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Motivation

How can in general the beam loss of large linear accelerator (TESLA /ILC/
FLASH) or storage rings be continuously monitored?

Is it possible to measure the total ionization dose along a beam line of
30 km length with a position resolution a meter or potentially of some
centimeter?

Is it possible to measure the beam loss along the entire beam line in less
than millisecond with a time resolution of some nanosecond and a position
resolution of centimeter?
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YES, WE CAN

by using optical fibers as radiation sensor to measure the

total ionization dose (mcy-kGy up to MGY)
and

using the generated Cerenkov light to assess the

position and dynamic of the beam loss
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Radiation effects in optical fibers:

- Generation of color center and other defect centers in SiO, structure
Increases the attenuation of the optical fiber

- At high dose values also the refractive index might also be changed
- Shift of the Bragg wavelength of Fiber Bragg Gratings

Influence of the Process parameters on the radiation sensitivity:

- Fiber type (single mode, graded index, step index)

- Doping of core, doping of cladding

- Preform manufacturer and used technology

- Core material manufacturer

- OH content

- Cladding core diameter ratio (CCDR)

- Coating material

- Drawing conditions: speed, temperature, ambient conditions
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Parameter dependence on the radiation effect during exposure:

- Total ionizing dose (TID)

- Dose rate

- Irradiation type

- Temperature

- Annealing behavior (fading)
- Wavelength

- Light power
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2. Properties of Optical Fibers (RIA)
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Increase of radiation induced attenuation
(RIA) with radiation dose of the (Ge+P)-
doped Gl fibre selected for TTF1. The
measurements were made with varying
dose rate (in Gy/min) at A = 678 nm and A
= 829 nm at room temperature.

RIA [dB/m] = c(3) - DF(*)

The constant ¢ expresses the radiation
sensitivity and the exponent f is nearly 1
for well-suited fibers (small annealing
effects).

A fit to the curves measured at:

=678 nm: ¢=0.0369 dB/m Gy, f=0.972
and for

7.=829 nm: c =0.0042 dB/m Gy, f=1.025
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Spectral attenuation of a typical fiber
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Optical fibers show (wavelength-dependent) a nearly linear
increase of attenuation after irradiation with ionizing radiation

independent from dose-rate and -source
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Slow BLM Systems
Radiation induced attenuation
or bragg wavelength shift
- local and distributed Systems
- measurement time: fens of ms up to miniites
- long term monitoring
- dosimetry system

Y

Radiation Induced Bragg Wavelength
Attenuation (RIA) Shuft (BWS)

l ‘,

Low Dose Radiation Senor High Dose Radiation Sensor

- Optical Power Meter (OPM) - BWS measurement

- Optical Time Domaim
Reflectormeter (OTDR)

DIPAC 2009 (WEOAO1) No. 11 27 Mai 2009 F. Wulf (HZB)
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6 Undulators

9

0

0

9

@

0

Measurement Svstem

6x6=36 multiturn opt. cols mumber of turns 5-20)
Light Source (660 nm)
Opt. Switch / Sphtter

Optical Power Meter Newport 8800 (16 channels)
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Schematic Set Up for the OPM System at FLASH (DESY)

6 Undulators Measurement Room
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6x6=36Ynultiturn opt. cols mumber of turns 5-20)
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Schematic Set Up for the OPM System at FLASH (DESY)

6 Undulators Measurement Room
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Schematic Set Up for the OPM System at FLASH (DESY)

6 Undulators Measurement Room
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Mea\ﬂurement Svstem PC 1
G ) <G TTE control
6x6=36Ynultiturn opt. cols mumber of turns 5-20)
Light Sowgce (660 nm)
Opt. Switch / Sphitter
Optical Powsr Meter Newport 8800 (16 channels) LWL (rad hard)

: - Fiber sensor
Optical connector

: .

Beam
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Optical Connector Undulator Vacuum Chamber
LED \ -
Source Splitter 4%
660 nm 1:16
Control Reference .
System Channel *
. 1
o Optical | -
a Power |~
Time g Meter 16
-------- Sensor fiber

radiation resistant fiber
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Installation at the undulators
Included in the vacuum chamber

/

Cut out for Power Meter Sensor

DIPAC 2009 (WEOAO1) No. 14 27 Mai 2009 F. Wulf (HZB)
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Optical Power Meter System at the Undulator at FLASH (DESY)

DIPAC 2009 (WEOAO1) No. 16 27 Mai 2009 F. Wulf (HZB)
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Dose measurement at the undulator compared with TLD measurements
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First Results with Fiber-Bragg-Gratings at FLASH

400 T

350 |-

100

Bragg wavelength shift
Al [pm]

I ] l ] [ ] l L] I

at two rates

]
— Fiberlogix-01  0.90 [Gy/s]
— Fiberlogix-01 2 45 [Gy/s]

0 1 kGy 1 IVIGy\ i
° 0 200000 | 400000 | 600000 | 800000 | 1000000
Dose [Gy]

DIPAC 2009 (WEOAO1)

No. 18 27 Mai 2009 F. Wulf (HZB)




/ﬁ' HELMHOLTZ /o @

DESY | Fraunhofer .-

3.1.3 Distributed dosimeter system (OTDR) IR g e

Measurement set up at FLASH
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Schematic of a set up for long distance OTDR measurement

Ethernet

» Control

optical fiber for dosimetry

Optical Switch 1x12

radiation hard optical fiber

up to 300 m
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Beam loss measurements at
TESLA Test Facility of DESY Hamburg
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Slow BLM Systems
Radiation induced attenuation
or bragg wavelength shift
- local and distributed Systems
- measurement time: fens of ms up to miniites
- long term monitoring
- dosimetry system

Radiation Induced Bragg Wavelength
Attenuation (RTA) Shuft (BWS)

l 1,

Low Dose Radiation Senor High Dose Radiation Sensor

- Optical Power Meter (OPM) - BWS measurement

- Optical Time Domaim
Reflectormeter (OTDR)
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Fast BLLM Svstems

Radiation induced Cerenkov or

luminescence light
- distributed systems
- measurement time: millisecond with time
resolution of nanoseconds
- loss trace monitoring; emergency shutdown

Y Y

Cerenkov Light Scintillation

Light Detection Systems
- Photomultiplier
- Fast Data Acquisition (DAQ)

DIPAC 2009 (WEOAO1) No. 24 27 Mai 2009 F. Wulf (HZB)
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Installation at the undulator

—

Dosimetrie- and Cerenkov Fiber

o oy S
i
L
. '’

Cut out for ower Meter Sensor
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Installation at the undulator

Dosimetrie- and Cerenkov Fiber

o oy S
i
L
. '’

Cut out for ower Meter Sensor

DIPAC 2009 (WEOAO1) No. 26 27 Mai 2009 F. Wulf (HZB)




s : /.’; HELMHOLTZ %E.s’; =
3.2.1 Beam loss position monitor centmon sem | D) "

Natunaissenschatifach-
Technische Trendanalysen

Measurement principle

DIPAC 2009 (WEOAO1) No. 27 27 Mai 2009 F. Wulf (HZB)



g . /f; HELMHOLTZ %QS{ i
3.2.1 Beam loss position monitor LT ST

Nt
Technische Trendanalysen

Measurement principle

upstream position

|= 40 m optical fiber  ---------eeeicmem e >
trigger-tuye Bremsstrahlung
tl 1-2
' k- S = r’ 111 e
e — beam-lne (v(e-)=c¢c)
o
h 4
4 x optical fiber along the beam line
;fib er:: 3 *C
© 1&1‘6111(01.? /
——= light 4x |
— PMT p—»
output[—
voltage
Etheret-PMT
gain control
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3.2.1 Beam loss position monitor bk R

upstream position

trigger-tuye

Measurement principle

|‘
|"‘

40 m optical fiber  ---------eeeicmem e >

Bremsstrahlung

S=7m >

beam-lne (v(e-)=c¢c)

Jee =2/3%C
____|Cerenkov -
—— light 25 o G
TR PMT —»
output[—
voltage
Etheret-PMT
gain control
Vyvace = € (~ 3.3 ns/m)
Vaper = 0,00%¢ (= 5.0ns/m)
Vieas = 2/5%¢ (= 8.3 ns/m)

p=t—t = 240ns == S=28.8m

expansion factor of 2.5

DIPAC 2009 (WEOAO1)
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Measurement principle

downstream position

’ 40 m optical fiber  ---------eeeicmem e >
trigger-time  Bremsstrahlung

t
l — S=288 m
e — beam-lne (v(e-)=c¢) ¢
I\ T . [ Vi
a2 4 x optical fiber along the beam line 22
Scope / ADC (1-channel / 1GS/s) Vo —23%
s Cerenkovje—|
2 1 4:x\Jight S—
R ; — —— | : l=—
A\ 7 | PmT =
| <+— output
1 tp = 43.6 ns » voltage
' Ethernet-PMT
W - : ~ -) . -)
downstream position of the PMTs: gam-onirl
S = tD*Z 5
tp=t —t,=483ns == 5=288m
compression factor of 2
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Measurement principle

downstream position

|= 40 m optical fiber — -----m- e &
trigger-time  Bremsstrahlung
t
l’ «— $=288 m
¢ beam-line (v(e-)=c)

TN vy ; 1 =
a2 4 x optical fiber along the beam line 22

Scope / ADC (1-channel / 1GS/s ) - Fer —213%0
Cerenkovl—
1 4:x\Jight S—
«—| PMT
<+— output
voltage
Ethernet-PMT
o i ~ 11 contro
downstream position of the PMTs: gam-onirl
< _ The required observation window at
S = tD*Z 5 "
1 downstream position compared to the
t, =t —t, = 48ns == 5S=2838m upstream position is 5 times shorter.
The position resolution at same
compression factor of 2 bandwidth and sample rate is worse
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Measurement set up at FLASH
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Measurement set up at FLASH

10 QOE AT A undulator vacuum chamI:Jer

e beam line : 4 x optical fiber 40 m

40 03 I | :

upstream ] / r-—“’ _
pOSition SCU-1 . o Q-2 |
(163 m; beam lme section) (204 m: undulator section)

1

_ ) _ -~ Cerenkov = —> (Z?_erenl{ov
4 x optical fiber 40 m light 7« » | light 4x
T > PMT
[ —— PMT E—
output " output
=" saluse voltage
tunnel area PMT Ethernet 100 Mb/s “PMT 4 x coax
gain-control | = ._93111"5‘ ontrol LCF12-50
4 x coax LCF12-50/ 50m

FLASH - Ethernet 100 Mb/s
~» log-file -

control center ; = PC > Nonitor

at DESY Ethermnet |(browser control) v v
; ; PXI-
Al AL
D D -
e STIS'G
PC ] SR

Mot PXI-GHE-Chassis

v

A 4

tunnel
control-room

HMI-Berlin
remote control Ethernet | (browser control)

Y
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Screen shot at FLASH
Measurement over the length of six undulators

Fast Beam Loss Position Measurement at Six Undulators

() - e —- — —
B A bt | e - Y T "

-5000-
-10000-
-15000-
-20000-
-25000-
-30000-

Losses [mV]

~-35000- Sum of all 4 sensors
cross section of the vacuum chamber
-40000-

| -.._._'-'.
- EEEE

500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800 820 840 860

Min 7f500 time[ns] 83ns 2 1m JJes0  Max
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Cerenkov signals at an interesting section of the beam line

700 -
1 Beam
600 —
> 5004
=
S
g 400 -
©
=~ 3004
|_
==
O 500-
100 - ﬁ
A
0 & :-a/

s p’\f\/—\ X
30 32 34 36 TSB %0 2 4 46 48
Position [m]

Screen Quad Pump Quad Screen Quad Pump Quad
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Enveloped function of the Bremsstrahlung along the beam line
and the direction of the radiation pattern

1,0 -
0,8 -
vertical (v)
7]
=
- o
S5 0,6
o)
|- —
©
0,4 -
0,2 -
h= [(Ch2+Ch3)-(Ch1+Ch4)]/const
v= [(ChI+Ch2)-(Ch3+Ch4)]/const
0,0 T+ Tt r T * T ¢ T * T & T Tt T T 1
30 32 34 36 38 40 42 44 46 48
Position [m]
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Enveloped function of the Bremsstrahlung along the beam line

1 r‘_}amd the direction of the radiation pattern

T 60
S~ 60
/™S40
~¢ P
0,8 - - \}*\ T30
» 20

0 - \ 10
= - |
c il 0
S5 0,6
o
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©
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0,0 T+ Tt r T * T ¢ T * T & T Tt T T 1
30 32 34 36 38 40 42 44 46 48
Position [m]
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Measurement at the undulators
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DIPAC 2009 (WEOAO1) No. 37 27. Ma1 2009 F. Wulf (HZB)



g " fff HELMHOLTZ }E.S’; i
3.2.1 Beam loss position monitor ZENTRUMBERLIN | e/ ot

Technische Trendanalysen

1200 - .
. horizontal 00
- / \/ I o
1000 / "X
T \ I.l\
E 800 - I\./‘. \.. '.
—_— 5 |
= " 10
2 - \ '
9 600+ / |
g ) | \ ,':f.l330
% 400 - K Ranthy
g g [ .f\l | = :3;00
© n 270
= 1 \
2009« vertical "
2 / / .\ . /J’ ..-'III.. =
" Sl ‘me A mm
D _iEHEdD IjDI] ooo i) [T T 2 ﬁF'H'—'DD::\!HH '—'E,DEUDEUDDDDHH?D{—'DH:U:U:HE;:
e F,j \fDH hul:u:':' DDDf - or o
. ‘DDDDD
-200 — 71 - I T T - T T T "~ T " 1T " 1T 1
0 1 2 3 4 5 6 7 8 9 10
T I I relative Posfition [m] T T
Wire Scamner BPM BPM Wire Scammer BPFM BPM
DIPAC 2009 (WEOAO1) No. 38 27. Ma1 2009 F. Wulf (HZB)



5 & /.’; HELMHOLTZ %E.s’; i
3.2.2 Beam profile monitor (BPM) IENTRUM BERLIN | JgiR ) ™

.......................

Wire scanner in combination with fiber sensors from the

BLPM system used as beam profile monitor

DIPAC 2009 (WEOAO1) No. 39 27 Mai 2009 F. Wulf (HZB)



/ff HELMHOLTZ !.""

DESY | Fraunhofer .. .

3.2.2 Beam profile monitor (BPM) zENTRUM BERLIN | ) N e

Wire scanner in combination with fiber sensors

40 num lenght
4+—p

‘ beam
Wire scanner 1 '\. Scintillation detector 1

wire
< = 4,7m

wel - UNDULATOR-31 : i .
R IR R
L T T e e O O 2 xd
Y“{é% — t——» beamline - } Optical
== ' fibers
" Cerenkov fibers 9 9
7/—.» PLITYZignal conditioning 1
A
4 2xd D B Ethernet | FLASH
Coax E C control center
ﬁ—} PIfTiZ1gnal conditioning 2 »
A
optical transnussion lines )
»  Stepper-Motor Pulse Counter
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Wire scanner in combination with fiber sensors
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Wire scanner in combination with fiber sensors
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A complete wire scanner system positioned in the gap
between two undulator segments

IVigl o == - AR
B q der FEL-Strahiung
N ngcmng ur E1zeugung @ ~H
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Horizontal beam profile measurement

0,8 - . integral of Cerenkov signal

@ 07 -
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Slow BLM Systems

Fast BLM Systems

Application

Distributed Dosimeter
System

Local Dosimeter System

Local Dosimeter System
(High Dose)

Beam Loss Position Monitor
and
Beam Profile Monitor

Measurement principle:

Optical Tune Domam

Optical Power Meter

Bragg Wavelength

Cerenkov Light

Retflectormeter shiftmg (4 BWS)
Bunch resoltution No No No YES, with 1 one train
I»—Ieasuf'ﬂnf‘llt e munutes nE to minutes ne to sec =nr with tune resolution of 1 ns
(detection respons e)
Range of maximum dose 3—450 0.06- 2000 2 #10°- 10° only a rough estination possible.

TID [Gy]

lmuted by OTDR

linuted by fiber type

limited by fiber type

fiber can uged until 1*10°

820 nm- 1,55 nm

wavelengthrange 850-1330 nm 860 nm L 200 - 850nm
z = A2 =35-350 pm
Position res olution 1.5m 0.05m 0.5m 0.25m
= 5km =1km

reasonabl e Fiber length*

typical =100 msections

typical 50 - 100 msections

* Depending on max. Dose and requured position resolution
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Installed measurement systems:

- FLASH. beam line and undulator, BPM system
- PITZ Injector beam line

- MAX-LAB undulator
- BESSY II. beam line
- DELTA storage ring Dortmund
- SLS (PSI)
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