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Plasma Wakefield Acceleration and AWAKE
AWAKE
Advanced Proton Driven Plasma Wakefield Acceleration Experiment
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C Plasma???

C Kielfeld Beschleunigung???
C Angetrieben durch einen Protonenstrahl???

Und tberhaupt:C Warum???
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Why Do We Need Particles at Even Higher Energies

Pattern of the scattered ligi®§ structure of the hand.

Visible light-10°m = 1 micrometer = 0.001mansize of a bacterium

3
Higher particle energ§ smaller wavelength smaller structures

Accelerators are Supevlicroscopes !



Rutherford Experiment, 1910

Pattern of scattered high energy particles
A structure of the atom.

Nuclei
10°m

Gold foil

Source of
o particles

Atoms (16°m) consist of an extremely small
Nucleus (18°m), electrons are moving around.



Why Do We Need Particles at Even Higher Energies

Hectron Neutron
Optical Microscope: 10° m
! Radioactive Source:10“m
LHC: <102lm

Matter Atom Nucleus Proton Quarks
1019m 10“m 105 m <108 m



Particle Collisions and New Particles

The study of the smallest building blocks of matter with high energy particle colliders and the production of new
massive particles is connected:
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What Is the Origin of the Universe?
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To discover new physics: accelerate particles to even higher energies

Circular Accelerators

Conventional RF cavities ok for circular colliders:
t  beam passes accelerating section several times.

B Limitations of electronpositron circular colliders:

A Circular machines are limited Bynchrotron radiationin the case of electron
positron colliders.

A These machines are unfeasible for collision energies bey868 Ge\in case of
FCCee

Dipole

magnets Synchrotron

I radiation
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Accelerating
section
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Linear Colliders

Schematische Skizze

X Va /

Beschleunigungssektion

Favorable for acceleration of low mass particles to high energies.

Limitationsto linear colliders:

Linear machines accelerate particles isirigle passThe amount of
acceleration achieved in a given distance isdheelerating gradient
This number igmited to 100 MV/mfor conventional copper cavities.

Teilchenenergie= Beschleunigungsgradient Beschleunigungsdistanz

zB umElektronenauf 1TeV zubeschleunigerf10'? eV):
100 MeV/m x 10000 rader
100 GeV/im x 10 m

E. Gschwendtner, CERN

Legend

s=mmn CERN existing LHC
Potential underground siting :

e CLIC 500 Gev
esse CLIC 1.5TeV

ess®s CLIC 3 TeV A 48 km

Jura Mountains




Motivation:

Alnvestigate the smallest building blocks of matter.

AProduce massive particles that are either unknown or predicted by
theories.

How?

AExplore particle ollisions at even higher energies.

C Darum!
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Plasma Wakefield Acceleration and AWAKE
AWAKE
Advanced Proton Driven Plasma Wakefield Acceleration Experiment
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C Plasma???

C Kielfeld Beschleunigung???
C Angetrieben durch einen Protonenstrahl???

Und ueberhauptC Warumt
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Conventional Acceleration Technology

inside the RF cavity. Its voltage oscillates feel a force in the
with a radio frecuency of 400 MHz. forward direction.

‘ A voltage generator induces an electric field Protons always

Protons never feel a force
in the backward direction.

(invention of Gustavsing1924 and RoNVideroe1927)

+SNE &dz00SaaFdzteée dzaSR Ay |ttt | OOStSNYIU2NA OK2al
in the last 100 years. Surface of Copper Cell After Breakdown Events
Accelerating fieldsarelimited to <100 MV/m T
In metallic structures, a too high field level lead$teak down
of surfaces, creating electric discharge.
Fields cannot be sustained, structures might be damaged.

C several tens of kilometers for future linear colliders

E. Gschwendtner, CERN



Plasma Wakefield Acceleration

PHASES OF MATTER

Plasmak & | ft NBl Ré ARFa&VERI ¢

sustainelectric fields up to three orders of

d
0800 & Pé%w magnitude higher gradient#, order of 100 GV/m.
oo & A ~1000 factor stronger acceleration!

Eras wirave ra 1668t any iy RIBEBG e o

C Much shorter linear colliders

E. Gschwendtner, CERN 13



Plasma Wakefield Acceleration and AWAKE
AWAKE
Advanced Proton Driven Plasma Wakefield Acceleration Experiment
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Plasma Wakefield

What is a plasma?

Quastneutrality: the overall charge of a plasma is about zero.

Collective effectsCharged particles must be close enough together
that each particle influences many nearby charged patrticles.

Electrostatic interactions dominat®@ver collisions or ordinary gas kinetics.

Example: Single ionized rubidium plasma

What is a plasma wakefield?

200~
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Fieldscreated by collective motion of plasma particles are called

[ )
#%?% plasma wakefields.
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() ta‘

| Oaee®
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How to Create a Plasma Wakefield?

E. Gschwendtner, CERN

Analogy:
lake A plasma

BoatA particle beam
(drive beam)

SurferA accelerated

particle beam (witness
beam)
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How to Create a Plasma Wakefield?

What we want: Our Tool: N

Longitudinal electric field to B
accelerate charged particles. Oa¢

Su’f (o

e acceleration

Q==

Single ionized rubidiuplasma

%
Using plasma to convettie transverse electric fielaf the Charged particle bunches
drive bunch into dongitudinal electric field in the plasma. carry almost purely transverse
The more energy is available, the longer (distanise) these Electric Fields.

plasma wakefields can be driven.

E. Gschwendtner, CERN 17



+ + + +

Principle of Plasma Wakefield Acceleration

Boat:
A Laser drive beam
A Charged particle drive beam
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+ + + +

A Plasma wave/wake excited by relativistic
particle bunch

A Plasma eare expelled by space charge force
A Plasma erush back on axis

A Ultra-relativistic driverc ultra-relativistic wake
A nodephasing

A Acceleration physics identical for LWFA, PWFA

18



Where to Place the Withess Beam (Surfer)?

= Accelerating for e
===) Decelerating for e

L+ + T = o+ - dri
_,_—=F N+ + fﬁ M lﬁ'ri—% H Focusing fore
+ + +

l Defocusing for e

+ + + +

C Kielfeld Beschleunigungg!:/-lﬁ

Focusing \/

ecelerating

0 m 2m
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Plasma Wakefield Acceleration and AWAKE
AWAKE
Advanced Proton Driven Plasma Wakefield Acceleration Experiment
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Seminal Paper 1979, T. Tajima, J. Dawson

Use a plasma to convert the transverse space charge force of a beam driver into a
longitudinal electrical field in the plasma

VoLumMe 43, WUMBER 4 PHYSICAL REVIEW LETTERS 23 Juwy 1979

Laser Electron Accelerator

T. Tajima and J. M. Dawson
Depavtment of Fhysies, Universify of California, Los Angeles, Califownia 50024
{Recalved 9 March 18TH)

An intense electromagnetic pulse can create a weak of plasma oscillations through the
action of the ponlinear ponderomotive force, Electrons trapped in the wake can be ac=
celerated to high energy. Existing glass lasera of power density 10'"W /em? shone on plas-

mas of densities 10" cm™® can yleld gigaelectronvolts of electron encrgy per cenfimeter
of aceeleration distance. This acceleration mechanism is demonstrated through computer
simulation, Applications to accelerators and pulsers are examined,

Collective plasma aceelerators have recently the wavelength of the plasma waves in the wake:
recelved conslderable theoretical and experi-

mental investigation. Earlier Fermi' and MecMil- Li=h./2=mc/w,. (2)
lan® considered cosmic-ray particle aceelera- An alternative way of exciting the plasmon is to
tion by moving magnetic fields' or electromag- inject two laser beams with slightly different
netic waves.® In terms of the realizable labora- Irequencies (with frequency difference Aw~w,)
tory technology for collective accelerators, g0 that the beat distance of the packet becomes

present-day electron beams® yield electric fields 2re/w,. The mechanism for generating the wakes
of ~107 V/em and power densities of 10 W /cm®, can be simply seen by the following approximate

E. Gschwendtner, CERN 22



Some Highlights

FACET, SLAC, USA:

Premier R&D facility for
electrondrivenplasma
wakefield acceleration: Only
facility capable of ®acceleration

9y SNH& R2dzofAy3 27
metre-scale plasma wakefield accelerator

I. Blumenfelcet al, Nature 455, p 742007)
A gradient of 52 GV/m
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BELLA, Berkeley Lab, USA:

Laserdriven plasma wakefield acceleration

Facility

FLASHForwatdESY, Germany:
Electrondriven plasma wakefield acceleration facility

Petawattlaser guidingand electron bearn
1" alctterationtd $Feh 4 Msetheated

capillary discharge waveguide

A.J.Gonsalvest al.,Phys.Rev.Let122 084801
(2019)

-1.17 " " ] . " g " " \
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Energyspread preservatiorand high efficiency in a
plasmawakefield accelerator
C.ALindstrgmet al.,Phys.Rev.Let126, 014801 2021)
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Transfer efficiency2+/-4%with 0.2% energy spregd
Up to 70%when allowing energy spread increase

E. Gschwendtner, CERN
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Plasma Wakefield AcceleratoxsElectron/Laser Drivers

Witness beams (Surfers): Drive beams (Boat):
Electrons: 18 particles @ 1 TeV ~few kJ Lasers: ~40 J/pulse
Electron drive beam: 30 J/bunch

To reach TeV scale:

A Electron/laser driven PWAneed several stageb,y R OK I f f SyaAy 3 NI (2
ASTTFSOGADS AN RASYU NBRdAzOS | S 3 1)

0«
(@]
(0p))
O«

Plasma cell Plasmacell Plasmacell Plasmacell Plasmacell Plasma cell Witness beam

Drive beam: electron/laser

E. Gschwendtner, CERN 25



Plasma Wakefield AcceleratoxsProton Drivers

Witness beams (Surfers): Drive beams (Boat):

Electrons: 1& particles @ 1 TeV ~few kJ Lasers: ~40 J/pulse
Electron drive beam: 30 J/bunch

Proton drive beam: SPS 19kJ/pulse, LHC 300kJ/bunc
To reach TeV scale:

A Proton drivers large energy content in proton bunchsallows to consider single stage acceleration:
A A single SPS/LHC bunch could produce an ILC bunch in a single PDWA stage.

Plasma cell Witness beam

Drive beam: protons

1.0

Wit bunch
With existing proton beams the energy frontier with electrons can be reachec er:e",gisa.g‘ng
A SPS P(450 GeV): accelerate to 200 GeV electrons. . | plasma.
A LHC pcan yield to 3TeVelectrons

]
< 05+
2

c
w

C Angetrieben durch einen Protonenstrahl!

E. Gschwendtner, CERN

1 TeVproton driver

200 400 600
L(m)

A. Caldwell et al., Nature Ph§s363;367 (2009)

o
T T T

o
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Seeded SelModulation of the Proton Beam

short bunch:

In order to create plasma wakefields efficiently, the drive bunch length 1‘ J, 1‘ J, 1‘ ,l, 1‘
must be in the order of the plasma wavelength. 'lr T J' T ¢ T ‘L

long bunch:

T
CERN SPS proton bunch: very loagE(12 cm) A much v w

longer than plasma wavelength € 1mm)

long bunch:

The experiment induces a plasma instability, this instability 1‘# 1‘* T*T*T
modulates the long proton beam into a sequence of short ) VAUAYAY

beams (micrebunches). These miciiounches resonantly drive
high wakefieldsC immediate use of SPS proton bunch! - rvow.

C Angetrieben durch einen Protonenstrahl!

E. Gschwendtner, CERN 27



Plasma Wakefield Acceleration and AWAKE
AWAKE
Advanced Proton Driven Plasma Wakefield Acceleration Experiment
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C Plasmat

C Kielfeld Beschleunigunty
C Angetrieben durch einen Protonenstrahl

Und ueberhauptC Warumt
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ATWAKE—

The AWAKE Experiment

E. Gschwendtner, CERN 29



ExperimentellerAufbau des AWAKE
Experiments am CERN

Von einer ldee zur Realitat!

E. Gschwendtner, CERN 30



AWAKE Is an International Collaboration
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22 AWAKE Collaboration papers in hitgvel journals AWAKE courses and seminars

Authors Title

L. Varra, et al. (AWAKE Collaboration) Filamentation of a Relativistic Proton Bunch in Plasma 2023

T. Nechaeva, et al. (A\WAKE Collaboration) Hosing of a long relativistic particle bunch in plasma 2023 High Gradient loksfick) ucc_geratori

L. Verra, et al. (AWAKE Collaboration) Development of the Self-Modulation Instability of a Relativistic Proten Bunch in Plasma PoP 2023

E. G ot al. (AWAKE Ci 1) The AWAKE Run 2 programme and beyond Symmetry 2022

L. Verra, et al. (AWAKE Collaboration) Controlled Growth of the Self-Modulation of a Relativistic Proton Bunch in Plasma PRL 2022

5. Gessner, et al. (AWAKE Collaboration) Evolution of a plasma column measured through modulation of a high-anergy proton beam 2020 > 7 o p a p e rS re | ate d tO AWA K E

V. Hafych, et al. (AWAKE Collaboration) Analysis of Protan Bunch Paramaters in the AWAKE Expariment JINST 2021 “”;"‘5;:‘ e
P.I. Morales Guzman, et al. (AWAKE Collaboration) Simulation and experimental study of proton bunch self-modulation in plasma with linear dansity gradients PRAB 2021 -

F. Batsch, et al. (AWAKE Collaboration) Transition between Instability and Seeded Self-Modulation of a Relativistic Particle Bunch in Plasma PRL 2021 > 9 O C O n fe re n Ce p ro Ce e d I n g S a- n d p ap e r

J. Chappell, et al. (AWAKE Collaboration) Experimental study of extended timescale dynamics of a plasma wakefield driven by a self-modulated proton bunch PRAB 2021 -—Z March 2019

F. Braunmiller, et al. (AWAKE Collaboration) Proton Bunch Self-Modulation in Plasma with Density Gradient PRL 2020

A. A Gom, et al. (AWAKE Collaboration) Proton beam in AWAKE: of and PPCF 2020 Ses‘m’;fflpzf“'j;;
M. Turner, et al. (AWAKE C: imantal study of driven by a self- g proton bunch in plasma PRAB 2020

E. ot al. (AWAKE Ci 1) Protan-driven plasma wakefield acceleration in AWAKE PTRSA 2019

M. Turner, et al. (AWAKE C: imental Observation of Plasma Wakefield Growth Driven by the Seeded Self-Modulation of a Proton Bunch PRL 2019

AWAKE Collaboration Experimental Observation of Proton Bunch Modulation in a Plasma at Varying Plasma Densities PRL 2019

AWAKE Collaboration Acceleration of electrons in the plasma wakefield of a proton bunch Nature 2018 U S PAS ] \J UAS y C
P. Muggli, et al. (AWAKE Collaboration) AWAKE readiness for the study of the seeded self-modulation of a 400 GeV proton bunch PPCF 2018

E. G ot al. (AWAKE Ci ) AWAKE, The Advanced Proton Driven Plasma Wakefield Accelaration Experiment at CERN NIMA 2016

A, Caldwell, et al. (AWAKE Collaboration) Path to AWAKE: Evolution of the concept NIMA 2016

C. Bracco, et al. (AWAKE Collaboration) AWAKE: A Proton-Driven Plasma Wakefield Acceleration Expariment at CERN NPPP 2016

AWAKE Collaboration Proton-driven plasma wakefield acceleration: a paih to the future of high-energy particle physics PPCF 2014 C 4 d 0 CtO ral th eS I S p rl ZeS , 2 e arly Care e r award S |

hdzi NBIF OKY bSgalLl L

> 28 PhD students
> 11 Master students

>20 Postdocs ] Anewwave of
particle physics _|
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AWAKE at CERN

AdvancedWAKEHield Experiment

o

C Accelerator R&D experiment at CERN.

C Unique facility driving wakefields in plasma
with a proton bunch.

C At CERN highly relativistic protons with high energy (>
kJ) available

C Accelerating externally injected electrons to
GeV scale.

T2

LHC

HiRadMat

1976 (7 km)

[ 2011 | }\TTE.G
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AWAKE at CERN

e
- ;‘/ Accoss gallenos

LHC/TIB swurnmed AKI: eXperlment

farget

Chambes

L tunned

LHC

MCay tunme

M
~1100m

dump

Hadron stop
and first mMuon doetocior

AWAKE installed in CERN underground area

E. Gschwendtner, CERN




AWAKE Program

RUN 1 (201€018)

p+ sedmodulation 2 GeV eacceleration

RUN 2 (2022033)

e- acceleration to several GeV,
beam quality control, scalability

J

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

> D D> 23D > D > OB 3D ) D ) g A

Run 1 Preparation Run 1 Run 2 Run 2a Run 2b CNGS Run 2c Run 2¢ Run 2d ( \
Preparation dismantling installation C F| rSt apn |icati0nS >2034

o

Edda Gschwendtner, CERN 35



AWAKE Experiment

Electron source system

Laser beam l
RF gun
!‘; - - 20 MeV
p \(L ‘ RF structure &
! .
= —~ DIPOle _ Electron beam
i 10 m Rb Plasma
|
| -

‘ Imaging station 1
Proton beam

\ .{ ‘
OTR, CTR screens e

Electron
spectrometer

dump Imaging

station 2

E. Gschwendtner, CERN



AWAKE Proton Beam Line >

Electron source system

Laser beam !
0MeV E‘g il
o RF structure :
- ! -
~ v
- ___.__‘_ o, Dipole Electron beam
[, B[ DiPot 10 m Rb Plasma
\\
- >
ey
Proton beam ~a

~ 400 GeV protons
750m proton beam line

The AWAKEeamlineis designed to deliveat high-quality beamto the experiment. The proton beam must be steered
around a mirror whicltouples a terawatt class lasénto the beamline
Further downstream, thavitness electron beanwill injected into the sam&eamline

E. Gschwendtner, CERN 37



AWAKE Plasma Cell > (@)

A 10 m long 4 cm diameteRubidiumvapoursource

A Laserionizes Rlvapourto become Rb plasma.

A Density adjustable from 26¢ 10°cm3 C desired: 7x1.0cm?3

E. Gschwendtner, CERN

10m Heat Exchanger
am D\\'e ction

%3”/

s i
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—

Upstream Expansion Chamber

Circulation ofGaldenHT270 at 210°C] in plasma
cell, 79 temperature probes

Heating/Pumping System
Downstream Expansion Chamber
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Laser and Laser Line > (@)

AWAKE uses a shaptilse Titanium:Sapphirdaserto ionize the rubidium source.
A Seeding of the selhodulation with the ionization front.
The laser can deliver up 500mJin a 120fs pulse envelope

Electron source system

Laser beam  €-source laser

- ~
- ~
-

-~ Ty RF gun
- . |

1777 20mev 4 | e
(s RF structure | 9

| N -
Diagnostic laser ~. \‘

=

& Dipol 10 m Rb Plasma

.

o Dioe 2 Electron beam
L~ N
N —

/

~N
L4

e E .
aser-eempressoriin laser room

wa

E. Gschwendtner, CERN 40



Electron Beam System

Laser beam e-source laser

-~

__Transfer line ‘;"’ , . T - L g i Electron beam

- ) - -/ - 10 m Rb Plasma
' . —
- b-—Dlagnosncs ang bo i | | e -
3 L structure ;i ) Eféc;rq ‘source

4 L | . - y : | '*l
V .;;g‘ ‘ ' — . ! | e -
: . 1 ’ p &:—/' : ',I |

| =
‘;‘ !'

L F

A Photainjector originally built for a CLIC test facility is now used as electron source for AWAKE predadietectron bunches at an
energy of ~20 MeV/c.

Acompletely new 12 m long electron beam liveas designed and built to connect the electrons from thsoarce with the plasma cell.

Challengecross the electron beam with the proton beam inside the plasma at a precision of ~100 pm. 41



Electron Acceleration Diagnostics i

camera

OTR, CTR screens

scintillator
screen
Lanex 1m x

Electrons will be accelerated in the plasma. To measure the energy the electrons pass thdjugke apectrometer
and the dispersed electron impact on the scintillator screen.
The resulting light is collected with an intensified CCD camera.
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Results Run 1: Direct Seeded $¢ddulation Measurement
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AWAKE CollaboratiorRPhys. Rev. Lett. 122, 054802 (2019).
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M. Turner, PMuggliet al. (AWAKE Collaboration), Phys. Rev. Accel. Beams 23, 081302 (2020)
F.Braunmueller T.Nechaevaet al. (AWAKE Collaboration), Phys. Rev. Lett. July 30 (2020).

A.A.Gorn M. Turner et al. (AWAKE Collaboration), Plasma Phys. Control Fusion, Vol. 62, Nr 12 (2020).
F.Batsch P.Muggliet al. (AWAKE Collaboration), Phys. Rev. Lett. 126, 164802 (2021).
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Elektronen

A Acceleration up to 2 GeWas been achieved.
A Charge capture up to 20%.
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AWAKE Scientific Merit

Wakefield growth due to SM

Npe = 2.1x10%cm—3 Npe = 7.7x10M4 cm3

= max. seed field from theory
¢ Wi amn(L=10m)
¢ Woa(L=15m) 4
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Filamentation instability
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Accelerated electrons
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Effect of density step on accelerated electrons Beamhose instability

intensity [arb.]

3500

3000

2500

2000

[ R
v o
& & o
& © o

o

=500

~ uniform plasma
—— 2.3% density step
preliminary
0.0 0.5 1.0 15 20 25
energy [GeV

F. Pannell,]UCL, AWAKE Collaboration

(a)

X Ye (Mm)

150 50 0

100
t (ps)
T.Nechaevaet al. (AWAKE Collaboration), Phys.

Rev. Lett. 132, 075001 (2024). 46



AWAKE Program

RUN 1 (201€018)

p+ sedmodulation 2 GeV eacceleration

RUN 2 (2022033)

e- acceleration to several GeV,
beam quality control, scalability

J
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In Run 2: paradigm change:
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AWAKE Run 2

Accelerate an electron beam togh energieswhile controlling the electron
beam qualityand demonstratescalable plasma sourcechnology.

Laser beam
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=

modulation of the proton bunch
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Expected parameters:

A Normalized emittance: €30) mmmrad
A Q,=100pC

A dHE: 58 %

A Energy gain: E ~¥0 GeVin 10 m
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Preparing for AWAKE Run 2c/d during LS.

Electron s source system

Laser beam

| RF gun
20 Mev 4 - his
i o /,El! NEW: higher energy

‘( 4 & Electron source system
N | <Ny " Electron beam
T, L Dipole 10 m Rb Plasma ~150 Mev -,
" —
- e NEW: density step | —~—
=3 RF}luuw g —y

Proton beam I > -~y
- 2 Electron beam ~
C R R 10 m Rb Plasma S~ ~
~0 NEW ~
self-modulation \ & | ~
maging station 1

13, tatior
X \ ~\
e OTR, CTR screens \
N |
\ acceleration . &l Quadrupoles ‘ \

s

‘S 1 \
~
Laser beam \ l
; ~
NEW: back-propagating ~y Electron
-~y spectrometer /
~—y ~

CERN Neutrino Gran Sasso area content
(~600n?)

~500 large shielding blocK®,050,6 mSv/h)
A fewhigh doserate elements(50mSv/h)
70-meter-long aluminunHe-tank

Variousd dzLJLJ2 NIl &4 = RdzOG & X

o To T Do

12 ApEida23schwendtner, CERN 49



AWAKE Run 2 Preparations

Laser beam
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AWAKE Run 2: Demonstrate Scalable Plasma Sources & (2

Laser beam
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10 m Discharge Plasma Source in AWAKE

C Possible candidate for plasma source in Run 2c/d (203) and particle physics applications

Unique opportunity to test the discharge plasma source in May 2023 with protons in the AWAKE facility

E. Gschwendtner, CERN 52




AWAKE Program

RUN 1 (201€018)

p+ sedmodulation 2 GeV eacceleration

RUN 2 (2022033)

e- acceleration to several GeV,
beam quality control, scalability

\ J
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Applications with AWAK# ike Scheme (&)

C Requirements on emittance are moderate for fixed target experiments and e/p collider experiments, so first experiments-toadar future!

First Application: Fixed target test facility

A Deep inelastic scattering, ndmear QEDsearch for dark photons

e = g b ] Illll"l T T L TTe

Standard Model "}/ A/ Hidden Sector 1072 153; KLOE. SINDRUM o oo oo -
? . . . E ™ Ty, WASA / g/
q”art’leptons dark, matter: A Decay of dark photon into visible particles (e.g. e}/e i ,,:‘\'; e AL
g w7 7 € A’ (massive) A Energy and flux is important 10‘35— [:‘77'4‘\;‘7'\\.“ ~

A Relaxed parameters for emittance

Y S e . . c - S, N\AWAKESO
e T A ’<E: ]()—4 - -~ '1011\ ¥
E E141 -+- ORI | L CTRT
isi isi E -’ - o
—3 Visible _— Invisible w - - 3 P
— - > .

channel z channel i

decay volume ~ 10 m MM1  MM2  MM3 -6 ;
10 Orsay
50 GeV  —fpe- B - -|- - - 23 cm
5x10° electron bunch
& PS19] CHARM

(p—Brems)

Tungsten target Maanet ECAL
width, 10 cm - E137
. - . 1 1 P bt 3 1Y | ll 1 1 Ll 1Ll lll 1 1 M B @ )
Experimental conditions modeled on NA64 experiment. 102 10~ I

my [GCV]
A Extension of kinematic coverage for 50 GeV
electronsand even more for 1 TeV electrons

10%electrons m targetwith AWAKHike beam(Factor 1000 more than NA64)
A 50 GeV ebeam Extend sensitivity furtheto ¥ 403t 105 andto high masse€.1 GeV
A 1TeVe-beam: : Simila¥ values approachingl GeVbeyond any other planned experiments.

E. Gschwendtner, CERN 54




O O

Applications with AWAKE ike Scheme =%

Investigate noAinear QED irlectron- photon collisions
ProduceTe\trange electrons with an LHG punch: usefor lower luminosity measurements in electron
proton or electronion collisions.

A 1l Limited by proton accelerator repetition ratelook for highcrosssection processes to compensate

LHC p 7 TeV

A PEPIC:owluminosity version of HeQ50 GeV electrons)
A Use the SPS to drive electron bunches to 50 GeV and collide with protons from the LHC
A Modest luminosity4 only interesting should theHeot go ahead protons 7 TeV

A E I C : electrons, 50-70 Ge\A

A use the RHKEIC proton beam to accelerate electron

SPS p 450 GeV

A 3TeVVHEeP
A use the LHC protons to accelerate electrons T@®and collide with protons from LHC witiTéV
A Yields centreof-mass energy of $e\ Luminosity is relatively modest ~102802° cmr2 s?, i.e. 1bp
Yyr.
A New energy regime means new physics sensitivity even at low luminosities.

A Fixed targetvariants with these electron beams

A Higgs factory: electrospositron collider 250 Ge¥.0.m, proton driven freras | ey
A J. Farmer, A. Caldwell, Rukhoy NJPDOI10.1088/13672630/ad8fc5 (2024) — —

-------------------------------
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Plasma Wakefield Acceleration and AWAKE
AWAKH
Advanced Proton Driven Plasma Wakefield Acceleration Experiment

tf L ayYl YASEtFSEIR . SAOKf SdzyA3dzy I a
N2O2YSYyaiN: Kf €
C Plasmat

C Kielfeld Beschleunigunty
C Angetrieben durch einen Protonenstrahl

Und ueberhauptC Warumt
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Vielen Dank fuer lhre Aufmerksamkeit!
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