
What new physics are expected to be discovered and measured, and what is 
the advantage over laser driven relativistic flying mirrors?

1) ~100 as pulses
Impulsive excitation of valence electronic wave-packets in pump/probe experiments

Non-linear or Relativistic VUV optics 

2) 10 as or less

Impulsive ionization of valence states (direct probe of momentum-space electronic 
wavefunction)

Universal response to ionization

4-wave mixing experiments

Advantage over ROM

- Intrinsic synchronization with e-beam (for VUV pump/X-ray probe application)

- No pedestal in driving field
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FIG. 2. Probability for ionizing a wave packet as a function
of time for several analyzing field amplitudes. The wave
packet is created by exposing the 25d state to a strong HCP
whose amplitude is only slightly below threshold for ionization
(approximately 2.5 kV/cm). From bottom to top, the peak
analyzing HCP field amplitudes are 2.0, 3.7, 5.2, 6.9, and
9.5 kV/cm, respectively.

minimum delay of 15 psec is shown in the scans. Hence,
none of the observed features are due to temporal overlap
between the two fields.
Using the ionization probability vs delay scans for

13 different analyzing pulse amplitudes, the ionization
probability as a function of peak field can be extracted for
any time delay. With the aid of Eq. (3), this ionization
probability vs peak field data can be used to retrieve
the time-dependent momentum distribution of the wave
packet. The results are shown in Fig. 3, where clear
oscillations in the momentum distribution can be seen as
the wave packet evolves in time. The oscillations in p0z

can be understood qualitatively by considering the initial
eigenstate of the atom as a stationary charge distribution
which is symmetric about the x-y plane. The HCP
produces an impulsive force on the charge distribution,
giving it a kick along the z axis. The kinetic energy
gained by the distribution is converted into potential
energy as it pulls away from the nucleus in analogy to
a mass on a spring. The distribution then accelerates in
the direction opposite to the impulse, overshoots its initial
equilibrium position, and executes quasiperiodic motion.
Because of the anharmonicity of the Coulomb potential,
the wave packet alternately disperses and revives as
it oscillates [13]. Since the IMR technique measures

FIG. 3. Temporal evolution of the momentum distribution
for the same wave packet as in Fig. 2. Oscillations in the
distribution are clearly visible. The time interval between
adjacent traces is ,230 fsec. Each curve is obtained using
a smoothed spline fit to ionization vs field data similar to that
shown in Fig. 1.

the momentum-space probability distribution, not the
momentum-space wave function, no direct information
on the spatial characteristics of the wave packet can be
obtained. Fortunately, the response of the wave packet to
subsequent interactions can be formulated in momentum
space as well as in configuration space.
Although the huge number of stationary states in-

volved makes plotting the quantum mechanical distribu-
tion very difficult, it is straightforward to calculate the
time-dependent expectation value kpzl. To this end, the
time-dependent Schrödinger equation is integrated using
approximately 1000 basis states, including all n and l val-
ues from n ≠ 17 to 47 [6]. The calculation assumes that
the HCP which creates the wave packet has a Gaussian
temporal profile with a 0.5 psec full width at half maxi-
mum (FWHM) and a peak amplitude of 2.5 kV/cm. The
radial matrix elements for Na are calculated using a stan-
dard Numerov integration algorithm [14]. The results of
the simulation are shown in Fig. 4 along with the average
experimental values of pz obtained from curves similar
to those shown in Fig. 3. The agreement between the-
ory and experiment is quite respectable, especially when
one considers that the calculation predicts that hundreds
of states are actually excited by the first pulse, and that
the largest population in any of the states is less than
8%. Note that experimental results are shown for a sec-
ond pulse polarized parallel (measuring pz) or antiparallel
(measuring 2pz) to the initial pulse. The features in the
two data sets are 180± out of phase as expected.
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Q: Can this be combined with other TR proposal (D. Reis)? 

YES
Overlapping collaboration
Similar setup and sample environment



Q: Coherence is sparsely discussed in the proposal. What experiments are foreseen to prove 
coherence and ability to manipulate the phase to achieve shortest pulses?

In first experiment we will only prove bandwidth broadening.

In subsequent experiments we will perform streaking experiment to measure pulse duration.
These provide info on longitudinal coherence since they reconstruct time-energy distribution.

Good transverse coherence can be proven by focusing the radiation to a small spot and observe non-
linear phenomena OR with waist-scan measurements.
If setting up a photoelectron streaking measurement probably the first option would be the easiest.

To generate the shortest pulses the focus should be in increasing the e-beam field strength to drive 
electrons to even higher energies (therefore inducing stronger doppler shift)



Q: Will such source potentially make FELs obsolete?

NO
1) AMO community is a sizable fraction of FEL users but NOT a majority.
Most users interested in narrow bandwidth pulses (e.g. structural biology)

2) In the specific case of SLAC, it is hard to imagine how this could ever scale to MHz 
repetition rate given that we blow up the radiator at every shot. So LCLS-II will not be 
obsolete. Smaller facilities with normal conducting technology would be more 
vulnerable.

HOWEVER

FEL facilities are Swiss-army knives. If successfully demonstrated in VUV and extended 
to soft X-rays this would be a very powerful addition to the LCLS-X science program 
(and of other facilities).


