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- Conclusion

® Resonant multiphoton excitation
provides a flexible alternative to VUV
sources (lasers, synchrotron radiation)

® Selectivity and sensitivity
- atmospheric monitoring

® For dissociation dynamics studies,
appropriate detection devices have to be
implemented :

* LIF of neutral fragments

* Dispersed fluorescence

* H, H, ionization detection
(H-fragment spectroscopy)
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detection of heavy fragments C,H, C,, CH:
*REMPI
population distribution
*LIF



Experimenfal
Approaches

C,H*H —» C,;#2H

hv(VUY)
CH, —> GH*™ 7 | C,*+H,

3hv(REMPT)
N CH*+CH

* detection of heavy fragments C,H*, C,*, CH* :
» fluorescence analysis {SR)
'REMPI

LIF

* detection of light fragments : Hand H,
*REMPI

H-translational spectroscopy (internal state
distribution)
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Observed lifetimes for ungerade ns+nd
states of acetylene

lifetimes depend on: o

electronic component

® energy (n)
e vibrational excitation
3d+4s T 4d+5s 1T
: 4sc, 11, >10 ps 5so, ‘1, >10 ps
| vz=0 | 3ds, ', 50fs 4ds, ‘11,  ~10ps
3dn, 'Au  ~3ps adrn, A, <100fs
3ds,'d, >10ps  4ds, '@, -
4s0,'1, ~3ps 5sc, I, ~3 ps
v2=1 | 3d5,'r, 60fs ads, ', ~2 ps
3dr,'A,  ~1ps 4dr, 'A, -
3d5, '®, ~1ps 4ds, 'o, -
I Herman et al, Physica Scripta, 25, 275 (1982)
2 Loffer et al,,Chem. Phys. Lett,, 252,304(1996)
3 Ashfold et al , Mol Phys. 56, 1185 (1985)
4

Shafizadeh et al, Phil. Trans.R.Soc. Lond. A 355, 1637 (1 997)
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Rydberg State Dynamics
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linear geometry
= strong absorption spectrum (8-11.4 eV)

diffuse bands dominate the absorption spectrum
= predissociation ?
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ACETYLENE

- *CH; is a constituent of stellar atmospheres and
interstellar clouds.

*C2H; and its photodissociation product, C2H, form
carbon reservoir in the interstellar space.

*The photodissociation cross section of C>H>
depends on the photon wavelength (resonant states):

ROLE OF THE RYDBERG STATES ?
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Astrophysical Application
Photodissociation of Acetylene
in Circumstellar Envelopes

C,H, is one of the most abundant molecules in the
astrophysical media

Photodissociation of acetylene in the outer envelope
of a carbonated star, IRC +10-216 ; observations
and models

Dissociation mecanisms of the Rydberg states of
C,H, ; laboratory studies

Projects
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Figure 1:
General schematic sttucture of a dust forming envelope of a C—star. Like in a flow tube, with i increasing
distancs from the star the temperature deops until condensation oceurs. Simultaneously the pressure
decreases s well until the chemistry becomes cornpletely Frozen. Finally, the chemical eompesition of

the outflow material includes a gas of atoms, complex molecules, and ions with at admixture of dust
grains ‘of different sizes.
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Predissociation in the (4s+3d) Rydberg states ot acetylene

1 0
(a) G Hu 00 Observed
! 1 0 (3+1) photon ionization
| i H ', 0]
i
. ) 1 0 11 0
ae.dl&saé‘ﬁ-\:i%ﬂ : H *Au 00 F d)u 00

V*:O \’*sl L | i ] 1 1 L 1 1 | 1

N O* % / Q : (b) Calculated

. N 4 -~ without
TomzaTioN (i “j'f,_f) sou

predissociation

lel 5.20'[\":] PR -AT‘IH

AL
-
e

) I ) 1 . L 1 . I )

80800 80600 80400 80200 80000 79800 79600
-1

cm

TR H PRIDISOCIATION
ATZY 3so,vz! (Z orsd)
‘ 1)
(N=0) B i e .
2hs A o (c) Calculated
; “with"
¥X*T, v=0 o : predissociation
[
N =0
“"3 i-ri“-l n - ) | L 1 1 1 " ) 1
Spa(1) G ] 0
i n o
l 1 (d) u "o Observed
L 1 0 1 photon / H fragment-
e : H I, O, detection
¢ ' X i (Loffer et al. CPL 252,304(1996))
L L 1 1 : 2 1 L PR R ]
24650 24600 24550 O |
|
Tﬁ-‘z [W.‘I. Cke.unra omd $.D. Glsem (15‘33)]~ |
|
i



{o

. Sy ,..ﬂoum_.u mmmq..mmw...__msmw.ﬂ.__.u‘u,.h.....aa.m.,u och.

. - : . . T8 | oLzt

ey et etys ot oo od eoH o Y
...é. ;h ,
(d2) . - _ s , .
C Y : . ; 1952

- Smam_. _ L e No1LYZINO1010Hs ()
_ .ﬂﬂd
_ TN -9G60 1)

ﬁ EUMO?V SHLTIM 11V

-

L woaol é

Aduz ! mn>w*W..n¢

(ran' = v " £=nyqo) By W :

rotational
predissociation

!
tion

ioniza

- Dynamiecs
of Molecular Rydberg states

auto

~

>

vibrational ‘.



i 35 30 22 «U 19 o 0.0t

' ‘= LI I L T L L
OBSERVED RYDBERG STATES OF ACETYLENE | =135 ¢
; b 36 30 25 20 5 0.06
L i M T T v T 1 1 1 =
" CIH: , itﬂ-u, J =145 ’
CN"‘ _N P AR B R I R A CII,QDGQ-V)
20 000 [y ns0 ——  f f (a) Pump G'II 4sc
| 1 band head (J=14, 12,16)
- \ = Jn..P senes o\bsemed
£5000 i W nF gerich absent
’ ( predissocioted)
]
&
80 000 | | | | , | . . '
92200 92100 92000 91900 cm’
33 30 25 20
: Z.H"z gl M T T T T T T 1 5_0.04
#5000 | 5 L JERS 7 3 30 25 20
A | ’,, él AN I A B B S §_0.04
¢ . r=145
30000 | (b)
: 3PU ““““ T[%Co!cu\.q!.mci w Pump I:l‘l(bu".")’ds
L o u T band head (J=14, 16,18)
65000 LC 3s09 . 1
d |
| " Wi
Absorption speches Hermanamd Gllim  Physiea Serigha 25,(198) 23
ety Tentakton Orimde sb N T, Cham. Phye. FH0F B "
Aeichoten Tonisabion, (3hfld .20 T.Cen. Py 7 (a?), 5t ——
! 4 T, Cham, Pyge. (el 92200 92100 92000 91900 cm’

}, Fuiii b et -
SR : Tokad  excdahiom erergy  3hu+ hoy



o

N
e AVI

\ > Szzn-u R
%5 261'51*‘*5) (3+l) REHPI 0? CQH)_

]

[lIlIIII]IIIlIFl]]IIII'ITII[[]]IIII

1 "
L G X'2g | |

Polarisation circulaire

(95%) | x40

RN

X 50
\ A

--.-—'-\.'“""‘H-""‘"-;"‘\
1 l 1 L] L I L l 1 l L I 1 1 L i l l l I

T L} I T 1 T T ] 1 L] T T 1 T l T T ]0 T T

0
(3dn) 03 iau'lf; I?SD[')*rru
1!
Polarisation linéaire G 41I
i 38w [ R

® ® 160@® e @
I T Tt T 1 15Tt 3 I T

LI SR B B { | S LA IL AL B 2

81000 80500 30000

31500

Energie 3 h v (cm™ dans le vide )

Two-color REMPI

predissociation photoionization  autoionization

5 =’jfj.--**‘;"] T

A+B

Rydberg
A A
| 3w
A A
AB

Selection rules for Rydberg-Rydberg transitions
(hv,) Av=(
AJ=0,+1



Rotati onad Pr‘aPu QES

C,H," "
95000 2 B 3-photon dransicions
[
: / /// /// X 2Hu - Cz“;
- =1
90000 - M n=10
- L rt.s*
i N ]nu ( 656'.«' ) I S
1
- 4
85000 - 1, (4ds) -
B I 11—1 (550“) . : ..l.l i
[ z . (dpr,)
5 H'm, (3dp, ) mmmmm=== A (4Pﬁ ) bu -ty
A s S 4
80000 |- G ]Hu(4scg) _______________ 'z Gpm,)
[ F' (Du(3d6g) ]ng(4p“u) "
A e
75000 | F2,Gdx,)
- | J
[ D 'n, (3do, ) 'y Gpm,) |
I A, (3pm,)
i 1
70000 - e ¥, Gpm,)
i e 1 !
: r, (3ps,)
] C ', (3s6,)
65000 L )

. -100 0 100 -100 - 0 100
Etats ungerade Etats gerade (em™) (em™)



oWl A\ T TN T4 ) L)
O “supadg wr wonpy  wen) Qs Bemay) N Co951) 1" 35" T o PIESHanH
(gw) L.X " 2% ON %
c_s.v.ﬂmnfu.. 13w ﬂ.ﬁ‘...w-u d..wb..w.wjo ampnys mdzou..ma..*ou paOPIO0

PN 5 GOLUIAUSY ) 3633 W W] 2aymas(g "paiendod -n——ﬂ_zl,u,_.° n.._da o SRR JDeu

Foq rert , T, Q) JO NIAI TRUGNEIOL ) WY PAISIDILL 78 24 IS “IN[EA [ [FUOIIUIA

05l o0 Lod 0 o5~
063 341 JO PEAITU! WIS 31l W TIRpUNYG wanrenb | ) N2y A pAAGE) 2 1304 g1 ey Jon = 7 -
“RAMUIRLIARR SRR UY LNEIND2If 131e] ) 33t] O] SpUCUs3an) dess A3uua sty “Fudwnad 3
250 UL PR S2ot]  dund, SROLEA SUT TUMOUT WXt e1oyd-om1 (07 11X - ¥ 41 @ Seoiiiod [t
w3 T4Hh _ _ .

o9589v C6EP9r . EEE99P 90893t

Ay , 7 . - ,
g ayg
. )
I a— _
ey TEo e ]
NNOoN_nm By+llg ‘
R TR | P9 ¢
LS
TNT T Abm.&
' PIojyry ‘d ‘N "IN
*W.n&.
™MT v
\\\«.‘\\\ .‘-oz
|n - W n : ] . e .
...m m.. ' . Ulm lw.m u
@ 0 - Z -227%&f 3P
+ =6~ 4 "
+ Q
S ¥ 54
~ g o 5 O
v + + pn.. - .
(Y] _n _" > =0 (=
3 " a oo 9 9 5 M
@ ‘o) O.., et
“.J\
1 " = +_ —.T w.lw\.m
> < (o] ~ M M
L ] <] = 9
L o LU S T
Ly I my——er MILU
“I w vl 3

MULTIPHOTON
A ?\xa‘\‘m
EQackronic
Rotokienal
Po.rt\B
Censeq wene =

D
2
3



Multiphoton Spectroscopy

« Selections rules
« One-color REMPI
» Two-color REMPI
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PhotoePockron  detochem : REMPI- PES

> “apro- background “ spe ckroscopy

Photeelectron signal (arb, unit)
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* 1,2 or 3 tunable pulsed lasers (ns pulses)

excitation sources :
detection devices :
* ion mass analysis

- * photoelectron spectrometer



Multiphoton processes

Historical

»1931 theoretical predictions (M. Goppert-Mayer)
+1959 first observation (radio-frequency)

+1960 first observation (IR 1.06 pm)

+1970 tunable pulsed lasers =% REMPI

n-photon excitation probability

o I
>

o Zhv

W=c I* ‘;
Orders of magnitude :
Cs He Cs* E
BN 71 i

nhv 2 4 22 4 T

(532 nm)(1.06pm) (1.06pum) A A
Ilaser 4.108 21010 4101 332 nm 1.06 pm %
(W.cm*) CS HC

Comparison with the intra-atomic field

I=g,c/2 |Eyf2~ 101 W.cm? <= E,~10° V.em'!

» "weak field" 1 < 108-10°W.cm2

gxciting photon - resonances
« "strong field" 1 2= 1011 W.cm?

perturbing photon - "dressed atom”

. Resonantly Enhanced MultiPhoton Ionization (REMPT)
' = a tool for Rydberg state spectroscopy

M’
ﬂh hv L Ld
UVand VUV -» i
3hv
L visible _,I
' M

One color experiment :

M«—3h—v—>M**—-h—V—>M++e'

8

i » one-photon ionization strongly allowed for Rydberg states
e new electronic states accessible (multiphoton selection rules)

e ion or electron signal = information on the structure of the
resonant Rydberg state.



Molecular Multiphoton Spectroscopy
Atmospheric and astrophysical
applications

Dolores GAUYACQ
Laboratoire de Photophysique Moléculaire
Université de Paris-Sud, ORSAY (France)

« description of the process

« tool for molecular physics : Rydberg state
spectroscopy and dynamics

» experimental setup

« atmospheric application : a method for
monitoring atmospheric pollutants

« Astrophysical application : photodissociation in
the circumstellar envelopes




