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Presenter
Presentation Notes
I start with an introduction to the concept of plasma wakefield acceleration. Then I explain the ideas behind the AWAKE experiment and why we need the seeded self-modulation. 
Having discussed the basics we continue with a status of the AWAKE experiment, in which context I will show you our measurement results of AWAKEs run last year. 
Then I’ll discuss briefly what the experiment plans to do  this year and on a long time basis, before the summary.
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Presentation Notes
Since this is the first talk in this session and even the first talk in this conference on plasma wakefields, I will spend some time on exthe plaining  basics.


@Nhy plasma wakefield acceleration ? @(C\%Rﬁ

The general goal of the work done in our field is to:
e use plasma wakefields for charged particle acceleration;

e accelerate to higher energies in shorter distances than with RF cavities.

M. Turner, CERN for the 4
IPAC 2018 AWAKE collaboration


Presenter
Presentation Notes
Why plasma wakefield acceleration?
The general goal of the work done in our field is to use plasma wakefields for charged particle acceleration, because we claim that we can accelerate to higher energies in shorter distances than with conventional acceleration techniques.


‘Why plasma wakefield acceleration ? @(C\EW

The general goal of the work done in our field is to:
e use plasma wakefields for charged particle acceleration;

e accelerate to higher energies in shorter distances than with RF cavities.

Particle acceleration in radiofrequency cavities limited to fields ~100 MV/m due to electrical breakdown in
the structure.

Accelerate charged particles with plasma wakefields, because plasma can sustain higher electric fields.
Estimate of the achievable accelerating gradient is the cold plasma wave-breaking field (E):

eE‘ — mewpec ~ 100 ~100 GeV/m for 1078 electrons/cm?

eV i.e. ~1 GeV/m for a plasma electron density n,, of 10"4cm
Npe [cm ™3]
m
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Particle acceleration in radiofrequency cavities is limited to ~100 MV/m due to electrical breakdown of the structure.
Plasmas on the other hand, as a medium, are already broken down and thus have the potential to sustain much higher electric fields.  In a plasma, the accelerating gradiend depends on the plasma electron density, and can be estimated by the cold plasma wavebreaking field and yields on the order of 1 GeV/m for a plasma electron density of 1014/ccm and 100 GeV/, for 1018/ccm. And several groups have demonstrated that plasma wakefields can accelerate charged particles with gradients on these order….


‘How to Create a Plasma Wakefield? @ (C{Rﬂ

Plasma:

Quasi-neutral plasma in which
electrostatic interactions dominate and
charged particles are close enough to
support collective behaviour.

Drive bunch or pulse:
Typically a relativistic charged particle bunch
or
laser pulse/s.

M. Turner, CERN for the 6
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As this sounds promising, how can one create such a plasma wakefield?
First we need a plasma: and we we need a quasi-neutral plasma in which electrostatic interactions dominate and charged particles are close enough to support collective behaviour. And then you need to bring energy to the plasma. For that People use a charges particle drive bunch or a laser pulse.


‘How to Create a Plasma Wakefield? @ (C{Rﬁ

Plasma: .
Drive bunch or pulse:

Typically a relativistic charged particle bunch
or
laser pulse/s.

Quasi-neutral plasma in which
electrostatic interactions dominate and
charged particles are close enough to
support collective behaviour.
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Lets imagine we send a short positively charged particle bunch and we send it into an initially neutral plasma. The free plasma electrons respond to almost purely transverse electric field of the driver and move radially towards the bunch. Once they reached the axis, the have gained transverse velocity and overshoot, until they get pulled back by the ions on axis, which themselves, as they are heavy, didnt move significantly on these timescales.
Once there is a charge separation, there is a resulting electric field and its scetched with arrows here. From this simplified drawing we already see the important thing. While the relativistic drive bunch had an initially almost purely transverse electric field, the wakefields now have a transverse but also a longitudinal electric field component, that can be used for acceleration. So if we want to accelerate electrons we put them into the focusing accelerating phase here.


‘How to Create a Plasma Wakefield? @ (C{Rﬁ

Plasma:
Quasi-neutral plasma in which
electrostatic interactions dominate and

Drive bunch or pulse:
Typically a relativistic charged particle bunch
or
laser pulse/s.

charged particles are close enough to
support collective behaviour.

- + _-T-__+ gy -
+ + + + + T +
+ + ER + +_ &
+ + 1=+ + —F 4 +
le N + Plasma ion
| p|asma wave|ength ?\pe | ~  Plasma electron PR ACCGleratlng for e
) o —— Decelerating for e
Larger plasma e density implies smaller
plasma e~ wavelength= smaller structures I Defocusing l Focusing
for e for e
2me 1
L{Jpe npe M. Turner, CERN for the

IPAC 2018 AWAKE collaboration


Presenter
Presentation Notes
There is one more important thing to mention here. The plasma electron wavelength - which is the scale of the oscillation- is inversely proportional to the sqare root of the  plasma electron density. This means that the higher the plasma electron density, the higher can potentially be the accelerating gradient as we discussed before but the smaller the size of this structure.
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= AWAKE and the Seeded Self-
Modulation (SSM)

M. Turner, CERN for the
AWAKE collaboration
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Now that we have covered some of the basics of plasma wakefield acceleration i want to talk about the AWAKE experiment and the seeded Self-Modulation which we sometimes abbreaviate as SSM


What is AWAKE? MARES

Laser pulse

e AWAKE stands for: Advanced Proton Driven
Plasma WAKefield Experiment.

Wakefield potential

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

Proton bunches have the potential to drive

e Final Goal: Design high quality & high energy . wakefields that can accelerate a witness

bunch to TeV energies in a single plasma
electron accelerator. Caldwell A et al., Nature Physics volume 5, pages
363-367 (2009)

M. Turner, CERN forthe1
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What is AWAKE? AWAKE stands for Advanced Proton Driven plasma wakefield experiment. We use relativistic proton bunches to drive plasma wakefields. AWAKE is a R&D project at CERN and the final goal is to design a high quality and high energy electron accelerator based on the acquired knowledge. The reason we use proton bunches is , because available proton bunches carry enough energy to drive wakefields that can accelerate electrons to tev energies in a single plasma stage (as suggested by this publication cited here).  This here is a simulation image of what we are trying to do and we are going to discuss this in more detail in a bit.


- What is AWAKE? >

Laser pulse protons

e AWAKE stands for: Advanced Proton Driven
Plasma WAKefield Experiment.

Wakefield potential

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

Proton bunches have the potential to drive

e Final Goal: Design high quality & high energy . wakefields that can accelerate a witness
electron accelerator based.

bunch to TeV energies in a single plasma

Caldwell A Nature Physics volume 5, pages 363—
367 (2009)
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X 10m Rb vapor cell
Developed by MPP

M. Turner, CERN for the1 1
AWAKE collaboration
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This is a picture of the AWAKE plasma section. It is a 10m long rubidium vapour cell, and as suggested also in this drawing, we ionize the rb vapour with a short laser pulse.
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Why protons?
The length over which wakefields can be sustained depends on the drive bunch energy
Laser pulses: ~40 J, Electron drive beam: 30 J/bunch, Proton drive beam: SPS 19 kJ/bunch, LHC 300 kJ/bunch.

M. Turner, CERN for the
IPAC 2018 AWAKE collaboration
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The reason we use protons is: The length over which wakefields can be sustained depends on the drive bunch energy
.While laser pulses carry around 40J/ pulse and electron bunches around 30J/bunch proton bunches carry tens of kJ and thus have the potential to accelerate a witness bunch to high energies in a single plasma stage.
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Why protons?

The length over which wakefields can be sustained depends on the drive bunch energy

Laser pulses: ~40 J, Electron drive beam: 30 J/bunch, Proton drive beam: SPS 19 kJ/bunch, LHC 300 kJ/bunch.

To effectively excite wakefields (from linear plasma wakefield theory):
kpeo, ~ V2 kpeor = 1

= In order to create plasma wakefields effectively, the drive bunch length has to be in the order of the plasma
wavelength = mm scale proton bunches do not exist.

M. Turner, CERN for the1 3
IPAC 2018 AWAKE collaboration
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Unfortunately there is one big challenge that comes from using protons: in order to excite wakefields effectively the bunch length has to be on the order of the plasma wavelength and the radial bunch size should fullfill kpe sigma_r = 1. And while proton bunches can be focused tightly to fullfill kpe sigma_r = 1 for densities around 10^14, which are needed to get GV/m acc gradients, there longitdudinal size is much too long


“The seeded self-modulation MR (G

\

= N

Why protons?

The length over which wakefields can be sustained depends on the drive bunch energy

Laser pulses: ~40 J, Electron drive beam: 30 J/bunch, Proton drive beam: SPS 19 kJ/bunch, LHC 300 kJ/bunch.

To effectively excite wakefields (from linear plasma wakefield theory):
~

= In order to create plasma wakefields effectively, the drive bunch length has to be in the order of the plasma
wavelength = mm scale proton bunches do not exist.

CERN SPS proton bunch: very long!

Longitudinal beam size ( 6,= 6-15 cm) is much longer than plasma wavelength (A= 1 mm, n,, =7 x 10'* e’/cm?3)
= Seeded Self-Modulation (SSM)

Before self modulation:

g,=12cm
“ g Ap=1.2 mm
0000 0000000000

IPAC 2( AWAKE collaboration
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To give you a feeling:the plasma electron wavelength for densities  at10^14 is around  1 mm, the longitudinal bunch size of available proton bunches  is on the order of 10 cm. This means the bunches are  approximately a 100 times to long.
The way we deal with this situations is that we use a plasma instability to modulate our long proton bunch, into what we call microbunches, that are themselves spaced at the plasma wavelength, fullfill these 2 conditions above and can thus excite wakefields resonantly. The instability we use is the self-modulation instability that if seeded is called, the seeded self-modulation. 


‘The seeded self-modulation At |

1) When entering the plasma, the bunch drives wakefields at
the initial seed value. a)
2) The initial wakefields act back on the proton bunch itself.
The on-axis density is modulated. The contribution to the
wakefields is « n,,.

3) Density modulation on axis (Micro-bunches)\t:) /\pe

Micro- bunches separated by A,.Drive
wakefields resonantly.

. e

M. Turner, CERN forthe1
IPAC 2018 AWAKE collaboration
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So how does this seeded self-modulation work?
When the long bunch goes into the plasma even if the bunch is much longer than the plasma wavelength, it drives wakefields acoording to its bunch and plasma plasma paremeters, 
The back of the bunch sees experiences the wakefields that the front created. While the longitudinal wakefields do not affect the highly relativistic bunch significantly, the transverse wakefields do.  Along the bunch, the transverse wakefields are periodically focusing and defocusing. And since the bunch is much longer than the plasma wavelength, there are many of those periods along the bunch. Where the bunch is focused, the proton density increases, and the regions drives stronger wakefields. Where the bunch is defocused, the bunch density decreases and those regions contribute less to the wakefields. So after some propagation distance, there are regions of focused protons and defocused ones, and the on axis bunch density periodically varies from regions of high and low density. These regions of focused protons is what we call micro bunches and the whole process is called self-modulaiton.


“The seeded self-modulation @@

1) When entering the plasma, the bunch drives wakefields at
the initial seed value. a)
2) The initial wakefields act back on the proton bunch itself.
The on-axis density is modulated. The contribution to the
wakefields is « n,,.

3) Density modulation on axis (Micro-bunches)\t:) /\pe

Micro-bunches separated by A.
Drive wakefields resonantly.

-

We seed the instability by:
e Placing the laser close to the center of
the proton bunch = Seeded self-modulation (SSM)

e Sudden onset of the proton density

M. Turner, CERN forthe1
IPAC 2018 AWAKE collaboration
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In our case, we want this self-modulation happen, to get this micro-bunches and to resonantly drive the wakefields, so we seed it. And we seed it by putting the ionizing laser pulse, the one creates our plasma, at the center of the proton bunch. So we turn on our plasma inside the proton bunch, so that the plasma sees a sharp rise of proton density.
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This is a simulation of the development of the SSM along the plasma for AWAKE parameters. The thing i would like you to see here is that the modulation is radial and not longitudinal. You see that the protons are really moving transversely. This is important because later on I will show you how we want to detect those defocused protons and what we try to learn from that. Once the bunch is self-modulated each micro bunch contributes resonantly to wakefield growth. This means that the wakefields grow along the buch and along the plasma, and we choose the point along the plasma where we inject electrons





The AWAKE experimental setup

M. Turner, CERN for the18
AWAKE collaboration
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Now we will slowly move from concepts and theory to real life and talk about the experimental setup
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1. 10 m long rubidium vapour source with a vapour density
adjustable from 10'4-10"® atoms/cm? and a density
uniformity of 0.2%.

2. Laser system that produces a 120 fs, 450mJ laser pulse.

3. Proton beam line that transfers a 400 GeV/c proton bunch
with a RMS length of 6-15 cm, a radial RMS size of 0.2
mm and 3x10"" protons/bunch from the CERN SPS to
AWAKE.

4. Experiment diagnostics.
5. Electron photoinjector and transfer line that produces a

10-20 MeV electron bunch with a RMS length of 1 mm a
RMS size of ~0.2 mm and ~10° electrons/bunch.

M. Turner, CERN for the1
IPAC 2018 AWAKE collaboration
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I separated the components in AWAKE in 5 main parts: 
We have a 10 m long rubidium vapour source with a density adjustable from 10^14-10^15 atoms/ccm. So no plasma yet- only vapour.
 But then we send a 120 fs 450mJ laser pulse into the vapour, to ionize the outermost electron of the rubidium atom. Now we have the plasma
And then we use a proton bunch drive the wakefields. We use a 400 GeV bunch with an rms length of 6-15 cm and a radial rms size of 0.2mm and 3x10^11 protons/bunch
To observe whats happening experimentally, we have bunch diagnostics, and we will discuss them in more detail next.
And, to accelerate electrons we create a 10-20 MeV electron bunch with a photoinjector and transport it to the plasma via a transport line.
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This also means that to do our experiments we have to overlap the proton bunch, electron bunch and laser pulse in time and space. In time we want to have the laser around the center of the proton bunch to seed the self modulation and then then the electrons after that. The bunch is moving to the right. Here you see a nice image of the proton bunch and laser pulse together on the streak camera. And then another streak camera images showing the same timescale where on the top we see the protons in presence of the laser and then on the bottom, the electrons bunch. Even though this images are not very nice they show that we were able to get the timing right experimentally.
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It is also important to get the spatial alignment right. So we use beam screens to see where the bunches are at different positions upstream and downstream the plasma to ensure that the trajectories are, as we want them to be along the plasma. 
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1. Self-modulate a long (compared A,,,) 400 GeV/c proton bunch in plasma.

laser pulse

A/ p+
rd
1111

M. Turner, CERN for the22
IPAC 2018 AWAKE collaboration
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AWAKE run 1 is split into two phases:
Show that the proton bunch self-modulates in plasma and drives strong wakefields, thats what we did last year and will show you the results soon


“The AWAKE experiment (Run 1) M= (G
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1. Self-modulate a long (compared A,,,) 400 GeV/c proton bunch in plasma.

laser pulse

p*
rd
A11]

1. Accelerate externally injected 10- 20 MeV electrons to GeV energies (2018).
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Inject low energy electrons into the wakefields and accelerate them: that is what we are doing this year.


i ATVARE—D EE/RW

N

R T T T e um——

First results of the AWAKE experiment

M. Turner, CERN for the24
AWAKE collaboration
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Talking about the SSM results
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sMI g Acceleration dump

Generally we measure what is going into the plasma and what is coming
out of the plasma = what has happened inside the plasma.

M. Turner, CERN for the2
IPAC 2018 AWAKE collaboration
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How do we show that the bunch self-modulates? Due to complexity of our plasma system we were unable to put any bunch or plasma diagnostics inside the plasma. Generally, we measure what is going into the plasma and what is coming out of the plasma, and from that we have to reconstruct what has happened inside the plasma.


'OTR Streak camera measurement A= ()

-\.-\”'_=" =

R

Backward CTR/OTR Streak camera imaging OTR light = time resolved image
| gy of the proton bunch.

Simulation, Image K. Rleger
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M. Turner, CERN for the2
IPAC 2018 AWAKE collaboration


Presenter
Presentation Notes
To show the longitudinal structure of the proton bunch, we send it through a thin metal foil and image the emitted backward optical transition radiation onto the slit of a streak camera. Since the emission of the OTR is instantaneous, we can get a longitudinal proton density image. In case there is no plasma present, we expect to see a uniform density over this timescale, but if the bunch self-modulates we expect to see periodically regions of high and low proton  density.
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This gives us information about the longitudinal bunch structure but we also image the time-integrated transverse distribution, because transverse wakefields that defocus and focus protons during the process. We build two imaging stations 2 and 10m downstream the plasma exit. We insert a scintillating screen and image the light emitted onto two cameras. Since the defocused proton density is much lower than the density in the core we split the light and image it onto two cameras, one set to optimally resolve the core and the other-one the defocused protons. The images shown here are from the core camera. In case there is no plasma,and the bunch follows approximately a Gaussian distribution.
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When the bunch self-modulates in the plasma we additionally want to see the defocused protons that left the bunch axis, forming a halo around the bunch core. From the radial distribution of the defocused protons, we try to learn about the transverse SSM effects.


%eeded Self-Modulation
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1 Effect starts at the laser position.

(d Micro-bunches are visible on a fast time-scale.

M. Turner, CERN for the29
IPAC 2018 AWAKE collaboration
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Lets look at the streak camera results: first i show you an image of the proton bunch and the low power laser, the low power laser does not ionize the rubidium and the bunch propagates only through rb vapour. But then we turn on the high power laser and we see that sth is happening after the laser bunch, starting at the laser location. And if we then look on a shorter timescale in this region here we can actually see the microbunches, or this regions of high and low proton density in axis.


%eeded Self-Modulation

Single event: pixel-ated image from streak camera . “lonizing”
Laser

“Pulse

P. Mugagli
F. Batsch

[ Single streak camera measurement
1 Time scale ~73 ps
1 Streak camera trigger jitter (~20ps rms): Marker laser pulsed synchronized with

ionization laser pulse at the 10 ps time scale. M. Turner, CERN for the
IPAC 2018 AWAKE collaboration
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Here i want to show you another streak camera image on a 73 ps scale. In this image we have a marker laser pulse . To get the marker laser we take part of the light of the ionizing laser and propagate it over the same distance as the ionizing laser before sending it onto the streak camera. It gives us  a time reference that we can also delay by a fixed amount. Ok this is a single image, but now we took ten of those and since we have a time reference of the marker laser we could sum them.
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[ 10 consecutive events aligned to marker laser pulse
1 Bunches add:
O Modulation fixed wrt ionizing laser pulse

1 Modulation fixed wrt to seed
M. Turner, CERN for the31

IPAC 2018 AWAKE collaboration
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And the image becomes much clearer, but since we delay the marker, it allows us to stich images together so we can add them one after the other to get a summed image like this one
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M. Turner, CERN for the32
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The image clearly showa the longitudinal density modulation on..axis and if you look closesly , in the beginning the protons defocused by the transverse plasma wakefields.


%eeded Self-Modulation
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[ Micro-bunches present over long time scale from seed point

[  “Stitching” demonstrates reproducibility of the micro-bunch process against bunch
parameters variations (N=2.5x10"'+10%, s,,=220+10ps, s,)

[ Phase stability essential for e- external injection!

M. Turner, CERN for the33
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Now we can do the same kind of addition in case there is no plasma, which is shown here, and the difference is clearly visible over a long time scale from the seed point. It is important to understand here that at least this image here was made out of 50 images, and that there were variations in the experimental parameters, yet we were able to sum the images  and see the modulation. The fact that we can add these images demonstrates the reproducibility of the micro-bunch process even with experimental parameter fluctuations. This integrated phase stabillity is essention for external injection of electrons


%etection of defocused protons

Two consecutive measurements:
1 Close to AWAKE baseline parameters.
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Here I show images of the imaging stations, once if there is no plasma and SM and then the next one where we turned on the high power laser, and the difference is clearly visible. We can see the defocused protons. It becomes even clearer when we combine the projections of those two images and compare them. We see that charge that used to be in the core moves out radially to form a halo. This image is ment to show the halo, so it is on a log scale and the small area here corresponds to the area in the wing. From the maximum radius we can show that the transverse wakefields must have reached a level higher than the initial seed fields and since the halo is symmetric there is no sign that the non-axissymetric mode which is known as the hose instability developed


Electron acceleration
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So we have seen SM and wakefields and we are working on publishing these results . But this year,we want to demonstrate that we can accelerate electrons in the wakefields driven by the SM bunch. And this idea of externally inkecting particles into the wakefields is illustrated in this video here. In yellow the electrons, pink protons and blue the wakefield potential. This is the front of the bunch.
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1 The electron gun and transport line has been installed in 2017.

d The electron system is now under commissioning. M. Tumer, GERN for the,_
IPAC 2018 AWAKE collaboration
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To externally inject electrons we first need to produce and transport them. Here you see an image of the electron gun and transport line. The system has been installed and is as we speak under commissioning


%Iectron injection

AWAKE is getting ready for electron acceleration:

O Challenge:
O During the SSM the proton bunch distribution evolves
1 Short plasma density ramp at the entrance of the plasma
= change of wakefield phase

IPAC 2018

AWVARE D G
= N

rb

/ Laser pulse
e

M. Turner, CERN for the 7
AWAKE collaboration
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We think that the main challenge of the acceleration experiment is the injection, because during the ssm the proton bunch distribution evolves and consequently the wakefield phase changes. Additionally because of the way our vapour cell is built we have cm scale plasma density ramps at the beginning and entrance of the plasma which also change the phase. You can see it here laser  pulse, proton bunch, wakefields.


‘Electron injection @ crn

AWAKE is getting ready for electron acceleration:

rb
O Challenge:
O During the SSM the proton bunch distribution evolves
1 Short plasma density ramp at the entrance of the plasma
= change of wakefield phase TZ50 a5t
¥
o ) B~ = = = - N
O Instead of injecting bunches co-linear
= Cross the electron and proton bunch at a defined location inside
the plasma.
p o
1 Radial bunch size: W\-’
[ proton : ~150 um
O electron : ~200 um B‘e;n i{‘
the
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To avoid losing the low energy electrons, instead of injecting them colinear, we cross the electron and proton bunch at a defined location inside the plasma, where we hope that they are trapped after the wakefield phase stopped to evolve strongly. Experimentally this crossing is challenging because the radial size of the bunches is on the order of 100um and  cannot have any bunch diagnostics  inside the plasma.
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L.Verra

Electron beam loss monitors:

Goal: see the electron bunch in
presence of the protons and the

ionizing laser pulse
IPAC 2018

M. Turner, CERN for the
AWAKE collaboration
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We measure the protons and electrons at three locations upstream the plasma to predict their trajectory. The last screen has kind of a special setup so that we can measure the proton or electron bunch in presence of the laser pulse to see the effect of the low density plasma that could be present upstream and potentally ddefocus the electrons before they get into the plasma. Also we installed 12 beam loss monitors around the plasma section, to detect where we along the plasma we loose electrons.


‘What is the energy of accelerated electrons?@(ﬁ“ig

Accelerated electrons are sent through an imaging spectrometer and deposit energy
on a scintillating screen which is imaged by a camera. See Keeble F et al., The AWAKE electron

Spectrometer, this proceedings
~Camera-
(7 ) B=01-15T

.

e Magnetic length = 1m

We can detect electrons with energies
ranging from: 30 MeV - 8.5 GeV

Calibration image of the spectrometer

Spectrometer
fully
commissioned

950

X pixels

Expected measurement
L. Deacon (UCL)

F.GALLEATZ! (EN-MEF-INT)

1300
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If we accelerate electrons, we measure their energy with an imaging spectrometer. Depending on the current setting in the magnet we can detect electrons with energies ranging from 30 MeV to 8.5 GeV. The spectrometer setup is fully commissioned and ready to detect accelerated electrons as fearghus explains in his proceedings for this conference.
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So we have seen SM and wakefields and we are working on publishing these results . But this year,we want to demonstrate that we can accelerate electrons in the wakefields driven by the SM bunch. And this idea of externally inkecting particles into the wakefields is illustrated in this video here. In yellow the electrons, pink protons and blue the wakefield potential. This is the front of the bunch.
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Goal: The next big step for AWAKE is to demonstrate scalability of the AWAKE concept and that we can
control the parameters of the accelerated electron bunch to the level where it can be used for first
applications:

1 a micron-level normalized emittance
[ a percent level relative energy spread
[ high charge

Electron
Bunch compression, acceleration e” spectrometer

g & (~150s fs, > 50 MeV) e emittance

< 10m plasma measurement

Optimized
SPS
protons

Proton diagnostics

P — @ = Em e mm e e e - =» BTV,0TR, CTR
sMI Acceleration dump

After Run 2: get ready for first HEP applications:

Use bunches from SPS with 3.5 E11 protons every ~5sec, electron beam of up to O (50GeV).
M. Turner, CERN for the42

IPAC 2018 AWAKE collaboration
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But AWAKE has even bigger plans after CERNs long shutdown 2. We would like to demonstrate that we can control the parameters of the accelerated electron bunch, to the level where it can be used as an accelerator. This means a micron level emittance, a percent level relative energy spread, high charge. One idea is to split the palsma into 2 sections to separate the self modulation from the acceleration to faciliate injection. We would like to demonstrate the scalability of the concept and for HEPin an even longer future produce anelectron bunch with 50-100 GeV
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Before the summary id like to show you a picture of the AWAKE experimental team last december in our control room


Conclusions and Summary @ crn
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O The goal of the AWAKE experiment is to: accelerate electrons
with plasma wakefields driven by a self-modulated proton
bunch.

1 We demonstrated that the SSM develops over the 10m of
plasma and that its physics properties scale as expected.

1 The electron beam system has been installed and is under
commissioning.

1 Electron acceleration experiments are foreseen for 2018.

M. Turner, CERN for the44
IPAC 2018 AWAKE collaboration
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