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This project, funded for 2.5 y^s, focused on the modelling of high power femtosecond pulse 
propagation m air. The work has been very succ^sfcl ^ has received a broad exposure 
amottgst se^emic, industry and DOD communities. Potratial appUcations abound for light 
!S A     \    electromagnetic pukes emitted from plasma channels generated by these light 

^qjaratiOT. Imitadp^ars were presented at flie Annual Optical Society of America meeting in 
Orlando (October 2M2), at flie DirectX Energy 2001 Woricshop at Kiiand AFB. at the 
mtenmuonal   Ultrato Nonhnear Optics and Semiconductor Lasers" workshop held in Cork, 
^e^l^r^f f Tj"'%'t ^°^-'' ^ *' "ta*«n«tional Symposinm on Ultrrfal Intense Last 
bcience to teheld m Quebec Qty, Canada from October 4^, 2001. and at the LPHYS2000 
mtemational conference in Bordeaux, Fmice in July, 2000. 

Asub^niract was awarded to Professor J.-C. Diels at the University of New Me«co as partial 

3^^ ^"^^T^i ^"^ "^ "^ ^^"^^ "8^* ^«°8«- "te C^les of Tucson, who were 
aS^ on a smal subcontract, provide vital support and connections to potential DOD 

l^m^,^ f^ T^ ''^* '^8 generation. A Phase H STm contract was recently 
awarded to Lite Cycl^ and Diels to build a UV source. 

O^ work ^d tet of other group in this field has c^tursd the attention of various DOD groups 
^d James Murmy, of Lite Cycles in Tucson, repte-^nted our effort at a DARPA meeting I 
W^hmgtonmJune,2002andaJASONS meeting at LaJolk in J^^^^ 
^RL) and Vmi Schlie (AFRL) have beai actively involved in renting our ^ to fe 

1 oday and the July 2001 issue of Physira World. 

^ fZ?* '^f^ ^opostdoctoml fellows (M. Kolesik and C.C, Cheng) partime at Arizona 
and a graduate student m the group of Professor J.-C. Diels at the Univ J? omew Mex^ 

3 004 
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Our existing adaptive mesh refinement schemes for both flie scalar and wctor propa^tion 
problems highli^ted some shortcomings ami technical difficulties in tracking extreme nonlinear 
optical compression of the pulse and gradiente in the generated plasms along the pulse directitHL 
Aitiioiigh the transverse waist of flie pulse is limited tp 80-100(i by plasma self-limiting, extreme 
spectral super-broa<tening along the pulse direction siretchra the validity of tiie 3D NLS 
envelope description, even with correction terms included. Unfortunately correction terms 
appear to be adckd in a ^mewhat ad hoc feshion in tpe literature leading to ftnrther confusion in 
physical interpretation. ; 

Oar collaboration with Janes Murray of Lite CyclesjInc.,Tucson continues to focus cm the 
obscurant penetration problem and LIDAR aj^licatipns. Professor M. Brio leads this effort witii 
support torn a postdoctoral fellow, Armis Zakhariai. We have preliminary results on Ml vector 
Maxwell solutiom to the problem of scattering of fcW <^le femtMecond pulses l^ o dielectric 
disk and we are relating these results, fyi linear propagation, to the classical Mie scattering 
formulas. We have been working with the group of l.-C. Diels at the University of New Mexico 
on comparing onr simulation r^ults to expeiimratelin the U^'^. This work has led to better 
measurements of taaismmM material constante that are critical to building predictive 
simulation codes. Professor UM. Wright of tiie Optocal Scien(^ Center le^s this interwrtion. 

I 
A paps: on our prediction of the highly transient ei|iission of a many kV/m EMP nanosecond 
duration pulse flom the generated plasma channel i/m published in Physical Review Letters in 
2001. This paper also anticipatsi the possibilhy that nwltiple plasma channels left in flie wake of 
individual chaotic light strinp, might emit a coherpnt RF buret with an N^ eihwioement of 
intensity. A recent p^ff, in Optics LetteiB, providfes dirwt experimental evidence for such an 
enhancement effect [TzortzaMs et al, "Coherent spb THz ractiation from femtosecond infrared 
filaments in air". Optics Letts? (to appear) 2002].! 

-200 200     400      600 
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The figure above shows tiie experimental data where a factor of 4 enhancemsit in the RF 
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emksioa from two neaiby plasma channels m observed when the light strinp overlap. 

3,Be-06 

We have recently derived 
a^neral non-envelope 
propagation model that 
systematically inchides 
linear and nonlinear 
propagation effojte to all 
orders for a forward 
propagating pulse, ITie 
model fully resolves the 
optical carrier wave (as 
shown below) and allows 
for propagation of tens of 
centimetre to mesr 
distances. It is folly 
vectorial in nature and 
contains the V»E vector 
coupling term ignored in 
scalar and most vector 
envelope nrodels. This   
enable us to look at CTtreme lineM^nonlinear focusing of ntaashort (fontosecond'attosKoncQ 
pulses down to vmvelen^ scales in a material. The picture on the right shows that we can 
resolve the optical carrier wave accurately usii^ about 8 points per vravelen^. Time .stepping is 
not restricted by the spatial propagation step - in &ct the basic time interval is Astenmined by the 
width of flie z-window in flie top picture. Therefore we coi advance the solution ovet much 
larger steps fcan wifli Maxwell solvea?. For exanqjle, the well-known FDTD method to solve 
Maxwell's equations in ID, 2D and 3D mpires 30-60 points per wavelengfli and flie space step 
is linked to the time step % flie Courant condition. Our unidirectional proi»gation approach is 
essentiaDy a unidirectional vector Maxwell model. The problem is^sed in flie spectral 
representation making it convenient to ii^ut physical material dispersion (absorption/refrection) 
o%'er many hundreds of nanometer bandwidths. Hiis is particularly in5)ortant for studying 
superamtinmnn generation in ^ses and condaised media. The unidirectional pulse propagation 
equation (UPPE) evolves tiie electric displacement vector D laflier than the electric field vector 
E in time. 

4.5a-0S 6,5»-06 
zfml 

BrL(0},l) - p-fc I.4L({5},*) 

The iist temi on fl^ mite contains tiie exact linear dispersion of the mateM and can contain 
full absorption and tiansiweocy band material qjectral featares input from experimental 
measursnaits. Taylor series expansions of fliis term teads to all higher order dispersion and 
space-time derivative terms appearing in higher-order envelope equatiom. 
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The second teim on the right contains a general nonlinear polMization tenn that is general 
enough to include nonlinear dispersive effecte, various delayed nonlii^ar interactions etc. The 
last term on the ri^t is the V • J term in Maxwell's equations. The above equation is formally 

exact and would be coupled to a corresponding backwMd field D^. Hy making the 

approximation P^iD) - P^iD^), we truncate the model by ignoring any backward generated 
field 

UPPE 
adZNEE 
adSNEE 
nitJal pjise 

The picture on tiie right shows 
the supercontinuum for m 
calculated by the UPPE model 
(soUd curve) and an aivelope 
model truncated to inclutte 
seojnd or<te (dash-dot) and third 
Older (dotted) dispersion. The 
location of the cut-off of the 
supercontinuum at short 
wavelengths (high jfrequencies) 
is a well-known featore of 
supercontinuum psneration in 
various media and the truncated 
models fail to capture this. 
Appropriate tnincations of our 
UPPE model lead to the usual 
extended NLS or to a recent 
model published in Physical Review Letters by Brabec et al. The UPPE is much broker in osope 
than this latter scalar model It also provides a seamls^s and physically tranqjarent transition to 
all oflier scalar and vector pulse prop^ation models m the literature. Isx particular we observe 
that, in studying supercontinuum generation, an in^prcpriate truncation of flie exact propagation 
equations leads to artifacts in flie computed sp^rtrum. The UPTO equation has also been used to 
demonstrate that the accepted physical scenario for limiting the ^jectral bandwidth of the 
generated continuum is not valid. We have shown that chromatic dispersion is a major player. 

We have also investigated the pt^sibility that femtosecond duiBtion laser pulses may more 
effectively penetrate through obscurants. Preliminary vector Maxwell simulations on the 
scattering of ti^tly focused pulses fix>m a dielectric disk show evidence that a significant 
coherent component of the mcident pulse propagates through the scatteier. Dynamic Mie 
scattering calculations support our numerical resulte in the linear scattering regime. Disk 
diametere ranging from 3 -10 ^mi have been stadicd. 

Publications: 
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