I nvestigation of Tedniquesfor Producing
High Polarization *He Gas Targets

A thesis sibmitted in partial fulfillment of the requirement
for the degreeof Badhelor of Sciencewith Honarsin Physics
from the Coll ege of Willi am and Mary in Virginia,

by

Jennifer L. Knowles

Accepted for

(Honars, High Honars or Highest Honars)

Advisor: Dr. ToddD. Averett

Dr. Christopher M. Bailey

Dr. Willi am E. Cooke

Dr. GinaL.Hoatson

Willi amsburg, Virginia
May 2000



CONTENTS

10.

11.

12.

13.

. Abstraa

Acknowledgments

Introduction

. Principles of Rb Opticd Pumping and *He Polarization

The Cell
i. Dimensions
ii. Aluminasili cate Glass
iii . GlassCleaning and Blowing
Cell Production
i. The Vaauum System
ii. TheOven
Filli ng of the Cell
Charaderizing the Cell
Dummy Cells
i. Dummy Cell Charaderistics
Conclusions
References
Appendix A — Software
i. “Cel Fill”
ii. “Get Volume”

Appendix B — Pictures

...13

...13

.14

.14

...16

...16

...18

.20

.24

227

...28

.29

...30

.31

.31

...33

.34



ABSTRACT

Target cdls of polarized *He ae used in niwclea physics experiments that are
designed to study the internal structure of the neutron. This reseach projed detail s
the preparation d such cdls, as the production processis the most important fador in
maximizing the *He polarization. The lab built for producing these target cdls at the
College of William & Mary for experiments at the Thomas Jefferson National
Accderator Fadlity (TINAF) applies numerous new tedhniques and todls in its
construction. Such alterations were made so to improve the system’s efficiency as
well asincrease the rate of poarizationin the cdl. The primary goal of this reseach
projed was to design and construct this fadlity at William & Mary with the end
product being a succesdully filled cdl. Indedl, the entire procedure of filling a cdl
has been successully acaomplished. Presently, the filling of dummy test cdlsisin
progress Some successes and faillures of the system developed have drealy been
discovered duing these dummy cdl test runs. Upon completion d the test runs,
several proper target cdls will be filled and their performance tested a TINAF to

determine the proficiency of the lab constructed at Willi am & Mary.
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INTRODUCTION

Polarized *He targets are enployed in various nuclea physics experiments for
use with high-intensity polarized eledron keams. With these targets, which
esentialy provide asourceof pdarized neutrons, experiments are conducted to study
the internal structure of neutrons. A preliminary experiment (E-142) condwcted at the
Stanford Linea Accderator Center (SLAC), using such targets, produced results
indicaing that quarks cary approximately one third of the spin in nuwleons [1].
Based on the success of this target, there is now a program of six experiments
underway at the Thomas Jefferson National Accderator Faadlity (TINAF) to study
the neutron spin structure in greder detail .

Presently, Princeton University is the leading site with technicians cgpable of
making the high presaure, blown glasscdls for use in these targets. Various fadors
that contribute to the depdarization d the *He can be mntrolled, in principle, during
the production o the cdl. The fadlity for producing the target cdls is therefore one
of the most important aspeds of producing a usable polarized target. The purpaose of
this honas reseach projed was to develop such alaboratory at the College William
& Mary to produce the *He target cdls for use in the experimental program at
TINAF, meaawhile investigating procedures and materials to improve the process

andthe cdls.



Polarized nolle gases also have an important future in the field of medicd
imaging; hyperpoarized gas can be used with nuwclea magnetic resonance imaging

(MRI) of organs for air-fill ed spacesin humans. Images of the arspaces within the

Figure 1. MRI of
human lungs using
*He [2].

lungs can be obtained after the inhalation o hyperpolarized nolle gases, including
*He and **°Xe (Figure 1). Until these developments, visualization d the dveolar and
bronchial spaces using conventional *H MRI was not possble becaise of the low
concentration o *H nuclei from water vapor, which results in asignal that is too weak
for succesdul imaging. Due to their larger magnetic moments, the polarized nole
gases provide larger MRI signals. This technique dlows for a fast and efficient
evauation d airspaces withou expaosure to ionizing radiation. It is likely that this
technique will become useful for evaluating small airway diseases such as Chronic

Obtrusive Pulmonary Disease, asthma, or cystic fibrosis[2].



PRINCIPLES OF Rb OPTICAL
PUMPING AND °He POLARIZATION

Polarized °He is a desirable target material for use in nwlea physics
experiments. The polarized *He provides a source of pdarized neutrons from which
the internal quark structure can be studied by scatering eledrons. The nucleus of *He
is primarily in an S-state where the spins of the two protons are anti-aligned. The
unpeired neutron caries most of the *He spin and thus poarized *He, to a good
approximation, can be viewed as a poarized neutron. Theresidual pdarization d the
protons can be mrreded for using a model of the *He nuclea wavefunction. The
processthat provides the *He nucleus with its polarization is that of a spin-exchange
with eledron-spin pdarized alkali-metal atoms. Alkali metals are used because these
gases have only one outer shell eledron, thus effedively providing a spin o %%.
Rubidium is pdarized to nea 100% by means of opticd pumping using lasers with a
wavelength of 795m. A hyperfine interadtion ketween the Rb atom and the *He
nucleus then transfers the spin from the Rb to the *He during binary colli sions, thus
poarizing the *He.

In the target system at TINAF, shown in Figure 2, two arthogonal sets of large
Helmhdltz coils provide auniform magnetic field of abou 20 G in any diredion in
the plane mntaining the incident and scatered eledrons. A doulde-chamber glass
cdl, containing 10 atm (at room temperature) of *He and a small amourt of Rb, is

placal within thefield. The upper portion d the cd, knowvn as the pumping



chamber, contains the Rb and is heaed to abou 180°C by means of a surroundng
oven to produce Rb vapor. The Rb isthen opticdly pumped with circularly poarized
(0s) laser light, and adiieves approximately 100% polarization on the order of

milli secondk.

/':Zﬂ__%t:::[ Diode Laser

Helmholtz Coils

Pickup Coils

Figue 2.  Schematic overview of the TJINAF
experimental setup in which the *He targets are used.
Note that only one set of Helmholtz coilsis $own.

The principle of opticd pumping is ill ustrated in Figure 3 [3]. In the figure,
the nuclea spin o the Rb is nat shown and the relevant atomic states are the Sy, and
Py, states, ead with two magnetic substates M = +%%. Additional hyperfine splitting
is introduced by the Rb nuwlea spin. However broad-bandwidth laser light can be
used to opticdly pump from all of the hyperfine levels of Rb. Circularly poarized
light with spin projedion +1(o.) can orly be asorbed by the Sy, state with M = —%.
This popuates the Py, sublevel with M = +%, which can decay radiatively to either
sublevel of the ground state. The relative radiative decay rates are given by the
Clebsch-Gordon coefficients, %/3 and Y/, correspondng to the M = -%2 and the M =

+%4, groundstates respedively. However, if allowed to decg radiatively, the phaon



Collisional biwng

ith.man Splitting

M=-172 M=+1f2

Figure 3. lllustration of the relevant atomic states of Rb, negleding the

nuclea spin of Rb. Circularly poarized laser light of wavelength of 79%

nm populates the Py, sublevel with M = +Y2,
emitted can have ay pdarization and can be reabsorbed by other Rb atoms, resulting
in depolarization d the gas. Thisis more likely to occur when the gasis dense, asis
the cae within the glasscdls. Small amounts of N, gas are used as a buffer so that
when an excited Rb atom colli des with the N, the Rb will decgy bad to the ground
state by giving the N, its energy rather than emitting a phaon. Approximately 60 torr
of N, is used in combination with 7600torr (at room temperature) of 3He. This
presaure spedficaion hes previously been shown experimentally to be the proper
amourt of N, for high colli sion rates withou affeding the *He nuclei being studied.
In addition, colli sions with the He aad N, gases will randamize the P states and the
relative decay probabiliti es to eat sublevel of the groundstate become 50%.

The *He nucleus is polarized by spin-exchange with the aomicdly polarized

Rb. A hyperfine interadion cccurs between the Rb atomic spin and the *He nuclea

spin duing collisions. Polarization is transferred from the outer shell Rb eledron to



the *He nucleus, and the Rb is then quickly repdarized by the laser light. The rate of

®He polarization by the Rb is given by the foll owing differential equation,

dR,(t) _

at ySE(< PRb> ~ P (t))_ P, (D

where [Pryis the average Rb pdarization (approximately 100%), Pye is the *He
polarization, ys is the spin exchange rate between the Rb and He, and I is the
overall depdarization rate of the *He due to al possble depalarization mechanisms.
The spin exchange rateis given by the foll owing expresson:

Vse O [RO][*He] 0., 2
where [Rb] and [*He] are the mncentrations of eah gas and O 1S the probability of

a spin-exchange occurring. Therefore, an increased amourt of ead gas will provide
more ollisions. However, control can ony be exerted over the density of the Rb gas,
as the anourt of *He is fixed. To do so, the temperature of the Rb is increased or
deaeased hy varying the temperature of the oven surroundng the pumping chamber.
This causes an increase or a deaease in the density of the Rb vapor. If the density is
incressed, a larger spin exchange rate will result, which will yield a larger Pue.
Additional laser power is aso required to pdarize the larger amourt of Rb. On the
other hand, if the density is deaeased, a lower spin exchange rate is produced, and a
lower Phe iS the outcome.

Solving equation (1), the He pdarizationis expressd as foll ows,

Puo )= 55 (i€ =) @

SE
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Ve
Vse tT

where & t = o0, P = (Pa). SOif ye >> T, PI™ = [Pro0= 100% [4].

Therefore to achieve maximum polarization and the maximum polarization rate, it is

necessary to make I as snall as possble, or equivaently, therelaxationtime, T E%

large. Although 100®% pdarization can theoreticdly be adieved, experimentally, the
largest pdarization achieved for these targets is around 5@%6, with a typicd value of
abou 35%. Several important contributionsto I" are:
1) Aninhamogeneous magnetic field (to produce the magnetic hading field in
the target system, large Helmhaltz coil s of diameter equal to 150cm are used
to ensure asmall field gradient which resultsin avaueof T= 1000 h
2) lonizationfrom the dedron beam (at Jefferson Labs, kegoing the beam at or
below 15uA gives T between 4001100 ) [5]
3) *He-*He magnetic dipole interadion (cadculated theoreticdly for the targets
used at TINAF, T=84 h [6]
4) Collisionswith gasimpurities (T depends onthe level of impurities)
5) Wall calli sions with impurities within the target cdl (T =40-80 h
Gas impurities and wall collisions are the largest contributing fadors, and can in
principle be wntrolled in the laboratory. These last two contributions determine the
podarization rate, and the maximum podlarization in manufadured cdls. Collisions
occur between *He and impurities in bah the cél and the gas. Microfissures in the
glass contribute to the depdarization o the *He by trapping *He moleaules, thus
increasing the dhances that the gas colli des with the wall s of the cdl. To improve the

surfacequality of the extruded glasstubing that is used to make the cdls, thetubing is
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first remelted dlightly and resized from a molten state. Baking the vaaium system
and puifying the gases are steps that are dso taken during the filli ng of the cdl to

minimize the dominant depolarization medanisms.
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THE CELL

Dimensions

The cdl has been designed as a two-chamber cdl, shown in Figure 4.

upper volume (pumping chamber) in which the Rb opticd pumping and *He

rl= 125"

Souder Lip circles the tonsfer tube and rz:o.'ﬁ""

should be 2-3 mm tall rifg;:;l
Pumiping Cell and Cigar should hove Lnim =y

thick walls, the transfer tube can be thicker rl/ g qqe
End windows should be 0.120 mm thick h=2.11

. z=1559"
Pumping Cell
Souder Lip
h 22
4 Transfer Tube End Window
T
— = 1‘

K i 203 )

End Window

Figure 4. Dimensions of the targets cdls being constructed
at W& M for 1isein the exneriments at TINAF.

The

podarizationtake placeis sparated from the lower volume (target chamber) where the

eledron beam passes through. The target chamber is a a lower temperature

compared to the pumping chamber, which confines the Rb vapor to the pumping

chamber so that the dedron beam scatters only from the *He in the target chamber.

A transfer tube ataches the chambers. Polarized *He diff uses through this portion to

the target chamber with atime constant of approximately 10 min (much smaller than

the charaderistic spin exchange and relaxation times of the *He).
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The pumping chamber is ghericd with a radius of 1.25in. Around the
conreding transfer tube, the cdhamber is lipped to cach Rb that has changed from its
vaporized state badk to its molten form, thus preventing the Rb from contaminating
the target chamber. The end windows of the g/lindricd target chamber are d&ou 100

pm thick [7], which minimizes interadions between it and the dedron beam.

Aluminosili cate Glass

The target cdls are @nstructed entirely of blown auminasilicae glass
(Genera Eledric type 180. Aluminaosili cae glasswas experimentally determined to
have alow porosity to *He, and therefore is better able to contain the polarized *He.
It has been estimated that aluminosili cate céls loose @ou 10% of their *He in 100
yeas, compared to 2 months for Pyrex. Ancther benefit of aluminosili cate glassis
that its surfaceproperties have been shown to alow very long relaxation times. On
the negative side, this type of glassis very difficult to work with thus requiring avery
skilled and patient glasdlower. We have found or such individual within the

grounds of the University of Virginia, awonderful man by the name of Willi e Shoup.

GlassCleaning and Blowing

Reseachers a Princeion University originaly found that untreaed
commercial aluminosilicae glass contained many contaminants and defeds, which
gredly affeded the relaxation rates. In order to deaease this effed, the cnstruction
of the cdls invaves a combination d nitric add cleaning and resizing the glass

Rinsing the tubing with add removes possble surface ontaminants. Resizing the

14



glasson a lathe to the desired dmensions from a molten state reduces the number of
microfisaures on the cdl walls as well as the anourt of impurities in the glass
Finaly, the momplete cdl is anneded so to relieve ay stresscreaed. Using such a
technique in the mnstruction d the target cdls has resulted in net relaxation times up

to 65 hat room temperatures with noincident eledron keam [8].
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CELL PRODUCTION

“The production o long lifetime céls for nuclea pdarized *He work is
considered by many to require the use of blad magic. It is believed that if the
appropriate horn toad bores are thrown into the diffusion pump al, the gpropriate
equations are spoken over the *He canister, and a graduate student of pure spirit is
saaificed, then good>He célswill sometimesresult” [9]. However, in some caes a
dedicaed undergraduate can be substituted for a graduate student.

The anstruction and filli ng procedures of the cdl are very important in the
determination d the relaxation rates due to impuritiesin bah the glassand the gases.
Therefore the system we have constructed at Willi am & Mary focuses primarily on

purifying the gases within an utra-high vaauum system.

The Vacuum System

In order to increase the rate of *He polarization, the filli ng system employs
several important devices. The maor componrents of the stainless $ed vaaum and
gas g/stem are shown in Figure 5.

A Turbo Molealar Pump, badked by a roughing pump, is cgpable of
achieving vaauum better than 10° torr within the system. An advantage of the turbo
pump, in addition to the high vaauum, is that it does not use an al spray that can
contaminate the system and the cdls, as compared to dffusion punps. Anion punp

isalso used to help maintain the high vaauum.

16
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Figure 5. Diagram of the Vaauum and Gas System.

The purity of the N, and *He gases has been shown to be aucial for optimum
performance To increase the purificalion d the gases, ead will travel through a gas
handing system consisting of heaed puifiers (“getters’). As the gases passthrough
this g/stem, impurities are removed. Heaer tape wrapped aroundthe mgjority of the

system will also help eliminate impurities by baking with the vaauum pumps on.
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Ancther device being utili zed in the system is a Residual Gas Analyzer, which aidsin
deteding le&s and identifying contaminants in the céls and system. Measuring the
corred density of gas will eventually be acomplished by the use of a gas flow meter
rather than the standard cdibrated vdume and ided gas law method currently in use.
If it is necessary to badfill t he vaauum system, argonis to be used rather than air as
argonis aninert gas. The system will therefore be deaner when pumped badk down

to the gpropriate presaure.

The Oven

To further purify the cdls prior to filling, an 18 x 18" x 24" oven was
constructed o a high temperature structural insulation cdled Marinite. Two high
power heders are used to bake the cdl to temperatures of 450°C before filling

(Figure 6). Heding the cdl at such temperatures for several days drives even more

Figure 6. A picture of the Marinite oven with the detachable
wallsremoved. Both heaersarein view.
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volatile materials from the glass sirface of the cdl, thus contributing to the
minimization o I in equation (2). The oven was designed with efficiency in mind as
well as mohility of the hedersin the instancethat the cdls are of different dimensions
(as is the cae with some of our dummy cdls). The oven is controlled dgitally and
the temperature is read ou by a thermocoude. One side wall of the oven as well as
the top are removable so that the oven can be properly paositioned onthe table and
aroundthe cdl withou concern for damage to the cdl. Unfortunately, during a test
fill of adummy cdl, the oven was foundto be inadequate & withstanding the high
temperatures for long periods of time. One wall of the oven developed a large aadk
running through it; seeFigure 7. Also, the removable wall s of the oven were difficult
to extrad due to warping during the bake. It is obvious that a new oven must be

designed to corred these problems.

<Vaticd Crack

Figure 7. The Marinite oven used to beke the cdl. The adad in one wall of
the oven, resulting from aday of bakingat 450°C, is pointed out by the arow.
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FILL ING OF THE CELL

Before eab cdl is attached to the vaauum system, the 100 um end windows
are presaure tested to 260 s in order to ensure that they will not rupture when fill ed

with the®He & 150 si. Uponcompletion d thistest, the cél i s fused to the vaauum

Pyrex Ahliminosilicate ; Pyrex H
- 28 : i} i
— ; — |
Transition . 2.5 : Transition
Pulloff Point ———= M = H . H
Point i " t o Boint :
H i ! See Retort Dimensions Diagram |
: Pumping b s
To Vaaum System e i el g
10" - See Cell Dimensions Diagram
|
()=
Val
ae Fellows Elow Tube
Tiotes:
All tubing is 374" unless specified
The Pulloff fior the the cell should be a little less than an inch sway
from the top of the pumping cell.
I

Figure 8. Dimensions of the string that attaches the target cdl to the
vaauium system. Dimenisions of the Rb retort are dso included.

system by means of a glass $ring (Figure 8); a Rb ampoue is opened and is sded

into a retort on the oppasite end d this manifold—that furthest from the gas filli ng

system (outlined in the rightmost dotted box in Figure 8).
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Under vaauum, the target cdl is baked in the Marinite oven to 450T for four
days. During thistime, the Rb is distilled by atorch. After the cdl is removed from
the oven, the Rb is chased with atorch into the pumping chamber of the cedl.

The target chamber is then enclosed by a dewar into which liquid *He is
flowed, codling the chamber to approximately 12K, so that the internal presaure of a
cdl will be below atmospheric presaure when filling is complete. Two dfferent
dewars were designed and bult for the o/rogenics of the system. The first is an
elongated dual-chamber enclosure (Figure 9) with fitted sili cone gaskets. It is made

up dtwo identicd separate pieces, eaty o which dips around faf of the target

(@)

(b.) - 0.5"

Hole for *He — |: ‘0_75" 175"

transfer tube

Holefor creding 175"
vaauum in the dhamber §

Figure 9. Diagrams of the dongated dewar (not drawn to scde). (a) View
lookinginto one end of the dewar (sili cone gasketsfit in). (b) Sideview
of one half of the dewar (fits against the other halve & the larger end).
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chamber, seePicture 5 in Appendix B. The sili cone gaskets fit into the larger open
end d the dewar halves, and then form a sed around the transfer tube when the
halves of the dewar are screwed together. On the |ab table, the dewar is held seaurely
in place by a V-blocked aluminum stand. The second dewar has a wmpletely
different design—it is a basicdly a g/lindricdly shaped stainless sed dewar with a
diameter of 18" and depth of 12, which the cdl is lowered into. A foam lid is
inserted from the top, ower and aroundthe cdl. In preliminary tests, bah models
were cgable of maintaining appropriately low temperatures when liquid nitrogen was
flowed through. “He has also been successully flowed through the dongated dewar
reading temperatures as low as 4K inside. This elongated dewar requires a much
smaller quantity of “He, compared to the g/lindricd dewar, to maintain the low
temperatures. Another benefit of the dual-chamber dewar is that only one personis
nealed to sed and pull-off thefilled cdl. Unfortunately this dewar is very difficult to
maneuver and assemble aoundthe delicae cdl. It was with these two reasons in
mind that the large dewar was designed. However the drawbadks to this design are
that it requires a significantly greaer flow of “He and that two people ae needed to
torch and remove the cdl from the string when it is being seded so presaure is not put
onthe cdl by the dewar lid, which is apotential cause of cdl breakage.

Once old, the cdl isfirst fill ed with the desired amount of high-purity N, (the
final room temperature N, presaure will be 60-70 torr), followed by high-purity *He.
Unlike the N, multiple releases of gas (“charges’) are required to acaue the @rred

quantity of the ®He gas within the mmpleted cdl. A LabView program written by

22



graduate student Kevin Kramer monitors the gas filli ng (See Appendix A — Software
for the exad steps detail ed by the program “Cell Fill ).

The ®*He and N, gases are mntained in batles placel at the furthest end d the
system from the cdl. Spedfied amourts of ead gas are released at separate times
into the system. The gas is then flowed through its respedive heded puifier
(referred to as “getters’ and spedfic to the gas being flowed through) by means of
opening and closing the proper valves. After flowing through the getter and then a
gas flow meter, the gas is closed off and held within the manifold of the tubing
system. The manifold pation d the system includes a cdibrated vdume s well asa
pressure manometer. Using these devices, the anount of gas passng into the cdl is
recrded and tabulated. Finaly the gasis released into the string from which the cdl
hangs.

When the gas filli ng is complete and nomore darges are required, the cdl is
seded with atorch by melting the glassjust above the pumping chamber at the pull -
off paint, aslabeled in Figure 8. The glasstubing coll apses, rather than expands, due
to the greder outside presaure of the amosphere thus forming a fused sed with no

leskage.
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CHARACTERIZING THE CELL

It is necessary to knaw the volume of eat cdl so that the number density of
the ®He gas within can be determined. Two independent methods are used to measure
the volume: the ided gaslaw and Archimedes principle.

A quantity of gas is released into the cdibrated manifold vdume and the
presaure and temperature ae recorded. The cdibrated vdume is then opened and the
gas fill s the manifold, string, and cdl. The presaure is recorded orce ajuili brium is

established. The volume of the manifold, string, and cdl is found ly the foll owing

eguation:
Pme Pmscvmsc
T, T @

where Py, Vi, and T, represent respedively the presaure, volume, and temperature of
the manifold. P, and T, are read ou before letting the gas into the cdl and string.
Vm has been previously determined. Ppre, Vs, @nd T represent respedively the
presaure, volume, and temperature of the manifold, string, and cdl. Like Py, and Ty,
Prsc @nd T are read ou at the time of the filling and from these Vi Can be
cdculated. This procedure is repeded orce afilled cdl is removed so to determine
Vs the volume withou the cdl. Taking the diff erence of Vs and Vy, the volume of
the cdl (V) iscdculated. A LabView program, entitled “Get Volume,” was written
by Kevin Kramer to record the necessary values and cdculate the volume, duing a

run (SeeAppendix A — Software).
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To verify this number, V., Archimedes principle is used by plaang the fill ed
cdl in water to determine the volume. Archimedes principle gives the following
eguation:

Fo=mMyg= pw gV, ©)
where Fy, is the buoyant force, m,, is the massof the water displaced by the cdl, p, is
the density of water, and V,, is the volume of the water displaced by the cdl (whichis
the external volume of the cdl, V.). Knowing the massof the cdl, m, the following
equation can be written for the weight of a cdl in water (m' g):

mcg=mg-pwgVe , (6)
where m; isthe massof thefill ed cdl. Therefore,

m. -m
Vy=Ve= —=—°¢ (7)

Puw

Determining V. by using this method is more of areliability ched on the method d
applying the ided gas law because the volume found sing Archimedes principle is
that of the outer volume rather than the inner volume.

These methods result in an oweral error of abou 5% in V.. The principle
error is due to approximating the thicknessof the cél, which is necessary to dowhen
using Archimedes principle. We hope to eventualy achieve an error of 2-3% after
the gas flow meter and filli ng procedure ae better understood.

Using the measured value of V, the final density of the *He is determined by

the following equation duing the cdl fill:

27316 QN /. ; O B
n, = P! -P!)V -V )pN 8
He TV, %D: ( f i ) MEI_(\/S c) f % (8)
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where Vy, Vs, and V¢ are known vdumes of the vaauum manifold, the string, and the

cdl respedively. P’and P/ are the presaures in the vaauum manifold for thejth fill

before and after it was opened to the cél—numerous charges are nealed to achieve

the necessary presaure of °He. Ty is the temperature within the vacauum system.
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DUMMY CELL S

While perfeding the software and the method d filli ng the cdl, a stainless
sted dummy cdl of the proper dimensions was substituted for a glasscdl. The
functionality of eat of the two dewars was aso tested with the sted dummy cdl.
Upon the completion d testing of al systems, dummy glass cdls were designed
(dimensions shown in Figure 10) to replacethe sted one. These cdls consist of just
the target chamber and an elongated transfer tube (the pumping chamber is

negleded). The glassdummy cdl is for the purpose of refining the filling method

Fitting I:l
B This transition is of
negotiable length
and design. Basically
it just needs 1o go from
L aluminesilicate to 8
stainless steel fitting.

IGlass to Wletal Transition

—

—=—— Pulloff Foint

Since this cell is for practice purposes
the cell walls can be at & thickness
most convienient for the glass blower

05"
Transter Tube

C o )

15 6"

Figure 10. Dimensions of the dummy cel for use with test fill s.
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withou explosions and pradicing the pull-off from the string and seding of the cdl.
Both of these steps finali ze the @mpletion d a°He target cdl.
Presently, five such cdls have been bown by Shoup and al have been
succesqully presaure tested in the Willi am & Mary lab. They are named as foll ows:
1) Knowles
2) Lou
3) Willie
4) Mikey
5) Thermadore
Knowles was the first dummy cdl to be dtached to the string. This cdl was
succesqully baked at 450°C for one day, codled using the dongated dewar, and fill ed
with ®He. The tip-off procedure and the cel’s remova from the dewar were
performed withou mishap; however due to problems with the “Cell Fill” program the
density of 3He is not well known. The sewmnd dunmy cdl, “Lou’, was aso
succesdully fill ed, and the gylindricd dewar was used. For this cdl acarate density

measurement was obtained.

Dummy Cell Characterization

Knowles Lou
Cell Attached: Veaiibrated = 1.064L Cell Attached: Vealibrated = 1.064L
Vm=0.1548L Vi =0.1541L
V& =0.210L Vg =0.2129L
Cell Detached: Vs=0.125L Cell Detached: Vs=0.1298L
= V.=0.085L = V.=0.0831L
Caliper Method V.= 0.0788L Caliper Method V.= 0.0806L

Nue = 10.5173amagats
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CONCLUSIONS

The caability of the laboratory at the College of William & Mary has been
proven with the successul fills of two dunmy cdls. “Knowles’ and “Lou’. After
several more succesdul fills, pdarization tests of the cdls will be performed at
TINAF to determine the quality of the William & Mary target cdls and filli ng
procedure. In the meantime, test runs have shown the full potential of the vacuum
and gas g/stems. Presaures of 10° torr have been achieved. Both cyrogenic systems
have maintained the necessary temperatures using liquid “He. The software programs
developed to monitor the cdl volume and cdl fill runs have worked well. The
Marinite oven was effedive in baking the cdls, though it is obvious that the oven
must be redesigned.

In the nea future, we hope to get the gas flow meter runnng corredly. We
aso pan to buld an opicd system that employs thin-film interference to measure
the thicknessof the end windows of the target cdl. Oncethe fadlity at the Coll ege of
William & Mary is prodwing target cdls for TINAF, various coatings on the
aumincsilicae glass will be tested for ther effediveness in minimizing
depdlarization effeds, as well as their ability to withstand the intensity of the dedron
beam.

The primary goal of this laboratory is to prodice *He target cdls with high
polarizations for TINAF to use in experiments to study the internal structure of the

neutron. All techniques and equipment employed in the fadlity are designed to
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reduce target depolarization effeds. Doing so increases the dficiency of the target
cdl during experimental runs, thereby saving time aad money for the reseachers at

TINAF.
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APPENDIX A - SOFTWARE

“Céel Fill”
LabView Program that gives detail ed procedural instructions for filli ng the ceél with
the mrrea amourts of the N, and *He. Written by Kevin Kramer.

Step 1 Initial State: System Pumped Out
Turbo on,Standby Mode
lon Pump off
Bottles closed
All valves open except BV14
Purifierson
CedlisCold
Step 2 CloseBV15
Close GV1
Step 3 CloseBV1,BV2,BV5,BV6,BV7,BV10,BV12,BV13
Step 4 Close DV4
Open Nitrogen bdtle
Close Nitrogen batle
Step 5 Open DV14
Slowly open BV2
When presaure readies the target presaure Close BV9
Step 6. Reped Steps 5 and 6 urtil target presaureis achieved throughou
Step 70 CloseBV11
Write down the presaure, temperature, and Nitrogen number density in the
Log Book
Step 8 OpenBV13
Wait for pressureto goto O
CloseBV13
Step & OpenBV1,BV2,BV7,BV9,BV10,BV11
Step 10 Open BV15
Step 11 Close DV5
Gently open BV14
Step 12 Wait for presaure to get below 10
CloseBV14
Open DV5
Step 13 Open GV1
Pump it into oHivion (10° or so)
Step 14 Open BV5, BV6
Step 15 Close GV1,BV15
Step 16 CloseBV1,BV2,BV3,BV4,BV7,BV10
Step 17 CloseDV1

31



Open *He Bottle
Close *He Bottle
Step 18 Open DV1
Slowly open BV 2
Flow gas until at equili brium
CloseBV11
Step 19 Open BV13
Step 20 Close BV13
Open BV11
CloseBV2
Step 21 Repea steps 17-20 urtil target presaure is readied throughou
Step 22 Cell Fill ed!
Write down Everything in Log Book!
Insert Rubidium!
Remove Cell with Torch!
Don't Bre&k Anything!

32



“Get Volume”

LabView Program that gives detail ed procedural instructions for determining the
volume of the manifold, string, and cdl for determining the volume of the cdl.
Written by Kevin Kramer.

Step L Initial State: System Pumped Out
All valves open except BV14
lon Pump on
Turbo Pump on
All bottles closed
Step 2 CloseBV15
Close GV1
Step 3 Put Turboin Standby Mode
Turn lon punp Off
Step 4 Close of filters by closing valves: BV1, BV2,BV3,BV4,BV5,BV6, BVS,
BVvV9,BV10,BV13
Step 5 Close value to Helium battle
Step 6 Open BV1
Let charge of Helium disperse
CloseBV1
Wait for presaure to stabili ze
Step 7. CloseBV12
Step 8 CloseDV5
Step 9 Open BV15
CloseBV11
OpenBV14
Step 10 Wait for Cold Cathode Guagetoread < 1.0
Step 11 Close BV14
Step 12 Open DV5S
Step 13 Open GV1
Step 14 Wait till pressure on Cold Cathode Gauge reades < 10° mbar
Step 15 Close BV15
Close GV1
Step 16 Open BV12
Step 17 Open BV13
Step 18 Done! Write dl valuesinto the Log Book!
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APPENDIX B —PICTURES

TheWilliam & Mary Laboratory

Picture 1. A view of the entire gas and vaauum system with metal dummy cdl.
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Picture 3. A view of the gas g/stem from the other side.
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Tocdl

Picture 5. Dummy cdl “Knowles’ surrounced by the dongated dewar.
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Turbo Pump

Roughing Pump

Picture 6. A view of the roughing and turbo pumps.
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