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Shots sorted by efficiency

Single-stage PWFAs improve continuously
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* Continuos single-stage progress on critical goals such as high accelerating gradient, matching,
efficiency, energy-spread conservation, depletion

* Collider applications need orders of magnitude higher energy gains
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Multiple stages as path to TeV energies
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* Aseries of several subsequent PWFA stages as a path forward to reach TeV energies

e Defining parameter: Average accelerating gradient

* Plasma accelerators are inherently small, intra-stage can be a major contributor to

decreased average gradient.
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Multiple stages as path to TeV energies
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* Aseries of several subsequent PWFA stages as a path forward to reach TeV energies

e Defining parameter: Average accelerating gradient

* Plasma accelerators are inherently small, intra-stage can be a major contributor to

decreased average gradient.
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Some core com ponents (strongly simplified)

In-coupling Out-coupling

Pre-accelerator Plasma stage Final focusing

Uasssssnss 11000000000 11000000000 ) 0

S G <

Total LINAC length

* Topic of this talk: Suggest a method to minimize intra-stage length
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Step 1: Set all beams on same axis

Quadrupole
magnet
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Step 2: Gate in wakefield accelerator
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Step 3: Apply delays, replenish driver
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Optimized spacing between beams
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Optimized spacing between beams
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Comparison of trailing beam to
drive-beam offset

Sub-um trailing-beam offset after
ca. 10x drive-beam energy

11-10-2022 | 20th Advanced Accelerator Concepts Workshop (AAC’22) 10



Evaluating expected accelerator length

Too n12anv stages Too little stages
Fringe case 1: Short pre-accelerator, many PWFA stages :?38 SZX
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Fringe case 2: Long pre-accelerator, 1 PWFA stage (afterburner)
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Introduction into different orbits: The beam reservoir

Reservoir beams:

. Beam energy
. Charge:
. Bunch length:

Quadrupoles:

* Magnetic field strength:

* Length:

Chicane:

* Magnetic field:

* No. of dipole magnets:
* Dipole length:
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Introduction into different orbits: The plasma stages

* Set plasma entrance at waist location
* Long density ramps around PWFA stages

e Short plasma lens (800 um) approximately
in the center of two PWFA stages
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Introduction into different orbits: Drive-beams

* Depleted drive -beams defocused at the
PWFA exit

* Plasma lens focusing , but with very small
focal length

* Lens focusing scaling law: FR—

- ]{51:2) Llens

11-10-2022 |

o
[

Il Quadrupole B Chicane [EZIPWFA —Plasma Lens

— i 1 B & K

| | |
1.2 | I I
1 I I 450
1+ I I I
I | |
| I I 440
0.8 | | |
| | |
| I 1 130
0.6 | I |
| I |
04F ’!.-\\ N [ N - "L..\" 20
&’I . ‘\s - - N ! /'/ \\\ ”~ < > ~ '/’ I
) q. I - P > Al |
0.2 7 (N P . ',a/ i~ P ’ "\\\ Pl A10
1 - e ~ ~o | —
0 1 L 1 1 1 1 1 1 0
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
z (m)

20th Advanced Accelerator Concepts Workshop (AAC’22)

——Plasma density
Trailing beam o

— =Drive beams
— =Reservoir beams o

—--Reservoir beams nry

a
X

r.m.s. beam size (pm)

14

loa



Introduction into different orbits: The trailing beam
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Results: Average gradient

1.12m 1TeV

o

Accelerator length = 1050 m
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What about other parameters ?

AW ra. ra. ~u
» Efficiency: 1 = QW:es_g:es‘ ~ 10.6 %

— Improve by reducing charge of plasma lens
driver,

— improve with better beam loading

* Matching:
— Matched spot size on every stage

— High-energy range is close to 2f-2f imaging
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— Either density or lens length can be increased to

control focusing
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Thank you for your attention

Questions ?
Comments ?



