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TESTS OF SEC STABILITY IN HIGH FLUX PROTON BEAMS®
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Abstract

The Sezondary Emission Chamber (SEC) 13 used to
meagure the beam intensity in slow extracted beam chan-
nels of proton gynchrotrons around the world. With the
improvements in machine intensity, these monitors have
been exposed to higher flux conditions than in the past.
A change in sensitivity of up to 25% has been observed
in the reglon around the beam spot. Uaing SEC's of
special construction, a series of tests was performed
at FNAL, BNL~AGS and CERN-PS. The results of these
tests and conclusions about the construction of more
stable SEC's are presented.

Introduction

The SEC has been the standard intensity monitor
in proton external beam lines for many vears because of
its unique and unmatched characteristics of dc tesponsa,
linearity over many orders of magnitude and simplicity.
Machine improvements resulting in increased beam spot
density have lead to changes in the secondary emisgsion
coefiicient in the area exposed to beam.

In electron machines changes occurring in the first
few hours of operation had been observed when aluminum
foils were used.l but gold ple:ing appeared to prevent
this phenomenon.- In 1968 Garwin? reported a gignifi-
cant long-term change in the coefficient of gold foils
in the SLAC beam.

In 1974, Hornstra® (FNAL) noted a change of up to
25% in the coefficient of gilver plated foils in an
external beam line. Observations at BNL (1975) on a
similar chamber, but containing aluminum foils, alsec
indicated a 252 change. Measurements at CERN (1977) of
the SEC's in the ss 62 beam line showed the secondary
emission coefficient of the aluminum foil SEC's went
down by 20-30% and the titanium or silver foil SEC's
went up by 15-25%. The integrated proton flux per cm
was of the order of 2 x 10

Such changes in the secondary emission coefficient
are intolerable to the high energy physics experimenters
and make accelerator studies, such as slow extraction
efficiencies, impossible to interpret. Thus, a series
aof teszs were begun to better understand the problem
and determine suitable solutions. The SEC's tested
were built at BNL, CERN, FNAL and SLAC using a number
of different materials and constructional procedures
and were exposed to proton beams at BNL, CERN and FNAL.
These experiments and the results will he described.

Teuts of Aluminum Foil SEC's

The first observations of SEC beam inducgd changes
made at BNL were on a commercially built unit con=
taining 33 aluminum foils in three groups. Constantly
decreasing extraction efficiency in the SEB had led to
speculaticn chat the C010 SEC coefficient had changed.
The unit was moved to the FEB at the conclusion of the
SEB run (March-April 1976) so that it could be placed
on a moveable table about 3} meters upstream from the
target and scanned acro3s the fine FEB beam, using cali-
brated beam current transformers as referemnce. The spot
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produced by the SEB waa found. The SEB a tﬂen’l 1: "P‘
at a fixed position and scans made at regular intervals.
After several wveaeks, a spot of 25% maximum depth was
obgerved, corresponding to a change of 2%/10-° protons/

(Fig. 1). This unit was opened and the foils in-
spected. A small raised region was observed on the
foils, being more pronounced on those closest to the
center.

A

At the start of the next SEB run a new chamber of
the same design was installed. Careful records were
kept of circulating proton beam and extracted beam as
indicated by che SEC. Periodically the SEc's vere
checked uaing Foil Activation Techniques’ (FAT). The
regults ars shown in Fig. 2, from which a change of
22/1018/cn? was also inferred. At this point it was
clear that a better design was required and different
materials and techniques would have to be investigated.

Multi-Material Test SEC

Becauge a similar problem existed with the SEC's
at FNAL, M. Awschalom and others had several special
test units built to their specifications. In a coopera~
tive effort these units were tested in beams at both
FNAL and BHNL.

One of these units (SSEC-2) contained three groups

of 6uM aluminum foils on which was vacuum deposited
500 & aluminum, 500 & silver and 500 & gold. The other
unit (SSEC~3) had three groups of 6uM foils with 500 2
silver, but with each group having different inter-foil
spacing. The foils were to be made by a subcontractor
and transported to the SEC fabricator in an argon at-

phere. The bly into the pre-baked SEC was also
to have been done in an argon tent. There is some ques-
tion about how carefully these procedures were followed
however, since they could not be monitored by FNAL or
BNL representatives.

The SEC's were placed in the P-East proton beam
line on a moveable table about lQ meters upstream of
the target. Data was taken on beam spot size and ac-
cumulated flux. The SEC's were scanned across the beam
to search for beam induced changes. The decailed pro-
cedure and results are described in Ref. 8. The units
were exposed to an integraced flux of 6 x 1018 pratons/
cm at 400 GeV. Study of day=by~day performance of
these special chambers show no secondary emission co-
efficient variations bayond the several percent resolu-
tion of the measurgments. Because of the low integrated
proton flux per cm® che tests, although extremely en-
couraging, could not be considered conclusive, making
it necessary to continue the tests at BNL.

The units were transported to BNL and installed in
the FEB. Unfortunately, the aluminum foil section of
unit SSEC-2 and part of the gold group of foils became
internally disconnected in transit. Scans made over a
two-week period showed little change in the data. It
is hard to agcribe a flux to this exposure because of
considerable abnormal beam motion on the targec. Be-
cause of these difficulcies, the data taken on these
units were also limited but again encouraging. However,
the trend of the data did suggest that far less deteri-
oration occurred. Even thnugh the actual fabrication
was not documented, there did appear to be an attempt to
follow the specified procedures. From this experience
it wag felt that a stable SEC could be built if the
foils were kept from exposure to air,
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The Mesk SEC

In one of the early aluminum SEC's cut open at
BNL, the area hit by the beam had developed a “"dimple".
All units showed heat induced discoloratiom of the win-
dows. While calculations of the energy deposited per
pulse by the beaz show this to be small, "he mechaunisus
for heat transfer from the foils are limited and the
temperature may rise over a long time., Conduction can
take place only through 2 fine signal wire. Radiation
is limited since the emittiag foil is close to and look=
ing direccly at a similar emitting foil as a sink. Cal-
culations of this complicated geometry are difficult to
perform so it was decided to build an SEC which would
give the emitting foils a better "view” of the outer
chamber. This was done by using only single emitting
foils with mesh bias planes. Foils of aluminum, gold
and nickel were installed with 90Z transparency nickel
mesh bias planes. The component parts were ultrason-
ically cleaned in alcohol and baked after installation
at 250°C for 24 hours.

The SLAC SEC

The SLAC chamber was developed by E. Gatvina and
had been used in the beam at SLAC, where it showed no
deterioration. Garwin's studies had indicated thar CO
was being adsorbed on the clean gold surface of the
original SEC's used at SLAC, raising the SE coefficient.
He found that silver (without oxide) had a very low CO
adsorption and would be most suitable for the foil.
The solution he adopted was to clean the foil surface
by argon glow discharge at very high current density
to remove the oxide laver in=-situ, then pump the cham~
ber and seal {t.

One of the SLAC chambers was obtained for test at
BNL. Unfortunately during installation, the vacuum
pump seal was broken and had to be replaced. This re~
quired reconditioning ~f the surfaces, which was done
at BNL. During the processing the discharge current
was allowed to rise too high and the foils bowed. The
current was reduced and the foils relaxed to their ori-
ginal position, however, a wrinkling of the surface was
observed. The SEC was installed in the SEB, since in-
sufficient time was available to obtain new foils.

Tests on the Mesh and SLAC SEC's

Both units were installed at the AGS exit to the
SE3 (C010) from July chrough November 1977.2 During
this period the Mesn SEC saw a flux of 1.1 x 1019
pro:ons/cmz while the SLAC SEC saw 1.4 x 1019/cm®.
Data was taken on only the SLAC and the gold and nickel
foils of the mesh unit, the aluminum wiring apparently
naving opened during handling. This unfortunately pre=
vented testing of the hypothesis that the problems
aight be thermally i{nduced. During this period the in-
tensizy was measured on a monthiy basis using FAT. The
results indicated no significant change beyond the 52
resolucion of the measurement.

The twce units were moved to the FEB where the
Mesh: unit was ingtalled on a moving table. The SLAC
unit was installed dounstream, but not monitored at
that time. The unit was scanned through the beam and
clearly showed a spot produced by the SEB of depth
1-1.5% for the gold and 3.2~3.5% for the gickel. Afrer
one week of rumning in the FEB (3.4 x 10! ,’cuz), a spot
appeared of depth approximacely 27 for gold and 2.7%
for the nickel. After another week (6.0 x 10*%/cm<)
the spot had grown to approxizately 3.9% for the gold
foil and 4-4.6% for the nickel foil. At this time che
FEB was shut down.

During this period the SLAC unit was placed on

the scanning table and the Mesh unit installed down-
strean where monitoring of its signals continued. The
scans indicated surface irregularity of = 2.5% over a
7 co range. This is most likely dua to the wrinkling
of the foils observed through the viewing window dur-
ing glow discharge processing. Yo spot was observed
to change during the course of these scans even after
exposuce to a flux of 2.0 2 1019/cm?.

Data was accumulated by means of a program run
in batch on the AGS PDP-10. Every two hours readings
were taken of all beam transformers and both SEC's and
storad on disk for later processing and display. Fig~
ures 3 and 4 show the long~term history of the gold
foils (Mash A), the nickel foils (Mesh B) and the SLAC
SEC normalized to the closest tranafcrmer (U799) in the
FEB. The gold foils SYEH an early dacrease of 3.5%
for a flux of 4.3 x 101%/cm? and then oscillate around
that value even after a flux of 3.9 x 101%/cm?. This
wiggle corresponds to entries in the operatlons log
which describe problems with slow drift of the beam
extraction parameters. The nickel foils exhibited a
change of 7-8% in the secondary emission coefficient
for this same flux but, while they show a "wiggle”
over the same periold as the gold foils, the behavior
continues downward. Tha SLAC SEC also has a corres-
ponding wiggle, but shows no_ change in m an value dur-
ing the exposure to 2.0 x 1019 protons/cm®.

The New CERN SEC's

Based on the observations by Garwin, Agoritsas
built new SEC's at CERN using 5uM aluminum foils with
250 % silver vacuum deposited on each side. After
many attempts at obtaining a unifora argon glow dis-
charge on all foils, a different approach was tried.
On the basis of the tests of the FNAL special SEC's,
a set of silver plated foils were carefully prepared
and kept in a strictly maintained argon atmosphere.
They were assembled into the SEC in an argon filled
glove box and baked at 400°C for 24 hours, after which
the units were sealed and pumped to hard vacuum. Six
units built in this way were installed in the CERN
ss 62 line. One unit was located near a beam current
ctransformer in the primary branch of this line, which
can be used for both fast and slow extraction, The
transformer was used to check the SEC during fiast ex-
traction. _‘A.fter accurulating a flux of 8 x 10
protons/cm* no deterioration of this SEC has been ob-
served,

Sunmarv

A number of SEC's have been tested in high flux
proton beams to determine 3 seolution to the problem of
beam induced ch in the dary emission co=~
efficient. It appears that silver plated foils which
have either been glow discharge cleaned inesitu, or
prepared and assembled into the chamber without ex-~
posure to air can provide a stable secondary emission
coefficient, even up to the ' 't where beam induced
changes in the crystalline st: .ture of the metal due
to nuclgar interactions might be expected (1020 pro-
tons/ecm®), It was beyond the scopo of this program to
study what surface phenomena take place to produce the
change in secondary emission coefficient; however, it
has been shown that methods of avoiding this problem
do exist.

Acknowledgments

The tests would not have been possible without the
valuable help of W. Yang, T. Murphy, B. Cox and
C. Rotalo of the Proton Department at FNAL; J.D. Kleim,
A. Soukas and L. Repeta of che AGS at BNL; J.P. Bovigay
and J. Haffngr of the PS at CERN, We are very grateful



to them, and to J. Cumming of BNL for the use of hia
facilities for the FAT.

We are indebted to E. Garwin who loaned us one
of his speciel sacondary emfssion chambers for tests
at BNL and also for the demonstration he prepared for
us of cleaning che foil surfaces by argon glow dis-
charge.

We are particularly indebted to M. Awschalom of
FNAL who gave us the tuo special secondary emissaion
chambers and, in fact, suggested and supported the
long-term stability ctests with these chambers at FNAL,

V. Agoritsas 1s also especially iudebted to Lyls
Smith, Deputy Chairman of the Accelerator Department
ac BNL and Gordon Munday, P5 Division Leader at CERN
who mainly encouraged and supported the construction
and che studies of the new secondary emisaion chambers.

References

1. F.A. Bumiller, E.B. Dally, Proc. Int’l. Conmf. on
Instr. in H.E. Physics, Berkeley (1960), p. 305.

2. D.B. Isaballe, P.H. Roy, “Factors Influencing the
Stabilicy of a Secondary Eleccron Monitor", Nucl.
Instr. Methods, 20, 17 (1963).

3. E.L. Garwin, N. Dean, ''Method of Stabtlizing High
Current Secondary Emission Monitors”, Proc. of Symp.
on Beam Intensity Measurement”, Daresbury, England,
22-26, April 1968.

. F. Hornstra, private communication.

. L¥D Inc., 3230 Langon Blvd., Oceanside, N.Y¥., 11572.

R.L. Witkover, "lnstrumentation for the Slow Ex-

tracted Beams”, AGS DIV. 76-1, Dec. &, 1975,

Brookhaven National Laboractory, Upton, N.Y.

7. V. Agoritsas, "Measurements of High Energy Proton
Fluxes Using Foil Activation Techniques (FAT)",
BNL AGS Tech. Note 135, June 29, 1977,

8. V. Agoritsas, "Evaluation Tesets of Two Special
Secondary Emission Chambera™, BNL AGS Tech. Note
136, June 28, 1977,

9. a.L. Witkover, "A Study of Secondary Emission
Chamber Aging in the AGS Beam”, BNL AGS Informal
Report, BNL-24887, Sept, 7, 1978.

3-473-79
4900 00,0l a
g% lgnco 00" 0aaad
o od
o a
838 a o
° L]
%‘Bn o
o
pa.30 d
W 13 ] $ a $ L 28 MW
A8AM SPOT POLITION 1% TRE VERTICAL Pusut.
SECONDARY LMISIION CORAMOILNT
csc O :
aag, R ao °
a a @
-]
Feag o
o ]
o
ogo®
fe3
29 R ] H ° $ 0 \s _a mwm
—_ H . : H

llAu 19T FORITION cu “me HOII" n.Ant

Fig. 1. Scan of BNL aluminum foil SEC.
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Fig. 2. History of extraction efficiency normalized to

circulating beam for BNL aluminum foil SEC.
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Fig. 4. History of the SLAC SEC in che BNL FEB.



