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I ntroduction

This strategic plan is developed jointly by the A3 user community and the Physics
Division at Argonne National Laboratory. This plas a public document, hence
available to the entire ATLAS user community, asdupdated as the need arises. In
practice, the community discusses this plan atleeghTLAS Users Workshops, the
most recent of which was held on May 15-16, 20THhe users’ executive committee and
ATLAS management then work together to incorpothteoutcome of these workshops
into the strategic plan.

This plan provides the scientific and strategigornisfor ATLAS, the goals for its future
capabilities and the expected path forward in lgfhgxisting budget constraints.

Strategic Plan

Mission: The mission for the ATLAS facility at Argonne is to enable research of
the highest quality by its users and staff, especially probing the properties
of atomic nuclei, through utilizing the capabilities of the accelerator and
research equipment in a safe and efficient manner, with the associated
responsibility of research and development in accelerator science, in
applications of nuclear science, and in the techniques that are required to
accomplish its scientific goals.

This mission requires identifying the highest ptiorscientific goals, and allocating
resources to optimize the research output of thiéitfa The current scientific goals are
fully consistent with those defined in the NSAC 2Qng Range Plan
(science.energy.gov/~/media/np/nsac//pdf/docs/NustBanceHighRes.pjlf

the 2013 report to NSAC on Implementing the 2007ndoRange Plan
(science.energy.gov/~/media/np/nsac/pdf/2013020B/295AC_Implementing_the 20
07_Long_Range Plan.pdf), and the Performance Messdeveloped by NSAC for
nuclear physics as updated in 2008
(science.energy.gov/~/media/np/nsac/pdf/docs/perdenalfinal.pdf).

The optimization of the research program involvesfollowing elements:
1. Effective long-term operation of the accelerator.

2. Effective support of the experimental program.

3. Development of new accelerator capabilities to &nabw high-priority research
opportunities.

4. Development of new experimental capabilities tosparnew high-priority
research opportunities.



5. Nurturing the scientific and technical base oflthe-energy research community

and helping to develop the high-quality workforoe future initiatives.

This last element is not discussed explicitly belbwt is a major factor in the delivery of
the entire research program, including the need/éoing researchers to be involved in
equipment development and new research initiatives.

The optimization of the strategic plan takes tH¥fang elements into account:

FRIB is a major priority for the nuclear sciencersounity, the ATLAS users and

Argonne management. The highest priority for lavergy nuclear science is to
bring this facility on line. At the same time, teelence and the community must
be carefully nurtured through the optimized usé¢hef steadily upgraded existing
facilities.

ATLAS is the low-energy national user facility faing on experiments with
stable beams. The user community and ATLAS managemeknowledge the
inherent responsibility to make stable ion beamsilable to the national
community.

The priorities expressed in the NSAC Long Rangen,Pkhe performance
measures as well as the scientific goals givenvielonake it imperative that
opportunities with unique radioactive beams at AB_Aontinue to be pursued
with high priority when identified as being impantascience by the community
and endorsed by the Program Advisory Committee.

Beyond the commissioning phase of FRIB, ATLAS waitldress the needs of the
low-energy community both as the only stable beaser tacility and as a
complement to FRIB in specific areas of rare isetepience.

It is the view of the user community and of the agement of the Physics
Division that a balance between the effective dapmmaof ATLAS and the
development of new accelerator capabilities and mstvumentation remains an
essential consideration of the strategic plan. Tdpproach helps realize the
potential of the science for the low-energy comrhunby continuously
developing the long term future of research at ABLA



Major Scientific Goals

The major scientific goals below have been idesdifior the ATLAS research program.
In each case, the anticipated experimental prodoartne next five years is based on the
ideas of the user community. Further elaboratibnhese ideas can be found in the
presentations to the May 15-16 2014 ATLAS Users k&oop and the documents
summarizing the various sessions which are availabl
http://www.phy.anl.gov/atlas/workshop14/index.html

. Understanding the stability and structure of nuclei as many-body systems built
of protons and neutrons bound by the strong force;

The following scientific issues have been identifes most urgent by the ATLAS
users:

comparisons of the properties of light nuclei (Ax2@dth ab-initio calculations
(Greens function Monte Carlo (GFMC), no-core sheibdel) and other
approaches;

study of the evolution of single-particle structudrem light to medium mass
nuclei;

the exploration of the properties of neutron-rickclei (changes in shell structure,
pairing, single-particle strength, new types oflexive excitations, and other
effects associated with a large neutron excess);

the impact of weak binding on the structural prdpserof nuclei at the proton drip
line and beyond such as shell structure, deforma@émd the characteristics of
proton radioactivity with particular emphasis on 2Nauclei in the 50<A<100
region, and in the direct vicinity of doubly-madféSn;

the study of the structure of nuclei with Z>100aashallenging test of theories
describing the properties of the heaviest nuclei;

the study of the properties of the nuclei at thghbst spins and excitation
energies. This includes (i) exploring of the intagp between collective and
single-particle degrees of freedom, (ii) searchimgnovel collective modes and
for their spectral signatures throughout the pecidable, and (iii) studying of the
dependence of level densities on angular momenthteanperature.

This program requires:

- Effective operation of ATLAS,

- Increased ATLAS beam intensities and energies,

- Increased availability of beam time through thepmsed ATLAS multi-user
upgrade,

- Development of unique new radioactive beam capggsliespecially of
neutron-rich beams with a reach as far as possime the valley of stability
with CARIBU and with the planned N=126 factory, asfdntense exotic



beams of higher energy and purity produced withnkéght technique at the
new AIRIS high-acceptance spectrometer,

- Continued effective operation and improvement afital Gammasphere and
its ancillary equipment,

- Targeted campaigns of research with GRETINA/GRETA,

- Continued development of the HELIOS spectrometdradrits ancillary
equipment,

- Continued improvement of the focal plane instruragoh of the FMA,

- Development of the AGFA spectrometer for the desacbf evaporation
residues and products from more complex reactions,

- Continued development of instrumentation for stadwth CARIBU non-
accelerated beams in an expanded experimental area.

II.  Exploring the origin of the chemical elements and their role in shaping the
reactions that occur in the high-temperature and explosive events of the
COSMOS;

The following scientific issues have been identifess most urgent by the ATLAS
users:

» cross section measurements for reactions withiextended CNO cycle;

* the competition betweer(p) and (py) reactions along the rp-process path
through measurements of the relevant cross segtions

» the measurement of reaction cross sections betleany ions at energies
relevant for star burning;

» the study of the reactions responsible for theqegss nuclei through dedicated
techniques such as Accelerator Mass Spectrometry;

« the measurement of the mass and decay propertmsutrfon-rich nuclei close
to the r-process path, especially around the N+8PNe=126 waiting points;

» the development of the surrogate reaction techniquehe determination of
reaction yields along the s-, rp- and r-proceskgat

This program requires:
- Effective operation of ATLAS and CARIBU,
- Increased ATLAS and CARIBU beam intensities,

- Increased availability of beam time through thepmsed ATLAS multi-user
upgrade,

- Development of new rare isotope beam capabilitigs the in-flight method
combining higher intensities and higher energies gpme cases) with
improved beam purity through the new AIRIS highemance spectrometer,



Access to neutron-rich nuclei in the region resiae for the formation of
the last r-process abundance peak through the geddg=126 factory,

- Continued development of the HELIOS spectrometet ah its ancillary
equipment,

- Continued effective operation and improvement gjital Gammasphere and
GRETINA/GRETA,

- Continued development of instrumentation for stesdmith CARIBU non-
accelerated beams in an expanded experimental area.

Understanding the dynamics governing interactions between nuclel at

energiesin thevicinity of the Coulomb barrier;

The following scientific issues have been identifeess most urgent by the ATLAS
users:

» the study of the hindrance of fusion at extreme-lsaier energies, especially
in systems of relevance for nuclear astrophysics;

* the impact of nuclear structure (deformation, shahucture, diffuseness,

dissipation, etc.) on fusion, especially for reacsi leading to Z>100 nuclei;

» the impact of neutron excess on nuclear reactiotisa vicinity of the Coulomb

barrier.

This program requires:

- Effective operation of ATLAS and CARIBU,

- Increased ATLAS intensities and increased avaitgoff beam time through
the proposed ATLAS multi-user upgrade,

- Higher-intensity, higher-purity rare isotope begmsduced with the in-flight
method using the new AIRIS high-acceptance spe&tem

- Access to neutron-rich beams with the highest aalie intensities,

- Development of the AGFA high-efficiency gas-fillespectrometer for the
detection of evaporation residues and products frmre complex reactions.

Testing with high accuracy the fundamental symmetries of nature by taking
advantage of nucle with specific properties;

The following scientific issues have been identifeess most urgent by the ATLAS
users:

» searches for possible extensions of the StandardeMuay improving by one
order of magnitude or more limits on scalar, tensord right-handed
components to the electro-weak interaction;



tests of the conserved vector current (CVC) hypmthand the unitarity of the
first row of the Cabibbo-Kobayashi-Maskawa (CKM) tmafrom studies of
beta decay;

studies of the antineutrino spectra in abundastdrsproducts to determine the
origin of the apparent reactor antineutrino anomabserved in neutrino
oscillation experiments.

This program requires:

Effective operation of ATLAS and increased availi&piof beam time
through the proposed ATLAS multi-user upgrade,

Increased ATLAS beam intensities,
Expanded low-energy experimental area at CARIBU.

V. Nuclear physicsapplicationsat ATLAS and CARIBU;

The following scientific issues have been identifess most urgent by the ATLAS
users:

the study via Accelerator Mass Spectrometry (AMEheutron-capture cross
sections on various isotopes of interest for reagibysics and nuclear
astrophysics;

the study of the decay properties of neutron-resftdpes (gamma, beta, beta-
delayed neutrons) of importance for accurate modetif kinetics and decay
heat in novel nuclear fuel cycles and for stockptwvardship;

studies via heavy-ion bombardment of damage irdistad reactor materials
and of modifications to superconducting materials;

the development of new production techniques fecsje isotopes for medical
and stockpile-stewardship applications.

This program requires:

Effective operation of ATLAS, including improved mwool techniques for
accurate configuration scaling and reproduction poévious accelerator
configurations,

Increased ATLAS beam intensities and energies,

Increased availability of beam time through thepmsed ATLAS multi-user
upgrade,

Higher intensity, higher purity neutron-rich beafrisn CARIBU,
Expanded, dedicated experimental area for low-¢n€ARIBU experiments,
Avalilability of dedicated experimental stationsAaiLAS.



[ nitiatives

Based on the requirements to reach these goalsfollesving initiatives have been
identified to carry out this research program:

* Move forward with the development and implementatad the ATLAS multi-
user upgrade to allow ATLAS to address the prelsgge oversubscription of the
facility by providing a larger fraction of the nueabof research hours requested
by its user community;

* Improve the ability of ATLAS to deliver high-inteity, high-purity rare isotope
beams produced by the in-flight technique by develp both the AIRIS high-
acceptance separator and the production targets tabltolerate the highest
primary beam intensities;

* Construct in a timely manner the AGFA high-effimgngas-filled spectrometer
for the detection of reaction products from fusewaporation and from complex
reactions;

* Expand the range of unstable, neutron-rich bearagaie from ATLAS with the
CARIBU upgrade by increasing the efficiency for idebreeding and the purity
of the reaccelerated beams by implementing the EB&#8ge breeder;

* Extend the energy range of ATLAS for high-intensgtable beams primarily for
in-flight production of exotic beams with AIRIS;

« Provide first access to the region of the chamwélei east of°®Pb through the
construction of the proposed N=126 factory;

» Complete the full instrumentation of HELIOS, and/ielep ancillary detectors;

* Maintain and improve the instruments present at ASL(Digital Gammasphere,
FMA, ion and atom traps, magnetic spectrometers)intbease count rate
capabilities and maintain their state-of-the-aait\s;

* Expand the size of the area available for experiatem with low-energy
CARIBU beams;

» Develop high-efficiency detection systems for tbeidenergy area of CARIBU,
i.e., instrumentation for beta-decay studies, laperctroscopy, etc.;

* Maintain an infrastructure capable of developing aglapting other detectors
designed by the community for use at ATLAS and segently, at FRIB.



Approach:

(a) Accelerator:

A staged multi-user upgrade of the facility is lgeproposed, building on the recently
completed Intensity and Efficiency upgrade of ATLASich enables the high-efficiency
acceleration of stable beams to much higher inigné* 10 pA). Additional
improvements of ATLAS currently being completed liate the replacement of the
CARIBU ECR charge-state booster by an EBIS breadeérthe removal of the tandem
injector. The latter initiative will provide crittd space for low-energy CARIBU
experiments. The shift to the EBIS charge breedBrr@sult in a significant change in
the delivery of reaccelerated CARIBU beams as titleréddioactive beam intensity will
be compressed into short buckets taking up less 1B& of the total time available for
acceleration. In other words, the linac will beezgglly empty for the remaining 99% of
the time. When completed, the ATLAS multi-user golg will enable the simultaneous
acceleration of a CARIBU beam and one or two inddpat stable beams by fully
exploiting the availability of the linac during themaining 99% of the total time.

The initial stage of this upgrade involves a reagement of the injection lines into
ATLAS so that two independent beams can be injesteuiltaneously: a stable beam
from the ECR-Il ion source and a charge-bred CARIBé&mM from the EBIS charge
breeder. The addition of fast beam switching cdpgtiehind the booster section of the
linac then allows one beam to be directed to erpamtal area Il, while the second can be
sent to any other ATLAS experimental area with aergy that can be further adjusted in
the ATLAS section of the linac. The wide choice amarge-state selection for
acceleration through ATLAS, combined with the destaated flexibility of operation of
the facility, then provides a relatively independemo-user operation. A possible next
stage for this upgrade would involve the additibriveo new cryostats replacing part of
the existing linac and of achromatic transportayst in the 40-degree bend region and at
the switchyards leading to the experimental ar@ss phase of the upgrade would
generalize the two-user operation to all experimeateas and, in some cases, would
lead to the capability of simultaneous three-ugaration.

These upgrades would result in close to a doubtingpe total number of experimental
hours the facility can deliver to experiments. i doing, this initiative addresses the
large current oversubscription of ATLAS while alsmabling the running of the

experiments of longer duration required for studigs small cross sections or with low-
intensity radioactive beams.

(b) Instrumentation:

A number of on-going instrumentation projects,iatéd by the user community and the
ATLAS scientific staff, need to be completed in erdo take full advantage of the
present and forthcoming upgrades to the accelerBib@se include:



Completion of the AGFA high-efficiency gas-fillegextrometer for products of
fusion-evaporation and complex reactions;

Development of the AIRIS large acceptance specttemto increase the
intensity and purity of in-flight radioactive beamduced at ATLAS;
Completion of the instrumentation for HELIOS witlhet addition of an
optimized light-ion detector for higher coverage loth the forward and
backward hemispheres and continued developmennhafiaay detectors and
target systems as required for approved experiments

Continuous improvements to Digital Gammasphere,RN&\, the CPT/BPT,
the X-array and other permanent instruments at AJlas needed to maintain
their state-of-the-art status.

In addition, a number of new initiatives have thdl fsupport of the ATLAS user
community. These include:

Development of the N=126 factory to provide acdesthe exotic nuclei east of
%%pp on the nuclear chart;

Development of a laser spectroscopy capabilitytfe CARIBU low-energy

beam area;

Expansion of the CARIBU low-energy experimentalkairgo the tandem vault;

Installation of the MR-TOF spectrometer in ordelirtgorove the purity of the
available CARIBU beams.

It is the view of the user community and of the ag@ment of the Physics Division that
the development of new instrumentation should bewegd in the context of the
development of FRIB. ATLAS is the accelerator obicle for the low-energy nuclear
physics community to test new concepts and ideagreparation of the FRIB

experimental program with low-energy and reaccederdbeams. Furthermore, future
sharing of experimental equipment between FRIB ARdAS is viewed as a strong

possibility. Hence, the list above is likely to oige and evolve.

The user community continues to express its coscabout the availability of target

fabrication capabilities sufficient, not only fdret ATLAS program, but also for research
at other national and university-based facilitiestrongly supports the establishment of
the Center for Accelerator Target Science (CAT®ppsed by the Physics Division and
urges the timely and full consideration of the CAp®posal submitted to the U. S.
Department of Energy in October 2013.
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