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1 Radiation safety: Injector (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 injector

The new injector will be placed below ground level, in the cave that is presently housing the injector microtron. This cave is already heavily shielded, since the microtron is an intense radiation source when run at maximum beam power. The today shielding consists of 3 m thick sand walls, and a roof of a 0.9 m sand layer, a 0.1 m concrete slab and an additional layer of 0.5 m concrete in blocks. A schematic side view of the microtron cave is seen in Fig. 1. The additional concrete layer does not cover the whole wall thickness, so that at approximately 45 degrees upwards from the microtron the radiation only passes about 1.4 m sand and 0.2 m concrete. Additional shielding material, lead and concrete blocks, are placed at various locations around the microtron. The space is partly occupied by equipment necessary to keep the microtron alive, so this shielding is not optimised.

Fig. 1 Schematic side view of the microtron cave.

The new injector consists of an electron gun system, two linac sections of 125 MeV each and a recirculator system that brings the 250 MeV beam back to the entrance of the first linac, so that a final acceleration up to 500 MeV will be possible. A most schematic side view is shown in Fig. 2.


Fig. 2 Schematic side view of the extended cave with the recirculator.

It is seen that in order to provide space for the second (the leftmost) recirculator block, the sand wall has been removed. It will be replaced with lead and concrete blocks of sufficient thickness.

The different modes of operation are listed in Tab. 2. In this table is also given the present modes of operation of the microtron. It is interesting to compare the output beam power for a certain mode, to the corresponding mode of the old injector. It is seen that in all these modes the old injector beam power is higher. One should note that in the MAX II injection mode, the given beam power is not transported all the way to MAX II. Instead the MAX I shielding takes most of this power. The additional running time for the injection of the new ring (mode 4), will be low compared to the gain in injection time for MAX-II (mode 3). We expect at most equal losses from the new injector, compared to the old microtron. Therefore, looking at the shielding around the recirculator system, the modes 1, 2, 3 & 4 should be sufficiently shielded for already. Still, the new shielding around the leftmost recirculator block needs of course to be investigated (see A.4.3).

Mode 5 will only be taken into operation after all the other modes are operating routinely, and after verification that beam losses from the linac section in question, are sufficiently small. The beam power will only be directed horizontally and downwards, below ground level in the old isotope cave. Additional shielding must then be set up around the beam dump. When more data exists for this mode, also more detailed shielding calculations are to be done.

Tab. 2

Mode
Pulse current
Rep. Rate
Pulse time
Energy
Beam Power

1) Nucl. Ph.
40 mA
10 Hz
100 ns
250 MeV
10 W

(presently) 
4 mA
50 Hz
1 (s
100 MeV
20 W

2) Inj. M-I
40 mA
1 Hz
100 ns
250 MeV
1 W

(presently)
4 mA
10 Hz
1 (s
100 MeV
4 W

3) Inj. M-II
40 mA
1 Hz
100 ns
500 MeV
2 W

(presently)
4 mA
10 Hz
1 (s
100 MeV
4 W

4) Inj. M-III
40 mA
1 Hz
100 ns
500 MeV
2 W

(presently)
-
-
-
-
-

5) IR FEL
0-300 mA
10 Hz
4.5 (s
30-100 MeV
0-1.35 kW

(presently)
-
-
-
-
-

1.3 Shielding calculations

We are to calculate the new shielding around the leftmost recirculator block. In modes 1 & 2 the beam is never entering this block. Losses from the electron gun, between the recirculator block and the first linac, can be disregarded since the energy and beam power is still very low. In the modes 3 & 4 the 250 MeV beam is taken back to the leftmost recirculator block and then bent upward in this in order to pas the beam a second time through the linacs. Looking at the orientation of the beam path, the most critical point in view of radiation safety, is when the total beam is lost somewhere in this 180 degree bend. In such a case of “catastrophic loss” it is needed to look at the dose rates, in order to verify that a too high dose will not be accumulated in short time, before the failure is found.

Three different radiation fields need be considered [1]: the electromagnetic component (gammas and electrons/positrons), the intermediate and low-energy neutrons (En<10 MeV) and the high-energy neutrons (En>10 MeV).

We will place lead bricks around the recirculator block as shown in Fig. 2. They need only to cover a width of 16 cm (the recirculator block width is 14 cm). This in order to stop the electromagnetic component since it is highly directional with the beam. The available space in the ceiling allows for 75 cm to fill with concrete blocks, for the neutron shielding. The walls will consist of two rows of our large concrete blocks (64cm*64cm*64cm). 

The beam power of modes 3 & 4 at 250 MeV is 1 W, which corresponds to Ne = 2.5·1010 e-/s. The electromagnetic shower will be developed in at least 20 cm in the iron of the recirculator block, when lost. Since this corresponds to more than 10 radiation lengths, most of the gammas will be below the giant resonance energy threshold when escaping the iron block. Hence, most of the neutron production will take place within the iron block.

1.3.1 Perpendicular shield.

Minimum shielding will be in the upward direction, so the calculations are performed for this case.

1.3.1.1 Equivalent dose from the electromagnetic component.

The electromagnetic component of the dose rate immediately outside the shield of the 25 cm lead and 75 cm concrete shield, will then be given by [2]
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1.3.1.2 Equivalent dose from low and intermediate-energy neutrons.

The intermediate and low energy neutron dose rate will be calculated assuming that the neutron production will take place within the iron block.
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d is the distance from the source point to the measuring point. 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 linearly with electron energy in the energy range of interest. Fni is a conversion factor from neutron flux density to equivalent dose rate.

Ne = 2.5·1010 e-/s

Nn = 0.1/ e-·GeV
E = 0.25 GeV

Fn = 4·10-7 mSv/(1/cm2)
d = 110 cm

(iron = 0.052 cm-1 

(lead = 0.04 cm-1 

(concrete = 0.058 cm-1 
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A.4.3.1.3 Equivalent dose from high energy neutrons.

The high energy neutron dose component is given by
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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 = 2.5·1010 e-/s

E = 0.25 GeV
Fnh(0)=6·10-10 mSv·cm2/e-·GeV

d = 110 cm


( = 0.0235 cm-1
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1.3.1.3 Total equivalent dose.

The dose components add up to a total dose of 244 (Sv/h in the upward, most critical, direction. It is seen that the total dose rate is sufficiently small to allow for some time to locate the failure. If  some of the ordinary concrete blocks are replaced with heavy concrete the dose rate could be diminished by a factor of two to. However, regarding the annual dose around this shielding, even with extremely poor recirculator efficiency, this dose will be negligible since modes 3 & 4 are run only limited times during the injections.

1.3.2 Lateral  shield.

Only the electromagnetic component has to be investigated, since the neutron shield will be larger, 124 cm, than in the perpendicular case.

1.3.2.1 Equivalent dose from the electromagnetic component.




� EMBED Word.Picture.6  ���





� EMBED Word.Picture.6  ���








_990521560.unknown

_990598937.unknown

_990599757.unknown

_991720503.unknown

_990521902.unknown

_990566797.doc
[image: image1.bmp][image: image2.bmp][image: image3.bmp]

MAX I












_987536668.unknown

_990474733.doc
[image: image1.bmp][image: image2.bmp][image: image3.bmp]

MAX I












