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A s up i-s sni c :et target of :iz(Di) having an area1 
density of 5x10" protons/cm* and 360° access in vacu- 
um has-been fabricated for use on the LA'IPF 1IPL beam. 

Introduction 

A classic problem of accelerator physics has been 
tke crodumctior. of a gaseous target which is sharply 
defined and can operate continuously in vacuum without 
the intervention of solid gas barriers (windows). 
Differentially pumped systems'~' approach this goal 
bLit leave much to be desired. Ilikitin3 and his col- 
leagues developed a pulsed jet target for application 
In mlliti-GeV accelerators, 
system has cc,ntin.Jed.4 

and the stu&J of such pulsed 
For accelerators with appre- 

ciable duty cycles it is desirable to have a target 
which operates continuously. I have therefore studied 
such targets which have 360~ access. 

Apparatus 

cets can be formed by a variety of nozzle config- 
urations. The axially symmetric Lava1 converging- 
diverging nozzle was employed in these studies. Dimen- 
sions of the jets were approximately set by the anti- 
cipated cross sections of the LKIPF iJPL beam. Perti- 
nent dimensions of the four nozzles studied are 
displayed in Fig. 1. Fabrication of nozzles with the 
indicated throat sizes occasioned some difficulties. 
Some 'were made by standard boring techniques. Others 
were made by turning a mandrel whose contour was that 
prescribed for the inside of the nozzle and then elec- 
troplating the nozzle walls on the mandrel with sub- 
sequent etching out of the mandrel. In either case 
throat diameters could be made with approximately 15% 
accuracy and maY depart that much from circularity. 
Final throat contours are obtained from shadowgraph 
observations of plastic throat molds. The jets tra- 
versed a 5-mm gap and were collected in a cone whose 
entrance aperture was 20 mm in diameter and whose l/2 
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angle was 13’. The receiving cone was pampe;l by a 4~2: 
CC:.1 Roots Blower. The sm.all fraction of the aas which 
did not enter the receiver was p-&r.pe.i 3~: 2f the .$ac,lcm 
tank bjv two liquid nitrogen baffled diffusicn pumps 
whose conbined capacity for hy&ogen was ?-lo4 2;s. 
Nozzle input pressures below 2400 psi were supplied 
from gas cylinders; above 2400 psi a 'booster pump was 

employed. Pressure in the vacuum tank was monitored 
by an ionization gauge located approximately 1 m fr,l:; 
the jet. Area1 'densities in the ,je: were obtained fr,:c 
total absorption measurements on a beam of 594 .x pho- 
tons whose l/2 power width was 0.2 mm at the j?t. 'I':1 ,i 
photons were generated in a low pressure capillary 
discharge5 of helium, the 584 A radlaticn being iomi- 
nant. The discharge was dc excited by a stabilized 
suFPlY. Photons left the source via a tw:-s-age kll+'- 
ferentially pumped ccllimator which defined the bee43 
diameter. After passing through the ,jet the photcn 
beam traversed a 1OOC A thick filter of Sn 3r Sb and 
was detected by a channeltron which &-ove a pulse am- 
plifier whose output was coilnted by a 50-!liiz scaler. 
Under the very best conditions the entire system of 
source plus detector was stable to 1/2%/hr. Channel- 
trons having ends open or closed were used. rests in 
other systems indicated they contributed negligiblji to 
the drift. Drift corrections were generally required. 
A measurement of 10' cpn was typical. Until recently, 
the appropriate photoabs=rption cross section 3or K: 
and D2 was rather uncertain. The uncertainty n3w6 is 
approximately 2%. The UV source, abscrber, and ctnn- 
neltron were rigidly attached to a common stage which 
could be remotely translated verticallji and horizon- 
tally. Digital readout of the photon beam coordinates 
was provided. The disposition of the components 3: 
the experiment is indicated in Fig. 2. 

Data 

Measurements were conzerned primarily vi:'t 'lie 
nozzles having throat diameters of 0.051, sZ.176, an1 
0.10 mm. Transverse scans of the ,jets were Ferformed 
at 0.5 mm (upper) and 4.0 mm (lower) below the nnzzlc 
exit. The input temperature of the gas was 294OK+2%. 
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Figure 3 

'The input pressures were measured to 1%. Jet profiles 
:'a~- the 0.c76-~ nozzle at 2000 psi Hz are given in 
fig. 3. obese profiles reproduce to a high degree of 
precision. Ao indication of instability has ever been 
note,3 except once when the jet apparently collapsed 
.Iurlng s rapid start and flooded the :racuum tank. 
'3ese profiles indicate a slight departlxe from axial 
.qmK?try. This may be a consequence of the fact the 
Ljet exhaus-, line makes a right angle bend immediately 
below tie receiver which results in an asymmetric shock 
;f.ructLlre in the jet. In Fig. 4 are profiles for 1000 
psi sz inpIn, tc the same nozzle. The ratio of the 
integrated densities, as determined from the UV absorp- 
tion rrzsurements , is ~rp~~~~j~~oI~~~ = 0.99xZ.At 2000 
psi the flow rate, determined from a pressure-fl3w 
\-n: :tll.at13n zf the exhaust line, vas 1.43 scfh. The 
.:orrrspondin~< ratio of flow rates was l.Olx2.Similar 
fl,ow measurements on the 0.0025-mm nozzle established 
that the flow rate was proportional to the pressure to 
better +ban 2% over tne input range 1000 to 5000 psi i I 
Hz. The hot core of the LAXPF NFL beam can be 1 mm in 
:::metrr; hence, this jet is a good match. A jet 
forme by the 3.05~mm nozzle has the prcfile shown in 
Fig,. 5. Xvitiently it has expanded to t:he point where 
separation fr,>m the nozzle walls occurs. The average 
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Figure 5 

velocity of the gas inferred from density and ilOW 
measurements is 2.GY10 5 cm/set. An exact calculation 
is quite difficult. Dimov' has given the estimate 
2.75~10~ cm/see as the maximum velocity for hydrogen. 
The profile of a deuterium jet formed by the C.Zl-mm 
nozzle is displayed in Fig. 6. Satisfactory operation 
with helium was observed but no quantitative neasure- 
ments were made. Such measurements can te made by 
utilizing the 3Oh a photons from the capillary dis- 
charge. Tne behavior of the amb:ent t,ink ~aiuum fc: 
the nozzles is shown in Fig. 7. For be ~iruLeriwn 
observation the tank vacuum b &- -a' 3~ incdicated 1.5>iO-' '1. 

E i lo -ue 

It is clear from this work that c,:r:tir:~~o'&l.y ~$er- 
sting supersonic jet targets wir;h $60" wizd.;wl.c!:s :x- 
cess are feasible for nccrlrrntcrs. :li‘x-~-over , 1 + m:i:r 
be possible to accommodate very large .iep3sitior.s e?f 
beam power in supersonic jet targets' ;u,‘h that ne.ltrc.:: 
fluences several ,rders of magnitude hiyhrr thar cur- 
rently obtainable values may be :xtieved. ::uc:q trr‘pz t 5 
should open up new domains of re:searzh In n~~c1e:z.r~ phys- 
its as well as optical and plasma physics. 
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