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~Scintillating Screen Applications

in Beam Diagnostics
Workshop Summary

Beata Walasek-Hohne, GSI| Darmstadt
Gero Kube, DESY Hamburg
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Scintillating Screen Applicatisns
in Beam Diagngstics &

The workshop on "Scintillating Screen Applications in Beam Diagnostics"
organized by DESY, GSI and HIT and recently held at GSI gave a possibility to
exchange ideas, to report on recent developments and to communicate

experiences.

It provided the opportunity to continue and enhance discussions with the
experts from different accelerator facilities, material science and suppliers
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- two days
* more than 50 participants
* more than 15 institutes

- website: http://www-bd.gsi.de/ssabd”
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Motivation | 9

There is a long history of scintillator applications in particle detection.
Traditionally used in physics, scintillators today serve many purposes in
science and engineering (e.g. medicine, geophysics, beam diagnostics...).

Scintillators are installed in all accelerator laboratories around the world.

— In hadron and low energy electron machines scintillators are mainly used for
transversal beam profile determination.

— In modern LINAC-based light sources the interest in scintillators was
recently revived when coherent effects were discovered that spoil the
standard OTR measurements.

iI=S= 1L
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Outline I ; »
. General introduction to scintillating materials
. Scintillation mechanism
. Applications in beam diagnostics
. Experience at hadron machines
. Experience at electron machines
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Scintillators W

Scintillation: the process in which energy deposited in a material,
e. g. by a charged particle, is converted into photons
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Scintillators

Scintillation: the process in which energy deposited in a material,
e. g. by a charged particle, is converted into photons

Physical state:
- Solid
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Scintillators

. 4

Scintillation: the process in which energy deposited in a material,

e. g. by a charged particle, is converted into photons

:‘,-‘;_%!_t"”_al'_omatlc liquid

?

Physical state:
- Solid
- Liquid
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Scintillators

Scintillation: the process in which energy deposited in a material,
e. g. by a charged particle, is converted into photons

et ﬁ%{_{pr_omatic liquid

?

Physical state:
- Solid
- Liquid

F. Becker WEOD1

- Gas
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Scintillation: the process in which energy deposited in a material,
e. g. by a charged particle, is converted into photons

Physical state:

Composition:

600mbar Kr

o .‘;;:réz‘.aromatlc liquid

Solid
Liquid

Gas

F. Becker WEOD1

Organic
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Scintillators

Scintillation: the process in which energy deposited in a material,
e. g. by a charged particle, is converted into photons

. #Maromatic liquid
T

Physical state: Py P
- Solid |
- Liquid

- Gas

3:Cr

W

Composition:

- Organic

- Inorganic
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History of scintillator discovery

1900 1920 1940 1960 1980 2000
I | | | | I
LaCl3:Ce;LaBr3:Ce
RbGd2Br7:Ce
LUuAlO3:Ce
Lu2SiO5:Ce
PbWO4
CeF3
(Y,Gd)203:Ce
Gd2siO5:Ce
BaF2 (fast)
YAIO3:Ce
Bi4Ge3012
BaF2 (slow)
Csl(Na)
Cds:In
Zn0:Ga
CaF2:Eu
Silicate glass:Ce
Lil:Eu
CslI(TI)
cdwo4
Nal(TI)
ZnsS
'E’wo.i
| | | 1 | |
1920 1940 1960 1980 2000

[M. J. Weber, J. Lumin. 100, 2002] 4440
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History of scintillator discovery

1900

1920
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1940 1960 1980 2000

| | | I
LaCl3:Ce;LaBr3:Ce

RbGd2Br7:Ce

LUuAlO3:Ce

Lu2SiO5:Ce

PbWO4

CeF3

(Y,Gd)203:Ce

Gd2siO5:Ce

BaF2 (fast)

YAIO3:Ce

Bi4Ge3012

BaF2 (slow)

Csl(Na)

Cds:In

Zn0:Ga

CaF2:Eu

Silicate glass:Ce

Lil:Eu

CsI(TI)
cdwo4

e Invention of the photomultiplier tube

[M. J. Weber, J. Lumin. 100, 2002] 4440

1920

1940 1960 1980 2000
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History of scintillator discovery

1900 1920 1940 1960 1980 2000
T T T T T T

LaCl3:Ce;LaBr3.Ce
RbGd2Br7:Ce

LUAlO3:Ce
Lu2SiO5:Ce

YAIO3:Ce
Bi4Ge3012 | _
BaF2 (slow) Discovery of very fast

Csi(Na) luminescence in BaF,

Silicate glass:Ce

Csi(TI)
CdWo4

Invention of the photomultiplier tube
Nal(Tl)

[M. J. Weber, J. Lumin. 100, 2002] 4949 1920 1940 1960 1980 2000
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History of scintillator discovery

1900 1920 1940 1960 1980 2000

aCi3:Ce;LaBr3:Ce
RbGd2Br7:Ce

Precision calorimetry (high energy physics) LuAlO3:Ce
high light output (medical imaging) Luzsios:Ce

Gd2si05:Ce
BaF2 (fast) |

Discovery of very fast
luminescence in BaF,

¢si(Tl)
CdWOo4

Invention of the photomultiplier tube
Nal(Tl)

[M. J. Weber, J. Lumin. 100, 2002] 4949 1920 1940 1960 1980 2000
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. General introduction to scintillating materials

. Scintillation mechanism

. Applications in beam diagnostics
. Experience at hadron machines

. Experience at electron machines
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Scintillating process - general 1“% Rl

| ]
LS

Interaction steps within the scintillation process

* beam (electron, ions)

O O o ¢
ﬁ

Beam

Doping atom
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Scintillating process - general

Interaction steps within the scintillation process

* beam (electron, ions)

creation of hot electrons + () O O @)
deep holes — o

Doping atom
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Scintillating process - general &4

Interaction steps within the scintillation process

* beam (electron, ions)

creation of hot electrons + . . . .
deep holes —— o &

T . Beam -
* multiplication:

electron - electron scattering and . . . .

Auger process

@ @
 thermalization: . . . .

electron — phonon coupling
Doping atom
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Scintillating process - general

Interaction steps within the scintillation process

* beam (electron, ions)

creation of hot electrons + . . . .
deep holes — "

Beam

* multiplication:

Auger process

* thermalization: . . .

electron — phonon coupling

Doping atom
» capture at doped atom and/or
electron - hole pair creation
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Scintillating process - general L

Interaction steps within the scintillation process

* beam (electron, ions)

creation of hot electrons + . . . .
deep holes — o

Beam

* multiplication:
electron - electron scattering and .
Auger process

* thermalization: . .

electron — phonon coupling
Doping atom

» capture at doped atom and/or
electron - hole pair creation

» decay via photon emission
=SS
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Relaxation of electronic excitations
CONDUCTION BAND

2E,
E&'
0
VALENCE BAND

AE,
E

CORE BAND

Ec+AE, | I 1 1 !
[0S 10-14 [0 10352 103
: R Time, s
[P. Lecoq et al.: Inorganic scintillators for Detector systems] iLm == JL
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Relaxation of electronic excitatior%’]& k.2

CONDUCTION BAND
@
%) Eq amae ﬁ 5
Beam \
— ® @ @ @
0 e 5
. . . VALENCE BAND
AE, ™
Doping atom
Ec COREBAND
E" i AE“ I 1 | 1
[0S 10~ [0 10352 103
[P. Lecoq et al.: Inorganic scintillators for Detector systems] Time. s

LN =1 JL
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Inelastic electron-
electron scattering

CONDUCTION BAND

‘ALENCE BAND

Auger procefses & \ _
fluorescencs realyforptio Doping atom
[ TIRIN]] ji.ﬁ.g.;;..p.;;).. s-S.E
E
‘ COREBAND
Ec 3F AE(‘ i : : : :
10716 (175 0L (N 10-8

P. Lecogq et al.: Inorganic scintillators for Detector systems Time. s
[ q g y 1 —
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Inelastic electron-
electron scattering

CONDUCTION BAND

Thermalization of . . . .

electrons

e ~ ﬁ.’
<] Beam -
ph
) " o oo e

Doping atom

Auger procefses & X-ray ph
fluorescencs reabforption A

EES SRS SENEE SR RN FIEEE Y LLLA LLLLE LR LU LD L LLRLY L)
¢

Auger progess h hi
/é I Thermalization

threshofd

Ec A I holes |
CORE BAND
Ec + AE(‘ i : : ] 1
10~16 1014 1012 10-10 108
P.L tal:| ic scintillators for Detect t Time, s
[ ecoq eta norganic scintillators ror etector sys ems] l
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Relaxation of electronic excitatior%j,

Inelastic electron-
electron scattering

. . . Capture of electrons

¢ and holes by different
traps, their self-
trapping. etc.

CONDUCTION BAND

&
— o

Beam

Interaction of
excitations

o O . @ - oo
b_—'

. . (’/ VALENCE BAND
I —> V. +ph
Doplng atom

1[]"!’[ PIU ‘1)

Fi

threshofd ’ Thermalization of
E(. I holes |
CORE BAND
E" + AE“ | | | | 1
10~16 1014 1012 10-10 108
P.L tal:| ic scintillators for Detect t Time, s
[ ecoq eta norganic scintillators ror etector sys ems] ..l
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Relaxation of electronic excitatior%j,

[nelastic electron- CONDUCTION BAND

electron scattering
. . . . Capture of electrons
— .. ¢ and holes by different

traps, their self-

Beam - Interaction of
trapping. etc. excitations Emission
.t"*'f*—)""'*'.l’h c+c*>rec+cet c—>cthy
L_;?YAE
. . VALENCE BAND
I >V, +ph
Doping atom
.1ll‘=',t'l pI‘O 335 - m n
threshold /é Jr Thermalization of
E(, I holes
CORE BAND
(0528 1035 (0322 1022 10-8
[P. Lecoq et al.: Inorganic scintillators for Detector systems] T]me' S LN == JL
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Relaxation of electronic excitatio &1‘?

Inelastic electron- CONDUCTION BAND

electron scattering

Thermalization of
electrons Capture of electrons
2E ' € . ¢ and holes by different
( traps, their self- Ragnrn natn o
N trapping. etc excitations  Emission
.¢’+C*—N‘°+I’h c+c*>ect+ct c—>rcthy
E, g B S—

VALENCE BAND

AE, = =
/Q I >V, +ph
B h
Thermalization of
holes
E
g CORE BAND
E" i AE“ ! I 1 1 !
[0S 10-14 1012 10-10 10-8
[P. Lecoq et al.: Inorganic scintillators for Detector systems] Time. s pp———
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Scintillation efficiency

Transfer to Emission

Absorption _
. luminescence centre

Scintillation efficiency

N =(E o,/BE,)"S-Q

E4ep- deposited energy

electron scattering

Thermalization of

electrons Capture of electrons
BE, — energy to create 2E, T ___ ~ and holes by different
) . threthold . _ \ traps, 1.heix self- Interaction of
electron-hole pair S~ Ph pping et excitations Emission
~a £t D> +ph c+edre+et > ct+hy
Eq R ———
Energy efficiency ‘
_-______'r———

— VALENCE BAND
Ne _(Ehv/BEg) S'Q AE, /Q" It =V, +ph
fluorescen K
T . = Augr:"[n ogkss /7 o w h /]

E,,- energy of scintillation photon /c p e

: )/ holes

= : CORE BAND

E(- ar AE( | : : : |
Lo [ 105 1052 (i 108
Example of good scintillator: Time. s

For materials having transfer and luminescence efficiencies S and Q near unity and
a scintillation photon energy approaching the one of the band gap, the energy
efficiency should be ~25-30%

[P. Lecoq: Inorganic scintillators for Detector systems] E E ][
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Scintillation efficiency of various scﬁnﬁlal’dx, |

Material Phonons/MeV  Wavelength (nm) Efficiency (%)
Intrinsic

Csl 2000 315 0.8
Self-activated

CdWOQO, 15000 480 3.6

Bi,GeO,, 8200 480 2.1 y
Activated

Nal:Tl 38000 415 11.3

Csl:Tl 65000 540 13.7

LYSO:Ce 25000 240 7.4

YAG:Ce 16000 512 3.9 )

=51
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Limiting factors

Complicated scintillation process is influenced by many factors:

Temperature: thermal quenching is related to electron-phonon interactions and
radiationless processes.

Concentration: interaction between luminescence centers increases with their
concentration in the material. Energy migration through nonradiative energy
transfer can take place if concentration is high enough.

Impurities: e.g. killer ions can compete with active ions and limit the scintillation
efficiency.

Local density-induced quenching: relaxation of electronic excitation can lead to
the formation of nanometric scale regions containing several electronic
excitation separated by short distance.

[P. Lecoq: Inorganic scintillators for Detector systems] E E ][
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. General introduction to scintillating materials
. Scintillation mechanism
. Applications in beam diagnostics
. Experience at hadron machines
. Experience at electron machines
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Bandwidth of applications w'? a5

huge application range for inorganic scintillators

very simplified comparison of scintillator usage

lons Electrons "normal” usage
particle energy 1 keV -100 GeV/u 100 keV -10 GeV till 10 GeV
(PANDA)
spot size 1 mm-cm 10 um - mm 1-100 cm
counts per pulse 104-1013 107-1010 < 108
counts rate high high medium
energy deposition very large medium low
saturation effects expected possible none
material modification expected possible no
=51

18.05.2011 / DIPAC 2011 Hamburg Beata Walasek-Hohne GSI Darmstadt 32



" .qe
A, "_

Scintillator characteristics of Iht&l\&ﬁ?

* high efficiency for energy conversion

* high dynamic range and good linearity between the incident particle
flux and the light output

* emission spectra matches to the spectral response of light detector

* no absorption of the emitted light to prevent artificial broadening by
the stray light inside the material

« fast decay time, to enable observation of possible time dependent
beam size variations

« good mechanical and thermal properties

« high radiation hardness to prevent damages

[P. Forck: JUAS Lecture]
[P. Strehl: Beam Instrumentation and Diagnostics] E E ][
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Applications in beam dlagnostlcsu M
Camera
Scintillating screens are widely used in
accelerator facilities for transversal beam ceb N
profile and precise single shot emittance \Q
measurements Iris |\ Target
IN/OUT
Target
lllumination
- simple, reliable profile Ail [ I: ,
measurement system
« used for beam alignment
« most direct way of beam
observation: complete 2D
Scintillating

information BEAM

Screen

=== I
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Profile measurements

Camera

Intensity [arb. u.]

CCD

G

Intensity [arb. u.]

Iris

Target

IN/OUT | >
Target
lllumination

=t

Vertical beam profile [mm]

Horizontal beam profile [mm]

U

From the projection:

Scintillating
Screen

BEAM * light yield (integral)
» centre of projection
* beam width
e asymmetry

* peakness
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Pneumatic drive

" gl

= ,,.E ‘;_.'u g W‘N\Wﬂl k/ :

=== I
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Examples for beam profiles

Al;Oq CsI'Tl Chromox
YAG:Ce Herasil Quartz:Ce 2507
Light emitted by different scintillators during 300MeV/u Uranium beam irradiation observed with colour camera
[B. Walasek-Hohne, GSI] E E l[
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Chromox screen at LHC,
protons at 450 GeV

[U. Raich, CERN, CAS Lecture]
[E. Bravin, CERN, Workshop]
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Applications in beam diagnostics l\ﬂ 4“3 ” ""

VT3 Ar’™ VT3 Ar® VT3 Ar®

Scintillating screens are widely used inys
accelerator facilities for transversal beam©€Hz

profile and precise single shot emittance
measurements

14.46
GHz
« simple, reliable profile 14.119
measurement system GHz

« used for beam alignment
* most direct way of beam 14.0
observation: complete 2D GHz

information

Uex=15kV @ KBr
lon beam spot at GSI ECR ion source
during microwave frequency tuning

[J. Mader, GSI, Workshop]

iI=S= 1L
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Typical screen materials

Materials used in beam diagnostics applications

Name Material Max. emission Decay time
BGO Bi,Ge;0,, 480 nm 300 ns
LYSO Lu, gY,Si05:Ce 397 nm 41 ns+slow
YAG Y,;Al;0,,:Ce 512 nm 100 ns
P43 Gd,0,S:Tb 945 nm 1 ms
P47 Y,Si:05:Th 400 nm 100 ns
Chromox Al,O5:Cr 700 nm 1 ms
=== 1L
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. General introduction to scintillating materials
. Scintillation mechanism
. Applications in beam diagnostics
. Experience at hadron machines
. Experience at electron machines
=i
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Screens for low energetic ion beams

Particles are completely stopped in the screen material, deposition of energy and charge
in material may lead to heating problems and electrical charging

10p ® CaF (Eu), He', 48 keV
i double exponénitial decay fit
08 ra 360sec
s
06 |- -
= 04l
[
L L4 |
‘\_
02 N
[
e g
- =
F s ==
00|
i 1 i 1 i 1 1 | A 1 i 1 i
0 1 2 3 4 5 6 7 8

Fluence (x 10/mm°)

light output vs. fluence

measurements!

Beam parameters: He*, 1 nA at 48keV, 1.3 h |

— 2-component damage mechanism (fast, slow)
light emission distribution changes

— crucial for profile and pepper-pot emittance

enough fo

[G. Perdikakis, NSCL/MSU, Workshop]

Sensitivity: Csl:Tl is

Carla Benatt

r 2:105 H* at 200 keV

--------

[P. Finacchiaro, IFN-LNS, Workshop]
iJ. Harasimowicz et al., Rev. of Scient. Instr. 81L

sensitive

18.05.2011 / DIPAC 2011 Hamburg

Beata Walasek-Hohne GSI Darmstadt
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Screens at low currents

Systematical studies at different ion species with energies up to 11.4 MeV/u and beam
currents from some nA to some mA

; :l T T T I T T T T T T T T T T T T T
& : Purpose built scintillators
| applicable for low currents
g 10 -~ Quartz:Ce E
T L 8GO -
= I e — different image reproduction
T R0 & - — but reproducible behaviors
E - - . . .
o B e rar s — different width reading of 25%
1.8 ~ Quartz:Ce ]
5 1.4 | BGO . — not suitable for higher currents
2
1_2 1 1 I I | 1 1 1 1 | 1 1 1 I |
0 20 40 60

Integrated Particles x 10°

Beam parameters: 2C%*, 11.4 MeV/u, 5-10% ppp in 100 ys, ~17 nA, 1500 pulses

Average temperature: 23°C (backside)

[E. Giitlich (GSI) et al., IEEE Transact. on Nucl. Science]

=== I
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Screens at medium currents

10

10

10

Light Yield [arb.u.]

1.8

1.6

Width ¢ [mm]

1.2

14

Only ceramics can  survive

irradiation with medium and high

- - current ion beams
[ ZrO,Mg 1
_ — different image reproduction
;zm % | - but reproducible behavior
— 2:. SR 7 | = different light yield and width reading
— light yield does not correlate with
beam width
i | | — different beam shape
0.0 I0I5 | | 1.10 | 1.l5

Integrated Particles x 104

Beam parameters: “°Ar'%*, 11.4 MeV/u, 2:10% ppp in 100 ps, ~30 pA, 1000 pulses
Average temperature: ~47°C (backside of ZrO,:Mg)

[E. Giitlich (GSI) et al., IEEE Transact. on Nucl. Science]

18.05.2011 / DIPAC 2011 Hamburg
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Screen coloration

Different materials showed different behavior during

irradiation

— standard used Chromox was fading with time (not shown)

— Al,O, light yield decreased with time

— ZrO, very stable behavior although coloration of surface

L L T L) L} 50000
10000 A|203 Start
40000 b 90uC (30min)
———450uC (2h30min)
- 1000 ~ 585uC (3h15min)
2 S 0000 b 720uC (4h)
=2 100 >
= 10 Test start € 20000 |
% +2min %
| +3min W, ! =
1 . +1h30 10000 |
{w™ +3h Lv
0.1 A X N !
-10 0 10 20 30 40 -10 0 10
Y (mm) Y (mm)
Beam parameters: Pb%* 4.2 MeV/u, 100 yA , 60 ps [C. Bal, CERN, DIPAC2005]
[E. Bravin, CERN, Workshop]
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L‘, X ‘,f‘“
Screens at high currents W’ k.2

AlIN . . . . .
10000 - — light yield and profile width depend on material
3 “*1 | — different dynamical behavior
= zo;m| | — reasons: material modification and
£ 000 ZroZA temperature .depenclle.ncy
£ vsz — strong material modifications
: -2 —m—m—m———
Herasil -E 10° | T: 180°C - 210°C H'> Zr0O,:Al 3 Beam parameters: H+,
a5 ' | ' 1 2 e e 1| 4.8 MeV/u, 3.5-10" ppp
E in 4 ms, 260 pA, 300-
= 40| s ” T: 95°C - 125°C 500 pulses
E ' Zr02:Mg "SD
E H — uwﬁloz::::::::_::::::::
_'g 35 [ Z® g T180%C - IO H'> ZrO:Al -
'-E canéren g 1.8 T: 145°C - 165°C
= 30} sz o 18
Hioigds g 14 - T: 95°C - 125°C |
25 - ) | ) [ . I_gl.z—,.,.l.,[.l....ln_
0 10 20 30 0 50 100 150
Integrated Particles (x10'%) Integrated Particles x 10

Beam parameters: Ar'%* 11.4 MeV/u, 3.3-10" ppp in 0.2 ms, 260 pA, 1000 pulses
Average temperature: ~200°C (backside of Al,O5;)

[E. Giitlich (GSI) et al., IEEE Transact. on Nucl. Science]

=== I
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| KTRa N
Screens at GSI - high currents \’i{}k .2

AIN . . . . .
10000 e — light yield and profile width depend on material
3 “*1 | — different dynamical behavior
= zoum | — reasons: material modification and
2 1000 Zroga)) temperature .depenc_le_ncy
£ vsz — strong material modifications
2
Herasil
45 ' : : : — ZrO,:Al ZrO,:Mg Herasil Al,O;:Cr ZrO,:Y AIN
’ 7 g U ‘u"..le-' g m w
AIN B ‘ : before
- 40 |
E Zr0,:Mg
© 3,5 Aly05 |
s it
£ _
= 30| YSZ. after
Herasil
25 1 . 1 R ] ]
0 10 20 30

Integrated Particles (x10'%)
Beam parameters: Ar'%* 11.4 MeV/u, 3.3-10" ppp in 0.2 ms, 260 pA, 1000 pulses
Average temperature: ~200°C (backside of Al,O5;)

[E. Giitlich (GSI) et al., IEEE Transact. on Nucl. Science] E 5 l[
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Phase transformation
(monoclinic — tetragonal)

— volume expansion (3-5%)

— micro-cracks in material AccV SpotMagn Det WD p——— 500 um
150kV 3.0 80x SE 92

:3. =

[R. Krishnakumar, GSI]
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Spectroscopic studies - Al,O,

Wavelength spectra and image reproduction for Al,O,

. . ' ) ' '—A lccmcr m.age ~Si‘ ) b .

- ~\ '—/\IIZZ(‘Z)?’B outerrlegion l]mag]:c 7 SpeCtrum Influenced by:

— material modification by ions

: / X — Al203 center Image 190 E — te m pe ratu re
< — AIl203 outer region Ifhage 100 <
-. . , h.\“a-g _:_____L=__' -,' B u t .

— Image center 1 44°C -
~—— Image center 30 165°C
Image center 50 350°C

intensity [arb.u.]

— some transitions are less sensitive

Goal: Find right wavelength interval!

. L l T L L4 H
300 400 500 600 700 800 T T v i ! i ' ) ' : ! ]
Wavelength [nm] 60 —— 1. Image 330 nm |
- ~——— 1. Image 420 nm | 4
40‘- — 1. Image 696 nm '_
20 -
200 -
Beam parameters: Ca'%*, 4.8 MeV/u, 150.] —— 100. Image 330 nm| ]
. 10 H 4 — . Image nm| 4
5:10"ppp in 3.3 ms, 30 pA, 100 pulses 100.] opmage 430

Norm. intensity [arb.u.]

60-
40 - — 1 Image 330 nm -
] — 100. Image 330 nm T
204 -
0 — L S —
3,20 6,40 9.60 12,80 16,00 19,20 22,40 25,60

[E. Giitlich et al., MOPD57] Horizontal position [mm]
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Due to low energy deposition (dE/dx) in material, ceramics are compared
with purpose built scintillators

Screens for high energetic ion be

= CskTI
YAG:Ce — light yield and profile width
; o O .
L depend on material
5 4053 A20FC o __’-"..;' .
& Quartz:Ce =, - - — different beam shape
S 10°4* AlLO, - : - _ — very linear behaviors
1; 10 * Herasil «» -~ o -~ -
kS = - = e - - {—cCsiTi {—pa T—AL0.0r
2 10° - - u - ::Li\és;téf ::'::;gjcr § — Herasil
8 B I
E 7T
= ] . — s " = o “imm
‘.; 6 - B i s s sl T R L L L ) L e M M A L A L L S
. . T — ®  90-10 0 10 20 20 -10 0 10 20 20 -10 0 10 20
% 5 _ - - 3. g A= W - Position (mm) Position (mm) Position (mm)
-§ e
4 1 T I‘.- -
X LER R LR | T LORNE A S PR AL | T : LI LR | J L | i L R IR 25 |
10° 10° 10° 10’ 10° 10°

beam intensity (ppp)

Beam parameters: U, 269 MeV/u, 10* — 10° ppp, 300 ms pulse length

[P. Forck et al., MOPD53] E 5 l[
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Screens for high energetic ion be{“ _

Due to low energy deposition (dE/dx) in material ceramics could be

compare with purpose built scintillators

Cslk:TI
- YAG:Ce — light yield and profile width
o .
_ 10y ;42 . _ - depend on material
2 3 - u .
100 e =T . — different beam shape
3 10° ] A0; o | — very linear behaviors
= 10t " Herasil --: g ;_-—' - - - -
£ - .
2 10° - . - - - & H?ioas
8 B L SR L 2 | K LR R g
E 7
= i . PR T » o “dam
‘B' 6 _ u o [T Q) p— . g T
_: n I-. ‘-l.h' - ;
§ 5 _ ot A S S 0.001 0.01 0.1 1 10 100 1000  10% 108 108
3 ] s Log. Intensity (Lux)
4 =1 —— "-'—.-
10 10° 10° 10’ 10° 10° - -
beam intensity (ppp) we need higher dynamic range for
Beam parameters: U, 269 MeV/u, 10* — 10° ppp, 300 ms pulse length - DAQ
[P. Forck et al., MOPD53] * SC|nt|II|§t(-)-;rS][
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. General introduction to scintillating materials
. Scintillation mechanism
. Applications in beam diagnostics
. Experience at hadron machines
. Experience at electron machines
=i
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Electron machines

Optical Transition Radiation (OTR) diagnostics fail because of coherent effects

— profile diagnostics based on scintillating screens is needed

S. Wesch WEOAUO01

r -

(a) OTR screen (c) LuAG screen

[M. Yan et al., TUPD59] FLASH, electrons at 700 MeV, 0.5 nC
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Electron machines W;?

Optical Transition Radiation (OTR) diagnostics fail because of coherent effects

— profile diagnostics based on scintillating screens is needed

S. Wesch WEOAO01
' -

(a) OTR screen (c¢) LuAG screen
(b) OTR screen, +100ns delay (d) LuAG screen, +100ns delay
[M. Yan et al., TUPD59] FLASH, electrons at 700 MeV, 0.5nC
I=5= 1
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Comparison with OTR

OTR

Beam parameters: electrons,
momentum 24.5 MeV/c, 1 nC

YAG screen shows detailed structure
of beam during one bunch

— due to low light yield of OTR
averaging of several bunches in
necessary.

[S. Rimjaem, PITZ, et al., TUPD54]

Beam size / ym

220

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

R T T I I TT I R -

6 7 8 9 10 11 12
Focusing Quadrupole Current/ A

Beam parameters: electrons at 130 MeV, 200 pC

comparison to beam size measurement
with OTR shows good agreement down
to 60 um rms

[R. Ischebeck, PSI, Workshop]

18.05.2011 / DIPAC 2011 Hamburg

Beata Walasek-Hohne GSI Darmstadt
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Electron machines W% .2

Optical Transition Radiation (OTR) diagnostics fail because of coherent effects

— profile diagnostics based on scintillating screens is needed

— ongoing search for optimum scintillator material

— influence of observation geometry for different materials (and thicknesses)

[G. Kube (DESY) et al., IPAC2010]

=== I
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- —— YAG:Ce
A E
- (powder) i
55h A - A » "
A A & —7— BGO 0.5mm
—5— PWO 0.3mm
i LYSO 0.5mm
F----8----B--------B-_ a o LYSO 0.8mmn YAG-Ce
£ 45- B-o —— YAG phosphor
2 A - B~ YAG0.2mm (02mm) &+
=~ _,._,f.#?r—‘*'":§:°-~- —A\ - YAG1.0mm 7
b’.40_ G —_— ‘/@T,--" Y -<><> =

7 :

pre

— different image reproduction

or Wire Scanner @ 31 nA7 | — but reproducible behavior
PO S U R § — beam profile readings depend
10 10 10 10 10 10 .
/A on material

— beam profile reading of YAG:Ce

Beam parameters: electrons at 855 MeV, 102 — 50 nA depends on material thickness

[G. Kube (DESY) et al., IPAC2010]

=== I
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Investigation of detector geometr;w,?

screen ilt © Variation of the screen angle influence the measured size

-5 4

e-Beam

F N

Scintillator

200 20 240 260 N
pixel vert pixel

MAMI

Beam parameters: electrons at 855 MeV, 3 nA

ZEMAX simulations
— propagation of light through material influences detected image

— satisfactory agreement between simulation and measurement
— an optimum screen tilt angle exists

[G. Kube (DESY) et al., IPAC2010]

Further improvement of the resolution of the system by simulations:

- observation geometry

- screen tilt

- screen material

- thickness of the screen [M. Yan (U. of Hamburg) et al., TUPD59]

- focal plane
P GSI
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Example — observation geometry W”

Top-view
screen tilt & screen tilt & screen lilt &
- A4 -4t -t 4
¢ e-Beam ¢ ¢ 2-Bea
Scintillator - % Scintillator Scintillator ‘
Assumptions: 4
L e : BGO
* line light source emitting isotropically, located 40:
inside the BGO crystal with the width of 10 ym Eas
.GN) 30
. . (1)] B
« total108 rays at BGO peak emission e 90deg
]
wavelength 480 nm was traced 82
‘E 20/
— placing detector under 45° with respect to £
the beam axis seems to offer the best resolution 215 @}J//
— an optimum screen tilt angle exists 10 45deg
reference beam size
-40 -20 0 20 40
[M. Yan (U. of Hamburg) et al., TUPD59] screen tilt © (deg)

LN == JL
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Example — material thickness

Top-view
screen tilt 8 screen tilt © screen tilt ©
- A4 -4t -t 4
{ e-Beam ¢ < 2-Bea
Scintillator -~ %0 Scintillator Scintillator ‘
. 20 . .
AssumptlonS: —e—thickness 100pm thOt ¢ 45deg it the b
. . "y . . —e—thickness 150um etsclor 4 eg W.I.L the beam
® y ——thickness 200t m
line light source emitting isotropically, located .
inside the BGO crystal with the width of 10pm eSS SN

« total108 rays at BGO peak emission
wavelength 480 nm was traced

— thickness of screen influences the resolution -
— thicker scintillation screen shows worse resolution
— the optimum screen tilt angle is not affected by the o ’\/'/

thickness of the scintillation screen reference beam size

-35 -3I0 -2|5 -2IO -1‘5 -10
screen tilt © (deg)

horizontal beam size (um)
o

[M. Yan (U. of Hamburg) et al., TUPD59]
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Conclusions W?? s

Scintillation is a complicate process which can be influence by several factors

like e.g. temperature, concentration or impurities in material

« still searching for a stable solution
— the different materials represent different shapes for the same beam
— scintillators degrade (especially for low-energy ion beams)
— can we understand (predict) the damage mechanism?
 no "ideal” scintillator material
— most appropriate material varies from application to application
purpose build scintillators in electron machines
ceramics in hadron machines

response of various scintillating materials depend on many parameters such as energy, intensity, particle species
and time structure of the beam

« correct observation geometry can significant improve the resolution

« support from Crystal Clear Collaboration

=== I
18.05.2011 / DIPAC 2011 Hamburg Beata Walasek-Hohne GSI Darmstadt 61



wd
=
o
=
()
O
D
S
o
C
K~
O
<

ns

ew ,

gnestics

N

in Beam Dia

e
©
2
w
=
o
o
(3]
o
)
o=
-
2
2
G
Q
(7]

/J.v.‘h.%\»f:”l: A hMc -v -

. | V
Frik
3

Beata Walasek-Hohne GSI Darmstadt 62

18.05.2011 / DIPAC 2011 Hamburg



- Thank you for your attention! AN

more details can be found on webpage of
"Scintillating Screen Applications in Beam Diagnostics” Workshop

http://www-bd.gsi.de/ssabd
=51l
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