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ISAC rare isotope facility

ISAC-I and ISAC-II Facility

neress  Programs in

Nuclear Structure & Dynamics

ISAC I
- > 6 AMeV for A<1 50

Nuclear Astrophysics

* Electroweak Interaction Studies

Material Science

ISAC I
60 keV & 1.7 AMeV

@W

RFQ

TRINAT <
High Resolution
LEBT Mass Separator

Target Stations 500 MeV

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

target materials: Si, Ti, Zr, Nb, Ta, U )
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TRILIS beams

Group
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ISAC experimental areas

Low energy TITAN i Polarizer beamline
< 60 keV Penning Traps Laser spectroscopy, MTV,
(masses, in-trap decay)‘ i betaNMR (material science)

FRANCIUM MOT

(PNC, anapole moment)

N
= 1 L N
| | |—
1)

i Buncher & Cooler

,,,,,,

TRINAT

Neutral Atom Trap
(Bv-neutrino correlations)

Gamma & Electron
spectrometer
S

(decay spectroscopy

08/17/2012 NS12 - August 2012



R TRIUMF

ISAC experimental areas

-~ LEDA detector: 8 sectors x 16 strips

: TUDA
medium energy Astrophysical

~0.15-1.7 AMeV charged particle

reactions

R
g -
------

protons

DRAGON

Astrophysical
Ca pt u re IC/PGAC Z
reactions ™ cosmn

Recoil Detectors

08/17/2012 NS12 - August 2012




R TRIUMF

ISAC experimental areas

high energy TIGRESS + auxiliary detectors

> 6 AMeV for A < 150 12 clover y-ray spectrometer |
in-beam spectroscopy .

EMMA nuclear reactions

Mass analyzer for
nuclear reactions

HERACLES

fragmentation of
Ilght beams EOS

" Solid hydrogen target 4
\ ~for direct nuclear :
Roin

3 reactions
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Nuclear Structure Highlights

e precision mass measurements at TITAN
- masses of 2-neutron halo ®He and 4-neutron halo 8He (Brodeur, PRL2012)

- masses of °Li, ?Be: isobaric mass multiplet equation for A=9 (Brodeur, PRL2012)
- mass cartography of the island of inversion: 39-34Mg, 29-31Na, 29.32A|

10uA, 500 MeV protons on UCx

1000000 L4 Mg yields

n

[ ]
100000 A
L]

10000 A

1000 5 []

Yields [pps]

100 5

= |SAC 10uA,16mg/cm2
® ISOLDE 2uA,50mg/cm2 ]

10

1 — 77—

29 30 31 32 33 34 35
Mass

Meas-AMEO3 (keV)

~n
o
1

100 4

80 —

=3
=
|

N
=)
1

o
|

-20 -

new
| — i . ——
T 1, + ¥ T
32Mg mass
‘AMEOB

Save PDF

Print.

1Mg32 1+ -

AME Unc. (keV)

17.735

Meas. Unc. (keV)

1.403

Meas-AMED3 (keV)

83.832

Birge Ratio

0.8928(0. 1686)

Time of flight (us)

Time of flight (us)

N W W
©® O N
L
|

1 6He

15 10 5 0 5 10 15
Ve, - 9444 950 (Hz)

N
(]
!

EN
o

1]

w
(2]
L

w
N

J SHe
i

45 0 5 0 5 10 15
Ve - 7 075 833 (Hz)

N
©

- probing shell evolution and 3N-forces in neutron-rich Ca, K (talk by A. Gallant, PRL2012)
- masses of neutron-rich Rb and Sr isotopes near the r-process (V. Simon, PRC2012)

e utilizing polarized beams

- collinear laser spectroscopy of Rb, At, Fr: atomic structure, spins, charge radii

- B-decay spectroscopy in %8:3%Mg using spin-polarized 283°Na

(talk by A. Odahara, Kura et al., PRC2012)
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Nuclear Structure Highlights

e P-decay studies w/ 8x using y-rays & conversion-electrons

- shape evolution in 26:98,100,102Sr (posters by P. Bender, Z. Wang)
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Towards the r-process path:
uA 500MeV protons on 16 mg/cm? UCx
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R TRIUMF

Nuclear Astrophysics at TRIUMF

DRAGON & TUDA are world-class facilities to directly measure reactions in proton-rich outflows in
Novae, X-ray bursters, Core collapse supernovae

= determine production/destruction of cosmic gamma ray emitters: '8F, 22Na, 26Al, 44Ti

Recent results:

18F(p,a)1>0O (TUDA):

C.E. Beer, PRC 2010
22Na(p,y)?*Mg (U. Wash):
A.L. Sallaska, PRL’10, PRC’11

23\g(p,y)2*Al (DRAGON)
L. Erikson, PRC 2010

21Na(p,a)'®Ne (TUDA)
P.J.C. Salter, PRL 2012

18F(p, v)!°Ne (DRAGON)
26mAl(p,y)2’Si (DRAGON)

Cr o= * Nuclear Physics data needed, i.e. masses, half-
26 27 o el H L]
Al(d,p)?’Al (TUDA) Sy lives, shell structure
stable beam experiments: ﬁ * Fission of actinides with protons & photons
33S(p y)34C| 17O(p y)18F J‘,F' (ARIEL) enable access to r-process path
(Hager, PRC’'12), 3He(a, y)’Be R  First experiments at ISAC reached °2Rb (~10 pps)

08/17/2012 NS12 - August 2012
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Fundamental Symmetries

Tests of CKM unitarity & CVC hypothesis
= mass measurement of 74Rb8+ with TITAN (Ettenauer et al., PRL2011)

= charge radius of 74Rb from collinear laser spectroscopy (Mane et al., PRL2011)

* branching-ratio measurement w/ 81r:

74Rb (x 3 improved), 26mA] (Finley et al., PRL2011, PRC2012)
= half-life measurement w/ 81r:

140 (poster by A.T. Laffoley), 1°Ne (Triambak et al. PRL 2012)

Francium PNC program
o utilize 10pA of 500 MeV protons on UC  target

e Successful Fr yield measurements, hyperfine spectroscopy of 293Fr
e MOT trap currently under commissioning

Towards EDM experiments
e Laser ionization and spectroscopy of At & towards atomic EDM in Rn
e Lol for Fr fountain experiment = towards electron EDM experiment

TITAN-EC branching ratio measurements for double beta decay

e in-trap EC/B decay of 11In inside TITAN-EBIT w/ Si(Li) detectors
(poster by C. Andreoiu)

08/17/2012 NS12 - August 2012
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ISAC experiment projects

IRIS solid hydrogen target
- charge particle spectroscopy station, commissioned
e TITAN CPET

- higher precision masses using cooled ions (2012)

e TIP Plunger for TIGRESS + Csl Ball (poster P. voss)
- lifetimes of excited states, Csl for charged particles (2012/13)

e DESCANT
- neutron detector array for TIGRESS and GRIFFIN (2013)

e SPICE (poster S. Ketelhut)
- in-beam electron conversion spectrometer (2012)

e EMMA
- Mass analyzer for ISAC-II reaction program (2013)

° GR|FF|N (poster A. Garnsworthy)
- gamma-ray array, 300x 8tr yy-eff. - (2015)

+ Proposals for campaigns w/ 3Hen, VANDLE,
Super-ORRUBA

08/17/2012 NS12 - August 2012
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Advanced Rare Isotope Laboratory

ST ISACTT |
T _lrg N Substantially expand RIB
e e /> program with:

"« three simultaneous beams

* increased number of hours
delivered per year

* new beam species

New Mass * increased beam development
Separators capabilities
New
Targets i Implementation:
= Complementary electron linac

; BEAMLINES AND  driver for photo-fission

| @/} EXPERIMENTAL
e\ (8 — - FACILITIES

= New target stations and front

3 end
ARIEL |
ARIEL II " New proton beamline
e-linact Existing = Staged installation

13
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ARIEL construction

Target Hall

Electron Ha
(occupation fall/
winter 2012)

f tunn
i ).~ breakthrough
. - ’.:“‘."‘\ﬂ \ ‘&“ ! ) S
(occupati(;n spring 2013)
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e-Linac: MW-class Superconducting Electron
Accelerator at TRIUMF

INJECTOR ACCELERATOR ACCELERATOR
CROMODULE CRYOMODULE #1 CRYOMODULE #2 Kinetic energy (MeV) 50

50 kW Average current (mA) 10
50 kW Couplers 50 kW Couplers

coupler

Duty Factor 100%
I Beam Power (MW) 0.5

300keV e-GUN

1.3GHz NC
Buncher 50 kW 50 kW 50 kW 50 kW
Cavity coupler coupler coupler

Proton

up to 1014 fissions/s

m 10713
W 10712
m 10”11
W 10°10/s
m 10°9s
m 1078
m 1077

1076/s

w1075/
m 1074
1073
_'H 10~2)s

10/s
s

e

Photo-fission products using 50 MeV 10 mA
electrons on to Hg convertor & UC_ target.

Neutron
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e—LINAC developments

Chromox Target: ~0.3uA Beam Current - Solenoid Scan

emittance scan of e-gun |

S

. @ cryomodule

1.3 GHz SINGLE CELL TRIUMF CAVITY TEST (12/06/2011)

A 4K test
+ 2Ktest
00000 o o S oW
1.0E+10 5000 *Soe
o T *
8 ‘ou,
1.0E+09

| L 100 kW operation startlng 2014

[ /\pft

e first science: 8Li photo-production for BNMR

0 5 10 15
Accelerating Gradient (MV/m)

1.0E+07

08/17/2012
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Science enabled by ARIEL

Actinide proton beam-line:

High intensity, clean beams for electroweak a8
precision experiments:

- Francium PNC

- Atomic EDM in Rn

- Electron EDM using Fr fountain

Multi-user operations:
More beam time for

- Beam development

- Nuclear astrophysics
- Precision experiments

50 —r),
e
Ve

-

_eLINAC:

————— Delineating the r-process path with fission

fragment beams from the eLINAC

- masses, charge radii, decay properties

- transfer reactions mapping shell structure

- indirect studies of neutron capture and
photo-dissociation rates

—> Proton number Z

' 8
2 —— Neutron number N

08/17/2012 NS12 - August 2012
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Thank you!
Merci!
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Nuclear Structure 2014 in Vancouver
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