i
INTERNATIONAL ATOMIO ENRERRGY AGENCOY
UNITED NATIONH BDUCATIONAL. BOIENTIFIC AND OULTURAL ORGANIZATION

INTERNATIONAL CENTRE FOR THEORETICAL PHYBICS

34100 TRIESTH (ITALY) - P.O.B. 888 - MIRAMARY - BTRADA COSTIERA 11 - TELEPHONE: S340-1
CABLE) CENTRATOM - TELEX 400801 - |

H4.SMR/381-31

COLLEGE ON ATOMIC AND MOLECUL AR PHYSICS:
PHOTON ASSISTED COLLISIONS IN ATOMS AND MOLECULES

(30 lanuary - 24 February 1989)

REACTION DYNAMICS WITH LASERS

P.R. BROOKS

Rice University
Wiess School of Natural Sciences
Dept. of Chemistry
Houston, Texas
US.A



@Gie e el

KeAeTioN DuNAMICS o ithh LACes
Flueapy & Cawl

" Chomicae Apfhcauhws & T Goals
Molec dar Beaw Sca}k’rv\ff’” Lonoon: Chapman & Hal[ {973

WANT 70 (emen How  (Oliemcac
EoreTions

Occur
ad A What’s knowe
VANCES IN Clhomica Phusicd L Reterions oOccvre !
Vo X tMolecular Beams (1966 z. W
© MIbEly  DiFFerenT RATES, NOT Predicmbte Faoat  AG
VoL XXX * Molecglar SCAWEEWC-‘PL%“CM— 3 STV v Sehomow & Cas phate shoy Rars
4 Chemicr Repucanions  (1975) Deypevps  vpev
| 8 Molecular $truchye
'lejsncj T)‘Dﬂ(j Nov 1§80 ‘ b) Solvewt
CO"’*: 9:0 ¢} (ovcenmeation
Lem) : Wharkon & Swalley v Nfu@"‘ﬁ 4) Temperature
Clhiewicar & Brochenical Wppliahms of Lagers

Vol I pt (1977)

R.B. Bernslein “Chewmican 'htjfum{u via mulecular b%'Bm\LS (GAS phave fws'“f”““ﬁ])

%‘?M-f Laver Techmijuet " Oxfwodﬂjz) ~ THERMAAL ENEE’G(I —

PR Blooks " Spuervscarsy of Trawsmon Gopvn Spoces” | Kuverle Theory - Collwiow eare = Zp = W, 07, v
Chemicae Revews 88 «of (1988) ’}:111 = Wfe of Species |
1w 2
UL = Erfeere  Crosy Secnowl Aved CTr(f'u*ﬁ)l)
g =

Avem«r e relabive 5peed.

7 ReAcmion RAve =+ Zin

In SomE cases  A+RC = AbeC
bXﬁMprB _)Hﬁrfﬁf Q - % [:HST{%CX CA}: Conve u] A
B~ ‘
T;{» ucj Sxuet vy R% fu
3
GO,

ﬁ«r:%&‘. Are '\Eleuemmf&j" ReacTians — PredumeD
1o occoe  witen A colliges wou BC



MORE  Complex Reremon)
R = 4 £([a1 <)

Y Reactioy NoT  ElemenTRRY

boes w~NoT
Exdmple : H, +Br, —> ZH6¢ | occor ov A
HL ]6!‘;_ Cd”l.‘ro'\J

KNOW TO Prteed Thesoet A SEOUENCE of

STEPY !
%Y"L M == Br 4 & +M

By + Hy —> HBe + N
I+~ %r\L — Kb + By
(A + Hbr — Ho + @y

Elie Mfwmm‘

Thiy = EQUBWE
13 calleo
The " Mecpands "

C. el EW\ENTF\BtT REACTI0NS

‘mmehc Thg'. ‘2“_2 'ﬂ.’l/(-LO"\’/—

= ka/l,_

ch3 mn?LS s b

Rxnl Rare ExpTL PATE

:U'\_/.

\Fn)w\ UAZ0 splerey

Mose M k(T) & exp(~kr)

bsontly ) = Za QX(?(‘EA/’QT)
t

wgreew ! FALTOR

D TwnteERpreTATION

O— CO

collisioa)
AND RIGHT

WIiTh  Y|GHT ENEQ&T

Y EOCTIOA) I F
OR |carTIen

—

PeoducTs EDQ

T

REREENTS

€ Proplems
Eax  DiFflCOT To PrehicT

f" IMPSSIBle O PreRieT

F Toen o 'rlneoeﬁ 7

Foz A DATOMIC V=V(r)
foR A TRRoME , V=VINLG)



5

T Molecolar Bea e Collion Chanismy
—— - | - Mol Beaws Aﬁ‘\j of Molecwles (aToms)  mout
\va iThin  The GeoMeTIL
0 gernd
\ \\\\\\ \\\\\\\\ ““‘“ VI// ' o e Tvoo till\u:f f;&—crg
\ MO MITIGATING  ColliSion 7O THew
| \\\\\ | — CA Cti:}szm:e- wou.'— enN  ProbueT
\ % ‘ / j geen (veLecury)
‘\"“.‘\“q. .‘5‘3.‘" Dsuatly ST w Seare
‘ ML AT S
R < AE T c Oﬂi:izoﬂi
HAd News low> 519



% r
L ExperiMenTAL DeTaILs B, Berm Fuematiov — Sgygerfonc Bew)

A. Beam Formamon —  £pFysion

REA
Vi Bl LI Purp
Purmp
2>7D Pomf? ‘
Moleciles SuFrg NO  Collistons > A<ed hy Droogramec flowo
S Beawm charAcTestic  oF GAY AT Temp T P 7 footoer ADIRBATIC ExPANIEn — GAS Cools
(k,G. ~ Y LT) 4 MOTION | mmem;t Motion =35> MASS ot
TEMPerRATUCES
~19n buwoljcr — Moleculey Move v STRAGUT (inves TRANSRTOY | Moo Lo beaw ( Fek)
Rotrrioy ¢ GreAy (osten  (Fewk)
~1920  Steea - Gentacd - AM?UIOV MM ETUNM @UAN’NJED ViBeateas | less  Csalen { ~ fo0k)
194 F ESTE?ZMAN,SerSGM, Stern - VELC)C[T!) Disrrasurigv Hlibvoowqmic_ Clow —~ an\] collisrmns
ALl MovE AT SAME SpEED

LUATS  AeEDED 7
SEED Bl . Imall Awoj Xe v He

167 pen
Brans ‘f H,HL;“'N‘LDN" C)

CH3I ) CHj' 5 NQC/

Ve Vite
Mxe
Byt QXC = _]ljl EC ~ 30 EHC

'Hc

P \ 3 o AAS
Lié‘;o* %( oo Suragie f—nv Pulsen lasens — Q(J__LD |

AND O35 A
REwure less pUMPV\IG-



6100 6000 5900 5800
WAVELENGTH (A)

FLOOMECENCE EXCITATICW SPeETYum OF NO

TP « Gay Phaye
Miooje L Supersonic  Beaw ‘Tf Pure NO,

Borrom - B\JKer.SCNLL Beauy 01 5% NO, 1~ Ar

i LI I 1 5 T 17 Ilol 'I,.I |ll5| l.l Al'x
.F' . : i T T 1 é 3 'I T Jllor T llll5 - CHSC-A|X
, I I : l'llsl_llliblllill;'cH:
He Al Ala o - ,C‘O"Alx
H : CH,
FIG. 1. L’l,‘ln.ze-'o!-ﬂl'ght mass spectrum of & supérsonic ;; oo

aluminum cluster beam produced by laser vaporization of an -

slumioum plug inaide & pulsed supersonic nozzle. The vapori- =

sation.lager beam was the seoond harmonic from & Nd-YAG -
taser (80 mJ/pulse focused to a 1 mm diam. spot ou the
aluminum plug). The pulsed supersonic nozzle was operated .
at 10 pulses per sec with a 28,6 atm backing pressure of %" -
belium. " Cluster species formed in the pulsed expansion were .
probed 1.2 m downstream by direct Photofonization using a .-
10 mJem’? excimer laser beam at 1570 A. - Acetone impurity

'X]



HdLkac) HMetae Experimeniy

- Geweea  Aspecis.

y; ZAFID
Foe fcz’v‘ljewcu Keaction ]

a5 z0-30 A
T~ T2

7.5‘_' at dedector !

.

\?T('JOVC.TF\UX for Crossep Beams ~ 10

3/t:\v' ~ TTXIO’7 nid IOWQr - 10" T Moler
Require mens
) Reackon lﬁ"ﬂe
2) Reaﬁeuk easily 7e~ev‘q-\eaf

AToM B
O,H’ 1. K

Cyo3S Secho~

3)’l€e&3euk-s Nees To Be pustwGoishes  from Cropuen

——DIIF?[C?EN')LIQ/ Suf‘pace ION|§Q+(0-\J (TleoQ $b4Ti)

Wt rowpes K oase kx
A (92%) - W(x%) towges manvty K

r T'-'\"‘ o0 ¥ - K or Kx
i P T
k@
‘
1o I~w A ‘9
d 1 H‘O\lﬂ'ms €S
= - vERY SingplE

veRy SEvSITIy £

DS ADUALVIHRGE *
INDIRECT

«. Haeo Soheye

T  NewToN

DIA GRAMS
A. CONSEQVAﬂofl/ czﬁC MOMEMron,,
MV, « M Ve = CowT = Mt
MAG NITUDES

{Amviy = 2 kv

ERET .5;3_'?1'
VRH!"\“::C M

Y/ - {3__3_3\__9_39*’]
~ 3§
- 6.Txid s
K @ 700°K
vy
'jl,\' = 3.57“0\'
1 H'g\' @ Y
(ENTERNG
s.C. V?.
LEA-VWC:- SCATTERIVG CEVTER
W= 4oy =4
W+ Q‘_\-& -
/T \ Vemcuj -
VeLoary 1N VELoc iy ©OF LAG  SYSTEMA
CAA S‘fSrCW\ cM S"STEM

L o L *
E=gMul+z Ml = _Pj_z_f_! * 7,/)Uf

velakive K&,



[k

B- CONSGY‘UATIO’V OF- ENE'EG-\I s

TOoTRC
ENERGY T f
THU %/u‘u,"
¥ —— HBy
o - 4Ds + D%r‘ .
M, + WMo % - } N (Deawn 1 Scale)
ReAcenTS P RODVCTI ) Y
/.A - 'MK Musr . 4.3 /U'r ] WH Mgy . lz " f‘: '
LU € ~ADy = v tHE ADe <O f exc Ui ' \()
Tple+ € =00y = B fr 1 Look C TR
Lol - 3 - AD - v
’ T
EI‘U K
-2 160 K
o H3r +K Al = —0u5 eV (levs153%0ey
a’;-l vr = %.30 5 MV ery (“”‘“: M= AMO- C.: O My UV, 39.6.7x0" _ 4
T s B " e c Gor My o LT 2iguo
T E(oqn ae s) M
(VAR R(VELN Brv il €= .
. C_.\' ¢ = Wl: U: + /Mug‘ \/H,l;r
~ _-______#——_‘—
H?.
T= .OSQ\/ (’ﬂ’\ef"'“) . eV ICI: 3_2‘3(0“ = (9:3 k”/‘ ‘ uFBY‘:
' Ee = BT =k = [5TwOn400 = O3
ko (raie) {salecole) \f,.. -~ lkM /H"
X U.; 2 C..[:S.‘Xfog v e -"‘{‘Klor
)i/u’ (VY:)MAI — 085S 4.1 = 023cV AfTER  Colliston
\ - Y o
CVT)MM( = l.lO“DT \l e {LS::;) = (.68 kmfy V‘-/ 'M3U$+ Wy uq = 0O U_.f -—-f’-—f‘

U +Uy = U{: W-Ksr - ;—:-m




MomgnTR !
PaeriTionmNe  Of

Mylly +Mely = O

-_gg LIS R N SR I N N e
-8V =6 Ki723%  (a) -
uS— Uq = g f 25 CHyI 1 313°K 1 ReacTwe
U A7 {.«-'Kﬁr-{ 1 4+ Apnsn
ﬁ — . =3
Se W3 = 'ri‘___{ 120 2, —~ANON -
M ) ReACTivE
2, .
7 -]
-~ 6 .
Qi = 6T EM o 55 4St kumfp S
Sg K\GY‘)MAX 3 —al
‘w :S_‘S\‘ o CW‘/VH- Sg_ ‘
> 1=
e
/
Fia. 1. "Lypical datn and analysls: (a} Parent K beam 0.7°
e K%‘( {:’YBM K+Rrs( witle uttcnu':lltcd 7% by perpendicularly crossed CIHLL benm.
Readings on It detector esulid circles) normulized to W (open
KA D] %\“ circles) at parent beam peak. (L) KI distributions; tircles de-
tived fram (), triangles from a replicate cxperiment {four months
later) using a parent X beam 2° wide and 40% attenuated. Area

under curves glves collision yicld. (¢) Vector diagirnm showing
most proballe velocitis of reactants und center of mnss vector
c; 5005 of the KI recoll vectors appenr within deubly shaded re-
gion, Y0% within singly shaded region,




U CH3I

Regound cT10AS
\/c\x{x
! v
180"~ ,or <
K&
(/(K \
- * =
M vicw
Fio. 1.—KI_polar {c.m.) contour map, 1.0, detailed differential cross scction for the X+ CH;l KT S CATTERED

reaction at Et = 0.12 eV ; for details, see ref, (3). Dashed contours less reliable. Outer dashed
circle denotes nominal maximum K1 recoil velocity {from energy conservation),

ST G K g ACTIONS

KBr

ForwARr D
URWAR Y

BACU WARDS — ADT 138TTR0M: ¢

OB}



4Iilll||l||l]ll|llll
- o k + 1ct -

676°K  316°K A
- K + CHal -

”~ a9
3l ; 678°K  288°K  _|
[}
|- ! —
P _
=] Q9 i
= Ferrwd
> —
'-: —
el
¥ { .
=
i -
w
4
1—
P A Whtd

o) IO T I T T R O N I N T R .

-60*  -30* o* 30* 60* 90* Ro° 150*
LABORATORY SCATTERING ANGLE &

Fig. 6. Comparison of laboratory angular distributions of alkali halide
“roduct from the K + ICI and K + CHal reaclions. The kinematic diagram applies
.3 the K + ICl system; solid circles indicate the recoil energy E' when Kl is the pro-
4uct, dashed circles when KCl is the product.

1S

Reuvew Kepounn KeAcTions

K+ CHsT -= KT +CHy
g~ 80 A% ( Roughly Gas-kivethe)

C ONSERVATION OF R NGulaRr

MLOneEAITUKRA
% =L +J
\M OREITAAL EOT‘L A’M
/I(VJ\(]&) H‘ﬁor\'\-’gh
b~ 3R 29 3
K+HB»  wuvb = ff_‘}?'z_i{ kIGTRID % €y70'% 330
~ Io &
ComplicuTED L >

T
e



W(’Z EACTION S N,Oj DirecT
P
§

Complex . <
: .ff X L )T ""
WATER SPrivkier MO DT - .;, |
T AN 7729_7‘3[507 Q'"S."”
~ Mgt expect Y% S
1SOTEDP! C concwston ¢ A Lowg lweD couples
BisT, IV P lawe G ves e BKS
— SymmeTRy /N c M,
(Kor 1soTeoPY)
,é.»-”]_ payer
~ 1
rEE0 TO RVERRYHE - .
Acounb .
" aC
96&6




196 Potential Energy Surfaces

s "'
YA
o

180*

Flgure 7.28. Product intensity contour dingrum for CsF produced in the reaction Cs + SF, show-
ing substantiul forwurd-backward symmetry. (Reproduced from Riley and
Herschbach 1973.)

" FIG. * 18._Center-of-mass
- velocity flux contour map
for F + p-H, 1.84 keal/.
* whol, " with” " three-dimegi-
“sional " perspective. Lines
are spaced linearly along
the 3D contour according
¢« . meeve. 10 Scaltering intensity.

F +C,H, — C,HyF +H

)

W

100
c.m. Velocily (m™)
CoHy ‘%‘ F
0=

Flgure 7.29, Product intensity contour diagram for C;H,F produced in the reaction F+C,H,.
(Reproduced from Parson er al. 1973,)

P e i e WM S W a7 SY 7 ARy



Early barrier Lale barrer

H
o
ud
o
z
=
w
=Y

E, >> Ey £, >> Er
&
("]
(%)
z
=
-
A
=)
X
DISTANCE Ry DISTANCE Ry

Classical trajectories on stylized polent
+.° C—+AB + C reaction shawing role of reagent's v
energy (£7 ) in surmounting the activation barrier

Iai-energy surfaces for the collinear A + B-
iprational energy (£, and relative transiational
{x). In all cases the total energy exceeds the

baurier height; so reaction is sllowed on energeuc grounds. When E, islarge (top row), reaction

occurs for “early bamier” gase but hot for I
row), teaction fails lor sarfy busier, occurs
. surmounting a late barrier.  (Adspted from J. C.

1439, 1969, and relarence 1.)

ate bamier.” When £, is large and Er small (bottom
for late bamier. Thus vibrational energy heips in
Polanyi and W. H. Wong, J. Chem. Phys. 51,

Figure 3

P etk Mo yare s b et T - ;
A3 T W e P e e n" .

Ao uqm_.,,.’

AL

INTE REO GATION ol Y?aﬁenlﬁ & Probocss |

T, How 1 ew‘-:muj CHNSUMED 7

L= A eyl-aler)

LW Thermat E£0ULLBRZIYM

ALl t)etirte.i cff- freeoon Are
DIV BUTED  ACCOVDINL.  TO
BoTgmanny

NEED To Dewfle from EGBLSHUM |
CA~N Oo i Bean

Smplﬂn- ExpT ¢ Reat Y\‘.’aje«ﬁs i~ Baawd AT DiFFort
( Loes cly

EAGLY EXPTS ! Accelele T, 1w Seepco beans

Ho + T, (Faym) —= N.R.

L

s Aeve  Ea

A- me Voed VMiBLATON EAFeCT rtﬂmu.r7



SCHEMATIC HYDRODYNAMIC
GAS HCI LASER

' DRIVING REACTION Cl#HBreHCI#Be

Vsg
i

{NTERNAL MIRROR

[y

~

EXHAUST
Cly
'.I.I' \"l
Ha
IQ mﬁh xﬂ )
INJECTOR
I Ky xQ. S .
AR : AKWETER WINOOW
SYrRRLY ”,
m -OPTICAL AXIS .
.I.I..l: IRAOR
OUTPY T——,
. . _
‘ L]
N
N3IAD
WNISSYLOd
AVHY A
v 379NV 9NIB3LLYIS 0
JINNYHIILINNW WILSAS
| YOHHIW
YH O &
b L
324N0S 12H : e 2 G310H.LNOD
. " ¥OLOW 9N
ay! _ 1dd31S
| | T ‘431 TdILINK
) . o + INGWVi3d LOH
¥3ddOHD | ! ! :¥0193130-10
TVIINYHIINW i .
\ o
; ¥0123130
_\&:n _ ¥OIAVL
£:99 LHOIT ~HINWONY T
Aanipl 35V
LL.nS&

el 1O dNL3S TVLINIWIHIdX3

. fr L
‘*
LN

Cra g

- Mg |
)

S YTV PPITTRTIIE S FIORL - A



0.8l
K+ Hct
0.6}
J
b~
=
. 0-4F
=
=2
S
ozl K+ HCl{x25)
)
I'/ _/
0
a2 ¥ | e ) | M
30 60

O (lab)

Fiomwe 2. Anpeler dtroritucion of M3 remint oat 1o,

SO A

(o8s/wo

£TT

Sl

Oc

Ge

Wy 2y

- 3
v

%/

fv) (x10%)
N NN ()
I | |
3
\.\Q‘. -
o,
- g——— eb'
rxo
e




K €| tom HCI(ve1)

-~ ©
e~
4w
—o— A w
=
- U
—o-@ 4~ 7
-7 o
—_—— —— qm
O\\l‘ 12
‘\\
- —
1 1
o 0
- o

Nowtant S89H) DAividy

CROSS SECTION [arb. units]

o _u_.cmz. et al.

o this work
_ . _ |

5 10 15
COLLISION. ENERGY [kcal/mole]

e et WM a0 WS 55

- M rAn, - g e it . e

P -

P T T SORRIRTA L PP L RN Lo AR S et SO




S MM!\(&j c]l Resours qu K +ref

I, KDy ~O
&2
2. K+HY (v=0) — KU +H a = O A o
op Ne
50 Kanel {va) ke 1 ™~ x I0A <82
(v=0) AGL
Ja) Krivey (Fast) - kel +H o~ o~

RoTATIONAL ENGROY [NHIBMS  IFACTION

A"Z-'I/h

K4+he  (Loesch)

ViR ENHANCEMENT DECYEAIRd WitTh Ncreaymic €

Laser beam

i.r fluorescence
detector (PbS)

=%
A
Surface ionization detector

(Re - ribbon)

O
gz 3
a £ &
c g
' .3 s
N wN 2 =«
.}\ (= o =
o O E
-,
N
L . N
Py § —
N& (1) -4 o
ND a Q
L 92(_ 2 L
Teo S5 I

1

Fig,



reL,Pop. 0 3 2» 3 0
2.7,
m -2 -1 0 1 2
T

v=0 j=1

4m=0

R,(1),lin. pol.

Relative Reaction Cross Sections

1000 |
soe }
600 |
200 }

200 }

10ca [
8cc }
600
400 }

200 }

Ecr=1.10 eV

&) 0“

Etr=0.46 eV
() °.L ] U”
20 40 50 B;J 1010

time




O =0y

(%]

25

20

15

10

1 g
- | J
| ¢

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Fig. 7

a)

b)

w0



Y

7 Yacuum chamber Double Tunable dys |“e_r_ ————
- : b . Tunable dys las
]I I ‘(JU\) I8 ENEY«?G\J DIAPBSCD Reaction Polarlzer  |Output p, . "?,?n':,, Grating {
(NOT  MuCH known  Berre Beaw EXPTS) zone [mimor |
%&Em@mrmwzzmnﬂ- l aa@g.ﬂm I
" / \‘ | d— Cyfindrical I
EF\% EVIgEnNLE 1L X I_.______ﬂ’__________]
Ar\)fjulaf Digrviboton 0f Producs SP“‘:"‘"" oo
e lO(L\ ’DI.ST- . photodicde tube
2 Chewmilummescen e (VO”‘W‘J' )
BGQM BEF{&CT[O'\E rg‘:",‘“ -— In?::::lror Trigger Nitrogen laser

Cst S, — (7:‘3'? + Sy
i i i . his arrangement, the
. 4. Schematic of a laser-induced fluorescence apparatus. In t
/ ilila?ctiun zone |s being direcily irradiated. [Adapted from Cruse ef al. (36)]
DeRlerzy 1n Kag) ~)f\.\f’e Madard ¢
TUg A Batizmanw
) LQNT |lveD qu)ex !

A ] m,lw 10F0
! 2 Ba + HF
{86) 0.5
o) |«

(10,10} 19

h E Ba + HC!
L e | 1 1 X 1 1 ). i )

$220 $210 B5z00 8190 5150 5140 sisc 810 a 05
Wovelength (4} g , ' ' , ’
§ 10
Fig. 5 (left). Excitation spectrum of BaCl 3 . L,
for the Ba 4 HCl— BaCl 4 H reaction. B I-l!’ ) 10
The band heads of the C My — X *z+ 2 ] Ba + Her
Av=v —v"= | (A) and 0 (B) se. éms-
quences are marked; the coordinate scale 3 b
of (A) was six times more sensitive than = |o | I , l{,.2
that of (B). [Adapted from Cruse et al. ' T T ———t
(36)] Fig. 6 (right). Relative BaX vibra- 1br 10 B By ¢ HE
tional populations for the reactions Ba 4+
HX — BaX + H. For each reaction, the MW.
populations have been normalized so that 20
the population of the most probable level | l I [ ” “[ [1.
[ equals unity. [Adapted from Cruse ef al, 0 1000 2 3000

\ (36)] Vibrational energy {cm™)




FIG. 1. Schematic rapre-
seatatioa (partial cutaway)
of the experimental appara-
fus. The beam sources are

NITROGEN mounted parpendicular io
LASER *ach other oo & rotating lid
{baamn collimators are aot
[:,:‘:"' shown for simplicity). Caly
P— product motecules at an an-~
gt # {rom the Ba beam sce
GENERA allowad to eater the lager

datection regioa. By chang-

. lng the sogls # and by wcaa-
aing the laser waveleagth,
product angular distributions
of ladividual woternal atates
ars ohialoed.

0.2r

-{ Arbitrary Sca
e

0.0

bt
N
T

=]
=)

PRODUCT INTENSITY
¢ e
T

CM

“complex (r=} revolution}. . . . .

030 e0 90
. a . P

FIG. 4. The BaCl product density distribution of aelected v -
" levels a8 & funstion of the scattering angle 8, The closed olr-
“elss ure the experimental data and the solid curves are the 5
- beat [lt using the model of an exponentially decaying prolatas.,,

T RS 1

2’

SCAN
DRIVE

DYE
LASER

N
[LASER

" 'DELAYED TRIGGER

CHART BOXCAR
RECORDER INTEGRATOR
SCOPE

N gy,

CLIGHT ¢ it
BAFFLE . . _
U WE LASES
o B
1 swing-1F

. MIRROR

— ]

DELAY BOX

PULSE

{SCANNED

OR FIXED)

GENERATOR|

RYPACITLS & KKWNL) é“gqye

laser @xciming HE

For

AnND

OBSERVING- Sp F

(oqu(:) b«1 [aser- inducen Huoracence oy

Yeriions

(Ca,Se) + UPOR) —> (Ca,S)F « W ()



L

the Ca+HF {y =
reaction (bottom trg

ce).

]

Retmrner ¢ Zare o

Co ('P) +HU == C&l AT A= 620 =

Nl RIS 1= 594 ww

-
] ScAarTeERINnG Q5L
T CoNTAININ & HC(






