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8-10 GeV electron beam energies have been obtained

Requi ts: guiding, b hapi ticles.
—but the 10 GeV milestone is hard to surpass. equirements: gulding, beam shaping, nanoparticles

What happens if we just use the available laser energy for LWFA?
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There were some clues ... J. Shaw et al.,, Phys. Plasmas 32, 083107 (2025)
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Maximum energy vs. acceleration distance
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Likeliest scenario:
An additional witness beam gets injected into the wake and accelerated by the driver
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Final details of the analysis are in progress but conclusions will remain unchanged.

Maximum achieved energy goes beyond the typical LWFA scaling
Indication of a hybrid LWFA -> PWFA (HLPWFA) mechanism!
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Plasma afterglow — a useful tool for diagnosing channel properties

h4
h3 f=1.9m lens
of2 n i
oF |-
1 * l\é‘ ,v,‘ "-.:
lens 2 imaging P P
| |lens

0

I

Gas Cell,
5mm entrance and exit
pinhole diameter,

Detected edges

750

750

1000 1250 1500 1750

1000 1250 1500 1750 2000

angle[mrad]

Observing spallation neutrons >100 MeV

Number of shots

Distribution of Peak Energies Across All Shots

— Peak 1
—— Peak 2
Peak 3

107¢ 107 10°% 10° 10
Energy [MeV]

O(E) - Ec [em~? 571]

Phi(E)*Ec

Shot & Resis Info

Extracting pointing fluctuations of the
plasma channel on-shot

T T T T

Ongoing analysis
O. Bilen et al.

0 10 20 30
shot#
Normalized Flux vs Energy
= mn o
\ mm =S
Sy Shat 466 Shot 50
S e — o
N i
g =
)
: <
S -
g w \
s N 5N
H \
)
Ongoing analysis
P. Bleotu, K. Spohr

RN
Energy (MeV]




& TEEXAS 4.1 Discussion — Similar experiments

The University of Texas at Austin

HERE CHANGES THE WORLD

Dispersion (cm)

18 17 16 15 14 13 12 11 10 9 8 6 5 4 3 2 1 0
1st stage: as jet #1 2nd stage: as jet #2 LI N SR L S B B — o
h}ghes(?iensjlty n,=short i, lower de?\sltyjn‘z longer %, Driver bunch % InC/GeVimm, a.u] »
incident laser puise e Buicker driver/witness PWFA
B 2nd uvcﬂéi"* "?r‘.‘?,fu'.’.‘,‘.'.‘."' el Witngss bunch 3
@& ‘} Efield -
wVons SORGE s | gy &
electrons " -
¥ & o ) — = -
\ \m‘ \/*-\ witness _driver 3 / >
“"'MN\\{“ \‘\“‘MNW ® 4@ 4; Ry RV e o S
SMUWFA  T~100fs z?ggm;i;st max,~0.2TV/m
] 1) 1)} V)
Qtotar = 0.8—=0.9nC
- o os 1 15 2 25 3 35 a
B. Hidding et al., Phys. Rev. Lett. 104, 195002 (2010) H b R % P EETY 10t
Energy [GeV]

Self-mode transition:

K.H. Pae et al., Phys. Plasmas, 17, 123104 (2010)

Masson-Laborde, P E et al., Phys. Plasmas 21, 123113 (2014)

Charge density (pC MeV-" mrad™")
0.2 0.4

(@) T 00 06
£! Trail 400 E 259 7a) e
0 ¥ raiing a
E ’ Driver —» § e — 0 Plasma off < 0.0 {fa* ‘ _ 25| TR LWFA reference
= .2 300 £ -25 LWFA only F2.5 K
P Plasmaon W g 259 (b) E O o
E e z = 004 D lt
EO — 2 =] ' — 20T L ' s s N L
= 1 100 ﬁ g —254 PWFA on, no injection © 6
E 2 £ r £
- ’ ° 5 g é'z 7 15> -
g’ 150 Plasma off "C‘ . _‘ 'P'WFA on, witness injected I 2
Plasma on o —2.5 B =
Q T (single shot 7] 5
a (singl ) g 25 ) 10 % s s s L
Z 100 (Pi,‘::;:;;‘,‘:::; ° S 0.0 ® o= e _. 25 LPWFA pre-ionized
4 0.16% 0.13% 2.5 PWFA on, witness injected B -
3 FWHM FWHM : i £ o - -
3% 257 (@ 0.5 £ ;
E o e Mle 0.0 =25 i ; witness ; ‘dnver ;
& o M 254 PWFA on, witness injected Loo 50 100 150 200 250 300 350
990 1000 1010 1020 1030 1040 1050 1060 1070 1080 0 360 660 960 12'00 15'00 ' Electron energy (MeV)
Energy (MeV) Energy (MeV) T. Kurtz et al., Nat. Comm. 12, Article number: 2895

C. A. Lindstrgm et al., (2021)

Phys. Rev. Lett. 126, 014801 (2021) F. M. Foerster etal,

arXiv:2602.24107v1 (2026)

Reviews of (H)LPWFA:
B. Hidding et al., Appl. Sci., 9(13), 2626, (2019)
B. Hidding et al., Photonics, 10(2), 99 (2023)

First demonstration of PWFA:
J.B. Rosenzweig et al., Phys. Rev. Lett. 61(1), 98 (1988)

Recent PWFA overview:
C. A. Lindstrgmet al., arXiv:2504.05558v1 (2025)



0 0 a 0
TEXAS 4.2 Discussion — Measurement considerations A T

The University of Texas at Austin

Magnetic spectrometer

§

e-pointing +5.5 mrad OE| Ay\? JE| ABN\ 2
SOmMm < ' =y 55(’”‘9)2\/067 ) * (|ael )
_08 ——loce
Acceptance angle +14.5 mrad - Necessary! S 06 »
. . . g A EonlX1l
Small acceptance angle would not distinguish PWFA features of the @04 . ol .
driver beam (beam breaking up, transverse divergence growth). “‘; g -
i . . . =200 0 200 400 600 800 1000 g N
We use multiple screens after magnetic dispersion, and an entrance Distance along z (mm) gzs .
screen for pointing correction ... e * el f
12 e s o
B. B. Pollock et al., Proceedings of PAC09, 3035-3037 (2009) = 8 .
H.J. Cha et al., Rev. Sci. Instrum. 83, 0633071 (2012) %“ 53 A .= "
C.l. Hojbota et al., AIP Advances 9 (8), 085229 (2019) $os i s, & |8 5
or 02+ I2E AE b e e T S )
L~ €3 +L) x 100 [%] Error: —=+2—15% Bl
E (Ll + Lz)eBC Lm E ¢ N\z 3 T 7 H: 9 10

5 5
Energy [GeV]

D. Catana et al., Plasma Phys. Control. Fusion

N 12
pstQe X 10 68 045001(2026)

ay, X Npsize % fsr (£) X fgn (E)

M.V. Ambat et al., Rev. Sci. Instrum. 96, 123303 (2025) QpCl =




@ TEXAS 4.3 Discussion — future work

The University of Texas at Austin

What should we do with these beams?

Generate muons! (for radiography and beyond)
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@ TEXAS 5. Conclusions WHAT STARTS HERE CHANGES THE WORLD

We observed electrons with peak energy of 17.1 + 2.0 GeV, extending beyond 20 GeV
- Beams of up to Q = 3 nC were produced, with a clear gas species dependence

- We have strong evidence of a transitional (hybrid) regime:
- (H)LPWFA = (1)LWFA + (2)PWFA
- The evidence is backed by:
- electron spectra features
- injection and acceleration in the 2"d stage
- departure from classical LWFA scaling

- We conducted plasma afterglow and neutron measurements

- Although not perfect (yet), the beam produced here can readily be used in:
- Beam-target experiments (e.g. u*u~ production)
- Laser-electron collisions (SFQED)
- Measurement of electron bunch characteristics
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© Food for thought ©

Peak LWFA electron beam energy over the years

WHAT STARTS HERE CHANGES THE WORLD

102 14 | Future goals
10 - A :
13 beam-drivene  ,” ! Discdvery
107 ¢ plasma acc. ~_,*
—_ P |
12 . ‘ -
E 10°° ¢ pstorage rings K | |-I|ggs/PreCISI n
& 10 / : [ =
@ m
10* o =t f — — — — —_—— ]
£ o | Free-Electron Lasers
g 10 e ]
@ s erandjor & ! I
g 10 accelerators g |
I 7 (storage rings,
§ 10 linacs, FEL’s) laser-driven e |
0 = 106 plasma accelerajion
10" 4
10 5L ; Tajima & ; ; Mourou & :
. N
! :/SJZ:'% :;e Dawson | | | Strickland (CPA | Tod ay
10 —(RE— s sl L : L
1940 1960 1980 2000 2020 2040
—=- Egey(t)=0.0025T3 - 0.0758T2 + 0.9794T — 3.0 v
—— Egev(t) =0.257%17; T =t — 2000 ear
107! : T T T . -
2005 2010 2015 2020 . [2025 , 2035 2040 2045 R. W. ABmann & J. Grebenyuk, Proc. IPAC'14, 961-964 (2014).
years

Peak LWFA electron energy has doubled approximately every 4-4.5

years.

This trend has persisted for more than two decades.

doi:10.18429/JACoW-IPAC2014-TUOBBO1

A. Cakir and O. Guzel arXiv:1908.07207v4 (2020)

We should expect 100 GeV from (some form of) LWFA within 10-15 years!



