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‘Modern’ Nuclear Physics
& the BIG questions

Nuclear Landscape

. . . .. stable nuclei
Rare exotic nuclei: (radioactive isotopes) \

Increase of ‘playground’ by a factor of 20
allows systematic measurements
Reach regions important for the questions,
and where nobody else can go
Experimental techniques refined.
Era of precision experiments:
Atomic masses, nuclear half-lives, spins
radiative captor cross sections, charge radii,
magnetic moments...

ion traps, laser traps, laser spectroscopy,
beta,-gamma spectroscopy,
recoil spectrometer, ...




Mass Measurements: For Nuclear Physics

~=N:O+Z2:©0+ Z-0
- binding energy

Fundamental Property

Test of nuclear models and formulas

Nuclear Structure

Shell closures, pairing,
deformation

Halos

Reaction and decays
Q-values, boundaries on exotic decays

Limits and Islands
Driplines and Superheavies

Nuclear Astrophysics
r- and rp-process

Fundamental tests

Symmetries
Weak interaction: CVC hypothesis,
search for scalar and tensor currents




T
of the Cabbibo, Kobayashi, Maskawa (CKM) Matrix

Contribution to the unitarity:
V 4 (nuclear -decay) = 0.9740(5)

iy

Va4 +VE +V,i = 0.9968+0.0014

l.e. CKM not unitary at the 98%
confidence level




Nuclear B-decay contribution

Z of daughter

4RDb( ). dm = ~6 keV
Need: dm =<2 keV &m/m <1-108




1
Motivation for mass measurements

NUclear astrophysics (need data near the &
[P PLOCESS! Path).

Nuclear structure, shell model, deformation,
limit of existence.

iHale nuclelt
CKMmatrix Unitaricy.
ELG »

NEED! precise andl acclrate data 61 Sokt=
ived! isetopes at Iow: productions! rate)

Why noet models?




Can't we use models?
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Mass measurement via time-of-flight

—e— Measurement
Theoretical Fit

Determine atom mass from frequency ratio with a well known reference




Accuracy of Penning Trap
Mass Measurements
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We need exotics: ISAC@TRIUME

ISAC:

Highest yields for On-Line
facilities, we go up to

"~ 100pA@500MeV DC proton

U lon-sources:

e Surface 1

e Resonant-Laser source on-
line ¥

*Negative, off-line test ¥
*FEBIAD, off-line test M

*ECR, on-line tests and
checks M (changes needed)

eTargets:

*High power target tested
on-line and reached 50kW
on target M1

*Actinide target task force:
Plan to do tests next year

Yields: 11Li 5*104/s, 74Rb 2*104/s, 62Ga 2*103/s
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hax—Planck=Institut
fir Kernphysik

he TITAN system is under
construction and will be
operational for mass
measurements at ISAC

TRIUMF -~ < S 2007.
Vi /7 H N
Ay 1SAC Isotopes with T,,, # 10 ms

> dm/m < 1.10-°




RFQ cooler and buncher (RFCT)

¥ =23 mm

'J‘.'rru.= 7052 mrd ti'rv'r: 724 yomm mrad

fyg ==0LBS43 mm mrad || st Fctosr= 1.1927

The RFCT allows to convert the DC
ISAC beam into bunches (~1-10 ps) of
excellent beam quality.

Ready for experiments!

Measurement
Penning trap

Cooler
Penning
Trap

Buncher & Cooler

» ISAC Beamline

Transversal € ¢s0, = 7.24 1 mm mrad @ 4 keV
He gas: 4.9 mTorr

Cooling Time: 10 ms

RF: 400V @ 659 kHz

DC Slope: -3V over DCs 1-21 with DC1 =2V
Trap depth: -30V

Corresponds to an beam quality improvement
of a factor of >50.
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TITAN EBIT charge breeder

Measurement
Penning trap

Cooler
Penning

Buncher & Cooler

» ISAC Beamline

p( Currell & Fussmann, IEEE Trans. Plas. Sci., 33, 2005
agneticHield

dt

dﬂt' i
. EIT EIl RR DR Charge changin rocesses
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- Electron impact ionization
RER DR - iati i i
-|-(crt.+1_n. + g‘t.+1_1.)n1-+1] Rgd|at|ve recomblna}tlor_\
- Dielectronic recombination

M — O Mt - Charge exchange
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Efficient Ion; Injection,
Extraction, Separation) and
Capture intera Penning trap
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EBIT system for charge breeding

Measurement
Penning trap

Cooler
Penning
Trap

axially:

electron ; :
B4 RFQ

beam Sp ace . Buncher & Cooler

charge 1

» ISAC Beamline

Magnetic field: 6 Tesla
Electron beam energy: up to 70 keV

Electron beam current: 5A

. a4 Beam radius (80% current): ~30-50 u m
longitudinally:
electrodes Central current density: 1.1-10° A/cm?
trap potential U, ~ 450 V lonization time (Sn, q: 152) 0.16 u s

Total electron charges: 8 -10%0

Built in collaboration with the MPI for Nuclear Physics in
Heidelberg/Germany.




Expected Performance of the TITAN EBIT

Charge breeding Xe =

Trapping potential: U,=450V@5A 50 5 »
lon acceptance: g=>20 t mm mrad @ 3 ke —e+—J_=15,000 A/cm /
Injection efficiency: n ~ 50 % -100 % 1 2 & A
lonization time (Sn): t=3ms (q = 40+, Ne-like) s —+—J_=40,000 A/cm

Tt =34 ms (q = 48+, He-like) 1l . . 7
Space charge limit: 10°%ions for Sn40* Charge breeding Ar . He-like
Charge state abundance: 25 ...90 % —v—J_=15,000 Alcm 1

304 | —=—J_=40,000 A/cm® -

1 Electron beam energy:

ADJUSTABLE AXIAL TIE ROD

Charge state q

5 25 keV ]
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Cryogen free! Smaller, no preferred orientation.

Excellent performance of magnet, vacuum (cryo-cold system)!
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TITAN EBIT @ Heldelberg

===
hiax—Planck=Institut
fiir Kernphysik

G. Sikler et al, European Phys. Journal A 25 (2005) 1.6

J. Dilling et al Int. J. Mass Spec 251 (2006) 198-203
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TITAN on the move
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TITAN EBIT arrived!
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TITAN EBIT @ TRIUMF

Direct Excitation B TR EE
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Conclusions, status and challenges

TFANNIS getting| ready fior first experimentsiusing HEIs exotics.,

EXCIUNG times o NUclear PRysics, with petentialitorreally: tackie
the BIGIQUESIIONS

The TITANIEBIT is eperational at present at 400 mA @ 27 keV,
and can go to 5 A @ 80 keV (the 5 A are possible; but willf reguire
Some WorK...).

The TITANIEBIT is coupled toran offiine plasmal source, has a gas-
Injector, and! s off course coupled to ISAC, the werlds mest
INtense seurce off exotic nucler.

Need to optimize injection and extraction!

The TTTAN EBIT allows' access) to virtually: allf stub-uranium
eIements, bUt 1N addition, te many: ISotopes! ofi the Specific
element.

The TITANIEBIT is built fox flexible useand has 7' (six Wheni gas
injector isiused) access-ports radial for detectors and
SPECLIOMELENS.

Challenge will be the energy: spread of Ions comingl out of the
EBIT (G Gwinner's talk).




TITAN! collaboration:

J Dilling
G. Gwinner
J. Crespo
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Thank you
for your attention!




HV Shield Radially Segmented Cylindrical

Electrode Electrodes
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Sapphire Insulators Macor Insulators
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Axial space
Efifects) extracted charge potential
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