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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Abstract

A description is given of a target in which liquid hydrogen was bombarded

with x-rays from the Berkeley synchfotréno The liquid hydrogen, in a stain-

less steel flask, was surrounded by an evacuated jacket containing a heat
shield maintained at the temperature of liquid nitrogen. Therliquid level

was indicated by a counterweighted»fléat system.
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Introduction

As a part Qf the program of investiggting mesons produced by x-rays from
the Berkeley synchrotron i§~w§s q§sir§d to bombard hydrogen. It ﬁas necessary
tﬁat the hydrogen be eXtremgly pure and dense and it was important tﬁat the
wails of the vessel bé as thin as possible in order to avoid degradation and
scattering of the incident x-rays and emergeht mesons. These requirements .

were most easily met with liquid hydrogen.

Construction

The essentiél components of the target were a flasf to contain the liquid
hydrogen, a refrigerated.shield surrounding the hydrogen flask to minimize
heat transfer by radiation, a vacuum jacket to provide thermal insulation, and
a liquid=level monitoring system, as shown in Figures 1, 2, and 3.

The'hydrogen_flask'was made entirely of stainless steel, fabricated by
“heliarc® welding. The horizontal séction was made of 2 inch diameter tubing
with a wall thickness of 00035/incha The end caps were made by drawing hemi-
spheres from O;OBO_inch flat sheet .and then machihing tﬁe central 1-3/4 inch
diameter area to a thickness of 0.005 inch befqre removing from the drawing
die. wThis method of fabricétion gave a'miﬁimum‘thickness of materigl in the
region traversed by the x-ray beam; yet permitted th;_weld to the cylindrical
section to be made between parts of comparable wall thickness. One of these

caps was tested to failure at a pressure of 1000 pounds per square inch, which



lye | UCRL-990

corresponded to developﬁent gf the full tensil strength of the material. A
section of 4 inch tubing above the beam-line section provided a substantial
reservoir for storage as well as a 1arée liquidegas irterface to allow gag
bubbles to escape without iiquid»entrainmento A section of é inch tubing a=
bove the reservolir provided a long thermal leakage path. Stainless steel was
chosen faf the flask matérial because it is easily fabricated, retains a highly
reflecting surface finish; and because it does not accelerate the ortho-para
‘conversion of hydrogen. |

The upper portion of thq refrigerated shield consisted of a liquid nitrogen
filled tank formed from tﬁo coaxial sﬁainieés steel cylihderé By'weiaing in
radial spacer bars at the 6pén top and welding vacuum tight a flét ring to
form the bottom. A 1/8 inch thick copper plate was soft-scldered to the bobttom -
and to this a smnimcylindfimai shield of two layersg of G.005 inch coﬁpaf Wa.g
attached with screws., The ends of this horizontal section were covered with
two 1ayefs of OQOQI inch aluminum foil. The hydrogen flask was thus entirely
surrounded by a surface which was #lmost all at the temperaturs of beiling
nitrogeno

The vacuum Jjacket wastplit into two parts for assembly., The upper porticn
consisted_ofﬂa cylinder welded into a rectangular cover platéo The internal
system was susbended.from and in thermal contact with the cuter tank only at
the top. The lower portion of the vacuum tgnk consisted of a flanged rec-
tangular box at the bottom of whiéh a 0,015 inch thick sémimaylindrical secticn
- of stainless steel was attached by silver soldering., At either end 2 inch
diameter ports were cut coaxially with this,sgmibéyliqdrical section. The
portg were c}osed with gasketed caps which were made from hemispheres drawn
from O;OOS inch stainless steel sheet, and furnace brazed to stainless steel
flanges. These end caps were made removable to permit inspection of the

assembled target.



-5~ UCRL-990

The level of the llquld hydrogen in the reservoir was monitored with a

1

float system° This system was chosen because”ofblts_31mpllclty.andilnherent
reliability. A coUnterwelghted system was required becausehoiythewemtremely
low den31ty of llquld hydrogen, 0 07 gm/cm | A 2k inch length of: pyrex pipe
was attached to a header on the top of the hydrogen flask and ail~3/h,inchuy

dlameter pulley was, mounted 1n the top flange of thls pipe. A hollow aluminum

float and a counterwelght were hung from the pulley w1th a Q. 005 .inch.diameter

; t

molybdenum w1re° The float was de31gned to dlsplace b4 grams of; liquid- hydrogen
when fully submerged and the counterwelght was, made 2 . grams llghter than: the-

floato There was thus a net dr1v1ng force of 2 grams avallable in_either .

e

dlrectlono ThlS was suff1c1ent to overcome any frlctlon 1n the pulley bearlngs

but 1t was dlscovered that when a sllght klnk was, acc1dentally introduced into

the cable it would not pass over the pulley Wlth thls dr1v1ng force. For this

,,t\

reason the counterwelght was made of steel S0 that 1t could be driven manually

with a small magnet held apalnst the out51de of the pyrex plpeoi The. length of

BRI P

the cable was adJusted S0 that the traversal of the pyrex plpe ‘by.the counter-
welght corresponded to the traversal of. the 24 1nch long reservolr section -in.

the hydrogen flask by the floato - . R AU SURNERE

S
Sk ek A

The jacket was evacuated to a pressure of lO 6 mm of mercury-by a. Ccon=- -

ventlonal 01l=diffu81on pump system w1th a, speed of 10 llters per second.- This
o) RS B e
vacuum whlle obv1ously better than necessary to ellmlnate thermal conduction:.
in the gas was extremelyfuseful in establlshlng the vacuum tlghtness“of the: .
PR YIRS sty e U

system.

) Charglng System B R S TR

AT T R

When a good vacuum had been obtalned 1n the maln yaguum, jacket;the -8yst.em
ERICHN N S

shown 1n Flgure 4 was evacuated to a } pressure of less than 100, mlcrons -of..

NEF N

mercuryo Thls was done w1th the transfer dewar removed and the end of the
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transfer tube sealed_withda}rubber.capo The system was then filled with helium
to a net nositive pressurefof_S nes;iuﬁand'theﬂliquid nitrogen shield was filled,
This preliminary preparation'was-usually made some hours before the liguid
hydrogen was received. “ o o

When the system was ready to charge the cap was removed from‘the end of
the transfer tube, Valves 2 and 3 weére opened, the transfer tube was inserted
into the dewarq and the header on the dewar was sealeda During this time air
was prevented from entering the system by the helium escaping from the end of
‘the transfer tube. Valves 1 and 5 were then opened Valve 2 was closed, and
helium was forced into the header of the dewar, driving the liquid hydrogen
through the transfer tube into the hydrogen flask. When the flask was filled,
Valve 5 was_closed and Valve 2 was. opened, thus prov1ding a bypass to vent the
header of the dewar into the mainlexhaust system.’ | |

| The target was emptied by blowing out the liquid nitrogen shield and filling

the vacuum jacket with helium to atmospheric pressure. “

Some precautions are worth noting. The pyrex pipe and all rubber lines
in the system were provided with internal wires securely connected to grounded
conduotors at the ends in order to drain electrostatic charges produced_by the
- flow of the hydrogen gat o lhe'transfer tube was vacuum—jacketed and-this jacket
extended well into both the dewar and the hydrogen flaska 1The end of the.trans- |
fer tube in the hydrogen flask was terminated just above the top of the reservoir
section. This allowed the gas which came out ‘of the transfer tube to'separate'

and escape without throwing liquid hydrogen up the columne

Performance
The target proved to be economical in use. With the flask properly chilled
the loss of liquid hydrogen during charging amounted to about 3 liters and the

subsequent evaporation rate was about 2 liters per dayo Since the shelf life
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of the cherge in a 25 li@er deweriis_oply about 3 days it would seem that in
any future deeign one shegld_Qagevphe_reeervoir'section of the liquid hydfogen
flask large enough to teke the‘full‘cha‘:r‘ge°

The target_haeveeepwe@p;eyeqhipma ?efiety of exp_erimentse It has been
used with &he Berkeley‘syncpyeﬁgenApy qug}vegd Bishepz, et al. in the study

3

of positive mesons and by Steller and Panofsky” in the study of neutral mesons.

It has been used with the 184-inch cyclotron by PefcersonLF in the study of mesons
RERRET 5

produced by high-energy protens and by Chamberlain”, et al. in proton-proton

scattering experiments.,
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