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Towards mitigating explosive threats
using quantum controlled initiation
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Towards mitigating explosives threats using quantum controlled initiation

Quantum control of localized energy deposition into an energetic material is being investigated as
a method to allow controlled initiation and propagation of reaction without transition to detonation.
Quantum controlled initiation (QCI) of explosives utilize time dependent phase shaped ultraviolet (UV)
electric fields to drive the energetic chemical systems towards reaction. QCI searches for an optimally
shaped ultrafast laser pulse that will guide energy flow along a desired path. QCI can be exploited as a
stand-off mitigation technology that strives to reduce the impact of explosive blasts on people and property
by initiating controlled low order reaction.

Quantum controlled initiation experiments require: 1) optimally shaped light pulses, 2) pulse
shaping measurement, 3) feedback control algorithms, and 4) feedback measurement methods.
Femtosecond laser pulse shaping in the UV at 400 nm employs a fused silica acousto-optic modulator
(AOM) pulse shaper that consists of a 4-f zero dispersion compressor. Transient absorption spectroscopy is
used to measure the pulse shaper effects. Both global and local optimization search routines such as genetic
algorithm, differential evolution, and downhill simplex are used to search for the optimal pulse shape.

Hexanitroazobenzene (HNAB), Trinitroanaline (TNA) and Diaminoazozyfurazan (DAAF) are
excited to the first electronic state with 400 nm light. Our initiation experiments are studying the effect of
phase shaped 400 nm pulses on HNAB, TNA and DAAF. The transient absorption spectra for each
material have been obtained and note worthy regions further investigated with single parameter control
(second order spectral phase and energy). Many systems have simple intensity control such as that shown
by DAAF. TNA and HNAB have spectral features that are not single parameter driven and are being
further investigated to obtain fully optimized complex control.



What is the threat?

Mitigate or detect trace or bulk amounts of
explosives at stand-off distances

:Line of sight (laser)
-Bulk (initiation)
-Trace surface amounts
-Qutsides of casings, car doors, fingers
-Non-line of sight (acoustic)
-Bulk
-Stimulate signatures- thermal, vapor, RF
-Buried, well sealed (clean)

Problem: Cluttered background

2 Solution: Optimal control
» Los Alamos
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Optimal Control Landscape

- Control landscape has no traps

» Given a controllable quantum system, there is
always a trap free pathway to the top of the
control landscape from any location.

- Optimization is efficient and fast ' Peree
- Tens of generations using genetic algorithms
- Tens of thousands of experiments per hour 3 ol
- Optimal control is a smart machine o}“““lﬂffh“‘ﬂmjm’”ﬂ"‘%“““o;
- Uses science, engineering, and technology in the “ - Pops—
most efficient way  of

Use optimal control for | | gl
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Linear spectroscopy - unshaped pulses

Conventional steady-
state or linear
spectroscopy using
unshaped pulses

- Poor molecular

A .. . CH.,—NO,
discrimination
O
= NO; NO,
NH 7
o CH;
> Los Alamos
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Quantum Optimal Dynamic Discrimination

. Concept: Optimally CH.~NO,
tailored laser pulses
(photonic reagents)

- Enables selective
addressing of
different species

. Los Alamos
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Control by closed loop optimization

= Learning Loop
= Searches for optimal pulse using feedback control
= |nitiation experiment: Transient absorption spectrum
= Can use many optimization routines

i Jﬁ/fwwwr Signals

— Electronics

Fithess
“Probe”

e

shaped
800nm

400 & 266 nm Sample

detector

-Shaped 400 nm pump
-Broadband 325-750 nm super continuum probe for transient absorption



Cutting edge pulse shaping

= 400 and 266nm ultraviolet (UV) shaping
= Allows for single photon processes
= |n the low field limit

= 800 nm shaping
= Vibrational ladder climbing
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Examples of shaped pulses

260 264 268 272 260 264 268 272
nm nm

Transform limited ~150fs Simple linear chirp

ps

260 264 268 272

nm
S Dual sine waves
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Towards optimal controlled initiation

'Experimental test bed:
Cis-stilbene

A O ® N

-Energy / eV
N

.Reaction Coordinate / amu-* A-

5 trans cis DHP
> Los Alamos
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Optimize trans-stilbene or DHP product

-Feedback information
-Obtained from transient absorption spectrum of cis-stilbene

-.Cyclization (cis—>DHP 4a,4b-Dihydrophenanthrene) 400-500 nm

.Isomerization (cis—trans) 700
»320-330 nm

A

5
- Los Alamos
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Optimize trans-stilbene product

Achieved 2.08x increase above normal yield

272
270

Compressed pulse: ¢ *°®

£ 266

normal yield (1x) ;ZZ

272
270
268
266
264
262

nm

ps
Downhill simplex Differential Evolution  Genetic Algorithm

2.08 x 1.91 x 1.78 x



Single parameter control: linear chirp

Can we increase yield with simpler pulses, such as
linear chirp?

—@— isomerization
1 4J —@— cyclization

Shaped/ushaped fitness

T T | i I I T
8 2 = 0 1 2 3
Chirp (10° rad fs)

YES!

-Optimization at high energy recovers signal
yield

-High intensity accessing multiphoton e
transitions to higher excited states =




Optically controlled initiation for mitigation
.Control through single parameter

-Bandwidth key for control

> Los Alamos
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Normalized fitness

Normalized fitness

Single parameter control

0.20 1K K-le- -
s, T TEOe A
S 0.18 -4 n
i 490 nm 2 —#— 'Compressed 400 nm'
j - £ 0.16- -@- '775x 10° fs” Linear Chirp'
X c
‘ B & '-775x 10°fs? Linear Chirp'
0.14
0.12
T | | I I
1 2 3 4 5
Energy (uJ)

Linear chirp
490, 383nm
«Inflection point

-Population of =2 3 excited states
383 nm
-Intensity controlled
-Higher energy =»more chirp control
o : Energy
0 syl .Increased % transmission with

decreased energy
-Greatest effect seen on compressed
pulse Slide 14



Towards optimal control of explosives

-Potential energy surface unknown
-HNAB absorbs well around 400 nm
-Good starting point for control

) ,
~,':,l. e (”,
“ ;\ - =N A >
0 \ { \ Fi . —— HNAB/acetone 4.6 x 107 M
W 7 N\ N Jro— b o —— HNAB/acetone 1.55 x 10> M
N—{ ) i i l"} \f,{' —— HNAB/acetone 3.1 x 10° M
‘.: ‘s '.‘\ !,t' \ g ".:::“‘ /,:::." ‘*Z'; O o 25 —
O St - | £
/ N / \, 2
FI "\ ‘—‘:{] ) < -,. l = 2.0_
";” p 0= 'l'l‘ %
(1 " ) 5 1.5
£
1.0+
hexanitroazobenzene
‘ 0.5
O-O I T l T I T I
P 400 600 800 1000
P Wavelength (nm)
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Intensity (A.U.)

Intensity (A.U.)

HNAB 1.38 mM solution in Acetone |

460 nm s

650

[e}]
o
o

Wavelength (nm)
(3] (3]
o o«
e O

b
o w
o O

T | T T
0 10 20 30 40 50 60
Time delay (ps)
Ao

0 10 20 30 40 50 60
Time delay (ps)

- Los Alamos
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Hexanitrobenzene

Time delay (ps)

-Biexponential fits
460 nm
7,=8ps 1,=130ps
550 nm
1,=17ps 1,=223ps
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Single parameter control

N
] ) E 266
-.Linear chirp g
-Linear relationship of laser ) g
frequency with time . t
i
= v
. - e
-Energy relationship
% transmission of 400 nm with £
energy P
L (o)
S
- :
i
g Vv
e
L//B Al
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Single parameter control

0.43 Hexanitroazobenzene
550 nm 1-
0421 W iy
% -g 0.41 +
£ £
‘;; E 0.40 -
% 0.39 -| —# 'Compressed 400 nm'
£ -m- '775x 10° fs? Linear Chirp'
z 0.38 | & '-775x 10°fs’ Linear Chirp’
I T T T —
1 2 3 4 5
. - Energy (uJ)
. 1.0 460 nm Linear chirp
E 550 nm
= 0.8 :
5 -Symmetric about compressed pulse
s 06] -8 5ul \ B -Intensity control
£ -a- 3.5ul \ 5
2 oal A 17 \ l-: 460 nm
' =3¢ 0.6u) Y i -Asymmetric about compressed pulse
-400 0 400 «Possible complex control
Chirp (fsz)
Energy-
Norm Fit = chirped fitness -Decreased % transmission with

compressed fithess increased energy




Trinitroaniline (TNA)

O,N

/A
s IE:AIamos
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NH.

NO,

-Also known as picramide

NO,

-Absorbs well around 400 nm

Trinitroaniline

1.5
=]
g
8 1.04
c
3+
£
[o]
[72]
L
<C

0.5 -

0.0 N

| I T |
400 600 800 1000
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TNA 0.3 mM solution in Acetone

2 iy rinitroaniline

J £ 600
S -0.104 5 ’
< ] 369 nm g) 500 ‘
‘E -0.20 o
8 ‘ 0 -
£ 030, & 400 o e S

(I) SIO 1(I)O 1%0 2(I)0 25r0 A — ’ . - .

Time delay (ps)

. 035 0 50 100 150 200
3 03] 420 nm Time delay (ps)
> 0.25 . . .
2 o201 -Biexponential fits
[ Ittt l -369 nm (absorption)

0 50 100 150 200 250

| Time delay (ps) T1=1 1 ps 12=1 26ps

0.4
S 5 500 nm «420 nm (ground state bleach/
é 0.2 - stimulated emission)
£ 011 7,=9ps 1,=141ps
0.0~ T T T T T T
0O 50 100 150 200 250 500 nm (stimulated emission)

Time delay (ps)

14=12ps 1,=102ps
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Single parameter control

Normalized fitness Normalized fitness

Normalized fitness

Trinitroaniline *__AM-‘Q
0.18 J— A
® 0.16-
£
§ 0.14-
L —#— 'Compressed 400 nm'
> A% o -@- '775x 10° fs” Linear Chirp'
0.90-pd \= wle -775x 10° s’ Linear Chirp'
085— T T T I T T
el ' L 1 2 3 4 5 6
‘_ 420 nm Energy (uJ)
105  om.m f :k!\\ : . -
ool T e W, Linear chirp
0954 W& l L 550, 420, 369 nm
-Positively chirped pulses

«Intensity decreases with chirp
-Negatively chirped pulses

-Energy dependence

-Increased energy—increased signal

» - 3w "\": Energy
. a——— Decreased % transmission with
, 400
i decreased energy e



Diaminoazoxyfurazan (DAAF)

O

-Insensitive explosive

/
HoN N=N NH, -Produced in “green” synthesis
HN NH -Absorbs well around 400 nm
N\o/ \O,N

Diaminoazoxyfurazan
=)
Z
®
Q
| =
4]
£
o
w
o
<
—J\—.—M
T T T I
400 600 800 1000
ﬂ Wavelength (nm)
S
» Los Alamos
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DAAF 0.44 mM solution in Dimethylsulfoxide

700
oo 383 nm
g 30 = 600
g = fc;’ 500
= )
- 104 L} ©
0- , : , : : : ““ ; 400 &=
0O 10 20 30 40 50 60
Time delay (ps)
0.00
~ -0.04- Time delay (ps)
=
< : Ri .
> 008 490 nm Biexponential fits
E il =383 nm
-0.16 T1—8pS T2—83pS

T T T

0 10 20 3|o 4|o 50 60 70 _490 nm

Time delay (ps)
1,=0.3ps 1,=6ps

> Los Alamos

NATIONAL LABORATORY UNCLASSIFIED Slide 23
EST.1943

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA #‘l,“b /)




- Optimal Control Landscape

. Control landscape has no traps

- Given a controllable quantum system, there is
always a trap free pathway to the top of the
control landscape from any location.

- Bandwidth dependent
- Unlimited bandwidth
- Unlimited control

- Experimental limitations

P
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More bandwidth needed for control

- Present lasers allow for control but the extent is limited

- More bandwidth gives more control over total energy space
Present laser—> s

-5 fs laser ———
Cis-stilbene

.
....

-Energy / eV

7 e 5 4 3 2 4 o 1 2 3
-Reaction Coordinate / amu™ A‘t%ﬂ ’@' |

trans cis DHP



Achromatic second harmonic generation (ASHG) will
allow vibrational control with electronic resonance

800 nm Spatially 0.1 mm 400 nm
broadband in dispersed beam '
P : BBO crystal broadband out
NIR UV Prism
| s E STy A Prism > pair VT N
pair
Focus angle = phase
matching angle
i % —— BBO SHG phase matching
g —— Incoming angle
8 2 —— Angle difference x 10
@)
Q
)
o 07
=4
<< -2-
I T [ ]
700 750 800 850 900
Wavelength (nm
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ASHG doubles the frequency and frequency range

Fundamental
1.0
) 0.8 Not only the center frequency, but also
= y q y
\‘i 0.6 the frequency range is doubled.
@ 0.4- . . . oL
I3} This allows impulsive Raman excitation
= 0.2 and control over a larger range of
0.0+ , : - : vibrational frequencies.
11.5 12.0 12,5 13.01 3.5x10°
Wavenumber (cm ) Efficiency of ASHG is high (~40%)
Second Harmonic .. .
ASHG is insensitive to spectral phase
——standard SHG i i .
—— achromatic SHG noise (pulse is not compressed)

1.0
2 0.8-
=
2 0.6-
% 0.4
= 0.2

0. O e 3

. 23 24 25 2§;1 - = 11 o R ——— Sie 27
Wavenumber (cm )
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Summary

= HNAB, TNA, DAAF
* Transient absorption data
* Single parameter control
= Future
= Complex control

= Of non simple parameter response in HNAB
and TNA

= DAAF- further investigate degree of intensity
control

= Trinitrotoulene (TNT)

Ry Achromatic phase matching
- LosAIamos
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