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Abstract

One important factor determining the lifetime of
particle accelerators using superconducting magnets is
the accumulated radiation damage of the magnet campc—
nents. Using existing damage studies and a measured
correlation between the radiation levels with the beam-
off ard the beam-on, a reasonable assessment of magnet
lifetimes can be made. On the basis of this assessment
it is expected that damage to the magnet conductor will
not limit the magnet performance. The proper choice of
polymeric materials used in the magnet is necessary to
avoid frequent refurbishing of the magnets.

Introduction

The use of superconducting magnets in high energy
proton accelerators subjects these magnets to damagmg
proton fluxes as a result of beam scraping and other
accidental beam losses. The degradation of thecritical
current of the NbTi superconductor and the increase of
the electrical resistivity of the stabilizer surrourd-
ing the superconductor have recently been campleted.'’?
These studies, along with the existing data on the
radiation resistance of polymers, provide the necessary
information to evaluate the long term performance of
the Fermilab Energy Doubler/Saver. This evaluation also
requires a prediction of the expected proton fluxes to
be seen by the magnets. Previous studies have relied on
Monte Carlo calculations to predict heat loads and
partlcle fluxes at the magnet. However, the difficulty
in applying these calculations to long term radiation
damage lies with the uncertainty of estimating the
probability of the occurrence of the specific accident
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case described by the calculation. The approach adopted
in this study has been to measure losses that aretypical
of the present Fermilab synchrotron, to correlated beam-
off activation levels to proton fluxes and doses with
the beam on, and to use established scaling factors to
predict probably radiation levels of the 1000 GeV
Fermilab Energy Doubler/Saver.

Measurement

A typical radiation survey of the Main Ring is
shown in Fig. 1. This survey illustrates several fea-
tures having important implications to a radiation
damage evaluation. In general it is evident that beam
losses are highly nonuniform. The two major loés points
in Main Ring of the accelerator are the Transfer Hall
(A-0) where beam injection and extraction occur, and the
beam abort target located at D-0. These areas exhibit

radiation ‘levels an order of magnitude higher than the

rest of the ring and are not typical of the accelerator
as a whole. Other high loss areas are distributed
arourd the Main Ring as a result of small internal
obstacles: in the system and oscillations of the beam.
Most of the accelerator however has relatively low
activation levels.

It is expected that the activation levels measured
with theé beam off reflects the proton flux and dose
levels durmg operation. The constants of proportion-
ality remain to be determined. To cbtain this corre-
lation, one area of the accelerator located in A Sector
was selected for detailed study using copper activation
foils and hydrogen gas dosimeters. Detectors were placed
at the top of the vacuum tube 2 in. from the beam
between each magnet in the selected zone. During the
period of July 29, 1976 to October 28, 1976, a total of
3.9x10%8 protons were accelerated and distributed in
time as shown in Fig. 2. The accumulated activation
during this period was measured using the Mn%" isotope
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of the area following the measuring period is also
13+ ] shown. As expected the radiation survey does exhibit
the same general behavior as the detectors even though
12F 7 it is more sensitive to the most recent losses in that
s J—- 4 area as copposed to the detectors which measure an inte-
\Ol— _| grated dose over three months. For an activity of
i 1 mR/hr, 3:1x10%% p/am® per 10'° accelerated proton and
9+ 1 1:#.3x10° rads per 10'® accelerated proton was measured.
8 Discussion
rds - e ittt
6 1 In order to make reascnable assessments of campo-
5 _| nent lifetimes, it is necessary to determine the
[r] '_ﬂ camponent properties that are critical to operation of
4r U 4 the system. Those camponents important to supercon-
3t 4 ducting magnet performance can be divided into three
general areas: 1) conductor properties such ascritical
er 7  current and stabilizer conductivity; 2) electrical and
| 4 thermal insulators such as Teflon, Mylar, Kapton and
TR WO M SR 11 | | P S ' B T TR 11 polyvinylchloride; ard 3) structural materials such as
;5 1015 2025301 4 9 14 19 24 zsgl 4 9 1419 24 29{ 576 fiberglass reinforced epoxy and mineral filled epoxy.
| AUGUST | SEPTEMBER OCTOBER i Table I reviews the general radiation limits for these
comronents based on the data presently available. The
Fig. 2 Acceleration irradiation history for the TABLE [
period of August 6 through October 28, 1976.
MATERIAL DOSE LIMIT REF,  LIMIT CRITERIOW
production in copper with a cross section of 12.1 milli- CONDUCTOR
barns and corrected for decay during irradiation. The ;T—""‘
radiation dose was determined from the amount of hydro- Bl o
SUPERCONDUCTOR 1.5x10" " p/cn 1 7% IRRECOVERABLE

gen gas released from polyethylene by the dose. This 3 4D ¥G
method of dosimetry was chosen because the gas evolution N Rf’;“c”(’“
can be easily related to mechanical property degrada- 6.3<10""p/cn 2 2«10 acm

tion of polymeric camponents. The minimum detectable Cu STapILIZER TRRECOVERABLE
dose using this type of dosimeter was 5x10° rads which ResisTiviry INCREASE
is adequate for this study. 2.3x10%%p/cu? 2 2-10"%acu
The integrated proton flux lost into the magnets 907 RECOVERABLE
and the corresponding dose are shown normalized to10'? BY 300 K annEAL
proton accelerated in Fig. 3. The radiation survey PoLYMERIC INSULATORS
(ELECTRICAL & THERMAL)
t Teron® .3 Mraps 4 50% REDUCTION
[ IN ELONGATION
K] Formvan ® ~130 MraDs 5 50% REDUCTION
a2 IN ELONGATION
-g g PYC ~150 MraDs 4 50% REDUCTION
ga IN ELONGATION
g MyLar B(SupERINSULATION) 400 Mraps 4 75% REDUCTION
K4 IN ELONGATION
‘é’ Kapton ® 6,000 Mrads 6 50% REDUCTION
9 IN ELONGATICN
defectable 100 STRUCTURAL POLYMERICS
o dose F1BERGLASS ReINFORCED
£ EPoxy 30,000 Mraos 7 50% REDUCTICN
E’ IN ELONGATION
§ 10 MineraL FILLED Epoxy 5,000 Mraps 7 507 REDUCTION
: mR/hr IN ELONGATION
é - (® TRADEMARK
ga 0" - 1.O
8 F limits_for t':he_polymeric.naterials are for roam temper-
® N ature irradiations. It is expected that the radiation
& . s resistance at cryogenic temperatures will be slightly
g 107 0.l better?® but until more camplete studies have been
5 e undertaken the more pessimistic values have been adopted.
% r For all the polymeric camwponents, except the superinsu-
< e lation, a 50% reduction in elongation has been chosen as
g 10° the limit of reliability since differential thermal
° E contractions during cooldown require substantial flexi-
o F Location ° Quadrapole bility of the camponents. A more lenient limit of 75%
A 0O Dipole reduction in elongation has been prescribed for the
— superinsulation where the mechanical requirements are
much less stringent.
Fig. 3 Dose radiation survey and particle fluxes in The radiation survey D(8) as shown in Fig. 1 isnot
A Sector for period of operation of Fig. 2. in a form readily integrated into a radiation damage
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assessment of the accelerator as a whole. A moreuseful
function would be F(Dy), the fraction of the accelerator

with radiation levels greater than or equal to a dose

Y110 raGlatlon levels gloalel

level D,. This can be expressed as
2m
1
F(Dy) = fnfa[D(e)—DO] as (1)
o
where o = 1 if D(8)2D,
a =0 if D(8) <D,

Using this function the percentage of the accelerator in
which damaged magnets will exist can be determined.

One additional function would be helpful in this
assessment. The simple percentage of the accelerator
affected by a damaging dose is not representative of
the actual increase in operating cost incurred by the
radiation induced degradation. Suppose that 10% of the
accelerator receives doses greater than a level estab-
lished as critical. A much smaller fraction of the
accelerator may be operating at 10 times the critical
dose ard will therefore have to be replaced 10 times
within the lifetime of the accelerator. The function
Fr(D) which accounts for these replacements in terms
of a fraction of the accelerator can be calculated from

F (D) "
_ A N _ .
FR(DC) = Zl E[wcl F[(1+1)Dcﬂ (2)
i=1
where D = critical level and
= number of times the magnet is replaced.
ButEF{(l+l)D 1= Z(l—l)F[LD 1= Z(l——l)F[lD 1.
i=2 i=1
FR(DC) =ZF[iDc] (3)
i=1

Both F(D) and Fg(D) are shown in Fig. 4 as a function of
the percentage of the accelerator magnets affected and
replaced respectively.

Conclusions

A realistic assessment of the radiation damage
occurring in the Fermilab Energy Doubler/Saver can be
made using existing damage studies and the correlation
of the residual activation measured with the beam off
and the actual proton fluxes and dose levels during
accelerator operation. A ten year lifetime at 1000 GeV
and an average intensity of 4x10'° protons accelerated
per year has been assumed. Due to the proximity of the
Energy Doubler/Saver magnets to the existing accelerator
magnets, a magnet in either system will see activation
levels of both rings. In addition, the activation
density of 1000 GeV protons will be substantially higher
than that of a 400 GeV proton.? These two cambined
factors leads cne to expect activation and dose levels
twice as high as those measured. It was also assumed
that operation at 1000 GeV will result in approximately
the same percentage of lost particles. The right hand
scales of Fig. 4 have been obtained using these operat-
ing conditions and the appropriate correlation factors.
The reliable performance limits of Table I are also
indicated. The conclusions obtained fram Fig. 4 are:

1. The traditional electrical insulators would require
20% replacements with some areas such as A-0 and D-0
requiring replacement once a year.
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Fig. 4 Anticipated material property degradation for
the Energy Doubler/Saver based on present accelerator
operation.

2. The thermal radiation insulation would became
ul?reliable in 2% of the accelerator with reinstalla-—
tion in high loss areas after 2-1/2 years.

3.‘ The disadvantages of 1 and 2 above can be avoided
simply by the use of Kapton as electrical insulation

and as the primary component of superinsulation instead
of Mylar.

4. Increases in electrical resistivity will occur but
no degradation of performance will remain following a
roam temperature warm—-up.

5. No degradation of the critical current of the
superconductor or the mineral filled or glass rein—
forced epoxy is expected.

Acknowledgements

I would like to thank Jay Baldwin for counting the
activation foils, Jim McCrary who aided in the installa—
tion of the detectors and Ernie Ioriatti who helped
analyze to hydrogen gas dosimeters. The many helpful
discussions with Sam Baker were appreciated.

Refererces

lC.L.Snead, unpublished data.

ZP.A.sanger, B.P.5trauss, R.W.Bocm and G.L.Kulcinski, IEEE Trans.

Magn., MAG-13, B52, (1977).

3M. H., VanderVoorde, Proc. Particle Accel Conf. (Chicago, 1971}
p. 784.

4R.Harrington and@ R.Giberson, Modern Plastics, 36. 139, {1958) .

SA.Charlesby, Atomic Radiation and Polymers, {(Pergamon Press, New
York} 1960.

6

DaPont Product Information, Bulletin HI1B.

Ty4.Brechna, SLAC Rep. 40, 1965.
8A.Vancinneken and M.Awschalom, High Energy Particle Interactions in

Large Targets, Vol. 1, Fermilab Publication. 1375.

1336



