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The role of coherent Smith-Purcell radiation for LWFA e-beam diagnosis
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Previous work on bunch reconstruction
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State of the art LWFA e-beam diagnostics

« Electron bunches from LWFA: fs-level bunch duration

— Requires diagnostics that are sensitive to this ultrashort structure

And/or talk on Thursday:
Coherent Transition Coherent Smith-Purcell Mike Downer, 5:20 PM,
Radiation (CTR) Radiation (CSPR) Legacy A (Luskin)

n
810  Vol. 13, No. 5 / May 2026 / Optica Research Article

surface e

currents OPTICA

;f'é) """" A ;

fs \ . o oherent terahertz Smith-Purcell radiation from
T TS (o laser-wakefield-accelerated electron bunches
g relativistic g Ross Rubzinsky,! MAXwEeELL LABERGE,? ARIE IRMAN,? J. MicHAEL KLOPF,?

electron *\é YeN-Yu CHANG,2 ® ALEXANDER DeBus,> ® FRANZISKA M. HERRMANN,?® ® PaTrick UFER,*®

SUSANNE ScHOBEL,>® ® ZE OuYANG,' © JAsoN Brooks,' BRYAN DINH,' ©® LESLIE ZHANG,'
RaFAL ZcAaDzAJ,' ULRICH ScHRAMM,?® @ THoMAs E. CowaN,?® anp M. C. DowNER'*

'Department of Physics, The University of Texas at Austin, 2515 Speedway, Austin, Te
2Helmholtz-Zentrum Dresden-Rossendorf, Institute of Radiation Physics, Bautzner Ll

?Technische Universitédt Dresden, 01062 Dresden, Germany
*downer@physics.utexas.edu

See Poster Session
later today!! #42

Received 24 September 2025; revised 25 March 2026; accepted 26 March 2026;




WHAT STARTS HERE CHANGES THE WORLD

Smlth Purcell Radlatlon\(SPR) Tunability
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J. H. Brownell, J. Walsh, & G. Doucas, “Spontaneous Smith-
Purcell radiation described through induced surface currents,”
Phys. Rev. E 57, 1975 (1998)
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J. H. Brownell, J. Walsh, & G. Doucas, “Spontaneous Smith-
Purcell radiation described through induced surface currents,”
Phys. Rev. E 57, 1975 (1998) X

EXx. For highly relativistic
electrons (y > 1) and near-
normal emission (sinf = 1) :
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~10-241 (1 electron ~1072%%
[Example: h 10 ] ] ( ) ) :
[ 1 i _ 1

detected wavelength: dW (%o) AW (Xo)

electron bunch: PR = 10MMIWe,, = N j Sinc (d_ﬂ> das + N? j Scon <E> ds

¥ ~ 900 (E, ~ 450 MeV) | Qe 1 ' C Quet 1 ,

N ~ 3 x 10° (Q = 0.5nC) ] Y

g, =~ 3 um (0,/c = 10 fs) ~3 x 1071%] (N electrons) ~1075]

Xo = 200 pm

grating: Detection geometry:

d =10 pm 0 ~ 90°
R* = 0.42 ¢ ~0
a =27 Qger = 0.7 X 10™* sr
L=25cm
derived quantities:
Ae = 1.4 mm
\Sinc ~ Scoh ~ 0.6 j

“Cutoff” in SPR spectrum:
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Simulation Results for various simple bunch shapes

- ~, | Variations .
Example; CSPR Predicted Measured Energy
due to bunch 0
detected wavelength: shape 20 40 60 80 100 120
electron bunch: Joger 2 LW P 102
Yy = 900 (E, = 450 MeV) .
N =3 x 10° (Q = 0.5nC) 10777
o, ~ 3um (o,/c = 10 fs) Incoherent
Xo ~ 200 um 107 1 :
Coherent
grating: Detection geometry: ‘2 1077 1 - -
d = 10 um 0 ~ varied 3 N See Erick Martinez |
R? = 0.42 ¢~ 0 10 : : poster for more detalils!
a =27 Qger = 0.7 X 10™* sr Transitior
L =25cm 30134 _Re ion : —— Gaussian
derived quantities: 5 .
1016 - —— Triangular
Ae = 1.4 mm : : —— Sinusoidal
S' =~ S = 0.6 T E T T j T T T T T T
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For the Gaussian e-bunch case: Haet

How would one extract bunch information from this curve?
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Forward-fitting workflow for CSPR longitudinal-profile reconstruction

Guess / update parameters p Grating: d, blaze a, h/d, xo
Gaussian mixture: {wy, ug, ok} Beam: v, B, Ne

l l

Model profile T(t; p) Single-electron yield (dW/dQ),(6)
p(f: p) = [T(t) e~ “tat SP dispersion A = §(% - cos )
l Aperture 84+ A8, A¢

f(6) nonlinear = aperture averaging is exact here

1

Residuals Measured W(0y) o
ri = [Wpred(6i) — Wmeas(6))|/0i 10-detector array

no — updatep
Levenberg—Marquardt
125 Tartaadrm stalls)

Finite-aperture forward integral
Wored(8a) = N2J[ (%4 1iS<Sy |0(f(6))]?sin 6 d6 dg

x? converged?

Reconstructed T(t) + x?/v + parameter covariance from )
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RF accelerators:
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Using cSPR as a beam position monitor Sid:’fW
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Using cSPR as a beam position monitor side view
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Using cSPR as a beam position monitor side view

M1: Rooftop mirror Z

-1

| | |
| 1
T I
M3: angle ! '
adjustment 1
| |
| I
I 1
‘ m 1 I
= { o :: m ' l
(@)
= [ |
S
Q.
2 I
fr g
()
o) |
. “' e
.. o e
q c
= k"f:: £ |
L E—— ‘U
o IA
*
« > |
arm length 1
adjustment Grating 2 1 d I
s I
|




TEXAS WHAT STARTS HERE CHANGES THE WORLD

The University of Texas at Austin

Summary — Thank you!

« CSPR is a promising mechanism for which a LWFA electron bunch can be
probed non-invasively
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