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Administrative	details
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• Members	of	Budker	Institute	of	Nuclear	Physics	and	Novosibirsk	State	University	were	suspended	
from	participation	in	AWAKE	scientific	committees	in	April	2022	

• GZ,	junior	member,	Chair	ad	interim	

• Email:	awake-pc@cern.ch	
• Rules:	https://edms.cern.ch/ui/file/2030472/0.2/PubRulesOriginal_19April2021.pdf	

• Manage	internal	review	of	papers/talks/posters	concerning	AWAKE	by	AWAKE	authors		
• Reminder:	“all	papers	mentioning	AWAKE,	written	by	a	member	of	the	AWAKE	collaboration,	must	
be	sent	to	the	PC	before	submission,	and	also	before	being	put	on	arXiv”	

• Determine	if	a	paper	is	signed	by	“Collaboration”,	organized	review,	maintain	Official	Author	List	
• Keep	a	list	of	public	papers:	https://twiki.cern.ch/twiki/bin/view/AWAKE/AwakePublic	
• Please	send	talks/posters	at	least	1	week	before	conference!
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Experimental results show that hosing of a long proton bunch in plasma can be induced by wake-
fields driven by a short and misaligned preceding electron bunch. Hosing develops in the plane
of misalignment, self-modulation in the perpendicular plane. The two processes are reproducible.
Development of hosing depends on the misalignment direction. The frequencies of hosing and
self-modulation are close to the plasma electron frequency. Growth of hosing depends on the mis-
alignment extent and on the charge of the proton bunch. The results have the main characteristics
of a theoretical model.

INTRODUCTION

Hosing of a long charged particle bunch in plasma is
one of the fundamental modes of interaction and instabil-
ity of such a system [1]. Hosing is important to study be-
cause it could impose a limit on the distance a bunch can
propagate in plasma. This is the case, e.g., when using

a pre-formed plasma to guide a beam through the atmo-
sphere ([2], resistive hosing). It is posited to be a limit for
propagation of both witness [3] and drive bunches [4, 5] in
plasma-based accelerators. These accelerators are of in-
terest and importance because they can operate at much
higher accelerating gradients (1 – 100 GeV/m [6, 7]) than
conventional, RF-based accelerators (< 1 GeV/m [8, 9]).
Development of hosing would disrupt driving wakefields
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Generation of 10-m-lengthscale plasma columns by resonant and
off-resonant laser pulses
G. Demeter a,<, J.T. Moody b,1, M.Á. Kedves a, F. Batsch b,c, M. Bergamaschi b, V. Fedosseev c,
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A R T I C L E I N F O

Keywords:
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Resonant nonlinear interaction
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Plasma wakefield acceleration

A B S T R A C T

Creating extended, highly homogeneous plasma columns like that required by plasma wakefield accelerators
can be a challenge. We study the propagation of ultra-short, terawatt power ionizing laser pulses in a 10-meter-
long rubidium vapor and the plasma columns they create. We perform experiments and numerical simulations
for pulses with 780 nm central wavelength, which is resonant with the D2 transition from the ground state of
rubidium atoms, as well as for pulses with 810 nm central wavelength, some distance from resonances. We
measure transmitted energy and transverse width of the pulse and use schlieren imaging to probe the plasma
column in the vapor close to the end of the vapor source. We find, that resonant pulses are more confined
in a transverse direction by the interaction than off-resonant pulses are and that the plasma columns they
create are more sharply bounded. Off-resonant pulses leave a wider layer of partially ionized atoms and thus
lose more energy per unit propagation distance. Using experimental data, we estimate the energy required
to generate a 20-meter-long plasma column and conclude that resonant pulses are much more suitable for
creating a long, homogeneous plasma.

1. Introduction

The propagation of high-power, ionizing laser pulses in gases has
been studied extensively for decades, under a wide range of condi-
tions [1–3]. Phenomena such as self-focusing, filamentation or super-
continuum generation were investigated and numerous applications
for these phenomena devised (remote sensing, nonlinear spectroscopy,
lightning protection, etc.). One particular application is the creation of
plasma columns to be used in wakefield particle acceleration. Plasma
wakefield accelerators are capable of accelerating electrons (or
positrons) in the strong electric fields sustained by plasma waves, [4–8].
Since the accelerating gradients can be up to three orders of magnitude
larger than in conventional particle accelerators, wakefield accelera-
tion may be a replacement for established accelerator technology in
compact, cost-effective particle accelerators for science and commercial
applications. A multitude of scientific and technological challenges
need to be tackled (only one of which is the creation of the necessary
plasma column), but wakefield accelerators and their applications
are advanced constantly by numerous research groups worldwide [9–
12]. One notable example of such a wakefield accelerator project is

< Corresponding author.
E-mail address: demeter.gabor@wigner.hu (G. Demeter).

1 Now at: Lawrence Livermore National Laboratory, CA, USA.

the Advanced Wakefield Experiment (AWAKE) at CERN (European
Laboratory for Particle Physics in Geneva, Switzerland), the first proton
driven wakefield accelerator [13,14].

At the heart of the AWAKE device is a 10-meter-long plasma column
with finely engineered plasma density, which is essential for accel-
erator operation. High energy proton bunches from the Super Proton
Synchrotron facility at CERN interact with this plasma to create large
amplitude wakefields, which in turn can accelerate electron bunches
well into the GeV domain. This plasma column is created by starting
from a vapor of rubidium atoms with precisely tuned density distri-
bution along the vapor source axis and propagating a terawatt (TW)
power laser pulse along the vapor to achieve exactly one-electron
ionization of atoms with a probability very close to one. Precisely tuned
vapor density thus yields a finely tuned plasma density. Achieving
complete one-electron ionization is facilitated by the fact that the
780 nm wavelength laser pulse is resonant with the 5s2S1_2 ô 5p2P3_2
transition of the valence electron from the atomic ground state (the D2
line) and then further from 5p2P3_2 to 5d2D5_2, 5d2D3_2 states. These
single-photon resonances also have a major impact on the propagation

https://doi.org/10.1016/j.optlastec.2023.109921
Received 1 May 2023; Received in revised form 27 July 2023; Accepted 3 August 2023
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Selective electron beam sensing through coherent Cherenkov di↵raction radiation

E. Senes, M. Krupa, S. Mazzoni, K. Lasocha, T. Lefevre, A. Schloegelhofer, and M. Wendt
CERN, CH-1211 Geneva 23, Switzerland

C. Davut
University of Manchester, Dept. of Physics and Astronomy, M13 9PL, Manchester, UK

P. Karataev
John Adams Institute at Royal Holloway, University of London, Egham, Surrey, TW20 0EX, UK

C. Pakuza and B. Spear
John Adams Institute at University of Oxford, University of Oxford, Oxford, OX1 3RH, UK

(Dated: June 23, 2023)

We exploit the coherent emission of Cherenkov Di↵raction Radiation (ChDR) by a relativistic
electron beam to sense its position even in presence of other particle beams. ChDR is produced in
alumina inserts embedded in the vacuum chamber walls and recorded in a narrow band centred at
30 GHz. This non-trivial solution has been implemented for plasma wakefield accelerators, where the
electron beam to be sensed can co-propagate with another high-energy proton beam that generates
the plasma wakefield. In addition, at variance with most existing position detectors, this method is
insensitive to spurious electric charges due to the presence of plasma. We present the overall design
of the detector as well as experimental results obtained in the AWAKE facility at CERN.

I. INTRODUCTION

Particle accelerators are unique instruments driving
interdisciplinary research including such disciplines as
medicine [1], biology [2], chemistry [3], archaeology [4],
and many other technical areas. Application in high en-
ergy physics has become a separate direction [5] requir-
ing powerful acceleration technology alongside extremely
small emittance beam propagating over a multi-kilometer
distance. Stable and reliable beam is required to achieve
cutting edge and well reproducible results. Beam posi-
tion monitors (BPM) are key non-invasive instruments at
modern accelerator facilities enabling operators to main-
tain top beam quality [6]. They provide information
about the beam position, direction, arrival time, charge,
tune, and demonstrate the beam stability. The need
in beam position sensors has become obvious since the
first accelerator was developed in 1929 [7]. A rather triv-
ial phenomenon, e.g. interaction of electromagnetic field
with metal structures, has resulted in a series of sophis-
ticated designs including button sensors widely used in
synchrotron light sources [8], strip-line [9] and cavity [10]
beam position monitors frequently used in linear accel-
erators. However, neither of these designs are capable
of distinguishing positions of two co-propagating beams,
i.e. beams propagating in the same direction in close
temporal overlap.

AWAKE is a plasma-wakefield acceleration technol-
ogy development project [11], where the wakefield is ex-
cited in plasma channel by a powerful proton beam, and
then, a low intensity ultrashort electron beam is injected
to gain the energy. For e�cient acceleration a precise
control of the electron beam is needed, in presence of
the powerful proton beam. In this paper we propose

a conceptually new beam position sensing technology.
Cherenkov di↵raction radiation (ChDR), appearing when
a fast charge particle moves in the vicinity of a dielec-
tric medium [12, 13] is used to generate millimeter wave
electromagnetic radiation in four dielectric rods placed
around the beam trajectory. Coherent ChDR has al-
ready been applied for bunch length diagnostics in [14].
In our experiment the radiation propagating along the
rod is measured by four sensitive detectors. The coher-
ent part of the radiation spectrum was used to separate
the signal between two co-propagating beams of di↵erent
lengths. Another significant advantage of this technology
is that the ChDR is insensitive to superior charges from
the plasma itself. Such a background limits the use of
conventional BPM technologies.
This paper will present the conceptual description, an-

alytical estimations, and electromagnetic simulations en-
abling to create a design used in the experimental test at
AWAKE beam line. The experimental results and their
analysis are presented and discussed.

II. SELECTIVE ELECTRON BEAM SENSING

A. Cherenkov Di↵raction Radiation

A fast charged particle passing by a dielectric material
polarises atoms along its trajectory. The electron shells
of the polarised atoms then oscillate emitting polariza-
tion radiation with a very broad spectrum propagating
inside the medium. The mechanism is similar to classi-
cal Cherenkov radiation, however, the particle does not
directly interact with the medium. Multiple scattering
and bremsstrahlung processes do not destroy the beam
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