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Summary 

A study has been carried out on the feasibility of a gas jet target 

for use in the main ring. This target would operate at room tempera

ture, as contrasted with the target presently in use which requires 

liquid He. As part of this effort, a prototype target was assembled 

using a O. 004" de La.val nozzle and oil diffusion pumps; measure

ments were made on target densities, jet profiles, and differential 

pumping schemes with H2 gas. We conclude that a competitive target 

can be made and would have major advantages in reliability and cost 

of ope ration. 
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1. Introduction 
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1. 1 Physics Utility of a Gas Jet Target in the Main Ring 

The value of using a gas jet target in the main ring 

during acceleration to do particle physics experiments is by now 

well established; 1 some of the unique advantages this technique 

affords are: 

a) a continuous broad range of incident energy (8 - 400 GeV) 

available during a repetitive 3-sec period, with good definition 

at any one energy, 

b) an ultra-thin target (- 10-7 g/cm2) which allows precision 

measurements on low energy products, 

c) a well defined incident beam with < < 1 % halo, 

d) a high interaction rate, - 2. 4 x 109 /sec for 2 x 10 13 

protons/pulse on a H2 jet target with pi. = 1 x 10-7 g/cm2, 

which is equivalent to a beam of 5 x 10 10 p/sec on a 1' long 

liquid hydrogen target or an instantaneous luminosity of 6 x 1034 

cm- 2 sec- 1• 

1. 2 Current Jet Target Technology 

A gas jet target, built in the U.S. S. R. 2' by the Dubna 

Laboratory, has been in use in the Internal Target Area at CO 

since July of 1972; it has been used in a series of successful 

investigations to study pp and pd interactions. This target uti

lizes liquid He b0th:te:c::rcrool the gas injected into the vacuum 

chamber and to cryopump the gas after it has passed through the 

beam. The use of liquid He necessarily entails a certain degree 

of technical sophistication, complexity, and operating expense; 

it also imposes some constraints which may be a limitation for 

certain types of experiments using a gas jet target. While 
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cryopumping a.t 4. 2°K is a very effective pump for H2 and n 2• 

it is not nearly as useful for He. which is also a target of interest~ 

Finally, there has been considerable difficulty in keeping the 

present jet operational during the past eight months. Under 

these circumstances, we thought it might be useful to examine 

possible alternatives to a liquid He type jet target. 

1. 3 Scope of this Study 

We are aware of three efforts4 to make jet targets 

without liquid He, all three have produced operating jets. The 

problem of an alternative to a liquid He (LHe) jet target is there

fore not one of demonstrating existence, but rather to make (or 

to know how to make) an operational target that matches the par

ticular constraints imposed by operating at CO and that competes 

favorably with the present LHe jet. 

In this report we first review some of the basic facts 

concerning the use of jet targets. We then discuss the operating 

characteristics of and experience with the LHe target. This is 

followed by a simple quantitative model of jet target operation. 

Next we describe some test bench work on a room temperature 

(RT) jet using a de La.val nozzle of o.004n th:Foa;t diameter. Th4a objec

tives there were to: (a.) demonstrate a good jet profile, (b) deter

mine the range of densities attainable. and (c) test out a differential 

pumping scheme. Finally we make a comparison between a 

possible RT jet and the present one. 

2. Target Requirements and Constraints 

2. 1 Desirable Target Features from the Experimental Side 

Pa.st experience and future plans indicate that the 

following features are desirable in a gas jet target. 

1. A variable range of target thickness (pl) from 1 x 10-8 

- 5 x 10-7 g/cm2 (see Sec. 2. 2 below). 
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2. A reasonable target-on time during the 3-sec accelera

tion period, i.e., 2:: 10% or 300 msec. 

3. Continuous operation with good reliability and low over

head. 

4. Transverse dimension of the jet approximately equal to 

the horizontal size of the beam, the beam has FWHM = 1. 5 cm 

at 10 GeV and - 2 mm at 300 GeV, changing as 1/ ff. 

5. A density of gas not in the jet proper ( PBKG) << PJET' 

e.g.• PBKG ~ PJET/iOOO · 

6. As little as possible material close to the interaction 

region, e.g., in a 12-cm diameter cylinder centered on the 

beam. 

7. Good access to the interaction region for detectors and 

monitors. 

8. Ability to run with a variety of gases in addition to H2, D 2, 

and He. 

9. Simple design, such that an operational spare is available 

and can be installed in - 11hcn.l!1v. 

2~: 2 Constraints Imposed by Main-Ring Operation 

1. Dependable access only once per week for - 8-hour period. 

2. Limits on type and amount of gas injected into main-ring 

vacuum system outside of CO, particularly He. 

3. Small attenuation (<: • 1 %) of the accelerated beam. 

4. No affect on extraction efficiency of beam from main ring. 

Recent tests at CO indicate that a localized, pulsed, H 2 gas 

burst of p.£ = 5 x 10- 7 g/cm2 lasting - 0. 5 sec could have 

detrimental effects on extraction at beam intensities of 2 x 10 13 

5 per pulse. 
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3. Operating Characteristics of and Experience with the Dubna 
Jet Target 

The present Dubna jet geometry is shown in Fig. 1. It 

works as follows: cmdled H2 or D 2 gas (- 30°K) at ~ 1 atm 

pressure is injected in a pulsed mode through a nozzle of 

diameter O. 3 mm (. 012"); about 97% of the gas is trapped 

instantaneously in the cup and on the top surface of the cryo

pump. the remaining 3% is pumped with a time constant of 

-o. 1 sec (corresponding to a pumping speed of - 3000 i./ s) 

mainly by the top surface of the cryopump. a copper surface 

of ,., 400 cm2 at 4. 2°K. Each pulse is ,., 3 5 cm3 of ST P H 2 gas; 

after,., 3 hours of operation at 3 pulses/cycle and 500 cycles/hr. 

about 160 i. of STP H2 has been trapped (equivalent to 14 g or 

(5. 4 cm) 3 of solid H2) "filling" the cup of the cryopump. The 

main-ring beam is interrupted. the entire assembly is then 

raised. sealed off from the main-ring vacuum. the LHe is 

purged and the solid H
2 

sublimated. Typical operating ranges and 

d •t• 1 con 1 10ns .a.re: 

Width of jet (FWHM) at 15 mm 
from nozzle 

Width of jet (FWHM) at ~15 mm 
from nozzle 

Opening angle of jet 

Temperature of gas before 
nozzle. T0 • 

Pressure of gas before nozzle. 

Po 
• 

Density of jet at 15 mm 

Duration of gas pulse 

Number of pulses per 3 sec of 
acceleration 

12 mm 

24 mm 

O. 5 - 4 atm 

O. 4 - 3 x 10- 7 g/cm3 

250 ms 

3 
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Sublimation period 

Continuous operating period 

LHe consumption 

40 min 

2-4 hrs 
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20 - 40 £/hr 

Each jet pulse is accompanied by a pressure transient in 

the surrounding vacuum chamber. For a pulse of time duration 

t0 into a chamber of volume V, this transient has the form (see 

Sec. 4. 2). 

P(t) P - Q(To, Po) 
- BASE - s 

where 
dv 

Q = P dt = the flow rate of gas through the nozzle 

EtRYO = the efficiency of the cryopump for instantaneous 

trapping, ,..., 97% 

S =the effective pumping speed for non-trapped gas, 

,..., 3000 £ Is 
T = V /S, ,..., 100 msec' 

PEASE = base pressure at t< O 

(these numbers are consistent with the data of Golovanov, 

et al6) 

So for T0 = 20°K and P0 in atm one gets 

P(t) - PEASE= 1. 6 x 10- 3 P0 (1-e-tfT) Torr 

which implies pressure peaks of 1. 6 microns at a P0 of 1 atm. 

The density of the jet will also be proportional to P
0

; at 15 mm 

from the nozzle, the ratio of target density to background 

density7 is ,..., 400. 

(1) 

(2) 

(3) 
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The Lijj&for the target is supplied by a C.T.I. -1400 

liquifier, having a capacity of 30-35 J./hr. Although the static 

boil-off rate of the target proper has been as low as 9 J./hr, it 

is variable and in the past. sufficient LHe to support continuous 

operation of the target for the 6-day period between scheduled 

accelerator down periods has not been achieved; a 50% duty cycle 

is typical. 

After a two-year period of use. the present target was 

plagued by a series of cold leaks from the LHe vessel into the 

vacuum chamber; such leaks are often difficult to loca.te. On 

one occasion '4 20 J.(STB) of He gas leaked into the vacuum 

chamber, resulting in an impairment of the leak-hunting ability 

in the main ring due to He contamination of the ion pumps. 

4. Model of Jet Target Operation 

z )I 
r 

Nozzle 

Fig. 2 

In practice, a gas jet is formed (see Fig. 2) by quickly 

( ..... 5 msec) opening a solenoid valve which allows the gas. which 

is under some starting values (P0.T0 ). to flow into an evacuated 

volume V 2 which is connected to high vacuum ( ..... 10- 6t) through 
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a de Laval nozzle. 9 The nozzle has a constriction of the 

order O. 2 mm, V2 is the unavoidable volume (usually~ 3 cm3) 

between the valve and the nozzle. The gas in V2 has P1 .::: P0 

T1 ~ T0 (unless cooled as in Dubna jet). it then expands through 

the nozzle into the vacuum, developing a stationary conical 

shaped jet after a few msecs. The flow velocity of the gas in 

the jet is supersonic and approximately equal to the speed of 

sound in V2. e.g .• if Ti = 295°K about 1. 8 m/msec for~· 

4. 1 Mro;e!l ~eLatingUensity. Profile, and Flow 

An exact description of the steady,-state p.rdf.He 

(e.g •• density and velocity distribution at each point in the 

vacuum chamber) is impossible to calculate theoretically. 

However, a useful description (which does not predict, but 

rather uses the profile as a parameter) can be obtained by 

taking a one-dimensional gas-dynamics flow model lO that 

assumes an ideal gas in a steady-state, isentropic flow (so 

called "strong form" of Bernoulli's law). The basic parameters 

are obviously P
0

, T0 , and r (radius at narrowest point of nozzle). 

if we take as a fourth parameter R. the radius of the jet where 

it intersects the beam, then we can easily derive an expression 

for the gas density. p, at the beam position 

where: 

1 1/ 2 
P = [r)2 

P0 M h. 2 j ?'- 1 (_:l_:___!J 
\R CT0 \ry + 1) \T+}) 

M = molecular weight 

'Y = ratio of specific heats 

C = molar gas constant 

(4) 
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7 
For 'Y = 5• M = 2. 016, this becomes 

(~\ 2 295 -7 g 
p = 215. 5 \R/ P0 (atm) To x 10 cm3 
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dv 
A quantity of practical interest is the gas flow, Q = Pdt, 

measured at some temperature T., 
' 1 

= r2 p (2-_r~ I ( 21' \ .. 1/2 (£) 1/2 
Q 7r o \-'Y + 'Y + ~) MT

0 
Ti 

or evaluating as above for T. = 295°K (r in cm) 
1 

(5) 

(6) 

2 2 I 29 5 1 "'tm· cm' 3 
Q = 7r r· x 755 x liO' x P fahrn) x / "'" '.., (7) 

o- "" T0 sec 

Using eqs. (4) and (6) one can relate Q and p as follows 

Q - R 2 ;;;;;_. j2CT ol .., 7r p • 
'Y - 1 M 

which at Ti = 295°K evaluates to 

2 -7 3 j TOI I 
Q = 350. 5 x 7rR p (10 g/cm ) 

295 

From (8) we note that 

Q9' P~• 

atm-cm3 
sec 

i.e., for fixed p, Q goes as JT';;;; _and that for fixed Q, p goes 

as (T
0

)- 1 I 2. If we do not fix p or Q but simply vary T
0 

then 

from (4) and (6) we see 

1 
p a: 'T' and Q w 

·o 

1 
flol . 

(8) 

(9) 

(10) 

(11) 
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From (8) we can also define a "figure of merit" for 

given nozzle as p/Q, giving 

1 
F : p /Q <x: __,,2,......,.. ............ 

R~ 

If p 1. is the quantity of interest then the merit figure would be 

1 

Experimentally one finds that the shape of the jet for a 

given nozzle is independent of P
0 

once it is above a certain 

value. Data on the dependence with T0 is less complete, but 

it appears to be weakly dependent also.12 

4. 2 Model of the Vacuum System 

I !fl v I 
Beam ___ > ______ -------~- ____ ------- __ _ 

I 
L..JG 

t_____. 
s 

Fig. 3 

One can approximate the vacuum system as shown in 

Fig. 3. The jet mechanism is contained in a "target box" of 

volume V; G is a device which instantaneously captures a 

fraction E of the directed gas issuing from the nozzle, while 

S is a pump that pumps via molecular flow (at a temperature Ti) 

the fraction of gas, 1 - E, not captured by G. In the Dubna jet 

G is the cavity of the cryopump and S the top surface of the 

(12) 

(13) 
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cryopump; in a warm jet G would be a differential pumping 

aperture and S a conventional vacuum pump. The pressure 

transient that accompanies the pulsing of the jet for a period 

t 0 is given by 

Q(r 'I P.) (1-E)(l-e-t/T), 0<t~·,t0 P(t) - p BASE = , So, o (14) 

= (P(to)-PBASE)e-t/T, t >to 

where T = V /s,. The peak of the pressure transient, PM, 

t t t . th P Q ( l - E ) Th d . bl . occurs a = 0 , w1 M ~ S • e un es1ra e inter-

actions arising from the background gas outside of the jet 

vary like PM, hence one measure of the target's u;sefml:ne,ss 

is the ratio p/PM 

= pS 
Q(1- E")(l-e Ea/ T) 

= F S 
(1-E)(l-eto/T) 

where F is the nozzle figure of merit as Befined in eq. (12) 

and the other factors depend on the pumping scheme. Instead 

of PM• it is better to use the peak density, PM"-' giving 

S C Ti 
p I pl\ ·f = F t I 

iv. ( 1- E )( 1-e-: o T) M 

= 

(15) 

(16) 
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Evaluating this for H 2 yields 

p/ PM = S(J./ sec) 1. 09 x 10_312951 
(1 - E) (1 - e:-to/'f') To 

5 Jet Apparatus with Los Alamos Nozzle 

5. 1 The Nozzle Assembly 
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1 

A continuous duty gas jet target was recently developed 

by Brolley4 for use at the LAMPF machine at Los Alamos. In 

the course of this wvrk. techniques were devised for making 

de Laval type converging-diverging nozzles of very small throat 

diameter (. 002 to ~1010 cm). The nozzle used in the present 

studies was provided by Brolley. A sketch of this nozzle and its 

dimensions are shown below: 

Fig. 4 

The test setup is sketched in Fig. 5. The nozzle was 

mounted on the end of a tube that extended through the top plate 

of the test chamber. A sliding vacuum seal allowed the nozzle 

assembly to move vertically within the test chamber about 24 cm. 

(17) 
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5. 2 The Oas Pulsing System 
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The target gas was fed from a hydrogen gas bottle 

via a 0-200 PSI regulator to a buffer volume above the nozzle 

assembly. The solenoid valve,SVl,admitted gas from the buffer 

volume to the nozzle. Another solenoid valve,SV2 ,controlled the 

flow of the gas from the bottle to the buffer volume. 

Because of the small size of the nozzle orifice, the 

charge of gas admitted by SVl to the nozzle escaped very slowly. 

This resulted in a long "tail" on the jet pulse. In order to make 

a sharp cutoff on the pulse length , a mechanical vacuum pump 

was connected through a third solenoid valve, SV3, to the volume 

just before the nozzle. 

The operation of these valves was sequenced by means 

of the timing circuit shown in Fig. 6. The start trigger opened 

valve SVl to initiate the jet pulse. After a delay, approximately 

equal to the desired pulse width, valve SV3 was opened long 

enough to stop gas flow through the nozzle and to remove residual 

gas. Valve SV2 was opened when SV3 was closed to recharge the 

buffer volume. 

5. 3 The Test Chamber and Vacuum System 

The test chamber containing the nozzle assembly 

was mounted directly to the flange of a 10-inch oil diffusion 

pump (CVC model PMC-10). The nozzle assembly was offset 

with respect to the center of the diffusion pump so that the H2 

gas jet was directed into the oil vapor jet. 

Another oil diffusion pump (NRC model VHS -6) 

with valve and water-cooled baffle was connected to the test 

chamber through a length of 6-inch beam pipe. 
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A differential pumping sb.heme was effected by 

mounting a removable 1/16 11 thick aluminum baffle over the 

top flange of the 10-inch pump. A hole in the baffle plate (either 

3. 8 cm or 6. 4 cm diameter) was oriented directly below the jet 

nozzle. The nozzle could be moved vertically with respect to 

the hole to measure the effective trapping of the jet gas below 

the baffle. Any gas not trapped by the baffle and 10-inch pump 

was pumped away by the 6-inch D. P. 

The pressure in the vacuum system was measured by a 

thermocouple gauge and an ion gauge. 

5. 4 Apparatus for Profile Measurement 

A constant current anemometer (CT A) was used to 

investigate the properties of the Los Alamos nozzle. The 

detailed operation of the CTA of the type used in these studies 

is described in Ref. 4(a). 

The circuitry for the anemometer is shown in Fig. 7. 

The prql:re)oensists ~<Df. a 5-micrbn plat:Lnum~coated tung.st en wire 

which forms one leg of a. wheatstone bridge. The bridge is 

balanced with current in the probe wire sufficient to maintain 

a temperature of about 900°K. The jet gas moving past the wire 

removed energy from the wire by molecular collisions thus trying 

to cool the wire and reduce its resistance. A differential ampli

fier across the bridge sensed the imbalance causing a feedback 

signal to be generated which increased the voltage at the top of 

the bridge to restore the balance. A scope, triggered by the 

gas jet pulse, recorded the time variation .6. V on the bridge. 

The density of particles hitting the anemometer wire is propor

tional to the power variation .6.W in the wire. The relationship 
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between ..6. W and ..6. V is given by 
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where Ro and RF are the resistance values of the legs of the 

bridge as shown in Fig. 6 and V
0 

i:s the quiescent voltage at the 

top of the bridge. The scope traces of ..6. V were recorded with 

a polaroid scope camera. 

The probe containing the anemometer wire was mounted 

in a sliding vacuum seal in a port window of the test chamber. 

To measure jet density profiles, the probe was moved horizon

tally past the jet. To measure profiles in different horizontal 

planes, the jet nozzle was moved vertically. 

6. Measurements and Calibration with RT Jet Apparatus 

6. 1 Measurements 

(18) 

The investigation proceeded in two parts. First, the 

flow characteristics of the Los Alamos (LA) nozzle were examined 

and operating conditions were varied to achieve a gas jet with 

a good profile and reasonable density range. The second part 

of the study focused on the problem of pumping the jet gas. An 

effort was made to realize a pumping configuration compatible 

with experimental requirements and operating restrictions 

particular to the Internal Target Area. 



-16-
TM-582 
0710.000 

Jet profile measurements were made to determine 

the shape dependence on gas pressure. Since the probe also 

measured gas density. the behavior of the density with pressure 

was studied for comparison with a model of gas flow. Detailed 

profile measurements were made at gas pressures before the 

nozzle of 35, 95 and 135 PSIA. The upper limit of the pressure 

was restricted by the capacity of the vacuum system. 

Profiles were made by moving the probe transverse 

to the jet in increments of O. 8 mm. Profiles were made in 

planes at several vertical distances from the nozzle. The 

range of displacements from the nozzle (9 to 44 mm) was 

typical of those one would encounter in an actual target in the 

main ring where the nozzle position was fixed with respect to 

the beam. 

Once the jet shape was measured and a reasonable 

operating density was selected, the response of the vacuum system 

was studied. Pumping speed of the la.rg@ 10-inch diffusion pump 

was measured with various nozzle positons to see if the speed 

was enhanced if the jet was directed into the oil stream of the 

pump. Studies were made with a baffle over the mouth of the 

10-inch D. P. A hole in the baffle directly below the nozzle was 

sized to be slightly larger than the cone of the jet. Two hole 

sizes were used; 3. 8 cm and 6. 4 cm. Measurements were 

ma.de of the quantity of gas from the jet that was .''trapped 11 py 

the large pump. The recovery times of the vacuum system 

were measured under all conditions for comparison with calcu

lation and so that a system optimum for an actual target could 

be projected. 
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6. 2 Calibration of Vacuum Gauges and CTA 
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Absolute de calibration of the three gauges used 

(thermocouple, ion ga.uge11 (Ba.ya.rd-Alpert), and CTA) in the 

1-200 micron range for H 2 was accomplished by injecting a 

known quantity of H 2 gas into the main chamber of Fig. 5 with 

all pumps closed off. The leak-up rate of the main chamber 

after...., 24 hrs of pumping was...., 2 x 10- 5 t/min as read on 

the I.G. (air calibration). The known quantity of H 2 gas was 

obtained by opening only SVl (see Fig. 5) for ...., 25 msec; the 
JL 

pressure in the known volume (56 cm3) between SVl and SV2 

was recorded before and after the opening. The nozzle dis

charges the volume between SVl and the nozzle rather slowly 

(1 / e in 640 msec for a 4-CM3 volume). Hence a 4-cm3 pulse 

at 1 7. 5 PSIA into the 115 P. volume gives a pressure rise of 

17. 5 
~p = 4. 0 x 14. 7 x 

1 3 x 760 :;;: 31. 5 x 10- 3t. 
115 x 10 

This cycle was repeated five times yielding a curve with equal 
-3 steps in pressure from 31-158 x 10 t. The range from 

2-13 x l0- 3t was covered in 7 pulses by opening SVl and then 

terminating after":' 20 msec by opening SV3. The CTA incre

mental power (~ W) was observed to be linear with pulse number 

and to extrapolate through zero (PEASE = 10- 6t) in both ranges, 

hence it was used to establish the absolute calibration of the 

low range. 



NATIONAL ACCELERATOR LABORATORY 

ENGINEERING NOTE 
SUBJECT 

9 

8 

Ion 
Gauge 7 

Scale 6 

Reading 

5 

(1o- 3Torr) 
4 

3 

2 

1 

0 

Thermocouple 

600 
Scale 
Reading 

500 

-3 
(10 Torr) 

400 

300 

200 

100 

0 

SECTION PRO.JECT SERIAL-CATEGORY PAGE 

NAME 

DATE REVISION DATE 

9 

8 

CTA 
7 

6.W 

6 
(M Watts) 

5 

4 

3 

2 

1 

0 

0 20 40 60 80 100 120 140 160 
H 2 Pressure (10- 3Torr) 

Fi • 8 



-18- TM-582 
0710.000 

The result of the H2 calibration is shown in Fig. 8 

for all three gauges. ur; note that: 

a) Thermocouple g~ ___ 
0 

_ - in the range of scale reading (air 

calibration) from 4-140 x 10-3t it reads too high a H 2 pressure 

by a factor - 2. 2, above this range it diverges. being too high 

by 4. 4 at a scale reading of 700 x 10-3 t. 

b) Ion gauge - in the scale range (air calibration) 1. 5-13 x 1 o- 4t 

it reads too low a H2 pressure by a factor of 10. a kink occurs 

at a scale reading of 1. 3 x 10- 3t after which it becomes pro

gressively less sensitive, being a factor of 20 low at a scale 

reading of 9 x 10- 3t. 

c) CTA - it appears quite linear over the range of H2 pressure 
~- d 

from 1. 8 - 160 x 10-3 with a sensitivity. d W , of 0. 06 mW I 10-3t, 
p 

corresponding to a voltage signal of,.., O. 8 mV /lo-4t. Normal 

operating conditions were R = 400 0, corresponding to a power 

dissipation. W 0. of 8. 8 mW and a temperature of 900°K. 

Under high localized gas pulses. we observed an 

unusual time dependence of the CTA signal (drops by factor of 

2 after,.., 10 msec), this occurs at high pressure (~ 80 PSIG) 

when the CTA is within 4 mm of the nozzle where the FWHM 

of the jet is ,.., 3 mm. Under these conditions the power absorbed 

by the gas, .6.W, is ~ W0 , which presumably results in a sub

stantial range in the temperature distribution along the CT A 

wire. The de calibration of Fig. 8 is estimated to be accurate 

to± 20%. 
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7. Results 

7. 1 Jet Profile and Density Measurements 
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Figure 9 shows the profile measurement made at a 

nozzle pressure of 95 PSIA. The background was subtracted 

before the data were plotted. The sight skewing in the peaks 

of the profiles as the nozzle was moved away from the probe 

derives from the nozzle not moving exactly vertically. 

The jet width (FWHM S 2R) for each profile is 

plotted against its displacement from the tip of the nozzle. 

In Fig. 10, pulse width vs Z is plotted for each pressure 

measured. In the case of the higher pressures (95 PSIA & 

13 5 PSIA) the jet shape is the same with an opening of about 

go. At 35 PSIA, however, the jet has opened up to 20°. Other 

measurements suggest that the transition to a narrow profile 

occurs at "' 40 PSIA. 

The density of the jet is calculated by using the peak 

power for given profile and the absolute den:S~y calibration of 

the wire. The resulting number must then be corrected by the 

ratio of the width of the jet divided by the probe wire length. 

If, for these pressures we assume a reasonable beam-nozzle 

distance of 25 mm, the corresponding densities are shown and 

compared with the flow model (see Sec. 4. 1). 

nozzle 
pressure, P

0 

rr35" PSIA (2. 23 atm) 
11 95 11 PSIA (6. 14 atm) 

rt135" PSIA (8. 76 atm) 

measured 
density 

. 032 x 10-7 g/cm3 

. 42 x 10-7 g/cm3 

. 63 x 10- 7 g/cm3 

predicted 
density 

-7 3 .049x10 g/cm 

. 59 x 10- 7 g/cm3 

•. B4 x 10- 7 g /cm 3 
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The measured densities appear to be 0. 7 of the predicted values; 

given the approximations made and the precision of the CT A 

calibration, this level of agreement is satisfactory. 

7. 2 Pressure Transients 

Pressure transients of the general background H2 
gas in the chamber associated with pulsing of the jet were 

measured for three configurations (see Fig. 5): 

a) no baffle between upper chamber and 10" ODP2, 

b) baffle with 3. 8 cm diameter hole 

c) baffle with 6. 4 cm diameter hole. 

In all cases the vertical position of the nozzle could be adjusted 

over a 24 cm range. 

The H 2 gas flow through the . 004 11 (diameter) 

Los Alamos nozzle for T0 = 2950K can be calculated from 

eq. (7) to be 

Q "' 6. 11 P0 (atm) 

= 4. 65 P0 (atm) 

atm - cm3 

sec 

Torr - 1. 
sec 

Q was measured by noting that this nozzle exponentially discharged 

(into a static vacuum) a 12. 5 cm3 volume with a time constant 

of 2. 05 sec. 

12. 5 cm3 
QMEASURED = 2. O 5 sec 

7. 2. 1 No Baffle Case 

3 
= 6. 10 atm - cm 

sec 

For this case we have (see Fig. 5) 
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STOT = 5650 + 3 90 = 6040 1./ sec, V + 100 1.. 

T = V /STOT = 16. 6 msec 
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During this test we had a time dependent Q of the form (tQ = 640 msec.) 

Q = 4. 65 P
0 

(atm) e-t/ 640 Torr-1. /sec. 

Hence for t< < tQ we predict 

P(t) = <Q<tQ 
8TOT 

(1 _ e -t/16. 6). 

where <Q(\p • ~ [t Q({)a{ , 

0 

and P(t) to go through a maximum at tmax = 

72 msec, which for P0 = 1. 59 atm is 

(19) 

(
2TQ + T \ .. 

T ln i 
T J 

= 

PMA _ .944x4.65x 1.59 (1_e-72/16.6) x 10-3=1.l 4 x 10-3Torr 
x - 6~ 04 \ 

Figure 11 shows the IG response under these conditions for two 

vertical positions of the nozzle (4" from top of ODP2 and 8 11
). 

We see essentially the predicted response, but with a pressure 
-3 peak of 1. 5 x 10 t~. about 32% high. We observe less than a 

10% Z dependence over the 8" range. It appears then that their 

is no enhanced pumping by ODP2 by having the gas stream directed 

into its throat at this value of Q (lateral nozzle position was half 

way between edge of chimney top and outer wall of pump); the H 2 
gas cannot be removed quickly enough from the region below 

the oil-vapor jet, so it diffuses backward up the pump. 



P(t) looms 

----------- ________ __, 

5v 

Fig. 11 

2.0'1f1Y 100MS 

CTA 

Fig. 12 

I. G. re-~ _nse with 
no baffle, P

0 
= 1. 59 atm. 

t 

CTA response for 
six positions of 
nozzle at P0 = 4. 81 atm. 
z = 17, 12, 7, 4.6, 
2. 1, O. 8 cm. 



-22-

7. 2. 2 Baffle with 3. 8 cm Aperture 
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In Fig. 12 we show the pressure in the upper chamber 

versus time for six vertical positions of the nozzle, ranging 

from 17 cm above the aperture to 0. 8 cm above with P = 4. 81 atm; 
0 

the peak pressure drops by 15 as the nozzle approaches the hole 

(at the lowest position the nozzle itself must reduce the back 

conductance of the hole). For this P0 we have 

Q = 22. 35 e-t/640 Torr-i./sec •. 

Hence the pumping para.meters of the upper and lower chambers 

separately, i.e. if there were no connecting hole, are 

70 
= 390 = 179 msec, TL = 5. 3 msec 

At the 17 cm position very <Mtt[e of the jet gG>.E~B <Sl:iJ!~·ectly 

through the 3. 8 cm hole, and the prediction is easily seen to ~e 

S = 390 + ( 5 ~ 50 + 5~ 7 J = 855 £/sec; T =. ;~5 = 81. 9 msec 

p (t) = <9<tQ x 10-3 rl-e-t/81. 9\ 
u . 855 \! J 

• ( 2 x: 640 + 81. 9\ 
tmax: = 81. 91.n \ 81. 9 1= 230 msec 

We observe a peak at t = 200 msec; evaluating Pu at 200 msec gives 

Pu (200) = HJ. 11 x: lo-
3 

(. 913) = 20. 4 x: 10- 3Torr 
.855 
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-3 The CTA reads 1 7. 5 x 10 at the peak; the agreement may be 

"too good" in view of the facts that at 20 x 10- 3T orr the molecular 

flow assumption may be questionable, and that the pressure at 

the head of ODPl will be ,.., 5 x 10- 3t where it may begin to lose 

pumping speed. 

We now proceed to estimate the fraction , ~, of the 

jet gas that goes through the 3. 8-cm hole when the nozzle is 

4. 6 cm a.way. From Fig. 12 we observe Pma.x = 5. 0 x 10-3 at 

t ~ 260 msec for this position. If all of the jet gas were to pass 

through, then an upper limit (pertains if Pu = O for all t) of the 

amount which flows back is Fa/SL = 507 I 5650 = 9%. The simplest 

way to estimate E is to calculate Pu(t = 250 ms) assuming none 

of the gas goes downward through the hole and compare it with 

the observed 5 x 10- 3t. Using the above parameters we have 

~ Pu (t = 250 msec) = 390 
( 

-250) 
l- e i? 9 = 36 x 10- 3Torr 

Hence one estimates 

1 - € = 5/36 = • 14, € = • 86 

From this one can show that PL(t) ~ 3. 4 x 10- 3Torr and decreasing 

with the 640 msec time constant; hence for t > 60 msec, Pu ->PL 

and the molecular flow is from upper to lower through the hole. 

A value for E can also be obtained from the profile 

curves of",Fig. 8; E should be the fraction of the area under the 

curve that lies inside of x = ± 19 mm at Z = 46 mm. Measurements 

at Z = 44. 4 mm do not extend out to x = 19 mm, so one must 

resort to using the shape as determined at smaller Z to do the 

integration; this procedure gives E = • 92, somewhat larger than 

the experimental estimate. 
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7. 2. 3 Baffle with 6. 4 cm Aperture and Short Pulse 
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For these measurements we ran with TQ :i;: 2. 05 sec 

and terminated the pulse after 100 msec by opening SV3 (see 

Fig. 5). In addition, ODPl was changed from a 4" to a 6" 

pump, giving an increase in S from 590 to 1200 P./ sec. Figure 13 

displays the jet density vs t with the CTA 2. 5 cm below the nozzle 

and P0 = 6. 14 atm. Figure 14 shows the buildup of the background 

pressure at P0 = 7. 6 atm for the same 100 msec pulse when the 

nozzle is 5. 1 cm from the hole in the baffle. The average value 

during the 100 msec pulse ( PJET = • 7 x 10- 7 gm/cm3) is 3. 6 x 10-3Torr, 

which is ,.., 1I180 the density in the jet. Finally in Fig. 15 we 

show background pressure for continuous pulsing at 1-sec repetition 

rate with 100 msec pulses at P
0 

= ,5. 42 atm. 

7. 3 Comparison of LHe and RT Jet Targets 

In this section, we shall compare the basic parameters 

of the two jets, the quantities R. P• Q, F. ~/pM and pi. as defined 

in Sec. 4. 1 and 4. 2. Since the width of the jet, 2R, is a function 

of the nozzle-to-beam-center distance (Z), we must adopt a 

specific geometry for the compahison. We take the simplest 

possible geometry, viz. a vertically directed jet with~ material 

within± 2. 5 cm of the beam center; this implies a nozzle-to-beam

center distance of 2. 5 cm. The data on R vs Z for the RI' jet is 

given in Fig. 10. The LHe jet is normally run at Z = J5mm.where 

R JraA be.en,.measure:d ,by sevet'al groups 
7

•
12to be in the range of"-6.,.. 9mm; 

there appeai'S to-be a ·€1epen(;li.en~~ ·on T6 and P0 .whi~b may acJwunt 

for the SJ!cr~ad i)"I, mea:sure]jj])'ents. At Z ~: .. 2.,5 ,cm, the .measurements 

give R in the ra.ngE. g.; 14 mm; for our '€!Offi:@a:rison, we shall make 

the somewhat arbitrary but reasonable choice of R = 12 mm at 

Z = 2. 5 cm. 
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To compare the two targets directly with respect to 

the other parameters is difficult since direct measurements of 

p and Q are not available for the LHe target. However, the 

good agreement between the measurements made on the RT jet 

and the simple model of Sec. 4 encourages one to use this model 

and the measured R values. 

7. 3. 1 Comparison of Nozzles 

The O. 03-cm nozzle run at T0 = 20-40°K and P
0 

...., latm 

clearly has a much larger divergence than does the • 004" 

(. 0102 cm) Los Alamos nozzle at T0 = 295°; the half angle for 

the former is 260 and for the latter so. (For P0 < 3 atm the 

Los Alamos nozzle divergence increase to ...., 10° .) In terms of 

Rat Z = 2.5 cm, RHe = 12mm, RLA = 2.5 mm. 

The gas flow, Q, through the nozzle depends on r, 

P0 , T0 and the temperature (Ti) at which you measure Q; eq.1(7) 

gives 13 

QLA (. 0102 cm, 295°K) = 6. 113 P0 (atm) 

3 
= 145 P atm-cm 

o sec 

atm-cm3 
QHe20<· 15 mm, 20°K) = 205 P0 sec 

atm-cm3 

sec 

(to convert to Torr-.£ multiply by 0. 76). Hence the LHe jet 
sec 

nozzle has ...., 28 times the flow for the same P , most of which 
0 

comes from the larger area of the throat (71 x 10- 3 mm2 com-

pared to 8. 1 x 10- 3 mm2). 

We compare p values at Z -::::: 2. 5 cm using eq. (5), 
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pLA = O. 888 x 10-l x P0 x 10-7 gm/cm3 

-1 -7 3 
PHe4o = 2. 48 x 10 x P0 x 10 gm/cm 

PHe20 4. 97 x 10-l x P0 x 10- 7 gm/cm3. 
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the LHe jet being - 4 times higher for the same P
0

• It follows 

then that the figure of merit. F = 
1

p/Q. is - 7 times lower for the 

LHe nozzle; if one uses F,.. (:: Rp/Q) then it is only 1. 5 times 

lower. 

The actual range of p available - or what is probably 

more relevant. pl = 2R p - depends on the range of P0 over which 

the jet will operate. The LHe target has been run in the range 

from O. 5 - 4 atm (nozzle freeze-up is a recurrent problem with 

P0 < 1 atm); the RT jet has been run from 2-8 atm. Hence the 

p.f ranges tested are 

,, -8 2 
P]LA = O. 3 - 3. 0 x 10 gm/ cm 

~ -7 I 2 f1.l.JHe40 = O. 30 - 2. 4 x 10 gm cm 

~ -7 I 2 PjHe2o = 0. 60 - 4. 8 x 10 gm cm 

The upper value of pl )LA was dictated by the configuration of the 

vacuum system used for the test; Brolley4 has run this nozzle at 

P
0 

= 68 atm (corresponding to a p.f = 3 x 10-7 gm/cm2) and 

obtained profiles similar to ours. With the LHe target. the 

upper limit will presumably come when the cryotrap begins to 

have an appreciable loss of efficiency due to the high pulsed 

load. In practice. the upper limit may be dictated by the main 

ring requirements as mentioned in Sec. 2. 2. 
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7. 3. 2 Comparison of Background Gas Density 
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We have seen in Sec. 7. 2 that the behavior of the 

transient in the background gas pressure during the jet pulse is 

predictable. Eq. (16) gives the ratio of p JET I pBKG as a function 

of time during the pulse, if t 0 >> T, the ratio is essentially constant 

during the pulse, if t
0 

< < T then the ratio decreases during the 

pulse like (t)- l giving 

<€JET/ PBK~ 2 x ( P JET/ PBKG at t = to) 

So for the test system described in Sec. 7. 2. 2 we obtain 

<&ET/ PBK9> = 227 

which compares to the directly measured value of 170. 

For the LHe target one obtains (t
0 

= 250 msec, 

T = 100 msec) 

A better parameter to compare may be L :: <J.GET x P../ pBK~ 

= 2R <6-ET/ pBK9> , which is the length of background gas 

having the same pP.. as the target; this yields 

LRT = 227 cm 

LHe40 = 494 cm, LHe 20 = 6.98 cm. 

LRT is worse by - 2. 6; this limitation is not fundamental, it 

is due to the fact that ODPl is rather small. 

We can summarize the comparison as follows: 
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a) the Los Alamos nozzle operated at 295°K has a considerably 

better p/Q than the Dubna nozzle operating at 30°K; 

b) the LHe target attains a 10 x higher pl. than the 295° test 

target, but may not be able to cover the low range (pl.< 3 x 10-8 

gm/cm2) with its present nozzle; 

c) the LHe target has a 5 x wider jet at Z = 2. 5 cm, giving an 

effective source size - 2. 4 cm, which for some experiments 

is too large. 

8. Summary and Conclusion 

8. 1 Accomplishments with the Los Alamos O. 004"-Diameter 

Nozzle 

A test bench gas jet target using the Los Alamos 

de Laval was set up and run with H2 gas at room temperature 

(295°K). In addition to the nozzle, the basic components of 

the system were: (a) a 10" oil diffusion pump, (b) a 4" oil 

diffusion pump~ and (c) a three-solenoid system for generating 

a square jet pulse. With this simple system, we were able to 

make a prototype target that had the capabilities to: 

(1) run continuously with 100-msec long pulses spaced by 1 sec; 14 

(2) give a 5 mm wide jet (FWHM) at 2. 5 cm from the nozzle tip; 

(3) vary pl. over the range 0. 3 - 3 x 10-8 g/cm2; 

(4) yield a ratio of background gas density to jet of 1I200; 

(5) transmit 86% of the directed jet gas through a 3. 8 cm 

diameter hole 5. 1 cm below the nozzle tip. 

In addition, we have developed a quantitative under

standing of the behavior of a target system which can serve as 

a basis for designing an operational target for use at CO. 
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8. 2 Feasibility of a Gas Jet Target Operating at 295°K 

We conclude from the study presented here that a 

gas jet target operating at room temperature is entirely feasible. 

From the measurements made one can infer that it is possible 

to design a practical target that will be compatible with the 

constraints imposed by CO and which will improve on the 

performance of the prototype as follows: 

(1) p.R. range from O. 3 - ]Ox 10- 8 g/cm2 

(2) p/p BKG = 1000 

(3) at the low end of the pl. range the jet could run continuously 

with ambient pressure ""' 10-4t; at the high end it would be 40 

msec pulses every 3'3rQ msec. 

A specific design for a target with these capabilities 

will be given in a companion TM. 

8. 3 Advantages of a Room Temperature Gas Jet Target 

8. 3. 1 To Physics Experiments 

1. Full duty cycle, 24 hr/day and 7 day/wk operation. zero 

startup time. 

2. High reliability. expected to be operational ~ 90% of 

scheduled time. 

3. Smaller size of interaction region. FWHM = 5 mm. 

4. Smaller target thickness available. down to.3 x 10- 8 gm/cm2. 

5. Very little material surrounding beam; no material in ± 2. 5 cm 

vertically and :::: 200 g in a cylinder of diameter 12 cm around the 

beam. 

6. Any non-corrosive gas can be used with no changes necessary. 

7. Good access to the interaction region for additional detector 

systems. 360° in median plane and a large fraction of the upper 

hemisphere. 

8. Nozzle easily aligned with beam. 

9. If a failure occurs. target can be 11fixed' 1 in a 1-hour access. 
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8. 3. 2 To Accelerator 

1. No need to turn off beam. 
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2. No horizontal or vertical aperture limitations (± 2. 5 cm vertical). 

3. No danger of He leaks into main ring or unexpected pressure 

bursts due to accidental sublimation of condensed gas. 

4. Fits easily into existing tunnel. 

8. 3. 3 To Internal Target Area Operations 

1. No technician manpower needed for normal operation. 

2. No liquid He or liquid N 2 required. 

3. Essential parts replaceable in a 1-hour access. 

4. Spare parts relatively cheap and easily pre-tested. 

5. Little upstairs floor space required for target control system 

( ,..., 1I3 of one standard relay rack). 

8. 3. 4 Disadvantages 

1. Target thickness, p1, limited to lOx 10- 8 gm/ cm 2 (H 2 gas); 

one could possibly go to 2 x 10- 7 gm/cm2 if the pulse length 

were reduced from 40: to 25 msec. 

2. A partial pressure of diffusion pump oil vapor present 

surrounding the jet at the level of 1 x 10-8t. 
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