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Nitrogen fluorescence emission induced by femtosecond vortex

beams in air
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As the femtosecond laser pulse propagates in air, a self-induced plasma channel
is generated due to the Kerr self-focusing effect and plasma defocusing effect.
Femtosecond laser filaments in the air can radiate fluorescence. By analyzing and
measuring the fluorescence spectrum induced by femtosecond laser filamentation, we
can gain insight into the dynamics of atoms and molecules in the air. Vortex beams
have a helical wave-front and a phase singularity at the pulse center, and each photon
in vortex beams carries an OAM. The OAM carried by the beam will be transferred to
the excited molecules and molecular ions generated during the filamentation in air. It
will increase the complexity of the filamentation process, and inevitably affect the
accompanied fluorescence emission. However, there are few studies on the
fluorescence emission induced by the filamentation of femtosecond vortex beams.

In this paper, we experimentally study the variation of characteristic nitrogen
fluorescence signals induced by femtosecond vortex beams in air with the propagation
distance. In theory, we firstly introduce the physical process of the femtosecond laser
filamentation, including the mechanism of filament formation, nonlinear phenomena
in filamention. Then the vortex beam is described from three aspects: beam type,
generation and measurement. In experiments, we study the effect of topological
charge on the nitrogen fluorescence emission induced by femtosecond vortex beams
in air by controlling the spatial light modulator to change the topological charge, and

the fluorescence signals of spectral lines with different wavelengths are recorded by
Il
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the spectrometer along with the propagation distance. It is found that the topological
charge has a great influence on the nitrogen fluorescence emission induced by a
femtosecond filament: the fluorescence signals from nitrogen molecules (e.g., 337,
357 and 380 nm spectral lines) and molecular nitrogen ions (e.g., 391 and 428 nm
spectral lines) differ much in the intensity distribution along the propagation direction.
Based on the experimental results, the discrepancy is explained by revisiting the

generation mechanisms for nitrogen fluorescence, and it is found that the intersystem
crossing scheme can account for it, indicating that in the formation of N,(C’IT;), the

intersystem crossing scheme plays a leading role.

This work is helpful to the understanding of the physical mechanism of
fluorescence emission induced by the filamentation of femtosecond vortex beams in
air. And it lays a foundation for the study of spin-orbit interaction between light and

matter.
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A FHORAS 5T RUR T L2 RIS REE I 7R, s RESURIE IR RELL,
RO TRIE IR &, SE RO RS, HLANRER ST B RE B P REZ T
REREZE . WOCHIF B AR, MIIIEeIR, HAA Rtk Rike, =
AR R . WO, FREE AN TR E.

NI ARPNFANAZIE ) T 28 7, () Hridsk 1O BLAL R
NUSEILG . 2 JRRK—BUNTa], AT BT AR MR . BH%Z
DT IEAE 1917 SE5R 1 23R M B, V0GR AEB0E 134 . Schawlow A1l
Townes 55 AT~ 1958 455 — R SEHL T IR I 2RI O . BEJR AT & 28 K
ESLIGRTAL, T 1960 AEAER - S A AWOLEA, MMEBECHHEN TR E.
1965 4t BLIK B H AR, 0] DA EOE R RIE RS, ALK Ot R 58
T BEEROCEORINIZ D K e, NITEA S/ A TRk ERBeEN#H0L, M
LRI D gD B R ABTA O .

RPN B T R P R 5 PR e D0 S R R AT A S B A i o A
SV A AR, T EREOE T BLR RIS Eh . FE R Ty
T, TSR EE R MR RN TRV, 7T LA Rk S bR R B, 7 SR i o,
RAPBOERT B2 M T AR IE TR SRR AR SR ORI T S R TR

[6.7],

1.2 FRLTE A

WO A . AP IRT S S PRt A B R A A . 7E 5L
WEFH, A3 B R TEGK B g 1 kb B, Bl 42 AH A FH R B 8]/ 44
KB, AN TREIERE, FIEEE R IR KA E AR
PR B At . — B2 1995 4F, Braun 2 ARk %E 200 fs. HE5IAZ 10 Hz.
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P 775 nm e & 15 md (K EPBOGIKTE S A AL IR, R AR R AT
S B, WOLIREERA RS, KRR 7o XUER KR ROGAE S S A
T HREHNL, ] KRS, BATFREAME R R 22 . Ja SR 1)
BB AE ] PO S mT LUK BE B A5 4, HAE B 22T 5 3] km B 400
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CRBOLRKIE S TR, NSRS RN, W AR N0

n=n, +n,l(r,t) (1.1)
3Re(7") Wy
ﬁ¢%%&ﬁ%%$,m:—ig——%#%ﬁﬁ%%ﬁ,|ﬁﬁ%%ﬁom?

EAIOE R GER I A AN 5, B O A7 B SR Ty, A ZRAL SR AR, A3 0L
FEATPALSRIN, 2 SR B O BT R T I I AR, A R
BHEIERZCR, OURSE. XAy B RERN, WK 1.1@a).

__a
"

4 3 bn £

Radial distance QO
Radial distance

An I(r)  Propagation distance I(r) Propagation distance

B 11 medizh (B RENN; b)iEME.

Fikih o B - B SRR RNAE AR, B RE R E PR T
T RIREBE)N, AR, ERIEEREE TR RS TR
S ITH RBEAR, A TTSZIDEARAE TP L SE . BATIRHON S8 711
HUERONL, B L1(0) o e S B 51 AL Bl SR B 3T 3 2R A AR AR R

An(r,t)=- >
pcr

(1.2)

Fortt p(r,) WE R THE. o, =s,m,of /€ S8 TARIG A
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& 1.2 AR EES PR ES FiRme rEREM,

KT IO G 2 HLE], TR 7 an N =i,

Foah (e A . WO ] LB AR 2 HH— B A B R ) Dh 2 i Tl U 2H
[15.16] 1) F UEAE Dh R K T B BEIR AT RN, kA A RBERN, BHEBK,
IR B2 H A B B EE Y, i shR N T B R AR A DRV R &K ERT
XL Rl R RS E— IR TR T 22

Hol SR S8 AL REES w/RE RERRN . S5 FARRUER
A ki B IATE A o, 2 KA O e S S P AR, X =R RN A B 5
G, IRRNENATAT, AN, BT ERPSEE o E, Tblaris
—HIE .

AV BN ASHMERE Y . FOC K AEA BT TR AL BRI, R R R B T R
FER AW, BEIAS— e EE AR 2T ERE)R, k4
BB, FRAEARSE TS B T, M S B SV e e fE e ¥, [ERF,
T2 T WISCNAE R, 55 5 1R BE 6 Rk B o B R o2 o BEBs, ik i)
H RN AR, MR kAERRE, BEEREPENRE-SE-H
TR, RO K S IR B AL 1
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B EARALAS] L DGR B2 2B A T XK LR AR BLR Y A L
BEAT a7 HL A4

1.3.1 HesgsH®

ML H R AR A4, TR B R EERRL . G B B AT S AN B AR
RN —E I THE TR LY Bud B o Horb B RSO R 2 R AE
F, AR s AN TG 0 o 7 HCAE SN G R R B E S R A, 4
X PRI I IXAETE— @ FERE PR T OGRS sR R T —E
1B, FATFRIX AR G H (clamped intensity), #R “— &8 N TRE .

Braun 45 \IZE 1995 45, 4 H £l 5 5 AT LAS I Ay «

n |:p(|) + 1.224,) (1.3)
2 2p,  8angw '

A N 2P o7 al - K X e S
Ko, b4 H B R w~ (e ke s ome gk a
T 0.76n,p,

K 1/(K-1
mnﬂ#gﬁigi(),ﬁﬁﬁﬁ,%$%@¢%ﬁﬁL4%g%?w“u
W ATE X e B AT 7 REM 7. Kasparian 25 ATTFHESH, BOk®
FEAE S A DGR AN 5x 108 Wiem?, 258 AR HAZ A2 100
um% 2. Brodeur S5 AAFHHTEREREN BT, L1 EAR T LLAE] JUHCcKE 23,
Li %6 N RIVEOCLE MGt 2 G ot am e i 2o, B o B2 R 22 2 i — 2
R4, SRR BT, MATE SO 2R AR o b e i 29,

1.3.2 EAEALIAH
FE R T X E RS A, 24Ok sR AR R, AR 3 5 R &b
SRFEARAL . ARYESEHRIEN TP RR T R A n(t)=n, +n,1 (t), FTEARHA

J53 At 59 2 5 O kb 5 2 BE S TR ) A2 A 00, IX 2 S BUCIREAL FR i FE b K A 4
KR8 sl, FEAERRAR RSy, X — i FEFR N B A A7 18 i (Self-phase modulation:
SPM). IEEEOG I BRI A2 -
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w(t) = o @, z e (1.4)
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n(t) =22 2D s

EARAL R B BK S RAT 1 IR R S0 L kb i S S R U P A LA
orE, BKPJE VR BRI O A R 8, NS R, ikl 1.3
Fﬁﬂ—:\‘o

Intensity (arb. u.)

trailing front

Frequency shift
(arb. u.)
o

leading front

4t 2t 0 2t a,
Time

[ 1.3 )& HnRkAe) LA (b)E A~ ERRRSRERATH,

1.3.3 JtHE

REBOCES T LSRRI, T B SRS R bk o 5, ik B
FESRIZIS , A B R T5 0r T B R T 2RO T RS AONIES, IR
FRAEHES . JCRE R LAt T REP [ % B gl 280k 42 i g9 301 =
it

BOCER S EHE, @HEZ AT RNZ RN, EIHI 7256718
o 2T HLE (multiphoton: MPI)Z 45 7 AL IR Z A6 T, BERESE
MRS BNELLS NI, WK 14@F7R. EESEH 20T A, Bothker
SRR NG R . (EE BAESEILRE S A2 3, T R EE L MR EEB RS, K
b IR RDE T ER T 206 7 B & EADE T, XA R R L
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