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The design and performance of an effusive gas source of conical geometry
for photoionization studies
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The design, construction, and performance of an effusive gas source of conical geometry is reported.
This gas jet enables experiments that require the gas and photon beams to be essentially collinear
and has a focusing multicapillary array with the central portion left free for the photon beam. In
total, the source comprises 90 “tubes” in three layers and has been designed by modeling free
molecular gas flow and optimizing for highest gas densi8~3 mm from the jet’s exit plane. The

nature of the gas flow through the source and its focusing properties are investigated theoretically
and experimentally. €2001 American Institute of Physic§DOI: 10.1063/1.13736G7

I. INTRODUCTION injection system that takes all these considerations into ac-
count. The principles of the design have general applicability
Gas phase photoelectron spectroscopy experiments Usiy other kinds of gas-phase experiments.
ally require a relatively small and well-defined interaction  The details of the original apparatus have been reported
region of high gas density. This region needs to be located|sewheré® Briefly, a dual toroidal electron spectrometer
away from any sources of secondary emissibe., metal was designed to study electron—electron coincidences arising
surfa_lce$ to redl_Jce low energy background counts. A CONtrom photodouble ionizatiofPDI). The angular acceptances
vgntlonal gxpenment employs a long, narrow tube that adbf the two toroidal analyzers are 180° and 100°, respectively,
mits gas into the vacuum chamber perpendicularly to the

N : . and the electron detection plane is perpendicular to the di-
direction of the photon beaifig. 1(a)]. This geometry al- . . . o
lows the tip of the tube to be kept away from the photonrectlon of the photon beaiiFig. 2@)]. The omitted 70° sec-

beam without withdrawing it too far from the interaction ©©" €nabled gas to be admitted into the chamber via a hypo-
region. There have been many attempts to improve upon thdermic needle located within the detection plane. Due to the
“hypodermic needle” as an effusive source, the most suc/€cent desire to detect one of the fragment ions produced as
cessful being variations on the multicapillary array @ result of molecular PDle.g.,hv +D,—2D" +2¢€") in ad-
design'~° By employing many small tubes it is possible to dition to the two electrons, a conventional cylindrical elec-
improve the collimation of the gas flow and thereby havetrostatic ion analyzer has been installed within the 70° sector
greater control on the density profile. [Fig. 2(b)]. This will enable ¢/,e+ion) and (y,2e+ion)

In recent years there has been a rapid increase in the siztudies to be undertaken, in addition tg,2e) experiments.
and complexity of electron and ion analyzers, and coinci-The new geometrical constraints required a system to admit
dence experiments utilizing two or more of these deviceshe gas coaxially with the photon beam. The general “design
have become increasingly popular. Furthermore, the desire ®ncept,” inspired by the conical systems of Kammerling
perform angle- and energy-resolved experiments probingng Schmid?! and Yagishita and co-workeféwas that of a
processes with low cross sections has led to the developmegicyjar array of gas tubes of one or more layers which sur-
of systems that facilitate multiplex data collection using so-.o .4 an axial photon beam. The gas tubes could be set

phisticated analyzers and position-sensitive detectors. The%‘ﬁghtly off axis so that they all effectively lie on the surface

advances have often led to a decrease in the available space . . .
around the interaction region. The perpendicular arrange(-) a cone, thus creating a focus in the resuilting beam. The
: . sg/stem was designed so that the number of molectdeget

er}‘dmber;TN) within the interaction region would be greatest

[see Fig. 8)]. A coaxial geometny[Fig. 1(b)], where the at approximately 2—3 mm from the exit plane of the array.

photon beam and gas molecules enter the system along tH&IS Was considered to be the best way to maintain a high
same path, would overcome this difficulty. This is not Pressure differential between the chamber and an UHV pho-

straightforward, however, since it results in a long interacton source, and minimize the detection of low energy elec-
tion region with the highest gas density close to the metafrons ejected from the surfaces of the gas tubes. It was de-
surfaces of the gas inlet. This work describes the desigrgided therefore that the parameters of the array should be
construction, and initial performance of a coaxial gasselected by modeling the gas flow and optimizing for these
criteria. Sections Il and lll describe the calculations per-
dAuthor to whom correspondence should be addressed; electronic mair.ormed' Section IV details the design and construction, and
d.p.seccombe@newcastle.ac.uk Sec. V gives evidence of its initial performance.

prevents the entire 360° being used for detection purpos
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FIG. 1. Idealized shapes of gas—photon interaction region&afquerpen-

dicular and(b) the “coaxial” geometries.

IIl. THEORY

A. Preliminaries
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TABLE |. Reservoir pressureR,, for free molecular flow conditions for
several gases with 0.25-mm-diam tubes.

Reservoir

Collisional pressure,

Mass cross section, P, (Torr)

Gas number o (nmP)? when Kny=0.3

H, 2 0.27 1.1
He 4 0.21 1.4
N, 28 0.43 0.7
O, 32 0.40 0.7
Ar 40 0.36 0.8
Cl, 70 0.93 0.3

a/alues taken from Ref. 34.

and Kruge? for calculating gas densities arising from a
single tube and to extend it to a conical array of capillaries
(Secs. 11B and 11 ¢. Before describing this process, how-
ever, the basic properties of the systegnare discussed.

The extent of collimation in the gas beam is determined
by the radiusg, and length], of the tubés) and the pressure
of gas in the entrance reservdit; . The flow type is inferred
from the Knudsen numbers

A

Knd: Kn|:|_1 (1)

2a’
where\ is the mean free path of the molecules in the en-
trance reservoir. Free molecular flagwMF), where the col-

lisions the molecules make with the walls of the tube are

There have been many attempts both theoretically anehuch more significant than intermolecular collisions, occurs
experimentally to determine gas densities associated with awhen Kn,>0.33% Another important quantity is the tube’s
effusive sourcd=223-330ur interest here lies in modeling aspect ratioy, given by
the molecular density beyond the exit plane of the source.

The approach taken is to use the theory derived by Olander y= 2_‘“: ﬂ )

Gas
@
Photons

180°  [on Detector 100°
Toroid Toroid
Photons
and
(b) Gas

| Kng'

The greatest collimation in the gas beam results wier0
and when the flow type is free molecular.

There are two restrictions placed on the gas pressure in
the entrance reservoirP(). First, for free molecular flow
conditions to holdP; must be such that Kg>0.3. For tubes
with dimensions of 0.125 and 25 mm fer and |, respec-
tively, and H as the target molecule with a temperature of
298 K, the maximum value d®; for free molecular flow is
~1 Torr (see Table I** In practice this limit may be sur-
passed in an effort to increase the target number in the inter-
action region. A degree of collimation is surrendered when
free molecular flow is compromised and ultimately at high
pressures the target number may actually begideitrease
Second, there is the practical limitation imposed by the
pumps of the vacuum chamber. In our experiment, which has
two 1000 Is! Leybold turbo-molecular pumps, the highest
ambient pressure within the chambPr,, that can be toler-
ated is~1.6x 10”4 Torr. This restriction on the value &,
can be translated to an upper limit &;. Since the gas

FIG. 2. Schematic depicting the angular acceptances of the analyaers: throughputQ (Pa m?’371)1 at every point in a pumping cycle
The original configuration comprising the two toroidal analyzers. Gas isis constant in the steady-state situation, the throughput of the

admitted into the chamber perpendicularly to the direction of the photonarra
beam.(b) The new arrangement; an additional cylindrical analyzer has be
added. Due to a lack of space within the detection plane, the photons a

gas have to enter the system along the same path.

Y Qaray €quals that of the pumpd,ymp - The former is

1,(P.—P,) and the latter isP,S.33% Therefore it follows

that
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J(0)=va?j(h), 9

¢ where « is the radius of the tubg,(6) is the distribution
P(R. 6. function, andv is the net rate at which molecules in the gas

Tube R - (R: ) ¢) . . . —

/ reservoir enter a unit area of the tube—givendoyn,c/4,

\ where n, is the number densitymolecules m®) in the
& 9 source reservoir. It should be noted that due to the cylindrical
N\ symmetry of the tube there is no azimuthal gas density varia-

tion. In the situation that tdfd)=vy, appropriate for this
study, Olander and Krug&have shown thajt( 6) is given by

FIG. 3. The single tube scenari®(R,0,¢) is a general point in space

beyond the exit plane of the tube in spherical coordinates. . 2k exp 52)
j(8)=&coq )| 1+ ——=—|, (10)
o\
where P, is the pressure of gas in the exit region of the >
array,Sis the net pumping speed within the chamber, Bnd - \/ £0 (12)
is the conductance of the array. In the free molecular flow (£1—&o)cog 6)2Kn,
regime,L is given by and
LN 2mca® @ 1 yx (&

=Nt ' = | Ja=xd|erfl 8|1+ —=—1/||{—erf(6)|dx.

e o= | )( [ { tan(e)(fo )” ())
wherec is the mean molecular speed aNg is the number (12

of tubes in the array. Making thgperhaps questionabl@s-  Thege expressions do not make the usual assumption of zero
sumption that there is no significant change in the tempergsressure at the end of the tube and are not solely limited to
ture of the gas during its expansion, then the flux of mol-he free molecular flow regime. The symbdls and &
ecules through the exit plane of the array should equal thafgnote the ratio of the number densities within the entrance

through the entrance plane of the turbo-molecular pumpsynq exit planes of the tube, to that within the source reser-
ConsequentlyP, can then be expressed in terms of the am+4ir These quantities are related to the dimensionless im-

bient pressurep,: pingement rates upon the walls of the tubgands,, which
P,=RuP,, (5) take the values 1 and 0.66én the limit y—0.%° Olander and
Krugef have determined the corresponding values §or
Ra=Apump/ Aarrays ®  and &o to be 1.223 and 0.5145 respectively, and it is these
where Ay mp is the total area of the entrance plane of thenumbers we havg used. P '
pumps andA,.(=Nrma?) is that of the exit plane of the The gas densityy (molecules m”sr7), as a function of
array. ThusP; can be related t&, by the polar coordinates defined in Fig. 3, is given by
LP, J(0)
= R, 0, = ==75. 13
Pa=g7 R (7) P(R.0,¢)= 2 (13

Using L=N:L,, whereL, is the conductance of one tube If the size, shape, and position of the interaction region is
[see Eq(4)], this equation can be rearranged in term$gf  known, then once the gas density at all points has been de-
to give the relationship termined, the number of molecules within the interaction re-
gion (target numberTN) can be calculated. In this situation
=E (8) the interaction region has a simple cylindrical geometry,

Nt symmetric about th€,, axis of the tubdprovided the diver-
Note that for a givenP,, P,;=1/N; is valid for all flow 9ence of the radiation is insignificantThe radius of the
regimes. The use of many tubes improves the target numbetylinder (r;) is equal to that of the beam of radiation and its
TN, for a givenP;, but Eq.(8) shows thaP; itself depends |e€ngth is denoted bl . The target numberT(N) is given by
on N+ for a constanP, and this in turn affects the maximum z, (x J(6)ztan( 6)

TN=27TJ’Z fo
0

S N Apump

P, 5|

L, mwa

TN that can be achieved. More importantly, however, is that Tdadz’ (14)
P, needs to be lower than the maximum pressure for free-

molecular flow for the gas beam to be well collimated. where
z
. R=—, (15
B. The target number resulting from molecules cog )
flowing through a single tube
r.
The angular distribution of the molecular flux x=tan?! E'} (16)

((J36): moleculesstsr 1) beyond the exit plane of the tube
(Fig. 3 is given by and
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Axis of tube The gas density at a given point beyond the exit plane of the
array p(z,r), can be approximated b
¢ / An individual tube yp(zr) PP Y
inthemay Zﬂpi[R(Z,r,,B),G(Z,I’,ﬂ)]
 ,. p(Z,I’)~bfo 2atha) ds, (21
. B ‘
AX‘;“__’ VPG whereR and ¢ are given by Eqs(19) and(20) andp; is the
&y ’ contribution to the total density from a single tube in the
array. The resulting equation simplifies to
b NT 27
r p(zr)=~5—| pilR(zr.p),.60(zr,p)]dB (22)
T Jo
using EQ.(18). The number of moleculesT(N) within a

cylindrical interaction region, whosg., axis is the same as
FIG. 4. A schematic showing the orientation of an array of tubes arrangedhat of the array, can be calculated using:
with exit apertures lying in a circle and axes lying on a cone. The term
denotes the tilt angle an@ defines the angular position of a tube within the Zy (i
array.P(z,r) is a general point in space beyond the exit plane of the array T N=27 p(z,r)rdrdz. (23
defined by a coordinate system with an origin at the center of the array. Zy JO

It is possible to extend this theory to include two or more

Z,=Zo+].. (17) layers in the array. The radius of the smallest circle is now

o defined ad,. The radii of the other layers, are given by
The symbolz represents the projection Bfalong the tube

axis (see Fig. 3andZ, is the distance on axis from the tube ~ by=b1+2(n—1)(a+Aa), (29)

exit to the entrance of the interaction region. wheren is the index of the layer. If it is assumed that the

molecular distributions due to each layer are independent of
one another, then theN for a multilayered system is given

C. Extension to several tubes arranged in a hollow by
conical array
N
Figure 4 shows the situation where several tubes are ar- TN=2772 f21frip(2 r.n)rdrdz (25)
ranged in a circle of radiub, with their axes lying on the A=t Jzg Jo o ’

surface of a cone. The number of tubes in the arhyy, is

approximated by whereN is the number of layers in the array. Note that the

problem reduces to that of a conventional multicapillary ar-

b henb;=0 and¢=90°.
T 19 ray whenb;=0 and¢

T a+Aa’

where « (a<<b) is the internal radius of an individual tube

and A« is the tube wall thickness. The tilt angle, lies  Ill. CALCULATIONS

between the axes of the individual capillaries and the plang  sjngle tube

perpendicular to th€., axis of the array whilg3 defines the . ] ] ) )

angular position of an individual capillary within the array. If ~ Since the immediate aim of the experiment was to probe
it is assumed that the molecular distributions from the indi-Photodouble ionization of H(or D), this molecule is used
vidual tubes are independent of one another, then the tot&xclusively in th_e calculations. In order to demonstrate the
molecular density at a given point in space can be deteradvaqtage of using an array_of tubes a_rranged in the manner
mined by adding the contributions from each individual cap-described above, a calculation for a single tube located on
illary. This approach has been used successfully by Brink&Xis was first performed. The dmensmns of the tube were set
mann and Trajmdf to determine the molecular densities t© 0.125 and 25 mm, for the radius and length, respectively,
from conventional multicapillary arrays. Equatiéhd) was (.:or.respondlng to an aspect ratio o'f 0.01. This is close to the
derived in terms ob andR, where these parameters define alimit, y—0, without the pressure difference between the en-
position in space relative to an individual capillary. Here, wetrance and exit planes being too great. The pressure in the
require a coordinate system that defines a position in spa&®Urce reservoir was set to 1 Torr since this is the highest
relative to the whole array, i.ez, the distance, along the,  Pressure in the free molecular flow regime (m~0.3). In

axis of the array, from the plane of the tube axis, anthe all cases a temperature of_ 298 K was used. Thg target num-
distance from theC.. axis of the array(see Fig. 4 Randg  Per (TN) was calculatedusing Eq.(14)] as a function o,

are related t@ andr by for a 1-mm-long cylindrical int_eraption regio_(radiu;l_
S 5 mm) and the results are shown in Fig. 5. The figure confirms
R=\r?+b”—2rb cog B) + 2, (19 what is intuitively obvious, thaffN decreases agZ, in-

b2—b b creases. This would create a great deal of secondary emission
1| pT—brcog ) +bztane) (200 in the hypothetical case of genuine coaxial and photon

JbZ+[btan@)PR | beams.
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FIG. 5. The target numbersT(\) for several cylindrically shaped interac- X o :,/i:“"——t
tion regions(of 1 mm length and radiydocated on axis at various distances 1x107 ;///;E’—/’xix
(Z,) from the exit plane of a single tube. o4+t
5X1010— © /.
B. Array of tubes arranged in a conical geometry 4x10'4 /. .
L
A calculation for the situation of an array of tubes ar- 3x10%) = / A
X . . 10| g —® T
ranged in a cone was performed using E2f). The dimen- 2x10 :/e///:__j'//v
sions of the interaction region and individual capillaries, the T e
identity of the gas, the pressure, and temperature in the 0 ’,F’,/T/:_:/;!: ot
source reservoir are all identical to the single tube situation. 0.5 1.0 L5 20 25 3.0
The thickness of the tube wallda) was set to 0.05 mm. Z, (mm)
The target numbers for systems with=2, 3, 4 mm were . .
calculated foreg=35°-90° andZ,=0.5—3 mm[Figs. Ga)— —a— =35 —e—p=45
6(c)]. In all cases onlly'one Iayer of tubes is considereq. a =55 —v— =60
From the figure it is possible to draw two conclusions. o 0
First, for a givenb, as ¢ increases, the peak of the function ——9=70 —— =80
shifts to a largerZy and theTN in the peak decreases. A —x— =90

similar trend is observed ds is increased for a givenrp. o '
Second, even if both and ¢ are adjusted simultaneously, it F'G: 6. The target numberd) for several cylindrically shaped interac-
. t possible to shift the peak tosinificantlvareaterZ tion regions(of 1 mm length and radigdocated on axis at various distances
|s.no p - p S " Y9 0 (Z,) from the exit plane of several single-layered conical arrdgs:b
without lowering theTN. Hence the choice of, for the =2 mm ¢=35°-90°(b) b=3 mm ¢=35°-90°(c) b=4 mm =35°-90°.
peak is critical. It rests on a compromise between a fifjh

(small Zy) and a low risk of background counterge Z;). . .
Since the latter of the two effects is difficult to quantify, our yersely proportional tr [Eq. (8)]. Hence, when consider-

choice of 3 mm forZ, is based on intuition rather than cal- ing a largeNy, which s likely to arise when many layers are

culation. We therefore required a combinationlofind ¢ considered, it is more approprlate to use the rath/Ny

that maximizes th@ N (Zo=3 mm), while ensuring that the rather thanTN alpne. Calculations were pgrformed for 1-9
TNs(Z,<3 mm) are lower than this in order to both mini- layers(p=457) with Aa at the more realistic value of 0.125
mize the noise and maintain the necessary pressure differe)" an'd the radius of the interaction region set to 0.5 mm;
tial with the photon source region. It appears that45° is otherwise _the parameters were as above. Four _con_dltlons
the best tilt angle but, from these calculations alone Withwerlef (;Ogs'd:_:_el\?’atth; T;ur:;fo:avtvhh;d:h"gf t?]heovn\:g '2 gég'.rs'
only a limited set of data points, it is not possible to discern 9 ) o » father r sir
an optimum array radiu). Thus a more comprehensive set ableZy,=3 mm, is considered satisfactory, then a two-layer
of calculations, over a larger range af and b, was per-

formed for this tilt angle(Fig. 7). =

It is evident that for a peak &,=3 mm, a radiugb) of 6x10' n" =45° —#—b=2Zmm

. . . . . . 4 —e—b=3mm

4 mm is required. In this situation th@N is ~4.5 5x10'Y . ab=Amm

X 10"mol. If a peak aZ,=2 mm is considered satisfactory cto™™ . b= Smm
X . ‘.

(b=3 mm), then aTN of greater than % 10°mol can be - e X
=

obtained. S i Y \\
x10H &7 e
uat o X7 AN
C. The many-layer situation 1x10 \_::\i:;
0 e e T BT
In the many-layer case, the effect of the ambient pres- 0 2 4 6 8
sure should also be considered. While increadig in-
. . . Z,(mm)
creases the target number for a given, it also increases ¢

Pa- The consequence of this i_5 to reduce the maXir_nU_m PraGsic. 7. The target numbersTN) of single-layered conical arrays as a
tical value of P;. In Sec. Il A it was shown thaP, is in- function of (Z,), as in Fig. 6, but withp=45°.
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FIG. 10. The relationship between the pressure in the source resePydir (

e b,~3mm, Z,=2mm and the ambient pressure within the chambey)(for D, (M=4, ¢=0.27

—A—b,=2mm, Z,=3 mm nm?) (see Ref. 3% The line was produced using E(f) with a free mo-
—+—b,=3mm, Z,=3 mm lecular flow conductance and the squares represent experimental measure-
ments.

FIG. 8. TheTN/N- ratios for several cylindrically shaped interaction re-
gions (of 1 mm length and 0.5 mm radiutocated on axis at various dis-

tances Z,) from the exit plane of several multilayered conical arrays. shaped cross section, whereas the theoretical analy5|s was

performed using cylindrical tubes. For free molecular flow
(FMF), where collisions with the tube walls dominate over

m with a minimum radi f2 mm r . . . . )
syste th a um radius o appears to be beStmtermolecular collisions, this change in tube geometry is not

This conclusion, however, is drawn without considering the . L )
articularly significant as the tube’s wall area-to-volume ra-

haracteristic of the flow. In this analysis a two-layer tn‘F. .
eharacteristic ot fhe 1o S analysis a two-iayer syste io is the same for both cross sections. However, the symme-

(b1=2 mm) has 50 capillaries while a three-layer system hag ~ . o :

75, a significant increase considering there is only a margin%{l 3;] érr: t:]he eagr%iﬁrsifttigaugﬁgi aebsmfjrtotrr;ez;uc?i?c%ﬂtz dae Csrejzfj

difference inT N/Ny between the two. Hence the three-layer_l_his effect will perturb the rgedicted densit distributg)ns .

system is preferred since the increased number of capillaries P e pr y o
and needs to be borne in mind when making quantitative

ensures that there is a larger range for free molecular flow )
comparisons between performance and theory.

Zggi,gcr:]c.)nsequently, the device construction is based on this The phqton be_z_am enters the vacuum chamber throqgh
the 4-mm-diam orifice in the center of the device. The tilt
angles,p, employed were 55°, 45° and 35°, for layers 1-3,

IV. DESIGN AND CONSTRUCTION respectively. Since each groove mustb25 mm long, due

A frontal view of the three-layered gas injection systemto the limited radial space available, the grooves adopt a

is shown in Fig. 9. It was constructed from aluminum, cho-¢=90° orientation~4 mm from the tube exit. The “bend”

sen because of its relative ease of machining and nonma&] the tube will ObViOUSIy alter the flow characteristics and

netic properties_ In total, 90 groov%:O_ZS mn) were cut may reduce the degree of collimation, effeCtively Sllghtly

into three Conica| Surfaces_ The Open edge Of each groo\ljecreasing the aSpeCt ratio. Even SO, |n|t|a| tests Of the deVice

was then sealed by the inside surface of the adjacent cori&ec. M show thaty remains sufficiently close to zero for the

allowing each groove to behave as an independent capillarynodel to hold.

A solid conical lid is provided for the outermost layer of ~ The entrance reservoir consists of a simple two stage

grooves. It should be noted that the grooves have a squarBlixing section to provide isotropy in the gas flow. Gas, from
a high precision needle valve, enters the system through

Teflon tubing. The device is mounted on a linear drive so

that the exit plane of the array can be varied in laboratory

space. For the preliminary experiments the position was set
2.5 mm away from the center of the mechanical field of view

of the analyzers.

V. DISCUSSION
A. The relationship between P; and P,

Using D, as the target ga$; was measured for several
values ofP, to test the range of validity of FMR?, was
measured with an ion gaug®¥acuum Generators: VIG)8
andP, with a barometrically compensated mechanical gauge
FIG. 9. A photograph of the front of the recently constructed three-layereo(Edwards: CGR The results can be compared with those

effusive source. The 90 grooves each have a width of 0.25 mm and th@btained iJSing EC(.7'), L andShbeing set to 1.858 1(_)75 and
central hole for photons saa 4 mm diarater. 2.0 nts™!, respectively, andR, to 3.395<10" (Fig. 10.
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FIG. 11. A plot of the photoionization signal arising from the DI (volts)

hv(54.5 eVj+He(2s?) —He' (2s') + e (30 eV) transition as a function of
the ambient pressure within the chamb@r). The 30 eV electrons were
detected by the cylindrical analyzer shown in Fi¢)2

FIG. 12. A contour plot of the photoionization signal arising from the
He(2s?) —He" (2s?) transition as a function of deflector voltagél and
D2). The ambient pressure within the chamber was14° Torr.

Inspection of the graph reveals that the FMF model holds )
below P,~7 mbar (Kp>0.062). The slight displacement 9as injection system, dc) aberrations of the photon beam.

between theory and experiment is probably due to uncerl is also quite possible that intermolecular collisions should
tainty in the actual values oP,, R,, and S Above P, not be ignored within the focal region as these could perturb
~7 mbar, the relationship betwe@h and P, departs from the gas flow beyond that point.

linearity indicating the onset of pressure dependence in the

array conductancél). The direction of curvature indicates C- Initial result

thatL increases withP, which is consistent with Poiseuille As mentioned in Sec. I, this work was motivated by the
flow behavior at low Knudsen numbetsAt the maximum  gesire to investigate electron-ion/electron correlation effects
practical ambient pressure, XK80™* Torr, the FMF regime  resulting from photodouble ionizatiof®DI) of H,. In these

is significantly exceeded and should result in a loss of gagjtial experiments—where P was used for logistical
beam collimation. This is confirmed in Fig. 11, which re- reasons—photonshg =76.1eV) from the SU6 undulator
veals saturation in the photoelectron count rate at high presseamline (SuperACO, Frandewere used to doubly ionize
sure. the molecules. Since the,[PDI threshold is 51.1 eV, the
excess energy shared between the two electrons is 25 eV.
Immediately following double ionization, the two *Dions

The focusing properties of the gas jet were tested b>;ecoi| rapidly in the “Coulomb explosion” and the kinetic

measuring the electron yield, arising from the single photo£Nergy released during this process-i$8.8 eV. Since this

ionization of helium, as a function of position within the dissociatiqn is jQ’O fast, the gngle resolved detection of'a D
chamber. Photonshg =54.5eV) were supplied by a syn- fragment in gommde_nce yv|th one or two of the _ele_ctrons
chrotron and 30 eV electrons produced by the H&[2 enables studies of “fixed-in-space” molecules. Coincidence
—He"(2sh) transition were detected using the cylindrical

analyzef{Fig. 2(b)]. The sampled region of space was varied .

within the horizontal plane by changing the voltages of two | (r, e+ D)} 509 /ﬁ

B. Focusing properties

(1 2¢)

mutually orthogonal deflectord®1 andD2) at the entrance

to the energy-dispersive analyzer. Each deflector is situater
45° from the photon beam axis and acts so that decreasin’g
the voltage onD2 while increasing that o1 moves the
analyzer's viewpoint away from the surface of the gas inlet g , |
(see Fig. 12 It was not possible to map the voltagég) ( or . H
voltage differencesXV) onto an absolute position scale due Vol ety [ 1B 27 ;ﬁ“ o ! ++ﬁﬂﬂo o, T **\;Q‘*
to the complexity of the electron optics. A three-dimensional (i fﬂﬁ%fm ++“i, Yool /LT*+ Lp'im
spectrum of signal versu31 andD2 is shown in Fig. 12 and 1034 oo i
clearly displays the focus of the gas beam. It also shows tha , ) ) ,
the focus position is at some distance away from the surface o 2 4 6 8
of the gas inlet system; if this were not so the signal would AT ()

not go through a maximum on the photon beam axis. Thus

we can be assured that the problems associated with surfatks. 13. Time correlation spectra for,{hv =76.1 eV) showing the “true”
emission are minimized. The apparent defects in the imagfFeHTSe PE8on & ierm o bkt L aneerves b
could arise from three factor¢a) small electric fields pen- cylindrical analyzer, andb) 20 and 5 eV electrons detected by the two
etrating the interaction regioib) insufficient mixing in the

50 40

Coincidence counts
+

[N
(=]

toroidal analyzers. Typical count rates wer@0 true events per hour.
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