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Desired properties of scmtlllatorﬁﬂ Q? L.

* The kinetic energy of the ion is converted into light

e Conversion with good quantum efficiency

 Light yield directly proportional to number of particles

* Small absorption of induced light

* Small temperature dependency of scintillation

Emission

L
T L]
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L Stokes Shift
Excitation
Heatl’?
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Motivation

Scintillator screens are widely used
for qualitative measurements:

* simple profile measurements system

» complete 2-dimensional beam information (Profile Grid->2x1D)

Grey value (a.u.)

* used for beam alignment

But we want to perform quantitative measurements : & & % & @ &

Pixel

. . . Courtesy of Jan Mider (GSI)
-> Investigation for high currents :

( some mA, for up to 1 ms @ 11.4 MeV/u > some 100um range in matter)
» spatial resolution and linearity
e ageing effects

 dynamical behaviour
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Possible application

Single shot emittance measurement
-Advantages of the Pepperpot method compared to the Slit-grid method

« gain of complete transversal phase space
Information from one macro pulse

« much shorter measurement time at the UNILAC Pepperpot: ~1 min.
Slit-Grid: ~30-60 min.

» can be used for machines with ix; __
It CCD a Y
low repetition rate CCD camera
viewing
._.scl'een
ion beam
pepper—pot g
support
LN == AL
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Scintillators / lon beams \‘ 4

Desired property: high light output
—> Single crystals: YAG:Ce, BGO, CdWO,, CaF,:Eu

Quartz glass: Quartz:Ce

Expectation: strong degradation effects for high current ion beams
Desired property: high resistance against high current ion beams
—> Ceramics: ZrO,, ZrO,:Mg , Al,O,, Al,O,:Cr, BN

Quartz glass: Herasil

Expectation: low sensitivity

Investigated with H*, C**, Ar!'™, Ni*, Ta*** and U?%" lons with energies between
4.8 and 11.4 MeV/u and beam currents from some nA to some mA.
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Image

10mmI

Flange diameter

200 mm

|

CCD Camera

Scintillator Screen
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" Target holder / Camel_:;i

w
L " -
r i -— =

Holder allows to:
e investigate 6 scintillator materials
* in one machine run

» at the same position - constant beam conditions

Camera: AVT Marlin
VGA resolution
8Bit monochromic

Lens system: Pentax 25mm

Spatial resolution: 10 Px/mm

Screen dimensions: @30mm X 1mm
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- .'1“:_&_ i‘lé_ra:f:
Camera timing &“'? B

Camera timing for pulsed ion beam

==L =4
-

R R R SRR SR s T : ; Timing allOWS:

* 0 observe complete
beam pulse

4 ‘|E _______________________________________________________________________________
5 » measurements of afterglow
8 12
L * max. 15 Frames /s
12 Br--e-eebq
a5 A Typical beam delivery:
20 Qi e pulse length 100 ps
Rmtam o e o * repetition 10 per second
_125_ _______ I e e e e e e P e e e
-0.1 0.0
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D

CCD Camera

Vertical beam profile [mm]

Horizontal beam profile [mm]
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Observed image parameters w ? i

Horizontal projection
(sum over columns)

Intensity [arb. u]

D

CCD Camera

Intensity [arb. u.]

Vertical beam profile [mm]

Vertical projection

(Ssum over rows)

Horizontal beam profile [mm]
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Observed image parameters N:?
U

Horizontal projection
(sum over columns)

Intensity [arb. u]

D

CCD Camera

Intensity [arb. u.]

Vertical beam profile [mm]

Vertical projection

(Ssum over rows)

Horizontal beam profile [mm]

From the projection:

* Light yield (integral)

 Center of projections (u, 1% moment)
e Beam width (o, 2" moment)

» Skewness (prop. to 3" moment)

 Kurtosis (prop. to 4" moment)
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Observed image parameters {1‘4‘1 T

Horizontal projection
(sum over columns)

Intensity [arb. u]

D

CCD Cﬂmerﬂ Ir.ltens.Ity [a‘rb. u.:!
E
Comparison of Materials £ Vertical projection

4 10t B aoger 4 (Sum over rows)
"E R m Horizontal beam profile [mm]
f 16° % Zr0, Mg ]
S ] From the projection:
= Thfl:'oz: ] * Light yield (integral)
= 1« Center of projections (n, 1t moment)
% e Beam width (o, 2" moment)
§ » Skewness (prop. to 3" moment)
=12 | erasn

0.0 05 1.0 15  Kurtosis (prop. to 4" moment)

Inteérated Particles x 10%
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Example for degradation etfect Qu ;

]

- 10 EE ]
X—Profiles Quartz—-Ce 03.02.08 @ 5 C ]
3 - Quartz:Ce :
- - 56 r ]
407 @ & | ]
35- : 104 L | | | | | | | | | | | | L L | L N
T E T T T T T T T T T T T T T T T T
g 2.8 -
': Quartz:Ce
. 2.6 -
4+
o
; 2.4 .
| | | | | | | | | | | | |
T T T T T T T T T T T
N Quartz:Ce ]
2 07 7

§ 0.4 -
v
Position [mm] —06 v N
_08 | 1 1 1 1 | 1 1 1 1 |
> Stl‘OIlg proﬁle deformation 00 Inte(éfated Partilétl)es x 10% to
Results:
Beam parameters: ©0Ario+ 2%10° * not only the beam width is important
lons/Pulse in 100ps, ~30pA, 1Hz * characterization by first 4 moments
==
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Behaviour of standard scintillators »

k‘gn

? : I I I' I | I I I | I I I | I I I
’E i C?FE.Eu
e R
3, T YAGCe
T g? L ZSAe RS R Result:
. - Quartzte e ] « even for purpose built
= - scintillators different
o - width reading of 25%
= — * not suitable for higher
SR T YAG:Ce CaF Eu ] currents
E 2.0 bt bl e g et o /_
g L 8 EEEE EE E ZnS:Ag l
© 418 L GQuartz:Ce f
% 14 _ Average temperature: 23°C
= ] (backside of ZnS:AqQ)
1.2 1 1 l 1 1 1 | 1 1 1 | 1 1 1
G 20 40 60

Integrated Particles x 10°
Beam parameters: 12C2*, 5*%106 lons/Pulse in 100us, ~17nA, 12.6Hz, 15000 beam pulses
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Light Yield [arb.u.]

Width ¢ [mm]

PR
Light yield and profile width @ low intem{ﬁ}w ‘a;'-?“ ‘_

-

Results:

16" £

* reproducible behavior

10" £

— * different light yield and width
1 reading

* light yield does not correlate
with beam width

_/

* different beam shape
(from higher stat. moments)

\ Difference of 14%

in profile width
is not negligible for
quantitative evaluation

0.5 1.0 1.5
Integrated Particles x 10%

Average temperature: ~47°C
(backside of ZrO,:Mqg)

Beam parameters: “°Ari%* 2%10° lons/Pulse in 100us, ~30uA, 1Hz, 1000 beam pulses
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Light Yield [arb.u.]

Width o [mm]

3 min. break

3.0
2.5
2.0
1.5
1.0

ALpcr

;wrtz:(:e PC =
N e e

- AlLD, ‘ N
I; 210, Mg [\\ ;

P 1 | 1 1 1 1 |

G

_——"10 20 30

Integrated Particles x 10%

40

10 times higher beam current

Results:

* light yield and profile width
depend on material

e different dynamical behaviour
e possible reasons: surface

modification and temperature
dependency

Average temperature: ~240°C
(backside of ZrO,:Mg)

Beam parameters: “°Ari%* 2%101° |ons/Pulse in 100us, ~0.3mA, 2.6Hz, 2200 beam pulses
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Spectra of the scintillators @ medium cuﬂ{ 1?

—H+

Intensity [arb.u.]

Wavelength [nm]

A 4

Result:

o spectra depend on the ion species - investigation

Beam parameters: H*, 4.1*10'! lons/Pulse in 2ms, ~32.8uA, 2Hz
Ta?**, 8.8*10° lons/Pulse in 100us, ~0.35mA, 1Hz

o

T I
spectral sensiti.v'lt._‘,r of -

UV Enhanced 220 ]:hot,uﬂathodﬂ_'

¥

]

400 2010
Wavelenglh [nm|
.

G00 700
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Temperature dependence — medium cur{ﬁ |

F ' ! ' ! ) | =— '_'| T T T T T T T T T T T T T
E spectral sensitivity of E g 8 | T 180°C _l 210°C H:7 '0 |
3 UV Enhanced S20 photocathode J o 10 ,E/,,,— e
F \ I . 1 . E o i
B 7 =
:' Q a5°C - 125°C
e
oo
— =107
:; . D D ' -
= . 20 T: 180°C -» 210°C - I—I_Zr{)a
5 : -
—_ E 1.8 I sl
2 o 1.6 =
n e 95°C -» 125°C
_@ § 1.4 — — N
E g ]—2 1 ! ! ! | ! ! ! ! | ! ! ! ! | LT
G 50 100 150
Integrated Particles x 10%
Results:
 Light yield, imaged beam width and

400 500 600 700

spectrum depend on the temperature
Wavelength [nm |

Beam parameters: H*, 4.1*10'! lons/Pulse in 2ms, ~32.8uA, 2Hz
Ta?**, 8.8*10° lons/Pulse in 100us, ~0.35mA, 1Hz
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Status until summer 09 Q‘J

What has been done:

- Quantitative investigations on different materials

» Materials show different, but reproducible behaviour

* Profile width depends on scintillator material and the screens temperature!

e Spectrum of the screen could depend on the ion species and the temperature!
 Light yield AND profile width depend on ion dose!

Zr0,, ZrO,:Mg and undoped Quartz glass show promising results

The next steps:
» design of a new data acquisition system
* develop new experiment to determine the "'real" beam profil
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Question Wh A

* How can one obtain a trusted beam profile One can try to obtain a

* What does the "real" ion beam look like horizontal beam profile
by using a scraper

Current transformer

\

Scraper Scrapcer movement
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Current data analysis

Results:

* One can obtain a
beam profile with
a scraper

* The fitting is a
critical issue

Intensity Intensity
1200 1200
1oo0d| T Data 1o00d| T Data
8009| ™ gauss smoath. 8009| 7 sav-Go smooth.
5 s00 5 s00d
] ]
400 400
zuu-\ 200
e T 0 r
-8 -6 4 0 2 4 6 8 -8 6 4 2 0 8
mm mm
Aberration Aberration
0.20 0.20
0.154 0.154
0.104 0.104
o 0.05 o 0.05
g g
= 0.004 = 0.004
L= L=
® (.05 ® (.05
-0.104 -0.104
-0.154 -0.154
-0.20 r — -0.20 r
-8 6 -4 0 2 4 6 ] -8 6 -4 2 0 ]
mm mm
Derivative Derivative
25 25
20 Sigma: 2.651 20 Sigma: 2.637
Skew.. -0.077 Skew.. -0.088
2 15] £ 15
= =
] ]
= Kurt: -0.734 = Kurt: -0.751
& 10 5 10
5 5
0 r : 0 r
-a -6 4 0 2 H 6 g -a 3 -4 2 0 g
mm mm
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Current data analysis

= 63 Integral Intensity , 04.09.09

510

g 0 Profile values (scraper):

o .

T I ] ( Sigma =2.64

S g

£ oﬁ! Skewness = -0.088

10 2.0e+012  40e+012  6.0e:012 _ 8.0e+012_ 1.0e+013  1.2e+013 e

'gm * Width Sigma X—T’rgjektion, 04.09.09 * * Kurtosis =-0.751
%_7:&“’_‘_’,‘“/\,\___._5_ B e e N e il Y

2.6

g%;igM - AL O, shows the best

ggng = e i i agreement with the scraper-
28T 5 067012 4007012 6.06+012 806,012 1.06:013 1267013 values

Skewness X-Projektion, 04.09.09
R SO T o A e e AV A
2 =
¥ o2 Y SR S -
pe= = 5
T WA AL AANA
s AN WA
~0.20 2.0e+012 4.0e+012 6.0e+012 8.0e+012 1.0e+013 1.2e+013
Kurtosis X-Projektion, 04.09.09

5 * Obtained values for sigma,
©-0.853 skewness and kurtosis agree

OO0 e .

2.0e+012 4.0e+012 6.0e+012 8.0e+012 1.0e+013 1.2e+013 WIth the results from the
Integrated Particles screens
===
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Current data analysis W 4w
: .
——BNS500
— Z700
-0 Al203:Cr
— AI203
= 60 ] Herasil
o z507
Al203 Al203:Cr BN500 o
& 40 ]
% 30 4
@ 20
10—:
Herasil 2507 Z700-20A

(brightness adjusted) L

T
140

Pixel

Results:

* As well as the light transport in the material and the
linearity contribute to the signal.

* Linearity seems to dominate (28% difference in sigma)

e First ansatz = convolution
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Summary

Data analysis showed:

» One can obtain a beam profile with a scraper

» Obtained values for sigma, skewness and kurtosis agree with the results from the
screens

* Light transport in the sample can not explain the difference in beam width

The next steps:

* investigate the influence of the grain size and surface roughness
« analysis of the thermal effects, surface modifications

« further spectroscopic investigations

« approach for a theoretical description of the observed effects

* long-term objective: scintillator for pepperpot-device

Thank you
for listening

= improving knowledge of scintillation process
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Linac UNILAC:

e all ions from protons to Uranium

e pulsed currents up to 10 mA

* energies up to 15 MeV/u

Target location

Y/ A7/ Antiproton and Ion
@ ﬂ, ESR" )/ Research, with high
d 77 beam currents in the
f IL.

> ]
GSI Facility NRA” <

Synchrotron SIS18:
e ions from protons to Uranium
 up to 10!! stored particles

* energies up to 4 GeV/u

Future extension:

GSI will be the injector
for FAIR: Facility for

UNILAC

15.10.09
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The GSI LINAC

120 m
< >

HLI (ECR, RFQ, IH) Foil

LEBT
- I/ HSI (RFQ,IH1IH2) "ot ¥

“"*I_IEEI-EEEE!—*-;I;}-——

I

Ion Sources

Poststripper (Alvarez, Cav.)

11.4 MeV/u
B=0.16

Gas Stripper

Alvarez DTL

Target location

UNILAC:

* built in the 70's but continually upgraded

» will be used as an injector for FAIR

Typical beam parameters:

* 10 mA for 1 ms - several 100 kW pulse power

e up to 50 Hz repetition rate Eei
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Spectroscopic studies on scintillation s

N

SCINTILLATING SCREEN

ENTRANCE SLIT

LENS

OPTICAL FIBRE

GRATING
I

S-20 PHOTOCATHDE
in the IMAGE PLANE

Experimental setup:
Spectrometer:

*« HORIBA JOBIN YVON

CP 140-202

 wavelength range: 190-800 nm
average dispersion 50 nm/mm
focal length: 140 mm
Intensified camera:
Photocathode: S20, UV Enhanced
double MCP

Phosphor screen P46

fibre coupled to Basler 311f CCD
Camera

15.10.09

Scintillation screen investigations for high current ion beams

Ocean Optics fibre
400 pm
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lon Beams

Ion Energy Beam current | Pulse lenght PPP Preak Pover
|[Mev /u]
2Cst 11,4 17nA 100 pes 5 - 10° LIW | 138mW
30 A 1005 1.8-10° 1,.3kW 130 mW
40 Ap10+ 11.4 - 1,4mA - lms -1-104 -56,9kW | - 11,3W
4,811 A 20015 6.5-10° 183W 37mW
64Ni%t [ 5,5 u. 11,4 - 17pA - bms -2,4-1019 | - 67TW | -2,7W
301 A THs 8.10° 2,6kW R70mW
2387728+ 11,4 - 2mA - H00pus -1-.101 -21,7kW | - 4,3W
===
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| : = n I ) ;.!
I 1 L . e
Colours E D B
! ,-_T f 'I'
ALO,;:Cr | AlLQO; Herasil ZrO, BN
Within
the
Pulse -
Afterglow | the same | the same the same
colour colour colour
Li~2ms | ¢ <30us t, < 30us
t, < 30us
t, < 30ps t, < 30us
=1L
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Skewness and Kurtosis @ higher inte{]’%@iﬁp »

0.2
0.1
0.0
—0.1
—0.2
—0.3
0.4 =
0.2 '
—0.0
—0.2
—0.4
—0.6
—0.8

—1.0

Beam parameters:

40Ar10+

2*1019 |ons/Pulse in 100yus,
~ 0,3mA

2,6Hz

Skewness

Kurtosis

C 10 I 20 30 40

_ Integrated Particles x 10%
3 min. break

Same beam parameters for all samples
===
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(.05
0.00
—0.056
—0.10
—0.15

skewness

Kurtosis
|
o
o

0.0

3 R
Skewness and kurtosis @ low intensitﬁ:‘%‘s‘zif I_,"‘*,_

Hereasil ALG Cr ‘

210
— ZArQ M
|rq.$l 1 1 1 1 | 1 1 1 1 | 1 1 1

0.5 1.0 1.5
Integrated Particles x 10%

Results:

 reproducible

e different light yield

e different width reading

e different beam shape

Average temperature: 47°C
(backside of ZrO,:Mg)

Beam parameters: °Ari0* 2%10° lons/Pulse in 100us, ~30pA, 1Hz, 1000 macro pulses

15.10.09
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Skewness and Kurtosis @ very low m{étﬁ?lt’yﬂﬁ

=

Beam parameters:

—0,4 T T T T T T T T T T T T T T T T
n 09 12C2+
o
g —-0.6 5*108 lons/Pulse in 100ys,
% —0.7 ~17nA
-0.8 12,6Hz
1.2 ———————————
1.0
oy AN AL it e
2086
T
l@ 0.4
0.2
0-0 1 | 1
20 40 60
Integrated Particles x 10°
Same beam parameters for all samples
==
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Decay time of Al,O;:Cr i‘?ﬁ? guir

10000 4 y = a*e(tt) + p*et2)
t;: 1.0919 ms
t,: 3.8263 ms

B Experimental data
Fit

there might be faster

components
1000 -

Light yield [a.u.]

LG Other

o 1 2 3 4 5 6 7 8 9 10 11 12 materials

Time [ms] ’[2<30|JS
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