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Hollow plasma has been introduced into the proton-driven plasma wakefield accelerator (PD-PWFA) to overcome the issue of beam quality
degradation caused by the nonlinear transverse wakefields varying in radius and time in uniform plasma. It has been demonstrated that the electrons
can be accelerated to energy frontier with well-preserved beam quality in a long hollow plasma channel. However, for long-term relativistic beam-
plasma interaction, this scheme imposes tight requirements on the driving beam to be on axis of the hollow channel. Otherwise the driving bunch
could be distorted dramatically due to transverse instabilities. This would successively trigger a series of nontrivial issues such as reduction of the
energy transfer efficiency, nonuniformities of the wakefields and degradation of the beam quality etc. In this contribution, we examine these
detrimental effects with 2D cartesian PIC simulations.

12 x10%% \

—none
—— off -
10- offset—200 m |
— ——_ g ——tilt=7/6
Q
—x=0.2m | 2
—x=0.4 m
x=0.6 m
—x=0.8m | 0 © i .
——x=1.0 m -2000 -1000 0o 1000 2000
%3000 -1000 0 1000 2000 y (um)
y (um) 5
105 0.5 x10
e 0 ' | | —__none
.ﬂ _ 0 - ——offset=100 ;m
y offset: | -, o os st
100 pm ) s 1 ' tilt=r/3
; < < -1;
: ©.1.5] 2
” —x0am ©-1.5
-2 1 _ng.gm I
—;;1:02 -2 1
-2.5 . . .
-2000 -1000 0 1000 2000 -2.5 -
y (pm)
-3 . . :
«105 _ _ -2000 -1000 0 1000 2000
'M 2 0-5 y (um)
] awrem 600 0;
tilt angle: . -700
6 - 0:5 none
ot/ 5 S -750 | —offset=100 ym |
: = 1 offset= pm
h 1.5 —x=0.2m | -800 —t!|t=7r/6
——x=0.4m - —tilt=x/3
2] — Xosm | £ '350'\\.
——x=1.0 m > ;
-2.5 . - - E -900 - L
-2000 -1000 0 1000 20 I.IJx
y (pm) 950 | _
. . . . . ; -1000 ; -
 With hollow plasma, the protons bunch is free from defocusing by ions in the channel and confiend by plasma 050
. . . . . . -105 .
electrons outside which form a reflecting-wall like focusing structure (deep potential well). 0 0.5 1
 The proton driving bunch can sustain a relatively large offset (200 um) and tilt (rt/3) without drastic distrotion of the x (m)

beam shape or hosing instability, only the wakefield decreases.
* In comparison with the offset case, the wakefield decreases considerably with beam tilt as it equivalently extends the beam length.

 The offset of the decelarating bubble is almost half of the beam offset. The unsymmetric bubble incurs a obligue bottom of the potential
well, which could cause more protons to accumulate in one side in a long distance.
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With EPOCH, we have done some preliminary 2D
simulations to investigate the effect of the driving proton
beam with offset or tilt traveling in the hollow plasma.
The proton bunch itself is less sensitive to the initial
distortion, but the resultant unsymmetry of the
accelerating bubble might drastically lead to the
divergence of the witness bunch and degradation of * The offset or tilt of the driving bunch although causes the unsymmetry of the second
beam quality. Apart from validating the effect of addition bubble in a lower level, the transverse fields acting on the witness electron bunch
of quadrupoles, change of beam loading location and change from zero to be defocusing. Some possible solutions are: 1) adding proper
alternative near-hollow plasma scheme on the quadrupole focusing. 2) loading the witness bunch in the region where there are
Improvement of the witness quality, further investigation much larger focusing at the channel boundaries. 3) considering near-hollow plasma
in terms of the beam and plasma parameters are also scheme which introduces some foucsing from plasma ions in the channel.
ongoing.
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