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Fig. 1. Experimental setup.

3 EZRERMITH

i FHAS RO BEIR (18 J /em?, 39 J/cm?, 115
J/em?) FUARRIRKTE (50 fs, 500 fs, 4 ps) Ik HE ki
WOBTER A (4 x 1074 Pa) Hhbelivf 28, i ol mi it

214201-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 21 (2015) 214201

Pt 18 73 3 A S 6 O, W9F FE B0 REIAUAT Ik 58
XU S D AN TR 2L 7 F e R s A A R S

3.1 HOLRERIIRSF Y& S IERI R

B, FATH 50 fs, 115 J/cm? i Bk b B0 7E
LA e A A 7 AR R IS A IR S O' 1 gk AT B
F. LI R 2 Fis. WE 2 (a) 1 ns B [A]SE
IRIETE 22 v DU H SRR R 5 61 B 370—700
nm SRR 3 AN Y (W) M. 1X =AS6IE
U TE 2 ns B BE 0 B S, JL 0B 43 53l A7 T 416 nm,
469 nm A1 512 nm. [FE, 2 ns i IZE S5 55 &t K
Bom. B2 ®) e, 6 ns i, 7F 440 nm, 551 nm
589 nm XAl LT 3N, I H 6 nshY,
T 25 T I T W ) 8 R B ik B A KA. FRATTER X
6 AN i I 43 5132 i band (1)—band(6), w1E 2 (b)
Fios. B2 (c)H, 16 ns I BT & 55635 172
A5 6 ns A LLEEAAAS, 2RSS, B2 (d)
H1, 56 ns B, &GS ) T IR A R, R R
NS R R AT ~250 ns TEATH K.

E M5 O R se G i B fE s Re i kB
BOCER T (i 2 W 115 J/em?) Be 19 (b n
1 ns) 22/ A KRB RS S 118, BNHEMRZ

wn
= 2.5 [ (a)
,D. 2.0 I| | ~2 s
o
@
'2 1.5 - ”'%
.@ |
= 1.0 g T
o |
= 0.5 1 ns
0
400 500 600 700
PR /nm
6
2 ()
Z 5
2
=z 4
3
< 3 \
B ] _~16 ns
=
Ho
R L R . |
1 ns
0 i i i
400 500 600 700
Pk /nm

VI e b= AL R AR bE R - BRI WA e A, IO RE
AL B A R P TG I 2 AR IO ek, R SR P
IR/ TR ZHIRE. Feih )51 (tbaE 2 (d)
[ 36 ns) W 5490 32 22K E AR B T ) #E A IR 2
Wi, Hord e S ORI B AR (FL AR LI T R 2
FERPARAR DONY . [RIk, AT LA AR oy 39 0 R 6
T S (W 2 (a) 1 ns FIIESLTE) A2 ik
S5 BRI BUE S AR I TR AR 1) R SRR K
FEIR (WP 2 () Frow) tHBE SIS 1) R L Behid
Tt e 1A B B ) 32 S8 1 87 e 5 25— 4 A il 1% 3 [

ZHEN, B2 H L 6 AN 61 I I R Tk
PhmE ) R R kAR A Hodr, AL T 440 nm, 469
nm, 512 nm, 553 nm 1589 nm )% & Cy [ H T
RE 2] d311, A1 @311, 2 T8 AN [R) 4R 20 e 2% 1 BRI 4 S
(R R Ay = 2, 1,0, —1, —2) 1520 &A1) )&
T Cy B R#G 7 (Swan Band) Wik R4 0P K
LT 416 nm [FIERTRER B Ci5 FIH T HEZ ST AN
XIS 2 (0 R E ERAE B2, Sy T S A M 4y BT 5
S AN E A A A R, 3 A il g R
SRV o 3 U R ' i 0 1K) 0 A iR 5T o I 1] 1 AR 4
P

12.0
z (b) @
‘2 10.0
=
= 8.0 ﬁ
< j .
S 6.0 4 ns !
™
= 40 (6)
AL
R 20 -y
4) ;
O 1
400 500 600 700
K /nm
1600 ()
n Q0
E 1400 | Mzso ns
ﬁ |
£ 1200 A
3
=
Z tooor M
I
2 800 WP A A ]
; —=56 ns :
600 i i i
400 500 600 700
1 /nm

B2 (MTIRE) 50 fs, 115 J/cm? HIKMHEOGTE FLa8 thopebhop S5 A5 R s S A0 i i 18 43 B R 5 D6 % (s 5ot it
2852 20 Mkt A S R ERA R, 700 nm FEIE G 98 R th OGS (R SR ATRCE RO A BB NE O 51 HEER))

Fig. 2. (color online) Time-resolved emission spectra of the ejected plume generated by 50 fs, 115 J/cm?

laser pulse ablation of graphite in vacuum. Each spectral curve is obtained by accumulating the plume

emissions produced by 20 laser pulses. The intensity decrease around 700 nm is induced by the short wave

pass filter placed before the entrance slit of the spectrometer.
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continuum at 520 nm; (b) time dependences of the peak intensities of the spectral bands of C2 and Cis

radicals.
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Fig. 4. Time-resolved emission spectra of the ejected plume generated by 50 fs laser pulse ablation of

graphite in vacuum with different laser fluences (18 J/cm?, 39 J/cm?). Each spectral curve is obtained by

accumulating the plume emissions produced by 100 laser pulses.
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Fig. 5. Time dependences of the spectral bands’ peak intensities ((a), (b)) and the emission continuum intensity at

520 nm (c) of the ejected plume generated by 50 fs laser pulse ablation of graphite in vacuum.
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Fig. 6. Time-resolved emission spectra of the ejected plume generated by 39 J/cm? laser pulse ablation of

graphite in vacuum with different pulse durations (50 fs, 500 fs, and 4 ps). Each spectral curve is obtained

by accumulating the plume emissions produced by 100 laser pulses.
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intensity at 520 nm (b) of the ejected plume generated by ultrashort laser pulse ablation of graphite in vacuum

with different pulse durations.
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Abstract

In this paper ultrashort laser pulses with different fluences (18 J/cm?-115 J/cm?) and pulse widths (50 fs—4 ps)
are employed to ablate highly oriented pyrolytic graphite in vacuum (4 x 10™* Pa). By recording the time-resolved
emission spectra of the ablated plume, the ultrafast time evolution of the ablation process is investigated. The Swan
bands of Cy radicals, the spectral band near 416 nm which may be assigned to the electronic transition from 'S} to
XlZg of Ci5 clusters, and the emission continuum ranging from 370-700 nm are observed. From the recorded time-
resolved emission spectra of the ablated plume, it is seen that at larger time delays only the emission continuum is
observed. The decay process of the emission continuum of the plume generated by 50 fs, 115 J/cm? laser pulses can
be divided into a fast decreasing stage (before 20 ns time delay) and a slow decreasing stage (after 20 ns time delay),
indicating that the emission continuum may come from two different compositions. During the fast decreasing process,
the bremsstrahlung of the ablation-generated carbon plasma contributes to the major part of the continuum; while
during the slow decreasing process, the thermal radiation of carbon clusters generated at a later stage of ablation mainly
contributes to the continuum. In addition, the existence time of the continuum generated by 50 fs laser pulses increases
with the decrease of laser fluence, indicating that laser pulses with lower fluences can generate more carbon clusters at
later stages of ablation. It is also found that for the 50 fs pulses, when the laser fluence increases at the early stage of
ablation, the quantities of carbon plasma and excited Cz radicals in the plume increase significantly, but the quantity
of excited Ci5 radicals with larger mass only increases slightly. Therefore the laser fluence has a great impact on the
concentrations of different compositions in the ejected plume, implying that different material removal mechanisms exist
for ablation induced by laser pulses with different laser fluences. Finally, pulse width plays an important role in the
time evolution manner of the emission continuum. As the laser pulse width increases, the two-stage decay process of
the emission continuum gradually changes into one-stage process, indicating that the existence time intervals of carbon
plasma and carbon clusters overlap each other for longer laser pulse width. And the whole evolution process of the
emission continuum induced by 4 ps laser pulses is much slower than that induced by 50 fs laser pulses. Longer laser
pulse width also causes the decrease of the spectral intensity of Ca radicals, and thus higher laser intensity favors the

generation of excited Cy radicals.

Keywords: ultrashort pulse laser, ablation, graphite, time-resolved emission spectrum
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