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1 Radiation safety storage ring (ÅA)

1.1 Introduction

A new injector system for the MAX-I and MAX-II rings are being designed. MAX-I will be injected at 250 MeV instead of 100 MeV. The nuclear physics program will also be upgraded from 100 MeV to 250 MeV. Furthermore, a new third ring are being designed and will be placed next to the MAX-I ring. It will, as the MAX-II ring, be injected at 500MeV. Some changes in the present radiation shielding, and some new shielding will be needed in order to provide for a safe environment at the lab.

According to the permission in force from The Swedish Radiation Protection Institute, MAX-lab is to follow the general radiation protection regulations. The dose limits for workers within ionising radiation areas are given in regulation SSI FS 1998:4 5§, which takes effect January 1st 2000. These annual dose limits are given in Tab. 1. Outside the accelerator shielding one are dealing with relatively smooth radiation fields, so that it is reasonable to design for the case of a whole body radiation. This means that the “effective dose” is equal to the “equivalent dose”, and in the remainder of this chapter we will use the term “equivalent dose” or only “dose” if its meaning is clear from the context. We see from Tab. 1, that over one year, workers above 18 years of age must not be exposed to an equivalent dose exceeding 50 mSv. However, according to SSI FS 1998:4 3§ we also have to optimise the radiation protection so that the dose levels are held as low as possibly achievable. It is therefore our aim to design the shielding in such a way that the measured annual dose at any point in the lab, even immediately outside the shield, is below 5 mSv.

1.2 The new ring

Assumptions have to be made regarding injection efficiency and beam losses, but we now have several years of experience for the MAX-II ring, which will help us.

Let us assume that the new ring at normal operation will be filled twice per day with 250 mA circulating current. With a circumference of 33 m, this amounts to 1.7·1011 electrons. However, some accelerator physics experiments will take place and accidental beam losses will occur, so it is reasonable to assume 1000 fillings per year. The total number of electrons stored per year at 750 MeV will then be 1.7·1014.

1.2.1 Lateral shield. Stored beam losses.

One would believe that the losses from a stored beam averaged over an entire year, will be spread quite evenly around the ring circumference. A conservative estimation is that 10% will be lost at a single point. The dose calculations will be made for 20 cm, 40 cm and for 60 cm of ordinary concrete shielding, and for 140 cm distance, that is, just outside the shielding wall and just above the shielding roof.

1.2.1.1 Equivalent dose from the electromagnetic component.
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1.2.1.2 Equivalent dose from intermediate-energy neutrons.
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Ne is the number of electrons and E (GeV( their energy. Nn (1/GeV(is the neutron yield per a 1 GeV electron. It is assumed that the neutron yield scales lineary with electron energy in the energy range of interest. Fni is a conversion factor from neutron flux density to equivalent dose rate.

Ne = 1.7·1013 e-/year
Nn = 0.3/ e-·GeV
E = 0.75 GeV

Fn = 4·10-7 mSv/(1/cm2)
d = 140 cm

( = 0.058 cm-1
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1.2.1.3 Equivalent dose from high energy neutrons.
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Ne is the number of electrons and E (GeV( their energy. Fnh is a conversion factor from the number of 1 GeV electrons to equivalent dose at unit distance.

Ne = 1.7·1013 e-/year
E = 0.75 GeV
Fnh = 4·10-10 mSv·cm2/e-·GeV

d = 140 cm


( = 0.0235 cm-1
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1.2.1.4 Total equivalent dose from the stored beam.

In order to estimate the total equivalent dose outside the lateral shield one may simply add the different components. However, this will be a somewhat pessimistic estimation since for the electromagnetic component we have assumed a thin target, while for the neutron components a thick target is assumed. Still, the pessimistic estimation for different shield thickness is
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1.2.2 Lateral shield. Injection losses.

If the injection process is tuned properly one might expect around 10% losses. However, there will for sure be occasions when the injection efficiency is even below zero. This is because the stored beam is to be moved towards a septum wall by some bumper magnets at the injection moment, and there is a risk that some of the stored electrons will be lost against this wall. Also the injected beam is to be passing close to this wall, and some part of it might strike the wall.

Our experience from MAX-II tells us that it is reasonable to assume that the overall injection efficiency is about 50%, that is, equally many electrons will be lost at the injection process as will be eventually stored. Thus, 1.7·1014 electrons per year will be lost at the injections. Furthermore, we will assume that 70% of these losses will take place at the injection septum, and that 10% of the losses could occur at some other single point in the ring. The injection losses will take place at 500 MeV. We will thus have 
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This gives us:

At the ordinary lateral shield

At the septum lateral shield
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1.2.3 Lateral shield. Total equivalent dose.

At the ordinary lateral shield

At the septum lateral shield
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1.2.4 Perpendicular shield. Stored beam losses.

A significant part of the normal beam losses is inelastic scattering against nuclei in rest gas molecules. Bremsstrahlung radiation will be produced, and the main point where it has to be stopped is downstream the straight sections of the ring.

Since the mean current will be around 200 mA, we will calculate the production rate for this current. This corresponds to 1.25·1018 e-/s. We will also assume a pretty poor vacuum, 10-8 Torr. The constituent molecules will then be, for our case, comparable with air molecules. One radiation length in air is 308 m at atmospheric pressure. The long straight sections in the ring will be around 3.5 m, and the short straights around 2.5 m. Thus, the production rate of effective quanta is
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  in the long straight sections.

It is interesting to note that the assumption of 10-8 Torr is extremely pessimistic, since 
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for the whole ring. The production of one effective quantum should imply the loss of, at least, one electron. Thus, this number could be compared to the assumed number of electrons lost from being stored, 1.7·1014 e-/year. At normal operation the vacuum has to be at least a factor of ten better, so the above numbers should then be a factor of ten lower. However, we will stick to the conservative assumption. Let us start with the short straight sections, that will send a narrow gamma beam in 45 degree angle to the shield. 

� EMBED Equation.3  ���
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