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Abstract

Measurements of the radiation incident on ALS
insertion device NdFeB permanent magnet structwess
carried out using thermoluminescence dosimeters. A
plastic scintillator gamma telescope was utilized to
unravel the various contributions to tiheegrated dose.
Magnet lifetimeswere calculatedor various operational
conditions.
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1 INTRODUCTION Figure 1: ALS insertion device showing coordinate
The AdvancedLight Source (ALS)® at the system, vacuum tank, TLD anetelescope
Lawrence BerkeleyNational Laboratory is athird
generation electromcceleratorthat producesphotons in 2 MEASURING THE RADIATION DOSE

the 10 eV-10 keV range. Thealescriptive “third In this study we used TLRomposed of LB,O,. The

generation” isgiven to light sourceswith low beam TLD were calibrated using'&Cs irradiator over the range

emittance incorporating insertiomlevices to produce )
extremely bright x-ray beams. The ALS is composed of a0'04 Gy to 120. GJ". The dose measured by a TLD

% . . .
50 MeV LINAC, a 1.5GeV boosterand a1.9 GeV reacliseiﬁ1 was conS|ste'nt.W|th thdosegiven the TLD by

. . . the 'Cs source to within 7 %. TL®vere placed on top
storage ring. The 200 roircumferencestorage ring has

. . : of the storage ring insertiotevicevacuumchamber and
12-fold symmetryand 10available straight sections for . . . .
; . . : on the bottom poles of the insertion device, see Figure 1.
insertion devices.Presently, the ALS storage ring has

L . . : : ed Two types of insertiondevice vacuum chambersvith
five insertion devices in operation (two more to different vertical gaps are utilized in the ALS storage rin
in 1997-8) whose magnetic structuee fabricated from gap 9 9

. The vertical distances from ideal beam center toirtbiele
NdFeB permanent magnets. Thelewvices have anywhere surface ofthe vacuum chambeese 5 mm an®.5 mm
from 38 to 178 alternating North -South poles aitler i

side of a vacuum chamber. Near the storage mtgsron for the small gapand large gap chambers, respectively.
o . . (Horizontal clearances are much larger.) For the small gap
beam the radiation level is mainly due to vy

brehmsstrahlun. Since thex-ray brightnessproduced vacuum chambers, the TLD were located 7 mm above and

. . ) ; . 95 mm below beam center. The positiedove the

by the insertiondevices will degrade with loss of )
o . vacuum chamber corresponds tthe location of the
magnetization, the stability of the permanent magnets to . . . )
. ; . insertion device permanent magnets during a typical
radiation exposure is of paramount importance. A number

X : . running mode while at the highest magnetic field. The
of studies have been carriedt to measureghe change in "
. . 2.10) 2.4-6) position of the TLD below the vacuunthamber
magnetic properties dfidFeB?'® andSmCd**® due to :
o corresponds tahe location of the permanent magnets at
radiation exposure. We have=xposed over 400

thermoluminescence dosimeters (TLnder various maximum gapduring the refilling phase of thatorage

beam conditions todetermine the magnitude of y- fing.

radiation incident onthe insertion device permanent 3 RESULTS

magnetsand have utilized a gamma telescope to help , , ,

unravel the source of thategrated dose measured by the ~ 1able llists theintegrated doseeceived by a
TLD. series of TLDplacedalong the length of the insertion

device vacuum chambésmall gap) abovandbelow the
electron trajectory. The coordinate system u,v,w is shown
in Figure 1 where the origin is taken to be the entrance to
the vacuum chamber. The irradiation occurred over 26.679
amp-hours with an electron energy df5 GeV.
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Table I: TLD doses at 1.5 GeV
TLD# u[mm] v[mm] w[mm] Dose [Gy]

1 0 7 70 35
2 0 7 236 133
3 0 7 390 134
4 0 7 550 112
5 0 7 710 109
6 0 7 870 98
7 0 7 1030 104
8 0 7 1350 102
9 0 7 1590 111
10 0 7 1990 134
11 0 7 3110 123
12 0 7 3430 123
13 0 -95 236 31
14 0 -95 390 38
15 0 -95 550 38
16 0 -95 710 48
17 0 -95 1350 42
18 0 -95 1990 49
19 0 -95 3111 55

20 0 -95 3430 52
21 100 7 550 39
22 -20 120 390 2

At 1.5 GeV, the highesfoses measured on

the

TLD for the insertiondevice gap closed position were
typically 134 Gy for gperiod ofoneweek (26.667 amp-
hours). In the insertiomevice gap open position, the

highest doses measured were about 55 Gy.

Shown in Table 2a,b are tli®sesreceived at amlectron
energy of1.9 GeV for 24.7 amp-hourandfor 4.7 amp-

hr, respectively.

Table 2a: TLD doses at 1.9 GeV (24. 7 amp-hr)
TLD# u[mm] v[mm] w][mm] Dose [Gy]

23 0 7 70 17
24 0 7 390 124
25 0 7 870 109
26 0 7 1590 119
27 0 7 1990 102
28 0 7 3430 102
29 0 -95 390 38
30 0 -95 710 45
31 0 -95 1990 34
32 0 -95 3430 43
33 -20 120 390 0.2

Table 2b: TLD doses at 1.9 Gef4.7amp-hr)
TLD# u[mm] v[mm] w][mm] Dose [Gy]

34 0 7 70 6.0
35 0 7 390 72
36 0 7 870 39
37 0 7 1590 24
38 0 7 1990 25
39 0 7 3430 68
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40 0 -95 390 9.0
41 0 -95 710 10
42 0 -95 1990 10
43 0 -95 3430 17
44 -20 120 390 5

At 1.9 GeV, the highesloses measured on the
TLD for the insertiondevice gap closed position were
typically 124 Gy for aperiod of one week (24.7 amp-
hours). In the insertiomevice gap open position, the
highest doses measured were about 45 Gy.
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Figure 2: Dose at various positions
inside the insertion device

From inspection of Table 2a and Table 2lzah beseen
that the dose received by the Tlddesnot scaledirectly
with amp-hours. This idecausethe dose receivedlso
depends on the number of storage fiiflg occurring for
each integrated irradiation agell as theelectronbeam
emittance. During the electroming 10-15 minute
refilling process a much higher dose/min.cilected by
the TLD thanduring the normal 240 min. running
period. Figure 2 shows a typical relationship between the
normalized doseecorded on &LD versus angle to the
TLD (measuredelative to the insertiomevice vacuum
chamber entrance). The dose has been normalizete
hours-steradians.

A series of experimenta/ere also carried out
with one insertiondevicethat uses darge gap vacuum
chamber. Wefound the radiation incident on the
permanent magnets of the largap chamberinsertion
device was approximately 100-120 times less than for the
small gapchambersdue to the larger minimum gap
available to the magnets.

To determinghe contribution to thentegrated
dose from the runningperiod and the refilling period
separately, we utilized a gamma telescope. Tdiescope
was composed of two scintillator photomultiplier
‘paddles’ whose output signals, whendaincidencewith
eachotherduring a 10 nggate, produce asingle signal
count. The scintillator was 0.25 in. thick x 2 in. x 2 in.
NE 102 plastic and the photomultiplier tube RCA 8575.
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Figure 3

1.Insertion device gaps open
2.Ramp 1.5t0 1.9 GeV
3.Injection process begins
4.Beam stacking

5. Ramp from 1.9 to1.5 GeV
6.Running mode begins

7. Insertion device gaps closed
8. Beam lines opened

at 1.5 GeV,
T,5=8.5X10 Gy / [(37wk/yr)*(95 Gy/wk)] = 24.2 yr.
at 1.9 GeV,
T, o= 8.5X10 Gy / [(37wk/yr)*(68 Gy/wk)] = 33.8 yr.
If the gapsare closedduring storagering injection, the
lifetime would be only about 1yearsand18.5 years for
1.5 GeV and 1.9 GeV operation, respectively. This result
points clearly to the needfor fully opening the ALS
insertiondevicegapsduring the short refillingperiod in
order to minimize the radiation incident on thermanent
magnets. In addition, when beam dumping is required, the
insertion device gaps should also dgened tominimize
the radiation damage to their magnets. Improving
operation conditions, such as increasing the injection
efficiency may further mitigate theradiation damage and
increase the lifetime of the insertion devices.
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We were able to place the telescope about 10 cm from thledboratory.

electron beam in horizontal plane as shown in Figure 1.

We recorded theumber ofcoincidencecountsduring the
electron ring filling procesandrunning period asshown

in Figure 3. Wefound the averageratio (countsduring
refilling/countsduring running) for the full running and
refilling periods was 1.0 when running 1G&eV electrons
but rose to 2.5 when running 18eV electrons. As
shown in Figure 3, part of the contribution from the
refilling process occurs when thanergy ofthe stacked
electrons were ramped from 1.5 GeV to 1.9 GeV.

Since the insertiordevice gaps at the ALSare always
opened during the refilling procesmd if weassume the
insertion device gaps are fully closed during normal

running, theactualdoseseen by the permanent magnets v

when running in the 1.5 GeV mode is about

134 Gy/wk(1/2)+55 Gy/wk (1/2F 95 Gy/wk.

For 1.9 GeV electrons the average ratsulted in adose
of

124 Gy/wk (1/3.5)+45 Gyl/wk (2.5/3.5) 68 Gy/wk.

Previously, an estimate of the useful lifetime of the ALS 9]

insertion devices magnets wasbased on aloss of
magneticremanence 00.5% ). This loss wagound to
occur when the magnetswvere subjected to adose
equivalent of 8.5X10Gy. The number 8.5X10Gy is a
worst case value with agrror estimated at 25%. aking
various operational assumptions a useful magnet lifetim
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was calculated to be about 85 years. Several assumptions Measurements Laboratory internal report Jan 16,

made indeterminingthat lifetime, thoughreasonable at

1997. Cs source: Shephard Cs Irradiator model 81.

the time, are now know to be incorrect. If we estimate thd12] Panasonic TLD Reader model UD-710A.

storage ring is in operation 37 weeks/ydhe lifetime,

T, of the insertion device magnets under current operating

conditions is about:
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