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OMICS Group International through its Open Access

Initiative Is committed to make genuine and reliable
contributions to the scientific community. OMICS
Group hosts over 400 leading-edge peer reviewed Open
Access Journals and organize over 300 International
Conferences annually all over the world. OMICS
Publishing Group journals have over 3 million readers and
the fame and success of the same can be attributed to the
strong editorial board which contains over 30000 eminent
personalities that ensure a rapid, quality and quick review
process.
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About Omics Group conferences

= OMICS Group signed an agreement with more than 1000
International Societies to make healthcare information Open
Access. OMICS Group Conferences make the perfect
platform for global networking as it brings together
renowned speakers and scientists across the globe to a
most exciting and memorable scientific event filled with
much enlightening interactive sessions, world class
exhibitions and poster presentations

= Omics group has organised 500 conferences, workshops
and national symposium across the major cities including
SanFrancisco,Omaha,Orlado,Rayleigh,SantaClara,Chicago,
Philadelphia,Unitedkingdom,Baltimore,SanAntanio,Dubai,Hy
derabad,Bangaluru and Mumbali.
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Fiber-based injection seed lasers are
an ongoing LLNL need

NIF & ARC MOR Mercury Injection Seed Laser
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T-REX PDL and Interaction Seed LBNL Photo-Cathode Drive

Lawrence Livermore National Laboratory LLNL PRES 610652



A future interest is laser technology
for accelerator applications

"!— U.5. DEPARTMENT OF

Workshop on
Laser
Technology for
Accelerators

International Coherent Amplifier Network (ICAN)

Summary Report

Japuary 23-25 2013

The future is fibre accelerators

Gerard Mourou, Bill Brocklesby, Toshikl Tajima and Jens Limpert

Could massive arrays of thousands of fibre lasers be the driving force behind next-genaration particle
accelerators? The International Coherent Amplification Metwork project belleves so and Is currently
performing a feasibility study.

-|_ he challenge of produdng the next
peneration of particle acoeleratars,
lahoratories such as CERN and more applied
tasks sach as proton therapy and emclear
transmutatian, has been talen up by the
bigh-imtensity laser commumity. With

the advent of chirped pulse amplifiction
(CPA) in 19585 came the ahility to generaie
ultrashort laser pulses with intensities in
exoess of 107 W an . A these infersities,
the dectraomagnetic Bad drives elactrons

door to msefinl effects like wakefidd

acceeratinn” and hard X-ray production Figura 1| Frinciple o 3 cohanant ampifiar network. An Intial pulsa from 2 seed keer (1) =

by bremsstrahlung, Compton or betatron {2, and spikt into many fira |:h:||1'ﬂ| 1:3] Each chanral Is ampified In mmlslngls-.wrhth I‘ﬂl
emission”. lon motion becomes relativistic’at  stages producing pukses of =1mu at 2 high repatition rate (43 A2 the charrels are combined coharantty,
intemsities above 107 W on® — anintensity  compressed (53 and focused () bo producs a pulse with 2n anergy of »10 1 2% 2 repatition rata of
regime demanstrated or anticipaied with 10 k- (7).

development projects for very-large-scals

imo relativistic mation, opening the

G. Mourou, B. Brocklesby, T. Tajima, J. Limpert, Nature
Photonics vol. 7, pp. 258 (2013)

|

http.//science.energy.gov/% 7E/media/hep/pdf/accelerator-ra-
stewardship/Lasers for Accelerators Report Final.pdf
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Block diagram of a single arm short
pulse fiber laser system
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Pulse quality in short pulse fiber
laser is a significant challenge

FROG Err 0. 006TOE0O 1

Inpat, cutput and retrieved spectram toad 1R

FROG data from a system producing 1uJ pulses
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The challenge increases with higher
pulse energy
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FROG data from a system producing 100 pJ pulses B = 6, Chirped Fiber Bragg Grating Stretcher
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Lowering B and using a bulk
stretcher improves the pulse

FROG Err = 0.0106159 Expt FROG Field
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FROG data from a system producing 500uJ pulses
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In FY12, we commissioned optlcal
fiber fabrication at LLNL

= Computational design expertise

Geometry

= “Stack and draw” photonic crystal
fiber preforms

= 8.2 m optical fiber draw tower

Mesh

Solution

aw
-------

Fiber

'''''''''''

Only facility in the DOE complex and unique for co-location of
process development and advanced computing power.
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Fibers are designed and then a
manufacturing plan is created

1.250mm x 217 (180 min)
0.970mm x 12 _ )
0.550mmx24 {{M ﬂ.« A '\ A

> \4&./-“/\./- . B
"5 ¥ ¥
A A A A A

,r -\/J\\/-. _, ,\,/\\.rg\\/z\/f\_
Lo L

!
Va xx‘* "\ 'd‘\/“\f‘\f"\ f‘-\[/* r\f’\fx -
' /\,f\.f '\\/kf '\]J“-f,"u{\r’\-/‘\ A \-]/
I

(:‘f““\/{\a‘-\/‘\-4"\!"1/"‘-_"*-\,-‘\/"\,"‘./"\r“"/‘
) | .

o r\-'\/\f\/‘\J\fﬁ-J\/u/‘ -"\/‘*‘.
n

Ie L) A | ) A 1{
i : 1‘)‘\/ k s \-/ - = ¥ - e ‘/ \yf \_J J{t i
m ) i A h
- i d T - W T i \"..'/“"._’i\‘. .‘- \ d
- . g ook ol ) LoLA :
| | I

Lawrence Livermore National Laboratory LLNL-PHES-61061512



Stock silica is drawn to the
dimensions for manufacture
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1 to 3 mm canes are stacked and
sleeved into a preform
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Pressure, vacuum and heat convert
the preform into an optical fiber

b
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Standard fiber lasers are limited in average power and
pulse energy, but we are exploring ideas for improvement

Average Power vs. Year Pulse Energy vs. Year
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= Little to no progress in diffraction limited single aperture power or energy
scaling has been reported in 4-5 years!

= R&D focus has shifted to beam combination as limits of conventional fibers
have effectively been attained

Novel waveguides offer the potential for improvements
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We authored a key study on fiber
laser power scalability
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The power scaling limits may be
overcome with a slab waveguide
Typical Circular Waveguide LLNL Slab Waveguide
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Slab waveguides permit 1-D heat flow, preferential bending perpendicular to the
. short axis and aperture scaling parallel to the long axis '
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A Yb3+ doped slab waveguide shows
stable laser amplification

10 W at 50% optical efficiency
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Modes are transformed to diffraction
limited beams via diffractive optics

Far-Field of
SLM-2 Camera
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Fig. 7. Experimental schematic of the mode-converter system which uses two dillractive
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optic elements.

Outside interest has already been expressed in this technique via
forthcoming blurb in Laser Focus World and interest in collaborations

A.K. Sridharan, et al., “Mode-converters for rectangular-core fiber amplifiers to achieve
diffraction-limited power scaling,” Optics Express, vol. 20, pp. 28792-28800 (Dec 2012)
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We have developed fiber lasers for
589 nm guide star laser systems

V4dN

938 nm Phase and NDFA
master __|amplitude |_|pre-
oscillator modulator amplifier
Pump diodes
Pump diodes
1583 nm Phase and EDFA
master amplitude pre-
oscillator modulator amplifier

v4d3
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Host quality yields low efficiency at 938nm, but

W)

938nm Power (

A key challenge was development of

900 nm fiber lasers

other glass compositions can attain 50%

10 1 3rd Stage, 2W In Pulsed

-#-2nd Stage, 1W In CW

0 10 20 30 40 50 60 70 80
Pump Power (W)

The challenges were suppression of lasing at 1um, lack of an industrial base at

the 900nm wavelength and a difficult to fabricate glass composition.
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The project also required 17 W of
pulsed power at 1583nm

100mW single frequency 1583 nm A 30W 1545 nm commercial fiber laser
seed laser with PZT tuning resonantly pumps the Er®* fiber
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Amplitude and phase modulators
and pre-amplifier module
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10W 589nm Fiber Laser
Feasibility of 900 nm fiber lasers to 15W
Pulsed 1583nm lasers to 15W
Frequency conversion of fiber lasers at high power
Laser in process of transfer to UC Santa Cruz
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Summary

= | LNL has a wide range of capabillities in optical
fibers and lasers

= We are focused primarily on pulsed fiber laser
systems for a variety of applications; injection
seed lasers, lasers for accelerators, other
scientific applications

= We have established the capability to make
micro-structured optical fibers and foresee many
iInteresting new possibilities in this area

Lawrence Livermore National Laboratory



B Lawrence Livermore
National Laboratory




We have demonstrated the capability

to make a wide variety of fibers
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Beam quality on the long axis is
stabilized via a higher order mode

Higher order modes can be thought of as

the interference of 2 plane waves

5

o’:::::‘o A
’otofo?e:::oj{/// kx
d OO XXX

PRAAAAAAAS k
R ’
Neore OO
0
AN
X k

Nclad

Higher modes have different phase
speeds and thus do not exchange
power efficiently
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A key challenge has been efficient transformation between these

higher order modes and diffraction limited beams
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Our optical fiber facility enabled us
to fabricate slab waveguides
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Let Us Meet Again
We welcome all to our future group conferences of
Omics group international
Please visit:

WWW.0MmICSgroup.com

www.Conferenceseries.com

http://optics.conferenceseries.com/
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