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post acceleration
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TRIUMF
RIB operation

Up to 2017 (9 month /year)

Scheduled operation of ISAC 5000 hours/ year
Overhead and downtime 2000 hours/ year

Beam to experiments and development 3000 hours/ year
Typical duration of an experiment 2 days to 3 weeks (average ~1 week)
Ratio accelerated to non accelerated beams ~30%

Since 2018
~8 months per year reduced schedule for ARIEL installations
2020-22 further reduction due to COVID

2024-09-15
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ECRIS charge state breeding

Requirements for post acceleration:

Mass <238
Charge: A/Q <7
Energy: 2.04 keV/u
Intensity: 1—-10% ions/s
High purity

Charge breeding systems for post acceleration at TRIUMF

ECRIS operational
EBIS in preparation

Discovery,

accelerated



& TRIUMF
ECRIS charge state breeding

charge state breeding with an ECR ion source
At ISAC

14.5 GHz PHOENIX from PANTECHNIK

o 2004 off-line tests

Mass Separator

2008 modified injection and extraction optics |
and start of on-line operation

« 2012 Aluminum plasma chamber with pure
aluminium coating

Concrete Shielding WalN &

\:/ L
OO0 Gas
Containers

« 2014 klystron rf amplifier replaced by TWT

« 2021 two frequency operation

------

N T ge?
- West Target
1 tation
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charge state breeding results :

maximum of charge state distribution
or charge state used for experiment for Na to U

40

_ required charge state for stable isotopes
I
30

204

104
= stable

= radioactive

T T T T T T T T T
0 20 40 60 80 100

A/Q requirements can be fulfilled for elements with Z~< 60-70

2024-09-15

Discovery,
accelerated



)
O

TRIUMF

charge state breeding results 8

efficiency and charge state distribution
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ECRIS efficiency

Radioactive isotopes
(used for experiment)
8

7 . ] Efficiency range ~1-7%

6

* Not always possible to use the
maximum in the distribution due to

a2 ] background

* Losses due to decay

_ » Different values for the same
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uh
1

Efficiency (%)
!..IQ £

[&¥)
-
L |
L ]
(N

[y
1

(=]

T T T T T T
40 60 80 100 120 140 160
Mass (amu)

[
>

2024-09-15

Discovery,
accelerated



CSB RF RACK

TRIUMF

Recent upgrades
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Cross
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Dummy
load

E/H
Tuner

Generator
2

2024-09-15

N+ TRIUMF ECRIS 1+
csB

« Two frequency injection via one waveguide
» Increase in efficiency up to factor 2

» Higher charge states possible

» More stable operation

« Improvement of injection

» Correction of asymmetry in magnetic field
» To be installed within the next few months

— Joseph Adegun presentation TUA1
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ECRIS background

10°
stainless steel
10° —— aluminum
background from residual gas and
107

plasma chamber materials

10° )
Material has been changed from stainless
steel to aluminum

current [A]

purification from non isobaric background

10" | ( 'A Use additional stripping at 1.5 MeV/u f
Mw I V /" mw se additional stripping at 1.5 MeV/u for

.0
M/q
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background reduction

using LINAC chain as mass filter (M/AM=1000)

additional stripping at 1.5 MeV/u to %*Rb?2*

Before final filtration After final filtration
132)(9_.

_ _113In,_#;§19én

*Mo/Rb/St g A 94Mo/Rb/Sr

*Particle ID from AE-E after acceleration

laser ionized %4Sr:

Sr:Rb = 3:1

charge bred to %4Sr15+
1-107 ions/s (~1.5%)

accelerated and delivered
to TIGRESS experiment

(M. Marchetto et al. proceedings LINAC2012, JACoW.org)
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software tools for set-ug

Beam Companion Explorer

example %4Sr

94sr14+ 94Sr15+ 94Sr1 6+ 94Sr1 T+ 94Sr18+ 94Sr1 o+

Available Charge States:

Current: 1.15e-9 A Current: 1.09e-11 A | Current: 8.02e-11 A Current: 9.83e-11 A Current: 5.62e-11 A | Current: 8.61e-11 A

5.12e+8 pps 4.52e+6 pps 3.13e+7 pps 3.61e+7 pps 1.95e+7 pps 2.83e+7 pps
%4 14+
After A/Q selector  *'sr'** sa0e7 sr C3B Known Stable
6708 ' Transmitted Contaminants
: 1.00e-7 ! .
Q Filter Species  A/Q
3.00e-8 Tt BTO0T
6T zn 10+ gEo2
1.00e-8 = s Tige M+ 6720
- i = : %4 \o 14 6707
300e-9[* I . e o
1.00e-9 14 gn 17+ 5700
= . 128 o 18+ 731
E 3.00e-10 . 1 ye 2 g 505
z . | |
5 1.00e-10 —, e =
c 3 1 1 (3
~  3.00e-11 . !
1.00e-11 Other Possible Stable
Contaminants
3.00e-12
Species A/Q
1.00e-12 75 Ge 5790
a7 13+
Rb 6685
3.00e-13
| | | | | | | | | | | | g1 pess
6650 6660 G670 6680 G690 B700 6710 6720 6730 6740 6750 6760 6770 Sz 14 B 707
AlQ 101 gy 15*  §.796
Save Plot 114 0q 17+ 6700
121 sh 18+ 6.716
128 Te 19+ 6.7531
127 | 19+ 6.679
134 Ba 20+ §g05
2024-09-15 QA 15+ 94,15+ R o
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software tools for set-up

127 | 19+
134 gg 20+

6.679
6.695

94S I-15+

A/Q: 6.260
Q Filter

3.00e-7

1.00e-7

3.00e-8

1.00e-8

3.00e9

1.00e-9

3.00e-10

1.00e-10

Intensity {A)

3.00e-11

1.00e-11

3.00e-12

1.00e-12

3.00e-13

94

Sr15+

CSB Known Stable

Contaminants

6210

6.220

6230

6.240

6.250

AQ

6.260

6270

6280

6260

6.300

6310

6.320

P
i) Ma 4+
50y 8+

50 or 8+
8% g M+
75 a5 12+
84 o 15+
100 pyg 18+
107 Ag 17+
M3 18+
18 gp 18+
121 ye 21+
132 yp 21+

AlQ

6.246
6.243
6.243
6.265
6.243
6.260
6.244
6.288
6.272
6.258
6.233
6.281

100 Ru 16+
106 cd 17+
M3 cd 18+
125 Te 20+
132 Ba 21+
138 Ba 22+
138 La 22+
138 Ce2+
144 Nd 23+
150 Nd 24+
144 sm 23+
150 Sm 24+
151 Eu 24+
156 ad 25+
157 i~ 25+

6.243
6.229
B.272
6.245
B6.281
6.268
B6.268
6.268
B.256
6.246
B.256
6.246
B6.288
6.236

caTe
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software tools for set-up

Available Charge States:

AQ (After stripping, DSB-SEBT)

lick to generate plots & companion lists
94Sr15+ 94Sr20+ 94Sr21+ 94Sr22+

After stripping to 24+ at 1.5 MeV/u, only isobars left

94Sr23+ 94Sr24+ 94Sr25+ 94Sr26+ 948'271-

CF: 0.0% CF:1.8% CF: 5.4% CF: 11.9% CF: 18.0% CF: 22.3% CF: 18.1% CF: 12.0% CF: 5.5%
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A/Q (First stage. CSB-DSB)
2024-09-15
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Off-line ion source (OLIS)

MM Cl
MWS

OLIS terminal
« 2.5 GHz plasma ion source

e Surface ion source
« 14.5 GHz SUPERNANOGAN

2024-09-15

LEAD COVER

TUNGSTEN SHIELD
- DIAGNOSTICS BOX LEAD END PLATES

TUNGSTEN SHIELD
- GROUND SIDE

TUNGSTEN SHIELD
- HV SIDE

LEAD BOTTOM PLATE

Pilot beams for accelerator set-up
Stable ion beams for experiments

Current: ~nA to pA
All elements He to Pb
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Multicharge ion source (MCIS) SUPERNANOGAN

17

Dual frequency heating 12.75GHz to 14.5 GHz
o TWT up to 400 W solid state up to 50 W

Mobile design
o Allows preparing and conditioning while other
sources are operating
Material injection
o Gas
o Oven
o Sputter target

Discovery,
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DUAL frequency heating result

78Kr'n BEAM CURRENT (nA)

300 ~
250 A
200 -

150 -

Blue:  Single frequency 12.98GHz at 20W

Green: Dual frequency 12.98GHz and 13.78GHz at
: 1 W each.

Purple: Dual frequency 12.98GHz and 13.76GHz at
- L L 20 W each.
o L 1T

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

DUAL FREQUENCY COMPARISON

78Krtn CHARGE STATE

= 10WTWT + 10WSS ®mIWTWT +1WSS m20W TWT only

"8Kr

2024-09-15

K. Jayamanna et al. J. Phys. Conf. Ser. 2743, 12053 (2024)
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Lanthanide beam development (49Ce)

« 140Ce as 23?Th analog for radioactive molecular beams

» Sputtered Ce-metal strip in Ne, Ar, CO, support

gases.
» Operated MCIS at higher gas-pressures to favour T
140Ce+1+2+3
P "
Off-Line |
Ion Source |
m/q Selector i
] Ce**

Ion production and
charge breeding

2024-09-15

30
BIASO = 14506 V, 108 uA; SPUTN = 400V, 468 uA

—— v = 13.8970 GHz, 15.922 dB; v; = 13.8510, 15.728 dB
po=28.6-1072 torr; Ne gas +1.3- 1078 torr
BIASO = 14506 V, 108 uA; SPUTN =400V, 518 uA

25 4 1 — V= 13.8810 GHz, 15.922 dB; v; = 13.9250, 15.728 dB
Po=28.6-10"8 torr; Ne gas +1.4-1078 torr
BIASO = 14506 V, 122 pA; SPUTN = 400V, 335 pA

— vy = 14.0340 GHz, 19.2232 dB; v; = 13.5900 GHz, 17.864 dB
Po=28.5-1078 torr; He gas +0.6-107® torr

[\S]
(e}
L

particles/s -108
o
|

-
o
L

123456 7 8 91011121314151617181920212223
charge state

Charge state distributions at different Ne pressure
P. Justus et al. J. Phys Conf Ser. 2743, 012055 (2024)
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Summary:

 ECR charge state breeder for radioactive ions at ISAC operational since 2008
* isotopes from more than 15 elements have been charge bred so far
 range of ions charge bred for acceleration: 2'Na — 160Er
 efficiency 1-7%

* problems:
* high background

« Ongoing developments:

« implementing 2 frequency heating and improving injection/ extraction optics
— higher efficiency, higher charge states, more stable operation

investigating “off-line” operation for long lived isotopes

« ECR off-line ion source
« Versatile to produce ions of many elements and charge states

« Ongoing developments:
« Extraction optics change to 2 step acceleration

— higher flexibility in beam energy, reduced losses in beam transport
2024-09-15
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Thank you
Merci

www.triumf.ca
Follow us @TRIUMFLab

®© O @
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