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Introduction -. - 
In order  to  ca r ry  out proton-proton interaction experiments with the 

internal circulating beam of :he NAI, main accelerator, a jet target was 

des ieed .  This jet is required s o  that .tt:;. high backgrounds inherent w i th  

polymer foil targets are eliminated. This target produces a pulsed jet  of 

condensed hydrogen with the following parameters: diameter, - 10 rrlm;. 
- 6  

duration, 300 msec; density, * $0 g/cm 
3 [ 1-5 ] . The jet is purnpeci irorn 

the vacuum chamber rVith a helium-cooled cryopump. The target has been 

in operation for a year and has serviced flve experiments including the first 

USSKfUSA high energy physics collaboration. 

Target Description 

A schematic of the target is shown in Fig. 1, Boiloff helium is 11sed 

to cool the main heat ex~hanger (3 ) .  When this IS  done, a nleasured arnotmt 

of compressed hydrogsn, which has been gathered in the bvffer volume between 

valves I and 2 ,  is released into the heat exchanger train. Here it is cooled, 

condensed, and injected into the target ,  Injection is perpendicular to the proton 

beam of the accelerator. The jet c rosses  the accelerator chamber at the 

beam line and is captured by the helium-cooled cryopun:p. This cryopump 
2 naa two portions: a mzin t rap with n round tSroat uT 19. 6 ern and an additional 

2 triip with a thr0a.t of 36.6  cm . The additional trap helps t o  scavenge gnz which 

has diffused illto the chamber duriag injection. The target is perindicalIy with- 

drawn from the accelerator cllamber (it) to an isolation charcber (8) where it 

is defrostecl, and where the solid hydrogen clustered in the t raps  is suhlirr~ated. 

Becuuse of ?forking cotlditions, such a s  high radiation levels i r i  the 

accelerator tunriel, the  target t~11us1 be operated rem~>tely. Thrgugll  remote‘ 
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control panels, operarors can sni f r  :i?c rayget i r ~  a vertical d i rec t~o:~ ,  a s  c'ell 

as open a:ld close vacuum gates and carry out all cryogeriie operations, S ~ I E ~  

as cooli~lg and filling tvitli liquid helium. A!1 main parameters  are registered 

013 recorders  and a corcpctct' interface is pro%-irled. 

Precooling and Hydrogerl Condensation 

-4 "see-saw" heat exchanger i s  used to cool t h e  hydrogen in the jet. 

Dssically it consists of two capillaries attached along their  length. The heat 

exc?~mger  is f i r s t  cooled by a 1-neasured amount of boiloff gas f rom the l i q u i d  

helitim cooling the cry-Opump. When this flow is stoplled, a pre-measured 

amount of xNZcooled hydrogen i s  bled into the other side of the heat exchanger 

tvl~ere the sensible heat of the copper cools the gas t o  the region uf ZUX'and 

delivers it to  the jet nozzle. The timing of these gas puls;Js is controlled by 

a special t h i n g  circuit which is  triggered w i t h  respect to cycles in the main 

accelerator. Thus w e  do not have a standard heal exchanger but ra ther  a 

short  t e rm sensible heat storage device. 

Jet Col1in;rtion 

In order  to rninimi2e the local vacuum deterioration in thc accelerator, 

the divergence of the hydrogen jet must be minimized. This is done with a 

series of collinlators. These a r e  s c rape r s  with small cryopurnps a h  their  

side. Even with  this, there is a large local variation of vacuum in t h e  

vicinity of the jet as shown in Fig. 2 ,  Oil diffusion pumps are used in a 

scavenger system for i 0  meters up and davnstrcam of tile jet, 

:To protsct synchrotron operation from the effects of excessive lucal 

\-acuum pressure  rtse d u e  to  the hydrogec jet. t~1,l.u predctermirred prc?:jsure 

i ; e v e  a t i  i i  Gia ;;I vir uueid;; ~ K C ~ S L S ~ . ~  

I :  iT i i ~ e  locc4i vacliurn pre::'sure rises above ihis  ierei, then jet operatron 

i!: electronically vetoed u:ltil recovery ocs1it.s. Thc second safety level applicc? 

1 m ~ l :  iple  jtll operation dui,i.og one s)rrcllt*atl,otl acccleraticln cycle. Elere the 

Iracitilrn prrssilrt. rise associiited wit11 eaclk jci Ciritlg ;n:~s: re::o;rer hclo;v the 

%;1.'1.1y It?rel b e f ~ r ' e  thr j  nest jet or  that jet ;:'ill I J?  e lcctr*x~i(-al ly vetoed, In t h i s  



~ a y  thc: average vaci;urn ncdt- tne jet can h~ rrlr*it'll:iiiied 011 the averalp: at ;1 

qiiality pci:);: enrXilgh to cause :)x:\- miilirnal ints-fcrence ':;i';l: the circu!ating 

I>ratQ71 c<arf1- 

Hcliurn S u p ~ l y  System 

The s y s t c ~ n  for provldine liquid hel'l.~rn tcr ths. target is based around 

a CTi Tvlodel 1100 iiqiiefier. This  r i ~ ~ c h u ~ e  ~ ; i k e s  liquid contirtuausly into a 

1000 liter Llcwar. This liquid is then batch tr*zmcnsf~rred to a 500 l i t e r  dewar 

near the target in the accelerator  tunracl. The trausfer line which is 35  m 

long a d  nitrogen shielded has  a steady state l u s ~  of  about 10  wztts. This  

fig:''" includes six bayonets. A renlotely co~ltr~ollccl LransSer liquid in srilall 

batches from the downstairs dewar  to the target '  itself. The &lode1 1400. 

liq'lefier is rlso used far recovery of the boiloff 1ie:iurn gas. The boiloff line 

frotn the target i s  connected to the suction of th? wmpresso r  system. Upon 

a rise in suction pressure, the systerrl c m  shant th:: fcll output of the com- 

pressors  to the recovery tank. The system has recently beer! 7)rought up to 

a capaclty of 30  hour by the addl:ion of a t h i r d  coalpressor. 
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Figure Caj>tif~r\s 

i .- I: C r c ~ ~ s  sc:tia:l of the  t~-y;et .  ff,Y ~llr. '  ~ L ' O T I I I C ~ ~ I . ~  ' ~ f  2 CO~IC?CZZII:! !~j.d.c=;:.:?i 

jet (dimensigns arc i n  rnnl). Legend: i l ,  2 )  sL~pp!j'hydrogen valve::: 

( 3 )  i!?at e:iclia!~gel': (4)  nudzle  ark1 coll lrn~ttrr  systenl; ( 5 )  ui lper  crSyogenic 

pulnp; ( 6 )  lower cr)o;lrsnic F U F I L ~ ;  17) qhield cooled by vapor hcllnm; 

(8) zarget isoiation charnbcr: (7)  pressure ga ige; ( l o )  heat-exchmger. 

control v ~ l v e ;  (11) accelerator chan~ber ;  ( 1 2 )  vacuurrl gate; and (.13) 

valve for evacuatmn of sublimated hydrogen. 

Figure 2 :  Pres su re  varizticin ill the accelerator VBCUUB; chamljer during injection - 6 
of the jet. The base pressu:e i s  2. 4 x 10 I'orr. The first peak 

sho\vs the prcssfJre  rise in the vacuurn chamher neat the jet, The 
. . -3 

peak pressure is 1. 5 x 10 Torr acd each major tl1r.e dlvision 19 

equal to 500 msec. The  second peak shovfs tllevacl.~urr change 10 rn 
- 5 

upstream of the jet. Peak pressure is 3. 9 x 10 Torr. The delay 

is due to diffusioll through the proton beam tube. Notice the m p i d  

pumping speed of r t a  cryupiimp as  evidenced by the recovery leg 

of the first peak. 



Figure 4 




