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TRIUMF’s accelerator complex

40 MV SRF (J ISAC-II T— = ~‘ ISAC
Heavy lon Linac - >10AMeV _ Highest Power ISOL RIB
T oy g, facility
Advanced Rare i i == - Nuclear Structure
Isotope Laboratory @ - Nuclear Astrophysics
(ARIEL) ~“) - Fund. Symmetries
| Tl - CMMS (BNMR)
e-LINAC ISAC-| =
300-500 kW 60 keV, . | @( Nordion
photo-fission 1.7 AMeV | =15 .. commercial medical
driver ﬁ ~ 7" isotope production
(2015-2017) !l F% iw 3 cyclotrons
B S ® |
CMMS
¢ Centre for Molecular and
- Cyclotron irm_ Matlerlal Science (uSR)

L e  500Mev ' Particle Physics
Ultra Cold Neutrons (2015 -)
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ISAC rare isotope facility

EMMA

W TIfS’RESS
-|‘ ' Programs in
A

* Nuclear Structure & Dynamics

ISAC-I and ISAC-II Facility

ISAC II:
> 10 AMeV for A<150

* Nuclear Astrophysics
* Electroweak Interaction Studies

1 « Material Science

e TIN5 >

ISAC I
S5 160 keV & 1.7 AMeV
= — T Lcbarill :

RFQ

TRINAT

/ High Resolution
LEBT Mass Separator

ISOL facility with highest primary
' beam intensity (100 pA, 500 MeV, p)

Target Stations 500 MeV
Protons

//
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Experimental facilities and programs @ ISAC
mternatlonal program

TITAN Penning Trap
facility

DRAGON recoil

- ffj'l-l—
' ES S
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L[ TE  FutureProjeet

B

® expand RIB program with:
® 3 simultaneous beams

® increased number of
hours delivered per year

® new beam species

® enable long beam times
(nucl. astro, fund. symm.)

® increased beam
development capabilities

[ A ' S//Aal
\X D\j @? \'\ ISAC | FACILITY
=— Il '

ARIEL
FACILITY

b ]

O, i
. o8 MESON HALL
3 M-2 -20
I -
4 & o & K%
¥ : X : %
. -2 oy 5
o = L & E =
R o !0 " ¥
ELECTRON HALL CYCLOTRON VAULT T

® New electron linac driver
for photo-fission

]

" New proton beamline

" staged installation
" started 2012
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ARIEL, Civil construction and eLINAC

Cyclotron
, Vault (exiting)




e TRIomE ARIEL: e-linac for photo-fission

INJECTOR ACCELERATOR
CROMODULE CRYOMODULE #1
50 kW
coupler 50 kW Couplers
300keV e-GUN EH
1.3GHz NC
Buncher 50 kW 50 kKW 50 KW
Cavity coupler  coupler

physics production
« 2018 photo fission

* 2020 proton beam (3 beams)

total power: 0.5 MW )

14 foe
ACCELERATOR Eoemto 104 fissions/s

CRYOMODULE #2

il
......

50 kW Couplers

llllll

;L!: Neutron
Photo-fission products using 50
MeV 10 mA electrons on Hg
convertor & UC, target.

coupler
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Atomic Masses.

data from Ame2011-preview (G. Audi and W. Meng) ]

N-O+Z-©0+ ~Z-¢
- binding energy

Binding energy includes g :
all effective interactions i ;
and reflects the nuclear potentiall

Mass difference of 2 nuclei s b i .

f\bundance IV? A |

L R T T T TR I2720
reactions (like in stars) i Element Synthesis
and for beta decay i viar-process (supernova)

T eoa neutrinoless B ¢

10’< dm/m < 106

RO The nature of neutrinos
£ A T et and double beta decay
Halos and skins - S A T
e 2 o S \e s TR TN dm/m <108
e 2 > 4, % [ B “m 1 \ .
d 3 8 1 NS o]
- T R N A,F?‘* o
0 o fo 0 ote e breet 1al ENUCIEAR ShEllS
T Ry B, s Kepler's supernova
— 107 ] L BN I T 6< < 105 remnant, SN 1604
‘ 8m/m - 10 10 15 20 25 @ 30 10 Sm/m 10

Neutron number


//upload.wikimedia.org/wikipedia/commons/d/d4/Keplers_supernova.jpg
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ISAC RIB Facility

ISAC-I and ISAC-II Facility TRIUMP’s Ion Trap for
Atomic and Nuclear

Science

* High-precision mass
measurements

* In-trap decay
spectroscopy

/
Low-energy beam

transport / / |l
Mass
Separator

ISOL facility with highest primary beam protons

intensity (100 pA, 500 MeV p) @TRIU MF
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The TITAN Facility

BNG: fast m/q
selection

MPET: mass

measurement via
cyclotron frequency
determination

RFQ:
Accumulation,

cooling, and
bunching

f s ] “
UL =

e : S
continuous rare g k= bunched beam for
isotope beam £ i;" _laser spectroscopy

Future traps:

€ * MR-TOF MS after RFQ (w/ U. of Giessen)
o 3ot » Cooler Penning trap before MPET

* Both set-ups installed off-line

offline
ion source

J. Dilling et al., NIMB 204 (2003) 492
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Measurement Penning Trap

'Wi 62
=
(@)]
T 60- 7
magnetran (-} cyclotron [+3 B
[}
E s8] 1
|_
* Lorentz steerers < 73INa*
» TOF-ICR technique 2% T,, =17 ms '
i ons -1=oo -5=o <=) 5=o 1c=>0

- Fast measurements:
Ty 2 9 ms (L)

v_. - 1831558 [Hz]

M. Brodeur et al., PRC 80 (2009) 024314; M. Brodeur et al., IIMS 20 (2012) 310
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Penning trap mass measurements

Precision and accuracy

=« |ISOLTRAP
= JYFLTRAP .
= LEBIT :

TITAN -

CPT o N

SHI PTRAP ff,.-l‘_'_: '“: *-\:‘\_. ,f:;’f "__“_;:I : N\

In'. r i__ ™ - Y r II.' [ ] % '\.II |
N B W [ N o i
| ( l 'r!' " Jl g | ] | l L N ..-l : .'| |
} . 4y | } — F

Phy. Scr. T152 (2013) ji=— -TTV =l SO " S
accurate, precise, Since PT were
but not precise but not accurate deve|0ped for iOﬂS,

Accuracy

« exact theoretical description

L.5. Brown and G. Gabrielse, Rev. Mod. Phys. 58, 233 (1986)
G. Bollen et al., J. Appl. Phys. 88, 4355 (1990)

M. Konig et al., Int. J. Mass Spect. 142, 95 {1995)

M. Kretzschmarr, Int. J. Mass Spect. 246, 122 (2007)

« even for non-ideal traps

G. Bollen et al., J. Appl. Phys. 88, 4355 (1990)

« off-line tests with stables

they behave
the same way for
stable or unstable
particles!
Ideal for systematic
test and
optimizations
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Verification of performance

using stable masses (or standard 2C)

W K.Blaum et al., EPJ A 15, 245 (2002)
HEE : ISOLTRAP: Carbon Cluster tests
(dm/m),.. =8-10-9

G,

B. Brodeur et al., INJM 310, 20 (2012)
TITAN: Global compensation method
AR/R,, = = 4(6) x 1072 . A(m/q) - V,

_5_2: X P pu HHEE : * B B Mag
bIEEEEE =R be HEAERS = C. Droese et al., NIM A 632, 157 (2011)

Suppert flange

SHIPTRAP: Temperature stability

(KF100) G 0G0 COC 000 Vacuu 0.=1.3(3)x10%%h
V.-V. Elomaa et al., NIM A 612, 97 (2009) = — -~ Bore o
JYFLTRAP: Carbon Cluster tests
Oresim(r)/r=7.9x10° Temperature
sensor

o \
mgwingr HV ground . 4 kV
-100V 50V =
the source \ // Extraction electrodes Fa?/

? \
&‘/ Temperature Heating elemer]
Carbon- imi

delimiter

cluster beam \
HV shielding
— Other on-line trap systems do this
as well...CPT, LEBIT...

Reached high accuracy
and precision:
Excellent reliability
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Fast and efficient
(but keeping the precision)

- Improve precision using | }
different excitation mod = } : B
Ramsey (gain factor ~2)

5]

=TOF=[us]
@

« Precision dependsonv,,

16

boosting the frequency i 76Rb+12
key. ¥ . Trf= ?? ms . . 10 "Rb
- Can be done with highc. G " messiaments

Vrf

oaionmodes. S 1)

000204060810

SHIPTRAP: S. Eliseev et al., PRL. 107, _ 000204060810
152501 (2011) tme time
. . . (c) 020 0.20
— Using highly charged ions: _ 015 _ 015
developed at SMILETRAP, now also for = 010 2 010
radioactive beams: TITAN : S. Ettenaueretal., =~ 005 005
PRL 107,272501(2011), 1JMS 349 (2013) 79 0.00 : 0.00

-3-2-101 2 3
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The need for speed

Developed very fast preparation:
(needed to ensure reproducibility of initial conditions)

For ex.: Lorentz-steerer developed at LEBIT:
able to reach short half-lives below 100ms:
ISOLTRAP:
32Ar(98 ms) K. Blaum et a;.,

PRL 91, 260801 (2003)
74Rb(65ms):A. Kellerbauer et al.,

PRL 93, 072502 (2004)

TITAN : ""Li(9ms) M. Smith et al.,
PRL 101, 202501 (2008)

But we have also done other short-lived species:
12Be (21 ms)
34Mg (20 ms)
31Na (17 ms)

Demonstrated off-line that 5 ms cycle are possible:

Protons

o Wstable -

B >65ms isiie
W>6ms i
ol W>4ms R
m>1ms

(o]
[
]

[ ]
11 |
[ 1]

[ ]
]
]

NIEEEEENNEENENENENENEN
N EEEENENEENEENEEEEEENEEEEE
INENENEENENENENENENEEE
EEEEEREEENENEAE NN
O T
EEEEEEEENENNEEENNEENENEEE
NIEENENENEEEENENEEE NN
ENEEENENENENENEENENEEN
20r llllll=lll=========l==.
EENENENENENENNNEEEEES
ENEEENENENENENENEEE BN
lllll=llll=

ANENEN
10F HNNENEENEEEEENEE
INENNENEEEE B
ENNENENEENEE
ANNENNNEENEE
ENNENENENEEE B
H NENEEE B ©§

| g | | | |
0 10 20 9 10 50

Neutrons
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Some examples:
A=20,21 Mg & Island of Inversion

Island of Inversion

* N-deficient Mg isotopes
* N-rich Na, Al, Mg isotopes (lol)
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Mass measurements at A=20,21

 Mass measurements of Mg masses
Technical difficulty: ISOL production is not selective:
* ISobars are co-produced with the isotopes of interest!
* Na, closer to stability, and longer-lived
 much more extracted and delivered to
experiment (1.000.000-1 ratio)
 cleaning system required!

I . [ [l [ [l f |
22 §j |[2=8i |[22si |[2= si |[26 Si 57 n: | EYWYEA EYWYEA €
B*=100%| |B*=100%] |B*=100%| [B*=100%| |B*=100%

. Parity (Z,N) : all

- 21 My |22 My & DECAY MODES
B*=100% ||| g*=100% [ 8+ =100%| [p*= R T8 5%

20 ua 21 h il 23 a

B*=100%] [B*=100%| |B*= Aberdane=100% nternal Transition

7 "e 18 “ 19 n 20 21
B*=100%

21 Magnesium

Z:12 N:9

22 a1 (|22 A1 ||22 481 ||2= Al Base : NUBASE
B*=100%| |B*=100%| |8*=100%| |B*=100%

B*=100%| |B*=100% | (Udziolny Pan=iaivil Eloiziat:)




TRIUMF -
e Tricks for clean beams:

Go to the source! lon Guide Laser lon Source (IG-LIS]

Repulsion of ions created inside the target
(Shifting of target and repeller electrode potentials)

RF quadrupole ion guide for radial
confinement of created ions

Copper heat shield

(water cooled)
Element selective laser ionization
in cold environment

F—— 10mm
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Performance of the source: IG-LIS

. P | ! | ] 1 1 1 B Mg measured
10 3 : P BG measured
" SiC#28 40puA p™ - Mg laser & Mg reference
10 —— transmission mode
10" A Yr delivered isotopes
A
T . no
c 10
(@)
3 10° /\
w |
— 7 1k al o
g 10 HM | o R AT
8 10°
2 10°
©
S
; 10° s
© 3
S 10 A
10°
10’
10°
10"

" mass [u] !

Background reduction of 6 orders of magnitude!
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Penning trap mass measurements

- i R2ETT T I T3 L L T L
50f ] i ] 54F 3
- . 50 b - -

a—\4B- [ - [ ] ﬂﬁz__i .

%ﬁf ] %"B? ; %fﬂ:— :

=, - 1 B 46[ J & E

T 44f 1 5 1 F 8 E
[ ] 44 - - r ]

i [io ;Eﬁz 5

= apL 1 = - 1 F E 3
[ 1 4o g 420 E
38| ] [ - ]
il MITE NS NS RS A e i ?B:rlu|||I||||I||||I||||I|...I....I-|: 4UT|||::I::::I.|||I||||I||||I|...IT
=30 -20 10 0O 10 20 30 =30 -20 10 O 10 20 30 =30 -20 -0 0 10 20 30

vrr—2837494 (Hz) vre—2 103399 (Hz) vrr—2. 4707904 = 10° (Hz)

Measured Na contamination at MPET < |%
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Maas-AME12 (kW)

Time—af —flight { 5}

TRIUMF

Isospin-s

Yy

inA=20,21 mult

Ip

mmetry

breakin

lets with TITA

M(A,T,T,) =a(A,T) + b(A,T) T, + c(A,T) T,?

precision

improved precision

20Mg: 450 deviation from
AME12 & 15x improved

?IMg: 1406 deviation & 22x

Compared to USDA/B &
vEFT NN+3N predictions

20Mg

a7
O PRL 113, 082501 (2014)
1640

PHYSICAL REVIEW

» G.S. binding energy

Nuclide Exp. USDA USDB NN + 3N
Mg —6.94 —6.71 —6.83 —6.89
2IMg —-21.59 -21.79 -21.81 -23.18

* non-zero d coefficients in all three
multiplets, A=20,0+, A=21,1/2+, 5/2+

* deyp CanNot be explained by
USDA/B models

* uncertainties in yEFT calculations
too large to be definitive

week ending

LETTERS 22 AUGUST 2014

-BD.9%8

1352(0.1547}

Breakdown of the Isobaric Multiplet Mass Equation for the A = 20 and 21 Multiplets

A. T Gallant,"”>” M. Brodeur,” C. Andreoiu.* A. Bader,"” A. Chaudhuri,'* U. {:I'mv'.-'dhur_v,"'6 A. Grossheim,'
R. Klzl\J'.-'irlo:r,"7 A AL Kwizllkowski,' K.G. Lezu:h,"4 A. LCI'II]&II'LLE T.D. l\a‘Izu:d()nzlld,"2 B.E. Schullz,'

a0 ]
s :
a6 8
44 .
a2k R
aof ]
3af 20 M g + .
.I.IJJlII.I.I.JJ] I.I lII. IJ]IIII. L
30 -20 -0 0 10 20 30
Vre—2837494 (Hz)
Save POF
Print
 Gavedata
| 1Mg2D 1+
AME Une. (keW)
Weas, Unc, (kev]
Meas-AMELZ (kaVl:
+ + Birge Ralio:
T 'i" 1'
I 2 é 4 4

I Lelsscn,"6 H. Heggem' S. Racdcr,' Al Teigclh{')fér,"ﬁ B. A. Bl’()WILq Al legilligzm,m J.D. HolL”"z'q'i
J. Menéndez,"""* J. Simonis,"""? A. Schwenk,">"" and I. Dilling"2
lTR}'UMF, 4004 Weshrook Mall, Vancouver, British Columbia, V6T 2A3 Canada

i | | | |
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W Infruder dominates
Mixed
Normal dominates
Unknown

Island-of-Inversion Mass Cartography

Mass measurements with TITAN:

* Fast (short half-lives !)

N\ e Precise -Many with very short T,,:
A « 32Na: 12.9
TR e Accurate . 31NZ' 17 mrSnS

« 34Mg: 20 ms

figure from Himpe et al, PLB 658 (2008) 203

3nnIQ 31nIQ 32AIQ33AIQ34AIQ 35AI 3ﬁnl 37
16|| 13 17|| 13 18|| 13 19|| 13 20|| 13 21|| 13 22| 13 23| 13
# :

360s 3t 644 ms (5/2,3/2)* 200 ns (4)| 317ms v 417 ms 52+ 563 ms 4°# 286 ms 52# 90 ms
y M ~ 14954 (20) 1 =11080 (20) M -8530 (70) M ~2930 (110) M - 130 (180) M 5780 (210)
) M -15872 (14 : Eex 0557104
) 15872 (14) B-=100% T4 | 3-=100% B-=100% B-=100% B-=100% B-=100%
f~=100% B~ n<1.6% B n=07 (5)% B~ n=8.5 (7)% B~ n=12.5 (25)% B-n=41 (13)% B~ n<30%
29M 30“ G;.:“M Q:I-:'2M Oa:I.:'M QE"IIM q
12”17 1zgia 12g19 12 gzn 12”21 12 gzz
1305 3/2* 335ms O0° 230 ms 3/2* 95 ms 0* 905 ms T2 # 20ms 0*
. M =10819 (14 M -8911 (8) M -3217 (12) M -955 (18) IV 4894 (20) M 8810 (230)
! (, ) B-=100% B-=100% B-=100% B-=100% B-=100%
p==100% B~ n=0.06% B-n=6.2 (20)% B-n=2.4 (5% B-n=17 (5)% Bn?
28“ 29“ Q 30“ Q| 31“ 32“ 33“
16| 11 a 17| 1 a 18| 11 a19 1] aZII 1 a 21| 1N a22
305ms 1+ 449 ms 32(*#) 48 4ms 2+ 17.0ms (3/2%) 12.9ms (3-,47) 82ms 3/2+#
M -989 (13) M 2665 (13) M 8361 (25) M 12650 (210) M 19060 (360) I 24890 (870)
B-=100% B-=100% B-=100% B-=100% B-=100% B-=100%
: B-n=0.58 (12)% B-n=259 (23)% B-n=30 (4)%._ B-n=37 (5)%... B-n=24 (7)%._ B-n=47 (6)%._
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Island-Of-Inversion Mass Cartography

Island-of-inversion behavior due to
6 correlation energy
Isomer would have a smaller effect ~
4 Decay losses excluded 26 ms
state! n

| J J |
18 19 20 21 22 23 24 25

Neutron Number N
lRotaru et al. PRL 109 (2012) 092503

A. Chaudhuri et al, PRC 88 (2013) 054317; A.Kwiatkowski et al, submitted to PLB;
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The TITAN Facility

BNG: fast m/q
selection

MPET: mass

measurement via
cyclotron frequency
determination

RFQ:
Accumulation,

cooling, and
bunching

| rbunched beam for
W i laser spectroscopy

continuous rare
isotope beam

offline
ion source

J. Dilling et al., NIMB 204 (2003) 492
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Enhanced mass measurements:
Electron Beam lon Trap

¢ Superconducting magnet, Helmholtz configuration

* Design specs up to an electron beam 70 keV & 5 A

* 7 radial ports with recessed Be windows

\ . electron gun
« 900 mA achieved

0) 54 MAX-PLANCK-INSTITUT
A FUR KERNPHYSIK
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Optimizing Penning trap Performance

S m “Rb&  T,,=64ms
- = Heaviest superallowed B emitter
m B Tary/
RF N 600 f 75op 1+ i .
75 9 Rb '™ injected into EBIT
. . . ) 500 + Rb™"—> no ions injected into EBIT
N limited by yield/beam time ol < TSR
Tre limited by T, E RO .
. o 300 Rb"™*
B___limited by 6B/B 5
up to Z+ 200 1 142+ [|1602+
P 100 | v & Rp®
0 b M )l . . AN
24 26 28 30 32 34
Boost precision ” Ol
or . @ , (d)
Reduce experimental requirements - 1T -
1o S, 28
for the same precision n ”
E':' 26
N 24 25
29 20
=50 -25 0 25 50 -10 -5 0 5 10
v, — 6 145 705 [Hz] v, — 6145 705 [Hz]

S. Ettenauer et al., PRL 107 (2011) 272501
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Increased Resolving Power

1n-10
. _I_O EI TTITT T 1T TTTTT TPy T OO0 T TTI T 7Ty TTTIm T TT1 q= 1

- e w = 10, T = 20ms
— Breed

| — (= 0. = 20ms
= Breed

= q=350.T = 100ms
— . Breed

isomer

I |III|IIr T T

10-16 | IIIIIII| | IIIIIII| I.IIIIIII| | IIIIII| 'I.IIIIIII| | IIIIII|I|- | I“ﬁllll 111 III| —
6105 1024 103 102101 1 1a 1A |
107 107 1077107 10100 1 10 100 24

- 18Rp8* J -
22 — —
TRF _ 1\97 e N T R T

-10 -5 0 5 10 15 20

Vg - 5831495.0 (Hz)

A.T. Gallant et al., PRC 85 (2012) 044311



R TRIUMF

Improved Beam Purity

To measure "*Ge Q-value, needed 1'0_ —Ga
to separate small amount of "1Ge 084
from overwhelming "1Ga _
contamination 0.6-

Exploited Z dependence of charge- f_—g 0.4
state distribution & large increase in _
|, at closed shells 0.2-

Ne-like ions could be achieved for E, o
~2keV &Jt=20Acm?s > o

—Ga
predominantly *Ga?!* and "1Ge??* 08 ----GCe
(CBSIM simulations allow for a ]
systematic approach) 0.6-

= 044
0.2
0.0

1
A.A. Kwiatkowski, T.D. Macdonald, et al., NIMB 317 (2013 517 Ji [A (3m'2 s]
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Threshold Charge Breeding

- Charge bred to 7'Ga?'*, 71Ge??* Laser: | OFF ON
Q=21+ | "Ga | "'Ga, 'Ge

- Select desired q/m by TOF

Q=22+ — Ge
- Captured isobarically and 77 00
71G 21+ =N 71 22+
isoelectronically pure ion buncheo 7o} e 5 s ol

in MPET o

210 Tex: 117 ms

Tex: 117 ms q ("'Ga? ] 171 522108586

(C nFrg) : 0.188 H

3 T T T T T T T T T T T T T T T 0.30 -gfsf;‘éé:gz;')'u1fgLuzaz'g?4 = 060 oy 21135

[ ? 1 T 1 . Scans : 100

1 laseron Ge/’lGa R . . | oo | . | |

- —1 laser off 22+ 21+ 20+ T TR T
2 ~ electron beam ; ( ! frequency + 16.821.033 [Hz] frequency +17.622.108 [Hz]

I 70 mA/ 2.0 kV
1F ; 8.00

I -

I | B
0OF T . T . T — |I —t— | I %
21 I:I EBIT background (nc-lnjechon of A—?1 beam) IESBO

: o‘3+ N5+ c4+ b+ N4+ éuo
1F l ' !

ions/shot (average over 500 shots)
%

o

N L 1 : . L .
19 20 21 22 23 24 e a— S
time of flight ( us) Vg — 16 821 000 [Hz]
M.C. Simon et al., RSI 83 (2012) 02A912, D. Frekers, M.C. Simon, et al., PLB 722 (2013) 233
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Investigating the 7'Ga Anomaly

« SAGE & GALLEX measured w0 W i
solar v, flux ) 8 5 fogs
- 235.7(1.8) AME 83 : —_—,— 8
L 233.05(0.48) [d] o 1984 -
L 229.2(+0.55-0.45) [6]  —a— : 1991 -
. Deficit in measured-to- [z - 1083
- :231.9(3.3)_ AME 95 - H o5 |
predicted "'Ge event rates of 52 5(0.2) i 05 ‘
0)

1 3 A) or 250 . 233.5(1.2) combined —l—- TITAN 2012 1
232.76(0.3)(1.53) mono-beam . ‘§* 1 | stal.
234.68(0.71)(1.85) mixed beam —— sgt

o Need to Verify underlying 224 226 228 230 232 234 236 238
Q-value [keV]

nuclear-physics assumptions

— C.E. experiment verified
contributions from lowest-
lying 7'Ge states

— Remaining uncertainties from
Confirmation of "1Ga and
°1Cr nuclear structure.
9 The discrepancy persists. y

D. Frekers et al., PLB 706 (2011) 134; D. Frekers, et al., PLB 722 (2013) 233; T.D. Macdonald, et al, PRC 89 (2014) 044318



R TRIUMF

Getting new isotopes:

In-trap Feeding

030 0% Q=6962(16)
_M.g_< e
315(5) ms

1% logft
. Original question:Howto *" 7777777777
populate 34mA| (14,26 MS): w0 41 413 1
« Produce isomers or nucldie = | E
unavailable via ISOL
production through in-trap
decay 86.7(40)  3.8(5) . 688 1
~0 g N
0 SO0A|

« Proof of principle with 30Al 36
— 3%Mgt* parent yield =10° pps K
— Good separation of T, ,
— Expected observables:
 X-rays &y-rays
« HCl spectra on MCP
- Resonances in MPET

centra

T.A. Hinners et al, PRC 77 (2008) 034305; D.E. Alburger & D.R. Goosman, PRC 9 (1974) 2236
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In-trap Feeding: 3°Mg 2* Mother

Entries 152854
Mean 243.2
RMS 97.01
|In*agral 6.401e+04

with injection of Mg H—
background only
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ions/shot

In-trap Feeding: 3°Al%* Daughter
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In-trap Decay Spectroscopy

- Advantages:

— No backing material
— High purity sample

— Background material - precision
and sensitivity

- Objective: determine 2v2EC NME
by measuring branching ratios of
intermediate nuclei

Up to 7 SiLi detectors w/ CuPb
shields

1 HPGe detector for
normalization

Electrons are guided away from
SiLi detectors and can be
detected on a PIPS detector

OR

Electron beam can be used to
improve confinement

D. Frekers et al., CIJP 85(2007)57; K.G. Leach et al., arXiV 1405.7209
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In-trap Decay Spectroscopy

Counts/100 eV

—— Trap-full data
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Commissioning of SiLi array with 124CsQ*
Trap is completely emptied between runs

No positron-annihilation radiation
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Observed dynamic evolution of states

Used for 2v23 BR measurements

A. Lennarz, et al, Phys. Rev. Lett. 113 (2014) 082502; K.G. Leach et al., arXiV 1405.7209
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Multi-injection in EBIT:
lon Stacking

D

€7-beam m— \ ;( - incoming ions |
C ) K/ \ A" stay trapped when next bunch enters _» )
* RFQ space-charge limit 10.000x smaller ' s e ]

Trap Loading
Decay

than EBIT 10 |

25 ms RFQ fill x 600 injections
=15 s fill time

* Inject multiple ion bunches :
» Open trap for singly charged ions
« Close trap for singly charged ions (4V) “*°

ounts/s

4

« After charge breeding, ions experience 15 s trap closed/decay
. i 116|nm2 |C Decay
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K.G. Leach et al., arXiV 1411.4083
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TITAN technical developments

Multi-Reflection Time-of-Flight Mass Separator:

- Tested in Giessen to M/4AM = 50 000

- Will improve beam-purity capability from 1:200 to 1:10% desired ion to contamination ratio
- Arrived at TRIUMF 10t of September

- Off-line commissioning Spring 2015, on-line December 2015
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R TRIUMF

Summary & Outlook

«  Penning-trap mass measurements of very - ISAC offers excellent experimental
short-lived species opportunities
— Measurements in the N = 20 island of «  New developments with the e-linac and
inversion

_ photo-fission and extra proton beam line
- IMME Mg isotopes at A=20

«  Charge breeding

- Systematic approach w/ simulations TITAN technical developments:
- To boost precision -  MR-TOF
- Toincrease resolving power — Forisobaric contaminant removal & fast
— To improve beam purity (threshold charge mass measurements
breeding) — Tested off-line at Giessen

In-trap feeding demonstrated

- Populate a specific ground state or a nuclide
not produced with ISOL technique

In-trap decay spectroscopy

— Delivered to TRIUMF in September
-  Off-line commissioning on-going
— On-line planned for Dec 2015

| b : b o JUSTUS-LIEBIG-
—  Electron beam to improve observation time UNIVERSITAT

and confinement GIESSEN
- SiLiarray commissioned with %4Cs

- lon stacking demonstrated
- Exploring HCl effects
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