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Abstract. Interaction of femtosecond laser pulses with metallic tips have been studied extensively and they
have proved to be a very good source of ultrashort electron pulses. We present our study of interaction of
Laguerre-Gaussian (LG) laser modes with Tungsten tips. We report a change in the order of the interaction for
LG beams and the difference in the order of interaction is attributed to ponderomotive shifts in the energy levels
corresponding to the enhanced near field intensity supported by numerical simulations.

1 Introduction

Laguerre-Gaussian (LG) modes are a solution to the para-
axial Helmholtz equation with a cylindrical symmetry.
The most interesting properties of LG beams are a result
of their topological phase structure. The phase of an LG
beam continually increases counter-clockwise, on a cross-
section of the beam, along a closed loop from 0 to 2πl,
where l is an integer called the topological charge. Since
the angle 0 is equal to 2πl, a continuous distribution of
phase is obtained resembling the topological structure of
a mobius strip [1]. A phase singularity, also called a vor-
tex is formed at the centre of the beam where the phase
remains undefined. Due to this azimuthal phase varia-
tion, the wavefront appears twisted in shape. This twist-
ing of the beam is identified as the OAM of the beam
and the pitch of the twist determines the magnitude of the
OAM which is related to the topological charge. It was
shown that the projection of the OAM along the direction
of propagation is equal to l~ per photon averaged over the
beam [2]. Thus, individual photons carry orbital angular
momentum in addition to spin angular momentum in LG
modes.

In practice, such beams are obtained from Gaussian
modes using computer generated holograms [3, 4] or spi-
ral phase plates [5, 6]. Other methods involve astigmatic
mode conversions where high order Hermite-Gaussian
(HG) beams are passed through a pair of cylindrical lenses
and the Gouy phase shift thus introduced results in the
conversion of the HG mode to an LG mode [7]. Lower
order LG modes were generated in the cavity of solid state
lasers using nanoscale mode selection elements [8]. The
detection and characterization of the mode of the resultant
beam can be done using interferometric techniques [9, 10]
or by studying diffraction of the beam through different
apertures [11, 12].
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LG beams are central to various applications in diverse
fields. In the field of communication, LG beams were used
to encode multiple bits in a single photon [13] with an in-
herent security feature that does not require any mathe-
matical or quantum mechanical encryption. LG beams are
used in imaging applications to achieve super-resolution
upto the order of λ/25 in Stimulated Emission Deple-
tion (STED) microscopy [14, 15]. LG modes are well
suited for Gravitational wave detectors as they are reported
to reduce the influence of thermal noise in such systems
[16, 17]. Other applications include micromachining [18]
and optical tweezing [19].

Considerable amount of research has been done on the
properties of LG modes and the transfer of OAM to matter
at various scales. For instance, it was shown in the case
of photoexcitation and photoionization of atoms by OAM
beams, the selections rules can be different than those of
plane waves due to transfer of OAM [20]. Properties of
above threshold ionization spectra by OAM beams were
calculated and predicted the existence of photoelectrons
emitted in the direction of laser propagation [21]. In high
harmonic generation, it was shown that the OAM was con-
served in the process of generation of higher harmonics of
the fundamental beam [22]. In metal nanoparticles, trans-
fer of OAM to surface plasmons have been theoretically
demonstrated and the excited plasmon mode was shown
to be determined by the Total Angular Momentum (TAM)
transferred in the excitation process [23]. For larger parti-
cles, the mechanical equivalence of spin and orbital angu-
lar momentum was established by the observation of can-
cellation (or addition) of spin angular momentum by or-
bital angular momentum to give total angular momentum
[24].

In this report, we have presented our study of inter-
action of femtosecond LG beams with metallic tips. The
electron emission and their dynamics from metallic tips
illuminated by femtosecond laser pulses are well known
[25, 26]. When light is focused on metallic tips of sizes
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smaller than the wavelength of the incident light, the field
value near the apex of the tip rises several times the inci-
dent field [27]. This enhanced near field leads to emission
of photoelectrons from the tip surface. In the case of vor-
tex beams, this near field enhancement can be different and
may lead to different emission properties. A comparison
of the electron emission rates is presented and we show a
change in the electron emission property for LG modes.

2 Experimental Methods

A schematic representation of the experimental setup is
shown in figure (1). A Ti-Sapphire laser lasing 25 fs,
800 nm pulses at a repetition rate of 1 kHz was used
as the source in the experiment. A combination of half-
waveplate and polarizer was used to control the intensity
of the laser beam. A spiral phase plate was used to ob-
tain the desired LG mode of topological charge, l = 1. To
detect the emitted electrons, a channeltron detector was
placed parallel to the tip axis. The output signal from the
detector was then fed to a Digital Oscillosocope triggered
by a high speed photodiode. The position of the tip with
respect to the laser beam was constantly monitored using
a CCD camera.

Figure 1: Schematic of the experimental setup used in the
experiment. BS1, BS2, BS3: Beam Splitters; M1, M2:
Movable mirrors; M3, M4: Mirrors; SPP: Spiral Phase
Plate; HW: Half Waveplate; P: Polarizer; L1, L2: Focus-
ing Lens; D: Channeltron Detector; PD: Photo diode. In-
set: Interferometric Autocorrelation Trace (IAT) with the
Tungsten tip as the nonlinear element.

3 Results

Inset in figure (1) shows the Interferometric Autocorrela-
tion Trace (IAT) with the tip used as the nonlinear ele-
ment. The emission process was fast enough for the mea-
surement of 35 fs pulses ruling out thermal emission with
characteristic timescales of 100 fs to 1 ps [28, 29]. Fig-
ure (2) shows the electron emission rates as a function of
the average power for Gaussian beams. The data depicted
in a log-log plot forms a straight line and the value of the
slopes are 2 and 1.6 respectively for tip voltages 0V and
40V. For the case of an LG beam, figure (3), containing

OAM (l = 1), the slopes of the log-log plot are nearly
equal to 1 for both 0V and 40V.

Figure 2: Gaussian beam when focused on the tip. In a
log-log plot, the slope of the curve represents the expo-
nentiating index (Γ = αnIn). The values of n are 2 (solid)
and 1.6 (dash). Γ is the emission rate, I the intensity of the
radiation, n the number of photons absorbed and αn the
cross-section of the interaction.

Figure 3: Counts variation with average laser power for
OAM beams. Slope of the lines are close to 1 for both of
the tip voltages.

4 Discussions

It is seen that in both Gaussian and LG beams, the yield of
40V is higher than 0V. This is because applying a potential
on the tip decreases the height of the potential barrier giv-
ing rise to a higher ionization probability. The slope of the
plot represents the number of photons absorbed in the pro-
cess of ionization. As seen in numerical simulations, the
intensity distribution indicates a higher field value at the
tip apex for Gaussian beams. The ponderomotive energy
due to this field distribution on the apex of the tip shifts
the continuum [30] higher for Gaussian beams than LG
beams. As a result of this shift in the continuum, the order
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of the interaction for the Gaussian beam is higher than that
of the LG beam.

5 Conclusion
In this work we have explored the interaction of metal-
lic tips with LG laser modes. The order of interaction for
Gaussian beams was seen to be higher than LG beams. It
is a result of a larger field enhancement factor for Gaus-
sian beams near the apex of the tip that lifts the continuum
higher so that more photons are required for ionization.
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