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History

• 2020/2021: Discussion with Brigitte and Phi about feasiblity of a laser driven 
plasma wakefield accelerator for AWAKE.

• January 2021: Letter of intent of collaboration between IRFU-DACM, CNRS-
LPGP and AWAKE. Sent to french directorates.

• February 2022: Restart of discussion, triggered by new recruitment in Phi’s 
team. 
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Today’s 
Program
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Goal of this Meeting

• Present the current baseline and timeline of AWAKE Run 2

• Present idea of LWFA for AWAKE as alternative electron beam

• Discuss the feasibility of LWFA4AWAKE

• Identify milestones and decision points

• Define who is doing what
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AWAKE at CERN
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Advanced WAKEfield Experiment

AWAKE Run 1 (2016-2018): 

✓ 1st milestone: Demonstrate seeded self-modulation of the proton 
bunch in plasma (2016/17)

✓ 2nd milestone: Demonstrate electron acceleration in plasma 
wakefield driven by a self-modulated proton bunch.  (2018)

AWAKE Run 2 (2021 – ~2029):

Accelerate an electron beam to high energies (gradient of 0.5-1GV/m) 
while preserving the electron beam quality and demonstrate scalable 
plasma source technology.

Once AWAKE Run 2 demonstrated: First application of the AWAKE-like 
technology: 

Fixed target experiments for e.g. dark photon search. 
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AWAKE at CERN
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AWAKE Run 1, 2a/b experiment < 2026

beam 
dump

~1100m

SPS

LHC

protons

~1000m

Control 
room

~50m

AWAKE

AWAKE installed in CERN underground area

AWAKE Run 2c/d experiment >2027
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AWAKE Collaboration Structure

AWAKE MoU: between CERN and Institutes
Addendum to MoU for any new institute, PJAS, new 
work program

Work Packages: 
Vapour Source, Scalable Plasma Source 
Laser, Beam Lines, LLRF, Beam 
Instrumentation, Simulations, 
Experiment, Analysis 

23 Collaboration Institutes

31 CERN Work Packages (several WPs are coordinated in the 
different CPs)

Coordination Packages:
CP1: SPS Beam, RF Timing, Synchronization, B. Woolley, SY
CP2: Proton and Electron Beam Lines, F. Velotti, SY
CP3: Electron Source System, S. Doebert, SY
CP4: Infrastructure, Global Integration and Installation, A. Pardons, EN
CP5: Laser Beam System, V. Fedosseev, SY
CP6: Plasma Wakefield Experiment, E. Gschwendtner, BE
CP7: Beam Instrumentation, S. Mazzoni, SY
CP8: Plasma Cell R&D, A. Sublet, TE

CERN AWAKE Project
E. Gschwendtner

Collaboration Board (CB), A. Caldwell

Management Board (MB)
A. Caldwell

Physics and Experiment Board (PEB)
P. Muggli

Technical Board (TB)
E. Gschwendtner

CERN AWAKE Steering Board
→ATSMB SPSC



CERN → Institutes
Technical Coordinator/Technical Board: 

The Technical Coordinator coordinates design, integration, interfaces and commissioning of the experiment, planning and milestone tracking of 
the experiment, and specifications for the technical implementation of the experiment. →meetings every ~6 weeks, indico, minutes.

Physics and Experiment Coordinator/Board:

The Coordinator defines the Physics goals of the experiment, set the simulation, measurement and data analysis strategy, formulate the 
specifications on the beams, plasma cell and related equipment and diagnostics devices and defines the data analysis tools and strategies. →
meetings every ~6 weeks, indico, minutes.

Simulation Coordination:→ bi-weekly meetings, indico, minutes.
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Run Coordination: Near-term organization of experimental 
program, analysis of recent issues  bi-weekly meetings, indico, 
minutes



Key Ingredients of AWAKE
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Laser, compressor in laser room

500mJ
120fs

750m proton beam line

400 GeV
3x1011 p
400ps

10m Plasma cell in AWAKE tunnel

Laser line

Electron source
Diagnostics and 

booster structure

Transfer line

20 MeV
4x109 e
2ps

Diagnostics
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Electron bunch seeding

The electron bunch provides the seed wakefield
à seeding relies on the electron bunch properties:

• bunch charge density
• energy
• alignmentp+ bunch

laser pulse

e-

bunch

plasma

seed wakefield

Rb vapor

proton bunch
modulator
∼10 m

accelerator
∼km

witness electron bunch

seed electron bunch

For the first ∼2 meters, the wakefields are 
mostly driven by the seed bunch 
à it sets the phase

After ∼2 meters, the proton bunch takes over:
• larger amplitude wakefields
• phase velocity shift
• the phase is inherently set by the seed!

The entire proton bunch is modulated!

AWAKE Run 2d: scalable plasma sources
Photo © Julien Ordan 
/ CERN

1 m helicon plasma cell from IPP-Greifswald @ CERN

Optimize self-
modulation of the 

proton bunch

Optimize acceleration 
of electrons in p-driven 

plasma wakefield

AWAKE Run 2a: self-modulation of entire p-bunch 
seeded with an e-bunch 2021/

2022

ne=7x1014 cm-3

K. Lotov, V. Minakov, private communication

Gradient is 
Factor 4 
higher

with density step

without density step

Gradient in 1st plasma source (self-modulator)

AWAKE Run 2b: stabilization of the micro-bunches with a 
density step in the plasma cell and maintain high gradient

2023/
2024

AWAKE Run 2c: electron acceleration 
and emittance control2028 ++

➔ In existing AWAKE facility ➔ In extended AWAKE facility

AWAKE Run 2



CERN AWAKE Cost & Schedule Review, 
18 Nov. 2021
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Density step 
vapor source 
design ready
(April 2022)

All services 
installed

(Feb. 2027)

All equipment 
installed

(Nov. 2027)

Proton beam 
needed

(March 2028)

Start of 
operation

(May 2028)

Start equipment 
installation
(Nov. 2026)

Decision scalable plasma 
source in Run 2c

(Oct 2024)

AWAKE Run 2 Global Schedule with Milestones
Run 2a and Run 2b Run 2cCNGS 

Dismantling


