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Abstract

We present the latest results on the developmeathagh power fibre laser system for use in
a linear collider laser-wire experiment. The lasensists of a solid state oscillator which can
be synchronised to an external frequency referesiog,two amplification stages in double
clad doped fibre, givingrll) pulses in a burst mode suitable for a linearidmillaser-wire
system. This output is amplified in large mode greatonic crystal fibre to generate the high
pulse energy necessary for Compton scattering witlamy deleterious nonlinear effects,
whilst maintaining the high spatial mode qualityddream pointing stability of a fibre laser.
These properties are essential for producing tHensiaron spot sizes required for the
measurement of small particle beam sizes.
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1 Introduction

Meeting the challenging performance specificatiohgproposed future colliders
will require flexible and reliable beam diagnostidsaser-wires are beam profile
measurement systems that are non-destructiveariastan work for profiles down to
the micron level [1-4]. The construction of a coetpl laser-wire is a complex task,
and in this report we concentrate on the high polaser required and the current
progress being made on developing a fibre based #msplifier.

1.1 Laser requirements and proposed architecture

The parameters for a system suitable for laser-esxperiments are summarised in
table 1. The requirement for high pulse energigs £5100n)) at relatively high
repetition rates (6.49MHz) is beyond current fibeser technology. However, the
laser will operate in a burst mode covering 1m&Hzt which reduces the average
power requirements to within current capabilitiakh(ough such a system has not yet
been demonstrated). The major advantages of udirg lasers instead of solid state
technologies are their excellent beam pointingiktatand quality, efficiency, and
lack of necessity for direct cooling of the fibdeje to the high surface area to volume
ratio.

Parameter Value
Repetition rate 6.49MHz
Pulse energy 50 - 100n)
Pulse duration ~1ps
Beam quality M<1.1
Wavelength ~ 500nm

Table 1: Required laser parameters

The proposed architecture for the final laser is:

i) a solid state oscillator operating at aml locked to an external frequency
reference;

i) chirped pulse amplification (CPA) in two stagefsytterbium (Yb) doped double
clad fibre [5];

i) final power amplification in Yb doped photonatystal fibre [6-8];

iv) pulse compression using fused silica gratings a

v) frequency conversion to ~ 500nm.

After compression and frequency conversion thergissam is transported to the
laser-wire interaction point (IP).

2 Experiment

To carry out preliminary investigations into fibaenplification, a test system has been
set up as shown schematically in figure 1.
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Figure 1: Experimental layout

The commercial oscillator and CPA laser (Amplitusigstemes, Bordeaux) [9] is
used to seed an Yb doped polarisation maintainouplé clad fibre amplifier. The
fibre core diameter is n, which is slightly multimode at this wavelengthut
single mode operation can be obtained with caadfghment of the input.

The pump is a continuous wave (cw) 976nm dioder l&3enoptik) with output
power up to ~ 12W, which is coupled into the indedding (diameter 13fin) of the
2.7m fibre. The seed and pump are coupled into sipp@nds of the fibre using
dichroic mirrors, which are transmissive at the pumavelength of 976nm and highly
reflective at 1036nm, allowing the seed to be sapdrfrom the pump at the end of
the fibre and any unabsorbed pump to be safely édnap the input end of the fibre.
Coupling the seed and pump into opposite endseofiltine allows for optimisation of
the alignment for each beam separately and isthésoost efficient use of the pump
light. The fibre has two stress rods incorporatetb ithe inner cladding which
introduce birefringence and allow the input (linepolarisation of the seed to be
maintained along the fibre length, provided that plolarisation is correctly aligned to
the fibre axis (controlled by thie/2 plate in the input arm). It is necessary for the
amplified beam to have a stable linear polarisafwrirequency conversion to shorter
wavelengths.

The output power of the pump laser is controlledthsy driving current, and the
power and spectrum of the amplified seed are medsairthe output of the fibre. For
the initial experiments the seed input was kepinadiverage power of 100mwW and the
pump power increased to a maximum of 12W. To ingatt the energy storage of
the double clad fibre an additional experiment wagied out at a pump power of
10W while the incident seed power was increase®@Wo to find the maximum
extracted power. The seed laser can be operatasoirways: by using the grating
compressor, the output consists of short (0.5plsepuand bypassing the compressor
produces pulses of ~ 200ps. To avoid nonlinearcesffa the fibre produced by high
peak powers most of the experiments were carriéavith the long pulses.

3 Results

The output power of the amplifier as the pump @eased is shown in figure 2.
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Figure 2: Output power of fibre amplifier

The output is clearly pump limited, showing no sarrolloff at high powers. The
slope efficiency found from the linear fit is 86%h. the next experiment, the total
output of the amplifier was increased to 9.4W bgdseg it with 3W of seed power,
and by using higher pump powers (~ 400W) this casignificantly increased again
to the levels required for laser-wire experimenta linear collider.
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Figure 3: Total output and extracted power from thefibre amplifier

Figure 3 shows the total output and extracted @hgut minus the transmitted
input seed) power from the fibre amplifier. Themralearly shows that the amplifier
begins to saturate at an input power of 0.5W aiad tiee power stored in the fibre
length is ~ 7.5W. This is for a pump power incidentthe aspheric coupling lens of
10W, with the difference accounted for by residpaimp transmission and < 100%
coupling efficiency into the end of the fibre. Qligahigher pump powers will allow
more energy to be stored in the fibre and theredateacted as lasing output.

-4 -
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The spectra at the highest powers show no signsmfnear effects, as can be seen
in figure 4. This shows the spectrum of the seaérldoefore the amplifier and the
spectrum of the output at high power (7.5W). Thecs@a are nearly identical,
showing no signs of self-phase modulation (SPMptimulated Raman scattering
(SRS) [10].

Figure 4: Spectra of the seed and amplifier output

To demonstrate what the effect of nonlinearityhe amplifier would have on the
output, figure 5 shows spectra of the short and Eeed pulses amplified to a power
of 6.9W. The amplified short pulse clearly showgngficant spectral broadening,
whereas the amplified long pulse spectrum is idahto that of the seed input.

Figure 5: Spectra of long and short seed pulses atifped to 6.9W
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It is clear from this figure that it is necessamyuse the uncompressed seed pulses,
perhaps even lengthened further, to be able toifipl the required pulse energy
without spectral distortion. Avoiding spectral bdeaing in the amplifier is important
for the laser-wire project, as the lens used toagdbe beam to the IP has a restricted
bandwidth (< 2nm) and exceeding this severely dbggats performance. The current
output from the seed laser (4 - 5nm) is rather wilden is required, although we aim
to narrow the seed either by cutting the spectranthe stretcher or by placing a
narrow band filter before the final amplificatiotage. We are also investigating
alternative lens and focusing mirror designs witdex spectral acceptance to avoid
this problem.

Figure 6: Beam at output of fibre amplifier, with lineouts through the peak and
Gaussian fits

Figure 6 is a CCD image of the seed beam tranaimiki®ugh the fibre, showing
that is a nearly perfect Gaussian intensity distrdn. This data was taken without
pumping the fibre, but the excellent spatial gyadit the output is maintained at all
levels of amplification. The Klvalues of the orthogonal axes of the amplifiempatit
are 1.2 and 1.4, for all pump powers. These ateerdarger than ideal for the laser-
wire experiment (although experiments have beewresstully carried out using a
laser with an M of ~ 2), but reflect both a reduction in the beamality of the seed
laser due to bypassing the compressor stage anth¢hehat the fibre is slightly
multimode. It is expected that coupling the sesgdanto a strictly single mode fibre
will improve the M parameter in both axes to meet the required value.

3 Future work

More work is needed to fully characterise the tegstem output, including
measurements of its degree of polarisation and fith@ pulse duration. The
implementation of higher power pump diodes will leleathe investigation of the
upper limit for amplification without nonlinearie or significant amplified
spontaneous emission (ASE) for the uncompresseb@aeput in this particular fibre.
Having determined the performance of the amplifiader quasi-cw conditions we
will then run it with burst mode seeding to deterenithe optimum pumping
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conditions to amplify the pulses without introdugian unacceptable amount of ASE
into the beam.

This will be used to produce a specification foe tthoped photonic crystal fibre
(PCF) which will be used in the final system. Pmatacrystal double clad fibres can
have large diameter cores (BA) allowing for greater amplification, whilst
maintaining strictly single mode performance. Ashwother fibre lasers, they are
highly efficient, which means that active coolinigtioe fibre is not necessary, and the
large pump absorption coefficients mean that ohiyrts(< 1m) lengths are needed.
These qualities are extremely compatible with #guirements of the laser outlined
in table 1 and it is anticipated that using a PQRlie final power amplification stage
of the laser will enable those requirements to le¢ Mhe eventual aim of the project
is to install this laser at an accelerator testlifpand demonstrate laser-wire data
with sub-micron resolution.

4 Conclusion

We have demonstrated significant progress towatdglapower fibre laser system
suitable for use in a laser-wire experiment. Th& system currently produces an
average power of 9.4W at a repetition rate of 6.B@Mvith excellent beam quality
and no spectral distortion. Achieving this averpgerer under burst mode conditions
would easily fulfil the design criteria of 100/pulse and this is the focus of
continuing work on the project.
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