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Abstract

This paper presents the initial results in laser electron ac-
celeration from the newly commissioned E163 program at
SLAC and an outline of the initial wave of experiments.
These results include an inverse free electron laser (IFEL)
interaction with 800nm light from a Ti:sapphire laser which
will be used along with a chicane to produce optically
spaced electron microbunches. The microbunching is in-
dependently diagnosed via coherent optical transition radi-
ation (COTR) at the second harmonic (400nm) in order to
avoid large background at the fundamental due to the laser.
We will also discuss experiments that take the microbunch
train formed by the IFEL/chicane and perform net acceler-
ation using a second stage: an inverse transition radiation
accelerator (ITR). This discussion includes the experiment
layout and hardware as well as simulation of expected re-
sults.

THE E163 FACILITY
The E163 program is hosted by the NLCTA facility at

SLAC. An S-band photoinjector was installed to produce
sub-picosecond, 50 pC electron bunches that are acceler-
ated to 60 MeV with <0.1% energy spread. An additional
beamline was added to bring the beam into an adjoining
experimental hall [1]. The laser room housing the drive
laser for the photoinjector also houses a second laser for
laser-electron experiments. Both lasers are driven off of a
common oscillator providing excellent timing stability [2].
The experimental hall houses a large 2'x3' vacuum box for
experiments. This is followed by an electron spectrometer
providing 2 keV energy resolution. A streak camera and
Cherenkov radiator are used to time the laser and electron
beams prior to the experiment. Figure 1 shows the layout
of the full net acceleration experiment.

Commissioning [3] of the newly completed beamline be-
gan in March of this year and to a certain degree remains
on-going. The initial month long commissioning did not
include any experimental hardware in the vacuum cham-
ber. The hardware was installed during the month of April
and the experiment started up again in May. Initial results
for an IFEL interaction were obtained and are presented
in this proceedings along with simulations of the expected
COTR soon to be measured and the full net acceleration
experiment.
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Figure 1: Layout of the hardware inside the experimental
chamber. Optics adjacent to the chamber focus and steer
the laser through the undulator. Long working distance mi-
croscopes image screens both fore and aft of the undulator
as well as after the tape for the ITR experiment.

MICROBUNCHING HARDWARE

The microbunching hardware consists of a 3-period un-
dulator and a hybrid coil-permanent magnet chicane. Key
dimensions are given in table 1. The hardware is designed
to sit entirely within vacuum. Attached to the undulator
are YAG screens for aligning the electron and laser beams.
The coils on the chicane allow for 15% variation in the �eld
strength. Since the chicane sits in vacuum, heat dissipation
becomes an important issue. The chicane is therefore sup-
ported by a copper frame with water cooling coils attached
to the base.

The two pieces of hardware sit 5 cm apart in vacuum.
Initially the laser was introduced 30cm upstream of the un-
dulator via a dielectric coated pellicle mirror. This mirror
was found to cause signi�cant beam degradation. Numer-
ical estimates using [4] indicate an emittance growth by at
least an order of magnitude. As a result beam spot sizes in
the chamber were larger than expected. The pellicle was
latter removed and the laser introduced further upstream at
a window at the dogleg bend where the electron beam is
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Undulator
Period 1.8 cm
Number of Periods 3
Kw 0.70
Pole Material Vanadium permendur
Magnet Material NdFeB Br=1.25 T
Pole/Magnet Thickness 4/5 mm
Chicane
Field strength 0.25 - 0.41 T
Gap 7mm
Pole Thickness 19.5/38mm
Pole Spacing 5 cm center-to-center

Table 1: Microbunching hardware key properties.

Figure 2: The undulator and chicane installed inside the
vacuum chamber. Two screens fore and aft of the undulator
allow alignment of the laser to the electron beam.

brought in from the adjacent NLCTA beamline. Table 2
gives a list of current measured experimental parameters.

Parameter Value
E-beam energy 60 MeV
E-beam initial energy spread (rms) 40 keV
E-beam charge 50 pC
E-beam pulselength (rms) 0.5 ps
E-beam normalized emittance unkown
E-beam focused vertical width (FWHM) 100 µm
E-beam focused horizontal width (FWHM) 100 µm
Laser pulselength (FWHM) 0.4 ps
Laser wavelength 800 nm
Laser energy 0.4 mJ
Laser focused spotsize (FWHM) 99 µm

Table 2: Experimental parameters. The electron beam
pulse length and transverse size were measured using the
IFEL data.

INITIAL MEASUREMENTS
Despite the larger than expected spot sizes at the inter-

action point due to the pellicle, IFEL interactions were ini-
tially observed on the scale of 20-35 keV energy modula-

tion. Putting the measured beam parameters including the
larger spot sizes into a particle tracking simulation verify
that the expected modulation is around 35 keV. After re-
moving the pellicle considerable improvement was seen in
both the beam pro�les as well as the energy spread at the
spectrometer. Subsequent IFEL interactions then reached
closer to the 100 keV RMS modulation expected from de-
sign simulations.

The data is gathered at 10 Hz and takes the form of
cross-correlation plots of electron beam energy width ver-
sus laser delay. The laser is randomly turned on and off
to help distinguish the interaction peak and to provide a
non-interacted data set for other diagnostic analysis. Be-
cause of low energy tails seen in most runs, analysis is
done using the half width of the high energy side of the
distribution. Figure 3 shows a typical data run scatter plot
with a �t to the laser on data. We subtract in quadrature
the �t baseline from the amplitude to calculate the induced
spread due to IFEL alone. In this particular run from the
�t parameters we get an RMS modulation of 54 keV. Note
that the �t is pulled down by large jitter at the interaction
peak. The strongest interactions in the run reach greater
than 55 keV half-width, half-maximum, corresponding to
an RMS modulation of 93 keV. From the IFEL interaction
combined with prior knowledge of the laser pulse length
from autocorrelation[5] we are able to infer an upper limit
for the electron pulse length of 0.5 ps. We can also note
from the fact that the data under the peak of the interac-
tion is lifted away from the baseline that the temporal jitter
is quite small. Longer data runs with a �xed laser delay
showed a continued interaction over 5 minutes, the length
of the run.
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Figure 3: Example IFEL interaction. Run consists of 1020
events. A cross-correlation signal is clear. From the �t we
infer an interaction of 64 keV FWHM. We also obtain from
the correlation width an electron pulse width of around 0.5
ps.



THE COHERENT OPTICAL TRANSITION
RADIATION (COTR) EXPERIMENT

The �rst goal after establishing an IFEL interaction is to
observe the COTR radiation. The energy modulation re-
sulting from the laser-electron interaction in the IFEL is
converted to a density modulation in the chicane. Equa-
tion 1 gives an expression for the resulting longitudinal
charge density modulation. Here η is the strength of the
IFEL modulation and β is a dimensionless parameter de-
scribing the strength of the chicane such that β = klηR56;
R56 is the dispersion of the chicane. ρ0 is the initial charge
density, σγ the initial energy spread, and kl the wavenum-
ber of the laser. Figure 4 shows the resulting COTR output
at various harmonics as a function of the chicane strength.
Notice that each of the harmonics are maximized at differ-
ent values of the chicane.

ρ (z) = ρ0

[
1 + 2

∞∑
n=1

Jn (nβ) exp

[
−

(
nσγ

2η

)2
]

cos (nklz)

]

(1)
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Figure 4: Above: Expected COTR output at various har-
monics for 50pC bunch with a 30 µm spot size as a func-
tion of the chicane strength and η/σγ = 2.5. The actual
COTR is much less due to the larger spot size. Below: Op-
timization of microbunch FWHM for the same parameters.
Notice the tightest bunching occurs for a different chicane
strength than the greatest COTR output.

A screen downstream of the chicane is used as the radia-
tor with a �ip mirror to intercept light going to the camera

and divert it to a photomultiplier tube. To avoid the large
background at 800nm, COTR is observed at the second har-
monic using a PMT with two 400 nm bandpass �lters. The
PMT is also shielded from x-ray background. Data is again
taken as a cross-correlation experiment with the PMT out-
put being used as the signal.

Although efforts were made in this initial run to observe
COTR, no signal was found. This is likely due to the trans-
verse spot size still being too large. Figure 4 assumes a spot
size of 30 µm, for a spot of 100 µm the coherent output is
down almost a factor of 100. Later efforts will employ a
pinhole collimator and a dedicated foil for transition radia-
tion in order to observe the microbunching.

THE NET ACCELERATION
EXPERIMENT

The net acceleration experiment will combine the mi-
crobunching hardware with an inverse transition radiation
accelerator structure[6]. The ITR accelerator provides a
modest energy modulation of 70 keV, but has the bene�t
of relatively large acceptance compared to other optical ac-
celerator structures. The ITR setup has also already been
exercised in prior experiments and is known to work. When
combined with the microbunching hardware, simulation in-
dicates a net acceleration of 25 keV can be achieved. Fig-
ure 1 shows the layout of the net microbunching experi-
ment. Both the IFEL and the ITR are driven from a com-
mon laser split on an optical table adjacent to the exper-
iment chamber. Separate steerers and optics allow inde-
pendent alignment and a delay stage allows scanning the
ITR past the IFEL in time, both on a coarse level as well
within a single optical cycle. Just after the ITR tape a tung-
sten collimator limits the ebeam horizontally. Because the
ITR requires the laser at an angle of 1/γ, electrons at the
same time but with different horizontal positions see dif-
ferent optical phases of the laser. In order to observe net
acceleration we therefore have to limit the beam to 50 mi-
crons in the horizontal direction. While in theory the �nal
focusing triplet should be able to achieve this, it will likely
help to have the additional slit collimator.

For an accelerated beam to be useful it will need to have
a relatively small energy spread and thus a narrow pulse
length relative to the acceleration wavelength. This would
tend towards setting the chicane strength to increase the
higher harmonic content of the COTR. However, to get
the most net acceleration over the entire bunch, the only
term that matters in equation 1 is the �rst harmonic, thus
β = 1.84. The next quantity to optimize is the distribu-
tion of laser power between the IFEL and ITR. Figure 5
shows an optimization of of laser power to the experiment
for 1 mJ/pulse availabe power. Little acceleration is seen
until the IFEL modulation starts to exceed the initial en-
ergy spread. Too much power to the IFEL and there is
not enough power left over to accelerate. The optimum
varies for the amount of power available but generally stays
around 1/3 of the power going to the IFEL.
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Figure 5: Optimization of laser power distribution for the
net acceleration experiment. Plot assumes an initial en-
ergy spread of 40 keV, an IFEL modulation strength of 100
keV for 1 mJ/pulse laser energy, and an ITR modulation
strength of 70 keV for 1 mJ/pulse available.

Simulations of the net acceleration experiment were per-
formed using a simple particle tracking code and mag-
netic �elds for the microbunching hardware output from
Radia[7], a boundary element method magnetostatic �eld
solver used in the original design of the hardware. The
laser is described by the analytic paraxial wave approxima-
tion for a TEM00 mode1. Figure 6 shows a simulation of
the net acceleration experiment. The simulated parameters
are the same as table 2 with the addition of a second laser
beam driving the ITR stage with 0.6 mJ/pulse and a 50
µm waist.
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Figure 6: Expected results for the net acceleration exper-
iment. The plot shows the shift in the beam energy as a
function of the IFEL laser versus ITR laser relative phase.
A �t to the data gives an expected amplitude of 30 keV
shift.

The total energy spread after the IFEL and ITR inter-
1The actual laser has an M2 of 1.5.

actions is expected to be 150 keV. The centroid jitter has
been measured to be similar, though avenues for reducing
this jitter have been identi�ed and will be pursued. Nev-
ertheless, with suf�cient statistics it should be possible to
observe the centroid shift with optical phase delay between
the IFEL and ITR.

THE NEAR FUTURE OF E163
It is expected that the experiments described here will be

executed within a few months. It is likely a few iterations
on the net acceleration experiment will be necessary to ad-
dress possible optical phase jitter due to vibrations or im-
proved ebeam focusing and collimation if necessary. Also
planned are a series of experiments studying ITR at vary-
ing tape surfaces[8] including varying the tape angle, sur-
face type (metallic, �at dielectric, rough surface) and also
a clear tape that should allow acceleration at both the up-
stream and downstream interfaces.

The experiments will then change direction to begin
studying optical scale structures. This will start with the
testing of a permanent magnet triplet[9] to obtain the tight
focusing necessary to couple the electrons through the
small structures. We look to observe Cherenkov induced
wake in a photonic bandgap structure[10] and pending suc-
cessful observation of the wake accelerate electrons by cou-
pling in laser light from an optical parametric amplifer
at the same wavelength as the wake. Another structure
we plan to test is formed by two gratings close together
excited by a laser pulse traveling transverely through the
structure[11].

ACKNOWLEDGEMENTS
The authors would like to thank the Janice Nelson, Doug

McCormick, Justin May, Tonee Smith, Keith Jobe, and
Richard Swent for all their help and time in commissioning
E163 and running the experiment.

REFERENCES
[1] �Beam dynamics studies for a laser acceleration experi-

ment� Colby, E.; Noble, R.; Palmer, D.; Siemann, R.;
Spencer, J. Proceedings of the IEEE Particle Accelerator
Conference; 2005; v.2005, p.2024-2026

[2] �Diagnostic and Experimental Procedures for the Laser Ac-
celeration Experiments at SLAC�. Christopher Mcguinness,
Eric R. Colby, Rasmus Ischebeck, Melissa Lincoln, Tomas
Plettner, Chris M.S. Sears, Robert Siemann. These Proceed-
ings.

[3] �Beam Commissioning Studies for the SLAC Laser Accel-
eration Experiment�. James Spencer, Eric R. Colby, Richard
Iverson, Janice Nelson, Robert Noble, Chris M.S. Sears,
Robert Siemann (SLAC, Menlo Park, California) These pro-
ceedings.

[4] Max B. Reid. J. Appl. Phys. 70 (11), 1991.
[5] �Correlating Pulses from Two Spit�re, 800nm Lasers�. Wal-

ter Zacherl, Eric R. Colby, Christopher Mcguinness (SLAC,



Menlo Park, California), Tomas Plettner (Stanford Univer-
sity, Stanford, Califormia). These proceedings.

[6] �Visible-Laser Acceleration of Relativistic Electrons in a
Semi-In�nite Vacuum� T. Plettner and R. L. Byer and E.
Colby and B. Cowan and C. M. S. Sears and J. E. Spencer
and R. H. Siemann, Physical Review Letters, v95, n13,
134801, 2005.

[7] O. Chubar, P. Elleaume, J. Chavanne. Journal of Syn-
chrotron Radiation,vol 5,pg 481-4, 1998

[8] �Inverse-Transition Radiation Laser Acceleration Experi-
ments at SLAC�. Tomas Plettner, Robert L. Byer (Stanford
University, Stanford, Califormia), Eric R. Colby, Rasmus Is-
chebeck, Melissa Lincoln, Christopher Mcguinness, Robert
Noble, Chris M.S. Sears, Robert Siemann, James Spencer,
Dieter Walz (SLAC, Menlo Park, California) These pro-
ceedings.

[9] �Beam Coupling to Optical Scale Accelerating Structures�,
Christopher M. S. Sears, Robert L. Byer, Eric R. Colby,
Benjamin M. Cowan, Rasmus Ischebeck, Melissa R. Lin-
coln, Tomas Plettner, Robert H. Siemann, and James E.
Spencer AIP Conf. Proc. 877, 665 (2006)

[10] �Optical Wake�eld from a Photonic Bandgap Fiber Accel-
erator�. Chris M.S. Sears, Eric R. Colby, Rasmus Ischebeck,
Robert Siemann (SLAC, Menlo Park, California), Robert L.
Byer, Tomas Plettner (Stanford University, Stanford, Cali-
formia). These proceedings.

[11] �Proposed Few-cycle Laser-particle Accelerator Structure�.
Tomas Plettner, Robert L. Byer, Patrick Lu (Stanford Uni-
versity, Stanford, Califormia). These proceedings.


