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Optical emission spectroscopy diagnostics
implemented at the high charge states injector of GSI

Microwave shielding of Standard Evaporation Oven
for stable metal ion beam production and operation

Achievements in Ca ions beams production
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.{)20'0 High Charge States Injector (HLI) FAIR

CAPRICE ECRIS MAIN PARAMETERS

Hexapole field 1.12T
Solenoid field 0,8..15T
MW-power 10...800 W (CW mode)
MW-frequency 14.5 (12,4...16) GHz
Extraction Voltage [kV] <22
lon Species Gas + Metal

Mode CW or Pulsed

Beamtime [Days]
o
o

2008 2009201020112012 201420152016 201820192020
Year
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Beamtime [Days]
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High Charge States Injector (HLI)

FAIR

CAPRICE ECRIS MAIN PARAMETERS

Hexapole field 1.12T
Solenoid field 0,8..15T
MW-power 10...800 W (CW mode)
MW-frequency 14.5 (12,4...16) GHz
Extraction Voltage [kV] <22
lon Species Gas + Metal
Mode

il

H He Li

ol

C N Ne Mg S Ar

Ca Ti

Cr

GSI Helmholtzzentrum fur Schwerionenforschung GmbH

b

Ni Kr Sn Xe
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.{C@. Evaporation technique for metal =

2020

\ YV 4 ion beam production FAIR

» Central current entry
Standard Temperature Oven (STO) . [ .iing helix on ceramic body
» Water cooled support tube
 Crucible or aperture ring

* Power: 2-120W

» Temperature: 400 -1550°C

» Consumption: 0,2 — 5 mg/h

« Lifetimes days: 48Ca < 30, 64Ni < 6

120 ‘ ‘
m2008
m2009

100 92010

= 2011
% 80" 2012}
Q 2014
° 2015
£ 60 2016
IS 2018
3 40 2019
oM 2020
20 J N 1

0 \ H ! 1IN | ! \ Il \
Li Mg Ca Ti Cr Ni  Sn
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100|_|A N o I "

lon Current [pA]

e

A i 1 A
5.00 7.40 9.80 i 1220 14.60 17.00 19.40 21.80 24.20 2660 29.00/

Dipole Current[a.U.]

Spectrum of “Ca + He optimized on 4®Ca'%*
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s and plasma images
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A CCD camera looks through the straight
beam line and the extraction aperture into
the plasma chamber.
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«r and plasma images FAIR
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«r and plasma images FAIR
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2020 .
«r and plasma images FAIR
100 pA o
48Ca
5 \ |
EE N

35 T480 1700 1940
Dipole Current[a.U.]

Plasma image recorded with the CCD camera

Hours of beam time wasted, consumption increase of
expensive material and experimentalist disappointment.
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.{)20'0 Optical diagnostic devices at HLI FAIR
Telephoto Lens Optical Beam Splitter and Glass Fiber

T — CCD Camera

\ o\

OCEAN OPTICS QE Pro

Entrance slits: 25 ym
Wavelenght Range 449-833 nm
Resolution 0.95 nm

|| https://www.oceaninsight.com

..to the Optical Emission Spectrometer
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Charge States Distribution |

» / FARADAY /
cup

HLI diagnostic devices set-up

FAIR

Plasma Image

450 500 550 EDC‘.*JaUe\Engqﬁc'_nm] 700 750 800

|
| ne ceD
S| - CAMERA
lons BEAM

ECR ION ——=> BEAMLINE —> VACUUM S TELEPHOTO
SOURCE —LH —> WINDOW LENS SPLITTER
= Optical Emission

il R Spectra

- SPECTRO- GLASS
<-==
/ METER /é_ FIBER COLLIMATOR
!A b S

o l‘_.. -
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s a Standard Temperature Oven FAIR

= = ‘
Heater ceramic Aperture ring

Oven heating: CCD Camera imaées and Optical Emitted Spectrum
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s a Standard Temperature Oven FAIR

= — ‘
Heater ceramic Aperture ring

Glowing Oven

Wavelength [nm]

Oven heating: CCD Camera imaées and Optical Emitted Spectrum
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2020

s a Standard Temperature Oven FAIR

= — ‘
Heater ceramic Aperture ring

Glowing Oven Shining Aperture Ring

0

450 500 550 600 650 700 750 800
Wavelength [nm] Wavelength [nm]

Oven heating: CCD Camera imaées and Optical Emitted Spectrum
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Microwave shielding of the
oven orifice

FAIR

OES measurements for different oven powers
without and with mesh at the oven head

X

37 T T T
*g 2+ —8.4 W no mesh
g 8.4 W with mesh
(@]

NI

6 ‘>< 10 | I
‘2 4 - 12.5 W no mesh :
3 125Wno mesh.
O 27 N |
| B 3 TR L
4
15 10 I
10~ [~17.4 W no mesh | _
........ 17.4 W with mesh =]
g [ .
450 500 550 600 650 700 750 800 833

Wavelength [nm]
. Measurements carried out with the shielded

empty oven inserted inside the ECRIS.
« Helium plasma generated by coupling up to

MICROWAVE SHIELDING
« Material: Tungsten

* Mesh 18 (1 mm) - 50 uym wire

Optical spectroscopy as a diagnostic tool for metal
ion beam production with an ECRIS
F.Maimone, J.Mé&der, R.Lang, P.T.Patchakui, K. Tinschert

R.Hollinger , Rev. Sci. Instrum. 90, 123108, 2019

13 GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

650 W microwave power.

« Oven power settings: 8.4, 12.5, 17.4 W.
 Up to 69% shielding due to the mesh.
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.’\. Microwave shielding of the =i
(N, oven orifice FAIR

OES measurements for different oven powers
without and with mesh at the oven head

X

2 —8.4 W no mesh
1L 8.4 W with mesh
O \A__A__AJ\_AA A ﬁ I

Counts

6 \X 10 T T
*g 4+ 12.5 W no mesh 8
8 ---12.5 W with mesh
O 2 - ]
] 2 z e 2
4
1510 |
*210— ——17.4 W no mesh | .
> e 17.4 W with mesh I
450 500 550 600 650 700 750 800 833

4 Wavelength [nm]
MICROWAVE SHIELDING « Measurements carried out with the shielded
- Material: Tungsten empty oven inserted inside the ECRIS.

_ « Helium plasma generated by coupling up to
e Mesh 100 (149 pm) - 254 MM wire 650 W microwave power.

Optical spectroscopy as a diagnostic tool for metal |e Oven power settings: 84,125, 17.4 W.

ion beam production with an ECRIS . .
F.Maimone, J.Méder, R.Lang, P.T.Patchakui, K.Tinschert | * Up to 69% shielding due to the mesh.

R.Hollinger , Rev. Sci. Instrum. 90, 123108, 2019 ° Succesfu" test at ElS testbench Wlth 40Ca
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.’\ 8Ca Beam Times in 2020 =
«~ (With microwave shielded oven) FAIR

200
48Ca'’ pbeam (19 February — 04 March)
Beam intensity: 90-120 A 175/
Stable beam for the entire beam time 150}
and no on—call or intervention necessary <
3125¢
48Ca'"* beam (17-31 March) = 100]
Beam intensity: 70-90 pA § -]
Two on—call intervention necessary 8
501
48Ca'® beam (02-15 April) .|
Beam intensity 90-100 pA A A
Two on—call intervention necessar 0 e UL L v
y 5 10 15 20 25
Beam unstable after source recovery Dipole current [a.u.]
due to software reset (12.04.20) N —— e —— -
120 4. *8Ga'% intensity at the current transformer for-10 days -
48Ca10+ beam (19 Aprll 15 May) g 100 Joosoailt aniu whk
Beam intensity 100-110 pA g %0 » m R, : W™
20 2-Apr 4-Apr 6-Apr 8-Apr 10-Apr 12-Apr

Time
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LV, beam-run 02-15 April 2020 FAIR

5000 ' ' ‘ ‘ w w w . 6000
i 07 April 2020 7:06 | 5000+
4000- L. 07 April 2020 21:33
---08 April 2020 8:21 —10 April 2020 20:20
4000 ¢ ---11 April 2020 9:15
o 3000 - 1 o
£ £ |
3 Lg) 3000
© 2000 - Bl ]
B 2000
i | | | 7 EE § 1 §
Lol R L I I b
R VR il
450 500 550 600 650 700 750 800 450 500 550 600 650 700 750 800
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LV, beam-run 02-15 April 2020 FAIR

508 _

19,

>

y—

(7)] 1 I I ; I

c 0.6 1 } . —Integrated counts in full wavelenghts range| | n

B i  —Counts at 732 nm

= - |—Counts at 827 nm

8 |

N 04 r 1

®

=

o

= 0.2 |
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Time 2020
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For 48Ca operation it is difficult to find a working point to guarantee a long-term
stability as the oven response time and the ECRIS reaction are relatively slow.

The use of an optical spectrometer as a diagnostic tool for routine operation
helps to recover the source performances much faster during the metallic ion
beam production whenever optimizations are required or instabilities occur.

The grid shielding of the oven head improved the Ca ion beam production in
terms of stability, intensity and material consumption since the parasitic heating
of the ceramic insulating material inside the oven head is strongly reduced.

17 GSI Helmholtzzentrum far Schwerionenforschung GmbH Fabio Maimone 241 ECRIS Virtual Workshop, FRIB-MSU, 28-30 September 2020



" s

2020

V4 FAIR

THANK YOU
FOR YOUR
KIND
ATTENTION

R. Hollinger (dpt. Leader)
Klaus Tinschert

Ralf Lang
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Patrick Tedit Patchakui
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Gaseous Elements Solid Elements Solid Elements
and Compounds and Compounds and Compounds
Element|Isotope CSII:IE: “g:i: gl:s( Element|Isotope i:::g: I\sllaa:::':gl 2:;‘ Element|Isotope (:;:trg: 'SIZ':::::' 2_::
H 'H, 1 Ha | - . °Li 1 LiF, * | He Fe >®Fe 8,9 Fe |He
C 12¢ 2 co, | 0, Li 1 LIE | He BNi 8,9 Ni He
o o) 3 0, | He Mg 5 Mg | He Ni e2Nj 9 Ni, * | He
o) 3 |0, *|He Mg | ®Mg 4 Mg, * | He BINi 9 Ni, * | He
Ne Ne 4 Ne | He Mg 4,5 Mg, * | He ®7n | 10,11 Zno | 0,
2Ne 4 |Ne, *| He Si %8s 5 Si0 | He Zn *Zn 10 | zno,* | O,
32g 5 SO, | 0, 30g; 6 Si0, * | He 7n 10 Zno, * | 0,
S 3g 6 (SO, *| O, ca 40ca 6,7 Ca |He Ag 107pg 15 Ag | 02
%S 5 |SO, *| 0, ®Ca | 7,10 | ca,* |He sn | 15,17 | sn,* | O,
Ar %Ar |5,6,7 | Ar, * | O, - 487j 7 Ti He sn | 16,17 | sn,* | O,
Oar 16,7,8] Ar | O, 07Tj 7,8 Ti, * | He Sn 118gn 16 Sn,* | O
‘r ::Kr 12 | Kr |He v >ty 8 V | He 12290 17 Sn, * | O,
Kr | 12 | Kr,*| He >ocr 8 Cr,* | He 1245n 16 Sn,* | O,
124%e | 15,16 | Xe, * | O, Cr 2Cr 7 cr | He Au ¥7Au 24 Au | 02
Xe 129%e | 18 |Xe, *| O, 4cr 8 Cr,* |He Pb 208pp, 27 Pb,* | Oz
13%%e 18,19 | Xe, * | O,
S AT AR TS = Evaporable solids (metals) — vapor pressure of ~10-2 mbar
* enriched compounds at T < 1600°C for Standard-Oven (STO), and

at T <2000°C for High-Temperature-Oven (HTO)
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Oven models used at GSI - length 70 mm, diameter 14.5 mm

]
PV o v v o e v e W v T e T T v e e e e e Ty iL e 1
‘ G
V520
= - !

LM&AMMMMAQ&QAQAAM&MWQO | 1 1
Il Ilr Iﬁ :_l/ 1
1 1

— |

Standard Temperature Oven (STO)
violet = CuBe,; black = WRe(26%)

S wmm
L L L = AWZN\\

dodedeoeeoo e N —_—

I
&

High Temperature Oven (HTO)
violet = WL20
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ECRIS E 5 ][
€20'0 Hot screen for Ca, Mg (, Sr) FAIR

\__d

- Made of Tantalum

- Screen thickness: 0,1 mm

* Length= 165 mm

- Diameter= 62 mm

- Plasma chamber diameter= 64 mm

- Gap to cold plasma chamber: 1 mm

- Ca consumption without hot screen:
~ 10 mg/h

+ Ca consumption with hot screen:
~ 0,2-0,5 mg/h

+ Crucible filling: ~ 300 mg

+  Material costs: ~ 50.000 €

- Screen used only once

- Caps are cleaned and reused
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