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Cambridge Electron Accelerator
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INTRODUCTION

When beams of high energy electrons circulate in

nominally clean vacuum chambers, pressure rises have been
1observed which shorten the life time of the beam.

Because direct photodesorption3 is insufficient in magni-

tude to explain the effect, it is believed today that the

synchrotron light associated with the beam produces2

photoelectrons which in turn desorb molecules on the

wall surfaces by electron impact. It is the purpose of

1.  G.K. O'Neil, Brookhaven Summer Study Report AADD8
July 3, 1963, and E.D. Garvin, private communication,
August 14, 1963.

2.  J. Swinger, Phys. Rev. 75 1912 (1949).

3.  W.J. Lange, and H. Riemersma, A.V.S. Transactions 8,
167 (1961).
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the work described in this paper to combine the established

"             characteristics of synchrotron radiation and recently

available data on photoelectric emmission with the
-

authors° measurements of electrodesorption to predict a

quantitative value of net desorption to be expected in a

Storage ring proposed by the Cambridge Electron Acceler-

ator staff.

If all processes were independent of energy and

first order, one could write an expression for the number

of desorbed gas molecules per ampere of circulating beam:

(1)       Q  =2 P e h N
a     a a(e E

Where Pa = desorption probability in molecules

per electron for a fully covered surface

e  = fraction of surface sites availablea

for desorption

 e = quantum yield in electrons/photon:

Nx = number of photons/ampere of beam.

The factor 2 arises because the electrons may cause

desorption as they leave the surface or as they return
-,

under the action of the magnetic guide field of the ring.

However, one cannot use the simplified expression (1)

because the synchrotron radiation contains a wide range
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of photon energies 9 each photon produces a different range

of electron energies, and we believe that they are not

equally effective in desorbing gas. The above expression

must therefore be replaced by the integral:

/.00     9Emax 0

(2)        Qa = 2   < ea (€)   r  E  (6) N (e) dE   dEJ0 -

where  E (E) is now
the number of electrons of energy (6 )

produced per photon of energy E.  N(€)dE is the number of

photons with energy between E and E + dE. This expression

will be evaluated numerically after a discussion of the

various terms.

SYNCHROTRON RADIATION SPECTRUM

The theory of the number and energy of photons

emitted by an electron in circular orbit was derived by

Schwinger , and calculated for typical machines by
2

Tomboulian and Hartman49 Tbmboulian and Bed05 and more

recently by Haensel.6

9
4. D.H. Tomboulian & P.L. Hartman, Phys. Rev. 9102,

p. 1423, 1956.

5. D.H. Tomboulian & D.E. Bedo, JAP,29, p.804, 1958.

6. R. Haense19 DESY Hamburg, Report No. A2.101, 1963.
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An actual st6rage ring orbit will contain straight

sections (which produce no synchrotron radiation)  and

sections of various bending curvatures, but we will

-            consider here the simplified case in which the radiated

power is uniformly distributed in a circular orbit. For

a 3 Bev ring of 180 feet diameter the computed radiation

spectrum is shown in Fig. 1. Accurate calculation of

this spectrum is quite complicated, but a useful approx-

imation, also shown in Fig. 1.9  is  given  by   slfr\, c< i - 35
de

The radiation falls off sharply for photon energies above

the critical energy, defined as Ec(ev) = 2.2 X 103(E Bev)3.
R(meter)

The total radiated power dissipated in the chamber walls

is pr(KW) = and this amount of power must be
88.5(E Bev)4

R(meter)
supplied to the electron beam via radio frequency accel-

erating cavities in order to maintain the beam energy.

Integration under the spectrum curve gives /(E 7 * (010

photons with energy greater than 10 ev.  For the energy

range in question9 a rough approximation of this number

is obtained by dividing the total radiation energy by the
-                                                     20

critical energy; the quotient is 8 X 10 photons.

PHOTOELECTRIC YIELD AND ENERGY DISTRIBUTION

The synchrotron radiation considered here produces
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photons with energies from a few volts (optical region)

to a few kilovolts (soft X-ray region).  Although the

photoelectric effect is one of the earliest and most

fundamental processes known in modern physics, it is not

permissible to rely solely on theory to arrive at the

numbers we need. This is because, in fact, each elemen-

tary absorption is followed by a host of secondary

..processes. As will be demonstrated 9 the role of these

secondary processes became understood in detail only

recently.

In 1928 Rudberg7 noticed that the velocity distri-

bution of X-ray-produced electrons exhibited, in addition

to sharp peaks characteristic of atomic shell transitions,

a large broad peak situated largely below 20 ev. The

height of this peak was diminished on baking the

emitter materiall

8.9.10Regarding low photon energies - (up to 50 ev):

7. E. Rudberg, Proc.Roy.Soc.9 A120, p.385, (1928).

8. W. C. Walker, N. Wainfan and G.L. Weissler, Appl. Phys.
269   1366  (1955) ·

9. W. C. Walker and G.L. Weissler. P.Rev. 22, 1178, (1955)·
10.R.G. Newbergh, Phys.Rev. 132, 1570, (1963).
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there has been much discussion whether photoelectrons are

emitted from surface or volume states of the valence and

conduction bands of the material. Reports of total

photo yields up to 10% are not uncommon.

In 1960 there was a disagreement in quantum yield

measurements performed by two sets of Russian inves-

tigators. Ganeev and Izrailev measured the average
11

electron current from a target and Rumsh, Lukirskii, and

Schemelev measured individual pulses in a counter.
12,13

In an attempt to reconcile their conflicting results,

Ganeev and Izrailev suggested in a note added in proof
11

that for each high energy electron several low energy

electrons were produced simuloaneously. This was in fact

14confirmed when the geiger counter was replaced by a

pulse-height-sensitive device that measured the number of

electrons in each npacket':. For metals the average

number of electrons per packet was found to be between

11. A.S. Ganeev and I.M. Izrailev, Sov.Phys.Tech.Phyd.
v."131, 270,·1961., M. 7, 1020, 1963.

12. M.A. Rumsh„  A.P. Lukirskii, and V.N.Schemelev, Sov.Phys.
Doklady, 135, i 231, 1960.

13· M.A. Rumsh, V.N. Shchemelev, and K.H. Prois, Sov. Phys.
Solid State, 4p 49, 1962.

14. M.A. Rumsh, V.N. Shchemelev, Sot.Phys.Solid State,4,2048,1963·



-8-

2 and 3. Further study with a retarding potential
15

technique showed the low energy group to be mostly below

20 ev but that there were intermediate energy electrons

as well. The low energy electrons were identified with

secondary electrons, the intermediate energy electrons

presumably coming from Auger transitions. One would

expect intuitively that the velocity of a primary photo-

electron would be along the direction of the electric

vector of the incident photon and that the yield from a

massive cathode would therefore be influenced by the

polarization of the radiation. A small effect was indeed

16
found for the highest energy components No effect was

found for the intermediate energies, lending support to

the view that these electrons stem from Auger transitions.

17
In very recent papers the similarities and differences

of electron production by primary photons and primary

electrons were investigated and the effects noted by

15· M.A. Rumsh and VoN. Shchemelev, Sov.Phys.Solid State5,46,1963.

16. M.A. Rumsh and V.N. Shchemelev, Sov.Phys.Solid State 4,1503,1962
17. N.G. Nakbodkin and P.V. Melnik, Sov.Phys.Solid State

5, 1779, 1964., 5, 1259, 1964.
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Rudberg remeasured. The fact that the high-energy electrons

are not found to be in completely discreet groups must be

due to backscattering and range loss.

17-                   From these results and the previously mentioned

papers one can construct a consistent composite yield-

energy curve. There is no doubt that the experimental

yield varies as 1  where 0 is the angle between the
Sing            "

photon direction and the surface.  This relation is true,
12

however,  only for 0> 109  and  care must therefore be used

in relating yields measured at large angles to grazing

incidence. The composite curve we have constructed

(Fig. 2a) is for copper, which we believe to be a good

target material. It has good heat conductivity, can be

formed easily, can be made oxygen free and has a uniformly

low photoelectric yield up to 8 kev.  Integration under

this curve yields a total number of (.07) electrons with

energy greater than 10 ev for each incident photon.

Fig. 2b shows  how the total yield is assumed to vary with

photon energy. A titanium surface may be even better
18

-              because of its low secondary emission . This property

18. Physics and Applications of Secbndary Electron
Emmission, H.'Bruining, Pergamon Press, N.Y.,
1934 page 37•
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has been very helpful in reducing the multipactor effect

in klystrons19.  Other facts (regarding genuine secondary

electrons) that may be important in chamber design are:

1) that these electrons are preferentially emitted

normal to the surface and 2) that the yield from a

smooth surface varies with the angle 0 of the incident

electron measured from the normal as ln( 6) = const (1-cose).
3 0.

This relation stems from the fact that as 0 increases,

an increasing fraction of the primary electrons will

produce secondaries sufficiently close to the surface of

the metal to enable them to escape without absorption and

may be important for Auger electrons acting as primaries

when trapped by the magnetic field of the ring. 3) Most

important is the cleanliness of the surface.  Baking has

in all cases lowered the yield of secondary electrons.

One might mention in this connection that the adsorption

of oxygen by palladium increases the work function more

than.6 ev ; this observation is consistent with the fact
20

that the yield of secondary electrons increases with

increasing work function.

19. The Effects of Titanium Films cn Secondary Electron
Emission Phenomena in Resonant Cavities, R.C. Talcott9
IRE Transactions on Electrons, Vol ED 9, 405, 1962.

20. R. Jaeckel & B. Wagner, Vacuum, 13, 510, 1963.
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ELECTRON DESORPTION

(A) Introduction

The desorption of gas from surfaces by electron
21-24

impact has been observed by a number of investigators

under various conditions with varying results.  The

experimental facts which concern our problem are that

in the 500-Mev Stanford University Colliding Beam Experi-

ment, E.L. Garvin25 found H2 and CO as the principal

components of gas evolved from a chamber with stainless

steel walls pumped by titanium ion pumps. His first

observations, when extrapolated to higher energy and

higher current storage rings, cast doubt on the feasi-

bility of such rings. The approach of the design study

group at the Cambridge Electron Accelerator was there-

fore to design a vacuum system with sufficient speed

21.  J.R. Young, Jour. Appl. Phys., 31, 921, 1960.

22.  G.E. Moore, Jour. Appl. Phys., 32, 1241, 1961.

23·  D.A. Degras, L.A. Peterman, A. Schram, A.V.S. Trans.,
9, 497, 1962.

24.  P.A. Redhead, Canadian Journal of Research 42, 886
(1964), Applied Physics Letters, 6, 166, (1964).

25· Proposal for a High-Engergy Electron-Positron
Colliding-Beam Storage Ring at the Stanford Linear
Accelerator ·Center, March 1964.
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26
to handle the predicted outgassing , and also to embark

on an experimental program to understand and perhaps to

-             reduce the effect. The original plan was to study gas

evolution in a UHV chamber using the synchrotron

radiation from the 6 Bev Accelerator.  However9 by the

time the apparatus was assembled in January 9 we heard of

measurements of the electron desorption probability by L.
27Malter at Frascati 9 the details of which we saw much later  9

which indicated that the effects would be too small to

be measured directly at the CEA due to duty cycle and

geometry limitations.                                              -

Our apparatus was equipped for electron desorption 9.,

studies, and the moment we turned electrons loose in the

chamber we observed hydrogen and carbon monoxide in about

the ratio found in the Stanford rings. We then felt con-

fident that electron desorption had something to do with

the problem, and proceeded with a measurement,program.  It

should be mentionsd that the test vessel was constructed

-            using materials and methods similar to those which would be

used in the construction of an actual ring, so that the results

reported here have "engineering" value.

26. Vacuum System Requirements for the CEA. Storage Ring,
G.E. Fischer, Dec. 6, 1963, CEAL-TM-117.

27. M. Bernardini & L. Malter9 Laboratori Nazionali di
Frascati del CNEN,LNF 64/19 Nota Interna n243, May 20, 1964.
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24
The careful and precise work of others will be used

in the discussion of oxygen and carbon monoxide reactions.

(B) Description of Apparatus

28Figure 3 shows the UHV system used  .  A 500 1/sec

Vacion pump is shown on the side with two cryosorption

roughing pumps. The lower part of the main vessel, which

is separated from the upper by a rotatable butteffly baffle

contains a titanium sublimation cartridge. A mass spectro-

meter is hung on one of the numerous flange ports
29

Cylindrical targets are mounted by being brazed to copper

tubes which carry water coolant and which are insulated

from the ground by an alumina ceramic seal. There is a 6"

glass viewing port on the flanged top plate. Filament

structures are inserted coaxially from the side opposite

the target mount, capable of being biased to 50 KV. The

system is equiped for unattended baking under an aluminum

foil shroud at 250' C.  Twenty-four hours after an overnight

bake and with the spectrometer filaments on, the system

28. Constructed by Varian Associates, Vacuum Products Div.
Palo Alto, California.

29. CEC, Pasadena, Model 21-613.
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pressure  will be  at the lower limit  of the gauges,

namely 2 x 10- torr.
11

The net gas flux leaving the target was computed from

the pressure difference across the throttle separating the

upper vessels from the pumps. The calculated conductance

of this aperture is small in comparison with the speed of

the pumps for the gas species of interest. Under desorption

conditions there is usually a factor of ten in pressure

between the two vessels. Mass spectrometer deflections

were calibrated against two lon gauges for various test

gases which were introduced into the system via a bakeable

leak valve.  These calibrations were performed at around 10-8

-12torr. Signals equivalent to partial pressures of 5 x 10

torr could just be seen above the noise under the conditions

prevalent in the laboratory at that time. It was possible

to determine what fractions of the background seen in the

spectrometer were residuals in the chamber or to the

spectrometer head itself by opening and closing the butter-

fly, thereby changing the exhaust pump speed. The tempera-

ture of the target was estimated from the flowing cooling

water temperature.
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C.  Results

1.  Desorption time dependence

In Figure 4 we show how the number of desorbed

molecules per incident electron varies with time for an

unbaked and baked sample of OFHC Copper tubing wound into

a cylindrical target  2*"  I.D.  and  5" long. Very similar
results were obtained with stainless steel (Type 304) but

since accurate data were not kept on the steel sample

during the early periods of bombardment, such data are not

shown. Samples were not treated chemically but were merely.

rinsed with electronic grade alcohol after glass ball

blasting.  In the first few seconds the rate of gas

evolution was so high that the ion pump nearly ran away

and the values of pumping speed are perhaps questionable.

During that time all the usual mass peaks 2, 12, 13, 16,

17, 18, 28, 44, and also peaks attributable to miscellaneous

organic fragments were seen. After about one hour the

outstanding components were 2, 16, 28, and a little 44.

Very little mass 14 was seen; therefore we identify mass

28 with CO.  The ratio of 16 to 28 remained nearly the same

for all runs, being about one fifth.  The rate of gas removal
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may be written    -  d<Li -   Cr O 3 -
dt -     0. la -e

2
where (i = no. of molecules per cm

 - = desorption probability

J--= electron current density

€, = electronic charge

-6

This equation has the solution 0-= Se -1

I= eci-.when € =  z    j    e=  i  =    ·3 7 where
3- 9

Experimentally we find 2= 78 seconds for the CO component.

Hydrogen is of less interest since about 20 times as much

of this gas can be tolerated tn the storage ring due to

its low atomic number . On the average we observe about 2

to 3 times as much hydrogen as CO. Assuming an initial

effective surface coverage 0-= 5 x 10 molecules/cm
14             2

and a current density of about J=1 malcm2, one obtains

P=l x 1 0 molecules/electron.-3
CO

The question posed in the introduction, however, is

not what P is initially, but how low the product Pe may

be driven after treatment and how P 6 varies with the
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operating conditions of the ring. Stainless steel was

bombarded for 14 days with 3 kev electrons at a current

2                            -6-             density of .25 ma/cm  and finally yielded 1.3 x 10

molecules of CO per incident electron. This figure was

obtained when the ambient pressure in the vessel was
-10

3 x 10 torr. After the sample was heated (the water

cooling was turned off) to 330'C for 2 days, this figure

was increased by a factor of ten but recovered to the

previously mentioned low value one day after cooling to

room tmmperature.  An increase in the number of molecules/

electron of only a factor of 3 occured after the pumping

speed had been reduced by a factor of 10 for two days.

Recovery was complete after seven hours. The bombardment

continued throughout these changes. Unbaked copper
-6

reached 9 x 10 CO molecules/incident electron after 500

minutes at 1 ma/cm2 with 300 volts electrons, and baked
-6copper 2.85 x 10   after an additional 10 mahr/cm2 at 500

volts.  It was necessary to keep the total bombardment

power down so that thermal drift effects would not

contribute. The treated copper sample was then left in

-10
the UHV system for 2 months at a pressure of 2 x 10

then bombarded again. An initial desorption rate of
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50 x 10-6 at 500 volts was found which dropped a factor

-6of 10 after .2 mahr/cm2.  A rate of 3 x 10   was reached

for 3 KV electrons after 24 mahr/cm2 bombardment.  It is

interesting to note that the longtime Pe seemed to vary
-Itas e and that stainless steel and copper show little

difference in their treatment characteristics.

2.  Desorption Energy Dependence

When the surface is first bombarded, electrons with

energy as low as 10 ev are effective in removing gas.

New surfaces proved to be so unstable, however, that

meaningful results were difficult to obtain. Nor are we

particularly interested in them extept to obtain data in

the hope of unraveling the desorption mechanism. In Figure

5 is shown the electron desorption rate for a relatively

old surface as a function of electron energy. Since the

numbers are already so low at a few hundred volts, the

points below 100 volts could only have been obtained with

increased current densities. Unfortunately our "diode" is

-             space charge limited. We have taken data also between 5

and 28 KV but we do not know how much heating effects

may contribute. In general, the desorption is roughly
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constant. We have found that as the energy of the bom-

barding electrons is raised for the first time on a

surface the desorption probability rises steeply (perhaps

-             at first as high as 30).  After conditioning has taken

place at high energy and the desorption probability settles

to its final value, lowering and raising the energy no

longer causes these drastic changes. The higher energies

seem to have reached deeper levels of gas.

D.  Discussion

The question now arises: What can one say about these

test surfaces in the light of the experimental data?

1,) Although carbon monoxide appears in the spectrometer

is this what is actually desorbed? The presence of a small

mass of 16 peak during desorption could well indicate 0+

coming off which, in its ionized or neutral state, would

not be expected to reach the spectrometer head but,rather,

would attach itself to any carbon atom available. The

carbon could come from the hot tungsten filaments , the
30

stainless steel vessel, or the remains of hydrocarbon

- fractions. Indeed, even molecular oxygen, when introduced

30.  J.A. Becker, E.J. Becker, R.G. Brandes, Jour. Appl.
Physics 12 411 (1961).
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into our system, causes a good deal of CO as well as 02

to appear in the spectrometer. This is also found by other

investigators On the other hand the mass 16 peak22,31

could be the result of CO dissociation. With the fixed

geometry of our configuration, this is a difficult question

to answer.

2.) It appears that, with the current densities

available in our experiments, the surfaces are not ever

scrubbed clean. They continue to emit gas even after

long periods of bombardment and then exhibit no strong

signs of reabsorption. A perfectly clean surface should

become contaminated in about 20 to 200 minutes at 10 -9

torr.

That high energy electrons do not remove chemisorbed

oxygen on molybdenum very well, but that the substrate

must be heated to 1700' K for complete gas removal, was
24

found by Redhead .  One suspects, therefore, that the

stainless steel (chromium) and copper have extremely

tightly bound oxide layers on them. Wholesale rearrangement

31.  R.P.H. Gasser, T.F. Petteson, Vacuum 14 141 (1964)
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of the surface crystal structure has been known to occur

for oxygen on tungsten, for instance. This was found by

32
low energy electron scattering . The experimental fact

that the desorption probability goes up after heating

may be explained by saying that physisorbed oxygen is

baked to chemisorbed oxygen or that oxygen diffuses from

the body of the material to the surface.

In either case, whether it is chemisorbed oxygeh or

carbon monoxide that is desorbed, Redhead has shown with

great clarity that electronic desorption proceeds via an

ionization mechanism akin to ionization of gases by

electron impact. Since the more numerous neutrals

observed have the same electron energy threshold for

desorption that the ions have, it is suggested that they

pick up an Auger electron on leaving the surface. This

+
threshold, for 0 formation of 15.5 ev for CO and 17.5 ev

for 02 on molybdenum, is of great importance in the

subsequent discussion. Further, it is observed that the

desorption probability has a maximum for electron energy

around 150 volts and then decreases slowly. Although the

rates observed by us are consistent with those observed

by Redhead, the fact that the desorption increases in our

32. L.H. Germer, Physics Today 19 July, 1964.
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case to 500 ev and then levels off could be due to either

multiple layers of oxide or "rough surface" phenomena.

Desorption Rate for a Storage Ring

We are now in a position to fold together the data

and evaluate the integral (2) to arrive at Qa, the gas

evolution rate per ampere of circulating beam. Table 1

shows the details of such a computation for a copper

target. For reasons mentioned above, we will assume no

gas desorption below an electron energy of 15 ev. This

exempts alarge number of secondary electrons.

13We find Q = 11.3 x 10 molecules per second whichCO
-6is equivelent to 3.3. x 10 torr liters/sec.  This number

has not yet been multiplied by two for the electrons

leaving and reentering the surface, therefore the total    

CO gas load is 6.6 x 10 tl/sec.  Two to three times
-6

as much H2 will be produced, and although this gas

is ·not troublesome to the beam life time as much as CO,

this load may be added in the computation. Further,

assuming an outgassing rate of 1 x 10 torr liters/
-12

second/cm2 for the baked chamber walls in the absence

-6of synchrotron radiation another 2.5 x 10 torr liter.s

per second comes from this source. The net is

25·5 x 10-6 torr liters per second.
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TABLE  I

18
Photon Photons Total Total Electrons  per  Energy Interval x 10

Energy per Quantum Electron
Range second yield yield 10-20  20-40  40-100  100-200  200-400  400-1X  lK - 2k  2X .4X 4K -10K  10K -20K

(ev) X10 0 7  0
20              19

10-20 1.0 40 1.0       .5

20-40 1.3      11 1.4 5.6     .7

40-100 2.2      11 2.4 7.2 2.4 1.2

2.2      11 2.4 2.9 6.0 6.0 2.9
100-200

200-400 2.6      10 2.6 2.3 3.1 6.3 4.7 3.1

400-1X 4.0       9      3.6      3.6     3.6 7.2 7.2 6.5 4.3

1'(-2K 4.3 7.22.7      12 3.2 2.7 2.3 3.2 3.2

2k-4K 2.1       8.5 1.8 1.3 1.1 1.0      .6       .4 1.2 2.0 2.0

i

4K-1OK 1.4 5.51    .8      .6     .5     .6     .0      .0 .02 .04      .1     .1
\

1OK-2OK .18     9       ·2       .1      .1      .2 .00 .00 .00 .00 .01 .03 .04

26.8 19.8 25·7 18.6 14.3 12.72 2.04 2.11 .13 .04

Tobi
molec  2 electron                          0                      *5                  .8

1.1 1.4 2.7 2.7 3.0 3.0      4.0

Total no. of moleculds  x1013 0 1.0 2,1 2.0 2.0 3.4 .55      ·63 .04 .02  11.7

\..

-: 5 r
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For the preceding example it appears that a pumping speed
6

greater than S=  =2 5 x 10- = 25,000 liters/sec would
1 x 10*9

suffice for a ring properly outgassed and running under

steady operating conditions. Why then propose a speed

twenty times larger?

Two reasons may be given. (1) It seems foolhardy

to design for conditions that can be obtained only after

a long period of treatment (see Figure 4) under the

assumption that there are no leaks. All the available

pumping speed may be necessary to achieve the low desorp-

tion figures found. Large accelerators with complicated

injection devices are prone to vacuum difficulties. (It

is also assumed that there are no problems with carrying

away 470 kw of heat.) (2) The increased pumping speed

may be achieved  at a fairly low cost compared  to the basic

system required to achieve good vacuum in the absence of

synchrotron radiation.

DESCRIPTION OF SYSTEM

We propose what might be called a "separated function"

26
system, one part to handle the gas load under static

no-beam conditions, the other  to  take  care  of the radiation

26. loc. cit.
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induced load.

A set of 50-500 liters/second titanium sputterion

33pumps, of large cell design.  , is used to pump the ring
-10

after baking to the 10 torr range. A cross-section of

the ring vacuum chamber is shown schematically in Figure 6.

This cross-section is set by the size of the betatron

and synchotron oscillation amplitudes of the beam at

injection which are related to the filling time and the

cost of the magnet.  A "good field" aperture 1*" high and

4" wide has been assumed. The oval is made of stainless

steel with heating and cooling tubes and jacket attached.

The surfaces of the water-cooled target are tilted to

minimize local heating since the radiation will strike

it in a swath only half a millimeter high. Electrostatic

plates are provided to separate vertically the counter-

rotating electron and positron beams. This is necessary

to lower certain space charge effects and provide well

defined and controllable crossovers in the interaction

regions.  These plates also act to sweep out ions made by

«            the beams from the residual gas. If not removed, ions so

33.  S.L. Rutherford, A.V, S. Transactions, 10,185 (1963)
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produced would neutralize the charge distribution of the

beams in a fraction of a second. When the plates are
.

energized, the resultant ion bombardment at 7 kv may now

cause desorption at the plates. This effect, which we

have as yet not considered, may turn out to be of major

importance. Rectangular stainless steel bellows are used
i

to attach these chambers to the pump headers. Copper

gasketed flanges are to be used throughout.

For gas evolved between the pumps, the chamber con-

ductance clearly limits the speed. For this reason the

high-speed part of the system is distributed along the

beam line. Below the grounded electrostatic plate are

placed titanium sublimation filaments which turn the

whole lower part of the chamber into a distributed getter'

pump. Assuming a not unreasonable sticking probability

of 0.1 for oxygen or carbon monoxide on titanium 3;  one
achieves then a pumping speed of about 1 liter/second

for every square centimeter covered. In all, 500,000

square centimeters are available. No electrical insula-

tion problem,08'.the lower support occurs due to titanium

34. R.E. Clausing, A.V.S. Transactions, 8 345 (1961)
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coating, since this plate is grounded. One may note that

the active surfaces are shielded from the beam and the

synchrotron radiation target. Titanium, a high Z material,

is not therefore evaporated across the beam and secondary

electrons ought not to arrive at the pumping surfaces.

If, for example, all 5 x 105 liters/second had to be used

continuously at 10-  torr this would amount to evaporating

less than 1 gram of titanium in a 24 hour period. Since

this is about 6 monolayers one might wish to evaporate

lightly, perhaps once an hour, and the question of the

usually observed pressure rise during evaporation arises.

This can fortunately be answered simply. First, the effect

of one-order-of-magnitude pressure rise for 30 seconds

sublimation time on the beam life time, measured in hours

is small. Second, it has been observed in our test system

operating under conditions very similar to those thought

to occur in a ring, that 90 per cent of the pressure rise

is due to hydrogen and therefore is not troublesome.

Present day filaments are able to dispense about .4 gram

per foot of length. With eight filaments in the deck of

total effective length 400 feet one should have at

least one thousand 24 hour periods available. It is
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doubtful, in the light of the previous discussion, that

all the available pumping speed is needed continuously.

Special vacuum problems occur in the three types of

long straight sections of the ring which house the in-

jectors, r.f. cavities, and interaction regions. These

sections, which are eighteen feet long, should have motor

driven targets to keep the radiation out of critical

locations. It is important that one be able to isolate

these sections for maintenance by bakeable gate valves.

To keep oils out of the system, only cryosorption pumps

should be permitted for preevacuation. Leak detection

can be carried out by observing the differential in pump

current. 35

35·  Ackley et al, A.V.S. Transactions 9, 380, (1962)

.1
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CONCLUSION

We have investigated the processes believed to be
1

responsible for gas evolution in electron storage rings

in some detail and shown how the ·rates may be combined

to yield a quanitative gas load for a particular

example. The results here presented used in conjuction

with the references quoted may aid the reader in the design

of  systems of different materials and parameters. We

have indicated how one might construct a ring vacuum

system to deal with an expected operational gas load

and conclude that the maintenance of adequate vacuum in

a 3 Bev 1 ampere storage ring is entirely feasible.
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