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Introduction

Owing to its experimental simplicity, robustness, and (potential) cost efficiency, incoherent broadband cavity- Fig. 1. Schematic of light passing an

enhanced absorption spectroscopy (IBBCEAS)[1] inspired a number of different experimental implementations in M M optical cavity. From the ratio of the
wavelength-dependent transmitted

analytical and spectroscopic applications over the last 10 years. In IBBCEAS the transmission of broadband light
through an optically stable cavity consisting of high reflectance mirrors (See Fig. 1.) is measured using incoherent -
sources of radiation e.g. xenon arc lamps, LEDs. The advantages of IBBCEAS include its high sensitivity, high temporal

intensities (Io(A) and I(A)), the
== | effective reflectivity of the mirrors,
Re(A) and the sample path length

resolution, and large spectral coverage. However, one of the principle limitations to IBBCEAS is the coupling efficiency |[Io(A) M) | per pass, d, inside the cavity, the
of incoherent light to high finesse optical cavities. This study [2] was motivated by the objective to find a way of L L samples extinction coefficient, (),
increasing the amount of incoherent light inside a high finesse cavity without applying the principle of intra-cavity laser ‘ d ) can be calculated:

absorption spectroscopy (ICLAS)[3]. In contrast to ICLAS, this experiment was based on placing a "pulsed" high- ‘ ' 5()\) _ 1-Rerr(N) (IO(A) B 1)
temperature blackbody inside the cavity in the form of a laser-induced gas plasma, generated by a short pulse laser. d (M)

. -

Experimental setup Results of direct LIBS experiments

A schen_watic of th_e experimental setu_p is shown in Fig. 2. Thg Iaser-il_wduced breakdown wavelength / nm Fig. 3(a) shows the plasma
in ambient lab air was generated with a Nd:glass laser, which, on its fundamental of 350 400 450 500 550 600 650 700 750 emission spectra of ambient lab air
1055 nm, delivers pulses of ~2.6 m] at a repetition rate of 27 Hz with a pulse duration . R EEE R RN RN R N R R at different times after laser
of ca. 900 fs. Further compression of the pulse duration to ~200 fs was achieved with a 20 (b) i excitation. The gated spectra were
KDP crystal. 2 A | j accumulated over 500 laser pulses
In the present experiment, the fundamental and second harmonic at 527 nm were not > F10] i E ! and acquired in steps of 30 ns with
separated, but both were focused with a fused-silica lens of 20 mm focal length to 108 é; \ i | - a gate width of 30 ns. A grating
achieve a power density of ca. 1 TW/cm?, assuming a beam waist of 25 pm and a 20% B o] RoMTI it | i b with low dispersion (150 lines/mm,
conversion efficiency. The laser-induced plasma was monitored as a function of o T o e | resolution ~2.8 nm) was used for

wavelength and time using a monochromater (available gratings - 150, 600 or 1800 x If:j{jj:j}jjjj‘jjjj}1:::{:::{{::::{:::: the measurement.
lines/mm, blaze at 500 nm) in conjunction with an iCCD camera. (a) # | —0-30ns Important in the context of this
. — | Fig. 2. Schematic of the 1no cavity i :22:23 " work is the time-dependence of the
\\ 'ﬂﬁchrim?c ., experimental  setup.  The > 3- J ' ___9012;3 - | emission, because the direct LIBS
i purge gas used in the cavity @ | et | experiments merely served as
Achromatic was _either high grade N, or = i i ' OI1, Ol reference measurement to

Lens O,. The volume between the S 5 ‘l 1 :AI \ 25 L _ _

pu I | | HR mirrors was open to [ 1 | determine in-how-far the plasma
""" | ) [j Noltcww ambient lab air. In LIBS - f i ! ] A emission can be sustained inside a
e T (optiona) g;sietr'”;i?ﬁsHRWn':n?srts Wg;: - | ' .| cavity. A mono-exponential
Plasma Fiber Bundle — remozled ity “ | fgnctmn emplrlcglly d_escrlbed the
27 was replaced by a second ',u; Flme-de_pendent intensity very w_eII
Ig-::;iﬁpaunlzesznm achromatic lens of an 0 RN R = =T in the time range from the |nten5|ty
appropriate focal length. 350 400 450 500 550 600 650 700 750 maximum to ~140 ns. Fig. 3(b)
wavelength / nm shows the lifetime as a function of

Two different experimental configurations were used in this study: wavelength, based on contributions

(a) Direct plasma emission detection without a cavity. Fig. 3. (a) Relative intensity of the plasma emission as € th t' . lifeti
(b) Generation of the plasma on the optical axis in the centre of a near-confocal a function of wavelength for different times after the ©OF tN€ CONUINUUM €MISSION TTELME
cavity (Fig. 2) formed by two high-reflectivity mirrors. excitation. The dip at (530+8) nm is due to a notch due to plasma expansion and the
\_ > filter. Black arrows correspond to emission features decay times of excited species in
from NII, red ones to emissions from atomic OI. the plasma. Generally the effective

(b) C_Zharacterlstlc exponential decay tlm_e, T, @8 2 ifatimes vary between 15.6 and
function of wavelength. Insert: Typical mono-

exponential fit referring to the intensity decay at 614.7 31.3 ns, with a mean of (19.1+2.3)
nm. ns.

A laser-induced plasma was generated in
ambient air at the centre of a quasi-

confocal high finesse cavity and the relative
o 20 0.67 « iSSi i i i :
P P eem————— emission intensity was measured outside |  yiYslJo]go)u[o]g ] ollotu g=Jo) M e [-[T=[o IS SR-VAV | (=1 [R=1a (s MO
= 10d! 33 O the cavity. Fig. 4(a) illustrates this intensity
& 05{| fitfrom36t012ys (d) as a function of time and wavelength. A . .
=00 — : : 41 e No | Fig. 5(a) shows the plasma emission of
560 580 600 620 640 It WaS determlnEd that rOughly 25 tlmes 1 (a) Jo(azuleneinlabaxr) f s . . . . c
e e i s . e ik ambient air in the cavity, alongside that of
D g1 (363£0.15) s less light was collected from the plasma Y \ azulene (C;oHs). The wavelength-dependent
é“: B3 1 with the cavity setup than with direct - \ optical Iosslodu6e. to azulene is visible in the
% - rll-._:r:‘.t n.'t emission detection. As the light round trip | | el spectrum. The resulting fractional absorption
=0 Oe '2' 4663'8y time of the cavity is much shorter than the 1 | ‘ ' c J | S r'?
10 T ~1 | plasma lifetime, the absorption of the sl b S At | _s:)ch_ ru?g) gars]eous_tagu ene in a'g Is'ihog;l]n
9 9- | plasma during the initial phase of its e f s mb |g.t-( ), W tere |f|s compared wi : de
’ > ©F temporal evolution plays a role in the s ";;G%nf f\ Ho SIRERIRHRIN 22t {‘Uf_nt l‘Zm a previous stuady
\g 7 7 | significant lower photon signal. As seen in 020 f\ {\ | o using a supersonic jet [4].
g: :& Fig. 4(c), the temporal evolution of the ;0 (b) / N [\'N »“\ 43
- N emission has a second maximum at 3.6 pus, = ! \]\ | W V| \ B Fig. 5. (a) Light intensity leaking from the cavity in
‘; ;7 J t | the principle mechanism prolonging the ZZZ/\*\J"Q o ”\ | ambient air (black) and with azulene in ambient air
‘ _ emission without a gain process in the It Ul ]WN‘M Wi (red). (b) V|bron!c contour bands of the frgctlo_nal
2 24 - T f vet d tood e NWA ) \'LMJ*)\JKLUM 2 S; « S, absorption of azulene (red). Cavity ring-
1 1- | cavity 1S o _ye understood. _ _ e e e e e down absorption spectrum of azulene [4] shifted and
560 580 600 620 640 ndence in Fig. 4 i n th . .
wavelength / nm d_epe dElcE J (C.) 2 based on i Fig. 6 shows the y-absorption band of
time dependent dimensions of the plasma _
. . L molecular oxygen: 002 fuisattatriabistuastasibatiadietonatamiestuiuiiaisisss s
_ | _ | in comparison to the beam waist in the bis +(v'=2) < X35.(v"=0). For this i 0, (+-band)
Fig. 4. (a) Measured intensity as a function of ity preliminary ray tracing calculations : g \" ' < 1M B P e i
time and wavelength. (b) Spectrum in the second . . : : measurement the cavity was purged = 0.014 | WY 3»;3'-., MYl 1.5
intensity. maximum between 3.5 and| 3.8 s, (c) indicate that in the near-confocal cavity _ 5 =~ | U T ,qur,,l-,__,“'(g,;k,w,;w |
AL _ - - - i he si f the b L with a flow of oxygen at ca. 2 dm*/min. = | [ [y | RLLA LTS
E d d 646 4y alignment, the size of the beam waist in _ R | (L
mission time dependence at nm. (d) The detected v-band. with a band head il | "
Lifetime and corresponding value of (1 - R.) the cavity varies periodically and therefore Y P _ 0C‘O'f"g'f"‘g“'*“'q """""""""""""""""""""""""""" e
resulting from mono-exponential fit between 3.6 the light trapped in the cavity s at "’_628| nm, IS ShOZI\m |n_1|::|9- _6 Wcllth d | | | i f
and 12 ps. periodically confined to length scales at the previous yf measured —cavi g’ ri&wg- owIn oot4 L |l RRIE 05 &
centre of the cavity that are comparable to spect:‘um_ ﬁr comp?rlscl)n [5]. A true I hl l) ”| )JJ “_JL_ E
the dimensions of the plasma, causing the slainel (lenels slEaulizr SRyEEn) wes SRR i et it oot Y S
_ time dependent losses. not measured in this case since the 621 628 629 wavt;gngtht}s;m 632 B33 634

4 cavity was open to ambient air, thus

Fig. 6. Absorption spectra in molecular oxygen of

9 6. only  shows  the  (ractional the y-band. Top: Fractional absorption measured by
absorption (red trace), whereby Ip was purging the cavity with oxygen into ambient air.

simply taken as the linearly interpolated Bottom: Cavity ring-down absorption spectrum for
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