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Abstract

The ALBA external shielding tunnel is formed by fichet walls. Each ratchet wall is formed by 1enet
thick side wall and 1.5 m front wall. The diametdrthe external shielding wall is around 86 meters.
Attached to each side wall there is one on-lingatamh monitor for gamma radiation. Next to theeictjon
zones and at some insertion devices position tiseakso a neutron monitor. This radiation monitetwork

is reinforced by 9 movable monitors located at plositions where higher radiation dose rate levalgeh
been measured. These movables monitors are alreddry gamma and neutron detectors.

When due to some accelerator system fault (the Rty of the magnetic family systems) the storeahbe
is lost suddenly, the radiation monitor networkarels the effect of these losses at the external gidhe
shielding, in the Experimental Hall-EH area. Insthvork, the absolute dose rate values producedhgluri
these types of events are analyzed and comparbkdheidifferent causes of the losses.

1. Introduction

This paper describes how the radiation monitor ngtvat ALBA helps to understand the phenomenomof a
unexpected total electron beam current loss ocourthe ALBA Storage Ring. We have studied the
equivalent dose rate characteristics (the pealesadnd their space distribution) outside the ALB#&King

for each total loss.

In order to describe these losses and the effectheexternal side of the shielding walls, thecdption of
the ALBA acceleration system [1], [2], [3] and thigielding walls characteristics is given in thistsmn.

1.1.The ALBA acceleration system

The ALBA accelerators system is formed by a 110 Méa¢tron LINAC, a 3.0 GeV synchrotron booster and
a 3.0 GeV storage ring. The LINAC accelerator sated in a bunker vault next to the tunnel thata@ios
the booster and the storage ring (see Fig. 1l)etigth of the storage ring is 268.8 m. The desigrage ring
current is 400 mA, however nowadays the accelerstanning at 120 mA stored beam in decay mode.

The maximum quantity of beamlines that can be lawdtabout 30. At the present time there are imatiom

7 beam lines: 4 hard X-rays and 3 soft X-rays. fidtBation source for the actual beamlines are ériims
devices and 1 storage ring bending magnet. Thetiosalevices are formed by 2 in vacuum undulat@rs,
Apple type undulators (based in pure permanent etaynl superconducting wiggler and 1 wiggler based
hybrid technology [4].

All the beamlines front ends are located inside &IBA tunnel, and all of them have a double
Bremsstrahlung shutter placed as close as pogsitite front wall.

The storage ring RF system [3] is formed by 6 ¢esiplaced in 3 different positions (about 120h¢aeach
cavity is feeding by 2 IOT tubes in order to gatiredancy to guarantee the maximum reliability & BF
system.
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Fig.1 — ALBA accelerators system layout (LINAC,diepand storage ring) and the shielding walls.

The beam lifetime is about 24 h, and in normal apen for user there are 2 injections every 12nhthie
Table 1 is given the most relevant parametersdoh @f the accelerators system at ALBA:

ACCELERATOR PARAMETER VALUE
Maximum LINAC energy 110 MeV
Charge per pulse ~4nC
Booster energy 0.1to 3.0 GeV
Stored beam energy 3 GeV
Booster circumference 249.6 m
Storage ring circumference 268.8 m
Maximum injection frequency 3 Hz
Stored current 120 mA
Stored charge 6.8- T
Lifetime at 120 mA ~24/h
Pressure 4.18 mbar

Table 1 — The list of the most relevant paramefimrshe LINAC, booster and storage ring accelerator

The 120 mA storage ring current is distributed amifly covering the entire ring. The current is diedl in
10 bunches of 64 ns long each, and they are sepé2&tns (see Fig. 2). From the fast current toaunsdr

* From the FCT-Fast Current Transformer data:
893ns

64 ns = 32 buckets x 2 ns

ECETE [ EER |
Fig.2 — The time structure for the storage ringreunt.

(FCT) device data it is possible to determine thich structure. Each bunch is formed by 32 buakie®sns
long current.



1.2.The ALBA shielding description

The shielding for the ALBA accelerators is formedthe bunker that contains the LINAC acceleratat an
the tunnel where is located the booster and thagoring. The LINAC bunker is next to the ALBA twei
(see Fig 3). The LINAC bunker walls and roof thieks is 1 m, and the material is heavy concreté¢hfor
walls and normal concrete for the roof.

All the internal walls for the tunnel are formed bgsted walls, of a thickness between 1.65 m at the
injection zone (booster to storage ring), and Inmall the other parts. The internal wall materahieavy
concrete for the injection zones (next to the LIN#®ooster and next to booster to storage ring).
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Fig.3 — Different views for the ALBA shielding etats. On the left side, a layout of the shieldirdjsy(in pink colored
is marked the heavy concrete zones), and the Saslea is for 3 layers beam roof structure at thigdgtion zone. On
the top right side, a detailed view of a front whall 2 beamlines (2 layers block configuration)daon the bottom right
side a tunnel cross section detail, where a 2 layerams for the roof structure is shown.

The external tunnel walls are formed by casted fffier so called side wall) and 2 layers heavy cdacre
blocks (see Fig. 3). These walls are the limit leetw the storage ring area and the EH, where the 7
beamlines are installed. The external wall is fairbg 19 ratchet structure, and the thickness ahallfront
walls is 1.5 m, and the side walls thickness is fbnall of them but in the injection area is 1185

WALL PARAMETER VALUE

Inner and side walls thickness 1l m
Inner wall thickness at injection 1.65m
Side wall thickness at injection 1.25m
Roof thickness 1m
Roof thickness at injection 14m
Linac walls thickness 1m
Labyrinths walls thickness 0.7m
Front walls thickness 1.5m
Number of side/front walls 19
Concrete density 2.4 glcn$
Heavy concrete density 3.2 g/cn$

Table 2 — List of the main parameters that desctliteeALBA shielding walls.



The bunker and tunnel roof material is normal cet&rand the structure is formed by 2 layers otzte
beams, and 3 layers next to the injection areasteoto storage ring), see the slashed part ifithes.

In the Table 2 is collected all the relevant par@msefor the LINAC bunker and the tunnel. All theosen
thickness and material for the different componéwatge been selected to assure an annual dose 81 m
assuming that the storage ring current is 400 nvAr a period of 2000 hours per worker.

1.3.The radiation monitor network system

The ALBA radiation monitor network is formed by 88its, 24 are fixed and 9 are in movables trolléys.
the 24 fixed radiation monitors are part of theesainterlock system (PSS: Personnel Safety Systam)
such a way that if there is an accumulated doskehithat 2uSv in 4 hours, the PSS stops all the ALBA
accelerators in a redundant and diverse way.

TYPE OF MONITOR
I Fixed monitors

I Trolleys

Iy
fBLZ‘% { il
R

Fig.4 — Present distribution of the radiation mamitnetwork next to the LINAC bunker and the tur(beth for the
internal and the external walls). In gray coloreabekls are all the fixed radiation monitors, and tredlow ones are the
radiation monitors placed in a trolleys. The lett€& and ‘N’ means a gamma and neutron detectopessively.

All 24 fixed radiation monitors are distributed the following way: 1 inside the tunnel (for the ‘i®n
LINAC mode’ operation), 4 next to the internal tehnvall (called Service Area), and 19 in the exaé¢rn
tunnel walls (next to the EH). 7 of 19 are instdlidtached to the optical hutch beamline wall, dedother
12 are placed on the side walls (see the presstnifdition in Fig 4.).

All the 24 fixed monitors have a gamma detectod, @mf them have also a neutron probe. In the chtee
trolley ones, they have 3 with gamma and neutrdeatiers, 3 with only gamma and 3 with only neutron.
The 33 radiation monitor network is collecting doae data every 2 seconds.

The technical specifications for the gamma androeudetectors are given in Table 3.



FHT192 FHT 762 Wendi-2

Manufacturer Thermo Electron GmbH Thermo Electron GmbH
Particle Photons Neutrons

Energy range 30 keV — 7 MeV 25 meV - 5 GeV
Measuring range (100 nSv/h — 1 Sv/h 1 nSv/h — 100 mSv/h
Calibration Factor |Related with Cs-137 1.148v/h)/cps

For low dose rate: 0.01 - 0.023v/h)/cps
For high dose rate: 1.9 - 2.@3v/h)/cps

Unit measure Hp(10) Hp(10)

Type Active lonization chamber Active Proportional counte

Sensitive material |[Inert gas (7 bar) He-3 (2 bar) + polyethylene mot®ra Tungsten
Dead Time For high dose rate: 646 1.8us

Amplifier FHT 6020 (v1.21): 2 channels

Table 3 — Gamma (photons) and neutron detectorsifspaions.

The radiation monitor position has been decidethtpinto account the possible electron losses pamthe

storage ring during the injection process (in theecof the fixed ones) and according to the platdke

places next to the tunnel walls where the doses fadéee given significant values. In Table 4 is gitke

angular position for the 33 radiation monitors @he storage ring component that is located nexdaith

detector. Taking into account the radiation mositocated in the EH (starting with the letters ‘Eldhd 8
trolleys (labeled as ‘TR’), it is clear to realitee uniformity distribution of this network acrodse EH area
(see the ‘Angle’ data from Table 4).

RADMON Angle (°) Component RADMON Angle (°) Component RADMON Angle (°) Component
1 TRO5 8 12 EHO7 118 RF Plant-1 |23 EH22 243 ID-BL24
2 TRO9 15 13 EH11 132 ID-BL13 24 EH23 256
3 EH34 16 14 EH13 152 25 EH25 271
4 EHO1 23 RF Plant-2 | 15 TRO8 161 26 TRO3 291 ID-BL29
5 EHO03 43 ID-BL04 16 EH14 162 27 EH27 292 RF Plant-3
6 EHO5 64 17 EH16 181 28 TRO1 303
7 TRO6 66 18 EH18 203 29 EH29 310
8 SA04 75 BM-LT 19 TRO7 204 30 SA15 330 Septum-E Bo
9 INO1 76 20 TRO2 218 31 EH31 334 Septum-E Bo
10 SAO5 89 Septum-I Boj 21 EH20 230 ID-BL22 32 SA16 353 Septum SR
11 EHO9 112 22 TRO4 241 33 EH33 356 Septum SR

Table 4 — List of the position for all the 33 ratiism monitors, specifying the name (TR: trolley,: Btperimental Hall
and SA: Service Area), their actual angular positamd the most relevant storage ring component.

2. Measurements

The ALBA storage ring is working for user operatgince May 2012 [1], during the operation timeash
been observed sudden and unexpected total cuossed causes by different factors related withageor
ring systems, like RF cavity trips, 10Ts trips cagnmet power supply trips among others. The cortidhuo
the year accumulated dose in the EH, where alb#amlines are located, has not been very signtfican
However the radiation pattern in the EH due togHesses has not been characterize until now.

In this paper we describe how is this radiatiorigrat(for gamma and neutron radiation) dependinghen
current loss origin.

2.1.The electron beam losses characterization

Here we present 10 different events of currenteesa the storage ring. In the Table 5 is givenrtitaén
characteristic values of these losses:
- The total current lost stored just before the loss
- The storage ring system that has caused this loss
- The angle position for the accelerator system hlaatproduced the loss (the origin of the angle
of loss is the position of the injection septum nmefgn the storage ring given in degree).



Event # Current loss (mA) Cause Type Angle Losses (°)

1 126.4 RF Plant-1 trip 118

2 19.1 RF Plant-1 trip 118

3 80.3 Fluorence Screen trip 163
4 129.5 RF Plant-2 trip 209

5 126.8 RF Plant-3 trip 298

6 129.5 RF Plant-3 trip 298

7 129.6 RF Plant-3 trip 298

8 128.9 RF Plant-3 trip 298

9 117.8 RF Plant-3 trip 298

10 118.1 RF Plant-3 trip 298

Table 5 — List of the 10 storage ring beam curiess events with the value of the current at thenerdt of the loss (in
mA), the storage ring component that has causetbseand the angle position of the related compb(ia degree).

A DCCT (DC Current Transformer) device installedhe storage ring has been used to measure thenturr
profile during the loss. In Fig. 5 it is shown th@rent values of the storage ring recorded evecyprsd.

120

" \

Fig.5 — Example of the storage ring beam currentdfite at the moment of the current loss recordedhsy DCCT
(Direct Current, Current Transformer) for one ofetlcurrent loss event listed in Table 5, each pomtespond to 1
second data.

Fig.6 — The layout of the 4 different positionstloe total current losses relative to the acceleratiINAC position and
the booster to storage ring transfer line (BT). Bamimber corresponds to the event listed in Table 5



In the Fig. 6 is shown the loss point position angjiven from the Table 5 on the ALBA storage riagdut.
All the 10 loss events have been distributed infiérént locations: the 3 RF plants (RF-1, RF-2 &iet3)
and one fluoresce screen (FS) allocated betweeh &fét RF-2.

2.2.Dose rate peak values and their distribution

Each one of the 10 current loss events has creafyeainma and neutron dose rate signal along thatili
monitors placed in the external ALBA tunnel wal®r each current loss event we have consideredritie
position of the detector that has recorded the mami dose rate value (peak value), the relativeevfiu%)
related with the second peak and finally, the nundfedetectors that has recorded any value aboee th
background signal. This set of data has been tetlefor both gamma and neutron detectors. It hdseto
pointed out that all the radiation monitors hasaengna detector, but not all of them has a neutran ©he
Table 6 shows all these values for all the 10 esveohsidered in this work.

GAMMA PROBE NEUTRON PROBE
Event # Curr(eg;l)oss Angle (°) | Peak ( pSv/h) Peak ratio ?:\}ES;;S Angle (°) Peak (uSv/h) Peak ratio I?:\}Elcvtglrjs
1 126.4 161 759.2 27.1% 9 218 110.4 74.8% 3
2 19.1 48 0.7 - 14 70 0.0 4
3 80.3 218 919.3 43.3% 7 218 190.3 36.3% 3
4 129.5 222 50.0 20.3% 9 104 344 64.3% 2
5 126.8 161 679.3 30.0% 10 218 114.4 87.1% 3
6 129.5 161 788.2 30.0% 10 218 86.6 87.1% 4
7 129.6 161 784.7 29.1% 10 218 83.0 92.6% 4
8 128.9 161 616.5 28.6% 11 218 126.2 59.3% 4
9 117.8 355 7.8 94.9% 5 355 95.8 49.6% 4
10 118.1 222 49.2 13.2% 10 104 36.5 50.7% 2

Table 6 — Characteristic for the peak dose rateugaland position for each of the 10 current lossney (separated
according to the detector type, gamma and neutrdigo is given the angle position for each detectbe ration
between the peak value and tH&detected peak, and in the last column the numbdeiectors from the network that
have recorded a dose rate value.

Fig.7 — The layout of the radiation monitor positiin blue and red circles) that have given the imaxn dose rate
value (peak relative position to the 4 differentrent loss points). The ‘blue’ circles correspormdthe gamma peaks
and the ‘red’ to the neutron ones. The circle nundmgresponds to the loss event label from Table 5.



The relative position of the maximum peak (gammaeutron) recorded by the radiation monitors ared th
location of the loss point is shown in the FigThhe number in the circle refers to the number efdbrrent
loss event that has created the maximum dose atie (peak), either for gamma (blue circles) ortroeu
(red circles).

If we plot the dose rate peak values for all thdiathon monitors that has recorded any value alibee
background, as a function of the detector angutesition (for gamma and neutron), and also we piet t
angular position where is place the system thatcheated this current loss, we can see that tbisiplike
the ‘finger print’ of the current loss. From Figt®@Fig.13 we show the different pattern of thistgbr 6 of
the 10 loss events.
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Fig.8 — Angular radiation monitor position vs dosde peak values for the entire radiation monitaetwork for the
Event#1l (see Table 5). The labeled ‘BG’ detectoestlae ones that have record no peak at all. Adsshiown the total
current loss position.

It seems from these data that the subtraction efatgular peak position for gamma and neutron is a
parameter that may characterize the current losetefror instance in Fig. 9 and Fig. 12 the incretnué
these angular values is 0°.
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Fig.9 - Angular radiation monitor position vs dosse peak values for the entire radiation monitoetwork for the
Event#3 (see Table 5). The labeled ‘BG’ detectoestlae ones that have record no peak at all. Adsshiown the total
current loss position.

Also another behavior for these plots is the amgdistribution of the detectors that has recordedlae
higher that the background. For instance in the cdghe event #3, the detectors are spread int dlzti?,
while in most of the cases the spread is about 39§°8, 10, 11 and 13).
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Fig.10 - Angular radiation monitor position vs dosde peak values for the entire radiation monitaetwork for the
Event#4 (see Table 5). The labeled ‘BG’ detectoestle ones that have record no peak at all. Adsshiown the total
current loss position.
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Fig.11 - Angular radiation monitor position vs dosee peak values for the entire radiation monitaetwork for the
Event#5 (see Table 5). The labeled ‘BG’ detectoestle ones that have record no peak at all. Adsshiown the total
current loss position.
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Fig.12 - Angular radiation monitor position vs dosge peak values for the entire radiation monitaetwork for the
Event#9 (see Table 5). The labeled ‘BG’ detectoestle ones that have record no peak at all. Adsshiown the total
current loss position.

The same behavior of these plots is shown in Fgarid Fig. 13 where the distance between the gaamoha
the neutron peaks is the longest.



100

- © Gamma

@ Neutron

Doe rate peak (uSv/h)

® GammaBG

® NeutronBG

0 50 100 150 200 250 300 350
Angle (2)

Fig.13 - Angular radiation monitor position vs dosee peak values for the entire radiation monitaetwork for the
Event#10 (see Table 5). The labeled ‘BG’ detecioesthe ones that have record no peak at all. Adsshown the total
current loss position.

3. Final results

The behavior of peak values vs angle plots is metdent if we compute the subtraction between gamma
and the neutron peaks (see last column of the T@bkrom this table it is shown that there aregy@nvalues

for the subtraction that is repeated in all theslegsents: 0°, 22°, 57° and 242°. It seems fromdiia that
there is a strong correlation between the posititnere the loss has happened and the position where
detected the maximum peak for gamma or for neutron.

Loss Point |GAMMA PROBE |NEUTRON PROBE y-Step | n-Step y-n

Event# | Angle (°) Angle (9 Angle (°) Ar;f,’)'e Arzf;’)'e Ar;%'e
1 118 161 218 43 100 57
2 118 48 70 290 312 22
3 163 218 218 55 55 0
4 209 222 104 13 255 242
5 298 161 218 223 280 57
6 298 161 218 223 280 57
7 298 161 218 223 280 57
8 298 161 218 223 280 57
9 298 355 355 57 57 0
10 298 222 104 284 166 242

Table 7 — List of following values: a) the currdass point angle (‘Loss Point’); b) the peaks capending to the
gamma,; c) the peaks corresponding to the neutrdectiers; d) the angular subtraction values for gaanpeaks (b)-
(a); e) the angular subtraction values for neutrpeaks (c)-(a) and f) the angular subtraction foe thamma and
neutron peaks (e)-(d).

4. Conclusions

From the data reported in this paper we can coedhdt the radiation monitor network installed aB®
records any of the total current loss events. Bragye each event has been recorded by ~ 9 gamatiatst
and ~ 3 neutron detectors.

It is clear also that the concrete shielding is ermugh to reduce the instant dose rate coming &dotal
current loss event, which is something expectedalige the shielding material and thickness wersarhto
achieve the annual dose as a public zone for tperiirental Hall.

As it has been shown from the data coming fromampt event caused by the fluorescence screen (FS),
event #3, the radiation produced by this eveneteaed almost over a half turn (140°).



In contrary, for a distributed current loss evdikie(the RF trips) the radiation created by thegenes could
be detected over a whole turn (at least).
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