Bruno Touschek ERS ACCELERATOR GROUP

European Physical Sociely

We recognize Bruno Touschek as one of our historic leaders
and pioneers in accelerator science:

— Outstanding scientist with ground-breaking achievements,
e.g. father of the e+e- collider, concept (and name) of
luminosity, Touschek lifetime, to name a few.

— A dedicated teacher and professor at university.

The EPS-AG decided, starting in 2017, to name one of its 3 prizes
in memory of Bruno Touschek (awarded every 3 years):

Bruno Touschek Prize for a student registered for a PhD or
diploma in accelerator physics or engineering or to a trainee
accelerator physicist or engineer in the educational phase of
their professional career, for the quality of work and promise for
the future.

Ralph Assmann, Chair EPS-AG| Bruno Touschek Memorial Symposium
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2017 - Fabrizio Giuseppe Bisesto, INFN/LNF, Frascati, Italy

For his contributions to the plasma related activities underway at SPARC_LAB
exploiting the high-power laser FLAME. In particular, for his experimental work
on the single shot diagnostics systems, including Electro Optical Sampling
(EOS) for temporal measurement and Optical Transition Radiation (OTR)
measurements for an innovative, one-shot emittance measurement.

2020 — Angel Ferran Pousa, DESY, Germany

For his contributions in the frame of the EUPRAXIA Project to the
development of a novel concept for generating multi-GeV beams with low
energy spread using plasma-based acceleration, providing a potential route
towards ground-breaking applications such as compact short-wavelength free-
electron lasers.

Bruno Touschek's legacy lives on in his ideas, inventions,
his dedication to physics and in our young scientists!

Ralph Assmann, Chair EPS-AG| Bruno Touschek Memorial Symposium
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Livingston Plot: Progress at the Energy Frontier

Master-pieces of
technology:

« LHC, LHC HiLumi
* SuperKEKDb

« DAFNE

« LEP, LEP-2

« Tevatron

« HERA

« RHIC
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LHC as a Masterpiece of Accelerator Science

First beam
10.9. 2008

DESY INFN High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium Page 6
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Livingston Plot: Progress at the Energy Frontier

Master-pieces of
technology:

« LHC, LHC HiLumi
* SuperKEKDb

« DAFNE

« LEP, LEP-2

« Tevatron

« HERA

« RHIC

Progress in the
energy frontier has
slowed down

DESY INFN
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Slow Down of Progress — Rings

Hadron (p) circular collider — - R-
p=e R By\ Increase bending field
/ SC bend magnet work (FCC-hh)

Increase radius = size (FCC-hh)

Lepton (e-,e+) circular collider Increase supplied RF voltage
P ( ’ ) p oC EO . 4 p . Uo/ (FCC-ee)

— N\

Increase mass of acc. particle (muon _ _
Increase radius = size (FCC-ee)

—> Accelerator R&D on stronger super-conducting magnets and muon colliders
- For example, 16 Tesla magnet R&D work for future colliders (FCC, ...)
—> Talks by Lucio Rossi and Daniel Schulte

DESY INFN High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium
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Slow Down of Progress — Linear Accelerators

o) i -
Lepton (e € ) linear collider P = L- Gacc Increase accelerating gradient
(a) Pushing existing technology (ILC, CLIC)
/ (b) New regime of ultra-high gradients (plasma,
Increase length (ILC, CLIC) dielectric accelerators)

—> Accelerator R&D on linear colliders
—> Advancing accelerating fields into the domain of 80-200 MV/m

—> Talk on linear colliders by Steinar Stapnes

DESY INFN High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium Page 9




e- Acceleration: Principle

 Areas with positive and negative charge; free electrons in between. Radio Frequency accelerators

+ Free electron (e) is accelerated towards the positive charge (anode). characterized by:

- + * Longitudinal field component for
Ie' I acceleration of charged particles:
@
b oooove: B up to few 100 MV/m
 For 10.000 Volt the electron gains 10.000 electron-Volt (,eV"). . Oscillation frequency f of the field:

« Higher energies with alternating voltage (,,RF*)
MHz - GHz

« Synchronicity with the charged particles. For
fully relativistic particles:

cavity size ~ 1/frequency

- the 10 cm scale, Giga-Hz accelerator
Sketch Padamse, Tigner “Runzelrohre” cavity with 10's of Mega-Volt per meter

20 MV per Meter acceleration

DESY INFN High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium Page 10
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e- Acceleration: Principle and Limit Can we increase the

 Areas with positive and negative charge; free electrons in between. acceler ating voltage? Higher
» Free electron (e") is accelerated towards the positive charge (anode). energy accelerators in same
- ¥ ize with same technology?
l@l Flashover at size with same technology:
O too high
I 10.000 Volt I voltages NO! metallic structures self destruct

CLIC, W. W h e I
* For 10.000 Volt the electron gains 10.000 electron-Volt (,eV”). uensc

- Higher energies with alternating voltage (,,RF*):

too high
voltages
Sketch Padamse, Tigner “Runzelrohre” 30 GHz, 16 ns,

20 MV per Meter 66 MV/meter

| location

DESY. INFN High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium
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The Prospects of Much Higher Accelerating Fields

| R. Wideroe (in 1927 built first RF accelerator) in 1990:

“The theoretical possibilities with regard to accelerating particles by electromagnetic
means (i.e. within the scope of the Maxwell equations which have been known since the
19th century), are nowhere near being exhausted, ...”

Schwinger limit: 1.3 x 10° GV/m

VoLume 43, NuMBER 4 PHYSICAL REVIEW LETTERS 23 Jury 1979

Laser Electron Accelerator

T. Tajima and J. M. Dawson
Department of Physics, University of California, Los Angeles, Califoynia 90024
(Recelved 9 March 1979)

An intense electromagoetic pulse can create a wesk of plasma oseillations through the
action of the nonlinear ponderomotive force, Electrons trapped in the wake can be ac-
celerated to high energy. Existing glass lasers of power density 10*w /om® shone on plas=-
mas of densities 10" cm™* can yield gigaelectronvolts of electron energy per centimeter
of acceleration distance. Thie acceleration mechanism is demonstrated through computer
simulation. Applications to accelerators and pulgers are examined.

Collective plasma accelerators have recently the wavelength of the plasma waves in the wake:
recejved considerable theoretical and experi-

mental investigation. Earlier Fermi' and McMil- Ly =MNSd=5e/0). 2
lan® considered cosmic-ray particle accelera- 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- frequencies (with frequency difference Aw~w,)

tory technology for collective accelerators, so that the beat distance of the packet becomes

Page 12




Accelerators: RF and Novel Regimes
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DESY INFN High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium

Fit based on the analytical law for the
cavity diameter with the TM,;,y mode
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Accelerators: RF and Novel Regimes
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High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium

DESY INFN

Metallic RF regime:

* SRF: High quality, high average power
acceleration, long trains > CW

* S/X band: Generate high brightness
beams for all purposes, ultra-fast science
and diagnostics, injector for novel
accelerators

Novel regime:

* Novel drivers, in particular
for compact photon science and
medical applications.

mainly for HEP or other
high average power.

foot-print, low pulse charge,

- assess with modern tools
(synergy with ultra-fast).

Fit based on the analytical law for the
cavity diameter with the TM,;,y mode

divided by & Page 14



High Gradient — High Frequency — Small Dimensions

High ->
Gradients
(1-100 GV/m)

High
Frequencies
(> 100 GHz)

* No klystrons for high frequencies!
« Use particle bunches or laser pulses as drivers.

« Material limitations solved through “new cavities”: dielectric materials,

plasma cavities, ...
 Two main directions:

> Small
Dimensions
(<1 mm)

Microstructure

Accelerator
Laser- or beam driven
Vacuum accelerators
Conventional field design

Plasma

Accelerator

Laser- or beam driven
Dynamic Plasma Structure
Plasma field calculations

DESY INFN High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium
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The Plasma Accelerator

New idea in 1979 by Tajima and Dawson: Wakefields inside a

homogenous plasma can convert

transverse forces into longitudinal accelerating fields

/T~

|

Pondero- Space charge force
motive or of a charged
force of a particle bunch (e-,

Accelerating gradients
of 10 GeV/m to
1,000 GeV/m

laser p+)

Options for driving wakefields:

 Lasers: Industrially available, steep progress, path to low cost

Limited energy per drive pulse (up to 50 J)

» Electron bunch: Short bunches (need um) available, need long RF accelerator

More energy per drive pulse (up to 500 J)

* Proton bunch: Only long (inefficient) bunches, need very long RF accelerator
Maximum energy per drive pulse (up to 100,000 J)

DESY INFN High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium
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Courtesy M. Kaluza

Vorums 43, Numser 4 PHYSICAL REVIEW LETTERS 23 Jury 1979

Laser Electron Accelerator

T. Tajima and J. M. Dawson
Department of Physics, University of California, Los Angeles, Califoynia 90024
(Recelved 8 Narch 1979)

Aun intense electromagoetic pulse can create a weak of plasma oseillstions through the
action of the nonlinear ponderomotive force. Electrons trapped in the wake can be ac-
celerated to high energy. Existing glass lasers of power density 10*w/om® shone on plas-
mas of densities 10’ cm™* can yleld glgaelectronvolts of electron energy per centimeter
of acceleration di This lerati h is ated through
simulation. Applications to accelerators and pulsers are examined.

Collective plasma accelerators have recently the wavelength of the plasma waves in the wake:
received considerable theoretical and experi-

mental investigation. Earlier Fermi' and McMil- L=\ J/2=rclo,. @
lan® considered cosmic-ray particle accelera- 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- frequencies (with frequency difference Aw~w,)

tory technology for collective accelerators, S0 that the beat distance of the packet becomes

Page 16



Physics — Linear Wakefields (R. Ruth / P. Chen)

r2 ¢ = electrical field
fz ~ — A(]_ — _2) cos(kpz — wpt) yA i Iong. coord.
a r = radial coord.
r<a a = driver radius
r . o, = plasma frequency
~ s p
& 24 kpa? sin(kpz — wyt) k, = plasma wave number
t = time variable
e = electron charge
N = number e- drive bunch
WoTk,e B2
e | B0 PBW A
i 8wm % o = laser frequency
A= N . T = laser pulse length
8e PWF A E, = laser electrical field
a’ m = mass of electron

Can be analytically solved and treated. Here comparison beam-driven
(PWFA) and laser-driven (beat wave = PBWA).

DESY INFN High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium Page 17



Physics — Linear Wakefields (R. Ruth / P. Chen)

Istituto Nazionale di Fisca Nucleare

Accelerating field

\

&z

1

Er

/

Transverse field

12

24— sin(kpz — wpyt)

Depends on Changes between
radial positionr| |accelerating and
\ decelerating as function of
longitudinal position z
r? —

A(1l — =) cos(kpz — wyt)

a’
N 7/2 out of
r

phase

kpa \

Changes between
focusing and defo-

Depends on

radial position r

cusing as function of
longitudinal position z

High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium
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The Useful Regime of Plasma Accelerators

Where do we put the electron bunch inside the wave (or the surfer on the wave)

Two conditions for an accelerator:

1. Accelerated bunch must be in accelerating regime.
2. Accelerated bunch must be in focusing regime.
These two conditions define a useful range of acceleration!

Reminder metallic RF accelerator structures:

no net transverse fields for beam particles - full accelerating range is
available for beam - usually place the beam on the crest of the
accelerating voltage

N N

N e N—

DESY. INFN High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium
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Plasma Accelerator Phasing

large energy spread

<«—— Head of e Bunch

Z7max

W/ b L)

r max

,/’

/ / /"
A ’
"/, -
i
/ -

T Focusing

Useful Phase
'r‘ »:
0 7t/2 n

Accelerating

B - o .M M gy - s c e == ="
‘h

This works, but the
bunch sits on the
slope of acceleration
-> head gets lower
energy than tail >

energy spread

Phase from Wake Origin

DESY INFN High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium
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Energy Spread Challenge

¥ State-of-the-art LWFA (2004-2018)

100 & Multi-stage dechirping
X X Current FEL facilities
©
@ - ”‘(x X STATE OF THE ART PLASMA ACCELERATORS
= 101 x X X % X x ” P Efforts to handle large energy spread beams for
- 5 g‘ ® X X % FEL applications = decompression, TGU undulator
g Xoe p (not discussed here)
§ 1072 z
v STATE OF THE ART COLLIDER
© — o
- - FEL applications 'S Lc T O®e
0 1073
oc EuPRAXIA TDR Vol. 1
__________________ B T e e e R M o —— -
SACLA EXFEL STATE OF THE ART FEL
104 FLASH  qwissFEL
LCLS
0.01 0.1 1 10 100 1000 10000

Beam Energy [GeV]
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- y
Accelerator Builder’s Challenge .
2501 ]
Match into/out of plasma with beam size =1 pum (about }
1 mm beta function). Adiabatic matching (Whittum, 200 ]
1989). g - ]
Control offsets between the wakefield driver (laser or \b; [
beam) and the accelerated electron bunch at 1 pm 100 ]
level. ;
50__ T
Use short bunches (few fs) to minimize energy _
O_o.sw.oc?dFllT'.gra.ph. [ B R RS B
spread. 2 0 2 4 6 8 10 12
Achieve synchronization stability of few fs from
injected electron bunch to wakefield (energy stability Phase Advance '¥' o ne 2L
and spread). PRL 2002, C. E. Clayton, B. E. Blue, E. S. Dodd, C.
. Joshi, K. A. Marsh, W. B. Mori, and S. Wang, P.
Control the charge and beam loading to compensate Catravas, S. Chattopadhyay, E. Esarey, and W. P.
energy spread (ideas Simon van der Meer and others). Leemans, R. Assmann, F. J. Decker, M. J. Hogan, R.
i Iverson, P. Raimondi, R. H. Siemann, and D. Walz, T.
Develop and demonstrate user readiness of a Katsouleas, S. Lee, and P. Muggli
plasma accelerated beam.

DESY INFN High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium Page 22



High Gradient Accelerators for Science

Future goals

100 TeV
beam-driven e -
plasma acc.

Discovery

(@)
Shows potential of plasma
acceleration for very high

energies 2> HEP /

Free-Electron Lasers |

Higgs/Precision

m
E e*and/or e
S accelerators
- (storage rings, ]
§ linacs, FEL’s) laser-driven e
Y] plasma acceleration
1 MeV
2 1 1 1
' Tajima & ' | ! Mourou &
Ising & Dawson ' | ! Strickland (CPA)
! Wideroe 1!
‘] O kev i . | : A : ] . " , ! | . 5 | A : : 1 . 2 " 1 . ]
1940 1960 1980 2000 2020 2040
Year
DESY INEN High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium
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SLAC: 42 GeV electron acceleration has been shown

dispersion (mm)
-14 -12 -10 -8

energy gain
____)>

scalloping of
the beam

INTERNATIONAL JOURNAL OF HIGH-ENERGY PHYSICS

CERN
COURIER

VOLUME 47 NUMBER 3 ApaIL 2007

85GeV

b) [ .
— — experiment
E 10°] / |. simulation
@
lE = Doubling energy in a plasma wake
2 ! ASTRONOMY LHC FOCUS COSMIC RAYS
3 10 T SEnes R, o Tt
° )\/\M pay P rthe p new a0prodch o
RO V.
2
= -3x10°e/GeV ' V)

"
101 T T T 1 1 U t
35 40 50 60 70 80 90 100
electron energy (GeV)
High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium

DESY INFN

e~ b
q
m d'il'er

Bob Siemann, SLAC

E167 collaboration
SLAC, UCLA, USC

|. Blumenfeld et al, Nature 445,
p. 741 (2007)
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AWAKE at CERN: 2 GeV electron beam acceleration %M g

Over a plasma cell length of 10 meters

ug (GeV)

The error bars arise from the position-energy conversion. The gradients chosen are those that were observed to maximize the
energy gain. Acceleration to 2.0 + 0.1 GeV is achieved with a plasma density of 6.6 x 10* cm™ with a density difference of +2.2% +

2.2

2.0
1.8
1.6
1.4
e
1.0

0.8

® @

0.6

lllllllllllll[lllllll]lll‘lllllll

¢ Gradient
¢ No gradient

AWAKE

| | | | |

0.1% over 10 m.

DESY.

INFN

2 3 4 S 6
n.. (10" em™)

High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium
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Electron source system

Accelerated electrons on the scintillator screen

Laser beam 20-MeV
l freq[‘aendig; ‘ ' Radio-frequency gun &
¢ structure g
- ! p—
f “" Dipole 74
—~ Electron beam
\ A Dipol:
=
-~ N0 10-m Rb plasma ) A
Proton beam 9 Imaging station 1
= OTR, CTR screens
LI~
L & Quadrupoles
L Dipole
-‘-:‘i;L =l
NS Scintillator screen
Electron
8 8 spectrometer >
o] Electronbunch | Long 6] Proton microbunches '\
3 = by Laser
2 | e 2 dump
0 0 2
- I E-z P ™ « « « (+- Imaging
X % 4 station 2
- I] lonizing =
laser pulse Captured electrons
25 20 -5 -10 5 0 25 20 -5 -10 -5 0
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Adli, E., Ahuja, A., Apsimon, O. et al. Acceleration of
electrons in the plasma wakefield of a proton bunch.
Nature 561, 363—-367 (2018).
https://doi.org/10.1038/s41586-018-0485-4
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High Gradient Accelerators for Science

' Future goals

100 TeV
beam-driven e - Discovery 1 100 km

c>33 plasma acc.

Shows potential of plasma Higgs/Precision -
27 km

acceleration for very high

energies > HEP
aa 1 GeV /

Plasma acc. today in regime ”
required for FEL's L's)
- Photon Science!

Free-Electron Lasers | 100 m

laser-driven e
plasma acceleration

Tajima & ' | ! Mourou &

| Isi{‘)g & Dawson : :Strickland (CPA)
Okey weee e
1940 1960 1980 2000 2020 2040
Year
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2017-2018: Laser Heater Pre-pulse Dynamically Controls Plasma Channel Shape

Guided full Petawatt Peak Power over 20 cm and Generated Electron Beams with Tails
Exceeding 8 GeV

High energy laser guiding

Vacuum focus Vacuum 9cm : =
Wil | It High energy electron beams: up to 8 GeV
B b
Mode at capillary exit 11- -
(20cm after focus) o 00
o - 2 < 3
# & c -0 o
£ 5
illary @
. &pl '1.1:| 1 0 1 [ 1 [ 1 1 1 @
o =800um 72 74 76 78 80 82 84 86 88 90 MO S
ode at capillary exi

Momentum (GeV/c)

without plasma channel

Laser size without
capillary
D=2400um

-~

= A\
frreeee ""

BERKELEY LAB A.J. Gonsalves et al., PRL, accepted 2

DESY INFN High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium
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HZDR Dresden: Electron beam 500 pC charge, > 10 kA lase'drive,.

12
J. Couperus, et al., Nat.
i Commun. 8, 487 (2017)

A.lIrman, et al., PPCF 60,
044015 (2018)

dQ/dE
[pC/MeV]
OoON B~ O O 8

50 100 150 200 250 300 350
Energy [MeV]

1.00
—— Plasma wake
. JINGPU
’ 0.50

World record peak current (~20 kA). Opens exciting new applications:

x [um]
o

[L Field [TV/m

- Higher charge electron applications (irradiation, collider, ...)
- Driver for THz sources » :
—> Driver for beam driven wakefields 1

-20 - - - x—1.00
=40 -35 -30 =25 -20 -15 -10 -5 O 5

& [um]
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High Gradient Accelerators for Science

' Future goals

Discovery 100 km

100 TeV y
- beam-driven e |
> plasma acc. // .

|
|
|
|

Shows potential of plasma ‘
acceleration for very high

energies > HEP
aa 1 GeV /4ﬁgi?'

Plasma acc. today in regime P
required for FEL's L's)
= Photon Science!

Higgs/Precision

27 km

ee-Electron Lasers | 100 m = 9 cm

laser-driven e
plasma acceleration

Tajima & | ;Mourou& Aﬁlﬁmﬂ_@ﬂgﬂ‘_@l@ﬂ
" Wiroe pawson | Srewand (CP) versus conventional):
10keV —F i
1940 1960 1980 2000 2020
10 cm versus 100
Year
N
DESY. INEN High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium Page 29

nnnnnnnnnnnnnnnnnnnnnnnnnnn



Is it really
useful beam?

DESY. INEN High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium Page 30
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Recent ground-
breaking results in

Frascati:
First FEL lasing

from a beam-
driven plasma

accelerator

(in publication)

Courtesy M. Ferrario et al

s

Experimental layout:

Grating icch FEL spectrum

g -
ullllll

Undulators

Quads

Dlpole

Energy spectrum

DESY. |NFN High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium
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SPARC L AB is the test and
training facility at LNF for
Advanced Accelerator
Developments (since 2005)

EOS trace
B
D W
EOS
Plasma DW
PMQ :  PMQ

+
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Assisted Beam Loading Energy Spread Compensation

Recent ground-

break'”g reSUItS 1 Achieved 4 MeV acceleration in i
3 cm plasma with 200 pC driver

F ras Catl ~133 MV/m accelerating gradient

2x10** cm® plasma density

FirSt FEL IaSing — demonstration of 82 84

energy spread compensation

frOm a beam- during acceleration

Energy spread reduced from 0.2% to
0.12%

driven plasma

99.5% energy stability

accelerator

(in publication)
Pompili, R., et al. "Energy spread minimization in a beam-driven
plasma wakefield accelerator.” Nature Physics (2020): 1-5.

Courtesy M. Ferrario et al

DESY. INFN High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium
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Single Spike SASE :
spectrum €4-5
Recent ground- B
1 - >-3.5—
breaking results in i 5 i |
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([0 R —
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W. T. Wang. K. Feng. ef al..

Nature, 595, 561 (2021).

Article | Published: 21 July 2021

Free-electron lasing at 27 nanometres based on a laser
wakefield accelerator

Wentao Wang &, Ke Feng, Lintong Ke, Changhai Yu, Yi Xu, Rong Qi, Yu Chen, Zhiyong Qin, Zhijun

Zhang, Ming Fang, Jiaqgi Liu, Kangnan Jiang, Hao Wang, Cheng Wang, Xiaojun Yang, Fenxiang Wu, Yuxin
Leng, Jiansheng Liu &, Ruxin Li & & Zhizhan Xu

Nature 595, 516-520 (2021) | Cite this article

Recent ground-breaking result in China

500 MeV electron beam from a laser wakefield accelerator

FEL lasing amplification of 100 reached at 27 nm

wavelength (average radiation energy 70 nJ, peak up to
150 nJ)
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Is it really useful beam?

It can drive an FEL lasing
process — sufficient coherency!

Istituto Nazionale di Fisca Nucleare
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ildi i 1 Th ESFRI Project :
Building the first plasma accelerator facility e new ISISSis €1

Great News End of June l

¢ EuPRAXIA - European Plasma Research Accelerator with

ESFRI e Excellence in Applications, a distributed, compact and

innovative accelerator facility based on plasma technology, set

il ele to construct an electron-beam-driven plasma accelerator in the

ESFRI announces new RIs for R , _
metropolitan area of Rome, followed by a laser-driven plasma

accelerator in European territory.

30.06.2021
PRESS RELE/ ™

¢ There is a new level of ambition to develop globally unique,

ESFRI annoui

ALCEECEE ncvdedinit complex facilities for frontier science: Einstein Telescope -

2021 announced —
€4.1 billioniir

European chi

aertwovea  @anNd EUPRAXIA - innovative accelerator based on plasma

selection pro«

havebeense  technology - EUR 569 million.

implementati
2021 Roadmap Update: accelerator in European territory.

S highest value project ever on the Roadmap - EUR 1.900 million,
ROADMAP 2021
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PRA/éA The EuPRAXIA Project http://www.eupraxia-project.eu/

ropean Phy 1 rnq volume 229 -
European Physical Society

Challenges addressed by EuPRAXIA since 2015: =

-_~i+_‘,,-R ognized by
* How can plasma accelerators produce usable electron beams? Special Topics

Horizon 2020

number 24 - December 2020

First ever international design of a plasma accelerator facility.

* For what can we use those beams while we increase the beam =
. EuPRAXIA Conceptual Design Report
energy towards HEP and collider usages? Ralph Assmann and Maria Weikum (Eds.)

CDR for a distributed research infrastructure funded by EU
Horizon2020 program. Completed by 16+25 institutes.

Next phase consortium with 40 partners, 10 observers.

Applied to ESFRI roadmap update 2021 with government
support in Sep 2020.

Successful and and placed on ESFRI roadma. 653 page CDR, 240 scientists contributed
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PRA IA

PRA/\ IAMEMBERS o

Lund University

Institute of Applied Physics,
Russian Academy of Sciences

Joint Institute for High Temperatures,
Russian Academy of Sciences

University of Strathclyde

University of York ‘

Forschungszentrum Ferdinand-Braun-
\ Jiilich Institut
The Queen’s ‘ \ ‘
University Belfast N\ Helmholtz-Zentrum

\ Fraunhofer Institute ’

for Laser Technology Dresden-Rossendorf

| Lodz University

University of Manchester ‘ of Technology

Institute of Plasma Physics
and Laser Microfusion

University of Liverpool L .

J Warsaw University

of Technology

Military University
of Technology

‘ National Centre for

I

University of Oxford }

Science and Facilities
Technology Council (UKRI)

Imperial College London ) Nuclear Research (NCBJ)

n
| ELI Beamlines

| .
CNRS pending e
 — — - Wigner Research
) Centre for Physics

Synchrotron
SOLEIL

H

Ludwig-Maximilians-

~ Universitat Miinchen
.

Karlsruhe Institute | —
of Technology

~ | Elettra Sincrotrone
I Trieste

Instituto Superior ’ . |

Ecole Polytechnique Universita degli Studi di |

Técnico ‘ Fédérale de Lausanne ‘ } 1 ‘ Roma ‘Tor Vergata’ |
| . X ‘ Sépienza Universita di
Swiss Fed.eral La_boratones for ‘ INFN l Roma
Materials Science and .
University of California, | Technology CNR ENEA ’ Hewbrew University of
- Los Angeles pending ! v Jerusalem
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The Consortium Members for the Next Phase
(from 16 to 40)

* *
* 4 *

Horizon 2020

40 Member institutions in:

= ItaIy (INFN, CNR, Elettra, ENEA, Sapienza Universita di
Roma, Universita degli Studi di Roma “Tor Vergata”)

= France (CEA, SOLEIL, CNRS)

= Switzerland (EMPA, Ecole Polytechnique Fédérale de
Lausanne)

® Germany (DESY, Ferdinand-Braun-Institut, Fraunhofer

Institute for Laser Technology, Forschungszentrum Jiilich,
HZDR, KIT, LMU Miinchen)

® United Kingdom (Imperial College London, Queen’s
University of Belfast, STFC, University of Liverpool,
University of Manchester, University of Oxford, University
of Strathclyde, University of York)

= Poland (Institute of Plasma Physics and Laser

Microfusion, Lodz University of Technology, Military
University of Technology, NCBJ, Warsaw University of
Technology)

= Portugal (1sT)

= Hungary (Wigner Research Centre for Physics)
= Sweden (Lund University)

= |srael (Hebrew University of Jerusalem)

= Russia (Institute of Applied Physics, Joint Institute for
High Temperatures)

= United States (UCLA)
= CERN
= ELI Beamlines



PRA (A The Consortium Observers for the Next Phase

(from 25 to 10, Consortium Agreement signed) Horizon 2020
Helmholtz University of
Institute Jena l Warsaw l
* RIKEN SPring-8
fa _—| Center
P i)
‘ Institute for
. | 4
Amphtud_e ! ‘ Molecular Science
Technologies
I Kansai Photon
Lawrence Berkeley ‘ Science Institute
National Laboratory Thales LAS : |

France

Shanghai Jiao — i
Tong University Osaka University ‘

10 Observer institutions in:

® France (Amplitude Technologies, Thales LAS France SAS)
= Germany (Helmholtz-Institut Jena)

= Poland (University of Warsaw)

= United States (LBNL)
® China (Shanghai Jiao Tong University)

= Japan (Institute for Molecular Science, Osaka University, Kansai

pRA/‘GA OBSERVERS Photon Science Institute, RIKEN SPring-8 Center)

High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium




* X %

PRA(IA EUPRAXIA Deliverables and User Interests

EuPRAXIA is designed to

deliver at 10-100 Hz ultra-

short pulses of 7

* Electrons (0.1-5 GeV, 30 pC)

e Positrons (0.5-10 MeV, 10°)

 Positrons (GeV source) 9%

e Lasers (100, 50 fs, 10-100 Hz)

* Betatron X rays (5-18 keV, 10') e e T

* FELlight (0.2-36 nm, 10°-10%) o e P
technology

.for fundamental
research
36%

Expressions of interest from 95

research groups representing
several thousand scientists in
total.

for applied research
28%

High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium

Horizon 2020

Expressions of interest by scientific field

15%
13%
10%
7%
1%
Material Laser High-energy Medical Hentage
science, technology physics, physics sciences
material nuclear (archaeology,
engineering physics history)
Expressions of interest by country
0,
19% 17% 19%
14%
6%
4% 3y, 4% 4%
I L R Y Y T
& & QS L2 o > @
&Qo o\’b ‘\ O 0(\@ \So\ Q{(\\ \,\@bo . & 5’0& % 9@6 %\%tz, Qp%e
& & & A >
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@ g 0(\
N (@



IMPORTANT: EuPRAXIA design includes RF injectors,
transfer lines, undulator lines, shielding, ...




Horizon 2020

pRA/gA Examples of EUPRAXIA Ideas and Innovation

AT —

1301 (2020)

PHY
g AND BEAMS 23, 03 SICAL REVIEW LETTERS

EW ACCELERATOR 123, 054801 (2019)

PHYSICAL REVI

gh beam Compact Multistage Plasma

I beam energy With hi -Based A

ig Correlateq ccelerat .
elerator at h : ed Energy § ator Deg;j
a-based acc g it 8Y Spread 3 gn for
Toward a plas charge and high beam bty 5 A. Ferman Pougy, 12 4 Compensatiop,
. + 4 Cros D erte - Martinez de |. 1
] Chiadroni, B. » g 5 eutsches Elopyy. a Ossa,' R. By
2 13 Chance™, E. gy 5 La nstitur £, EKtronen-Synchreor, e rinkmanp, ! P
B ASsmann,“ A. Beck, 4A' A. Gizzi 6 B. Hidding, P. llﬁe, X. 4 it fiar E‘l)(rmwnm//)/l\SIA (U:,(” s DESY, 22607 Hamlmr?ng R.w. Assmanp'
P. A. P. bﬂghlem s Pouqa, 2a,2b A. G'lnbono, L. : . ' ’nard 5 A. Mosnier, S. Romeoiu (RCLcl\cd 20 NO\cmb . versitr Haml)m-g_ 22767 H‘g' : ermany
M. Ferrario,” A. Ferran FOESS % g Massimo®, G- May 47 Vieira,'' and J. Zhu Cr 2018 ravic-s amoure. CGovm..

9 A. Martinez dela OSS‘?,? 6 C. Vaccarezza,

2a n Tama c&‘ini.

PHYSICAL REVIEW ACCELERATORS AND BEAMS 22, 111302 (2019)

A. Marocchino,
{}

s 10 1va;
_Rossi, T.Si o .
AR ICEA, 1l @3@] Instruments

M

Atticle . . High quality electron bunches for a multistage GeV accelerator
Wavelength Scallng Of Laser Wakefleld Accelel‘at with resonant mulﬁpulse ionization injection

for the EuPRAXIA Design Point )
Paolo Tomassini,l‘ Davide Terzani :,' Luca Labate,"' Guido Toci,3 Antoine Chance,4

PHYSICAL REV]] Craig W. Siders, Thomas Galvin *, Alvin Erlandson, Andrew Bayramian, Brendan Reag; Phu Anh Phi Nghiem ,4 and Leonida A. Gizzi'?
Emily Sistrunk, Thomas Spinka and Constantin Haefner 'Intense Laser Irradiation Laboratory, INO-CNR, Via Moruzzi 1, 56124 Pisa, Italy

Lawrence Livermore National Laboratory, 7000 East Avenue, Livermore, CA 94551, USA
* Correspondence: galvin7@lInl.gov

Photon beam line of the water window FEL for the
EuPRAXIAQSPARC LAB project

F Villa!, A Balerna!, E Chiadroni!, A Cianchi??, M Coreno!?, S
Dabagov!?°, A Di Cicco’, R Gunnella’, A Marcelli"*%, C
Masciovecchio?, M Minicucci’, S Morante?, J Rezvani', T
Scopigno!’!!l, F Stellato®?, A Trapananti’

! Istituto Nazionale di Fisica Nucleare (INFN) Laboratori Nazionali di Frascati, vi
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Elect
La

ron beam

serl

Solving Energy Spread (Touschek Prize 2020)

Ref.: Ferran Pousa, Martinez de la Ossa, Brinkmann, Assmann

PRL 123, 054801 (2019) Not to scale. Compact setup 1.5 m.
herent synchrotron Radiation Plasma mirror
= eCSR) and Space-Charge (coupling of laser |
i ( k d 2) pPlasma accel.
Plasma mirror checke o o
rg:s\:all) Active plasma lens

... flipping phase space
in the middle before
second plasma stage

Accelerating in a
plasma stage and...

g

—>
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EGIQIQA)}{GA Solving Energy Spread

Horizon 2020

EuPRAXIA points indicate
start-to-end simulations

Future particle

-

300 - 400 pC

1-500 pC Energy Spread

collider proposals
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PRA ,\GA Spin Polarization | Hybrid Plasma Accelerators

Horizon 2020

e e+e- colliders and physics reach enhanced by spin * Use a laser-generated electron beam for driving
polarized beams plasma wakefields in a second stage = HQ electron

, , beam from ultra-compact setu
* International Partners: Germany, Greece, China, and P P

USA - facilities involved at FZJ, Shanghai, ... » Several facilities involved at HZDR, Strathclyde, ...

Snowmass 2021 — Letter of Interest Aug/31/2020 ]

Hybrid LWFA-PWFA staging (LPWFA) as a
beam energy and brightness transformer

Polarized targets for laser-plasma applications

Arie Irman
Helmholtz-Zentrum Dresden— Rossendorf

M. Blscher!?, A. Hiitzen'?, J. Boker?, R.W. Engels?, R. Gebel?, A. Lehrach®#, P. Gibbon®,
A. Pukhov®, R.W. ABmann’, T.P. Rakitzis®? L. Ji'®!, T. Schenkel*?, X. Wei'?

Sebastien Corde’, Andreas Dopp?, Bernhard Hidding®, Stefan Karsch?, Alberto
Martinez de la Ossa®, Ulrich Schramm® - for hybrid LWFA-PWFA collaboration

! peter Grunberg Institut (PGI-6), Forschungszentrum Julich, 52425 Jilich, Germany

2 Institut fir Laser- und Plasmaphysik, Heinrich-Heine-Universitat Diisseldorf, 40225 Diisseldorf, Germany

3 Institut fUr Kernphysik, Forschungszentrum Jiilich, 52425 Jiilich, Germany

“ JARA-FAME Forschungszentrum Julich and RWTH Aachen University, 52056 Aachen, Germany

* Institute for Advanced Simulation, Jilich Supercomputing Centre, Forschungszentrum Jilich, 52425 Jilich, Germany

S Institut fiir Theoretische Physik I, Heinrich-Heine-Universitdt Diisseldorf, 40225 Diisseldorf, Germany

7 DESY, NotkestraRe 85, 22607, Hamburg, Germany

#Department of Physics, University of Crete, 71003 Heraklion-Crete, Greece

9 Institute of Electronic Structure and Laser, Foundation for Research and Technology-Hellas, 71110 Heraklion-Crete, Greece

10 State Key Laboratory of High Field Laser Physics, Shanghai Institute of Optics and Fine Mechanics, Shanghai 201800, China

11 CAS Center for Excellence in Ultra-intense Laser Science, Shanghai 201800, China

12 Accelerator Technology and Applied Physics Division, Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA
13 Thomas Jefferson National Accelerator Facility, Newport News, VA 23606, USA

" LOA, ENSTA Paris, CNRS, Ecole Polytechnique, Institute Polytechnique de Paris, 91762 Palaiseau, France
2 L udwid-Maximilians-Universitat Minchen, Am Coulombwall 1, 85748 Garching, Germany

3 The Cockcroft Institute, Keckwick Lane, Daresbury, Cheshire WA4 4AD, United Kingdom

4 University of Strathclyde, 107 Rottenrow, Glasgow G4 ONG, United Kingdom

5 Deutsches Elektronen-Synchrotron DESY, NotkestralRe 85, 22607 Hamburg, Germany

6 Helmholtz-Zentrum Dresden — Rossendorf, Bautzner LandstraRe 400, 01328 Dresden, Germany

SnowMass2021- AF6 Oral Session 24 September 2010

A % = ° —
(DESY )
/ TR | MU En =TSV
m ACCELERATOR RESEARCH & DEVELOPMENT HZDR

Member of the Heimholtz Associabion

Institute of Radiation Physics
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PRA /‘éA Distributed Research Infrastructure — 15t Users 2028

Construction Site Frascati
Local Project Team I

Beam-driven plasma accelerator
Delivers FEL light, X rays, electrons, positrons
Life sciences, particle physics, medicine, materials

INFN-LNF

Location: metropolitan
area Rome, Italy

Construction Site
(tbd in 2023)

Local Project Team

Laser-driven plasma accelerator
Delivers FEL light, X rays, electrons,
positrons
Life sciences, medicine, materials

Four candidate sites described in
conceptual design report

Horizon 2020

Excellence Centres
Local Project Teams

Laser-Plasma
- Acceleration &
® =

Developments

Plasma
Simulations &
Theory

Plasma
Acceleration &
High-Rep-Rate
Developments

Advanced
Application
Beamlines

AN P
ZI

Technology l

Incubatorto N

Laser Science
Users

Technical design
tests, prototyping,
production

EuPRAXIA
user e-neeqs NN
infrastructure
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IDER SPIEG

DER SPIEGEL 11/2015

Im Bannvon
Waxahachie

Physik Forscher bauen immer
gewaltigere Teilchenbeschleuniger,

Mniversums zu entratsein. €
s auch eine Nummer kleiner?

nter den Feldern von Texas er-

streckt sich ein verlassener Tunnel,

knapp 23 Kilometer lang. Die Zu-

ginge sind verschiittet, in der Rohre sam-
melt sich Wasser.

Die Ruine nahe dem Stadtchen Waxa-

hachie steht fiir das Trauma der Teilchen-

physik: Hier baute die stolze Zunft einst

SAMSTAG, 28. MARZ 2015

Bremse fiir

Sup erbeschleuniger

! ard —
andersw A clicnensc :
anderswo. Materieforsche chenschleudern in Genf oder

I miissen si
en sich etwas einfallen lassen

Illustration from PhD A. Ferran
Pousa

A 1 TeV collider in 10-100 meters?

Not so easy...
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R&D Paths Plasma Accelerators

S //"'/4 \// / o . \‘\\\\ C an plasma
Can plasma S - ~ External RF injection accelerators
accelerators ~ Betatron radiation P'i'ivert d
deliver . \ integrate
polarized In plasma ‘ luminosity?
beams?

Polarized beams in plasmas

e- driven PWFA Multi-stage  Synchrotron radiation Can plasma

LWFA with advanced beams szfrr:teo;:
/' luminosity?
Can plasma \ ~Femto-second p+driven External optical m&i\lon // |
eceerators  synchronization V' Plasma unchlator | —
positrons? | aser wakefield acceleration ST N, N,_f,
- (LWFA) \«ith self injection /,,A\_ﬁ_/// 4 70,0,

\\\\1_\,,/// /
N y
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European Strategy for
Particle Physics

* The European Strategy for Particle Physics is updated every 5 years in a
procedure based on wide community input.

*  Many of us provided input to this process:

*  Written statements from European Network for Novel Accelerators
(EuroNNAc), AWAKE, ALEGRO and EuPRAXIA.

* Several talks at meetings.

» Strategy defines future directions and priorities for particle physics in Europe
and for CERN. Last update: 2020.

* Qutcome a great success for advanced accelerators:
* Importance of accelerator R&D in general.
*  Explicit mentioning of plasma and laser high gradient acceleration.

* Request for accelerator R&D roadmap, adequate resources, priorities,
deliverables for next decade, synergy with other science fields, ...

High Gradient Acceleration | Ralph Assmann | Bruno Touschek Memorial Symposium
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3

High-priority future
Iinitiatives

B. Innovative accelerator technology underpins the physics reach of high-energy
and high-intensity colliders. It is also a powerful driver for many accelerator-based
fields of science and industry. The technologies under consideration include high-field
magnets, high-temperature superconductors plasma wakefield acceleration and other |
|high-gradient accelerating structures,l bright muon beams, energy recovery linacs.
The European particle physics community must intensify accelerator R&D and
sustain it with adequate resources. A roadmap should prioritise the technology,
taking into account synergies with international partners and other communities
such as photon and neutron sources, fusion energy and industry. Deliverables for
this decade should be defined in a timely fashion and coordinated among CERN
and national laboratories and institutes.
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Ongoing: European Strategy Expert Panel

Defining a European Particle Physics Roadmap for High-Gradient Novel Accelerators

Expert Panel — Panel chairs:
Chair: Ralph Assmann (DESY/INFN)

Panel members:

Panel associated members:

Musumeci (UCLA)

CERN Yeliow Reports: Monographs, CERN-2021-XXX

Deputy Chair: Edda Gschwendtner (CERN)

Kevin Cassou (IN2P3/1JCLab), Sebastien Corde (IP Paris), Laura Corner ( Liverpool),
Brigitte Cros (CNRS UPSay), Massimo Ferarrio (INFN), Simon Hooker (Oxford),
Rasmus Ischebeck (PSI), Andrea Latina (CERN), Olle Lundh (Lund), Patric Muggli
(MPI Munich), Phi Nghiem (CEA/IRFU), Jens Osterhoff (DESY), Tor Raubenheimer
(SLAC), Arnd Specka (IN2PR/LLR), Jorge Vieira (IST), Matthew Wing (UCL).

Cameron Geddes (LBNL), Mark Hogan (SLAC), Wei Lu (Tsinghua U.), Pietro

DESY INFN

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

4 High-gradient Plasma and Laser A ccelerators

Editars: R Assmann®®, E. Gschwendiner, R Ischebeck®

Panel members: R Assmann®** (Chair), E Gschwendiner® (Co-Chair), K.Cassod’, S Cordel,
L.Carners, B Cros®, M. Ferraric®, S Hooker’, R.Ischebeckd, A.lating®, O Lundl, P Muggl#,
P Nghiem', J. Osterhoff®, T. Raubenheimer™, A Specka®, 1. Vieira®, M. Wing?

Associated members: C. Geddes?, M. Hogan™, W. L, P Musumeci*

“DESY, Hambarg, Germany

SLNRINFN, Frascati, ltaly

“CERN, Geneva, Switzeriand

4PSI, Villigen, Switzerland

“1JCLab, Orsay, France

/1P Paris, Pataisean, France

9Liverpool University, UK
ALPGP-CNRS-Universi€ Paris Saclay, Orsay, France
Oxford University, UK

JLund University, Sweden

EMPI Physics, Munich, Germany

ICEA, Saclay, France

™SLAC and Stanford University, California, USA
~LLR, Palaiseau, France

°IST, Lisbon, Portugal

FUCL, London, United Kingdom

9LBNL, Berkeky, California, USA

"Tsinghua University, Beijing, China

*UCLA, Los Angeles, Califonia, USA

41 Executive S|l:|ury

Novel have ion of electrons and posi with very high accelerating
gradients of 1 to >100GeV/m. This is about 10 to 1000 times higher than achieved in RF accelera-
tors, and as such they have the poential to overcome their limitations. They have produced multi-GeV
bunches with single parameters approaching those suitable for a linear collider. A significant reduction
in size and, perhaps, cost of futur accelerators can therfore in principle be envisaged.

Based on the various R&D achievements, the field has mached the stage of setting up first user
facilities for photon and material science in the European research landscape. The many national and
regional activities will continue through the end of the 2020s with a strong R&D and construction pro-
gram, aiming at low energy research infrastructures, for example to drive a free electron laser (FEL)
or ultrafast electron diffraction (UED). Various important milestones have been and will be achieved
in intenationally leading programs at CERN, CLARA, CNRS, DESY, various centres and institutes in

“ralph semann@dery de
“This contribution should be cited ax: High-gradieat Plusma ad Laser Accekeratoes, DOE 1023730 YRM.2021-XXX 83, ix
Furogean Strakgy for Perticie Physics - Accekerator R&T) Roadmap, Fd. N. Mo,

CERN Yeliow Reporss: Moaographs, CERN-2021-X XX, DOE: 10 23730/CYRM-2X01-XXX, p 83

© CERN, 2021 . Publiséed by CERN e the Creative Commoas Asribution 40 liasse.

83
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Conclusion

« Particle accelerators have been used extensively by physics for
amazing discoveries and insights into the laws of our universe.

+ We are still developing the metallic RF technology, super-
conducting magnets and many other technologies further,
opening new possibilities for colliders.

« Plasma accelerators open the horizon to transformative steps with
several orders of magnitude to be gained.

« EuPRAXIA project for plasma FEL etc as realistic stepping stone to
particle physics machines. Selected for ESFRI roadmap update.

« Encouraging R&D, new ideas and use of unique test facilities will
bring significant progress in very high gradient approaches.

* Present roadmaps indicate that we will need a clear, stable strategy
and long-term R&D investments before the new concepts will
eventually materialize as particle physics colliders (2050°s?).

« RF accelerators took 80 years (and Bruno Touschek's ideas and
inventions) to arrive at the LHC masterpiece!
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Thank you for your attention

T
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