE ®OPMHUPOBAHUS IIVIATO QJIEKTPOHHBIM CI'YCTKOM
HA PACHPEJAEJIEHUU YCKOPAIOIIEI'O KWJIBBATEPHOI'O I10OJIA B IIVIABME

B.U. Macnos, P.T. Oscainnuxos, N. Delerue, V. Kubytskyi, H.I1. Jlesuyx, H.H. Onuwenko

3a mocnenHee IECSATWIETHE ObUIO YCIENIHO NPOJEMOHCTPUPOBAHO IOJyYEHHE SJICKTPOHOB C JHEPrUeH HECKOIBKO
TUTadJIEKTPOHBOJIGT B IJIA3MEHHBIX YCKOPUTEIISIX C JIA3CPHLIM MMITYJIbCOM U DJICKTPOHHBIM CI'YCTKOM. OI[HaKO TNPUIOKEHUA
TpeOyIOT YIydIIeHHs pa3Mepa YCKOpSeMOTO CIyCTKa M €ro SHepreTHdecKkoro pasopoca. OMHMM W3 MHOTOOOCITAFOIHX
KaHIUOATOB UL YNOBJIETBOPEHMS ITHX TPeOOBAHMII SBJIACTCS HMHIDKEKLMS JIEKTPOHHOIO CIyCTKa W3BHE B IUIA3MEHHBIN
YCKOpHTENb, YNPABIAEMBIA  SIEKTPOHHBIM  CTYCTKOM. MBI IPEACTaBIseM  HCCIEAOBAaHMS 10  ONTHMU3ALMH
CaMOCOIVIACOBAaHHOTO PACIIPEIENICHNsT  YCKOPSIOIIETO KIJIBBATEPHOIO MOJA THIA IUIATO, KOTOPOE MOXKET HPUBECTH K
YIIY4IICHUI0 KOHEYHOIO KAauecTBA BHEIIHE MHXEKTUPYEMOTO M YCKOPEHHOTO 3JIEKTPOHHOIO CTYCTKA, ¢ HCTIONB30BAHHUEM
mozenpoBanus 1ipu romoiy PIC-koga LCODE. Mpbl KOJNMYECTBEHHO OLICHWIN BIHSIHKE IUIOTHOCTH MHKEKTHPOBAHHOTO
CcrycTka Ha ()OpMHPOBAHHE IUIATO B HEJIMHEHHOM PEXUME OIPOKHIIbIBAHYIS.

YUCJIOBE MOJEJIIOBAHHA ®OPMYBAHHS IVIATO EJIEKTPOHHUM 3I'YCTKOM
HA PO3IIOALII ITPUCKOPIOIOYOI'O KUIBBATEPHOI'O ITOJIA B IIVIA3MI

B.l. Macnos, P.T. Oscannuxos, N. Delerue, V. Kubytskyi, 1.IT. JIesuyk, |. H. Onuwenxo

3a OCTaHHE JEeCATWITTSA OyJI0 YCIIIHO TPOAEMOHCTPOBAaHO OTPHUMAHHS €JIEKTPOHIB 3 EHEPri€lo  JIeKiTbKa
TiraefeKTPOHBOJIBT Y INIA3MOBUX TPHCKOPIOBAYAX 3 JIA3ePHUM IMITYJILCOM 1 €JIEKTPOHHHM 3rycTKoM. OJHAK 3aCTOCYBaHHSI
BUMAraroTh TMOJIMIIEHHS PO3MIpy 3TYCTKY, IO TMPHUCKOPIOETHCS, 1 HOro eHepreTHIHoro po3kuay. OIHUM 3 MepPCTIeKTHBHHUX
KaHW/IATIB ISl 33/I0BOJICHHS IIX BUMOT € 1HKEKIIisl eJIEKTPOHHOTO 3TYCTKY 330BHI B TUIA3MOBHI MPUCKOPIOBAY, KEPOBAHHUIA
€JIEKTPOHHUM 3TyCTKOM. MM TIPEACTaBISIEMO JOCHTIKEHHS 3 ONTHUMI3allii CaMOy3rO/PKEHOTO PO3TOLTY TPUCKOPIOKOYOTO
KUTBBaTEPHOTO TIONS THITY IUIATO, SIKe MOYKE TIPUBECTH JI0 TIOMIIMIIICHHS KIHIIEBOI SIKOCTI 30BHI IH)KEKTOBAHOTO 1 IIPUCKOPEHOTO
EIIEKTPOHHOT'O 3IYCTKY, 3 BUKOPHCTAHHAM MozemoBaHHs 3a 1oroMororo PIC-koqy LCODE. Mu KiIbKICHO OI[HAIM BIUIMB
MIUTHHOCTI IHYKEKTOBAHOTO 3TYCTKY Ha (DOPMyBaHHS IUIATO B HENNHIMHOMY PEXKIMI TIEPEKHUIAHHS.
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