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TRIUMF’s accelerator complex
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ISAC rare isotope facility

EMMA

' TIGRESS
I Programs in

* Nuclear Structure & Dynamics

ISAC-I and ISAC-II Facility

ISAC II:
> 10 AMeV for A<150
> 16AMeV forA<30

* Nuclear Astrophysics

 Electroweak Interaction Studies

 Material Science

= .

60 keV & 1. 7 AMeV

RFQ TITAN

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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ISAC rare isotope facility

Yield Chart of Nuclides
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Experimental facilities and programs @ ISAC

Nuclear Structure
Nuclear Astrophysics | - 1
Fundam. Symmetries

= | |RlSsoﬁdhydrogen l"'l

DRAGON recoil
separator
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2 TRIUMF TRIUMF/ISAC:
B ARIEL s

= ]

® 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

® New electron linac driver
for photo-fission

" New proton beamline

" New target stations and
front end

MESON HALL

M-2

" staged installation

ELECTRON HALL CYCLOTRON VAULT
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ARIEL: A two-stage project

ARIEL-|
* ARIEL-I (2010-2014): AR |
— Civil construction to encompass Ej’ﬁ |
objectives of both ARIEL-| & II b :

— Electron linac up to 25 MeV, 100 kW

. ARIEL-Il (2015-2020):

— Completion and scientific utilization
of the ARIEL facility

— Phased approach to bring science
online
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ARIEL: e-Linac completion
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ARIEL e-Linac: on-time, on budget

10.6 MeV | 10.6 MeV e-Linac accelerator
commissioning

5y Sept. 30, 2015

— Y Al {‘,’J
A
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ARIEL: MW-class e-linac

14 ficqj
NJECTOR ACCELERATOR ACCELERATOR l'.’IOEJmtO 10% fissions/s
CROMODULE CRYOMODULE #1 CRYOMODULE #2
coupler 50 kW Couplers 50 kW Couplers H__f" ; ' A3
300keV e-GUN e
Photo-fission products using 50
MeV 10 mA electrons on Hg
convertor & UC, target.
1.3GHz NC
Buncher 50 kW 50 kw 50 kW 50 kW 50 kW
Cavity coupler  coupler coupler

physics production

« 2018 photo fission
* 2020 proton beam (3 beams)
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Science highlights from ISAC

A

Low energy examples:

= — lon trap program
g - TRINAT electro weak
- — T - Francium APV
Post accelerated:
— Sr with TIGRESS
i — Be-spectroscopy

|_ Experiment
ki\f | developments:
. =N - GRIFFIN

— TITAN MR-TOF
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lon Trap experiments with TITAN:
PHYSIC MOTIVATION

Tests of Isobaric Mass Multiplet Equation (IMME)
Quadratic form predicted by Wigner based on Isospin symmetry

MATT,)=alAT)+bAT)T,+c(AT) T2 . p (/ e J
L -

 Mass measurements of Mg masses

Technical difficulty: ISOL production is not selective:
* Isobars are co-produced with the isotopes of interestl

Base : NUBASE

|l |1 1 ] |
* Na, closer to stability, and longer-lived l'—uu If-a S l*"'ﬁ 7 §i Immw
R =100%] |a"=100%/| |a==100%| |- =100%| |p*=100% Z:12 N9
* much more Na extracted and delivered to

experiment (1.000.000-1 ratio)
« cleaning system required!

Parity (Z,N) : all
DECAY MODES

« 2IMg a challenge for Penning traps
« LIST-type laser ion source:

S. Raeder et al.,
Rev. Sci. Instrum. 85, 033309 (2014)

11“ 8 Ne 20 21 22
*=100%| |B*=100% ﬁ"‘m* Kot @4 |tz 278 || A9 2%
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TITAN

Triumf’s lon Trap for Atomic and Nuclear science

Penning Trap

Mass Measurement for

fast measurements
with HClIs and SCls

Isobar separation
100 Hz operation

ISAC Beam

<l

0} 3 3 %

Y A 1 1

%. ®’
Q'

.

EBIT

Charge Breeding &
In-trap decay program

RFQ

Cooling and Bunching
He or H coolant

Cooler Penning Trap

electron-cooling of HCls
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Penning trap mass measurements

Excellent performance.

e nhysik
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Isospin-symmetry IMME

InA=20,21

MATT,)=a(A,T)+b(AT)T,+c(AT)T,2+d(A,T) T2+e(A,T) T,A

12000

10000
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Mass Excess (keV)

2000

0

A=21,T=3/2 -

-15-10 05 00 05 10 15
Tz

A.T. Gallant et al.,
PRL 113, 82501 (2014)

IMME:

1+ d(and e) term required to
| agree with new experimental data

* non-zero d coefficients in all three multiplets:
A=20,0+, A=21,1/2+, 5/2+
* deyp Cannot be explained by standard shell model

* higher orders needed when:
— Higher order perturbation
— 3-body interaction

*Why still test ‘old symmetries?

— First time technically possible
— Developed the necessary tools in theory
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TITAN PHYSICS MOTIVATION:

Decay spectroscopy of hlghly charged ions

Charge breeding lengthens storage times without ions losses _ S'(L” d”“w“ / T?:T:::E:ﬁ:tl«l:sl(
—> longer obsetvation times

—> large sample: up to 1¢10% ions \\( - . _

Other advantages: magnetic field eliminates b background & TR Ny - S " 124Cs* injection

gyl

backing-free samples ;ﬂﬁﬁ_":.i_,,;,—ilf.x- »
—> essentially 511keV-free _ —]E]

Moderate charge states do not affect lifetimes or EC 4 . .
branching ratios = towards 2v23 NME tests \‘

central dnll tubu

& x 103 T x1310° ) 'x1/910% | 'x2/3.102 |

(b) i (c) T (d)

counts/ 100 eV

.

25 30 35 40 25 30 35 40

> E[keV]
12-14 s 18-20 s

A. Lennarz et al.,
PRL 113, 82502 (2014)




@TriuME  TRINAT: atom trap for weak interaction

PHYSICS MOTIVATION

Beta-neutrino correlation measurement of trapped
atoms in a laser trap (MOT):

* provide backing free ‘clean’ sample 38mK

» polarized sample 37K

* measure correlation parameters

* sensitive tests of SM

T 22 TRIUMF

I

Y

‘ | 22NN NUOTIIIN |
UNIVERSITY | TEL AUIU UNIVERSITY i

or MANITOBA ’




QR TRIUMF

Bv-correlation measurements

of 3’K and 38mMK

Asymmetry as a Function of Energy Left in the

lon ; beam -~ 1Sem-—» g Scintillator Shown With A Fit to Geant4 Simulations
: N % N 7 Data Source
,’ ‘ 2 L MCP * B Geant4
' ' . . ' ) ( . ) 3 . “Electrostatic < M
_ ! Push : Nt = 2 - hoops T B Residuals
- beam $ Fa N N
[ ]
; . . — .= -DSSSD =
‘ .\culruhzcr.‘ P Bowd g g :ii'
N e b B detector| < ¢ E
. : 78
Collection chamber Detection chamber < :ii'

Traps provide a backing-free, cold (< 1 mK), o
localized (< | mm™) source of short-lived ©_
radioactive atoms 7

Detect i, and ..., = deduce jj,! é |
Upgrade for a,, and b,,-parameter i S
. . . . 3
0 1000 4000 5000

A.Gorelov et al., PRL 94, 142501 (2005)
D. Malconian et al., PLB 649, 370 (2007)

NEW:
S. Behling et al., in prep
aBV:—O.5635(63)(71)
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Fr-TRAP: atom trap for weak interaction

PHYSICS MOTIVATION

Heavy nucleus and simple atomic structure = excellent candidate atom
for low-energy fundamental symmetry tests

BUT: no stable isotopes!!! 8s —,\—\b\‘{\\ﬂ

Long-term program at TRIUMF: b A A
*Atomic parity-violation measurements Jgenm

*Nucl. spin dep. (anapole moment)

*Hadronic weak interaction inside nuclei 75 e

*Nucl. spin indep. — physics beyond the Standard Model

\

Fr Ph)‘"cs at |SA( Maryland - Manitoba
P i San Luis Potosi - William & Mary
el — Shanxi - Stony Brook - New South Wales
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-( hpo + 0.7 th)

s & 8 R

Towards atomic PV in Francium

8

h o o

-2 3 8 13

"-gszfng“ * Parity violating nucleon-nucleon interaction, enhanced in
— T °

Fr 3% heavy atoms: Flambaum & Khriplovich 1980

* will try new approach: measure PV in hyperfine transitions
(microwave)

T

* Effect 18x-stronger than in Cs and can use multiple

f.-0.12h,!-0.18h,! .
» P ® isotopes

Push beam—.‘ Er MOT
«"/I .)<.

\\\.. //l
T

Frions <3 Q « Neutralizer Yt foil
’ ' inside

Differential __
pumping

ERammn 1

ER;mng Iaser trapped Fr
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Fr P

FranCiUm

ics at 19AC

Dec. 2014: First transfer of ultra-cold francium

atoms from
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1.000

0.998

Normalized R, (A)

0.996

0.994

E .gof- King plot analysis:
m [ Testing electron
£ ®F  correlations in
© 0} ab-initio atomic
®» [ calculations
S-105
Collister et al. (2014) <.t
PRA 90, 052502 16E:
Isotope shifts in 20
206—213Fr and 221Fr 225:_ »
P STPREEY. /U FRET PRSTE PR FPEE FTRTE PRTT P
130 126 120 ~115 110 106 100 895 80 85
D, MIS (10" MHz amu)
chamber trap.
N A
118 120 122 124 126 134
N I T l’ 1} | L ] T ] o T
valuable input to t
F50) anapol_e PNC
v theory in Fr
o s Zhang et al.
..... a2 .
PO~ S " submitted to PRL
v Hyperfine anomalies
i :" in Fr: boundaries of
ol s § o the spherical
- Ly [ Ve Vi Vi single particle model
: 502
Vhapl\__J
B
A I T | | I T (N . (Y |
204 206 208 210 212 214~ 221



R TRIUMF PHYSICS Motivation:

Transfer program at ISAC-II

10500 Moan x 4%
oot AE Bragg Detector (TUM)_ Moss ¥ d(94Sr,p)95Sr, 55 MeV/u
- beam |dent|f|cat|9n é s .
el e ~10° pps
8000 . ° oy
500, B :
20005 . oo iR T Lt <
AT - 94Sr 94Rb = [ — /
6500 ’ ,-:73 v '
6000: E =1 -OA J ‘; \.
: TIGRESS + SHARC
40000 45000 50000 55000 60000

e~ =
Mean y cacal 8 S 1
nsr PSr y-rays=.
w&“" =E / T
1521 140 |-

d(%4Sr,p)%Sr 3

“-w‘f M«l |

zzg s, ’ i \"uﬂ’ﬂ‘r**{\,bl;ggx%zﬂu

200 0(‘

=>» Evolution of shell structure in medium-mass and heavy neutron-
rich nuclei, under analysis:
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ISAC Il program with 1°Be, 11Be

confronting theory with high quality experimental data

11Be: - enhanced E1 strength in halo

- polarizability not reproduced by
no-core shell model

- coupling to continuum states?

E. Kwan et al.
PLB 2014

10Be: intrinsic deformation of first excited state in question

Coulomb excitation + lifetime measurement

role of 3-body forces unclear

T

:2;- 2 4x10° : 2;‘,’“pzy Déppler-uncdrrected 4]
10000k S L J energy spectrum
f S 2x10*F fk SE
> I A | LA 1 |
2 1000% l 300 350 400
-] :
)
P l \ Doppler-corrected energy spectrum
= 1.
3 1oofl,  10Be -
w N
10} m
o 1000 2000 3000 4000

194

Pt

Energy (keV)

N. Orce et al., PRC 2012

10000 — E Gamma-radiation
- ¢l -  following Be
8000(— &\ «  inelastic excitation
s L 3
g 'SUDO_ %
4000
2000—
- 10° pps
0 1!ZI)(JI I I2(IJO I I..";lIJ(JI — I|I1IIJ(.'!I = IE(IIDI = IG(IJDI = ITOO
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0.085 1 e
0.08 GFMC(NN) -
_ NCSM(NN) (NN) 3
3 0.075F 3
—~ s Lifetime
‘S 0.07§
o 0.065F
o 0.06f
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:....I....I....I.... v b b e b 0
-02 -015 -01 -005 0 005 01 0.15 0.2
(2711 E2]1 25) (eb)



SEzRINE Technical developments:
GRIFFIN installation

c_,'l
..

.......
rep-ie




RTRIUNF fﬁ) Technical development:

__. GRIFFIN GRIFFIN Is operational

% g New array for decay spec.

=~ All 16 clovers accepted

¥ Custom designed and built
digital DAQ

»* New beam-line commissioned

26Na in beta-gamma coincidence with beam on

Entries 7659467

__1808keV  hx w
2*=>»0* in Mg

A L~ | 24" Sept2014

10° "\", | Ji

Hw

26Na beam W‘“"‘“‘WWM.N
"~ ~55,000 pps

10* =~
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1Y —— S vy

-1.04

Detector Signal / mV

-1.54
Data

Gaussian Fit

FWHM: 84ns
m/Am: ~50.000

JUSTUS-LIEBIG-

| UNIVERSITAT
-:. !/'; GIESSEN

T T T
18.40 18.60

18780 ' 19_'00 ' 19,'20 ' 19?40
(TC TOF/us

MR-TOF isobar separator

Ch. Jesch et al, submitted
TCP proceedings 2015

» Off-line tests show R~50.000 in ~20ps in time-

width resolution, about 250 turns.

« R~13,000 for recapture mode, 130 turns
« Developed and built in Giessen, Sept 2014 at
TRIUMF. Commissioning plan:
 R>40.000 at 100Hz operation
« Contamination ratio 1: 10°

* Integration into TITAN beam line and

control system

Area/a.u.

THANKS to the Giessen Team!

for TITAN

(Retrapping Time - 4.944ms) / us


http://www.uni-giessen.de/
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Conclusion & Summary

ISAC is performing well, and produces a lot of science
— Improved range of targets and isotopes
— 18 state of the art experimental installations on the floor

— Program: Nuclear Structure, Fun.-Symmetries, Nuclear Astro
(Solid State & Material Science, Nuclear Medicine)

— Post acceleration program underway, higher energies possible
ISAC science program complementary and cutting edge

ARIEL demonstrated electron beam at spec. energy,
starting phase Il (after funding approval April 2015)

Excellent science potential and open for new
opportunities and users.
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