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Introduction
In order to carry out proton-proton interaction experiments with the
internal circulating beam of the NAL main accelerator, a jet target was
designed. This jet is required so that the high backgrounds inherent with
polymer foil targets are eliminated, This target produces a pulsed jst of
condensed hydrogen with the following parameters: diameter, ~ 10 mm;.

. ' . ~6 3 1-5 . .
duration, 300 msec; density, ~ 40 =~ gf/em [ ].. The jet is pumped irom
the vacuum chamber with & hellum-cooled cryopurap. The target has been
in operaticon for a year and hag serviced five experiments including the first

USSR /USA high energy pbysics collaboration,

Target Description

A schematic of the target is shown in Fig. 1. Boiloff helium is used
to cool the main heat exchanger (2). When this is done, a measured amount
of compressed hydrogan, which has been gathered ln the buffer volume between
valves 1 and 2, is released into the heat exchanger train, Here it is cooled,
condensed, and injected inte the target, Injection is perpendicular to the proton
beam of the atcelerator. The jet crosses the aceelerator chamber at the
beam litm and is captured by the helium-cooled ¢ryopump, This cryopump
nag two portions: a main trap with o round threat of 19, 6 cmz and an additional
trap with a throat of 36, 6 cmz. The additional trap helps to scavenge g&s which
has diffused into the chamber during injection, The target is periodically with-
drawn from the accelerator chamber (11) to an isclation charsber (8) where it
is defrosted, and where the solid hydrogen clustered in the traps is sublimated,
Becausge of working conditions, such as high radiation levels in the

accelerator tunnel, the target musi be operated remstely. Through remote
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control panels, operaiors can shift the target in a vertical directioit, as well
as open and close vacuum gates and carry out all eryogenic opevations, such
as cooling and filling with liquid helium. All main parameiers are registered

on recorders and a computer interface is provided,

Precocling und Hydrogen Condensation

A "see-saw'' heat exchanger is used to cool the hydrogen in the jet,
Basically it consists of two capillaries attached along their length. The heat
exchanger is first cooled by a rmeasured amount of hoiloff gas from the liquid
helium cooling the cry‘opump. When this flow is stoppad, a pre-measured
amount of #N, cooled hj'drogen ig bled into the other side of the heat cichanger
where the sensible heat of the copper cools the gas to the region uf 20K and
delivers it to the jet nozzle. The timing of these gas pulse¢s is controillerd by
a special timing circuit which is triggered with respect to cycles in the main
accelerator. Thus we do not have a standard heal exchanger but rather a

short term sensible heat storage device,

Jet Collimution

In order to minimize the local vacuum deterioration in the accelerator,
the divergence of the hydrogen jet must be minimized. This is done with a
gsoeries of collimators, These are scrapers with small cryopumps at their
side. Even with this, there is a large local variation of vacuum in the
vicinity of the jet as shown in Fig. 2, 0Qil diffusion pumps are used ina
scavenger system for 40 meters up and downsgtiream of the jet,

[To protect synchrotron operation from the effects of excegsive local

vacuwm pressure rise due to the hydrogen jet, two predetermined preissure

and safeiy lsvels are continuoisly monitored, One i vl uvelall pressoere
rizt. I the local vacuurn pressure rises above this levei, then jet operation

iv electronically vetoed until recovery ococurs, The second safety level applied
to multiple jol oparation during one syncliretron aceeleration cycle. Here the
vaguun pressule rise associated with each jet fiving must recover helow the

salviy level before the next jet or that jet will e eleciroanically vetoed, 1n thig
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way the averdpgs vacuowm noar the jet ¢an be maiitnined on the average at a
gquality pood encugh to cause only miaimal interference with the circulating

proton boam.

Helium Supply System

The aystom for providing ligauld helium to the targetl is based zround
a CTi Model 1400 liguefier, This machine makes liguld continuously into a
1000 liter dewar, This liguid is then batch transferred to a 500 liter dewar
near the target in the accelerator tunuel, The transfer line which is 35 m
long and nitrogen shielded has a steady state loss of about 10 watts, This
figure includes six bayonets., A remotely controlled transfer liguld in small
batches from the downstairs dewar to the target itself, The Model 1400
liguefier ig algo used for recovery of the boilolf heliumn gas. The boilodf line
from the target is connected o the suction of the compressor system. Upon
a rige in suction ﬁressur‘e, the systemn can shunt the full output cof the com-
pressors to the recovery tank. The system hus recently beer bI'ought up to

a capacily of 30 g/hour by the addilion of a third coutpressor,
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Figure Captions

Figure 1: Cross gectic: of the target for the production of & condenzed hyduvojun
jet (dimensions are itl mm), Legand: (1, 2) supply hydrogen valves:
(3) neat exchanger; (4) noizle and collimator systém; {3} upper cryogenic
puinp; (6) lower cryopenic pump; (7) shield.c—-ooled by vapor helium;
(8) target ldolation chamber; (9) pressure gaige; (10) héat—excha.nger
conirol valve; [14) a¢celerator chambér;-(i 2) vacuum gate; and (13)

valve for evacuation of sublimated hydrogen.

Figure 2: Pressure variaticn inh the accelerator vacuuti: chamber during injection
of the jet. The base pressure is 2.4 x fL(J"6 Torr, The first peak
shows the pressure rige in the vacuum é-_ham: er neat 'th_e'jet, The
peak pressure is 1,5 x 1053 Torr and each-_fﬁéju-r {ime division is
egual to 500 msec, The second peak shows kt-llé 'V"afcuum change 10 m
upstream of the jet, Peal pressure is 3.9 x 10‘-5 Torr., The delay
is due to diffusion through the proton beam tube. Notice the rapid
pumping speed of the cryopump as gvidenced by the reéovery leg

of the first peak,
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