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Argonne Tandem Linac Accelerator System

[ Office of Science, US DOE (Office of Nuclear Physics) user facility
v proposals submitted to Program Advisory Committee (PAC)
v no cost to researchers for approved proposals

 Stable beam facility (the only stable beam user facility in US!)

v accelerate all stable nuclei — from p to 2%U (and some rare beams)
v energy region — near and above the Coulomb barrier — 6-8 MeV/u

v exceptional beam quality: spot size, time & energy resolutions, flexibility
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Evolution of physics program at ATLAS

[ Region of neutron-rich nuclei 120 g8
v'mostly unexplored — much more g !
difficult to access — RB are needed '
v'significant changes in nuclear ~ _
. @
structure are possible and the £
. . =
required probes are not available £ eof
o applee gl !
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Overseas: RIKEN, TRIUMF, GANIL,
CERN, GSI (planned)

U.S. (main) facilities: ORNL (ISOL) &
MSU (Fragmentation)
FRIB — to be build at MSU
ANL - has its own project - CARIBU
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Opportunities at ANL

d CAlifornium Rare Ion Breeder Upgrade (CARIBU) of ATLAS —
1 Ci »2Cf spontaneous fission source (~20% of total activity
extracted as ions) - gas catcher and isobar separator (with or
without post acceleration) — large improvement over existing

ISOL-based facilities

v sufficient yields for post-
accelerated FP decay
spectroscopy — capability to
use some other powerful
equipment — G5, FMA

v" no stopovers for

refractory elements! |r . :3
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Comparison to ORNL (ISOL) facility
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Physics questions to be addressed

d modification of nuclear structure in neutron-rich systems
v'shell-structure quenching
v'single particle structure near neutron-rich magic nuclei
v'pairing interaction in weakly-bound systems
A collective behavior in neutron-rich systems
d r-process path (astrophysics)
v'ground-state information
* mass
e lifetime

* beta-delayed neutron branching ratio

v'neutron capture rate
v'fissionability of very heavy neutron-rich isotopes
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What does CARIBU offers?

1 New target/source approaches
v’ gas catcher, isobar separator & ECR technology <

can be used to efficiently to turn a non-conventional
source of n-rich isotopes, such as a spontaneous
fission source, into a low-energy beam

JVery high acceleration efficiency

v post-accelerator based on ATLAS <

JExisting experimental equipment and infrastructure for
radioactive beam physics

v CPT, Gammasphere, HELIOS, FMA
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Modifications to ATLAS
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New building addition for CARIBU project

Source Mounting | :

gas catcher
isobar separator

L

Stoel & High-Z
1 matarial

1Ci of 22Cf is 1.9 mg; over an 3x6 cm ellipse
area this yield a density of ~150 pg/cm?2
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CARIBU gas catcher design

DC electric f__
. o field -
d Device similar to FRIB gas catcher .-,
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CARIBU gas catcher design - cont

J Shortened version of FRIB gas catcher
can efficiently stop fission products
from a fission source

0 About 45% of those can be extracted as [ihe ¥ = i W
charged ions | %

O Very efficient and fast source, and now routinely used at ATLAS for OPT
provides cooled bunched beams for AR programs
post-acceleration

JProduction peaks in new regions and
extraction is element independent ...
new isotopes available

J Gas catcher operation at the required
ionization densities has been already
demonstrated at ANL
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Gas catcher at Canadian Penning Trap (CPT)

320 cm long gas cell
Je~45%
] mean delay time below 10 ms

] tested off-line with fission
products and on-line with fusion—
evaporation reactions

Measured Gas Cell Efficiency ' Mean extraction time in gas cell
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Purification of radioactive ion beam

Contaminant of neighboring masses are handled easily by most experiments.
Same mass contaminants are more difficult. The resolution (R=M/AM)
required to remove contamination is:

* neighboring masses R =250
e molecular ions R =500 - 1000
* isobars R = 5000 - 50000 (far/close to stability)
* isomers R =10°-10°
Masses of A=108 isotopes
Yield and mass of A=108 isotopes
107.95 108Mo
L\* 1.0E+07 ] 107.95
107.94 1 + 107.94
/- & 1.0E+06 | ~
g 107.93 S 19795 £ | mmm yield at
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“é A $ 1 107.92 &
€ 107.92 1.0E+05 = Vass of
l R = (10000 | igror | " Maseo
isotopes
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0 2 4 6 8 10121416 18 2022 24 26
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N-Z Relative yield and lifetime are also important
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Contamination at A=108
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Compact isobar mass separator

0 modified scaled down
version of FRIB mass
separator ... taking advantage
of low emittance and energy
spread of extracted beams |

T

J matching sections at
entrance and exit

1 120 degrees total bend
1 high transmission (> 95 %)
4 M/AM >20,000

J small enough footprint to fit

on HV platform C.N. Davids & D. Peterson, NIM B266 (2008) 4449
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Expected Yields for some nuclei of interest

 Non Accelerated beams (~10°-10° ions/sec)
1 ACellerated beams (10-10° ions/sec)

. . NA AC, . . NA AC,

Nuclide P Qg keV Half-life ims}fs'ec ions/sec Nuclide P Qg keV Half-life ionsféec ons/sec
[35Br-86 1 7626 (11) 5515 &5./0E+04 2 10E+03| [23-T.103 1 2662 (10) 5425 1T.50E+05 560E+03
35-Br-87 1 6852(18) 55.65s 3.00E+05 1.10E+04| |43-Tc-104 2 5600(50) 183 min 120E+06 4 30E+04
35-Br-88 1 8960 (40) 16.36s 4.60E+05 1.70E+04| |43-Tc-105 2 3640 (60) 76min 570E+06 2 10E+05
36-Kr-89 1 4990 (50) 3.15min 4. 70E+05 340E+04| |43-Tc-106 1 6547 (11) 23565 500E+06 220E+05
36-Kr-90 1 4392(17) 3232s 900E+05 6.60E+04| |43-Tc-107 2 4820(90) 212s QB0E+06 3.60E+05
37-Rb-90m 2 6600 (15) 258s 2.00E+05 740E+03] |51-Sbh-132 1 5500 (14) 279min 190E+06 7 00E+04
37-Rb-92 ? 8096(6) 449s 930E+05 340E+05] |52-Te-135 2 5960 (90) 190s 4 80E+06 1.80E+05
38-Sr-07 2 T7470(16) 0429s 160E+06 540E+04)| | 53-1-136 1 6930(50) 834s 3 70E+06 1.30E+05
39-Y-96 7 7096(23) 534s 150E+05 540E+03| |53-1-136m 1 7580 (120) 469s 250E+06 920E+04
40-Zr-99 3 4558(15) 21s  3.30E+06 1.20E+05] | 53-1-137 1 5877 (27) 24.13s 4.20E+06 1.60E+05
40-Zr-100 2 3335(25) 7.1s 550E+06 2.00E+05] |54-Xe-137 1 4166 (7) 3.82min 7.00E+06 5 10E+05
41-Nb-99 1 3639(13) 150s 250E+04 920E+02] [54-Xe-139 1 5057 (21) 3968s 940E+06 690E+05
41-Nb-100 1 6245(25) 15s 7.60E+05 280E+04] |54-Xe-140 1 4080 (60) 136s 6.90E+06 500E+05
41-Nb-101 1 4569 (18) 7.1s 350E+06 130E+05] |55-Cs-142 2 7308(11) 169s 6.80E+06 250E+05
41-Nb-102 2 7210(40) 13s 540E+06 200E+05] |56-Ba-145 2 5570(110) 4.31s 550E+06 2.00E+05
42-Mo-103 1 3750(60) 675s 4.00E+06 150E+05| |57-La-143 2 3425(15) 142 min 2.80E+06 1.00E+05
42-Mo-105 1 4950(50) 3565 B820E+06 3.00E+05] |57-La-145 2 4110(80) 248s 6.80E+06 250E+05

Consultants” Meeting on TAGS, IAEA, Januar




High-precision mass measurements at CPT
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HELIOS - Transfer Reactions Studies

A. Wuosmaa et al.,, NIM A580 (2007) 1290
B. Back, K.E. Rehm, J.P. Schiffer et al.

low energy p,t

Forward angles

;

Beam

® (d,p), (*He, a), (a,t)
transfer reactions in
inverse kinematics

HIl detector
Backward angles
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Gamma-ray Spectroscopy Studies

J Coulomb excitation of FF beams - yield
precision BE(2)’s and other information - \ |
via multiple Coulomb excitation — using ~ # (SN

GS and associated instruments
 Fission products y-ray spectroscopy:

* (prompt) have been studied with fission
sources working off-line inside GS

v/ gamma ray energies and intensities
measured

v" low-energy levels determined

v’ little additional information except for Y
most intense fragments

* (delayed) decay studies — combination of -
both high-resolution y—ray spectroscopy 51, 2 1
& TAGS ! s# Il

/[m W '

R.V.F. Janssens, M. Carpenter, F.G. Kondev, T. Laur1tsen, K. Lister, D. Sewerymak et al.
Consultants” Meeting on TAGS, IAEA, January
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GAMMASPHERE
Q ~ plasticscint. (B-)

v high resolution & sensitivity
7 AN v' powerful f—y—y coin — resolving
0 i ) weak cascades & isomers!

7) %100 p—

10s
0.8s \ Qp=8.4 MeV
1345 o

©-)

tape system

heay y scintillator HH v" Gammasphere improvements:
filling holes \ o - o
\ digital electronics — faster
counting & singles — triggerless
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The power of larger y—ray arrays

PHY SICAL REVIEW C 71, 044311 (2003)
y-ray spectroscopy of **Te through # decay of a *2Sb radioactive beam

R. O. Hughes, -2 N. V. Zamfir,!*# D. C. Radford,” C.J. Gross,” C. J. Barton,® C. Baktash,” M. A. Caprio,!” R. F. Casten,!
A. Gmlimicr—Uri_Ier'ri,'j P. A. Hausladen.” E. A. McCutchan,! J. I. Ressler,! D. Shapira,” D. W. Stracener,” and C.-H. Yu’

v using 132Sb beam (107 pps) at 396 MeV

produced from proton-induced fission v Significantly revised level scheme

v More than 195 new transitions

-+ =+
34~k O - [ .
Nt Mg mt.gggﬁm Egi? added
3 = 2281 7 — Seigs -t —
By : | Yo T
P A B B =2l CLARION -11 Clovers, ORNL
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Compton Suppression — improving P/T

Background from Full-anargy
Complon Scattering photo-peaks
I I

T T ¥ I T T ] ! I
sooo-  P/T~60 %
6o00r- [ Unsuppressed "-"j I' 1
2 || S W N GS as a calorimeter
2 P 5“ A\ .
@ 4ﬂﬂf-"|,.---1,._.--..- S s | v" P. Reiter et al. Phys. Rev. Lett. 84, 3542 (2000)
2000f ekl v' with a modest upgrade — suitable for
] MM.W B— decay studies — HRYS & TAGS
a E!I]D 4‘[1]'[] E!I]D EE}D 1 ﬂl{]{] 1 EICID
Energy (keV)
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Gammasphere as a calorimeter

WVOLUME 84, NUMBER 16

PHYSICAL REVIEW

LETTERS

17 APRIL 2000

E" (MeV)

Argonne *

NATIDNAL LABO!

P Reiter.'” T.L. Khoo.! T. Lauritsen.’

C.J. Lister.'

D. Seweryniak.! A A. Sonzogni,'

Entry Distribution, Fission Barrier, and Formation Mechanism of 1”2‘\0

I. Ahmad.! N. Amzal’

A J Chewter’ J A Cizewski!'” C.N. Davids.! K. Y. Ding’
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TAGS at CARIBU

Na(I) detector

Greenwood et al. - INL - :
AR [ 25.4 cm diam.

N [ 30.5 cm length

5.1 cm well diam.
20.0 cm well depth

A
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TAGS at CARIBU - cont.

J Current Status (small LDRD funding):
v’ testing/characterizing the detector

v signals from 7 PMTs optimized for similar response,
summed to single output

v study response with single- and few-line y-ray sources
v design of a dedicated tape system

v" development of a fast spectrum-deconvolution algorithm
and a Monte-Carlo procedure to determine uncertainties of
the decay-feeding profile

A Consultants’ Meeting on TAGS, IAEA, January
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What makes studies at CARIBU unique?
0 the superiority of CARIBU

v’ intensity and purity of neutron-rich FP beams

v gas-cell technology - no stopovers for refractory elements

v FP can be delivered to other key instruments at ANL — CPT
and FMA

0 combination of high-resolution y—ray spectroscopy
& TAGS

v discrete spectroscopy may suffer from “pandemonium”, but
TAGS cannot do it alone either — having capabilities to do both
at a single facility is a “perfect marriage”

v" development of beta-delayed neutron measurements
capabilities — currently under discussion

N
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Some I_Jractical remarks ...

J CARIBU/ATLAS is a DOE Office of Science USER facility

v expected to be commissioned in the second half of CY2009
v would have to go for PAC approval, but no cost to run

d the driving motivation behind CARIBU is SCIENCE - the main interest is at
exotic nuclei that are not necessary of importance to applications - some
applications related research would be supported - we expect additional DOE
support for work on nuclei that are on the IAEA/NEA list

v a formal proposal has been submitted to Office of Nuclear Physics (SC-
DOE) two years ago under the “Nuclear Data needs for AFC” initiative, but
the funding was postponed — a new call for proposals is expected some
time during FY2009 (still uncertain)

d we are open for collaboration (and would very much welcome such!) with
other interested groups from EU and elsewhere — share equipment, expertise &
experience - work together at experiments, data analysis & publications

v'what to expect: 2-3 experimental campaigns, up to 2 weeks each — would
allow to study many isotopes — the data analysis would be time consuming,
but again the data can be distributed within the collaboration

Aa
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