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M. Turner for the 
AWAKE collaboration

What is AWAKE?
❏ AWAKE stands for: Advanced Proton Driven 

Plasma Wakefield Experiment.

❏ AWAKE is a R&D project to study proton driven 
plasma wakefields at CERN.

❏ Final Goal: Design high quality & high energy 
electron accelerator based on acquired 
knowledge.
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Why is plasma wakefield acceleration interesting?

400 GeV/c 
protons

Laser

Plasma wakefield

i.e. 1 GeV/m for a plasma density  
(n) of 1014 electrons/cm3.

For LWFA: n~1018 electrons/cm3 
⇒ 100 GeV/m

A.Petrenko (CERN)

Developed by MPP

Larger plasma e- density implies 
smaller plasma e- wavelength 
⇒ smaller structures



Physics Behind AWAKE

Fields sustained by a plasma wave.
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What are plasma wakefields?

⇒ defines the optimal 
drive bunch length

How do we create the AWAKE plasma?

Rubidium vapour density:  7 x 1014 /cm3

Ionizing laser pulse: 100 fs, 400 mJ
10 m long plasma with a radius of ~ 1 mm

Heavy immobile ion
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The Seeded Self-Modulation
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⇒

σ λ
⇒

The measurement of the SSM is the main topic of 
this talk!
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SSM Simulation Results

Zoom into
 the 
front:

Defocused protons

Micro-
Bunches 
developed

npe = 7e14 electrons/cm3

*2D cylindrica 
simulations 
performed with 
LCODE
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Components of the R&D Proton Driven 
Plasma Wakefield Accelerator

❏ Rubidium vapor
❏ Laser

❏ Proton beam (400 GeV/c)

❏ Electron beam (10-20 MeV)
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Laser 
system

Plasma
source

Electron 
source

10 m  of 
plasma

⇒ Driver

⇒ Witness 

❏ Diagnostics!
❏ Proton 
❏ Laser
❏ Electron
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SSM two-screen measurement:

The Measurement Setup

Two imaging stations to measure the radial proton beam 
distribution 2 and 10 m downstream the end of the 
plasma.

Goal: Image protons that got defocused by the strong 
plasma wakefields
To prove that plasma wakefields were present in 
plasma.

Bunch
core

Bunch
halo



Two-Screen Measurement Results
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Laser on:

Laser off:
Plasma density:

❏ 2.1e14/cm3

❏ Same filter
❏ Same camera 

exposure time

We observe:

❏ Defocused 
protons

❏ Intensity drop of 
the beam core

Preliminary!



10

Other Diagnostics Results

Streak camera measurement 
of the timing between the 
proton and laser pulse.Preliminary!



Growth of the Seeded Self-Modulation
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Max 
defocusing 

angle: (0.93 ± 
0.08) mrad

≙max. 
transverse 

momentum of 
(370  ± 30) 

MeV/c

The total transverse momentum is a sum of the:
● Initial transverse momentum: ~20 MeV/c (known from emittance and beam size at the waist).
● Average wakefield strength times the interaction distance of the proton with the wakefield.

The transverse seed wakefield amplitude is ~10 MV/m over 10 m plasma ⇒ 100 MeV/c.

Since 370 MeV/c is larger than 120 MeV/c, the wakefield strength grew and the SSM developed.

Preliminary!

Further analysis to learn 
about SSM physics



Summary
❏ AWAKE is a R&D project to study proton-driven plasma wakefields at CERN. AWAKE 

uses for the first time ever protons to drive plasma wakefields.

❏ The plasma is created by ionizing 10 m of rubidium vapour with a laser pulse  and 
wakefields are driven by the self-modulated, 400 GeV/c proton bunch.

❏ AWAKE results show that the proton bunch self-modulates within less than the 10 m 
of plasma and that the wakefields are larger than the initial seed wakefields.

❏ Two-screen diagnostics gives access to SSM physics

❏ Electron acceleration planned for 2018.
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