0 ®

[  Radiation Protection at  *
PETRA III

J. Knabe, A. Leuschner, B. Racky, D. Ramert, A. Wefer, T. WroblewskKi
DESY, Hamburg, Germany

The PETRA |11 project
Beam enclosure (Particles and photons)
Concrete: shielding (Ring and optics hutches)

Lead shielding (Experiment hutches and.lbeam tubes)
Personal interlock
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(7, PETRA III at DESY
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Experimental hall,
a computer animation




f Experiments: ID-sectors

] P02/PO3 P04 9 straight sections

20 m undulator

9 straight sections N O

separation: 5° AR
Use of canted undulators é
(5 mrad, 2 m device length):

-> 14 separate undulator BLs

max. BL-length 103 m (from the source)
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PETRA III among other sources 5

facility circum. energy current

[m] [GeV] [MA]

200

SPrings 142 100

PETRA-III 100

DIAMOND. ‘ 500

500

# ein
ring
3.7 ¢ 10%2
5.0 ¢ 1072

5.0 « 10%?

3.7 » 1022

injected
e in 2000 h

1.7 ¢ 10%
Operation
1999-2005

0.7 » 10*>

Top-up
@71 = 10h

6.0 ¢ 101>
Top-up
@Tt=2h

0.9'e 10*>
Top-up
@7 =10h
2.0 » 10%

PErmMISsion
@T=5h
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f PETRA III among other sources

facility

SPringé

PETRA-III

DIAMOND

injected

e in 2000 h

1.7 o 10%
Operation
1999-2005

0.7 ¢ 1015

Top-up
@ T = 10'h

0.9/« 1015
Top-up
@71 = 10h
2.0 ¢ 10*

permission
@T=5h

Loss per
standard
cell

20 %

3.0 e 1014
5 %

0.9 10*
10.%

0.6 e 1014
31 Y%

Om /- 300m

Dose
Limit
[MSV]

Lateral
Shield
status

Lateral
Shield
formula
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Prlmary electron beam confinement

A permanent magnet in the photon
beam line guaranties that no
primary electron can reach the

C optics hutch
2
C =
E5 — = | -
Siyel ermanent
Z 0 undulator ring Fna il
dipole 9
o | | N/ ‘
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I O undulator S
of ring
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f Beamline front end
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Storage ring shielding

density: 2.35 g/cm3
thickness: 2 x 50 cm
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Storage ring shielding
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Shleldlng calculations
Optics hutch

FLUKA - 2005:
Bremsstrahlung, Neutrons

Few bunch mode:
Loss: 1015 electrons per year

1000 F

750 F
500 F
50 F -
0 F
250 F &

500 F
750 B
000 B

1000 F
VI S
soo B oS
50 F oLy

-230 F
500 B
-750
S1000 R

STACS8 v.2.3:
Synchrotron radiation
calculations by Asano-san

Spectroscopy beam line
Multi bunch mode:
Power: 20 kW
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7 Optics hutch shielding
bremsstrahlung + neutrons -

GEMEINSCHAFT

Loss:
15
1x101> electrons D
_ *"'J,,;J,..*"".,,*""l,,*""r 1.5 em Fb Mnnncmmamrcrj.rstal (503 1.5 em Pb
eqUIvaIent to - ffifi.-';/}r / . Beam shutter [W)
—_— - ] ———————— e el el e Y
B |
100 mA x 6000 h me f;g;g;,/ %ﬁf M'Eremsstrahlungssmp (W
P ..-'..r
14.5 m straight 7 A /// ;*‘ / W

3.5x10-08 mbar air s ;fffffffﬁffffffffff//r//;WHmw ancﬁff;f%

Storage ring ”-" e

14K} 2

150
00 M
50 b

150

.50
100 b
-150

-130

5000 3200 5400 3600 3800 &000 6200

LOE+M 1.0E+03 1.0E+02 1.0E+01 1.0E+00 1.0E-01 10E-02 1.0EO3 1.0E-M4 10E-05 1.0E-Q6 1.0E-O7

PLANNING GOAL: 3 mSv 3
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Loss:
1x1015 electrons

White beam:
200 mA x 6000 h

Worst case: Cu

SR
N

[
R

A
A

Beam

_?"}f

Z fj .ff/f;
v

. Optics hutch shielding -

/

Monocromator crystal (Si)

f_,p'Eeam shutter (W)

1.5 cm Fb b

Position Brems. [mSv] Neutrons Synch.
[MSv] [MSv]
D1 0.2 0.2 5.0 5.0
S1 0.1 0.3 3.0 2.0 1.8 8.0
D2 0.3 5.0 2.0 3.0
Bl 2.0 10.0 0.2 1.0
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f Optics hutch

feedthroughs

Liquid nitrogen cooled optics
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F Optics hutch

Halfenschiene




3
g
\

o
m
wn
-<

ot S
period | magnet. Backwall beamstop

Length | length Field Eptax side wall [mm] J0cmx30cm

BL [m] [mm] [T] [keV] | Bandwidth [mm] >115cm <115cm [mm]

PO 20 32 0.91 40

P02 2 22 0.8 B0

P03 2 29 0.81 25 1% 6.5 7 7 20

P04 5 65.6 1.1 3

P05 2 29 0.81 50 1% 10 11 11 20

P0G 2 21.4 0.91 120 1% 16 30 45 80

POT 4 19 0.7 300 1% 10 20 20 60

PO& 2 29 0.81 30 0.01% ) 11 11 30

P09 2 31.4 0.91 50 0.01% 5 11 11 30

P10 5 29 0.81 25 1% 7 7 20

P11 2 31.4 0.91 25 0.01% 4.5 ) h 20

P12 2 29 0.81 20 1% 3.5 3.5 2.5 20

P13 2 29 0.81 35 1% 14 18 18 30

F14 2 29 0.81 35 1% 14 18 18 30

Approach: Layout of hutch static for highest load
Lead on carrier plates or as bricks (=10mm)
Variable thickness of lead but constant wall thickness
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f Experimental hutches
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Approach: Layout of hutch static for highest load
Lead on carrier plates or as bricks (=10mm)

Variable thickness of lead but constant wall thickness
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f Example:Tomography

Optics
Al

\ ; . Microtomography
e,

. | L= Controls
N L2 Y
% & = Nanotomography
Free spaces: L *
Optics and experiment hutches %
for micro and nanoprobe
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Abstand der Strahlrohre [m]

0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

Example: Tomography

——| 7§00

T : £200

1530

4700
450 3700 7200

- |

L

T—te

Abstand Quelle/Detektor [m]

Small distance of beamlines
from canted undulators
collimators and/or shielding
Of beam tubes required
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f Interlock electronics

e 60V relay technique with forcible guided
contacts

e few standard units housed in modules

e readout by opto coupler to local interface
board

e interfaces connected by CANopen bus

e continous remote supervision
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Accelerator

Control

' PETRA Beam Operation "+

Command
-
Door Interlock
Emergency Off ® Beam , Acc. Areas o
Warning warned
Safety Keys O oa
Areas safe °
Interlock
Connection Beamshutters safe e
Experiments Absorbers safe .

Beam operation
L » Permission
PETRA

22



HEL oLz Areas
BSH 1.0 closed [ >1
Area 1(1) ready ®
Area 2(1) ready ¢
BSH for Area2(1) closed &——

. _____
. _____
Area x(1) ready — >1
BSH for Area x(1) closed &——
BSH n.0 closed . 21
Area 1(n) ready °
Area 2(1) ready — 21
BSH for Area2(1) closed &———
. _____
. _____
Area x(n) ready —| >1

BSH for Area x(n) closed &—

Beamline 1

Areas safe

Beamline n

Areas safe

Interlock Connection Experimental -

o——

— All Areas safe
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BSH 1.0 open
ABS 1.0 closed

BSH 1.1 open
ABS 1.1 closed

BSH 1.x open
ABS 1.x closed

BSH n.0 open
ABS n.0 closed

BSH n.x open
ABS n.x closed

Interlock Connection &3

Beamshutters

P 1

R

[

[

——» BSH Beamline 1 safe &—

P 1

— BSH Beamline n safe &—

— All BSH safe
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Search procedure

Demands

- Search by 1 Person
possible

» Doors are supervised
during search

» Special door for start/end
of search

* Only by instructed persons
* No controlled access (Z2)

Optics Hutch

ﬁ secondary S
door y
door

T

Procedure

- Close all secondary doors

* Initialize search @

 Acoustic search announcement in the area starts
* Person enters the area and activates light barrier O
« All search buttons  are activated (green LED) -~
» Search buttons are pressed (no special order)

* For leaving the area after search a button at the door
is pressed @

« deactivate the light curtain for~ 5 s
» Person leaves the area and sets it within~5s @

Primary door can be shut (remote control)
when search complete
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Thank you

s Colleagues from DESY
= Diamond, ESRF
= Asano San (SPRING 8)

= for your attention
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