AWAKE: proton driven plasma
wakefield acceleration for particle
physics applications
M. Turner for the AWAKE Collaboration
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The AWAKE experiment at CERN

proton drivers

AWAKE facility

The CERN accelerator complex
Complexe des accélérateurs du CERN
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/ p+ bunches from the \

CERN SPS are delivered to the
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to excite wakefields in a

K(currently) 10 m long plasny

high energy drivers
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driver parameters:

» ~20 kJ - very high energy
per bunch

» 400 GeV/c high energy
per particle

» enabling hundreds of GeV
energy gain in single plasma
(~TeV with LHC driver)

low beam density n,~1012cm-3
very long (0,~5 cm; ~100 A,)
waist size 0,~0.17 mm < c/w,

Y V VY

plasma parameters:
> plasma density: n,,1-10'4 cm

(to be able to excite ~GV/m fielb

» plasma wavelength
Aje ~3—1mm
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resonant excitation

- self-modulation (requires
~4-6m of plasma)

» multiple bunches - resonantly
drive wakefield = large amplitude
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Self-modulation demonstrated

AWAKE, PRL 122, 054802 (2019)
M. Turner, (AWAKE coll.), PRL 122, 054801 (2019)

F. Braunmueller, (AWAKE coll.), PRL 125, 264801 (2020)
P lasma off: F. Batsch (AWAKE coll.), PRL 126 (2021)
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Proof-of-principle acceleration

external injection |
AWAKE Collaboration, Nature 2018

/electrons accelerated \ /acceleration repeatable\ /plasma density scaling\
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Challenge: controlling SM

to the level, where it can be used in an accelerator

-— TDG_.

» transverse wakefields dominate the SM process (p,, ,~400 MeV) m
» Ay<<y, 2 AL = (1/y?) (Ayly) L < A, = negligible longitudinal

evolution of p,, ,~400 GeV bunch . . . ‘
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Challenge: controlling SM

to the level, where it can be used in an accelerator

» transverse wakefields dominate the SM process (p,, ,~400 MeV)
» Ay<<y, 2 AL = (1/y?) (Ayly) L < A, = negligible longitudinal
evolution of p,, ,~400 GeV bunch

» self-evolving: SM instability - convective process
» v, of the wakefields is evolving—> driver slices experiences
different fields at different times
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Challenge: controlling SM

to the level, where it can be used in an accelerator
» transverse wakefields dominate the SM process (p,, ,~400 MeV) m
» Ay<<y, 2 AL = (1/y?) (Ayly) L < A, = negligible longitudinal

evolution of p,, ,~400 GeV bunch . . . ‘

» self-evolving: SM instability - convective process
Pukhov, PRL 107 145003 (2011)

» v, of the wakefields is evolving—> driver slices experiences prem e ————
different fields at different times Saturation

E 10.1 .‘.. DeCay
> i
> wakefield amplitude = defined by driver o AP

» driver evolves - amplitude evolves ui' 10 “

Seed [
- understand, control, tune the process 10 — '
0 Z, 10
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Outline

» Latest AWAKE physics results
» discharge plasma source
» wakefield growth, ion motion, filamentation instability
» rubidium vapor source

» amplitude stability, self-modulation instability suppression
» AWAKE'’s progress toward particle physics applications
» rubidium vapor source with plasma density step

» approved AWAKE Run 2c/d programs

» Summary and conclusions
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Discharge plasma source talk + poster by

C. Amoedo, WG3

» scalable (50-200m) plasma source technology

Anode 2
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' Collaboration between IST and CERN
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Poster by

Plasma light shows wakefield growth | i wmezger

all captured light

plasma light wakefield light
(from discharge)

expectation: wakefield light < energy deposited
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E. Oz, AIP Conf. Proc. 737, 708 (2004)
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Poster by

Plasma light shows wakefield growth | i wmezger

all captured light

plasma light wakefield light
(from discharge)

idea: wakefield light - show development of self- expectation: wakefield light < energy deposited
modulation?
Saturatlon _l @@@8
. o £
evolving £l Ggég? & 1 demonstrated
system s | in non-
5 evolving
g o system
p 5 4 (@@6@
10.3 ' . ! ' ' ' ' ' , 23 0.‘1 ()i2 ().‘3 0i4 ()15 ()j() ()17 0‘.8 0.9
0 Z ) 10 Energy Loss (GeV)
Pukhov, PRL 107 145003 (2011) E. Oz, AIP Conf. Proc. 737, 708 (2004)
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Poster by

Plasma light shows wakefield growth | ;. wvezger

» observed growth
» increases with n,,

) . . ‘ . ' ) ‘
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Plasma light shows wakefield growth

> I consistent with n,,*/¢ scaling

Poster by
J. Mezger

351 Expected scaling wy — ::.E:EEL . _ .
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A=40
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Motion of plasma ions

> broad interest:;
> uniform ion

column =
linear focusing
force
A3 AR RN RARAR RS
7 0N - -—k .
s e 04 [
25:— :\. ]
0l E
15I65I = I170I = l1|75I = l180‘ = ]1é51 l1
Xy [c/ wp)

Image from Vieira, J. et
al - arXiv:1607.03514
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https://cds.cern.ch/search?f=author&p=Vieira%2C%20J.&ln=en

> broad interest:;
> uniform ion

column =2
linear focusing
force
40:'(a)'"|""|""g""|"_'
= 305— N * —
e ¢4 |
5 Is - ]
15I6—5I - '1|70' - l1|75' - ]1330' - ]1z|35' 1;
Xy [c/ wp)

Image from Vieira, J. et
al - arXiv:1607.03514

Motion of plasma ions

» motion of ions:
» nonlinear focusing force
» emittance growth

J. B. Rosenzweig et al., PRL 2005
Weiming An, et al., PRL 2017

» suggested to detune hosing

resonance
T. J. Mehrling, et al, PRL 2018
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» broad interest:

» uniform ion
column =2
linear focusing
force

40_IIII|IIIIIIIII|IIII|II_I
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Image from Vieira, J. et
al - arXiv:1607.03514

Experiment

Motion of plasma ions

-om
P

lasma waye

) ) M. F. Gilljohann, et al., Phys. Rev. X 9, 011046
» motion of ions: _ _
» motion of ions caused by:

» nonlinear focusing force

» emittance growth

J. B. Rosenzweig et al., PRL 2005
Weiming An, et al., PRL 2017

» suggested to detune hosing
resonance

» fields of the driver

> fields of the withess

» ponderomotive force of
the wakefields F, =

e2 -9

VW,

- 2
4mewp .

J. Vieira,et al., PRL. 2012

» long bunch and SM (simulations) J. vieira, etal., Pop, 2014
» formation of bunch talil

L. M. Gorbunov, et al.,

T. J. Mehrling, et al, PRL 2018 PoP, 2003
no tall 2 EEERER T l‘ L N
— a . g
E\K . |
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b4 L e .
n I T T W - IO R DR T Ions
2 . I I 1 ] I 1 1 | I | 1 L} I Ll 1 1 I :
E [ d 1 mobile
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M O tl O N Of p I aS m a I O N S M. Turner, (AWAKE Collaboration),

submitted

experiment simulations

X [mm]
o
Y

vacuum
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Motion of plasma ions T

experiment simulations
2
£
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Motion of plasma ions T

experiment simulations
2
£ o
vactum :_2 . Npe = 4.8 x 101 cm3, N, = 3x10%
2 2 e
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Motion of plasma ions T

experiment simulations
2
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M O tl on Of p I asma I ons M. Tumer, (AWAKE Coliaboraton)

simulations

Nye = 4.8 x 1014 cm3, N, = 3x10%

X[mm]
W, [GV/m]

X [mm]

W, [GV/m]

W, [GV/m]

x[mm]

-|||||||||||||||||T
27200 =200 0 200 400 '-400 -200 O 200 400

&[ps] & [ps]

K. P. Blum

» bunch tail observed, reproducible - effect of motion of ions on the bunch
» at this wakefield amplitude (n,, and N,,) only with helium
» confirms expected inverse mass dependency
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SC a,l I N g Wlth Wak efl el d am p I |tu d @ M. Tumer, (AWAKE Collaboration)

submitted

Npe, Np -
17 - = Mo Plasma
— WENON
14 4 = Argon

s Heliuim
0.8 -

Counts [arb. u.]
L=
5]

I].[I ) 1 ) )
=400 =200 ] 200 400
£ [ps]
Peak field ~600 MV/m
Ape = 152um
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SC a,l I N g Wlth Wak efl el d am p I |tu d @ M. Tumer, (AWAKE Collaboration)

submitted

2
Npe, Np - Npe, $Np -
1724 Mo Plasma | == No Plasma
p— WEnOn p— AN

i
=

s Hielium

4 == Helium

0.8 1

Counts [arb. u.]
L=
5]

I].[I ) ) ) ) ) ) )
400 200 0 200 400 -400 200 0 200 400
£ [ps] £ [ps]
Peak field ~600 MV/m Peak field ~390 MV/m
Ape = 152um Ape = 152um

C‘@ ATWAREZ 25.07.2024 M. Turner (AWAKE Collaboration) 12729



SC a,l I N g Wlth Wak efl el d am p I |tu d @ M. Tumer, (AWAKE Collaboration)

submitted

2 1
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Scaling with wakefield amplitude

M. Turner, (AWAKE Collaboration),

submitted
2N 1N
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Scaling with wakefield amplitude

Npe, Np+

2
Npe, 5Np+

1
Npe, 5Np+

M. Turner, (AWAKE Collaboration),
submitted

znpe, Np"

124 Mo Plasma
w— XENON
10 q = Argon
e Helium

Counts [arb. u.]
L=
5]

| w— Mo Plasma
m— NENON
o = Helium

| w— Mo Plasma
— ENON
4 === Helium

| =— Mo Plasma
m— OO

I].[I I I I I ! I I I I I I I I
—400 =200 0 200 400 400 =200 H 200 400 =400 =200 0 200 400 =400 —200 H 201 400
Elps] Elps] £lps] Elps]
Peak field ~600 MV/m Peak field ~390 MV/m Peak field ~260 MV/m Peak field ~930 MV/m
Ape = 152um Ape = 152um Ape = 152pum Ape = 109um
. . . 62 ~
» effect also scales with wakefield amplitude (n,, and N,,) F,=-_——-5VW,
dm w2,
» important validation of the model/scalings that will be used to inform collider designs
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Filamentation instability

> G,0<Clwye: optimum for wakefield
generation

> ‘one filament’

» 6,>>Clwp,! filamentation instabilities
can develop ...

» observed filaments at the c/w),
scale

Talk by L. Verra, WG3

L. Verra et al.,(AWAKE Collaboration)
Phys. Rev. E 109, 055203

‘Astrophysics in the lab’

Plasma off Plasma on

clo

(C\E\R@? ATVAICE— 25.07.2024

M. Turner (AWAKE Collaboration)
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Filamentation instability

‘Astrophysics in the lab’
» Gp<Clo,,: optimum for wakefield
generation

GI’O~3 . 2C/C0pe

> ’one filament’ Plasma off Plasma on

-

» 6,>>Clwp,! filamentation instabilities
can develop ...

2000

1800 - C/Q)

1600

» observed filaments at the c/w),
scale

1400

1200

Talk by L. Verra, WG3

L. Verra et al.,(AWAKE Collaboration)
Phys. Rev. E 109, 055203

—————
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laser ionized - allows for relat|V|st|c lonization front (RIF) seeding

./

ten viewports
+ cameras




Wakefield amplitude reproducibility | chremmu

To build a reproducible accelerator, the phase and amplitude of the wave must be reproducible

previously: seeding - phase stability
Plasma RIF Plasma €

RIF Vapor

unseeded seeded

Event number
Event number

-
30 20 10 0 -10
t(ps)

stable timing/phase

F. Batsch et al., (AWAKE Coll.), Phys. Rev. Lett. 126, 164802 (2021)
L. Verra, et al., (AWAKE Coll.), Phys. Rev. Lett. 129, 024802 (2022)
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Wakefield amplitude reproducibility

Poster by
A. Clairembaud

To build a reproducible accelerator, the phase and amplitude of the wave must be reproducible

previously: seeding - phase stability

Plasma LA IR.lF Plasma € sl [RIF ..
A - v
st ynseeded v oM
v T, e SSM
v
at ¥ v
O|Z
'<Q'.g3' v v seeded
e v
= 2f w
v v ® o
v e © (]
1t Ty v s L A
v v v [ ]
v v v
v "
v 9% 20 20 60 80 100
Event number

ranadom tming/pnase

stable timing/phase

F. Batsch et al., (AWAKE Coll.), Phys. Rev. Lett. 126, 164802 (2021)
L. Verra, et al., (AWAKE Coll.), Phys. Rev. Lett. 129, 024802 (2022)
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Wakefield amplitude reproducibility

Poster by
A. Clairembaud

To build a reproducible accelerator, the phase and amplitude of the wave must be reproducible

previously: seeding - phase stability

Plasma LA IR.lF Plasma € 5 ah1 [RIF ..
A - v
st ynseeded oM
S SSM
A 4
at ¥ v
|2
'<Q'g3' v v seeded
v
v v ® o
v e © (]
1 Ty v ' ‘Q.‘. '™
v v v v [ )
v "'
v 9% 20 20 60 80 100
Event number

ranadom tming/pnase

F. Batsch et al., (AWAKE Coll.), Phys. Rev.

stable timing/phase

Lett. 126, 164802 (2021)

L. Verra, et al., (AWAKE Coll.), Phys. Rev. Lett. 129, 024802 (2022)
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Poster by

Self-modulation instability suppression |.. vezer

prediction from theory
C. B. Schroeder etal., Phys Plasmas 19, 010703 (2012)

-7 (11)
-_ v |
g 10 o \ I > vapor source allows for
% ‘ . . .
208 ,‘ linear density gradients +
3‘.‘: (a) ‘ = € >
% 0.6 po(l+z/L)”2 E‘l n(ikan
£ 04—k k [Tk, 2P
5 . —
0.2 (i)
' Z
0.0 : 1
09 8 7 6 3 3 3
Hog (k,L) . log n) Log scale

> relative radial modulation of the bunch vs.
linear density gradient (log scale)

» SM suppression at large gradient, because
resonance is detuned « > feedback loop affected
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Poster by

Self-modulation instability suppression |.. vezer

prediction from theory: positive gradients suppress the development of the SM

C. B. Schroeder, et al.,
Phys. Plasmas 19, 010703 (2012)

wakefield light along the plasma
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Self-modulation instability suppression

Poster by
J. Mezger

prediction from theory: positive gradients suppress the development of the SM

wakefield light along the plasma

le5

C. B. Schroeder, et al.,
Phys. Plasmas 19, 010703 (2012)
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Self-modulation instability suppression

prediction from theory: positive gradients suppress the development of the SM

J.

Poster by

Mezger

C. B. Schroeder, et al.,
Signa] increase for Phys. Plasmas 19, 010703 (2012)
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Self-modulation instability suppression

Prediction from N,e =3.8x10%4 cm3N,,=1.5x10% per bunch , RIF=+220 ps , I’]Stablhty
A. Clairembaud, MPP
C. B. Schroedet
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AWAKE progress toward
particle physics
applications

Turner (AWAKE Collaboration)



AWAKE has a clear time-line towards an accelerator

proof-of-principle Run 2 ~ first applications
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

190 DDDW

Run 1 Preparation Run 1 Run 2 Run 2a Run2b CNGS Run 2c Run 2c Run 2d
Preparation dismantling installation

» milestones for AWAKE Run 2: - transition from proof-of-principle to applications
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AWAKE has a clear time-line towards an accelerator

proof-of-principle Run 2 ~ first applications
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

190 DDDW

Run 1 Preparation Run 1 Run 2 Run 2a Run2b CNGS Run 2c Run 2c Run 2d
Preparation dismantling installation

» milestones for AWAKE Run 2: - transition from proof-of-principle to applications

» Run 2a: demonstrate the seeding of the self-modulation of the entire proton bunch with an
electron bunch
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Run 1 Preparation Run 1 Run 2 Run 2a Run2b CNGS Run 2c Run 2c Run 2d
Preparation dismantling installation

» milestones for AWAKE Run 2: - transition from proof-of-principle to applications

@ > Run 2a: demonstrate the seeding of the self-modulation of the entire proton bunch with an
electron bunch

now » Run 2b: maintain large wakefield amplitudes over long plasma distances by introducing a step
in the plasma density
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AWAKE has a clear time-line towards an accelerator

proof-of-principle Run 2 ~ first applications
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

190 DDDW

Run 1 Preparation Run 1 Run 2 Run 2a Run2b CNGS Run 2c Run 2c Run 2d
Preparation dismantling installation

» milestones for AWAKE Run 2: - transition from proof-of-principle to applications

@ > Run 2a: demonstrate the seeding of the self-modulation of the entire proton bunch with an
electron bunch
now » Run 2b: maintain large wakefield amplitudes over long plasma distances by introducing a step
in the plasma density
» Run 2c: demonstrate electron acceleration and emittance control of externally injected
electrons.
» Run 2d: development of scalable plasma sources to 100s meters length with sub-% level
plasma density uniformity.

Approved in June 2024!
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AWAKE has a clear time-line towards an accelerator

proof-of-principle Run 2 ~ first applications
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

190 DDDW

Run 1 Preparation Run 1 Run 2 Run 2a Run2b CNGS Run 2c Run 2c Run 2d
Preparation dismantling installation

» milestones for AWAKE Run 2: - transition from proof-of-principle to applications

@ > Run 2a: demonstrate the seeding of the self-modulation of the entire proton bunch with an
electron bunch
now » Run 2b: maintain large wakefield amplitudes over long plasma distances by introducing a step
in the plasma density
» Run 2c: demonstrate electron acceleration and emittance control of externally injected
electrons.
» Run 2d: development of scalable plasma sources to 100s meters length with sub-% level
plasma density uniformity.

» propose first applications for particle physics experiments with 50-200 GeV electron bunches
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New rubidium vapor source that also allows for
den3|ty step (Run 2b)

installed July 2023

G e o

individually controllable |

, heating sections allow to

_ s hl‘.,ﬂ'impose a density step along z
. = o
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Run 2b: first results
Effect of the density step

prediction: optimum density step - stabilizes
wakefield amplitude after saturation
Caldwell, POP 18, 103101 (2011)

Pukhov, PRL 107 145003 (2011)

) ‘

Saturation

Ll..l~ 10-2 :

Seed

103 e
0 z 10

» density step rephases micro bunches in
the Wakeﬁelds K. V. Lotov, Physics of Plasmas 22, 103110 (2015)
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Run 2b: first results
Effect of the density step

prediction: optimum density step - stabilizes
wakefield amplitude after saturation
Caldwell, POP 18, 103101 (2011)
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» density step rephases micro bunches in

the Wakeﬁelds K. V. Lotov, Physics of Plasmas 22, 103110 (2015)
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» more wakefield light with density step after
saturation

25.07.2024
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Run 2b: first results
Effect of the density step

» longer bunch trains on the time resolved
images of the proton bunch
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AWAKE Run 2c: quality acceleration

) expected parameter reach:
aser beam
- ke » €y = (2-30) mm-mrad
\/‘ T - »Q = 100pC, N,.~6x10°%-
e F\.\-}ie/ Electron beam Electron source system »AE/E = 5-8%
Dipole 10 Pl
g\ ) ) = ‘ e RF structure L RF gun >E - 4-10 Gev’ 10m

Proton beam

Se — / Electron beam
/ﬁmOd gLl Dinole 10 m Plasma
=

Mg

e/ OTR CTR screens

a , Quadrupoles

TR Sma ‘&1 \
on-axis injection R o . W T

» 200 fs-long e-bunch |
(short compared to 1) Bk .
pe Electron
specttrometer A
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Run 2d: demonstration of scalability

scalable plasma source for acceleration

Laser beam
h" RF gun
s(/ — -
_’\‘\\L < " Electron beam Electron source system
=/ Dipole 10m Pl
- é\r = e RF structure L g

Proton beam

®
- / Electron beam
-~ % S 10 m Plasma

expected parameter reach:
» &y = (2-30) mm-mrad

»Q =100 pC, N..~6x10° e-
»AE/E = 5-8%

Laser beam
>Run 2c: E ~ 4-10 GeV, 10m \
>»Run 2d: E >10 GeV, 10+m, scalable
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AWAKE Is developing plasma source technologies

A. Sublet (CERN)

talk + poster by
» well defined plan with 5 institutes + CERN as host, 6 PhD works C. Amoedo, WG3

» AWAKE dedicated plasma sources R&D program launched in 2018

» two dedicated labs at CERN, capable to house up to 20 m long source and diagnostics
HPS lab (launched in 2019) DPS lab (launched in 2021

(CERNE%

Max-Planck-Institut
fiir Plasmaphysik

N T
EPFL % NS SR
e \ £ ["'--'— -

Imperial College
London

f'

i M HPS in 16

already demonstrated | © be demonstrated:
- Density ~1015cm?3 - uniformity (+measurement)
- tunability

CE?W AWAKE— 25.07.2024 M. Turner (AWAKE Collaboration) 25/29



Possible applications to particle physics

Once Run 2 is completed, AWAKE is in a position to start with first particle physics applications

» 50-200 GeV e-, using SPS p* bunch as driver:
> fixed target, beam-dump experiments: search for dark photons

> non“near QED e-/phOton CO”ISIOnS M. Wing, Phil. Trans. Royal Soc 377,20180185 (2019)

» ep or eA collisions, QCD, structure of matter AWAKE collaboration, Symmetry 2022, 14(8), 1680

T T 1 ! lllll T T T T lllll T T T T TTTT
> - 102 KLOE SINDRUM =
2 HADES BaBar3
Electromagnetic - WASA /'3
Target Vacuum tube Trackers calorimeter X NG, F re 4
107 g N APEX 3

Electron beam N A __:< f et L DEUK
104 E .
A. Caldwell and M. Wing, € 105k TS o

The European Physical Journal C76, (2016) S ) vefoal 1
. . fazsentt p—Brems)
» TeV e-, using LHC p* bunch as driver: 56 1
» High energy ep or eA collider : ]
107 L. NOMAD ]
3 & PS191 15137 CHARM ;
1 1 L L L1l 1 1 | | Illll 1 1 ! B llll-‘
102 107! 1

my, (GeV)

» luminosity of collider applications limited by single use of low rep-rate p* bunch production

T ————
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AWAKE Collaboration: 23 Institutes World-Wide

» University of Oslo, Oslo, Norway

» CERN, Geneva, Switzerland

» University of Manchester, Manchester, UK

» Cockcroft Institute, Daresbury, UK

» Lancaster University, Lancaster, UK

» Oxford University, UK

» Max Planck Institute for Physics, Munich, Germany

» Max Planck Institute for Plasma Physics, Greifswald, Germany
» UCL, London, UK

» UNIST, Ulsan, Republic of Korea "'"‘g"&',m
» Philipps-Universitat Marburg, Marburg, Germany O

» Heinrich-Heine-Universitat of Dusseldorf, Dusseldorf, Germany

» University of Liverpool, Liverpool, UK

» ISCTE - Instituto Universitéario de Lisboa, Lisbon, Portugal

» Budker Institute of Nuclear Physics SB RAS, Novosibirsk, Russia

» Novosibirsk State University, Novosibirsk Russia

» GoLP/Institutode Plasmas e Fusao Nuclear, Instituto Superior
Téchnico, Universidade de Lisboa, Lisbon, Portugal

» TRIUMF, Vancouver, Canada

» Ludwig-Maximilians-Universitat, Munich, Germany

» University of Wisconsin, Madison, US

» Uppsala University, Uppsala, Sweden

» Wigner Institute, Budapest, Hungary

» Swiss Plasma Center group of EPFL, Lausanne Switzerland
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R. Pattathil,
presented at EAAC 2023

ATVAIEE

Single-stage
accelerators
(proton-driven)

Single/multi-stage
accelerators
for light sources
[electron &
laser-driven)

Multi-stage
accelerators
(Electron-driven
or laser-driven)

0-10 years

ESPP roadmap

Advanced accelerator communit

Timeline (approximate/aspirational)

10-20 years

Talk by S. Hooker
Monday, Plenary

Demonstration of: Fixed-target experiment (AWAKE) [ |r&D (e"? & theory}
Preserved beam quality, acceleration in very long plasmas, Dark-photon searh, strong-field QED experiment etc. [ HEP facility
plasma uniformity (longitudinal & transverse) (50-200 GeV e-)
Demonstration of: Energy -frontier collider
Use of LHC beams, TeV acceleration, beam delivery 10 TeV c.o.m electron-proton collider

0-10 years
Demonstration of:
ultra-low emittances, high rep-rate/high efficlency e-beam and
lazer drivers, Long-term operation, potential staging, positrons
[EuPRAXIA)

part of the ESPP process

Pre-CDR (HALHF)
Simulation study
to determine
self-consistent parameters
(demonstration goals)

Timeline (approximate/aspirational)

5- 10 years 10-15 years

Demonstration of: Multistage tech demonstrator
scalabe staging, driver distribution, stabilisation Strong-field QED experiment
{active and passive)

(25-100 GeVe-)

Facility upgrade ¢

[: Feasibility study
[:] RED [exp & theory)

:] HEP focility fearlst
start of construction)

Demonstration of:
High wall-plug efficiency(e- -drivers), preserved beam quality & spin polarization, high

rep.rate, plasma temporal uniformity & cell cooling

Higgs Factory (HALHF)
Asymmetric, plasma-RF hybrid
colider
{250-380 GV c.o.m)

Facility upgrach

Demonstration of:

Energy-efficient positron acceleration in plasma, high wall-plug efficiency (laser-drivers), ultra-low emittances,

energy recovery schemes, compact beam delivery systems

AWAKE aims for particle physics applications and is therefore

C\E/RW ATVAIKCE
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M. Turner (AWAKE Collaboration)
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Summary and conclusions

» AWAKE is a proton-driven plasma wakefield acceleration experiment

» wakefields are driven resonantly by a micro bunch train formed by self-modulation
» very large single stage energy gain possible (~100GeV- few TeV)

» New physics results, relevant to understanding and controlling self-modulation
» wakefield growth, ion motion, filamentation instability, amplitude stability, instability suppression

» the goal is to build an accelerator for particle physics applications
» requires:
» control of self-modulation
» quality acceleration (external injection...)
» scalable plasma sources
» these are also relevant for other plasma-based accelerators

» goal: propose particle physics applications in the early 2030’s based on the AWAKE concept

C\w A W~/IK—E—~ ) 25.07.2024 M. Turner (AWAKE Collaboration) 29/29
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Changing plasma length to measure gradients
Vary plasma length by stopping the ionizing laser

thin beam
L dumps for
< acc__, changing
— plasma length
+—>
1.5 - T
g ™ N
= N
O 1.0 - \
& 0.5 - N
\\
A

MAX-PLANCK-INSTITUT
FFFFFFFFF

injection
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