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Motivation

* Plasma wakefields using asymmetric beams (o, > gy,) with highly asymmetric
emittances (e, > €,) have not been investigated.

* These beams yield a blowout cavity that is elliptical in cross section which
leads to interesting physics.

* Promising to use asymmetric drivers in hollow channel plasmas to accelerate
positrons (Zhou et al, 2021)

* For colliders, beams with highly asymmetric emittance are expected to
mitigate beam-beam effects (beamstrahlung) at the interaction point.
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Important to check how these Beamswill behave in plasma afterburner
scenarios



Beam density
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* The linear regime can be accessed at the AWA
with higher plasma densities



First simulations (n; > ng)

For high beam densities (=2 > 1),

Ny
there is a formation of an
axisymmetric blowout cavity

Example of a strong blowout
(ox = 10 gy, np, = 100)
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First simulations (n;, > ng)

z=0.0cm z=0.0cm

For high beam densities (1 <n, <20, *°
there is a formation of an elliptical ,
blowout cavity _

The ellipticity reduces with increase in
beam density. i

~10 -5 0
{=z—ct(k;?) G=z—ct(k;?)

Example of a weak blowout (g, =
10 0y)
e Canbe accessed at AWA
The ellipticity (a,,/b,) needs to be -
properly taken into account »

-10 -5 0 = -10 -5
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Quasi-potential (Y=¢-A4,)

XY
* The quasi-potential (Y=¢-A4,) gives the complete
description of fields on a relativistic beam
* We set Y =0 attheboundary. Our argument is
that there are no electromagnetic fields outside.
* We have a poisson’s equation with boundary Y

condition:
* Vip=—-1; Ploga =0

x2b3+y2aj—a3b3
l/} — ¢i T (pe,sheath — Az,sheath

2(az+b3)

* Solution: Y = —



Wakefields

* We can test this model by fitting for the
elliptical sheath boundaries generated
using PIC simulations

* This can be used to find the wakefields:
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n;, = 10, Center slice (XY)

Finding the blowout boundarie< R

0:5 1|0
== Analytical, v,= —0.11 ///
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* |Inthe long beam limit (r < yo,), we neglect the
longitudinal variation of the fields _ i T
Q2 0 4% < F0.250
X /bp: a, g

Wy, simulation

* By neglecting the plasma return velocity (v, = 0)
and equating the forces at the boundaries, we

get: n, = 20, Center slice (XY)
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Wy, simulation r0.00
== = Wy, analytical

ox dx - 222:532:: Zzzo_(m *) ’/ '/-0 50
V2 .f —00 é/:?/ /// .
A N
* We can add back the electromagnetic 3
. LA 0.25%
character to the wake by adding back the /e 3
longitudinal velocity: ¢ 58 i i
. . Wy, simulation r0.00
o v — Ab 2 == = Wy, analytical
A : : : -
TL'(xp + 1) (yp + 1) Analysis of the blowout plasma wakefields produced by drive beams with elliptical

symmetry

P. Manwani,* Y. Kang, J. Mann, B. Naranjo, G. Andonian, and J. B. Rosenzweig
Department of Physics and Astronomy, UCLA, Los Angeles, California 90095, USA
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Finding the matched beam parameters

* Input: Beam charge, Beam bunch length (o;), emittance (€;,y,€ny)
* Output: Blowout size (a,, bp), Matched beam size (gy, gy)

2K 2K..a%/b?
WJ_(apl bp) + Eb(nb) Ox, O-y; ap; bp) — O > SUbStitute:Kx = 1 n azr/bz Ky - 1 _I_raz/bz
p/=p b/ =p
I 2 K -
= 4LTto, 0,Nn = =—— o, = €
b x“y'b r 2)/ L \/K—J_ 1

Plug back to verify

Minimize the function to
obtain the blowout size and
matched spot size

(ap, by, 0x, 0y) « f(€x, €y, Ap, bp) = Wi (ap, by) + Ep(np(Ip,...), 0x(€x, ap, by), 0y (€y, ap, by), ap, by)




PWFA Experiment at the AWA facility



Flat beam PWFA experiment (AWA)

¢ ASym metrlC em |tta Nnces can be used to TABLE 1. Beam parameters measured at slab location.
yield elliptical blowouts

Parameter Value Unit
* 1 nC, 200: 2 um ratio at 42 MeV have been Charge 2403 nC
Energy 42 + 0.2 MeV
created Horizontal emittance (&) 196 £ X X pm
Vertical emittance (g,) 25+ XX pm
rms bunch length o 610 £+ 70 pm
* Aim would be to increase energy to 58 Flat beam parameters at AWA

MeV and charge to 2-3 nC

* Weak nonlinear regime can be accessedfee=s

* Plasma source with 10* — 101> ¢m™3 EY Nl e
(developed at UCLA) ' :

* First runs performed at 45 MeV, 1 nC S
AWA facility



CAM dominated beam
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First runs - Magnetized beam (L) ﬁ
« Beam parameters - 1 nC, 45 MeV Screen /@/
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momentum =] ]

0
»

D,T17>Sinb o0 ]
D
* Magnetization

. [ = <L>
2mecC

e <L>=

80 -

60

40 A

Magnetization £ (um)

20 A
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First runs - Round-to-Flat beam transformation

* The round to flat beam transformation is done using a set of three
skew quadrupoles to remove the angular momentum of the beam

* This splits the emittance | — E
B _ = | B — €x, €y = 200:2 um rad
* & ™ &4 = Eeff tL=2L & \/ k—l\ e T. Xu et al
2 S 1 TTTTTT"E T —— : ’
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175 distance from photocathode (m)
150 1 SQ2 .
‘g;z 100>—> ’ ’ ’ gz %
o " Skew quadrupoles T

YAG YAG



First runs - Quad scan measurement
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Beam — plasma interaction

* We can use our long beam model for the
vacuum-plasma transport

* The ellipticity increases with increase in
plasma density (a,, X n,)

* The ellipticity is about 1.4 fora 3 nC and
2 fora2nC beam
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Elegant simulations (58 MeV)

20.3m

* Input twiss parameters (20.3 m) from
OPAL

12e-3

* We focus the beam at two different

— g T ;éa a@cg

locations N
e Ante chamber O @ sx[m]

e Plasma chamber
* Bx(needed): 0.009 m, Sy (needed): 0.0071 1 .

* Emittance changes due to chromatic
spread (3" order tracking)

* ¢, =188.7->189.5(I.P) um rad
* €, =1.6->2.8(l.P)umrad

g 2 & &= N E



Capillary discharge plasma source at UCLA

* 4 mm diameter x 8 cm length
* 1 cm holder on either side

* 10 kV, 60 A peak current, Argon
gas, 50 psi, 5 ms window

R A @




Plasma source diagnostics -
Interferometer

Normalized Signal

e Change in phase can be estimated from the signal
at the photodiode

Inferred Phase (rad)

1
Vp = E (Vmax — Vimin) (1 + cos@) + Vipin

* Plasma density can be estimated from this change
in phase

d
Zjo N,(z)dz =

5 shots per delay

2
4mtc meeg
Ae?

w [o)]

Density (10 cm=3)
lo »m N W » U0 o

w

* Changing the delay between the gas injection and
the electrical discharge changes the peak density

N

Peak number density (1014 cm—3)
N

“WH}
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Delay (ms)

=




Observables - PWFA

* Energy spread and plasma focusing

visible on spectrometer and YAG

* Diagnostics for mismatch would be
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Observables — Elliptical blowout
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* Transverse dependence of the longitudinal field

e (Curvature is observed
* This might be sign of elliptical blowout

Axisymmetric case (€ * 20 um rad)
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No transverse dependence
No curvature is observed



Asymmetric passive lens (FACET-II)

p

* Ellipticity of the blowout will yield
an asymmetric focusing kick on
the witnhess

¢ Can be prOduced by Creating a | | Electron density (ng)
high aspect ratio drive beam using ? ' 2 '
—— Driver(x), PIC
Driver(y), PIC

quadrupoles ' .
—— Witness(x), PIC
15 - —— Witness(y), PIC
Witness(x)
""" Model (ap =1.33)

E Witness(y)
= 97 T Model (ap =1.33)
o} Plasma

(ng=3x%x10¥cm™3)

* Proof of principle experiment to
show ellipticity of blowout

Distance (cm)



Conclusion and next steps

* We have shown the asymmetric wakefields that are driven by flat
beams

* Beams with highly asymmetric emittance in the ratio 1:100 are
possible at AWA

* The key next steps are:

e Plasma source characterization and automation at UCLA

* Finalizing the differential pumping setup and beamline design
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Elliptical wake potential

* We have a poisson’s equation with boundary condition: e q §
L VB = ~1; Plog=0ia= [xE -y T~
* We can use the particular solution to the PDE (Ignoring B&
* Yp = —%2 (cosh(2u) — cosh(2uy) + cos(2v))

* We add a homogenous solution such that potential is O at u=

. __a® (cosh(2u) m
Y =3 (Cosh(z%)) cos(2v)) 8

* Using elliptical coordinates: J . 2

2 h(zp)
+ =1y + = =5 (cosh(2u) — cosh(2uo) + (1= Sotes) cos(2v))

* Converting back to Cartesian coordinates:
. _ XPYRHYEX—X5Y
VST T e




Application — Asymmetric Plasma Lens

e | ocation of waist:

012+
o 7 _ KxLﬁ0x+(10x—L')/0x 010}
WX = 272 i
KiL*Box+2KxLatgx+Yox 0.08
—_ 0.06 +
Wy - 2 2 0.04 +
[ ] — K ‘ ‘ L By
We can solve for z,,,, = 7y, b
' — Solution for z,,,,= z,,», and
Solution for zy,,= zy,, and By, # Loy wx— Zwy Box
74 === 0x (Assuming axisymmetric plasma lens ) // 5
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3 S
B B
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