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BEAM LINES AND
EXPERIMENTAL
FACILITIES
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Rare Isotope production

with proton beam driver
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& TRIUMF Isotope Separation On-Line (ISOL)

Dipole
magnet

Mass-separated

To
experiments

lonizer

\ 2 4 g
480 MeV p* w
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ISAC target assembly

high power

up to 100 p A
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ISAC target station

High voltage
Insulators

Service Cap

« target at bottom of shield plug

* no rad. sensitive components
near to target

Steel Shielding @’ * remote manipulations with
e crane and in hot-cell

« 2 target stations

one operating while target
exchange on other one

Containment Box

& Shhitter Valve * maximum proton current
A% 100 uA @ 500 MeV
D
P,cce\;@(ﬂ‘s Proton R
o Beam
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Target materials
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ISAC targets
1998-2021

Total 173

~10 targets/year
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ISAC Yield Chart
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for more details, please check https://yield.targets.triumf.ca/search/yield/data
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isotopes produced at ISAC
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& TRIUMF

* produce comparable n-rich isotopes to standard UC, ISAC targets
« suppress the n-deficient isobaric contamination by x10 or more
+ exploit the full proton beam intensity from the TRIUMF cyclotron

Proton to neutron (p2n) converter target

P2N (100pA)/ ISAC (20 pA)
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A
«~ TRIUMF Results from two p2n targets

\/Elements extracted: Rb, Cs, Sn, Zn, Ga, Na, Fr, Ra »
v Max proton intensity on P2N: 80 uA - yields shown normalized per uA of protons

\/Yields linearly proportional to proton beam intensity

4 Higher purity: p-rich from the same chain reduced by 5x — 50x with respect to previous ISAC-UCx targets

Sn isotopes
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& TRIUMF .
“ post acceleration
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B(2)

B(mo)

charge state breeding

charge state breeding with an ECR ion source
14.5 GHz PHOENIX from Pantechnik

» continuous beam
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2 TRIUMF
charge state breeding results

14
efficiency and charge state distribution
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Q charge state Q Q
radioactive ions from on-line ion source stable ions from off-line and on-line ion source
total efficiency >17% total efficiency 35%
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charge state breeding results ;

maximum of charge state distribution for Na to U

required charge state for stable isotopes
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A/Q requirements can be fulfilled for elements with Z~< 60-70
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current [A]
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ECRIS background ’

stainless steel
—— aluminum

‘ background from residual gas and

plasma chamber materials

M '( ’ A “ Material has been changed from stainless
” l f / " mw steel to aluminum
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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)

2022-06-26
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software tools for set-ug

Beam Companion Explorer

example %4Sr

_ 04a 14+  94g 15+ 94,16+ 94 17+ 94,18+
Available Charge States: Sr Sr Sr Sr Sr

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

94Sr1 9+

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
94 14+
94g 14+ 20007 Sr CSB Known Stable
AQ 6.708 ' Transmitied Contaminants
s 1.00e-7 : ]
; Species A/Q
@ Filter a7 7
3.00e-8 i 6.707
6T zn 10+ gEo2
1.00e-8 = — = Tse ' 6720
. i i i Mo 14 6707
3.00e-9/* i i i hi 107 pg 18+ 5681
1.00e-9 14 gn 17+ 6700
= f f f ——+ 128 e 19+ 5731
E 3.00e-10 i i T T — 134 ¥ 20+ 5 GO5
g - !
o 1.00e-10 t t t t t t t t e . o t
C I I I I I I I [ ] I I I I [ -
T 300e-m : : : : : I—— : : : : —
1.00e-11 Other Possible Stable
Contaminants
3.00e-12
Species A/Q
1.00e-12 Ttge Mt g720
a7 13+
Rb 6685
3.00e-13
| | | | | | | | | | | | ot gess
6650 6660 G670 6680 G690 B700 6710 6720 6730 6740 6750 6760 6770 Sz 14 5707
AQ Mgy 15 g726
Save Plot 14cg 7 5700
121 sh 18+ 6.716
128 Te 19+ 6.7531
127 | 19+ 6.670
http://dx.doi.org/10.5281/zenodo0.45582 822" Geos

2022-06-26 A4~ 15+ 94,15+
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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:

Click to generate plots & companion lists

AQ (After stripping, DSB-SEBT)

94Sr15+ 94Sr20+ 94Sr21+ 94Sr22-l- 94Sr23+ 94Sr24+ 94Sr25+ 94Sr26+ 94$r27+ 94Sr28+

CF: 22.3%

CF: 0.0%

2030

CF: 1.8%

CF: 5.4%

CF: 11.9%

CF: 19.0%

4gp24+

CF:19.1%

CF: 12.0%

3.920

3910

3.900

3.890

3.880

3.870

3.660

3.850

3.840

3.820

3.810

_

6235

2022-06-26

6240 6245

6.250

B6.255 6.260
A/Q (First stage. CSB-DSB)

6.265

6270

6275

6280

6.285

Save Charge State Fraction Plot | | Save Charge State Fraction CSV |

© Isobars Only @ All Contaminants
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Summary ISAC :

More than 20 years radioactive beam delivery
More than 800 isotopes
Post-acceleration up to 15 MeV/u

ECR charge state breeder 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 — 16%Er
efficiency 1-5%

problems:
high background
long breeding time (~20 ms*q)

Ongoing improvements to ECR charge breeder:
implementing 2 frequency heating and improving injection/ extraction optics
— higher efficiency, higher charge states, more stable operation

Discovery,
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New opportunities with ARIEL and CANREB

Advanced RarkE Isotope Laboratory
CANadian Rare isotope facility with Electron Beam ion source

* One additional target 30 MeV using (100 kW) and photo fission
* One additional target using 500 MeV protons similar like ISAC
* High resolution mass separation M/AM =20 000

« Charge state breeding with an EBIS

2022-06-26
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100 kW,
35 MeV electrons
(range ~ 5 mm)

35 Mev
E/ec r
=i 0’75

converter
Ta explosion welded on Al

2022-06-26

ARIEL electron target design

23

Commercial vacuum valve
Target transport engagement

FEBIAD magnet

coil (preliminary) Heat shield

lon source

Converter in : _
heating terminal

cooling shroud and

vacuum enclosure _
Transfer line

Target material
container

Target heating
terminal

Target base plate

Target vessel lid with
converter assembly
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Pulsed Drift Tube (PDT)
Matches beam energy for EBIS injection

Electron Beam lon Source (EBIS)
Charge breeds beam (3 <m/q <7)

Nier Spectrometer (NIS)
m/q separation of charge bred
beams (R < 300)

@®—® Beam in ISAC)

Beam out
(O— Beamin (B2)

0 2 4 6

Scale (in meters)

2022-06-26

CANREB overview

Radio-Frequency Quadrupole

4~ | Post-acceleration of ions (A/q < 30)

ARIEL Yield Station (AYS)

/ Measured radioactive yield

ISAC-I

24

ISAC Yield Station
Measures radioactive yield

Off-Line lon Source (OLIS)
Stable ion beams
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ECRIS background

107 I

<
5 107 ﬂ 1|
% 10 ”
§10‘9 1
o1 (1LY . Y I.a.luu A A a0
2 3 4 5 6 7 8

Alq

— ECRIS
— EBIS

9

« Generally orders of magnitude less than typical background from ECRIS

2022-06-26

Exception: A/q = 4 (He*) - Increased by gas diffusion from RFQ

B. Schultz
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300
2 Hll 85-Rb data

2 25.0 mmm 85-Rb (CBSIM)
S 20.0

Relative abund
=
o

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Charge state g

» Charge state distribution for Rb ions

B. Schultz
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2 TRIUMF operation
ISAC beam delivery

27

7000
B Target/ion source 6000
downtime
-
m ISAC facility 5000 I
downtime 4000
w
O Cyclot.ron 5 3000
downtime :E
m Tuning 2000
procedures 1000
E RIB on Standby
(SIB in use) 0 -
B RIB development -1000
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
(YTD)
m RIB delivered to
experiments Year

Typical duration of one experiment 2 days to 3 weeks
~8 months per year since 2018 reduced schedule for ARIEL installations and COVID
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Future operation
ISAC + ARIEL beam delivery

» Total hours to users: 9000 per year

28

* 3 simultaneous beams
« 2 to low energy experiments
1 accelerated beam

* Fixed duration for one target (3 weeks)

* Reduce overhead for beam tuning by implementing high level applications
using ion optics model-based tuning, scaling and accelerator phasing
— Spencer Kiy, presentation Tuesday, 11:50
poster Tuesday, 16:00
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Thank you
Merci

www.triumf.ca
Follow us @TRIUMFLab

®© O @
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