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NOTABLY SIiNCE CERN 2023

<»Outcome of experimental Run in October

<-Evidence for the effect of the plasma density step

<»SPSC review (November)
<-Positive report gz PHYSICAL REVIEW LETTERS

Highlights Recent Accepted Collections Authors Referees Search Press About Editori

<Review of the science program requested by CERN (February) (see Edda’s
and Patric’s talks)
<-Glaring review report
<-CERN decision for AWAKE Run 2c,d expected in April???

Accest

Hosing of a Long Relativistic Particle Bunch in Plasma

T. Nechaeva er al (AWAKE Collaboration)
Phys. Rev. Lett. 132, 075001 — Published 13 February 2024

Article References No Citing Articles Supplemental Material HTML

<>Publications:
< T, Nechaeva et al., (AWAKE Coll.), published in PRL >
¢ L. Verra (AWAKE Col | _) , Subm |tted to PRE’ favorable reVIeW | Experimental results show that hosing of a long particle bunch in plasma can be induced by
wakefields driven by a short, misaligned preceding bunch. Hosing develops in the plane of

misalignment, self-modulation in the perpendicular plane, at frequencies close to the plasma electron

and I I Iore e frequency, and are reproducible. Development of hosing depends on misalignment direction, its
growth on misalignment extent and on proton bunch charge. Results have the main characteristics of
a theoretical model, are relevant to other plasma-based accelerators and represent the first

<> PrOg ress On man USCflptS characierization of hosing.
<M. Turner et al., (AWAKE Coll.) on ion motion ] |t
<-C. Amoedo et al. (AWAKE Coll.), on SM in discharge plasma source

Received & September 2023 Accepted 16 January 2024

<-First run 2b of 2024 will start on April 15

<10 weeks
<4 weeks SM
<6 week acceleration, plasma density step

< QUITE SOME PROGRESS AND ACHIEVEMENTS ...
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EXPERIMENTS THIS YEAR AVAREZ

Purpose: impose temperature/plasma density step
<-Explore the effect of a plasma density on
<rmicro-bunch train
<rbunch halo
<rplasma light from dissipation of wakefields

8 electrical heaters
temperature/density step
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KV Lotov, Physics of Plasmas 22, 103110
(2015)
KV Lotov and P V Tuev
2021 PPFC 63 125027
<-Numerical simulation results: <-New vapor source allows for imposing temperature step
<-Amplitude of wakefields larger w plasma density step <-Temperature step is vapor/plasma density step

<-Optimum position and amplitude of the step
© P. Muggli
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EXPERIMENTS THIS YEAR AVAREZ

Purpose: impose temperature/plasma density step
<-Explore the effect of a plasma density on
<rmicro-bunch train
<rbunch halo
<rplasma light from dissipation of wakefields

8 electrical heaters
temperature/density step
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(2015)
KV Lotov and P V Tuev
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<-Numerical simulation results: <-New vapor source allows for imposing temperature step
<-Amplitude of wakefields larger w plasma density step <-Temperature step is vapor/plasma density step

<-Optimum position and amplitude of the step
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Long term view:

<-Demonstrate that a density step can make the wakefield amplitude constant and at high amplitude
<-Operate with a density step
<-Demonstrate that the amplitude of the wakefields is constant over the last x-meters of the plasma
<-Demonstrate that the energy gain per meter of plasma by test electrons is constant over the last ...

VAR\U/\ (Zb

:QC:DE—’AE
2 q |0
.
o to 2

Ten weeks of experiments
<-Four dedicated to SM
<-Six dedicated to e-injection, acceleration, density step

© P. Muggli
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RUN 2b IMPROVOVEMENT @

Long term view:

<-Demonstrate that a density step can make the wakefield amplitude constant and at high amplitude
<-Operate with a density step
<-Demonstrate that the amplitude of the wakefields is constant over the last x-meters of the plasma
<-Demonstrate that the energy gain per meter of plasma by test electrons is constant over the last ...

...
Alignment Vary Plasma Light
Plasma Length Measurement
“‘Plunger” "
Mirror in
Camera A
- Plunge . La:js:]; -
o Dt V' Laser —
Al r’1rrr)1ent Beam
o Dump GW:-
Beams
e—’ p+ e—, p+ e—, p+
Laser Laser
L,=10,9, 8, ...m

<-Best e/p alignment
<-Vary plasma length
<-Measurement of accelerating gradient!

© P. Muggli
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AWAKE Run 2¢ - Ongoing Studies AR

Acceleration and emittance control of externally injected electror)vs.. R
9@9)))))))» 58
Studies, design and prototyping already advancing well ; ’ o v

for several experimental elements of Run 2¢/d. Beam Instrumentation
Fk i =>» Vittorio

New electron-source: Beam Line Design

i L ]
—"Ai

ru g o el

Injection area at conceptual design level. > Patric, John

-> Strong synergy with CERN and the institutes. Move from physics level to engineering level.
-> CERN acquires additional expertise needed for other
future electron facilities/colliders. => Challenges of external injection relevant for other PWFA

_ AWAKE Run 2d: Scalability — Towards First Particle Physics Experimenti@

Development and demonstration of scalable plasma sources

s 2 o R e
PB® > D> D > > > OSBRI > O
L ATA o e

Scalable plasma source R&D program:
=> Dedicated plasma source labs at CERN

3 o e longet o daraey, ncrmity peedbley, ey,
<-Design
<-Integration
<-e-gun, transport line
<-Scalable plasma sources
... : =
<-See Edda’s talk .. =

=> R&D of scalable long plasma sources added in ESPP as experimental demonstration R&D milestone
> Relevant for e+/e- collider designs based on PWFA

1m Helicon Plasma Source u 10m Discharge Plasma Source
w0

- / rdan

bl

Edda Gschwendtner, CERN AW,

Review, 5/2/2024

© P. Muggli
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AWAKE Run 2 - Integration AR

CNGS area - to be dismantled | Spectrometer
Plasma Source
= —— © g g «roton bunch.
Runi, DI n l“'-';l"'____ —— e i i
Run 2a/b o Vi =T
: e T -1y
Electron Source - - .
= <-CNGS dismantling will occur
Laser beam
7 2 Laser beam
compressor 1
Run 2C/d Proton bunch
& . ATV
Preparing for AWAKE Run 2c/d during LS3 ‘@
2 WDL Chiller Units 2 Electron Sources UV laser Klystrons s R
room , > > 5 5> T
Edda Gschwendtner, CERN AWAKE External Review, 5/2/2024
CNGS area content (~600m?3):
& ~500 large shielding blocks (0,05-0,6 mSv/h)
\ * A few high dose-rate elements (S0mSv/h)
\ *  70-meter-long aluminum He-tank
\ *  Various supports, ducts...

AWAKE program: start Run 2c in 2028 right after LS3
- CNGS dismantling: end 2024 — mid 2026
- Run 2c installation: mid 2026— mid 2028

<-Ans’ talk

-> Leverage CERN resources outside LS3 for CNGS dismantling
-> Ensure resources during LS3 for installation

Edda Gschwendtner, CERN AWAKE External Review, 5/2/2024 3

< QUITE SOME PROGRESS AND ACHIEVEMENTS ...

© P. Muggli P. Muggli, Collab. Meet. 11/03/2024
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Timeline (approximate/aspirational)

0-10 years 10-20 years

=» AWAKE is part of the

Single-stage Demanily stion of: wwm E_::::I:’Ml
" Presersed beam qualty, 300k 00N W very ng plasmas, Dark-photon surh, strong Held GED experiment etc.
acceleraton L |
rssspoad Stima oty (krg st § vesene 50300 Geve) ' roadmap of the European
Cwmonats ation of: Energy -fromtier collider 1 i
RN St P PP Strategy for Particle Physics
Single/mut-suage e-p collider
acceleratons
for Iight scurces Oomnpration ok
(electron & Wra fow emTIances, Ngh rep-cate/Ngh efficency e 2eam and
Ber diven, Long-4enm operstion, poteneal itaging, postrons
Laser-driver) [EPRATIA)
Timeline (approximate/aspirational)
5- 10 years 10-15 years 15-25 years
scalebe Vg e el Ghirusion, stabIsaton T — 'L‘___j':‘:?;.‘....
Multi-1tage [acIve and pataive il
accelenators — Pre-COR (HALNF) - ! £23:300 Geve) CRISY ubgRde R
(Elects smu;:noa Audy ot Mgps Factory (MALNF )
or laser-driven) o S High wall plug efficieacy(e -drivers), preserved beam quaiity & spin polaricstion, high | T comte -——j
fm::m Dr::l:" rep.rate, plasens temnporal entformity & cell cooling (230300 Gev c.amd Facility “5!""
Rion >
Demorstration of.
Energy «fficient positron accel: in ptasma, high wall plug eff, (Laser drivers), itradow emittances,
energy recovery schemes, compact besen delivery systems

R. Pattathil, presented at EAAC 2023

=» AWAKE allows to bridge the gap between the PWFA development in general and a e+/e- collider.

Edda Gschwendtner, CERN AWAKE External Review, 5/2/2024

< QUITE SOME PROGRESS AND ACHIEVEMENTS ...
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NEW SEASON FOR AWAKE @

<-CERN review
<-AWAKE has a (clear) plan for Run 2c,d @
<-CERN decision: April 2024
<-AWAKE has to do it!!!
<-New opportunity
<-New opportunities for major contribution
<-Need a strong team at CERN, starting January 1, 2025
<-First application of a plasma-based accelerator to particle physics

<-AWAKE has a prominent position in the community

<-AWAKE makes important contributions to the advanced accelerator community

<-AWAKE can do more ...

© p. Muggli <-Need YOUR collaboration ... participation ... P. Muggli, Collab. Meet. 11/03/2024



AWAKE

ApDyztt

MAX-PLANCK-INSTITUT

FIIR PHYSIK
Mon 11/03 Tue 12/03 Wed 13/03
1300 1000 [ A hosing minigation experiment R [EXCIIN Coech departs from Novotel Liverpaol Paddington Village at 8:30
four + five, The S 10:00- 1020
=D 5 Novorel Liverpool Paddington Vilage
— Current filamentation of underdense beams after saturation of the transverse two-stream instability Erwin Watkter
Registration and Light Lunch
Space four + five. The Spine 10:20- 1040
LCODE 30: A New Open-Source Tool for 3D PWFA simulations Mr Nikita Okhotnkoy
00 Space four + five, The Saine 10:40- 11.00 000
o0 Clustering of macroparticles in PWFA simulations and solutions 1o this problem Konstantin Lotov
ST T ST TR ey Betatron emission studies Hossein Saberi
. Atrium, Daresbury Laboratory 10:30- 1050
Space four + fve, The Spine Discussion
. e Getting ready for Run 2¢ Eloise Guran
1500 | Welcome Carsten Peter Weisch S 11301150
Arium, Daresbury Laboratory 1050- 11:10
Space four + five, The Spine 15:00- 15:10 Crzmin
12200 e The S, CNGS dismantiing Ans Pardons
Introduction Pamic Muggh T AL TS
Atrium, Daresbury Laborato 1110 11:30
Space four + tve, The Spine 15:10- 1520 Preparing for Run 2b Giovanni Zei Della Porta )
o RS AT The new electron seurce, prototype and firstresults Steffen Doebert
AWAKE: An Experiment at CERN with an Intemational Collaboration and a Well-Defined Program of Work e oo, Darectuny Lab. 1150 1180
rium, o 30
Eri B Upgrades of the Rb Vapour Source Dr Micheie Bergamaschi um. BRrEsuty Feboratay
Space four + five, The Spine 15:20- 15355 Space four + five, The Spine 12:30- 12550 ErizhTn
N . - . » . Bl /riurm. Daresbury Laboratory 11:50- 1210
Loge | TheNext AWAKE Runs: Technological Advancements, Scientific Merlt and Expected Parameter Reach  Faric Mugall Optimizing the electron injection into the plasma Nikita van Gils
1390 | Guace four » ive, The Spine ST ) LLRF for AWAKE Run 2c Kevin Pegione
Space four + fve, The Spine 15551625 i, Daresbury Laborato 210- 1230
Discussion Forn Pamnel - gl "
Review Report Edda Gshwendtner .
TR ToEr e Laser lines for Run 2c Miguel Mertinez Calderon
Space four + fve, The Spine 16:25- 1635 P 1230 1250
LA ED= S Reliability improvements of the photocathode production Ralf Erik Rossel
Space four + five, The Spine 16:35- 1655 P — 12501300
; 1400
\7go | Update onthe analysis of ion motion Marlene Turner T [ — Laurerce Stont
Space four + five, The Spine 16:55- 17:15 Space our fve, The Spine P — 1300- 1320
e T DGR B T ) Allen Celdnel Electron spectrometer measurements and resolution Fern Pamnel Update on the development of scalable plasma sources at CERN Atban Sublet
EmlErre s WsEys 1781735 Space four + five, The Spine 14:30- 14:50 Atrium, Daresbury Laboratory 13:20- 13:40
O T R e e B e e By David Andrew Cooke Recent updates on the Run 2b diagnos Collerte Pakuza Discharge plasma source R&D at IST Neison Lapes
Space four + fve, The Spine 17:35- 1756 500 | goce four + ve, The Spine 50 1510 e T
1800 | Discussion ChDR BPMs Bethany Spear 1200 .
Space four + fve, The Spine 17851815 e 1510- 1530 P
Getting the laser ready for the 2024 run Lucas Alexei Ranc Report from the Publcation Comi iovan Zevt Dot Pora
Space four + five, The Saine 15:30- 1550 .
000 |- Arium, Daresbury Laboratory 14:30- 1450
o
- iscussion Summary from the Collaboration Board Allen Caldwell
1800 Space four + five, The Spine 15:50- 16:10 1500 §
Atrium, Daresbury Laboratory 1450 15:10
Coffee Break
Discussion 1 AOB
Space four + fve, The Spine 16:10- 1630 P - 1510 1520
aro0 Collaboration Board
Lab tour {optional)
1700
1600
2200
Space four + five, The Spine 16:30- 1800
1800
1700

o === <Busy, but ... -
<-Hope you will enjoy ...

© P. Muggli
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<-Thank you to:
<Carsten
<Ricardo
© P. Muggli <>The Wh0|e team e P. Muggli, Collab. Meet. 11/03/2024
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