R TRIUMF

Canada’s National Laboratory for Particle and Nuclear Physics
Laboratoire national canadien pour la recherche en physique nucléaire
et en physique des particules

The ISAC science program at TRIUMF

Highlights, status, and future plans

J. Dilling

TRIUMF/University of British Columbia
Vancouver, Canada

ISOLDE Workshop
November 25 2013

% THE UNIVERSITY OF BRITISH COLUMBIA



R TRIUMF

TRIUMF’'s accelerator complex
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R TRIUMF

ISAC rare isotope facility

ISAC-I and ISAC-II Facility

TIGRESS

Three experimental areas:
~ =+ Low energy (60 keV)
|+ Medium energy (1.7 AMeV)

TRINAT

ution
rator

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

Target Stations 500 MeV
Protons

RIB and SIB parallel beam operation |




R TRIUMF

Experimental facilities and programs in NP
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QR TRIUMF ISAC rare isotope facility

Targets and Yield: TRIUMF, SFU lon Source: TRIUMF
P. Kunz et al. P. Bricault, F. Ames. J. Lassen et al.,
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R TRIUMF

Science highlights

ISAC-I and ISAC-II Facility

1. low eneragy area

« Fr PNC trap
o Collinear laser spectroscopy
« TITAN mass measurements

HeE

High Resolution

ooooooooooooooo

@TRlUMF



R TRIUMF

Fr-TRAP: atom trap for weak interaction

Fr isotopes: Heavy nucleus, simple atomic structure
=» candidate for low-energy tests of hadronic weak interaction (effect scales with Z)
=» search for physics beyond the Standard Model

8s ——p— Parity-non-conserving (PNC) atomic transition (8s =7s)
) =» Probes strength of the weak neutral current between
| = electron and quarks at very low momentum transfer

|A~’.rark+AM1 APV|2 7
p . .
506 nm i magnetic mom. anapole helical EM current
817 nm
I

A. Weis, U. of Fribourg

Anapole moment (parity violating, time reversal conserving):

3

arises from the weak interaction between the valence
nucleons and the core

—
o
L

---Cs result

—Fr0% » probes isovector and isoscalar weak N-N couplings in the
nuclear medium

-(h® + 0.7 hy,0)
>

isoscalar coupling

h o o

* Use multiple isotopes
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Fr Trap program

Fr-TRAP: TRIUMEF - Maryland - Manitoba - San Luis Potosi - William & Mary Shanxi - Stony Brook - New South Wales
L. Orosco, G. Gwinner, M. Tandecki et al.

2010:

UCx targets, enabling FrPNC program, become routinely available at ISAC
Fall2011:

Construction of facility from scratch

September 2012:

Initial commissioning, trapping of 2°°Fr, 22'Fr and 2%/Fr*

September 2012 (S1336):

Off-line implantation of 22°Ac to trap 22'Fr off-line

November 2012:

Measurement of 7p, , splitting and isotope shifts for 205Fr*o, 207Fy, 209Fy, 213F*

September 2013:
Continued sPectroscoplc measurements on 206Fre, 206mFy*o 208Fy 209Fy 210Fy,
211Fr 212[:,- 2

2010-2013:
Collinear laser spectroscopy? on 204am1.m2gy 205Fr 206gmIm2Ey yy r t, 208Fy
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@TRIUMr TITAN @ TRIUMF
masses, In-trap spectroscopy, and laser spectroscopy

Mass measurement
Penning Trap

Precnsnon
Pe

a) SC

; ...-:':.-_-_. q,"",-_lll ......"I.' ‘_ L..-—L " . 3
'L' %Jn_.!'

C ole U VO1ICA a1l

bunched RIBs

off-line ion svuic

J. Dilling et al., NIM B 204 (2003) 492-496

I J. Dilling et al., IIMS 251, 198 (2006) I




QTRIUMF Collinear laser spectroscopy

TITAN/Laser-spectroscopy: TRIUMF, McGill, Manchester UK
J. Crawford, F. Buchinger, B. Cheal, M. Pearson et al.

Francium spectroscop Rubidium spectroscopy
HE" LA L B LI LA : oL L S e | 99Rb
25— = 30 ]
e 3 o 208 10
= d.l - 1of 1
= ¥ A R B R 13—_,|J,|,,L L ZM l“
VT 717 T 0 32T B L I L | 50
-z 3 = oE o 206 20 98Rb
@ g3 A - 11"9; o G NEE 10 N
E oL L | [ o ol | L Tl 0
= 20 T [ T 1T T 17 ¢ 17T ' T T I 20 L L | ﬂ 80
[ 15 — -] 15 — -] 205 é 40 ‘L 92Rb
1o = 10f 425, §
3 P Jl RN, 3 - ,m E 23
=E L SFTTOET T T 10 A 87Rb Mh
:1115 :: 10 10 - - 11141:,1_ 0
= sE sE ||I - 80 F ' . . :
oF . 0 40 AA 85Rb
Wavenumber 0 L . A
« Fully resolved spectra scanning over ~3000 -2000 ~1000  © 1000 2000 3000 4000
60GHz with a single laser locking point Relative Frequency (MHz)
allowed two isomers to be found in +  Spectroscopy of N-rich Rb isotopes
each of 204206y, - Identification of isomer
- A.Vossetal, PRL 111 122501 (2013) * More studies needed to do full

assignments
- | Spins, moments and charge radii are 9

currently being determined.
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1Ge-"1Ga mass measurements

solar neutrino measurements: gallium anomaly

19 20 21 22
3 T T ! T T T T ! T T T T T T ' T T

I
1 Ge & Ga (laser ON) 22+
r 1 pure Ga (laser OFF) :

b

[

I — EBIT:backgrou:,nd (no in:jection of A=:71 beam)

[ I e

06+ N5+ Ca+ 05+ N4+

ions/shot (average over 500 shots)

19 20 21 22

<

time of flight (us) =<
Ge delivery frorT1 ISAC required Laser Ionl.zatl.on | Special Thanks
= clean 71Ga?! if Laser OFF (Ga surface ionization) to
—> clean 71Ge?? if Laser ON (Ga not bred to q=22+) Jens Lassen &
the TRILIS team
— Selection of species via laser and electron energy

—> Different ionization energy, depends on chemical element (and Z)
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Separation of isobars by use of threshold

and e-binding Is

charge breeding: Z of Ge and Ga is different
Z-dependent (both Ne-like
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R TRIUMF

Mass measurements at A=20,21
IMME and test of theory

& some more tricks for clean beams

experiment (1.000.000-1 ratio)

Cleaning
system required!

ZIIM
12 g 8

90 ms 0*
M 17570 (27)
3*=100%
3p=30.4 (16)%

pr=
BT a=25.0 (4)%

Mass measurements of p-rich Mg masses

B*p=8 (4)%

3+=100%
Bro=0.033 ...

Isobars are co-produced with the isotopes of interest!
Na, closer to stability, and longer-lived
Much more extracted and delivered to

B 100%
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«Ne ;|
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Repulsion of ions created inside the target
(Shifting of target and repeller electrode potentials)

Copper heat shield
(water cooled)

Element selective laser ionization
in cold environment

— 10mm




R TRIUMF Performance of the source: IG-LIS

Laser ion source group: TRIUMF, Laval, U Manitoba, Oldenburg
J. Lassen, H. Heggen, A. Teigelhoefer et al.
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B BC measured
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——— transmission mode
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R TRIUMF

Results of the mass measurements

possible with the IG-LIS

. AME 2012

Meas-AME]? [keW}

AME 2012

Meas-AMELZ (ke
'\.In =] w
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R TRIUMF Results of the mass measurements

TITAN: TRIUMF, UBC, SFU, Manitoba, U Muenster, MPI-K HD, Stanford, Dresden
A. Gallant, A. Kwiatkowski, J. Dilling et al.

] Direct data improved — but also use

1 phenomenological

isobaric multiplet mass equation (IMME),
improved by TITAN

NN-only: over-bound

Ground-5State Energy (MeV)
o

_H o H[ﬁ,: I'l..'ll ..-‘_"Il. .'IIIL‘-,H_ —
| & % F -
[ —— NN+3N N 1 NIN+3N: improved agreement with
10— NN#3N (sdfp,,) ” - Hmpre &
" e AME2012 +TITAN ] experiment/IMME
-121 - IMME

16 17 18 19 20 21 22 23 24
Mass Number A

Adopted from J.Holt, Menendez, Schwenk, PRL (2013)

3N forces. A. Gallant et al., submitted to PRL.




R TRIUMF

Science highlights

ISAC-I and ISAC-II Facility

2. medium energy area

* Nuclear Astrophysics
with DRAGON
* Energy quasi-continuously
i = N up to 1.7 AMeV

High Resolution

ooooooooooooooo

@TRlUMF
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Direct capture measurements for nuclear
astrophysics: the DRAGON facility

Magnetic
Dipole

Beam of exotic
nuclei

Charge Slit

* Detect photons o Box
and reaction v Hydrogen gas ._ -
products in : 5 Y.
coincidence : il

: . ¢

* Determine A Magnetucé AN
strength of ““*-a__ h N4 DRAGON Quads =Y
particular 3 ~ | gastarget EI :
nuclear A ectrostatic A
reaction ; Dipole ~—— T4

Final Focus n \
: Mass Slit
DRAGON: B?‘ gzggztlc Electrostatic Box -

Direct measurement of
proton- or a- radiative
capture e.g.
2INa(p, y)**Mg,
23Mg(p, y)>*Al, 8F(p,y)°Ne,
12C(a,y)%0, 3He(a,y) Be,
269,mA|(p’ V)27Si,

* Firstisomeric beam

Dipole
/ Quads

- el N
. Beam suppressmn usually in range 108 — 1013
* Recently demonstrated highest ever beam

suppression for a recoil separator > 1014
S.K.L. Sjue et al. NIM A 700, 179 (2013) jnetic

ecoll Detectors Q M ". ﬂﬂ_ *. E_ ) fole

19



R TRIUMF

 Resonance strengths as small as ~10 yeV
 Measure in presence of strong isobaric contaminant backgrounds (1000:1)
o Competitive stable beam measurements = 1 pA level using offline ECR

e High mass capture measurements for the p-process e.g. 6Se(a, y)8Kr

Avge. beam intensity = 1 x 1012 s Avge. beam intensity = 1.6 x 1010 s!
700—
E : 25001-(a)
600 Singles events _
- : y-coincident events _;“50 2 Zoo i )
500 % 2400 .“1'.__".’r “ 2
- = all . X i
& — b L i '.:.
£ 400 £ 2350 3 : :
- ' ) o0
8 300 & 2300 .8 ° )
- = L1 ‘ O o © o
- o 2250F o 2 .
200— . O 3 .
= Recoil °Ne = 5000 34Cl recoils
100 Leaky 160 °o o o
3 k 2150
03001300600 80050002200 530056002800 et e
Time-of-fight between MGPs [channel] 0 2000 4000 600D 8000 10000 1200014000 16000 18000
160(a,y)®°Ne: U. Hager et al., Phys. Rev. C 86 33S(p,y)3*Cl: J. Fallis et al., Phys. Rev. C

(2012) 055802 88 (2013) 045801
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Resonance strengths as small as ~10 yeV

Measure in presence of strong isobaric contaminant backgrounds (1000:1)

Competitive stable beam measurements - 1 pA level using offline ECR

High mass capture measurements for the p-process e.g. "Se(a, y)8Kr

AE [ayb. units]
] f=
[ ] =
= =

—
]
=
=

1100

1000} . ull

58Ni(p, y)>°Cr demonstrator experiment

(b

il |
1500 2000
E [arb. units)

A. Simon et al., Eur. Phys. J A 49 (2013)

S9Cr recoils

Hadrons and Nuclei

|
2000

|
2500




R TRIUMF New results: '8F(p,y)1°Ne

DRAGON: TRIUMF, York, School of Mines, Edinburgh, Notre Dame
A. Laird, A. Murphy, C. Ruiz et al.,

e 18F(p,y)1°Ne reaction partially determines 511-keV line emission from O-Ne
novae (strongest and earliest signal)

week ending

PRL 110, 262502 (2013) PHYSICAL REVIEW LETTERS 28 JUNE 2013

Measurement of Radiative Proton Capture on '8F and Implications for Oxygen-Neon Novae

Jl R S L BT, C. Akers,'” A.M. Laird,” B.R. Fulton,” C. Ruiz,' D. W. Bardayan,® L. Buch ' G. Christian,'
. Akers, = A.M. Laird,” B.R. Fulton,” C. Ruiz, D.W. Bardayan,” L. Buchmann, G. stian,
Astrophys. J 494 (1998) B. Davids,' L. Erikson,* J. Fallis,' U. Hager.” D. Hutcheon,' L. Martin," A. St.J. Murphy,®
L T K. Nelson,” A. Spyrou.s’g C. Stanford,'® D. Ottewell,' and A. Rc:jas;l

' 511 keV line
0.01 F
1 - " Iy
5 Prev. experimental upper limit [Rehm et al.]
- § ' 330 keV
0.001 | . 0.6—
. Z 665 keV
g é 0.4
E
% ) = 0.2
10-4 |
é F 0
[~ 1
DRAGON direct measurment i
A 08— R 330 keV
2 Lt
108 % 0.6(— =" 18F(p,y)**Ne resonance
oA «" measured experimentally for first
[ .--""-..I. .
% 0.2 fzrssuemrs DC time
10_. 5 : . ) 1 A A il I's .
1 0.15 0.2 0.25 0.3 0.35 0.4

time (days) Temperature (GK)




R TRIUMF

Science highlights

3. high energy area

ISAC-I and ISAC-II Facility

e TIGRESS/ SHARC
 |IRIS

 Energy up to 12 AMeV

= = __+ Demonstrated post accel
. for charge bred with A>30

High Reseclution

ooooooooooooooo

@TRlUMF



University of York, UK
Colorado School of Mines, USA

Silicon Highly-segmented Array

Louisiana State University, USA for Reactions and Coulex
TRIUMF

Close to 4n solid angle coverage of silicon

Excellent energy (25keV) and
angular (09 5% resolution

Target

—
|\\ Reaction
Protons Products

SHARC Si
Barrel

Optimized for transfer and coulomb excitation studies
for Nuclear Structure and Nuclear Astrophvsics



QTRIUME High-mass delivery for d(94Sr,95Sr)p
beam at 5.5 AMeV

SHARC: TRIUMF, SFU, Louisiana, York, Colorado School of Mines
A. Garnworthy, S Cruz et al.

o Bragg Detector s 945r15+ from CSB breeder
200 5.5 MeV/u beam Stripped to 22+ at 1.5 AMeV
10000 | 4&
e S Stable beam contaminants
5000 * dramatically reduced through two-
a0 stage time-of-flight separation
E Wide acceptance 11951928+ and A=94 isobars
% 10000 20000 30000 40000 50000 60000
16000] dony 2 [ ' R
w000 Narrow acceptance e ) 10000 e
s” 9500 — . é
12000 ” : . i
- - _ = =1 s000" - ”_____.:.__aﬂ[f :
10000 | ssonf- BPCICERE
8000 - % - 8000, -
6000 i L 7500
4000 e R - " oo v
2000__ | '_J-//’f S ~ - 6500 i_..
0:,4':"..|....|....|....|....|---.|...~\\ e S T I N I
0 10000 20000 30000 40000 50000 60000 ~ 40000 45000 50000 55000 60000




R TRIUMF
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&triuvr  |RIS: Solid H2 target- scattering chamber

IRIS: TRIUMF, St Mary’s, SFU, Manitoba, RCNP Osaka, Ganil, Edinburgh
Ritu Kanungo et al.,

EW SAINT MARY S
W/ UNIVERS[TY Sict 18

Overview of IRIS beamline

Solid H»
Higher reaction yield

Low background
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First on-line experiments:
MNLi@5s AMeV

Light

nucleus |, HERu)

nucleus

IC

*

Beam — ‘ .
'..l ,' 1‘:’ -
Hydrogen J " ‘;;fl".!.
Target \
YY1 CSI[T”'
e SRy 11_1L1+Hg
-2 -t T g :
AT IR Rl __-|“: .'_.

"l' ...
1
N

—dE (YY1)

Solid hydrogen target scattering facility for

(p,d), (p1), (d.p), (d,n), ...
Commissioned 2013, now fully operational

—>solid deuterium target and 'Li(d,p)?Li

sl1B0 0160 i Blue : [CH2In 350 ugicms
i O = 208 koW
200 i
: Red : (HZ) 100 um+ Sum Ag fai
=- F = 270 kelf
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150 |- =
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R TRIUMF

The future at ISAC: ARIEL

® expand RIB program with:
® three simultaneous beams

® increased number of
hours delivered per year

® new beam species

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

® increased beam
development capabilities

— ARIEL |

| — ARIEL |l = New electron linac driver
AT -- for photo-fission
L Cyclotron " New proton beamline
. 20 ) - " New target stations and
e-linac front end

@TRlUMFARI EL

ADVANCED RARE ISOTOPE LABORATORY



R TRIUMF

ARIEL: MW-class e-linac: ready to go

14 ficqj
NEeTor ACCELERATOR ACCELERATOR o QU lisetioliete
CROMODULE CRYOMODULE #1 CRYOMODULE #2
50 KW )
coupler 50 kW Couplers 50 kW Couplers e 2
300keV e-GUN ;,_""‘ = Neution
Photo-fission products using 50
MeV 10 mA electrons on to Hg
convertor & UC, target.
1.3GHz NC
Buncher 50 kW 50 kW 50 KW 50 kW 50 kW
CaVity 00up|er COUp|EI‘ coupler

TIMELINE:
e 2014 first beam, target R&D




R TRIUMF

conclusions

ISAC Is operating on high level with extensive programs in:
e Nuclear structure

* Nuclear astrophysics

o Test of fundamental symmetries

We have three experimental areas, all three are fully operational:

* First experiments with heavy (A>30) mass post accelerated

 More separation and breeding capabillities with the new front
end for ARIEL (funded) which will couple to ISAC

T |

Ly
o

« EXciting times for nuclear physics
 ARIEL will bring new capabilities
 More opportunities for collaborations



Canada’s National Laboratory for Particle and Nuclear Physics
Laboratoire national canadien pour la recherche en physique nucléaire
et en physique des particules

TRIUMF:

Alberta | British Columbia | Calgary |
Carleton | Guelph | Manitoba | McMaster |
Montréal | Northern British Columbia |
Queen’s | Regina | Saint Mary’s Simon
Fraser | Toronto | Victoria | Winnipeg | York

Thank you!

Canada Foundation for Innovation

M i I Fondation canadienne pour linnovation

Diversification de I'économie
de I'Ouest Canada

Western Economic
Diversification Canada

Natural Resources Ressources naturelles
Canada Canada

Ad |

INP

Thanks to my colleagues for providing material: A. Garnsworth,
M. Tandecki, M. Pearson, A. Gallant, C. Ruiz, R. Kanungo, L. Merminga, e et Deysaopme

Owned and operated as a joint venture by a consortium of Canadian universities via a contribution through the National Research Council Canada

S8 5 pactk Parkissow
Research

Propriété d’'un consortium d’'universités canadiennes, géré en co-entreprise a partir d'une contribution administrée par le Conseil national de recherches Canada
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