\\x/zf\\bx/fk““\:/{/g*“//\\\_\ /J\R//Q“f’ Sl Sl NSt et Sl e el e

@m» /3 G e e
g}g

/ @ vl .‘l,;\’ff '

‘Q;EﬁﬁﬁP(imﬂ

J\\V
Tl m(’ ‘f”} \
J@%x/ é LLA’/ Qab}l \rug&
?33‘§§%§§&?T§?/V§§

e flaghier ﬂ%

N /'i‘= (‘ﬁz s N
LG LR LT ,@@ D:LJ” uN i /g@w@ \l(ﬂ‘—rﬂﬂé 5@%5@@

///‘\k‘

ﬁ/}” @&3@9& B

;

%@M@J‘%@@%'

\?}f@ﬁ@%mmf%a
ﬁ’ﬁﬁﬁﬁﬁ@@ s

R J\M}I&“}% ”"«k
3 éDéE(iQ/&Q;h)j

/ &@@\g\ :

/‘” IS TN CTeN e Ny Vﬁ%fg:“v
Jfgki@}“ﬁig@” N > L_Aidafgb%@iﬁégx%;ﬁ
PoCeEECeGE0EE
—_— B Sl
\@M }’@’@\ g@@ﬁﬁi I Y )}@\Jw i
—— N> _:a: NS

/‘ : Q" L*.
NS )

X u\%}@@

oy

] Q\‘, /,Kf\‘ P

2 N

"1: ,c_
Q/ 4

ST t@@ o
1&4r Woég%
unm%ﬁig\§y-

@$@g&g@wgﬁi

‘3 33, A)

\T

Gon inn>

S

_—

>, \// v \(’/‘?‘\ 7
' nm\\} Flt@u_\ rlw\x I LRI Y

//j \vj') >\£}LL'J \\[1'[@‘&/'/)\‘&&@ )

Egr-—o s -

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
“which may be borrowed for two weeks.
For a personal retention copy, call

Tech. lnfo. Divjsid_n', Ext. 5545

DGy

ﬂ‘%/}c& /}& @ U‘f"
SN “\‘\,4

f %a@

9
i@{/
F—J
u



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
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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
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v“; ring that will deliver beams of light and/or heavy ions to different experiments

UCRL-178H5
MEASUREMENT OF OMNITRON CRYOPUMPING AND OUTGASSING

BY 10 16 TORR PULSE COUNTING MASS FILTER

Norman Mllleron, Richard Wblgast, and Joachim M. Nitschke

ABSTRACT

The Omnitron is a new. type of synchrotron accelerator with storage

- almost simultaneously. Storage of heavy ions in a high charge state for -
. 20 msec requires that the va.cuum environment be assessed more carefully than

can be done by the 'sum of the partial pressures' convention. A crude figure

of merit, lOlh< N E:niz is used where: N = 3x107 turns around the accelerator,

n, = the -concentration of atoms of the ith atomic number Zi' To insure that
this figure of merit is met, outgassing from materials and pumps and pumping -
- speeds are assessed by counting: ions from e guadrupole mess filter that can

-15

indicate average concentrations of light gas to < l0-16 torr and < 10 torr

of ions with m/e up to 500. Using this.together with an accumulation method, . .

" ccntamination coming from oil D.P. ahd M.P. systems having special IN traps

and valves is shown to be negligible. For the 7" D.P. system, oo m/e > Lh

could be detected at an average sensitivity of lO5 moleeules/sec. An arergge'
- of 108 molecules/sec with m/e > Lk were deteoted coming from the M.P. system.
A 304-type stainless-steel‘tube,‘3'in. dia; x 0.065 in. wall x 17 in. lengfh '
cleaned in a chemical process made by the Diversey Co., was pumped down to
the Omnitron figure of merit in < 5 hrs. (without bakeout or cooling) using

4%k cryopumping eand the clean D.P. system.
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By 10 Torr Pulse Counting Mass Filter

NORMAN MILLERON,VRICHARD WOLGAST, AND JOACHIM“M. NITSCHKE
Ce ' ' N - Lawrence Radiation Laboratory

" University of California.
Berkeley, California -

I. INTRODUCTION

b'zIﬁ‘éolloqdial terms, the Omnitronl’2 will'reQuire a'élean 10-1Q‘torr _::,ﬁ.

'ﬁaéuum; Bé;ausé of the threat to the‘ion beam posed by small conceﬁtrations:
of high atomic number andvhigh‘molecular weight species, we must depart from
' _,f convention. Despite our concerh about contgmiﬁatioh, we give evidence here
supporting our plan to use diffusion puﬁps and mechanical backing and roughing
pumps charged with inexpensive hydrocarbon oil--but first a brief descriptionf'h
'[_of the Omnitron facility.
Although tﬁe Omnitron (plan view, Fig.rl) has not received final
~approval for construction, it seems likely_that five years from nbw the hill

site chosen within the Lawrence Radiation Iaboratory will be graced byiitsf'

operating presence. The name--Omitron--was chosen becauée the machine will

~ serve nuclear chemistry; biomedical end medium energy physics uéers, with
“pulsed and dc beams of different typeé of ions at different energies and éurrents
delivered almost simultanedusly to different’target éomplexes. For example,
 for biomedical purp5ées'small beém currehts of monbenérgetic, highly-}
. collimated hedvy idns in a high-chéfge state at energies of up to 500 MeV/nucleon

- will be delivered. At‘other target locations, llh GeV protons sat currehts up

L

1 , : :
to 10 3 ions/sec will serve physics experimenters; all the while, nuclear

chemists will use a wide varlety ofbloWer-energy,'heavy-iOn beams et currents

*
This work was done under the auspices of the U.S.Atomic Energy Commission.
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‘up’ to lOll'ions/sec.-fIf constructed today, the machine, together with its .
"_exoeriwental fa ility would cost about $26 OOO OOO.h'n;ﬂan.;”

From a vacuum point of view, the Omnltron consists of injector and
| target systems of comnaratively dirty vacuum at 5xlO -6 torr, communicating ‘

: through ooen ducts to clean vacuum rings at lO 10 torr wherein ‘the beam is

accelerated and stored. Figures l and 2 show an arrangement of these parts,_'f

: Beam injection at 60 pulses/sec oceurs vertically downward into a 60 Hz

synchrotron.‘ Particles then orbit ~ lO7 turns before being either delivered s -

to a target system or transferred into a beam storage ring concentric with _.
- the synchrotron.- Bunches oP particles can be held in the storage ring and
: either reinjected into the synchrotron for additional acceleration (after

\

.Bf‘charge stripping through foil) or these bunches can be allowed to spread in ‘

';i;f phase soace permitting a dc beam to be dribbled out of the storage ring to u';iriﬁ ;
iﬂ}f’a target._{ﬁf R

-“[As:afpreface-to specifying the vacuum reQuired;>SOme remarksronla*3'w

icommon senSe»level may be of interest. :First,Athe'kind of gas'encountered‘

ef;by the'beam can”be.more'importantvthan the gas concentration-(ofvcourse;vthef .

- ion beam does not see’ the gas pressure at all) . How is the Omnitron'vacuumh

_‘to be measured?3 Even using a mass spectrometer we should not be too

_cavalier. vFor examole,,erperimental measurementsh show that beam attenuation ;

{by charv exchange with hydrogen is about as serious as attenuation by charge,_-~

":exchange with carbon monoxide. Indeed, predicting beam attenuation by charge

Vexcnange witn_residualmgas is not feasible from~fir$t principles. Rather,

experiaental'determinations must be made, but until the Omiitron (or equivalent)

1' exists,.extrapolations must be relied upon. These show that beam losses by

Pa e two

-'r:\
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”:"charge exchange will be a complex functlon of the atomic number, charge state

- and energy of the.beam‘ions,'as well as. the atomlc number concentratlon of

the residual gas. . To err on' the safe side_(except in the case of hydrogen)p
& crude flgure of merit, N :E: 2 < lOlh, serves to set upper limits on-
the product ni . Zi, where N & 3xlO7, the number of turns around the rachine

5 B that the beam takes g01ng through the average partlal atomlc concentraulon

‘ (atoms/cm ) n of atomic number Z, -
oo ; .: In place of.a conventional approach to vacuum specification, a

' system's approach is adopted where the vacuum is defined as an environmental

quality. The interaction among pumps, plumbing, dlrect and indlrect beam
‘_ effects, and measuring-devices is taken into account. Short of cooling the

?1 ' whole Omnitron down to effective cryopumping temperatures (Unfortunately,’
: ‘ .

superconducting magnets that operate at 10 kG peak and 60 Hz are not &t hand.),’

pumping the two ultravacuum rings (Fig. 2) must be done through the 181 gaps

k
i
[
k

5
[

separating magnets. We are thus constrained to pump at interval° spaced more
i . 'than 10 pipe diameters apart. Under these conditions, performance of the
: ' - system is dominated by wall outgassing, especially by H2

that linger on the walls at each encounter. Thus much iarger concentration

0 and other molecules

gradients of high-effective atomic-number contaminants are possible then

PSS ALY

predicted by conductance only. Clearly then, pump backstreaming and out-
gassing during starting, steady operation, and as & consequence of accidents

?} - or malfunctions, must be considered. Having said this,.why are we proposin

o

to use oil-diffusion pumps and oil-sealed mechanical-displacement pumps--

X

R even to support high-speed cryopunning? We offer evidence (below) +to supoort

that we can 'make & silk purse out of a sow's ear,' Using existing hardware
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”:Q that we would not wish to duplicate if we started from scratch, we have

i‘a sembled an outgassing and pump backstreaming tester with in situ calibration'~"

‘features shown in Fig. 3 Modlfication of the commercial quadrunole mass
filter to permit ion counting is the core of this apparatus and we discuss
:vthis instrument next.

II ION COUNTING WITH THE MASS FILTER

Dlscussing the strengths and weaknesses of ion counting and the detailsfi:ﬁ

't,?of the electric circuits and nechanics involved is far beyond the scope of thismgﬂll

ffpaper. In 8 nutshell this arrangenent for counting ions gives a digital

%,f‘readout and using multiple scans can provide a signal-to- noise ratio of
.'~i1> 106, can yieﬂd < 1 noise count/min, can record the total ‘number of ions
";ivcollected at each m/e position as a function of time, permits observing

:iadjacent m/e peaks that differ in total counts by 106, and. permits scanning.x =

i?ﬁf:mass spectra at SO a. m,u,/O 12 sec. (Note ‘that signals may be followed far -

W

7; below the ambient level ) Based upon a year s experience ironing out troubles,i,g:‘i

1_the major drawback 50 far is that the signal- to noise ratio fron the multiplie*:}37.7

o decreaseswwith.time.

A brief sketch of essentials follows. Gasaphase molecules are ionized L

'by electron bombardment, and the resulting ions are filtered bj the quadrupole ?

- electric lens into groups according to. their mass-to charge ratio.‘ If the.
'numbers of ions per group is keot sufficiently small, each jon oroduces a

discrete pulse when the ion hits the first stage of the 20-sta ge eléctiron.

multiplier. The maximum rate at which slngle ions can be observed is procablyf

< 108/sec and_is,determined by the integrating effect of the capacitance of

~the anode lead from the electron multiplier. Figure 4 is & block diazram |

UCRL-17845 " o
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showing how ion pulses are sorted from noise.bulses and analyzed. Most noise .

pulses are smaller in amplitude than ion pulses, a . discriminator lets only

‘Pulses above a fixed thréshold come through; Ultimately, the.pulses are

stored in the memory of the 400 channel pulse height analyzer operating in

‘the multiscaling mode. The counts stored in this memory are diSplayed on an
'f_ oscilloscope screen as a dot patterh corfesponding'to the Méss spectrum.

'._-Contents of this memory can be printéd or punched on paper tape or recorded

ou magnet tapé. Limitations on accuracy, scan rate and sehsitivity may be

understood as follows: The phlse height analyier.used accepts a meximum of

_ 3x105 counts/sec and has 400 channels. If 57 mass peaks are to be recorded,'

400/57 channels are then available/mass peak.8 Since statistical accuracy

- varies as l/V/N,'hhere: N is the number of counts/peak, 200 counts/peak
~ 1is about the minimum acceptable. A single scan of 57 peaks was done in a

, minimum of 0.12 sec. (Note: Commercial analyzers accepting up to 108

counts/sec and/or having far more than 400 channels are available.)

III. USING THE TESTOR

Figure 3 is a schematic cross section of the essential features of

. the outgassing and backstreaﬁing testor., The ion counting quadrupole is

within side arm (1).. Sémples Of‘vaéuum plumbing (3) are velded on and cut
off rdutinely with e spécial can opener and weldiﬁg.fool.3 The system'is lét
up to atmospheric pfessure by sucking in liquid nitrogen through a bronze
filter (not shown) to keep out ice crystals. Rouéﬁing is done by en oil-
sealed mechanical pump opératingvthroﬁgh a 'U' trap (6) gith heavy cﬁpper

walls whose temperature is insensitive to change in IN level., This stainless
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steel rouéhing line has ail metal valves betweenvthe system and trap and is
.always kept at 200 C. - o
The first tests made examined theAroughing s&stem and D.P. system as

- sources of contamination. The measuring dome (Fig. 3) has an internal tubular
v.rlng (not,shown) that may be heated or cooled and an all stainless steel

noppet vaive‘(h) carrying'two’small orifice holes. Thus by shutting this .

* poppet valve, either one’ or the other, or both or none, of the holes can be
‘u’vopen. Three known flow rates can be thus- obtained in addltlon to isolation
'vlbetween the diffusion pump being tested and diagnostic gear. By heating andVVF

~ then cooling the tubular ring to 520°K and < SOOK, thus providing &n accum:-

lator.Jor a Khqu tire, and openlng and clos:nv the poppet valve, conteminat 1onf~’

:v:already in the done cen «e diatlnauished from contamination steadily enteri go'
the dome. Approximately 108'moleculea/sec of m/e > 4k came from the roughing

. systen (Thie amount from roughing was <<‘than the amount already in the sample.
tube initially.) under free molecular flow. No inpuz—%lux of'm/e > hh‘couidw

be detected coming from the D.P. at an average sensitivity of 105

IV. CALIBRATION OF THE ION COUNTING MASS FILTER

‘An in situ‘calibrationbproceedure permittiné‘a quick check of output
'signal linearity, eeneitivity, resolutiOn, signal-to—noise ratio and ion ”
counts in terms of numbers of'molecules is followed. The central idea is to
vcomparevapparent'pun@ing speeds in steady state.to absolute pumping speeds
during free gas expansion; Two small orifices aré used, each in turn to
‘obtain three known speeds. Leak-up ratea proportional.to outgassing'into
" the dome are.determined by closing valve (5) and recording ion counts as a

Tfunction of time. Some of the peaks thus obtained are composites that can ©t2

molecules/sec.

Y s ATTI T

-
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idénfiéiedlbyi;eérchiné a 1ibrary 6f‘knoﬁgispééfra‘with:a‘régression
‘Mcomputéf'ébdé; .Neit;'épbéfent.pumping speeds in sﬁéédy sﬁéte are takeh'
:tusing;théjléakfup rates. Tfue'pﬁmping speeds aré then bbtained.by closing;(S),

. accumulating gas and‘then opening (5) quickly to achieve a_free;gas expansion
%Athrough tﬁe grifices. By keepihg~the‘walls of the syétém at > ZOOOC

(except for 150°% arbund the eiect;on mul%iplier) and because the géomefry

_:is appropriate,_ﬁell-kﬁown simple formuias can be applied. In future, moré_'ﬁ~

f exact expreésions will be tried (for exampléHobson and Eérnshaw'ss).

. Dividing the apparent'spéeds by the corresponding true speeds gives the '

calibration constants.

V. CRYOPUMPING MEASUREMENTS‘

Figufé‘z shows a trird ring carrying a i in._dia.vhoK tube éhieided
by an 80%K system. Pumpout, ducﬁa.conﬁect this_System’to the pill box pump-.
outs bétween magnets. A singie full size.pumping'éﬁatién has 5e¢n tesﬁed
_for thevpastvl;l/z years, As yet the ion counting has not béén applied to
this system, but many oscilloscope traces of mass spectré using the‘commercial»
f mags filter have been taken. Pumpdown of this'all stainless steel and
alﬁmina station using consﬁant temperature IN traps on an oil D.P. and on
an oil-sealed M.P. with é System speed on 1 lifer/éec required 30 minutes
from 1 atméspﬁerevto 5 x lO'6 torr. 4°K bryopumpiné then comrenced and
without bakeout, Omnitron conditions were achieved 7 hours later. This
 resu1t was due to treatment of the stainless steel (below) by dipping in

&8 patent process (No.DS—9 sold by the Diversy Co.,mChicago)°
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- ooosenis smisirms

L (3 in. O D. x 17 in. long w1th welded eyelet Joints has been tested. Omnitren :

-_A-;spec s vere achieved in < 5 hours from alr, w:.thout bakeout or coolnng.

. ’Severa.l other samples Wlll be run on our testor in the 1mm=d1ate future. _

©UCRL-L7BMS

Milleron . .

One Diversey processed3 piece of 30l+ stainless steel tubmg o

<
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A1l walls and valves were at > ZOOOC except lSOOC around electron
multipiier._v’

The E.A.I. commercial mass-filfer‘power supply does not permit an egual

. . . ’
number of rass peeks/channel in a given scan range, i.e., if mfe = 2

~uses 3 channels, m/e = 12 requires 4%, m/e = 18 requires 6, m/e = 28

requires 7, mfe = W4 requires 7, nfe = 57 requires 7. This sort of
nonlinearity_is easily adjusted for, Also,‘when;scanning in the high

range, resolution must be sacrificed to keep sensitivity within a factbr

- of 10,
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_FIGURE CAPTIONS .
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i ;Fig. 1 Plan View of the Omnitron Facillty.

- ,;Fig. 2 Vacuum System Schematic.

"f”.Fig. 3 Outgassing and Backstreaming Testor.,:,ﬂu
© 0 “1l.°Quadrupole gas analyzer. A
2. Ton gauge
3. Outgassing sample o ST e el T
. Measuring orifice Ty e R e AR DS v
. Liquld nltro gen trap
. Water cooled baffle
.. 011 diffusion pump Sl e B
. Liquid nitrogen trap roughing line'7V RSN SR R R
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X ﬁFig¢ h ‘Block Diagrem, Ton Pulse Counting.,
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' This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the usé of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission™” includes any employee or contractor of the Com-
mission, or emp]oyee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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