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1- On-axis electron injection

(a)—(c)Acceptance of the
plasma wave for positrons
(blue dots) and electrons (red
dots) plotted over the potential
map at three locations along
the proton bunch

(d) the wake-field potential on
the axis
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and acceleration by the plasma wakefield of a self-modulating proton beam." Physics of Plasmas 21, no. 12 (2014): 123116.
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1- On-axis electron injection
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Simulations are made with the fluid code LCODE.
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1- On-axis electron injection
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1- On-axis electron injection
v" acceleration
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1- On-axis electron injection
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3-Turner, M., P. Muggli, E. Adli, R. Agnello, M. Aladi, Y. Andrebe, O. Apsimon et al. "Experimental study of wakefields driven by a self-modulating proton bunch in
plasma." Physical Review Accelerators and Beams 23, no. 8 (2020): 081302.
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1- On-axis electron injection
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3-Turner, M., P. Muggli, E. Adli, R. Agnello, M. Aladi, Y. Andrebe, O.
Apsimon et al. "Experimental study of wakefields driven by a self-modulating

proton bunch in plasma." Physical Review Accelerators and Beams 23, no. 8
(2020): 081302.
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Schematic drawing of the principle behind the two

screen measurement setup.
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4-Turner, Marlene, Vincent
Clerc, Ishkhan Gorgisyan,
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In Journal of Physics:
Conference Series, vol. 874,
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Publishing, 2017.
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1- On-axis electron injection
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Top: waterfall plot of the measured electron energy spectra (right
axis) during the seed scan. The value of t..is shown by the white
line and the vertical axis on the right. Bottom: energy of the charge
peak of the accelerated electrons as a function of seed timing.

3-Turner, M., P. Muggli, E. Adli, R. Agnello, M. Aladi, Y. Andrebe, O. Apsimon et al. "Experimental
study of wakefields driven by a self-modulating proton bunch in plasma." Physical Review
Accelerators and Beams 23, no. 8 (2020): 081302.

» Imaging magnetic spectrometer
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4-Bauche, J., B. Biskup, M. Cascella, J. Chappell, N. Chritin, D.
Cooke, L. Deacon et al. "A magnetic spectrometer to measure electron

bunches accelerated at AWAKE." Nuclear Instruments and Methods in
Physics Research Section A: Accelerators, Spectrometers, Detectors '0

and Associated Equipment 940 (2019): 103-108.
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v" Side electron injection
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Various designs of electron beam side injection

5- Caldwell, Allen, Erik Adli, L. Amorim, Robert Apsimon, Theodoros Argyropoulos,
Ralph Assmann, A-M. Bachmann et al. "Path to AWAKE: Evolution of the

concept." Nuclear Instruments and Methods in Physics Research Section A:
Accelerators, Spectrometers, Detectors and Associated Equipment 829 (2016): 3-16.
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Schematic drawing of the electron injection scheme in the
vertical plane (only corrector magnets are shown, see Fig. I).
The proton bunch propagates along the horizontal axis
(horizontal black dotted line).

6-Turner, Marlene, Chiara Bracco, Spencer Gessner, Brennan Goddard, Edda
Gschwendtner, Patrie Muggli, Felipe Pefia Asmus, Francesco Velotti, and

Livio Verra. "External electron injection for the AWAKE experiment.” In 2018
IEEE Advanced Accelerator Concepts Workshop (AAC), pp. 1-4. IEEE, 2018. @
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The optimum values found in simulations are: electron
delay e.= 11.5 cm, injection angle o= 2.8 mrad, and focusing

point z .= 140 cm.

5- Caldwell, Allen, Erik Adli, L. Amorim, Robert Apsimon, Theodoros Argyropoulos,
Ralph Assmann, A-M. Bachmann et al. "Path to AWAKE: Evolution of the

concept." Nuclear Instruments and Methods in Physics Research Section A:
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v The final simulated energy spectra of
electrons in cases of the side, on-axis and
oblique injection methods.

1- Adli, Erik, and Patric Muggli. "Proton-beam-driven plasma

acceleration." Reviews of Accelerator Science and Technology 9 (2016):
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v’ Excitation of two-dimensional plasma wake-fields by trains of equidistant particle bunches
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7- Lotov, K. V. "Excitation of two-dimensional plasma wakefields by trains of equidistant particle bunches." Physics of Plasmas 20, no. 8 (2013): 083119. @
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v’ Excitation of two-dimensional plasma wake-fields by trains of equidistant particle bunches

TABLE L Simulated modes of wakefield excitation.

”E:
. [ r'*. |r\ In'n Iﬂ Irl"' {ﬂ)

No. Driver /\ E 1\ |\ | \

1 Single bunch, p™, varable charge, o, = 15¢ /e, N ] ] |

2 Single bunch, p~, vanable charge, 7, = 3¢/, o v F

3 Single bunch, p”, vanable charge, o, = ¢/, 'é

4 Train of 5 bunches, p~, variable charge, 7, = ¢/m, = f‘\ (\ [\Fnﬁ\ \ \

5 Train of 5 bunches, p~, variable charge, o, = ¢/, o H\\ /({\ /\ /\. !

6 Train of 5 bunches, p~, variable charge, o, = 0.3¢/m, c':t' f . \| \ \ \ul \ \ \I

7 Train of 5 bunches, p~, variable charge, o, = 0.3¢/ @, = _' ' |

B Infinite train, p~, varable location, 7, = ¢/, r_u"

9 Infinite train, p, vanable location, o, = ¢/,

A Theory of one-dimensional wave

B Empincal approximation for the free wave

C Empirical approximation for the driven wave

- — rzl." lr.r;'f _ ] - - - - .
my(r,z,t) = 0.5 nyme [1 — cos(2w,(1 —z/c))], Location of the measured wave periods for the single bunch of variable
itg <t—zfe <(i+1/2)w, i=0,1,..; charge (a), the train of 5 bunches (b), and the infinite bunch train (c).

my(r,z,t) =0, otherwise,

7- Lotov, K. V. "Excitation of two-dimensional plasma wakefields by trains of equidistant particle bunches." Physics of Plasmas 20, no. 8 (2013): 083119.
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v’ Excitation of two-dimensional plasma wake-fields by trains of equidistant particle bunches
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Dependence of the wake-field period on the wave amplitude for various drivers.

7- Lotov, K. V. "Excitation of two-dimensional plasma wakefields by trains of equidistant particle bunches." Physics of Plasmas 20, no. 8 (2013): 083119.



