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@ Non-collinear colliding laser pulse injection
© Measurement of the bunch duration
© Measurement of electron-bunch trains

@ Conclusion
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Laser-driven plasma wave

—1.05

095

@ Laser expels electrons, ions stationary = Plasma wave oscillation
@ Typical plasma wave period A\, ~ 10 — 20 um

@ Self-injection by wavebreaking can give mono-energetic beams but
only in a narrow parameter range

Image: C. Rechatin
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Injection by colliding laser pulses

Pump Injection

e

Plasma wave

@ No wave breaking
@ Electrons boosted in the beatwave and locally injected
@ Electron beam parameters can be tuned

Esarey et al, Phys. Rev. Letters, 79, 2682 (1997) Fubiani et al, Phys. Rev. E, 70, 016402 (2004)
Kotaki et al, Phys. Plasmas, 11, 3296 (2004) Faure et al, Nature, 444, 737 (2006) 4/23
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Injection by colliding laser pulses
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Injection phase
@ No wave breaking
@ Electrons boosted in the beatwave and locally injected
@ Electron beam parameters can be tuned

Esarey et al, Phys. Rev. Letters, 79, 2682 (1997) Fubiani et al, Phys. Rev. E, 70, 016402 (2004)
Kotaki et al, Phys. Plasmas, 11, 3296 (2004) Faure et al, Nature, 444, 737 (2006) 4/23
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Injection by colliding laser pulses

Trapped

electrons Q

Acceleration phase

@ No wave breaking
@ Electrons boosted in the beatwave and locally injected
@ Electron beam parameters can be tuned

Esarey et al, Phys. Rev. Letters, 79, 2682 (1997) Fubiani et al, Phys. Rev. E, 70, 016402 (2004)
Kotaki et al, Phys. Plasmas, 11, 3296 (2004) Faure et al, Nature, 444, 737 (2006) 4/23
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Experimental Setup

Radiator foil  Magnet (9,) Optical
\l % window CTR beam
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Focusing Gas beam P Cglllmatlng
mirror jet mirror
‘ ; Spectrometer
' S
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lens __
Pump Injection y CCD camera
beam beam Chamber wall

@ Pump laser: 1 J, 30 fs, 4 x 10'8 W/cm2
@ Injection laser: 100 mJ, 30 fs, 2 x 107 W/cm?
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Typical electron beams

Bunch trains

Conclusion

Self-injection
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Colliding pulse injection — stability

I TR
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i
50
62 consecutive shots with ag = 1.3, a1 = 0.3, ne = 8.4 x 108 ¢m—3
e E =160 MeV (9% rms fluct.) @ Q=42 pC (37% rms fluct.)
@ AE =30 MeV (13% rms fluct.) @ Af = 5.4 mrad (24% rms fluct.)
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Colliding pulse injection — stability

v

Increasing charge, Decreasing energy - Beam Loading!

Energy (M

50

62 consecutive shots with ag = 1.3, a1 = 0.3, ne = 8.4 x 1018 cm~—3

@ £ =160 MeV (9% rms fluct.) @ @ =42 pC (37% rms fluct.)
@ AE =30 MeV (13% rms fluct.) @ Af = 5.4 mrad (24% rms fluct.)
Beamloading = high peak current, short duration J




Colliding pulse injection

Transition Radiation

Single Electron
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Conclusion
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Colliding pulse injection

Single Electron

Bunch duration

Bunch trains Conclusion

Transition Radiation
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Influence of bunch parameters
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@ Bunch length determines peak wavelength

J

Conclusion
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Influence of bunch shape

Symmetric bunch
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Conclusion

O. Lundh et al, Nature Phys., 7, 219-222 (2011)
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Bunch duration

Frequency-duration product

Shape Function Interval T/o 0w | o3um (fs)
Gauss exp(—t2/20?) [t] < o0 2.35 1.00 1.59
Cosine cos?(mt/27) lt| <7 277 0.95 1.51
Sech sech?(rt/20v/3) |t|<oo  1.94 1.10 1.75
Rectangle 1 |t|] <7/2 3.46 091 1.45
Triangle 1 —|t/7] lt| <7 2.45 0.95 1.51
Parabolic 1 — t?/272 It| < 7v2 158 0.90 1.43

w peak frequency

7 FWHM duration

o RMS duration

o3um RMS duration giving peak at 3 um

O. Lundh et al, Nature Phys., 7, 219-222 (2011)
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Infrared OTR spectrum
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Measurement of the bunch duration

Orms ~ 1.5 fs Tewhm = 3 — 5 fs, depending on
~ 4 kA bunch shape

O. Lundh et al, Nature Phys., 7, 219-222 (2011) 12/23
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Visible OTR spectrum

@ n. =101 cm3,
Ap =106 pim

@ Some shots show spectral
oscillations

@ Interference between CTR
from multiple bunches

dN/da (10° photons/nm)

@ Modulation cos(wT) give

ol ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ..
540 560 580 600 620 640 660 680 700 720 740 separation in time T
Wavelength (nm)

@ One oscillation, Aw = wy —wy = 2mrc(A\[ 1 = A1) =27/ T = T =~ \3/A\
@ Ex. 1: 600?/34 = 10.6 um= 1.0\,
@ Ex. 2: 6002/7 = 51.5 um= 4.9,
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Two electron bunches
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O. Lundh et al, Phys. Rev. Lett., 110, 065005 (2013) 14 /23
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Multiple electron bunches
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@ Peaks in Fourier Transform always coincide with n- A,

@ No apparent signature of multiple bunches in e-spectrum

O. Lundh et al, Phys. Rev. Lett., 110, 065005 (2013) 15/23
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Fourier transform: average over all measurements

ne =10 x 10 cm—3, A\, = 10.6 um
114 measurements, 61 with interferences
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Colliding pulse injection

Counts

Counts
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Influence of plasma density

Bunch duration

Bunch trains
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Conclusion
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Influence of plasma density
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S 13x 10 93 10% 1.1 91 pC
CPI 10 x 108 10.6 56% 9.9 27 pC
CPI 7x1018 125 42% 6.9 34 pC

O. Lundh et al, Phys. Rev. Lett., 110, 065005 (2013) 18/23
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Fringe visibility and the wavelength

Normalized bunch distribution

Two bunches, rms duration o1 and o2, charge N; and N> and separation T.

f(t) = M exp <_L2>+ Na exp <_ﬂ)
V/2mo? 207 V/2mo3 20%

Fourier Transform

?(w) _ Nle—(wﬁl)z/2 + /\/26—(4«“"'2)2/2

Form factor

~ wZ
F(w) = [f(w)]® = Nfe_wzo% + sze—w%g + 2N1N2e7(0%+”%)cosz

Fringe visibility
Fmax - Fmin

2£ wi2(a2_c,2)
V = = h = (N->/N 2 2 1
Fmax 4= Fmin 1 S 52 » where 5 ( 2/ l)e

Conclusion
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Colliding pulse injection

dN/d (10° photons/inm) .
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Bunch duration

Bunch trains Conclusion

Measured fringe visibility is nearly constant

Wavelength domain

Frequency domain, normalized and
flattened by smoothmg spI|ne
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Estimating the bunch charge

Fmax - Fmin 25 LZ(02702)
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@ Only data suggesting only two bunches included (one peak)
@ Majority of the charge in the first bunch

O. Lundh et al, Phys. Rev. Lett., 110, 065005 (2013) 21/23



Bunch trains

Estimating the duration?
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Conclusion

Conclusion

CTR is a powerful and simple diagnostic that gives crucial
information on the temporal distribution of the electron
beam.
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