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Plasma-based electron acceleration at a relatively mature stage, with landmark results achieved
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The problem

Plasma-based acceleration of positron is significantly lagging
behind, due to inherent structure of the wake fields, which would |
normally be defocussing and decelerating for a positively charged = Zo;

particle.

ion background defocuses eJ/f

Several schemes have been numerically proposed in order to overcome this issue, including
hollow plasma channels and finite plasma columns

J(@)

o N S
)

.

.
electron beam

.

44 (@) electroln beam
® g T 8 Phys. Rev. Lett. 127, 104801 (2021)
94 positron be Y. 5
& | - » 6 2
E &39- 01 - ~
4 = = . 3
] . > 4 = Phys. Rev. A. Beams 23, 121301 (2020)
2 - )
n 0 —41 N

Programmatic experimental work currently not possible due to the lack of suitable facilities

Only SLAC could in principle host plasma-acceleration experiments
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I am NOT proposing that we can build a fully plasma-accelerated positron beam

with collider-like characteristics!

Rather, we are exploring the possibility of delivering positron beams of sufficient quality
to be injected and accelerated in plasma accelerating cavities.

Several plasma-based facilities are currently considering this option, e.g.:

EuPRAXIA /i first ESFRI plasma accelerator project
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R. Assman et al., Eur. Phys. J. Special Topics (2020)

https://www.clfstfc.ac.uk/Pages/EPAC.aspx
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Expected output with a PW-scale laser
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The simplest option to generate short positron beams (~fs) is to propagate a laser-wakefield

electron beam through a high-converter target.
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For example, if one considers a PW-scale laser (5 GeV electron beam with nC-scale charge)

For a 100 pym converter
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First proof-of-principle design for the capture and transport of these positron beams in EuPRAXIA
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First proof-of-principle experiment carried out using the Gemini laser at the Central Laser Facility
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Simultaneous measurements of energy-dependent source size, divergence, and emittance

M. Streeter et al, Sci. Rep. 14, 6001 (2024)
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First proof-of-principle experiment carried out using the Gemini laser at the Central Laser Facility
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Positron beamlet (>50% of it)
accelerated over 10 cm of
= plasma (n, = 2 x 107 cm™®) up

to an average energy of 1.2
GeV (Eay ~ 7 GV/m).

Initial increase in emittance
due to mismatch with plasma
(to  be optimized), then
constant over 10 cm of plasma
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Multi-PW lasers: expected performance
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It would be desirable to have a beam capable of beam-loading, but this requires 10s of pC

10s of pC positron beams would require a ~ 10 nC primary electron beam, which is not practically
achievable with PW-scale lasers. However, these are obtainable with 10PW lasers.

In collaboration with ELI-NP staft, we are running the
first commissioning experiment on laser-waketield
acceleration using the 10PW laser

L. Calvin et al., Front. Phys. 11:1177486 (2023)
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10s of pC positron beams would require a ~ 10 nC primary electron beam, which is not practically
achievable with PW-scale lasers. However, these are obtainable with 10PW lasers.
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10-50 pC positron beams in a 3% bandwidth at the GeV level can be produced during

the propagation of ~10 nC electron beams through mm-scale converter targets

T. Foster et al., i preparation (2024)
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These beams have femtosecond-scale duration and micron-scale normalized emittance
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Machine-learning techniques now allows for active stabilization of LWFA and high-level of

predictability

Baesyan optimization of laser and Neural network predictions
plasma parameters for betatron sources Goatormaiie] Dense  Variational , (_Eleciron spectrum )
ENCODER (6)| ' (26, 23, 25) (5);| _  DECODER
P = = I i . 7
] T X-Ray Signal Density profile | - ! > A
1.0 4 500 1000 1500 ENCODER (5)] ! >o o
- ] —_— | =
e ] - Far field| - Va ¥
£ 05 R i - e} [ [Cmem,
= . I 1 — | = 3
2 0.6 3 ‘ : Aok | : 500 1000
2 * : { ey @ J - _TRansLATOR - ElMevl J
O 0.4 1 f,a‘ﬁ\ 1 ;
e ] ° § ¢ | Optimum ; : ;
% 0.2 _" # * ¢ { & Optimum : ' a) measured spectra 5
:\ o : % 1.0 — -'-_r
: B(z) 9 p— _..,.__,..--1---*‘—-&-""""_'“ ] 2'0—‘
5 ¥ pe B o { ,. L
E% :5(4) 0'5# ’ l_ " ) h-.'lé -I_ ? _i' 1.53
3 E -f b) autoencoder ; g g
2 e = 1.0 B ies
T+ Lee g - aperrw— e -lr
10 20 30 40 50 : S ; | | 1 05
Burst number 6, (mrad) “o. LN LN | I _{ ‘ ‘
B) b) OS'P y N ! hi.l' Ll F i . .

R. Shaloo et al., Nat. Comm. (2020) M. Streeter et al., HPLSE (2023)

Granluca Sarn ALEGRO 2024




QUEEN’S
UNIVERSITY
BELFAST

EPSRC

Solid target

x10°

2 6 = = Single spectra
=4 — Average
b 2

ol amicunl,

02 04 06 08 1 12

Ee— (GeV)
ot anken g, .

A e -l

g gy

S RV (.

/a 10°

T U S
’ ' ° PN T + Expor >l
10°¢ e Experimental
P & = S e 3 04t - ?
—~¥%- L - = An x 3/4| | .
WL S - e < oal ~ ' Neutrality
% -] 2 ~ o ’ /s
= 1080 ax 107k s - 0.2} $ ! ]
- ~ 4 e Experimental
e Experimental =~ /
105) % FLUKA = 01r ¥ = ;tgx;:al
= Analytical x 3/4 | | | | | | | /. ! ! ! ! ! . T
0 05 1 15 2 25 3 35 4 a5 0 08 1 15 2 25 5 385 4 a5 20 05 1 15 2 25 3 35 4 as
K Pb thickness (cm) Pb thickness (cm) Pb thickness (cm) j
. . . - 1018 .
v Maximum positron yield at ~2 -
=0= Ng* yay
Lrap &~ 1016 —e—ngr LAB |
. i —w—n_,-LAB
v' ~48% of positrons at ~ 5 Lgap g o
. < 4014
v" Beam duration: ~ tens of fs 10 N—_
. . \\\‘
v" Beam diameter: > ¢/w, I | ! G Sarrietal
v . 1 2 3 4 ¢
Beam divergence: ~ tens of mrad Pb thickness (cm) Nature Comm. (2015)

Guanluca Sarn

ALEGRO 2024




QUEEN'S

UNIVERSITY Dynam1cs

Plastic

Shielding Lead |

Gold North Beam, Shielding

Electron Foil F/2 Parabola

Primary
Gas Cell

Interaction

South Beam,
F/20 Parabola Cell
Positrons Lanex
Converter Screen
Proton
Beam es, e's Magnet -
&y- —
RCF Fass oy o
Stack 0.1+ i + RCF - Raw Data
g ——RCF - Moving average
- = =PTrace - Lineout
-0.2 L . . : z o
-6 -4 -2 0 2 4 6
0.5 Yrer (mm)

B (T) J (GA/m?)

| 10 10
. . 5
0.
. 0
0 5 i) -1 -10
-U. 1 1 5
1 I

? Gy 11 x () gyt O
J- Warwick et al., Phys. Rev. Lett. (2017)

x ()
Granluca Sarn ALEGRO 2024

w
B (T)
J (GA/m?) =~




QUEEN'S

P UNIVERSITY  Non-1nvasive characterisation EPS RC

Pepper-Pot
W Mask
UHIL00 Gas-cell ‘
i
Dipole %
Converter Magnet = . ' ' .
] ® Electron / Experimental
. e] o O Electron / Simulated
. E ° 0 o of Lo Positron/Simulsted
1.2 06 % 0or o . o o %o,
e +/e-=-(0.5+0.1) EQ® 41 ®E, =150 MeV 8 ® %ael 0g0
Flae o o ®E, =500 MeV - © o® . e ©® © °° ©
®E, = 1000 MeV £ 200} 8 L . 'y
®E. = 2000 MeV z © 95 g o o ee
0.8 E,. = 5000 MeV @ ° o © ° g
'o b)

ol b | 100 (b) : : . : . .
o Er s 0 20 40 60 80 100 120 140
SO ‘I . Energy (MeV)

TR ST ! - K 50 . . . .
0.4 l80 * 4’ %o ! ? hes = ® Electron / Experimental
\ o } O Electron / Simulated
0.2 d (65+7) % (54 + 9) % g 40F ° o) Poui:mn : Simuh\:cd
. g 30
0 0.2 0.4 0.6 0.8 1 @ o o
g 20}
frac g °° 8
5 10k o .
- Close correlation between e” and e* properties €, s e e e 8. é T8 28a
0 20 40 60 80 100 120 140
° ° . . E MeV)
- Live, simultaneous, and non-invasive measurement of nerey (Mev)

spectrum, source size, total charge, and energy-resolved emittance A. Alejo et al., PPCF 62, 035013 (2020)

Granluca Sarn ALEGRO 2024




QUEEN'S
UNIVERSITY
BELFAST

EPSRC

Conclusions

Granluca Sarn

ALEGRO 2024




QUEEN'S )
AT Conclusions

= Positron wakefield acceleration is significantly lagging behind, mainly due to

the lack of experimental facilities suited for these studies.

= PW-scale laser can provide narrowband (~5%) GeV-scale

positron beams of sufficient quality to be guided
and accelerated in a plasma wakefield.

= A first positron beamline has been designed

for the EuPRAXIA facility.

= First proof-of-principle experiments
at 100 TW validate the numerical expectations.

= Numerical simulations indicate high-charge
positron beams obtainable with ~10 PW lasers.

= Laser-driven positron sources useful also for
many other applications!
(detector testing, laboratory astrophysics, matenal science...)
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T'’hanks for your attention!
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